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Abstract 

Objectives: Since 1993, there have been multiple case reports and small case series 

describing the apparently spontaneous occurrence of oral mucosal ulcers with a necrotic 

bone base, involving the posterior lingual mandible or exostoses, in patients not using 

anti-resorptive medications. Currently, this is referred to as oral ulceration with bone 

sequestration (OUBS). However, there have been no systematic studies and the 

incidence and significance of the condition is controversial. The aim of this study was to 

determine OUBS incidence and characteristic features in patients presenting in general 

dental practices. 

Methods: This was a clinical non-interventional cross sectional survey study involving 

the entire population of general dental practitioners (GDPs) in Alberta. A one-page survey 

was developed to determine characteristic features and incidence of OUBS as 

extrapolated from the number of patients in the care of respondents. The respondents 

were asked to provide an informed response after completing an educational exercise 

regarding the nature of the condition. To minimize notoriety bias, respondents were 

specifically requested to respond in the event they had never seen any OUBS cases. 

Further, respondents were asked to indicate only definitive cases in known patients not 

receiving anti-resorptive medications. There were at least two subsequent reminders 

published in the provincial newsletter.  

Results: 391 responses were accumulated representing about 20% of all active GDPs 

with a mean practice size of 1736 (SD=105). By extension, this represented the informed 

observations of about 685,000 (17% of the provincial population).  Overall, 51 GDPs (13 

%) had seen the OUBS condition at some point in their career. This number increased 
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with years of practice experience reaching 22% of GDPs after 20-40 years. A total of 113 

cases were described. There was a high predilection for lingual mandible (78%), including 

mandibular tori. Overall, 54% of cases involved the mandibular or palatal tori.  20 cases 

(18%) had been seen in the last 2 years, which represented a yearly incidence of 0.0015% 

or approximately 1 new OUBS case per year per 68 thousand patients not receiving anti-

resorptive medications. This, in turn, corresponded to a 2.5% chance each year that a 

GDP serving this provincial population will see the condition. All cases resolved either 

spontaneously (77%) or following conservative management (23%). 68 % of cases 

persisted beyond 8 weeks before resolving. 

Conclusions: This data set represents the first systematic attempt to characterize OUBS 

presentation and assess incidence. OUBS is an unusual condition, occurring at an 

estimated 0.0015% yearly incidence in Alberta. This corresponds to about a 2.5% chance 

each year that a GDP will encounter the condition. Resolution occurred in all cases. 
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1. Introduction 

Osteonecrosis of the jaw (ONJ) was first reported in association with use of 

bisphosphonates (BP), an anti-resorptive bone medication, in 2003 (1). These early 

reports described the development of exposed non-vital bone in the oral cavity, primarily 

in cancer patients on high dose intravenous BP. The lesions were associated with 

significant morbidity and proved very difficult to manage (2). Since that time, there have 

been numerous studies and publications, which have attempted to define the 

etiopathogenesis, epidemiology and management issues of ONJ associated with BP use. 

In recent years, ONJ cases associated with other forms of anti-resorptive bone 

medications, such as Denosumab, have been published and the condition is now called 

medication related osteonecrosis of the jaw (MRONJ).  The widely accepted MRONJ 

case definition, published by The American Association of Oral & Maxillofacial Surgeons 

(AAOMS) requires the presence of exposed bone for greater than 8 weeks in patients 

who have been treated with anti-resorptive medications and with no history of 

radiotherapy (3). 

MRONJ in cancer patients receiving IV bisphosphonates has been variably 

estimated between 1% to 10% and represents the large majority of reported cases, 

including those with the most significant morbidity (3). The relationship of oral 

bisphosphonates used in the management of osteoporosis to MRONJ has been more 

controversial. MRONJ incidence in patients using oral bisphosphonates has been 

estimated between 0.0004% and 0.06% (4).  However, the AAOMS has expressed 

concern that the reported incidence in patients using oral bisphosphonates has been 

underestimated (3). This concern is supported by some studies. Data from a single 
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institution showed 9 active MRONJ cases in 208 patients receiving Alendronate, 

suggesting a 4% prevalence (5). The authors indicated they did not find a single case of 

osteonecrosis in a control group of 13522 patients including 4384 who had undergone 

dental extractions. A further study in 11 clinical centers over a 4 -year period identified 37 

MRONJ cases associated with oral bisphosphonate use; 57% of these cases developed 

spontaneously (6). On a more skeptical note, other recent reviews have concluded there 

is insufficient evidence to support a causal association and there have been suggestions 

that the risk is comparable with the general population (7,8). In a recent systematic review 

published by Kim et al in 2017, they stated that “overall positive predictive value of the 

algorithm currently used to identify MRONJ is very low, indicating low validity and possible 

overestimation of ONJ occurrence.” (9). There is general agreement regarding the 

continuing need to clearly delineate the MRONJ incidence in patients treated for 

osteoporosis with oral anti-resorptive medications (2-8,10). 

A problem with all of the incidence studies, which pre-emptively assigned a primary 

causal relationship to MRONJ pathosis and anti-resorptive medication is the possibility 

that patients can show the qualifying clinical parameters for the MRONJ diagnosis in the 

absence of anti –resorptive medications. This possibility was suggested by early reports 

of exposed bone, presenting for greater than 8 weeks in patients, who did not use anti-

resorptive medications. This was initially reported in 1993, before the availability of anti-

resorptive medications, as “lingual mandibular sequestration with ulceration” (11). Since 

this initial publication there have been multiple other case reports (12-19) and the 

condition has subsequently been called “spontaneous sequestration” and most recently 

“oral ulceration with bone sequestration(OUBS)” (20). These reports have indicated a 
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predilection for OUBS to present in the posterior lingual mandible or in association with 

exostoses. The clinical similarity of OUBS to MRONJ was noted by Woo et al (2) who 

suggested this condition appeared to represent a mild form of MRONJ. 

The International Task force on Osteonecrosis of the jaw (ITFOJ) in their 2015 

consensus statement have agreed with the concept that bone necrosis may occur in the 

absence of anti-resorptive therapy (4). However, the ITFOJ indicated, in the absence of 

data, that they feel that oral ulceration and bone sequestration (OUBS) is not associated 

with significant morbidity and is uncommon even though the incidence of OUBS in the 

general population is not defined. The ITJOF summarizes this condition as follows:  

• The condition occurs as painful ulceration generally involving the posterior lingual 

mandible at the level of mylohyoid ridge or over oral exostoses. The ulcer can 

persist for weeks to months. 

• It occurs in absence of systemic disease or anti-resorptive therapy. 

• Pathogenesis of this condition is not well understood. Ulceration, resulting from 

trauma or other means such as aphthous ulceration, is thought to be the initial 

pathogenic event. Sequestration occurs due to disruption of blood supply from the 

periosteal layer to the vascularized superficial cortical layer. It is usually a self-

limiting condition or will resolve with conservative management. 

• The concept that these conditions might represent an initiating event for some 

MRONJ cases is supported by observations that about 25% to 57% of MRONJ 

cases appear spontaneous which is similar to the OUBS presentation. Further, 

many MRONJ cases involve lingual mandible or can be associated with exostoses 

which are the same site predilections indicated by the OUBS case reports. 
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The review emphasized the need for studies that can evaluate the incidence of this 

condition (4). 

This possible relationship has been challenged by one group of authors, who in a 

published letter have suggested the OUBS condition is rare and poorly defined with 

questionable relevance to MRONJ pathogenesis (21). In this regard, it is correct that in 

spite of multiple case series and case reports, incidence and prevalence studies have not 

been done. However, it is important to understand that there has not previously been an 

impetus to collect epidemiologic OUBS data.  This is because the condition is either self-

limited or can be managed conservatively. To further illustrate this point, traumatic oral 

ulcers are common but incidence studies are rare or not available because there is no 

compelling reason to perform such studies.  In any event, cautionary notes to this 

dismissive commentary are available. First, the presenting OUBS features appear well 

understood and consistent descriptions of the condition are indicated in multiple 

publications (11-19).  Further, in response to selected OUBS reports, there have been 

other published letters and even an insightful editorial, which suggest OUBS type cases 

might be common (18,19,22). Of possible additional relevance, a study of bone biopsies 

obtained from asymptomatic edentulous ridges in patients, not receiving anti-resorptive 

medication, indicated non-vital bone could be identified in 35% of cases (23). 

The foregoing suggests the susceptibility of the jaws to necrotic bone development, 

even in the absence of anti-resorptive medication and indicate further study is needed. In 

summary, the incidence of the non-drug associated, exposed jaw bone sequestrations 

and the fraction of these conditions which persist past the 8 week qualifying window for 
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the MRONJ diagnosis is not known. However, the clinical similarities between OUBS and 

MRONJ suggest a possible relationship, including the possibility that OUBS is an initiating 

event for MRONJ. In this concept, the anti-resorptive medication is suggested to 

exacerbate, prolong and impair healing of a primary OUBS event. OUBS needs to be 

more comprehensively characterized to assess this possibility. Currently, there is no data 

to indicate the incidence of OUBS and our understanding of site predilection and range 

of duration is based on a limited number of case reports or small case series.                                        

 1.1 Aim 

The aim of this study was to determine the characteristic features of OUBS and 

OUBS incidence in patients presenting in general dental practices in Alberta.  

Hypothesis: 

Oral ulceration with bone sequestration has a predilection for the same sites as MRONJ 

and can persist beyond the 8 week qualifying period for the MRONJ diagnosis. 

1.2 Research Questions 

1. Does OUBS have an association with: 

a. anatomic site? 

b. Exostoses? 

2. What proportion of OUBS cases persist past 8 weeks? 

3. What is the incidence of OUBS in patients presenting in general dental 

practices? 
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2. Literature review 

2.1 Preamble: 

The literature review focuses on those issues, which are related to bone viability 

and the clinical consequences when this is compromised. Thus, the review addresses the 

microanatomic structure of bone with specific reference to vascularization, osteoblasts 

and osteoclasts with emphasis on their role in bone turnover and re-modelling and the 

effect of anti-resorptive medications on these cells. Subsequently, suppurative or 

bacterial osteomyelitis is discussed. This is because one of the defining features of this 

well-known condition is the development of sequestration or necrotic bone and thus, there 

is obvious overlap with osteonecrosis, which refers to necrotic bone and has been 

separately defined as a clinical pathologic entity. Lastly then, the literature on 

osteonecrosis is reviewed including MRONJ and ONJ which occurs in the absence of 

anti-resorptive medications (OUBS).  

2.2 Microanatomic bone structure: 

Bone is the structural element of the skeleton. It provides support, allows 

movement and protects vital organs. It also mediates mineral homeostasis, acts as a 

reservoir for a range of cytokines and provides the environment for hematopoiesis within 

the marrow spaces (24). It consists of 50-70% mineral (hydroxyapatite, carbonate, 

magnesium and acid phosphate), 20-40% organic matrix, 5-10% water and <3% lipids. 

The mineral component provides mechanical rigidity and load bearing strength whereas 

the organic matrix provides elasticity and flexibility. The matrix is comprised primarily by 

Type 1 collagen and is called osteoid. The vascularized mineralized and un mineralized 
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matrix supports populations of osteoblasts, osteocytes and osteoclasts, Osteoblasts 

synthesize osteoid and mediate mineralization. Osteocytes are similar but are relatively 

inactive cells. These cells are found within bone tissue whereas the osteoblasts typically 

populate the bone surface (24). Osteoclasts are multinucleated cells which resorb bone. 

These cells are discussed more comprehensively later in this review.  

Bone has a dense outer cortical surface (bone cortex) which is covered with a 

fibrous connective tissue sheath called the periosteum. The peripheral aspect of the 

dense bone cortex is vascularized by vessels entering from the periosteum. The 

periosteum is not present at joints where bone is capped by articular cartilage. The 

periosteum is tightly attached to the cortex by thick collagenous fibers called Sharpey’s 

fibers, which extend into the underlying bone (25). The subsurface structure is formed by 

interconnecting bone plates called trabeculae and the spaces between the trabeculae are 

occupied by the highly vascular hematopoietic (marrow) tissue, which includes varying 

proportions of adipose tissue. The endosteum is a membranous structure which covers 

the internal bone structures including the trabeculae.  

The cortex is formed by bone layers in association with cylindrical lamellated 

structures called osteons or Haversian systems. The cylindrical Haversian systems form 

a vascularized branching network within the cortical bone (26).  Cortical bone has a 

porosity less than 5%, which is affected by the proportion of the actively remodeling 

Haversian systems to inactive Haversian systems.  

Both, mature trabecular bone and cortical bone show a lamellar pattern in which 

collagen fibers are laid down in an alternating orientation. Lamellar bone is best seen 

during microscopic examination with polarized light. Lamellar bone has significant 
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strength due to the alternating orientations of collagen fibrils. The lamellar pattern is 

absent in woven bone, which is produced during formation of primary bone and can also 

be seen in pathologic conditions with high bone turnover such as hyperparathyroidism 

and Paget’s disease.  

The cell populations which mediate bone growth and turn-over are the previously-

noted osteoblasts, osteocytes and osteoclasts, which are separately discussed next. 

2.2.1 Osteoblasts and osteocytes: 

Osteoblasts synthesize collagenous organic matrix and regulate mineralization of 

matrix by releasing small membrane bound matrix vesicles that concentrate calcium and 

phosphate. They also destroy mineralization inhibitors such as pyrophosphate or 

proteoglycans.  

Osteoblasts arise from the differentiation of mesenchymal cells that arise from 

osteoprogenitor cells in the periosteum. Osteoblasts form closely packed sheets on the 

surface of the bone from which they extend their cellular processes through the immature 

bone. They produce enzymes, growth factors and hormones such as alkaline 

phosphatase, collagenase TGF B, IGFs, osteocalcin and Type 1 collagen (27). Once the 

bone forms, osteoblasts become flattened and line the surface or alternatively are lost 

through apoptosis. When the new bone is deposited, osteoblasts gradually become 

surrounded by bone matrix and eventually become trapped in spaces called lacunae. 

These cells are called osteocytes. They communicate with each other via their 

cytoplasmic extensions that occupy canaliculi within the bone matrix (28). Osteocytes 

express multiple matrix proteins that support intercellular adhesion and regulate 
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exchange of mineral in the bone fluid within lacunae and the canalicular network. The 

cells can transduce stress signals from bending or stretching of bone, which influences 

this metabolic activity. Osteocytes can undergo apoptosis in response to disruption of cell 

and matrix interaction (29,30).  

2.2.2 Osteoclasts: 

Osteoclasts are multi-nucleated cells that cause bone resorption. They are derived 

from the bone marrow mononuclear precursor cells of the monocyte-macrophage lineage 

(31). RANKL (Receptor activator of nuclear factor kappa-Β ligand) and macrophage CSF 

are two cytokines that are critical for osteoclast formation and are produced by marrow 

stromal cells and osteoblasts.  

RANKL is also known as tumor necrosis factor ligand superfamily member 11 

(TNSF 11), osteoprotegerin ligand and osteoclast differentiation factor. RANKL is 

important for the osteoclast formation. Macrophage CSF is required for the proliferation, 

survival and differentiation of osteoclast formation (25).  

Bone resorption depends on osteoclast secretion of hydrogen ions. Active 

osteoclasts also secrete acid phosphatase, cathepsin, matrix metalloproteinase 9, 

gelatinase and cathespin K enzyme. H+ ions acidify the resorption area to dissolve the 

mineral component of bone matrix. Enzymes such as cathespin K bind to bone matrix via 

integrin receptors in the osteoclast membrane linking to bone matrix peptides and digests 

the proteinaceous matrix (25, 31).   

Thus, interference with the development or function of osteoclasts will interfere 

with remodeling or repair activity and promote retention of bone matrix.  
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2.3 Bone growth and remodeling: 

Bone undergoes constant growth, modelling and remodeling during life. 

Longitudinal growth occurs at the growth plates where cartilage proliferates in the 

epiphyseal and metaphyseal plates. These undergo mineralization to form primary new 

bone (25).  

Remodeling is the process through which bones change their overall shape in 

response to physiologic or mechanical influences leading to gradual adjustment of the 

skeleton. This adaptation may be due to deposition or removal of the bone by osteoblasts 

and osteoclasts respectively. Bones widen with aging due to apposition of new bone and 

resorption of the endosteal bone (32).  This is a process by which bone is renewed to 

maintain bone strength and mineral hemostasis. It involves continuous removal of old 

bone and replacement with newly synthesized proteinaceous matrix and mineralization 

of the matrix to form new bone. Remodeling continues throughout the life span and 

increases with age (25). The remodeling cycle is composed of three phases: resorption, 

reversal and formation. Remodeling is targeted to sites that require repair. Activation 

involves recruitment of monocyte-macrophages, which fuse to form multinucleated 

preosteoclasts. Osteoclast formation, activation and resorption is regulated by the ratio 

of RANKL to osteoprotogerin, IL-1, IL-6, colony stimulating factor, parathyroid hormone 

calcitonin and 1,25 di-hydroxyvitamin D. Osteoclast-mediated bone resorption takes 

approximately 2-4 weeks (31). The process involves release from osteoclasts of hydrogen 

ions to lower the pH to 4.5 to mobilize bone mineral. The previously noted enzymes digest 

the organic matrix, forming saucer shaped Howship’s lacunae on the bone surface (25). 

In the reversal phase, bone resorption transitions to bone formation. Resorption cavities 
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contain a variety of mononuclear cells such as monocytes, lymphocytes, mesenchymal 

stem cells and hematopoietic progenitor cells that are recruited to begin new bone 

formation. The reversal phase has also been proposed to be mediated by strain gradient 

in the lacunae. This strain gradient may lead to activation of osteoclasts and osteoblasts 

(25,31)  

In summary, bone is internally vascularized from vessels in the medullary spaces 

and externally vascularized from vessels in the periosteum entering the dense bone 

cortex. Thus, disruption of the periosteum will cause ischemia in the peripheral aspects 

of the bone cortex, which in turn can result in bone necrosis. Any factors which impede 

the function of osteoclasts or osteoblasts will impede reparation or remodeling as well as 

resolution of bone necrosis. 

2.4 Anti-resorptive medications: 

Anti-resorptive agents are used for prevention of metastasis in patients with 

malignancies and management of osteoporosis, hypercalcemia, and Paget’s disease.  

There are five classes of anti-resorptive agents: 

1. Bisphosphonates 

2. Estrogen 

3. Selective estrogen receptor modulators 

4. Monoclonal antibodies (Denosumab) 

5. Calcitonin 

Bisphosphonates and monoclonal antibodies are the two classes which are commonly 

associated with ONJ and will be discussed in this review.  
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2.4.1 Bisphosphonates: 

Bisphosphonates (BPs) are chemical derivatives of inorganic pyrophosphate 

(PPi). Inorganic pyrophosphate has two phosphate groups which are linked by 

esterification. Inorganic pyrophosphate is released as a byproduct in many synthetic 

reactions in the body (33). Earlier studies demonstrated that inorganic pyrophosphate 

was capable of inhibiting calcification by binding to hydroxyapatite crystals. This led to the 

hypothesis that regulation of inorganic pyrophosphate levels could regulate bone 

mineralization (34).  

The binding and retention of BPs to hydroxyapatite crystals depends on the 

availability of hydroxyapatite binding sites. The ability of BPs to inhibit calcification, 

hydroxyapatite breakdown and suppress bone resorption has led to the use of these 

substances in various clinical settings (33).  

BPs have a high affinity for bone and can achieve a high concentration throughout 

the entire skeleton. Thus, bisphosphonates are useful for disorders which are 

characterized by excessive remodeling or any imbalance between osteoclast and 

osteoblast activities, which leads to excessive osteoclast mediated bone resorption. A 

temporary decrease in biochemical markers of bone resorption is seen following 

bisphosphonate use.  Length of suppression of osteoclast function is largely a function of 

bisphosphonate potency for mineral matrix binding. The periods range from 1 year 

following oral use to up to 10 years after a single IV dose (35). There is maximum 

suppression of bone resorption approximately 3 months after initiation of the oral 

bisphosphonate therapy. Subsequently, it remains constant as the treatment continues. 
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Bone resorption is suppressed more rapidly after the intravenous administration as 

compared to oral therapy (36).  

BPs are poorly absorbed from the gastrointestinal tract after oral administration. 

There is a less then 1% absorption from an oral dose. About 50% of the absorbed oral 

dose is retained in the skeleton and the remainder is excreted in the urine. The retention 

of bisphosphonates is primarily dependent on renal function, rate of bone turnover and 

binding site availability. As mentioned earlier, there is a wide variation in the amount of 

bisphosphonates retained after oral and IV administration (33-36).  The first generation 

of oral BPs required patient to remain upright for 30 minutes and refrain from eating 2 

hours before and at least 30 minutes after pill ingestion. The newer generation oral 

bisphosphonates are administered weekly (alendronate or risendronate) and monthly 

(ibandronate or risendronate) thus reducing the gastrointestinal symptoms and increasing 

patient compliance (37). BPs administered with IV (pamidronate, zoledronic acid) have 

further reduced the gastrointestinal effects.  

BPs are widely used in a range of clinical conditions.  Osteoporosis is one of the 

major conditions and includes osteoporosis associated with juvenile idiopathic arthritis, 

post- menopause, glucocorticoid use, transplants and immobility. BPs are also used in 

management of Paget’s disease, bone malignancies, hypercalcemia and osteogenesis 

imperfecta (33). However, there have been multiple concerns regarding their use. Atrial 

fibrillation, musculoskeletal pain, hypocalcemia, acute inflammatory response, over-

suppression of bone turnover, deterioration of renal function and esophageal irritation 

have been described. (38). Low grade fever, arthralgia’s, myalgia’s, headaches and flu 

like symptoms are seen in patients receiving oral or IV BPs (33).  A further significant 
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concern relates to the role of BPs in the etiopathogenesis of ONJ. The relationship of BPs 

and ONJ is comprehensively discussed later in this review.  

2.4.2 Denosumab (Dmab): 

RANKL is produced by osteoblasts. RANKL binds to RANK (receptor activator of 

nuclear factor kβ) which is present on the osteoclast membrane and stimulates 

differentiation, activation and survival of osteoclasts. Osteoprotegerin (OPG) is a soluble 

RANKL-binding protein that binds with RANKL and prevents it from binding with RANK 

on the osteoclast membrane. Dmab is a human IgG2 monoclonal antibody, which mimics 

endogenous OPG which in turn prevents RANKL from binding with RANK thereby 

inhibiting osteoclast differentiation, activation and survival. The inhibition of osteoclast 

mediated resorptive activity results in an anti-resorptive effect (39,40).  

Dmab is administered subcutaneously. The bioavailability of Dmab after 

subcutaneous injection is 61%. Its absorption is mediated by the lymphatic system. It is 

eliminated via the reticuloendothelial system (39).  

Dmab treatment is associated with a reduction in the risk of vertebral, non-vertebral 

and hip fractures in post-menopausal women with osteoporosis (40). Adverse effects of 

Denosumab include nausea, asthenia, dyspnea, eczema and flu-like syndrome. As with 

the bisphosphonates, osteonecrosis of the jaw has been described as a rare but serious 

complication (41) (discussed later). 
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 2.5 Osteomyelitis: 

 2.5.1 General considerations: 

Osteomyelitis is an acute or chronic inflammatory process involving the medullary 

space or cortex of bone, which progresses from the initial site of involvement. The majority 

of osteomyelitis cases are caused by bacterial infections which results in an expanding 

lytic destruction of the bone with suppuration and sequestrum formation. A sequestrum 

represents a fragment of necrotic (non- vital) bone. The condition caused by bacterial 

infection is termed bacterial osteomyelitis or suppurative osteomyelitis. Acute suppurative 

osteomyelitis occurs when an acute inflammatory process rapidly spreads through the 

medullary spaces of the bone. In chronic suppurative osteomyelitis, the infected bone 

sequestrates and a defensive host response leads to the production of granulation tissue 

which subsequently forms scar tissue in an attempt to wall off the infected areas. The 

walled off area acts as a reservoir for bacteria, which colonizes the sequestrated bone. 

Antibiotics have a difficult time reaching the affected site (42). The most common cause 

of osteomyelitis in adults is staphylococcus aureus followed by Group A streptococcus, 

streptococcus pneumoniae and kingella kingae.  

Acute osteomyelitis is generally seen in children due to increased vascularity in 

their bones and chronic osteomyelitis is seen more frequently in adults (43). Acute 

osteomyelitis results from bacteremic seeding of the bone due to hematogenous spread 

whereas chronic osteomyelitis is secondary to open fractures, soft tissue infection, 

bacteremic infection or infected prosthetic joints (43). Patients with underlying medical 

conditions such as diabetes mellitus, anemia, malnutrition, chronic renal disease and 

cancer are more prone to chronic osteomyelitis. Soft tissue injury and lack of peripheral 
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vascularization in diabetic patients, may reduce awareness of wounds and cause 

increased risk of infections (44). There have been multiple classifications of osteomyelitis 

in the long bones. A common classification of long bone osteomyelitis is the Cierny-Mader 

classification shown below which is based on the anatomy of the bone infection and 

physiology of the host.  

Cierny- Mader classification:  

Anatomic Type           Stage 1: Medullary osteomyelitis 

                                   Stage 2: Superficial osteomyelitis 

                                    Stage 3: Localized osteomyelitis 

                                    Stage 4: Diffuse osteomyelitis 

Physiologic Type         A Host:  Normal Host 

                                    B Host:  Systemic compromise (Bs) 

                                                  Local compromise (Bl) 

                                    C Host:  Treatment worse than the disease 

The clinical symptoms of osteomyelitis are variable based on acute or chronic 

presentation. Acute osteomyelitis is characterized by pain, swelling, muscle tenderness 

and muscle wasting. Chronic osteomyelitis is characterized by pain, limited mobility, 

redness, swelling and persistent sinus tract or wound drainage, poor wound healing fever 

and malaise (43). The recurrence rate of chronic osteomyelitis in adults is about 30% at 

12 months (45). The incidence has drastically decreased since the introduction of 

antibiotics (46). 
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2.5.2 Osteomyelitis of the jawbones: 

The jaws have anatomically unique features which distinguish these bones from 

other parts of the skeleton. These include the periodontal adaptions to support teeth, the 

chronic exposure to the oral microbial microenvironment through periodontal attachment 

junctions and coverage with both skin and mucosal layers. The mucosal coverage is 

associated with the potential for constitutive exposure to oral secretions and a range of 

microbes in the event of any form of barrier disruption. Lastly, there are the stressful 

functional requirements related to the multi-directional impacts associated with 

mastication. The specific local anatomic, functional, immunological and microbiological 

considerations impact the etiopathogenesis and treatment of osteomyelitis involving jaw 

bones. Thus, it is not surprising that there are differences from osteomyelitis of the long 

bones, which are reflected in a more complex classification.  

Different classifications have been proposed based on clinical course, anatomic-

pathological considerations, radiological features, etiology and pathogenesis. The 

classification of the osteomyelitis of the jaw bones can be confusing due to wide variety 

of terms used to describe the same disease. In table 1, below two different classifications 

have been shown with their criteria. Both the classifications are based on clinical, 

radiological and etiological factors.  

 

 

 

 



	

	

	

18	

Table 1: Classification of Osteomyelitis of the Jaw 

Reference Classification  Classification criteria 

Marx RE 
Chronic Osteomyelitis of 
the Jaws 
Oral and Maxillofacial 
Surgery Clinics 
of North America, Vol 3, 
No 2, May 91, 
367-81. 
 

Mercuri LG    
 Acute Osteomyelitis of the 
Jaws 
Oral and Maxillofacial 
Surgery Clinics 
of North America, Vol 3, 
No 2, May 91, 
355-65 
 

I. Acute osteomyelitis 
1. Associated with 
Hematogenous 
spread* 
2. Associated with intrinsic 
bone 
pathology or peripheral 
vascular 
disease* 
3. Associated with 
odontogenic and 
nonodontogenic local 
processes* 
II. Chronic osteomyelitis 
1. Chronic recurrent 
multifocal osteomyelitis of 
children 
2. Garrè's osteomyelitis 
3. Chronic suppurative 
osteomyelitis 
– Foreign body related 
– Systemic disease related 
– Related to persistent or 
resistant organisms 
4. True chronic di 

Classification based on 
clinical picture and 
radiology, etiology, and 
pathophysiology 
Classification of acute 
osteomyelitis by 
Mercuri, classification of 
chronic osteomyelitis by 
Marx. The arbitrary time 
limit of one month is used 
to differ 
acute from chronic 
osteomyelitis 
* From Waldvogel and 
Medo# 1970 

Topazian RG 
Osteomyelitis of the Jaws. 
In Topizan RG, 
Goldberg MH (eds): Oral 
and Maxillofacial 
Infections. 
Philadelphia, WB 
Saunders 1994, 
Chapter 7, pp 251-88 

I. Suppurative 
osteomyelitis 
1. Acute suppurative 
osteomyelitis 
2. Chronic suppurative 
osteomyelitis 
– Primary chronic 
suppurative osteomyelitis 
– Secondary chronic 
suppurative 
osteomyelitis 
3. Infantile osteomyelitis 
II. Nonsuppurative 
osteomyelitis 
1. Chronic sclerosing 
osteomyelitis 

Classification based on 
clinical picture, 
radiology, and etiology 
(specific forms such as 
syphilitic, 
tuberculous, brucellar, 
viral, chemical, Escherichia 
coli and Salmonella 
osteomyelitis not 
integrated in classification) 
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– Focal sclerosing 
osteomyelitis 
– Di#use sclerosing 
osteomyelitis 
2. Garrè's sclerosing 
osteomyelitis 
3. Actinomycotic 
osteomyelitis 
4. Radiation osteomyelitis 
and necrosis 

 

OM diagnosis includes laboratory testing and radiological findings. Laboratory 

testing shows elevated peripheral white blood cells, elevated erythrocyte sedimentation 

rate (ESR) and C-reactive protein (CRP). Blood culture may be positive (43). 

Plain radiography, bone scintigraphy, computed tomography(CT) and magnetic 

resonance imaging (MRI) are useful for the diagnosis of osteomyelitis (47). Plain 

radiography does not reveal abnormalities of the bone until at least 2 weeks of its 

initiation. MRI and bone scintigraphy are more commonly used and are more accurate 

imaging modalities for the diagnosis of the osteomyelitis. These are able to identify the 

changes in the bone within a few days of initiation. The sensitivity of MRI and bone 

scintigraphy is comparable but specificity of the bone scintigraphy is low if the patient has 

had recent surgery or trauma (43,48,49, 50,51).  

Treatment of osteomyelitis is similar to long bones. It involves appropriate antibiotic 

therapy and possible surgical removal of infected and necrotic tissues and possible 

infected surgical hardware. Choice of antibiotic therapy is determined by culture and 

susceptibility (52,53,54).  
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2.6 Osteonecrosis:          

2.6.1 General considerations: 

The National Institute of Arthritis and Musculoskeletal and Skin Diseases defines 

osteonecrosis (ON) as a disease in which a temporary or permanent loss of the blood 

supply to the bone causes bone tissue to die and the bone to collapse. It is also known 

as avascular necrosis, aseptic necrosis or ischemic necrosis.  Thus, a key distinction from 

the necrotic bone, which develops in osteomyelitis is the absence of an infective 

component (55). 

Osteonecrosis can occur at any age but is generally seen in the 4th to 6th decades 

of life. It mainly affects the long bone epiphyses, femoral and humeral heads and distal 

ends of the tibia. It often shows a multifocal distribution.  Osteonecrosis can occur due to 

various underlying causes; these are discussed in the next section (55).  

2.6.2 Pathogenesis: 

Osteonecrosis is multifactorial and can be caused by various mechanisms 

involving compromised circulation or disruption of blood supply.  The bone ischemia 

causes an inflammatory response which results in resorption of the bone. There are two 

pathogenic pathways: traumatic or atraumatic. As the name suggests, the traumatic 

pathway is due to an injury resulting in disruption of blood flow. The atraumatic pathway 

is caused by decreased blood flow due to alcohol, drugs, toxins, radiation, sickle cell 

crisis, developmental vascular problems, athero-sclerotic disease resulting in 

coagulopathy and Gaucher’s disease.  Other predisposing factors include steroid 

medications, systemic lupus erythematosus, thrombophilia, HIV infection, pancreatitis 
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and alcohol use. A history of radiation treatment, chemotherapy and organ transplants 

and immunosuppressive conditions are further known risk factors (55,56,57). 

Osteonecrosis is associated with a complex process of bone resorption and 

formation. The initial step of osteonecrosis is the necrosis of hematopoietic cells and 

adipocytes followed by interstitial marrow edema (58). The initial changes are 

characterized by osteocyte necrosis as indicated initially by development of pyknotic 

nuclei. This is typically followed by cell necrosis, which results in empty osteocyte lacunae 

(58). Reactive hyperemia and capillary revascularization initiates a process of bone 

resorption and production that incompletely replaces dead with living bone (59). There is 

evidence suggesting that the pathophysiology of osteonecrosis in this site involves 

compromised microcirculation due to vascular interruption, intravascular occlusion and 

extravascular compression (59). Intraosseous hypertension has also been recently 

associated with osteonecrosis (60). These studies have led to the suggestion that 

elevated intraosseous pressure is a non- specific factor in the pathogenesis of 

osteonecrosis, presumably by compromising the circulation.  

2.6.3 Osteonecrosis of the long bones: 

Hip and knee joints are the sites most commonly affected by osteonecrosis. Bone 

infarcts are commonly seen adjacent to the joints associated with the femoral head, 

humeral head, knee, small bones of the hand and foot and the vertebrae. Osteonecrosis 

of the knee was initially described as a distinct entity in1968. It is often seen in elderly 

women with a previous history of osteoporosis. There may not be an associated history 

of systemic diseases (61). The majority of the femoral head avascular necrosis conditions 
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are idiopathic although there is often a history of these patients being treated with 

corticosteroids or are alcoholics.  

ON is typically seen in the cortical surface of the long bones. This is due to a 

predisposition related to lack of collateral circulation and smaller diameter of the blood 

vessels.  

Conservative management strategies of ON include hyperbaric oxygen, pulsed 

electromagnetic therapy and extracorporeal shockwave therapy. Pharmacologic 

management of osteonecrosis has involved use of BPs, prostaglandin, enoxaparin and 

statins. BPs are used in management of ON in long bones and counterintuitively have 

been implicated with causation of ON in jaw bones.  This is explained by the distinctive 

pathogenic mechanisms of ON in long bones. The ON in long bones is caused by 

disruption of blood supply as a result of subchondral trabecular fracture which is 

prevented by BPs. (62,63,64).  

Enoxaparin, low molecular weight heparin, has been used to prevent progression 

of ON by improving blood circulation. 

Iloprost is a vasoactive synthetic prostacyclin analog. It functions to dilate arterial 

and venous vascular beds, reduce capillary permeability and inhibit platelet aggregation 

(65).  

Statins are used for the treatment of ON by increasing expression of BMP-2 and 

decreasing expression of the adipocyte gene, resulting in a reduction in intraosseous 

pressure (66,67). 
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2.6.4 Osteonecrosis of the jaw: 

Osteonecrosis of the jaw (ONJ) is seen as a complication in patients being treated 

with bisphosphonate medications or following radiotherapy for head and neck carcinoma 

(osteoradionecrosis) (61). The majority of the cases not associated with radiotherapy 

have been documented in patients who were treated with bisphosphonates. 95% of these 

patients were being treated with high dose intravenous bisphosphonates as part of the 

management of malignancies such as multiple myeloma and metastatic bone cancers. 

The remaining 5% of these cases were reported in patients receiving low dose 

bisphosphonate therapy (35).  Thus, the diagnosis of ONJ has usually been assumed to 

be associated with use of anti-resorptive medications unless otherwise stated. 

The American Society for Bone and Mineral Research (ASBMR) defines 

medication related osteonecrosis of the jaw (MRONJ) as an area of exposed bone in the 

maxillofacial region that does not heal within 8 weeks after identification by a health care 

provider, in a patient who was receiving or had been exposed to a BP and who has not 

received radiation therapy to the craniofacial region. The American Association of Oral 

and Maxillofacial Surgeons (AAOMS) has recently (2014) updated their MRONJ definition 

as follows: 

1. Current or previous treatment with anti-resorptive or antiangiogenic agents;  

2. Exposed bone or bone that can be probed through an intraoral or extraoral 

fistula(e) in the maxillofacial region that has persisted for more than 8 

weeks; and  

3. No history of radiation therapy to the jaws or obvious metastatic disease to 
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the jaws.  

The differential diagnosis of MRONJ include periapical pathosis, gingivitis, 

periodontal disease, mucositis, infectious osteomyelitis, osteoradionecrosis and 

neuralgia inducing cavitation osteonecrosis (a controversial concept). It can also be 

confused with other common oral conditions such as alveolar osteitis, fibro-osseous 

lesions, sarcomas, chronic sclerosing osteomyelitis and temporomandibular joint disease 

(4). 

Patient history and clinical examination are important in the diagnosis of ONJ.  

Patients with mild to moderate disease require minimally invasive treatment involving pain 

and infection control. Patients with advanced disease may benefit from surgical treatment. 

Staging of ONJ is important for diagnosis and treatment. The AAOMS has 

proposed staging which relies on clinical and radiographic examinations. This is shown 

in the following table: 
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Table 2:  Staging and treatment strategies of MRONJ 

MRONJ Staging  Treatment Strategies 

At risk category No apparent 

necrotic bone in patients who have 

been treated with either oral or IV 

bisphosphonates  

• No treatment indicated  

• Patient education  

Stage 0 No clinical evidence of 

necrotic bone, but non-specific clinical 

findings, radiographic changes and 

symptoms  

• Systemic management, including the use of 

pain medication and antibiotics  

Stage 1 Exposed and necrotic bone, 

or fistulae that probes to bone, in 

patients who are asymptomatic and 

have no evidence of infection  

• Antibacterial mouth rinse  

• Clinical follow-up on a quarterly basis  

• Patient education and review of indications for 
continued bisphosphonate therapy  

Stage 2 Exposed and necrotic bone, 

or fistulae that probes to bone, 

associated with infection as 

evidenced by pain and erythema in 

the region of the exposed bone with 

or without purulent drainage  

• Symptomatic treatment with oral antibiotics • 

Oral antibacterial mouth rinse 

• Pain control  

• Debridement to relieve soft tissue irritation and 

infection control  

Stage 3 Exposed and necrotic bone 

or a fistula that probes to bone in 

patients with pain, infection, and one 

or more of the following: exposed and 

necrotic bone extending beyond the 

region of alveolar bone, resulting in 

pathologic fracture, extra-oral fistula, 

oral antral/oral nasal communication, 

or osteolysis extending to the inferior 

border of the mandible of sinus floor . 

• Antibacterial mouth rinse  

• Antibiotic therapy and pain control  

• Surgical debridement/resection for longer term 

palliation of infection and pain  
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Multiple hypotheses have been advanced to explain the pathophysiology of 

osteonecrosis.  These multiple hypotheses are not exclusionary. These include the 

following (3,4):  

1. Bone remodeling inhibition- Osteoclast activity is constantly regulated by RANKL 

and OPG signaling. Bisphosphonates have direct inhibitory effect on osteoclasts 

causing significant decrease in bone remodeling. Since the alveolar bone of the jaw 

has an increased rate of remodeling, compared to other bones in the skeleton, the 

jaw bones would be disproportionately affected by the bisphosphonates.   

2. Inflammation and infection: In patients with ongoing bisphosphonate therapy, tooth 

extraction is the most common ONJ inciting event and bone exposure in this area 

is much more common than other anatomic sites. Histopathological evaluation of 

the necrotic bone from these sites reveals association with bacterial and fungal 

infection.  

3. Inhibition of angiogenesis: Necrosis of the bones occurs due to decrease in 

vascular supply. Antiangiogenic medications are utilized to inhibit tumor invasion 

and metastasis targeting vascular endothelial growth factors (VEGF). 

Bisphosphonates have anti-angiogenic properties.  

4.  Direct soft tissue toxicity: Although BPs target the osteoclasts and bind to 

hydroxyapatite in bone, soft tissue toxicities have been reported. Multiple cell types 

such as cervical, prostate and oral epithelial cells have exhibited increased 

apoptosis or decreased proliferation after exposure to BPs.  
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2.6.4.1 Risk of MRONJ in osteoporosis patients: 

Prevalence: 

Studies have shown highly variable results This is probably related to inadequacies 

in the study design and lack of rigor in methodology. Prevalence of ONJ in patients 

administered oral BPs for osteoporosis varies from 0-0.04%, with the majority being below 

0.001%(5,68-77). Another study indicated prevalence of MRONJ in patients receiving 

long term bisphosphonate therapy was 0.1% which increased to 0.21% among those 

patients who have taken oral BP greater than 4 years (73). The median duration of 

exposure was 4.4 years at the time of development of ONJ and ONJ like features.   

Prevalence of ONJ in patients treated for osteoporosis with IV BPs is much higher 

than that’s seen in patients treated with oral bisphosphonates. The prevalence rates vary 

from 0% to 0.348% and majority of the studies show results below 

0.005%(68,69,78,79,80). Khan et al reported a prevalence of ONJ in patients on BP to 

be approximately 0.001%. Felsneberg reported a prevalence <1/100,000 population who 

were on BPS (81,82). Papolous et al showed that patients on Denosumab have 0.04%(4 

per 10,000 cases) risk of MRONJ (83). 

Incidence: 

Incidence of ONJ in patients prescribed oral BP is 1.04-69 per 100,000 (0.001%- 

0.064%) patients per year (82,84,85). Incidence of ONJ in patients prescribed IV BPs 

varies from 0-90 per 100,000 patients per year (78,79,85,86). Incidence of patients who 

are treated with Dmab varies from 0-30.2 per 100,000 patients per year (83,87,88). 

Ulmner and colleagues surveyed oral surgeons and dental clinics to find an incidence 
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rate of 0.067%(89). Mavrokokki et al found the incidence rate of ONJ to be 0.01% -0.04% 

in osteoporotic patients receiving BP nationwide (75). Patients exposed to zolendronate 

therapy once a year for 3 years reported are at risk of MRONJ of 0.017%(1.7 cases per 

10,000 patients). These patients were followed for 6 years which did not show any 

increase in the incidence (90). Comparison between patients exposed to Denosumab for 

osteoporosis was 0.04% (4 out of 10,000 patients) and patients exposed to placebo 

medication was 0.02% (2 cases per 10,000 patients) (83,90). Based on the studies 

mentioned above the risk of ONJ in osteoporotic patients treated with oral or IV BPs or 

Dmab is very low. 

2.6.4.2 Risk of MRONJ in cancer patients: 

Risk of ONJ in cancer patients is much higher than in patients treated for osteoporosis.  

Prevalence: 

Prevalence of MRONJ in cancer patients ranges from 0%-0.186% (186 per 10,000 

patients) (68,91-115).  

Incidence: 

The incidence of MRONJ in patients treated with cancer may vary with types of 

cancers. Other variables such as anti-angiogenic drugs and glucocorticoids also affect 

the incidence rates in these patients. Multiple studies show the incidence of MRONJ in 

patients treated for malignancy with BPs is very high ranging 0 to 12,222 per 100,000 

patients per year (82,85,116-157). Incidence of MRONJ in patients treated for malignancy 

with denosumab was from 0 to 2316 per 100,000 patients-year (129,132,145,149-

151,158).  
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Incidence of MRONJ in patients exposed to zolendronate ranges from 0.7% to 

6.7%(123,159). Whereas in patients treated with Denosumab the risk of MRONJ ranges 

from 0.7% to 1.9% (70-90 cases per 10,000 patients) (145,160).  

A wide variation is seen in the incidence and prevalence of these multiple studies 

due to the use of different medications, protocols and the type of malignancy. 

Epidemiological data on the prevalence and incidence of ONJ are limited and, when 

available, typically not based on prospective studies or population-based surveys. 

A. Duration of Medication Therapy as a Risk Factor for MRONJ: 

Duration of therapy is another important confounding variable for the development 

of MRONJ in patients treated with anti angiogenic or anti resorptive medications. The 

duration of the treatment with the medication is directly proportional to the increased risk 

of development of MRONJ in these patients. In the Henry et al’s study, a randomized 

double blinded study, of Denosumab vs zolendronic acid, the incidence of developing 

ONJ was 0.5 or 0.6% at 1 year, 0.95% or 1.1% at 2 years and1.3% or 1.1% at 3 years. 

The risk of MRONJ in Denosumab exposed patients plateaued between 2 and 3 years 

(132). In another study, the investigators combined 3 blinded phase 3 trials  and found 

similar results for patients treated with Denosumab (10).  

B Local factors: 

1. Dento-alveolar Surgery: 

Extractions are considered as a major risk factor. The estimated risk of MRONJ in 

patients treated with oral BPs after tooth extraction is 0.5%(161). This was derived from 

evaluation of 194 patients exposed to oral BP who underwent extraction of at least one 
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tooth. 52% to 61% of patients have reported tooth extraction as a predisposing event 

(10,159,162).  

In a longitudinal cohort study by Vahtesavnos et al, patients treated with IV BPs 

(zoledronate), tooth extraction was associated with 33 times increased risk of ONJ 

(159). Another case control study of patients with cancer exposed to zolendronate, tooth 

extraction was reported to be associated with 16 times increased risk of ONJ (163). 

Risk of developing MRONJ in patients exposed to IV bisphosphonates varies from 1.6% 

to 14.8% (AAOMS position paper). In two of the prospective cohort studies each with 

176 and 63 cancer patients exposed to zolendronate and IV BPs 5(2.8%) and 1(1.6%) 

developed ONJ (164,165). The risk of MRONJ in patients who are exposed to IV BPs 

ranges from 1.6% to 14.8% (77). The risk of MRONJ in patients who are treated for 

periodontal disease or endodontic procedures and dental implants is unknown. 

2. Anatomic Factors: 

There is an increased prevalence of MRONJ in the mandible (73%) as compared 

to the maxilla (25%) (10). 

C. Systemic and Other Medication Factors: 

Corticosteroids are associated with increased risk of MRONJ. Patients taking anti 

resorptive medications in association with anti angiogenic medications are at a greater 

risk of MRONJ (10,166). Anemia, diabetes and type of cancer are associated comorbid 

conditions associated with an increased risk of MRONJ (10).  
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D.  Demographics:  

There have been multiple studies that have assessed age and gender incidence 

for MRONJ patients. There is a higher prevalence in females than males. The higher 

prevalence in females can be explained as a result of the greater female association with 

diseases, such as osteoporosis and breast cancer, which have been managed with 

bisphosphonates (10,90). There is very limited data on MRONJ incidence in pediatric 

population. 

2.7 Oral ulceration with bone sequestration: 

Oral ulceration with bone sequestration represents a mucosal ulcer with an 

exposed necrotic bone base (20). The condition was initially described as “lingual 

mandibular sequestration and ulceration” by Peters et al in 1993. Subsequent similar 

reports suggested the condition be renamed as “spontaneous sequestration of the lingual 

mandible bone” in the area of mylohyoid ridge (2,167). The current most accepted term 

is “oral ulceration with bone sequestration(OUBS)” (20). 

2.7.1 Pathogenesis:  

Pathogenesis of OUBS is not well understood. It has been hypothesized that it 

begins as a traumatic ulcer (11,12,18,168). Bone sequestration could occur due to 

disruption of blood supply from the periosteal layer to the poorly vascularized superficial 

cortical bone and possible secondary infection. A link between oral ulceration and 

bacterial colonization has also been described in Farah and Savage’s study in 2003(168). 

According to them, the posterior mandible harbors more bacteria due to relative 

inflexibility of the posterior tongue and overload of masticatory forces which renders the 
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area more susceptible to trauma. Many histologic reports have shown a heavy bacterial 

colonization of the sequestrum.  

There are multiple anatomic factors that also predispose patients to the OUBS 

condition. The mylohyoid ridge, mandibular tori and maxillary tori are the most prevalent 

areas in a decreasing order (168). These areas are more prone to trauma and necrosis 

due to their thin mucosal lining and poor vascular supply. Chanavaz et al hypothesized 

that lack of fibrous connective tissue in these areas predisposed them to acute or chronic 

trauma and the decreased vascular supply leads to decreased capacity to resist infections 

(169).  

Other authors have generalized the OUBS concept, recognizing the predisposing 

influence of a variety of well-known systemic factors (2,167). In addition to the anti-

resorptive medications, these include a broad list of factors including systemic 

medications (systemic corticosteroids, other immunomodulatory drugs), infections 

(bacterial, viral, fungal and parasitic), trauma (masticatory or factitial) and other disorders 

(neoplasia, bone disorders, congenital defects and immunologic defects). Another case 

series published in 2017 described the use of methotrexate for arthritis in 3 of 6 cases. 

Other systemic medications in the same case series were etanercept, prednisone, 

adalimumab and rituximab. These observations are consistent with the OUBS concept. 

 In summary, the ulcers with subjacent sequestrations can occur in healthy patients 

in anatomically predisposed sites but would obviously be more likely and show greater 

morbidity if there was a superimposed predilection (170).  
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2.7.2 OUBS literature search:  

A total of 19 case reports or case series describing 44 cases were found in a 

search of the OUBS literature (11-18, 23,167,171-178). The reports are indicated in Table 

3 below.  

Table 3: Parameters from OUBS case reports  

Study Case 

# 

Age  Sex Anatomical location Clinical presentation and 
duration 

Peters et al 

1993 

1 53 

 

Female Lingual mucosa 
covering mylohyoid 
ridge  

3mm ulcer with 2 mm 
sequestrum  
symptomatic 12 weeks 

 2 55 Male Lingual mucosa 
covering mylohyoid 
ridge 

3mm ulcer with 3mm 
sequestrum 
symptomatic 8 weeks 

 3 42 Female Lingual mucosa 
covering mylohyoid 
ridge 

3mm sequestrum 
symptomatic 3 weeks 

 4 32 Male Lingual mucosa 
covering mylohyoid 
ridge 

3-4mm ulcer with 4mm 
sequestrum ,symptomatic 
few months 

 

 5 50 Female Lingual mucosa 
covering mylohyoid 
ridge 

4mm sequestrum 

 6 34 Male Lingual mucosa 
covering mylohyoid 
ridge 

3mm sequestrum 
symptomatic 2 weeks 
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 7 33 Male Lingual mucosa 
covering mylohyoid 
ridge 

8mm ulcer with 6mm 
sequestrum symptomatic 1 
week 

 8 47 Male Lingual mucosa 
covering mylohyoid 
ridge 

6mm sequestrum 

 9 57 Male Lingual mucosa 
covering mylohyoid 
ridge 

3mm ulcer with 2 mm 
sequestrum 
symptomatic 3 weeks 

 10 55 Female Lingual mucosa 
covering mylohyoid 
ridge 

4mmulcer with 10mm 
sequestrum 

 11 40 Male Lingual mucosa 
covering mylohyoid 
ridge 

8mm ulcer with 3 mm 
sequestrum 

Sonnier and 
Horning 

1997 

1 32 Male Left lingual mucosa 
near tooth #34 

Ulceration with 3 bony 
lesions on central tori 
symptomatic 4 months. 

 2 53 Male  Bilateral mandibular 
lingual mucosa 

10mm ulcers bilaterally 
with necrotic bone 
sequestrum, 
symptomatic 2 weeks. 

 3 38 Female Right lingual mucosa 
on mandibular near 
teeth #45 and #46 

No ulceration ,3 sinus 
tracts leading to multiple 
bony lesions (5x15x1mm) 
on exostoses; symptomatic 
2 weeks. 

 4 33 Male  Biopsy on facial 
gingiva near teeth 
#15 and #16; 
sequestrum near 
tooth #28; 
sequestrum near 
sinus tract of tooth 
#26. 

No ulceration, 1 sinus tract 
3x2x1mm sequestrum; 
symptomatic 1 month. 

Flaitz 2000 1 56  Female Left lingual mucosa 
covering mylohyoid 
ridge near left molars 

Ulcer (3x8mm) with 
exposed necrotic bone 
sequestrum. 
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Scully 2002 1 45 Male Inferior to left 
mandibular oblique 
ridge 

5mm ulcer with 3 mm 
sequestrum 
symptomatic 5 days 

 2 53 Male Inferior to left 
mandibular oblique 
ridge 

5mm ulcer with 4mm 
sequestrum 
symptomatic 10 days 

Friel and 
Macintyre 

2002 

1 64 Female Right mylohyoid ridge <1cm in size for the ulcer 
and Unknown duration 
 

Peters et al 

2003 

1 55 Male Left mylohyoid ridge Ulceration 

Kessler 
2005 

1 40 Male  Right lingual mucosa 
covering mylohyoid 
ridge near molar 
region 

Ulceration and exposed 
necrotic bone sequestrum ; 
symptomatic 3 weeks. 

Carrard et al 
2009 

1 38 Male  Bilateral exostoses in 
mandibular lingual 
molar area 

Bilateral ulcerations 
(15x7mm) with exposed 
necrotic bone sequestrum; 
symptomatic 1 month. 

Jackson and 
Malden 2007 

1 41 Male  Right lingual mucosa 
covering mylohyoid 
ridge near molars 

12mm ulceration and 
exposed necrotic bone 
sequestrum; symptomatic 
2 months. 

 2 57 Male  Right lingual mucosa 
covering mylohyoid 
ridge and molar 
region. 

15mm ulceration and 
exposed  necrotic bone 
sequestrum; symptomatic 
1 week. 

  3 48 Male  Left lingual mucosa 
covering mylohyoid 
ridge near molar 
region. 

12mm ulceration and 
exposed necrotic bone 
sequestrum; symptomatic 
2 months.  

Gunduz et al 

2009 

1 44 Male Right lingual mucosa 5mm ulceration  
7 days was surgically 
removed. 

Almarazoo 

et al 2010 

1 60 Male Right mylohyoid ridge Ulcer healed in 1 month 
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 2 67 Female Right torus 
mandibularis 

Ulcer 

>1month,soreness,pain 

Koshal et al 
2010 

1 5 Male  Left mandibular 
buccal alveolus with 
deciduous canine and 
first molar (#73 
&#74). 

Demarcated necrotic non 
healing alveolar bone 
division.  
 
 

Villa and 
Gohel 2014 

1 45 Female Right mylohyoid ridge Painful ulcer 21 days 

Kharazmi et 
al 2015 

1 69 male Right mylohyoid ridge  Painful ulcer 14 days 

  86 male Right mylohyoid ridge Painful ulcer 14 days 

Alkhabuli et 
al 2017 

1 49 Male Right mylohyoid ridge Ulcer 3 days 

Kharazmi et 
al 2017 

1 41 Female Right mylohyoid ridge Ulcer healed in 22 days 

Gabric et al 
2017 

1 38 Female Left mylohyoid ridge Unknown 

Cerruto et al 
2018 

1 43 Male Right mylohyoid ridge Pain burning sensation 2 
days 

Thermos et 
al 2018 

1 58 Male Palatal exostoses 
near the upper left 
second molar 

Pain, 15 days 

 2 75 Female Labial mandibular 
exostosis near the  

1 year 

 3 54 Male Mylohyoid ridge near 
first molar 

Pain ,5 days 

 4 27 Male Maxillary buccal 
exostoses near 
1stpremolar 

Unknown 

 5 40 Male Mylohyoid ridge  near 
left second premolar 

Pain and ulceration 30 
days 

 6 47 Female Maxillary exostoses 
above right first 
premolar 

Unknown, 1 year 
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 7 36 Male Mylohyoid ridge near 
left 1 st molar 

Painful ulcer 25 days 

 8 43 Female Mylohyoid ridge  Pain, swelling, 14 days 

 

Summations from the above table indicate, there is a predilection for middle age 

(47.2 years, SD=12.0) with only 1 case occurring in a child (5 years). There were 30 males 

and 14 females suggesting a male gender predilection. On a speculative note, possibly, 

male gender might be associated with OUBS because of increased alcohol consumption, 

tobacco use, increased masticatory loads and prominent mylohyoid ridge. The healing 

time of these patients varied from 1 week to 16 weeks with 12 cases healing within 8 

weeks. In the 40 cases where duration was documented 7 lasted for more than 8 weeks. 

37 of the 44 cases were on the lingual mandibular mucosa with majority at the level of the 

mylohyoid ridge. 6 cases were reported to be involving exostoses. 
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3. Materials and Methods 

Research ethics approval for this project was obtained from University of Alberta 

Health Sciences Research Ethics Board- Health Panel (HREB). 

3.1 Preliminary study 

In view of suggestions that the OUBS condition was extremely rare, a preliminary 

study was done to try to assess how often these cases were submitted for histopathologic 

review as a proportion of all the cases involving a non-vital bone biopsy. This was done 

with a retrospective review of cases of jaw sequestration submitted over a 3-year period 

(1988-1990), before the use of anti-resorptive medications, from the Oral Pathology 

archives at University of Alberta. The methods and results of this investigation are 

indicated in Appendix 1. A subset of cases which matched the OUBS profile were 

separated. From these, a further group of cases were separated in which the exposed 

bone had been present for more than 8 weeks. Fourteen of 48 cases (29%) matched the 

OUBS profile. Of further interest, 3 cases (6%) had persisted beyond 8 weeks which also 

matched the MRONJ profile. These findings suggested that the OUBS presentation was 

not uncommon and that it occurred with a frequency which was comparable to other 

conditions resulting in necrotic bone. Thus, a survey study appeared to be feasible. 

3.2 Survey study: 

The study was a clinical non-interventional cross-sectional survey study. The 

target audience was the total population of primary care general dental practioners (GDP) 

in Alberta.  
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A one-page information sheet was designed to be read by the respondent before 

completing the survey.  The information sheet included a brief description of the anti- 

resorptive medications, a case definition of MRONJ and a brief description of OUBS, 

which needed to be distinguished from MRONJ (Appendix 2).   

The survey form (Appendix 3) attempted to elicit information regarding the following: 

• Number of years the GDP has been engaged in clinical practice. 

• Average number of patients in their care. 

• Information regarding OUBS cases seen ever and/or in the past 2 years. 

• Site/location of the OUBS. 

• Management of the identified cases. 

• The elapsed time before resolution.  

• Information regarding MRONJ cases seen in the practice.  

The aim was to assess the OUBS incidence as extrapolated from the estimated number 

of patients in the care of respondents. 

OUBS inclusion criteria were as follows: 

• Cases meeting the OUBS case definition. 

• Reliable clinical information regarding the presenting patient 

OUBS exclusion criteria: 

• Any prior or current use of anti-resorptive medication. 
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The survey form was initially tested on a GDP focus group, which resulted in 3 

modifications of the survey process. The first was the recognition that to obtain an 

accurate report, each respondent needed to undergo a brief clinical informational session 

or a tutorial before being asked to indicate their memory of clinical observations. The 

second was that an inducement should be offered to improve response rate. The third 

was that a one- page survey instrument was more likely to be completed than a longer 

survey. 

Two strategies were used to access Albertan GDPs and invite them to participate 

in the survey. The first was through the participation of various non-selected groups of 

GDPs in Continuing Dental Education courses at the University of Alberta. The second 

was through a WEB-based survey; the latter approach accessed every GDP in Alberta. 

Correspondingly, the informational sessions which preceded completion of the survey 

form were presented in two formats. The first was a brief 5-minute tutorial, which was 

designed to be presented before the survey was distributed to the groups participating in 

continuing education courses (Appendix 4a). After presenting the tutorial, the GDPs were 

provided with the information sheet and survey sheet to complete the survey.  The second 

information initiative was designed to be used for those respondents who were accessed 

through a WEB based survey. In these cases, the tutorial involved a case challenge 

regarding OUBS, which was published in the Alberta Dental Association and College 

(ADA&C) provincial newsletter, the ADA&C Updater.  (Appendix 4b). The case challenge 

was followed by an invitation to access an on-line survey which was posted on the School 

of Dentistry, University of Alberta website. The website also included a copy of the case 
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challenge that was published in the Updater. The respondents could return the completed 

form via e mail or fax.  

With both survey approaches, the survey invitation included an inducement in the 

form of a discount on future dental continuing education courses at the School of 

Dentistry, University of Alberta. Reminders were published in two subsequent editions of 

the ADA&C Updater.  

           The informational sessions (tutorial and case challenge) showed clinical images 

of the OUBS condition and indicated the clinical presenting criteria. Fig.1, 2,3 and 4 show 

representative clinical, radiologic and histopathologic images of the condition. 
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With both survey approaches, to minimize notoriety bias, respondents were 

specifically requested to respond in the event they had never seen any OUBS cases. 

 The completed survey questionnaires were collected personally by the principal 

investigator. 

3.3 Statistical analysis:  

The completed surveys were numbered and the data was anonymously entered 

into an Excel spread sheet under the previously noted data categories.  Descriptive 

statistics were used to analyze the data. No pre-existing data was available for 

comparative purposes.      
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4.   Results 

391 responses were collected representing a 95% confidence level (5% 

confidence interval). This number reflects 20% of all the GDPs in the province.  

The mean practice size was 1750 patients (SD = 105). This translates into 

informed observations by GDPs of a population of 685,000 patients, which is about 17% 

of the current Alberta population. 

Overall, 51 GDPs (13 % of respondents) had seen the OUBS condition at some 

point in their career. A total of 113 cases were described. 

Table 4 shows the number of cases seen by the dentists with reference to their 

number of years of experience. However, it was not possible to demonstrate statistical 

correlation. This table shows that the number of identified OUBS cases increased with 

years of practice experience reaching 22% of GDPs after 20-40 years. However, it was 

not possible to demonstrate a statistical correlation. 
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Table 4: Clinical experience of GDPs vs No: of cases seen. 

Experience Number of 
dentists 

Number of 
OUBS cases 

OUBS cases 
per dentist 

Total number 
of patients in 
the practice 

0-5 years 17 2 0.12 15810 

6-10 years 67 4 0.06 123,650 

11-15 years 113 9 0.06 187,568 

16-20 years 71 4 0.06 154,800 

21-25years 53 10 0.19 98,000 

26-30years 25 35 1.4 40,980 

31-35 years 20 30 1.5 32,250 

36-40 years 22 14 0.64 32, 250 

41-45years 2 5 2.5 8000 

 

20 cases (18% of all cases) had been seen by GDPs in the last 2 years, which 

represented a yearly incidence of 0.0015% or approximately 1 new OUBS case per year 

per 68 thousand patients not receiving anti-resorptive medications. This, in turn, 

corresponded to a 2.5% chance each year that a GDP serving this provincial population 

will see the condition.  

Among the 113 cases that were seen there was a high predilection for lingual 

mandible (78% of cases). This included posterior the lingual mandible with or without 

mandibular torus involvement. The two major sites at risk were the posterior lingual 

mandible (46%-no tori) and mandibular or palatal tori (54%).  
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In 37 cases (32% of cases), conservative management was attempted, which 

included supportive measures (antimicrobial rinses or antibiotics) or superficial 

conservative surgical intervention to free the sequestrated bone. All cases resolved 

although 76 cases (68 % of cases) persisted beyond 8 weeks. 

In contrast to the OUBS cases, 12 MRONJ cases were reported by 11 GDPs, all 

within the two years.  This corresponds to approximately 1 new MRONJ case per 114,000 

patients. An important note is that the MRONJ cases were derived from observations of 

the general population, not the subset of the population receiving anti-resorptive 

medications. The majority of the MRONJ cases (10 cases) were identified in the posterior 

lingual mandible. Once case occurred on a maxillary exostosis and once case occurred 

on the mandibular buccal bone.  

 The OUBS and MRONJ incidence in this study cannot be directly compared. This 

is because, as noted previously, the MRONJ incidence is obtained from the general 

population and not from the population using anti-resorptive medications. Further, even 

though MRONJ was described in the pre-survey informational sessions, it is possible that 

there was a bias introduced by the educational presentation, which emphasized the 

research interest in the OUBS presentation. However, these incidence numbers do 

suggest that a general dentist is more likely to see an OUBS case compared to a MRONJ 

case. 
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5. Discussion 

Since the initial description of OUBS in 1993, there have been several case reports 

and small case series, which have documented this condition (11). To date, a total of 44 

cases (Table 3) have been described. These reports have described the development of 

an ulcer with an exposed necrotic bone base, which resolved spontaneously or with 

conservative management involving antimicrobial rinses and/or minor surgical 

manipulation of the sequestrated bone. A review of these 44 cases indicated that about 

18% persisted past 8 weeks after development. Recognition and characterization of the 

condition was of obvious diagnostic significance and to provide guidance in management.  

However, because OUBS was typically a self-limiting easily recognized condition with a 

good prognosis, there was no impetus for further study.  

The potential pathologic significance of OUBS changed with introduction of anti-

resorptive medications. The clinical similarity to mild cases of MRONJ was soon 

recognized (2). The similarities included the development of an ulcer with a necrotic bone 

base, site predilections to lingual mandible and exostoses and the apparently 

spontaneous development in up to 25 -27 % of MRONJ cases (2, 11,18).  Further many 

(about 18%) of the OUBS cases from the literature search had persisted past the 8 week 

qualifying period for a MRONJ diagnosis. Thus, a possible relationship between the 2 

conditions seemed self-evident and this was acknowledged in a recent major review by 

the ITJOF (4). The histopathologic and clinical similarities suggested an obvious 

hypothesis: that OUBS could represent an initiating event for an unknown fraction of the 

more significant MRONJ cases.  
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The literature describing ONJ occurring in long bones indicates that it can be 

caused by a well-defined local traumatic pathway or by non-traumatic pathways involving 

a range of systemic factors effecting vascularity (See Literature Review, page 20). ONJ  

presentation in the jaws is not inconsistent with these concepts. However, in the jaws, 

there is a unique, inherent, anatomic and functional susceptibility to ONJ formation, which 

has been termed OUBS. We postulate that OUBS in a patient on anti-resorptive 

medications would have the potential to develop a more significant pathosis characterized 

by delayed resolution and increased morbidity. This is because the medications interfere 

with repair and remodeling by affecting osteoclast function. Of significance, in the OUBS 

concept, the anti-resorptive medications are not directly causal in the development of the 

condition. 

There was a surprising multi-author critique of this suggestion (21). Their points 

were that the OUBS condition was rare and poorly understood and thus, it should not be 

included in the MRONJ discussion. Although the critique was rebutted by the ITJOF (22) 

with reference to the previously noted considerations and also by noting published 

comments from other prominent clinicians suggesting this was a common condition, the 

critique did raise a valid point: even though OUBS has been included in standard 

reference oral pathology textbooks, our understanding is based entirely on case reports 

and anecdotal accounts. Although these reports have served a useful educational 

purpose, they have simply confirmed the previously described clinical and histopathologic 

phenomenology and have not advanced our knowledge regarding etiopathogenesis. 

There is a lack of comprehensive data regarding the clinical presentation and there is no 

data at all with respect to incidence. This survey study provides the first data set on OUBS 
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incidence. It also provides a more comprehensive data set on the duration and site 

predilection of the condition.  

A preliminary study involving review of ONJ cases in the Oral Pathology archives, 

acquired before the use of anti-resorptive medications was first undertaken to determine 

how often cases matching the OUBS profile had been submitted. The objective was to 

determine whether these cases represented a measurable proportion of overall cases 

showing necrotic bone. These preliminary results revealed 29% were characterized by 

prolonged bone exposure in the absence of obvious initiating factor.  50% of the identified 

cases involved spontaneous exposure in the posterior lingual mandible and match the 

OUBS profile. These results provided suggestive evidence that a survey study was 

feasible. Subsequently, lessons learned from feedback of a pilot study involving a focus 

group were very useful in the survey design and resulted in improvements in the survey 

approach. It became clear that an important part of the survey methodology would be to 

ensure that each of the respondents had undergone an educational exercise prior to 

completion of the survey. It was important that the responses reflected informed reliable 

opinions of qualified primary dental care clinicians. In this regard, multiple analogous 

survey studies on MRONJ presentations have not tried to ensure that the respondents 

actually understood the clinical question. In this study, the respondents were asked to 

indicate only cases which could be clearly identified based on the educational exercise 

they had completed. They were specifically requested to report negative results. An 

inducement was offered to encourage clinicians to participate, even in the absence of 

positive reporting information. This part of the study design was to minimize notoriety 

bias: the preference by respondents to complete the questionnaire when the respondent 
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has a significant observation to report. We also collected information regarding the 

MRONJ cases for patients who currently or had in the past used anti-resorptive 

medications. Lastly, from the focus groups, it was clear that the survey needed to be 

easily completed, within minutes. Thus, the survey was designed to fit on a single page 

and could be easily visualized at first glance, by the respondent. Information regarding 

age or gender was not collected to simplify the reporting.  

Survey results (95% confidence level; 5% interval) were acquired from 391 GDPs 

representing approximately 20% of all registered GDPs in the province and by extension 

the informed clinical observations of about 17% of the total Alberta population. The total 

number of registered GDPs in Alberta registry included dentists, who might practice out 

of province, are possibly semi-retired or who might not engage in clinical practice such as 

public health dentists.  Thus, the total number of survey respondents was almost certainly 

higher than the suggested 20% of Alberta GDPs involved in full time general dental 

practice. 

The estimation of the percentage of the Alberta population was based on the GDP 

estimation of average number of current patients. It did not reflect the total number of 

unique patients they have seen in their practice lifetime, or acknowledge variations in 

practice size that may have occurred over the years. It did, however, offer a good estimate 

of the current surveyed population and thus, the extrapolated incidence figure (obtained 

from data in the last 2 years) would be a reasonable estimate for the overall population. 

In this regard, the surveyed population encompassed all ages, including children. Since 

from the literature review, it seems clear that OUBS is an adult disease, including children 
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in the survey population would result in a significant underestimation of the actual adult 

population at risk for OUBS.  

A total of 113 cases were identified by 51 respondents (about 13% of all GDPs). 

20 cases (18% of all cases) had been seen by GDPs in the last 2 years, which 

represented a yearly incidence of 0.0015% or approximately 1 new OUBS case per year 

per 68,000 patients not receiving anti-resorptive medications. Of interest, the MRONJ 

incidence in patients using oral bisphosphonates has been estimated between 0.0004% 

and 0.06% (4) and thus, the incidence level of 0.0015% indicated in this study, is 

comparable to the MRONJ incidence. If the 0.0015% incidence from this study is 

extrapolated to the total provincial population, the results suggest that there is a 2.5% 

chance each year that a GDP serving the Alberta population will see the OUBS condition. 

  

In our study, respondents were also asked to indicate MRONJ cases. Our results 

showed significantly more cases of OUBS (1 OUBS case in 68000) than MRONJ cases 

(1 in 114,000 cases).  It is not reasonable to compare these results because the MRONJ 

results came from the general population and not from the subset of the population using 

anti-resorptive medications. Additionally, the study design utilized a pre-survey 

educational presentation which might have biased the reporting. The pre-survey 

educational session did describe the MRONJ criteria but emphasized the OUBS criteria; 

this could have biased respondents to focus on those cases of special interest to the 

researchers. However, these results, while not offering any insight into MRONJ incidence, 
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do suggest that an Alberta general dentist is more likely to see a OUBS case compared 

to a MRONJ case. 

The major emphasis of this study was to determine OUBS incidence since this has 

been the source of repeated speculation and controversy (4,6,18,19).  Care was taken to 

avoid creating a data set which might overstate the incidence. The study was designed 

to ensure that only those cases which could be reliably assigned to the OUBS category 

were reported. It was important to accumulate data only from primary care providers with 

general practices, which accessed the general non-hospitalized population. For this 

reason, specialists were excluded from the survey although it is quite possible that some 

affected patients might have directly accessed specialist care and these patients would 

be lost to the survey.  Additionally, some patients might have presented to their 

physicians, rather than dental care providers. These patients also would be lost to this 

study. Lastly, it is important to recognize that the patients identified by GDPs, were the 

ones who presented for diagnosis and management. The study did not identify those 

patients who developed mild OUBS presentations with a vague unspecified oral pain 

which spontaneously resolved after a short period.  Possibly, these non-presenting 

patients could even represent a majority of cases.  An emphasis was placed on reporting 

only unequivocal cases, which could have resulted in the loss of further OUBS cases from 

patients with poorly defined ulcers, not sufficiently distinctive to be retrospectively 

identified and recalled in this survey study. Further, there was a limitation related to the 

requirement that the GDPs needed to answer the questionnaire based on their memory 

of relevant cases. They did not comprehensively review their patient records while 

completing the questionnaire. All of these considerations strongly suggest that the OUBS 
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incidence identified in this study most likely understates the real incidence. And lastly, the 

incidence is derived from the total population, including children. From previous reports, 

it is clear that the population at risk for OUBS is the adult population. Thus, the OUBS 

incidence in the “at risk” adult population, again, would be higher than the incidence figure 

indicated by this study, which included children.  

The results confirmed the site predilections suggested by the cumulative data from 

the 44 cases documented in the OUBS literature review. Our data involving 113 cases 

confirmed a strong predilection for mandible and exostosis (78% of cases). However, 

OUBS cases in the literature review were documented in only 16% of cases whereas our 

data reported in 56% of cases.  

Previous case reports provided detailed clinical OUBS descriptions, which were 

not captured in this global survey study.  The case reporting has indicated consistently 

that the ulcers occurred at the level of the mylohyoid ridge or over exostoses (11-18). This 

predilection is comparable with MRONJ cases which also show a strong predilection for 

mandible (73% of cases) as compared to the maxilla of 22.5% and both maxilla and 

mandible were 4.5% (159). Taken together, the case reporting summarized in the 

literature review and the survey results of this study show the same anatomic site 

predilections for OUBS and MRONJ. 

The reason for the anatomic predilection is speculative. Since the sites at greatest 

risk are anatomically exposed with respect to the contiguous oral surfaces, there are 

suggestions that these sites are at disproportionately greater risk to trauma. Of further 

relevance, the lamina propria of the mucosa over the exostosis extends directly into the 
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periosteum, a microanatomic arrangement called a mucoperiosteum. Injury to the 

mucosa over an exostosis directly impacts the periosteum. In contrast, the mucosa over 

the mylohyoid ridge represents a transition zone from mucoperiosteum to alveolar 

mucosa, which is thin and non-keratinized and thus a relatively fragile lining. Again, 

mucosal ulceration occurring in this site will directly impact vascularization of the dense 

peripheral cortical bone, resulting in bone necrosis. This form of osteonecrosis (traumatic 

pathway) was previously discussed in the Literature Review (pg: 20 ) with respect to the 

long bones.  OUBS is a distinctive oral example of ONJ occurring in the traumatic 

pathway.  However, there are further unique local predisposing factors. Since this ONJ 

event is occurring in the complex, microbial-rich oral environment, there is a constitutive 

niche for secondary infection of the necrotic bone, which can be efficiently exploited. Any 

further systemic predilection, which can include a range of debilitative systemic 

conditions, use of medications impacting the immune response or use of anti-resorptive 

medications that compromise the host bone reparative response, would further 

predispose and exacerbate the ONJ condition. However, it is important to note that in this 

concept, the systemic predilections are not a necessary condition for the ONJ event to 

occur.  

Data on OUBS management confirmed the optimistic prognosis suggested by the 

published case reporting information. In 26 cases (23%), there was conservative 

management which included supportive measures such as use of antimicrobial rinses or 

superficial conservative surgical intervention to free the sequestrated bone. The 

remaining 87 cases healed spontaneously. Of particular interest, 68% of cases persisted 

beyond 8 weeks. This was an unexpected high number compared to the OUBS literature 



	

	

	

56	

and is significant because this is the widely accepted qualifying time period used to define 

a MRONJ case.  It is unlikely that this represents an accurate estimate of the propensity 

for OUBS cases to persist. It is considered more likely that this high percentage of cases 

was documented in the survey because these cases became more memorable. Also, the 

duration would make it more likely that this subset of patients would be disproportionately 

more likely to present to their dentist for diagnosis and management. Nevertheless, these 

survey results and those cases documented in the case report literature clearly indicate 

that anti-resorptive medication is not necessary for the exposed ulcerated bone to persist 

past this 8-week qualifying period. Thus, this time sensitive MRONJ diagnostic criteria 

should not be accorded undue significance.  

The implications of the OUBS clinical mimicry with MRONJ, which are documented 

in this study and the literature review are self-evident. The data from this study provides 

the first indication of the extent of the “background noise” that the OUBS cases represent 

and indicate a need to identify and account for obfuscating factors in MRONJ studies. 

The significance of OUBS as a MRONJ initiating event should be considered. Of possible 

significance, our study showed a higher number of OUBS cases than MRONJ cases. 

Although as previously noted, this is not a reflection of differing incidence, it does suggest 

that a GDP is more likely to see OUBS case than a MRONJ case.  
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6. Conclusions and summary: 

This data set represents the first systematic attempt to characterize OUBS 

presentation and assess incidence. OUBS is an unusual condition, minimally estimated 

to occur at a 0.0015% yearly incidence in the provincial population. This corresponds to 

about a 2.5% chance each year that a GDP will encounter the condition. The study 

confirms the excellent prognosis for OUBS. The study data and the review of the OUBS 

literature indicates overlap with all of the diagnostic features of MRONJ, including clinical 

appearance, site predilection and duration. The literature review indicates histopathologic 

similarities to the sequestrated bone occurring in MRONJ and OUBS. Thus, the possibility 

that OUBS represent an initiating event for MRONJ needs to be further considered.  
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Appendix 1 

Methods and Results of the preliminary study: 

Methods: 

- All cases of jaw sequestration submitted over a 3 year period (1988-90), before use of 

bisphosphonates, were reviewed.  Clinical histories were required for inclusion. 

- Age, gender, site, associated anatomic factors, clinical appearance, clinical diagnosis, 

lesion duration before surgery and histopathologic presentation were assessed. 

- A subset of cases presenting with exposed bone were identified and from these, a  

further group of cases was separated in which the exposed bone had been present for 

more than 8 weeks. The latter group matched the MRONJ clinical presentation profile 

but without the further history of bisphosphonate exposure. 

- The fraction of BRONJ like cases compared to other sequestrations was determined 

and the clinical characteristics of these cases were assessed.  
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Results 

-48 sequestration cases with clinical histories (mean age = 45.7; SD = 18.2) were 

identified. There was a 64 % male predilection.  

-34 cases (71%) could be attributed to a range of etiologic factors (post- surgical 

complications, infection, trauma, radiation, eruption sequestrae) and did not match the 

MRONJ–like profile.  

-14 cases (29%) were characterized by prolonged bone exposure in the absence of a 

clinically obvious initiating factor. (mean age = 54.3.5; SD=17.4; 57% male).  

- 7 cases involved spontaneous exposure in the posterior lingual mandible. 

     -4 cases occurred in association with developmental exostoses 

     -Mandibular torus-2 

     - Buccal exostosis -1 

     - Palatal exostosis-1 

     -3 cases were associated with persistent recessed gingiva.  

- In 7 of the idiopathic, prolonged bone exposure cases, there was definitive information 

regarding duration of the lesion before surgical management.  

- 2 cases from lingual mandible and 1 from recessed gingiva (43% of total exposed 

bone cases) had persisted for over 8 weeks before surgical management. (mean 

age=49.3; SD= 11.0; 2F,1M).  These BRONJ-like cases represented 6% of total 

sequestration cases.  

The other 4 cases were surgically resolved before the 8week limit. 

 

 

 

 











	

	

	

95	

 

Appendix 4b 

 

 

 

 

 

 


