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DIFFERENCES BETWEEN OSTEORADIONECROSIS AND MEDICATION-

RELATED OSTEONECROSIS OF THE JAW

ABSTRACT

Two severe and challenging-to-treat side effects of head and neck cancer (HNC) oncological
treatments are osteoradionecrosis of the jaws (ORNJ) and medication-related osteonecrosis of
the jaws (MRONJ). In both cases, the bone loses vitality and develops in an area that cannot
heal, which is exposed through the skin or mucosa; in more severe cases, fistulas and jaw
fractures may coexist. [They are similar in that they complicate medical and surgical treatments

(such as radiation therapy or medications) and cause osteonecrosis of the jawbone. |Despite | .—{ comment [FB1]: Need to mention that treatment

many clinical similarities, they differ in etiology, histopathology, radiological features, and | L”nbmh cases can further complicate the disease or so
staging systems, leading to different treatment approaches. Despite having relatively low

incidences, both have a detrimental effect on HNC patients' quality of life by causing various
potentially unwholesome symptoms like pain, tooth loss, swelling, erythema, ulceration,
dysphagia, trismus, or paresthesia. Because distinguishing ORNJ and MRONJ, two devastating
complications of different origins with a similar presentation pattern and gross appearance, can

be difficult, the purpose of this review is to discuss the major differences in their definitions, | /,,««‘{Comment [FB2]: Need to write correctly
staging systems, clinical findings, underlying pathophysiologic mechanisms, histopathology, and

treatment options.
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1. INTRODUCTION

Medication-related osteonecrosis (MRONJ) and osteoradionecrosis of the jaws (ORNJ) have similar physical features,

antiangiogenic medication treatment is the primary cause of MRONJ (1). Depending on the selected treatment modality,
ORNJ and MRONJ can complicate the management of primary or metastatic tumors and osteoporosis (1, 2). Both
harmful complications are uncommon (3, 4), but the introduction of new medications has led to an increasing trend in the
number of patients with MRONJ (5). The advances in RT procedures (for example, intensity-modulated radiation therapy
[IMRT]) have reduced the number of ORNJ patients, but they have not eliminated this complication yet. MRONJ and
ORNJ occur in 1-15% and 1-37% of cancer patients (3, 6), respectively.

Despite _having a similar clinical presentation (exposure of necrotic bone and infection of the surrounding soft
tissue), ORNJ and MRONJ differ significantly from one another in terms of patient-related factors, imaging findings,
etiology, and.pathogenesis (7-9). The reported incidences of ORNJ and MRONJ may also differ due to variations in
diagnostic standards and underlying genetic factors. However, differences in dental hygiene, patient compliance, RT
mode, frequency of dental examinations, and the standard of dental and surgical care could explain these variations in the
incidence rates (10).MRONJ and ORNJ might exhibit similar clinical symptoms, such as protracted asymptomatic periods.
However, it happens frequently that these lesions develop symptoms with inflammation of the surrounding tissues, where
signs and.symptoms may appear before the development of bony exposure. Additionally, ORNJ and MRONJ patients
may experience pain, tooth mobility, mucosal swelling, erythema, ulceration, dysphagia, malocclusion, trismus,
paresthesia, or even anesthesia of the associated branch of the trigeminal nerve (5). Because the neurovascular bundle
may become compressed by localized inflammation, some patients may also experience altered sensations in the
affected area in both toxic conditions (3, 11, 12). Oral and maxillofacial surgeons, medical oncologists, and radiation



oncologists must comprehend the various factors underlying ORNJ and MRONJ to choose the best course of treatment
for each disease and establish preventive measures. This chapter aims to discuss the key distinctions between
ORNJ and MRONJ, two devastating complications of different origins with a similar presentation pattern and gross
appearance, as it may be difficult to distinguish between them. [These distinctions include their definitions, staging
systems, clinical findings, underlying pathophysiologic mechanisms, histopathology, and available treatments |

2. DDIFFERENCES BETWEEN THE CLINICAL CHARACTERISTICS, DEFINITIONS, AND STAGING OF
MRONJ AND ORNJ|

As already mentioned, MRONJ and ORNJ are two distinct illnesses with strikingly similar outward symptoms that are
extremely difficult to treat. Their underlying causes are different; ORNJ is brought on by RT, whereas MRONJ. is primarily
caused by antiresorptive or antiangiogenic drug therapy (1). The diagnosis of MRONJ is typically made using the
definition offered by the American Association of Oral and Maxillofacial Surgeons (AAOMS) (11).f all of the following
conditions are satisfied, MRONJ should be presumpted: (a) current or previous treatment with. antiresorptive or
antiangiogenic agents; (b) exposed bone or bone that can be probed through an intraoral or extraoral fistula in the
maxillofacial region that has persisted for more than eight weeks; and (c) no history of RT._to the jaws or clearly manifest
metastatic disease to the jaws. These three criteria must be met in order to avoid misdiagnosis with other conditions such
as ORNJ, osteitis, osteosarcoma, osteomyelitis, malignancies such as chronic sclerosing osteomyelitis, or fibro-osseous
disease. An accurate differential diagnosis can occasionally be challenging (1). A diagnosis cannot be made solely based
on radiographic signs because they may overestimate the prevalence of the disease (stage 0.disease) (11). Therefore, it
is necessary to investigate the presence of additional clinical features at the time of examination, such as the presence of
tooth, jaw, or sinus pain, altered neurosensory function (hypoesthesia primarily. in the lower lip and jaw), unexplained tooth
movement, localized swelling, infections (including cellulitis and pus leakage), or halitosis (13) will help to diagnose
MORNJatstageO. e

To date, numerous staging proposals have been published (14). The most widely used and current MRONJ
staging system is the AAOMS staging framework (Figure 1). This:staging system states; Stage 0; No clinical evidence of
necrotic bone but non-specific clinical findings and radiographic changes or symptoms, Stage 1; Asymptomatic exposed
bone; Exposed and necrotic bone or fistulae that probe to the bone..No.symptoms and no evidence of infections, Stage 2;
Symptomatic exposed bone; Exposed and necrotic bone or fistulae that probe to bone Infection evidenced by pain and
erythema in the region of exposed bone, and Stage 3; Complications; exposed and necrotic bone or fistulae that probe to
bone infection, evidenced by pain and erythema in the region of exposed bone with the presence of one or more of the
following: exposed and 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 and extra-oral fistula oral-antral or oral-nasal
communication osteolysis extending to the_inferior border of the mandible or sinus floor. Additionally, this classification
applies to high-risk patients who received oral or intravenous anti-resorptive medications but did not appear to have
necrotic bone. The anatomic border of the involvement of the necrotic lesion must also be taken into account, even
though the current staging system lacks size criteria. The exposed bone is not necessary for the diagnosis of MRONJ. A
histological examination reveals areas of non-viable necrotic bone, along with fibrotic mucosa and periosteum,
hypocellularity, and hypovascularity, as well as necrosis and fibrosis of the marrow spaces (1).

A previously-irradiated site with exposed bone that fails to heal after at least three months but shows no signs of a ]

persistent, recurrent, metastatic, or second tumor invading the jaw is declared to have ORNJ (15,16). For ORNJ, there are
various staging systems. Marx et al. (17) classified ORNJ in 1983 based on its clinical characteristics and response to
hyperbaric oxygen therapy (HBOT).«ORNJ was divided into three stages based on this classification: Stage I: exposed
alveolar bone without pathologic-fracture, which response to HBOT; Stage II: disease not responding to HBOT and
requiring sequestrectomy and cauterization; and Stage IlI: full-thickness bone damage or pathologic fracture, which
usually requires.complete resection and reconstruction with free tissue.
Epstein et al. have classified ORNJ in a different way (18). The authors categorized ORNJ based on how the illness
progressed: Stage |: resolved and healed (la: no pathological fracture; Ib: pathological fracture); Stage II: chronic but non-
progressive (lla: no pathological fracture; Ilb: pathological fracture); and Stage Ill: active and progressive (llla: no
pathological fracture; llib: pathological fracture). The classification developed by Notani et al. based on the clinical findings
of ORNJ is the most prevalent and recent ORNJ grading system (19). This staging system defines ORNJ as Stage I:
confined to the alveolar bone; Stage II: limited to the alveolar bone and/or mandible above the level of the inferior alveolar
canal; and Stage IlI: involving the mandible below the level of the inferior alveolar canal and/or a skin fistula and/or a
pathological fracture (Figure 1).

Various clinical symptoms of the disease may manifest, such as advanced skin ulceration or the exposure of

necrotic bone through the mucosa. Clinical manifestations like pain, dysesthesia, dysgeusia, localized food impaction, | .-

trismus, or halitosis are frequently observed. Swelling, suppuration, cellulitis, infections, and even sepsis are additional
symptoms that may be present. Rough and irregularly shaped necrotic bone frequently irritates nearby tissues.
Pathological fracture symptoms, intra- or extra-oral fistulae, and issues with mastication, chewing, swallowing, and speech
are also common (15, 16, 20). The presence of necrotic bone tissue in the later stages of MRNOJ is its most
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distinguishing feature, despite the fact that the clinical characteristics of the two diseases are almost identical at every
stage (particularly the early stages), including pain, swelling, and gingival erythema. Hence, radiological imaging may be
beneficial in distinguishing between these two diseases in their advanced forms.

3.[DIFFERENCES BETWEEN THE RADIOLOGIC FEATURES OF MRONJ AND ORNJ[ 77777777777777777777777777777777777777777777
Bone is a specialized connective tissue that offers a microenvironment and structural support for a variety of physiological
functions, including calcium homeostasis and the production of red and white blood cells. Osteoblasts (bone-forming
cells), osteoclasts (bone-resorbing cells), and osteocytes make up the cellular components of bone. Boneé's dynamic
nature can be perceived via its constant structural adaptation to mechanical forces, local disease, and systemic hormonal
influences. To maintain continuous and healthy bone turnover, osteoblastic and osteoclastic activity must be well-
balanced. This equilibrium may be oftentimes disturbed by external factors like therapeutic ionizing radiation and
pharmaceutical treatments like antiresorptive drugs (29).

Typically, dental periapical and panoramic radiography is used as the first line of diagnostic imagingfor patients
with suspect ORNJ. Subtle areas of altered trabecular architecture and rarefaction are the first signs.of changes in ORNJ.
Since dental infection frequently serves as a catalyst for the onset of ORNJ, it is important to carefully.inspect the teeth for
caries, periodontal disease, and periapical inflammations (21). A common observation in the irradiated mandible is the
expansion of the periodontal ligament space along the mandibular tooth roots and the absence of adjacent bone
destruction (22). Significant lytic bone destruction, which gives a patchy radiolucent appearance with radiopaque necrotic
bone islands or sequestrums instead of radiolucent lytic changes, becomes tadiographically evident as the disease
progresses. The extent of the bone loss could be so extensive that it compromises the' mandible's integrity and leads to a
pathological fracture. It is prudent to note that the radiologic manifestation:=of ORNJ is nonspecific and needs to be
discriminated from other causes of bone necrosis, like osteomyelitis, and metastatic or.recurrent cancers (21). When there
is a high level of clinical suspicion and ambiguous panoramic radiography. findings; CT is the preferred imaging modality.
On CT imaging, sequestrations, central necrosis, and cortical destruction are more readily visible in ORNJ cases (23).
Before they manifest clinically, MRI can detect early ORNJ-induced changes in.the bone marrow. These changes appear
as a decrease in the bone marrow signal's intensity on a T1-weighted image and an increase in the signal's intensity on a
T2-weighted image. On MRI images, one can also see cortical erosions and changes in the nearby soft tissues (24,25).

Lytic and sclerotic changes are radiographic changes in MRONJ. Some of the first indicators of Iytic changes are
regions with altered trabecular architecture and density. These changes may progress to frank, patchy radiolucent bone
destruction with cortical erosion and eventually to-discernible bone destruction. The lytic changes may disrupt the
anatomic boundaries of the maxillary sinus and.nasal cavity; neurovascular canals, and mandibular cortical boundaries,
resulting in pathological fractures. It is critical to identify any surgical bone defects or non-healing extraction sockets. Lytic
and sclerotic changes can frequently be observed even in the absence of frank bone exposure, highlighting the
importance of taking clinical and radiographic information into account for proper disease staging (26,27). Except for
ORNJ, sclerosing changes manifest as localized to diffusely widespread osteosclerosis in MRONJ and osteonecrosis of
the jaw for other reasons. These alterations could be significant and affect the entire jaw's height. Sclerotic changes are
frequently accompanied by periosteal bone formation, which can be excessive and cause anatomic expansion of the jaws.
As the necrotic changes worsen and coalesce, islands of the necrotic bone sequestrate form (21).

Although the radiographic appearance of ORNJ and MRONJ can overlap, one of the key differences between the
two is that on CT imaging, periosteal. movement is seen in bone tissue in ORNJ cases but not in MRONJ cases (28). A
rare appearance with loss of:cortical outlines and trabecular density is typically the result of prominent osteoclastic
activation and diminished osteoblastic function during ORNJ (21). Additionally, it has been noted that patients receiving
RT experience impaired bone nutrition because of decreased periosteal vascularity in the bone, even though periosteal
effects are not always seen in ORNJ patients. MRONJ, in contrast to ORNJ, exhibits a high degree of periosteal
vascularity (28). Furthermore, a residual or recurrent tumor must be ruled out using a histological examination in order to
diagnose .ORNJ (1). Because of this, it should be remembered that using standard radiographs alone may not be
sufficient to diagnose. MRONJ and ORNJ radiographically, and it may be necessary to enlist the aid of cutting-edge
imaging technigues.

4. [DIFFERENCES BETWEEN HISTOPATHOLOGICAL FEATURES OF MRONJ AND ORNJ]

Under microscopic examination of the MRONJ (29), empty Haversian and Volkmann canals, empty osteocytic lacunae,
the absence of osteoblastic rimming, and visibility of empty osteocytic lacunae all point to a necrotic bone. The necrotic
bone is typically wrapped by bacterial colonies and exhibits irregular peripheral resorption with prominent reverse lines
(30,31). The bone marrow cavity is bereft of inflammatory cells and blood vessels. The entire bone marrow cavity is
acellular and devoid of extracellular collagen or cellular byproducts (29).In the intertrabecular spaces and on the periphery
of the bony trabeculae (32), osteoclasts with numerous intracytoplasmic vacuoles are visible. Cellular debris in varying
quantities is occasionally observed (30). In most MORNJ cases, a healthy periosteum and responsive bone are also
present (29).
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In the microscopic evaluation of ORNJ, the necrotic bone is seen as in MRONJ (29). When examined under a
microscope, necrotic bone exhibits neither osteoblastic nor osteoclastic activity (33). Inflammatory cells, healthy bone
marrow components, and fat cells are conspicuously absent from the marrow. Instead, the bone marrow's composition is
mainly acellular collagen, with only a few cell nuclei visible (29). The bone marrow spaces are replaced with fibrosis, and
inflammatory cell infiltration is limited (34). At the bone's periphery, there are frequently empty Howship's lacunae to be
seen. Old blood vessels' ghosts can also be seen. It has been proposed that this microscopic finding indicates that
osteoclasts have undergone apoptotic cell death (35). In addition, the periosteum is typically acellular and avascular in
most cases of ORNJ (29).

The presence of bone necrosis is frequent in MRONJ and ORNJ, and it plays a crucial role in the disease process
(30). However, according to existing recommendations, a biopsy is not mandatory for the MRONJ or ORNJ diagnosis (11,
17, 36). Marx et al. reported the presence of inflammation in 100% of osteomyelitis cases and 0% in MRONJ. and ORNJ
cases when comparing 23 cases of osteomyelitis, 37 MRONJ, and 45 ORNJ with similar clinical features (29). It was clear
that in osteomyelitis, bacteria were only present in the marrow spaces, whereas, in MRONJ and ORNJ, bacteria were only
present on the surface. This study also found osteoclasts in 96% of cases of osteomyelitis compared to none in MRONJ
and ORNJ. However, a study claimed that while osteoclasts were uncommon, they were present in.12.5% of all MRONJ
specimens (29), whereas no osteoclasts were noted in ORNJ (30). According to Shuster and colleagues' study (30), the
only parameter that did correlate with the diagnosis of MRONJ but not ORNJ was the presence of Actinomyces colonies.
Thus, according to some researchers, this microorganism is involved in the pathogenesis of MRONJ (37,38). Additionally,
ORNJ exhibits a nonviable periosteum and no indication of reactive bone, whereas MRONJ may, in many instances,
exhibit a viable periosteum and even reactive bone.

5.[DIFFERENCES BETWEEN THE PATHOPHYSIOLOGIC MECHANISM OF ORNJ AND MRONJ
DEVELOPMENT g e

Osteonecrosis is a general term for the devitalization of bone and ensuing lytic changes. At some locations, like
the femoral head, osteonecrosis frequently results in avascular.{aseptic) necroesis as a result of altered vascular supply.
Although altered perfusion may play a role in their pathogeneses, it is critical to recognize that ORN and MRONJ differ
from other types of avascular necrosis.

By affecting the tiny blood vessels in the bone and causing inflammation (endarteritis), RTcan lead to ORNJ (39).
Endarteritis encourages the growth of small thrombi-that block the vascular lumen and thwart local injury repair and
warfare against infections. However, early experimental models:of the pathophysiology of ORNJ revealed bacterial
contamination in the affected tissues and documented.microscopic tissue changes, including thickening of arterial and
arteriolar walls, loss of osteocytes and osteoblasts; and filling of bony cavities with inflammatory cells (40).

Several hypothetical mechanisms of the ORNJ have been proposed up to now, with Meyer's theory being the first
reported one. This theory postulates that ORNJ is caused by radiation exposure, trauma, and infection, where a tissue
injury creates a pathway for oral microbiota.to invade the underlying irradiated bone. Meyer's theory persisted for a
decade and served as the cornerstone for the widely accepted use of antibiotics in conjunction with surgery to treat ORNJ
(41). Marx introduced the 3H theory, also known as the hypoxic-hypocellular-hypovascular theory, in 1983. Marx defined
the pathophysiology of ORNJ as the breakdown of tissue (cell death and breakdown of collagen that exceeds the capacity
of cellular replication and synthesis) caused by persistent hypoxia, which can result in a chronic non-healing wound (a
wound in which metabolic demands exceed supply) (17). Finally, Delanian et al. (42) described the fibro-atrophic theory in
2004. This theory proposes that activation and dysregulation of fibroblastic activity cause atrophic tissue within a
previously irradiated area, resulting.in ORNJ (42, 43).

Although.the pathophysiology of ORNJ is, to some extent, well understood, the pathophysiology and metabolic
mechanisms of MRONJ have not yet fully evolved in the last 20 years, despite the fact that the first cases were reported in
2003 and 2004, respectively (5). Many hypotheses have been put forth, but given that MRONJ is a multifactorial disease
entity, it is:unlikely that any one of them can fully explain the precise pathophysiology of the disease. One of the most
prevalent hypotheses.to explain the peculiar localization of MRONJ in the jaws is that it is brought on by immune
dysfunction, soft tissue toxicity, infection, excessive suppression of bone resorption, inflammation, and inflammatory
responses (44). None of these theories, however, appears to be able to account for every MRONJ case.

Bisphosphonates and anti-receptor-activated nuclear factor kappa B ligand (anti-RANKL) monoclonal antibodies,
like denosumab, have reportedly been implicated in most MRONJ cases diagnosed in recent years (45-47). The fact that
neither of these medications allows osteoclasts to reabsorb bone unites them. According to Perini et al. (48), the
pathophysiology of MRONJ may be explained by three different theories: (1) inhibition of osteoclastic bone remodeling
and resorption; (2) inflammation or infection; and (3) inhibition of angiogenesis. Despite the fact that several mechanisms
are mentioned, inhibition of bone remodeling appears to be the key player in the pathogenesis of MRONJ (49).

Antiresorptive drugs reduce the number of osteoclasts on the surface of the bone. Osteoclastic bone resorption is
crucial for proper bone healing after injuries caused by invasive procedures like tooth extraction. Therefore, inhibiting
osteoclasts may impede and prolong the healing of osseous wounds (50). Although MRONJ was initially defined as
"avascular necrosis of the jaw" (51), it is now known that medications such as systemic bisphosphonates promote
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MRONJ by causing inflammation and bacterial infections in bone tissue (48). Angiogenesis suppression is the primary
factor in the pathophysiology of MRONJ since osteonecrosis is typically regarded as an interruption in vascular supply or
avascular necrosis. This theory is supported by in vitro research by Smith et al., which showed a sustained decrease in
angiogenesis in response to the bisphosphonate zoledronic acid (52).

The basis of ORNJ is vascular disruption, thrombosis, and hypoxia, as well as hypoxia-induced inflammation and
the response created by inflammatory cells, resulting in a fibrotic process. This process may also exacerbate local
damage by increasing the synthesis and release of inflammatory chemokines and cytokines such as hypoxia-induced
factor-1 alpha (HIF-1), transforming growth factor-beta (TGF-R3), interleukin-6 (IL-6), and insulin-like growth factor 2 (IGF-
2) (53-56). However, it is very likely that MRONJ develops as a direct result of disruption of bone turnover, suppression of
osteoclast activation, infection, and inflammation in the later stages. The inhibition of angiogenesis and.the addition of
bone malnutrition to this scenario are thought to be additional factors that contribute to bone necrosis (48).

6.[DIFFERENCES BETWEEN THE TREATMENT PRINCIPLES OF MRONJ AND ORNJ] 7777777777777777777777777777777777777777777
Despite their similarities, MRONJ and ORNJ cannot be treated in the same way. A flawless.diagnosis is the only way to
choose the optimal course of treatment for MRONJ and ORNJ. A realistic, interdisciplinary strategy that prioritizes the
patient's quality of life and management of their skeletal illness is necessary for patients with ‘a confirmed diagnosis of
MRONJ (57). The mainstay of care is conservative treatment, which can offer long-term relief even though it may not
completely eradicate the lesion (1, 3). Controlling pain, infections, and osteonecrosis progression are the main goals of
treatment (58). If feasible, antiresorptive therapy must be discontinued in the event of. MRONJ formation until soft tissue
closure.

The treatment approaches for each MRONJ stage are summarized in Figure 2. At any stage, it is always
necessary to enhance oral hygiene, educate patients, and manage current periodontal and dental illnesses. Surgical
removal of necrotic bone sequestrum should be considered, regardless of theidisease stage, if it is achievable without
exposing healthy bone (57). Although surgical therapy for MRONJ is not suggested owing to a lack of evidence, evidence
is now accumulating to support the use of surgery at any disease stage, with increasing experience in recent years (59-
61). When non-operative therapy fails in MRONJ stage 3, surgical resection should be explored. To thoroughly remove
necrotic bone, sequestrectomy or resection must be utilized, sharp-bony:-edges must be softened, and the incision wound
must be meticulously closed (57). Larger volumes of bone excision tend to yield better results than restricted debridement
(62-64). Perioperative antibiotic therapy is always required in conjunction with surgical procedures. Despite the lack of
proof, antiresorptive medication should be discontinued before any operation and until complete healing, just as in
preventative care.

In stage 3 patients with significant necrosis and pathological fractures, segmental excision with immediate
reconstruction might be contemplated as alast option. After dental or jaw surgery, soft tissues must be closed using
appropriate local flaps. Reconstruction with vascularized free flaps appears to outperform alternative approaches, such as
reconstruction plates (65, 66). Along with these treatments, HBOT may help MRONJ patients heal necrotized bone tissue
and close soft tissue wounds.

There are currently a number of medical or surgical treatment options that have been suggested in the literature
and are being used, but there is still no universally recognized treatment for ORNJ (67). Conservative management
includes changes to diet, oral hygiene,zanalgesics, mouthwashes (with saline solution, sodium bicarbonate, or
chlorhexidine), and the use of systemic antibiotics (amoxicillin with clavulanic acid or clindamycin) in cases of acute
infection episodes. The disease can be treated at any stage, even early on. Due to its inability to treat osteonecrotic
wounds when used. alone, hyperbaric oxygen therapy (HBO) is only used as adjuvant therapy, particularly before and
after surgery (68,.69). Ultrasound therapy (UST) has the potential to increase blood flow, promote angiogenesis, and treat
ischemic ulcers (70). Shock wave therapy, also used to treat the femoral head, was advised for ORNJ by Wu et al. (71)
and Harris (72).'Based on the fibro atrophic theory (42), a well-known ORNJ mechanism theory, antifibrotic drugs, such as
tocopherol.and their. combinations, are currently frequently used in the treatment of ORNJ (60). Surgical management can
be as straightforward as gentle curettage, debridement, and sequestrectomy or more or less extensive surgical resection
(with reconstruction, if necessary). It is critical to be aware that ORNJ may relapse in the residual bone following necrotic
bone removal and reconstruction, resulting in reconstruction failure. Thus, extensive bone resections should be preferred
to avoid such regrettable conditions, if feasible (Figure 3).

7.CONCLUSION
The two challenging complications, MRONJ and ORNJ, are still distinct pathophysiological entities, though they share
many similarities (Table 1). They differ in terms of some clinical, radiological, and clinical characteristics, but mostly in
their treatment protocols. The diagnosis must be accurate to treat these complications as soon as possible in both
situations. To accomplish this, all clinical and radiographic characteristics of diseases must be fully understood by medical
oncologists, radiation oncologists, oral and maxillofacial surgeons and radiologists, otolaryngologists, and plastic and
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reconstructive surgeons. Improved patient knowledge, oral hygiene, and dental treatment, planned and executed by a
highly competent multidisciplinary team, will also help MRONJ and ORNJ management
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Stages Exposed or History and clinical Notani et. al classification for | Clinical features

of MRONIJ necrotic bone findings (o]3{\'1]
(AAOMS)
Stage 0 No clinical evidence Non-specific clinical and Type 1 ORNJ confined to dentoalveolar bone
radiographic findings
Stage 1 Exposed and necrotic Asymptomatic with no Type Il ORN! limited to dentoalveolar bone or
bone, or fistulae that evidence of infection mandible above the inferior canal or
probes to bone both
Stage 2 Exposed and necrotic Associated with infection, Type Hll ORNJ involving the mandible below the
bone, or fistulae that Pain and erythema in the inferior dentall calnal or pathological
probes to bone region of the exposed bone fracture or skin fistula
with or without purulent
il Epstein et. al classification for | Clinical features
—_— ORNIJ
Stage 3 Exposed and necrotic Pain, infection, and one or
bone, or fistulae that more of the following:
probes to bone * Exposed necrotic bone Type 1 Resolved, healed; a. No pathologic
extending beyond the fracture, b. Pathologic fracture
alveolar bone region
resulting in pathological Type Il Chronic persistent (nonprogressive); a.
fracture No pathologic fracture, b. Pathologic
* Extraoral fistula, oro- fracture
antral or oro-nasal
communication Type lll Active progressive; a. No pathologic
* Lytic changes extending to fracture, b. Pathologic fracture
the lower border of the
mandible or sinus floor

FIGURE 1.COMPARISONS OF STAGES OF OSTEORADIONECROSIS OF THE JAW ACCORDING TO AAOMS AND MRONJ ACCORDING
TO NOTANI ET AL. AND EPSTEIN ET.AL.

Abbreviations: ORNJ; osteoradionecrosis of the jaw;> AAOMS; American Associations of Oral and Maxillofacial Surgeons, MRONJ; medication-related
osteonecrosis of the jaw.



MRONJ TREATMENT STRATEGIES

STAGES
Stage 0 Patient education
Reduction of modifiable risk factors
Pain control or oral antibiotics if needed Quarterly follow-up
Stage i Patient education
Reduction of modifiable risk factors
Pain control or oral antibiotics if needed Quarterly follow-up
Antibacterial mouth rinse
Consider surgical debridement
Stage 2 Patient education
Reduction of modifiable risk factors
Pain control
Frequently follow-up
Symptomatic treatment with oral antibiotics
Surgical debridement to relieve soft tissue irritation and
infection control
Stage 3 Patient education
Reduction of modifiable risk factors
Pain control if needed
Frequently follow-up
Antibacterial mouth rinse
Symptomatic treatment with oral antibiotics
Surgical debridement/resection for longer-term palliation of
infection and pain

FIGURE 2.THE TREATMENT STRATEGIES ACCORDING TO. DIFFERENT STAGES OF MRONJ

Abbreviations: MRONJ; medication-related osteonecrosis of jaw.






ORNJ STAGES | TREATMENT STRATEGIES (General)

Stage 1 (a) Superficial alveolar bone (b) Profound alveolar bone or stage | with treatment failure
Patient education Patient education
Reduction of modifiable risk factors Reduction of madifiable risk factors
Conservative management (oral hygiene, analgesics, mouthwashes, Conservative management (oral hygiene, analgesics,
antibiotics) mouthwashes, antibiotics)
‘Pentoclo’ protocol Surgical management (local anesthesia):
Quarterly follow-up Gentle curettage, debridement, and sequestrectomy

‘Pentoclo’ protocol
Hyperbaric oxygen therapy

Stage 2 (a) Mandibular alveolar canal or stage | with treatment failure (b) Mandibular inferior border or stage | with treatment failure
Patient education Patient education
Reduction of modifiable risk factors Reduction of modifiable risk factors
Conservative management (oral hygiene, analgesics, mouthwashes, Conservative management (oral hygiene, analgesics,
antibiotics) mouthwashes, antibiotics)
‘Pentoclo’ protocal ‘Pentoclo’ protocal
Quarterly follow-up Quarterly follow-up
More extensive surgical resection mandibulectamy without section (nor Extensive surgical resection: mandibulectomy with section (and
reconstruction) reconstruction using free flap)

‘Pentoclo’ protocol Hyperbaric oxygen therapy

Stage 3 (a) Pathological fracture
Patient education

Reduction of modifiable risk factors

Conservative management (oral hygiene, analgesics, mouthwashes,
antibiotics)

‘Pentoclo’ protocol

Quarterly follow-up

Conservative management, surgical management, extensive more extensive
surgical resection are failed

Pre and postoperative possible associations or in case of surgical
contraindications:

Pathological fracture “Pentoclo’ protocol Hyperbaric oxygen therapy Non-
validated treatments: Ultrasound therapy, Low-intensity pulsed ultrasound
therapy, Shock wave therapy

FIGURE 3.THE TREATMENT STRATEGIES ACCORDING TO DIFFERENT STAGES OF ORNJ

Abbreviations: ORNJ; osteoradionecrosis of jaw

TABLE 1.THE DIFFERENCES BETWEEN OSTEORADIONECROSIS OF JAW AND MEDICATION-RELATED OSTEONECROSIS OF JAW



DIFFERENCES

VARIABLES
ETIOLOGIC
CLINICAL

RADIOLOGICAL

HISTOPATHOLOGICAL

THEORIES OF DISEASES
MECHANISMS

TREATMENT PRINCIPLES

ORNJ
Occurs due to radiotherapy
Presence of pathologic fracture in later stage

Patchy radiolucent appearance with
radiopaque necrotic bone islands in the
radiograph

Exhibits a nonviable periosteum and no
indication of reactive bone

The bone marrow spaces are replaced with
fibrosis, and inflammatory cell infiltration is
limited

Necrotic bone exhibits neither osteoblastic nor
osteoclastic activity

Absence of Actinomyces colonies

Radiation exposure, trauma, and infection
Hypoxic-hypocellular-hypovaseular theory
Fibro-atrophic theory

Hyperbaric oxygen therapy

Ultrasound therapy

Antifibrotic drugs, such as tocopherol and
their combinations

Frequently conservative treatment is preferred

MRONJ

Occurs due to bisphosphonates, anti-
resorptive and anti-angiogenic

Presence of necrotic bone in later stage

Presence of moth-eaten appearance in the jaw
bone in‘the radiograph

Exhibit a viable periosteum and even reactive
bone

In the intertrabecular spaces and on the
periphery of the bony trabeculae, osteoclasts
with numerous intracytoplasmic vacuoles are
visible

The presence of Actinomyces colonies

Inhibition of osteoclastic bone remodeling and
resorption

Inflammation or infection

Inhibition of angiogenesis

Surgical removal of necrotic bone sequestrum
should be considered

ABBREVIATIONS: ORNJ; OSTEORADIONECROSIS OF JAW, MRONJ; MEDICATION-RELATED OSTEONECROSIS OF JAW,



