
Panoramic Bone Density in the Posterior Mandible
in Patients with, without, or at risk of developing

Medication-Related Osteonecrosis of the Jaw (MRONJ)

Item Type dissertation

Authors ALFARHAN, ISRA

Publication Date 2017

Abstract Early radiographic changes of MRONJ could help in identifying
patients at increased risk of developing the disease. This study
compared and contrasted bone density in the posterior mandible
of patients with, without, or at risk of developing MRONJ. T...

Keywords MRONJ; radiographs; medication-related osteonecrosis of the
jaw; Bisphosphonate-Associated Osteonecrosis of the Jaw; Bone
and Bones; Bone Density; Radiography, Panoramic

Download date 19/05/2023 15:33:48

Link to Item http://hdl.handle.net/10713/6781

http://hdl.handle.net/10713/6781


 
 

 

 

CURRICULUM VITAE 

I.  Personal Data  

 Full Name: Isra Alfarhan 

 Email: ialfarhan@umaryland.edu 

 Degree and Date to be Conferred: MS in Biomedical Sciences, 2017 

 

II.  Education 

 A master degree candidate in Biomedical Sciences, University of Maryland, 

School of Dentistry (2013- Present) 

 Diplomate of the American Board of General Dentistry (June 2016) 

 Successfully completed the residency program in Advanced General Dentistry at 

the University of Maryland, Baltimore, School of Dentistry (July, 2013- June, 

2016) 

 Membership of the Faculty of Dentistry of the Royale College of Surgeons in 

Ireland (MFD RCSI Part I &II)- June, 2011 

 Bachelor of Dental Medicine (B.D.M), Faculty of Dentistry, Kuwait University, 

Kuwait Sep, 2006- Jan, 2009 

 Bachelor of Medical Sciences in Dentistry B.M.Sc. (Dent.) Faculty of Medicine, 

Kuwait University, Kuwait Sep, 2002- June, 2006 

 

III.   Awards and Honors 

 The Kuwait University Award for the Outstanding Graduates for the academic 

year 2008/2009 (B.D.M.).  The Graduation Ceremony was held under the 

patronage and presence of his highness the Amir of Kuwait sheikh Sabah Al-

Ahmed Al-Sabah.  

 The Kuwait University Award for the Outstanding Graduates for the academic 

year 2005/2006 (B.M.Sc.).  The Graduation Ceremony was held under the 

patronage and presence of his highness the Amir of Kuwait sheikh Sabah Al-

Ahmed Al-Sabah.  

 Distinction Student Award by Kuwait University for the academic years 2004, 

2005, 2006, 2007, and 2008.  Granted by the Minister of Education and the higher 

president of Kuwait University. 

 

IV.  Community Service and Volunteerism 

 Volunteer teacher in the operative laboratory sessions for first year dental students 

at the University of Maryland, Baltimore, School of Dentistry (Nov, 2016- Feb, 

2017) 

 Volunteer at the In-reach Dental Health Awareness Program at Kuwait University 

Dental Clinic (2007, 2008) 

mailto:ialfarhan@umaryland.edu


 
 

 

 

 Volunteer at the Out-reach Dental Health Awareness Program at Al-Rajaa' School 

for Physically Disabled Boys and the Medical Rehabilitation Center (2008) 

 

 

IV.  Work Experience 

 Advanced General Dentistry residency program and a master student in 

Biomedical Sciences at the University of Maryland, Baltimore, School of 

Dentistry (July, 2013- Present) 

 Scientific assistant at Kuwait University, Faculty of Dentistry (Sep, 2012- June, 

2013) 

 Assistant Registrar at the Ministry of Health in Kuwait (May, 2011- Aug, 2012) 

 General Practice Residency Program in Dentistry at the Ministry of Health in 

Kuwait (July, 2009- Apr, 2011) 

 

V.   Research Experience 

 "The Effect of Amalgam Overhangs on Alveolar Bone Level and the Attitude of 

Dentists towards Repairing Them". 

o A research project that required literature review, designing a study and a 

questionnaire, examining bitewing radiographs collected from Kuwait 

University Dental Clinic and the Ministry of Health, conducting SPSS 

analysis, and writing a research paper. 

o Poster Presentation at The 8
th

 Annual Conference of the Kuwaiti Division 

of the IADR (KuADR) and the Faculty of Dentistry Dental Student 

Research Day (23
rd

 Dec, 2008) 

 

VI.   Conferences and Training Courses 

 

 The Veneer Course in the AGD clinic at the University of Maryland, Baltimore, 

School of Dentistry (Apr, 2014 and Apr, 2015) 

 The 15
th

 Kuwait Dental Association International Scientific Conference and 

Dental Workshop & Pediatric Dentistry Course.  Kuwait ( 9
th

-11
th

 Apr, 2011) 

o Continuing Education Course in Restorative Dentistry (10
th

 Apr, 2011) 

 Public Health Course on "Skills for Helping Smokers Change".  Ministry of 

Health, Kuwait (22
nd

 Mar, 2011) 

 The 2
nd

 Dental Administration Conference on "Current Trends in Advanced 

General Dentistry".  Ministry of Health, Kuwait (17
th

 -19
th

 Feb, 2011)  

 The 10
th

 International Annual Conference of the Kuwait Association for Dental 

Research on "Preventive and Minimal Intervention Dentistry".  Kuwait 

University, Faculty of Dentistry (4
th

-5
th

 Dec, 2010) 

 Oral Traumatology for Dentists Symposium.  Kuwait University, Faculty of 

Dentistry (14
th

-16
th

 Dec, 2008) 

   

 



 
 

 

 

VII.  Professional organizations 

 Board certified member of the American Board of General Dentistry (July 2016- 

Present) 

 Basic Life Support for Healthcare Providers- certified by the American Heart 

Association (May, 2015- Present) 

 Dental License, Kuwait (Mar, 2009- Present) 

 Member of Kuwait Dental Association, KDA (Mar, 2009- Present) 

 Member of Kuwait Dental Student Society (2007- 2008) 

 

VIII. Languages 

 

 Fluent in English and Arabic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

Abstract 

Title of Thesis:  Panoramic Bone Density in the Posterior Mandible in Patients with, 

without, or at risk of developing Medication- Related Osteonecrosis of the Jaw (MRONJ) 

Candidate Name:  Isra Alfarhan 

Thesis directed by:  Dr. Timothy F. Meiller DDS, PhD, Professor, Oncology and 

Diagnostic Sciences  

Early radiographic changes of MRONJ could help in identifying  patients at 

increased risk of developing the disease. This study compared and contrasted bone 

density in the posterior mandible of patients with, without, or at risk of developing 

MRONJ. This was a retrospective study of 46 patients (18 with MRONJ, 20 at risk but 

without MRONJ, and 8 controls with no exposure to MRONJ associated drugs). ImageJ 

software was used for bone density evaluation of the radiographs. Bone density was 

significantly higher in MRONJ patients when compared to at risk patients and controls. 

In a sub-cohort of patients with MRONJ where we had pre- and post-MRONJ images, the 

density was significantly higher in the pre-MRONJ radiographs when compared to after 

MRONJ radiographs and also higher than the at risk radiographs (p-value = 0.03). ImageJ 

analysis of the panoramic radiographs was successful in detecting significant differences 

in bone density in our sample. 
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Chapter (1) 

Introduction 

Medication-related osteonecrosis of the jaw (MRONJ) is a severe drug reaction 

that causes progressive bone destruction in the maxillofacial region. (1)  MRONJ can be 

caused by antiresorptive and antiangiogenic drugs.  In 2014, the American Association of 

Oral and Maxillofacial Surgeons (AAOMS) recommended to change the nomenclature of 

bisphosphonate-related osteonecrosis of the jaw (BRONJ) to MRONJ to accommodate 

the growing number of osteonecrosis cases of the maxilla and mandible of patients on 

antiresorptive (denosumab) and antiangiogenic therapies. (2,3)  Antiresorptive 

medications include bisphosphonates (BPs) and receptor activator of nuclear factor 

kappa-B ligand (RANK-L) inhibitors.  Intravenous (IV)  BPs are used to treat cancer-

related conditions such as hypercalcemia of malignancy, skeletal-related events (SREs) 

associated with bone metastasis from solid tumors, and for the management of lytic 

lesions related to multiple myeloma. (4,5,6)  They improve the quality of life of patients 

with advanced cancer involving the skeleton.  However, their effect on improving the 

survival of these patients remains controversial.  Other forms of IV BPs, such as once 

yearly infusion of zoledronate (Reclast®) and a parenteral formulation of ibandronate 

(Boniva®) administered every three months, are approved by the Food and Drug 

Administration (FDA) for the management of osteoporosis. (2,3)  Oral BPs are most 

commonly used for the treatment of osteoporosis and osteopenia.  They can also be used 

for other less common conditions such as Paget’s disease and osteogenesis imperfecta. 

(7,8,9)  RANK-L inhibitors (Prolia® and Xgeva®) are antiresorptive medications that 

inhibit osteoclast function and associated bone resorption.  They are used to treat patients 

with osteoporosis and metastatic bone disease. (10,11)  The risk of vertebral, non-
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vertebral, and hip fractures in osteoporotic patients is reduced when denosumab (Prolia®) 

is administered subcutaneously every six months. (12,13)  In addition, monthly 

administration of denosumab (Xgeva®) reduces SREs of metastatic bone disease from 

solid tumors. (11)  Unlike BPs, RANK-L inhibitors do not bind to bone, therefore, their 

effects on bone remodeling are almost diminished within six months of treatment 

cessation. (2,3)  Antiangiogenic medications inhibit the formation of new blood vessels 

by binding to various signaling molecules and therefore blocking the angiogenic 

signaling cascade.  These medications are effective in treating gastrointestinal tumors, 

renal cell carcinomas, neuroendocrine tumors, and many others. (14) 

In 2003, oral and maxillofacial surgeons at the University of Miami School of 

Medicine identified 36 cases of exposed non-healing bone in the maxillofacial region of 

patients on IV BPs.  All patients were receiving IV pamidronate (Aredia®) or 

zoledronate (Zometa®) therapy. (15)  A year later, Novartis, the manufacturer of the IV 

BPs Aredia®  and Zometa®, changed the drug packing information to include the 

possibility of ONJ and informed the clinicians about this change. (16)  In 2005, the 

warning had also been added to the labeling of oral BPs. (17,18)  According to the 2014 

AAOMS Position Paper (2), patients may be considered  to have MRONJ if all of the 

following characteristics are present: 

1. Current or previous treatment with antiresorptive 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 eight weeks; and 
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3. No history of radiation therapy to the jaws or obvious metastatic disease to the 

jaws. 

It is important to understand that patients at risk for or with established MRONJ can also 

present with other common clinical conditions not to be confused with MRONJ. (2)   

 The aim of our study was to identify radiographic parameters in panoramic 

radiographs that were taken before the development of MRONJ  in order to help in the 

prediction of the disease.  There are several studies in the literature that examined the 

radiographic changes in patients with MRONJ.  However, none of them had evaluated 

early images of MRONJ patients before establishing their diagnosis, except for a master 

thesis successfully defended at the University of Maryland dental school in 2014.  There 

might be some early radiographic changes that can serve as a guide to predict patients at 

increased risk of developing MRONJ.  In this study, panoramic radiographs of normal 

patients, patients on BP therapy who have not developed MRONJ, and patients with 

MRONJ will be evaluated, compared and contrasted for differences in bone density in the 

posterior mandible, where MRONJ frequently occurs, using ImageJ software program.  

We planned to identify early radiographic changes in bone density that can help in the 

prediction of patients at risk of developing MRONJ and hence prevent its occurrence.  

The hypothesis stated that there are differences in bone density values in the posterior 

mandible among MRONJ patients, patients on BP therapy who did not develop MRONJ, 

and controls.   

 Despite the fact that the radiographic findings are not among the criteria used to 

diagnose MRONJ, they serve as a valuable modality in assessing the extent and severity 
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of the disease and to monitor treatment outcome.  Panoramic x-rays, periapical 

radiography, computed tomography (CT), magnetic resonance imaging (MRI), and 

nuclear bone scans are among the imaging modalities that can be used in the assessment 

of MRONJ. (19)  The radiographic findings of MRONJ are not specific and may be 

similar to that of other conditions such as osteomyelitis, osteoradionecrosis, cancer 

metastasis, and Paget’s disease.  These radiographic findings include osteosclerosis, 

osteolysis, dense woven bone, thickening of the lamina dura, subperiosteal bone 

deposition, and failure of postsurgical remodeling.  Chronic sclerosing osteomyelitis 

presents radiographically with osteosclerosis, sequestrum, new bone formation, and bony 

expansion.  All these characteristics can be seen in MRONJ patients.  The radiographic 

similarities can be attributed to the presence of infection in most MRONJ patients.  

Actinomyces species are often identified microscopically or in wound cultures. (20)    

Plain film radiography like panoramic and periapical radiographs are routinely 

taken when examining dental patients since they allow for quick visualization of the areas 

of concern.  Panoramic radiographs are initially taken when evaluating patients with 

MRONJ.  Findings in panoramic radiographs may include thickening of the lamina dura, 

osteolysis, diffuse sclerosis, and poor healing or non-healing of extraction sites.  (20, 21, 

22)  When the clinical and radiographic findings are correlated, it is noticed that patients 

with mild MRONJ experience sclerosis at the alveolar margins with thickening of the 

lamina dura.  As the severity of the disease progresses, the degree of the sclerosis 

increases.  In advanced cases, patients might experience paresthesia which can be 

observed radiographically by narrowing of the mandibular canal.  These findings are not 

limited to areas of clinical involvement as they can be seen in quadrants in which bone is 
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not exposed.  (23)  Sonis et al (24) duplicated the clinical and radiographic findings of 

MRONJ in an animal model.  The experimental rats were injected with dexamethasone 

and zoledronic acid subcutaneously to simulate the therapeutic regimen of patients with 

multiple myeloma.  Molar extraction was then performed and followed by clinical, 

radiographic, and histologic assessment.  Plain film radiographs of the extraction sites 

showed  a mottled, trabecular pattern with mixed density radiopaque- radiolucent lesions 

that were not evident in the control rats. 

The diagnostic evaluation of MRONJ patients should include CT scans to provide 

a three-dimensional image with better delineation of the extent of the lesion.  The amount 

of the affected bone appears larger radiographically than the amount exposed clinically. 

(22)  When comparing the sensitivity of CT scans to panoramic radiographs in the 

diagnostic evaluation of MRONJ patients, it was found that the extent of the lesion was 

underestimated in panoramic films and some of the small bony sequestra were missed. 

(25)  CT scan evaluations of early MRONJ cases show focal areas of sclerosis with the 

presence of a disorganized, trabecular pattern and poor cortico-medullary differentiation. 

(26)  As the disease advances, periosteal new bone formation and sequestration occur. 

(25)  In addition, cervical lymphadenopathy can be detected in CT scans of MRONJ 

patients due to the presence of infection in the exposed bone.  If the maxilla was 

involved, the maxillary sinus close to the affected area will show evidence of 

mucoperiosteal thickening, air-fluid levels, and fistula formation. New bone formation 

could also be present in the maxillary sinus. (22,23,25)    Bianchi et al (25) evaluated 

panoramic radiographs and CT scans of 32 patients with BRONJ.  Each case was 

analyzed for the following radiographic features:  structural alteration of trabecular bone, 
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cortical bone erosion, osteosclerosis, small sequestration, extensive sequestration, and 

periosteal new bone formation.  Panoramic radiographs aided in confirming the diagnosis 

of 18 cases as compared to 30 cases with CT scans.  Computed tomography is superior to 

panoramic radiographs in detecting the radiographic features of MRONJ.    

Evaluating MRI images of MRONJ patients allows for the assessment of bone 

marrow involvement and the surrounding soft tissues.  As a result of inflammation, the 

water content increases in the bone marrow and it replaces the normal fatty marrow.  This 

change appears as a  low-signal intensity on T1-weighted images and a high-signal 

intensity on T2-weighted images.  Areas with necrosis are visualized as hypo-intense 

areas in both T1 and T2 weighted images.  These bone marrow changes can also be 

detected in patients with non-infectious inflammatory conditions of the bone, healing of 

fractures, and metastases.  While the information on MRI characteristics of MRONJ is 

still emerging, MRI is considered as one of the most accurate diagnostic modalities of 

osteonecrosis in long bones.  (19) 

Nuclear bone scans are performed routinely on patients with metastatic disease 

due to their high sensitivity in detecting osteonecrosis at an early stage. (19, 21)  In 2006, 

Chiandussi et al evaluated CT scans, MRI, and bone scans of 11 patients with BRONJ.  

Bone scan evaluations showed that as BRONJ progresses, the radionuclide uptake 

increases indicating increased osteoblastic activity.  CT scans and MRI are useful in 

detecting the features and extent of the lesion while bone scans are helpful in detecting 

subclinical osteonecrosis in patients on bisphosphonate therapy. (21) 
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The pathophysiology of MRONJ is not completely understood. (27)  There are 

many suggested hypotheses that explain its unique localization to the jaws.  These 

include altered bone remodeling or oversuppression of bone resorption, angiogenesis 

inhibition, constant microtrauma, suppression of innate or acquired immunity, vitamin D 

deficiency, soft tissue BP toxicity, and inflammation or infection. (27-31)  

Bisphosphonates and antiresorptive agents decrease bone resorption and remodeling by 

inhibiting osteoclast differentiation and function and increasing osteoclast apoptosis.  (32-

35)  Osteoclasts function primarily in bone healing and remodeling in all skeletal sites.  

MRONJ has only been detected in the alveolar bone of the maxilla and mandible.  This 

could be explained by the  increased remodeling rate in the jaws compared to the other 

bones in the body. (36,37)  Dental infection could be implicated in the pathogenesis of 

MRONJ.  Most of the reported MRONJ cases were preceded by tooth extraction, either 

due to existing periodontal disease or periapical infection. (38-39)  Actinomyces species 

have been identified in biopsied specimens of necrotic bone removed from patients with 

MRONJ. (40)  Animal models have demonstrated that both inflammation or bacterial 

infection and systemic antiresorptives are sufficient to induce MRONJ. (41-42)    

The sequence of events leading to the development of MRONJ is unclear.  It is 

not known whether necrosis precedes or follows infection.  Aggregates of bacteria and 

polymorphonuclear leukocytes are commonly seen in MRONJ tissue and the presence of 

bacterial microfilms has been described in close association with active osteoclastic 

resorption on the bone surface. (43,44)  Bacteria are known to stimulate bone resorption, 

therefore, the microorganisms present may directly contribute to bone necrosis. (45,46)  

In addition to pre-existing dental trauma and disease, inhibitory effects of BPs on the 
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proliferation and viability of oral keratinocytes may further damage the integrity of the 

oral mucosa and increase the risk of infection. (47,48)   Activation by BPs of gamma 

delta T cells may stimulate the production of pro-inflammatory cytokines and later 

depletion of these T cells may impair the immune response to infection. (49,50) 

Angiogenesis is the formation of new blood vessels through growth, migration, 

and differentiation of endothelial cells.  It enhances the growth of tumors and tumor 

invasion of vessels resulting in tumor metastasis.  Signaling molecules such as Vascular 

Endothelial Growth Factor (VEGF) bind on receptors on endothelial cells to promote 

angiogenesis.  Osteonecrosis results from the reduction of the vascular supply.  

Therefore, the inhibition of angiogenesis is considered a leading hypothesis of MRONJ 

pathophysiology. (27,30)  In vitro experiments showed that angiogenesis was reduced 

upon the administration of zoledronic acid. (29,51)  In addition, studies in cancer patients 

reported decreased levels of circulating VEGF in patients treated with zoledronic acid. 

(52)  However, there are no reports of angiogenesis inhibition with denosumab. (2) 

Although BPs primarily target osteoclasts and bind to hydroxyapatite in bone, soft 

tissue toxicity has been reported. (28,53)  Multiple cell types underwent increased 

apoptosis or decreased proliferation after exposure to BPs in vitro including cervical, 

prostate, and oral epithelial cells. (54-55)  Furhermore, it was demonstrated that 

aledronate is toxic to subcutaneous tissue in rats, bringing about inflammation, micro-

abscess formation, and necrosis. (56)  In contrast to BP’s, no soft tissue toxicity has been 

reported with denosumab. (2)  
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Several retrospective clinical studies have identified potential risk factors 

associated with the development of MRONJ.  These include medication-related risk 

factors, local factors, demographic and systemic factors.   Most of the studies estimated 

the risk of developing MRONJ among cancer patients exposed to IV BPs to be between 

1-3%.  When limited to studies with level 1 evidence, namely systematic reviews and 

RCTs, the risk of MRONJ in subjects exposed to zolendronate ranges from 1-2%. (57-59)  

Among patients with cancer exposed to denosumab, the risk of MRONJ in studies with 

level 1 evidence ranges from 0.7-1.7%.  The risk of MRONJ for patients with cancer 

exposed to denosumab approximates the risk in patients with cancer exposed to 

zolendronate and is about 50 times higher than the risk for MRONJ in patients with 

cancer exposed to placebo.  The risk for MRONJ among patients with cancer exposed to 

bevacizumab, an antiangiogenic agent, is 0.2%.  The risk may be higher among patients 

exposed to both bevacizumab and zolendronate, 0.9%. (60) 

For those patients with osteoporosis exposed to zolendronate, the risk for MRONJ 

is 0.02% and approximates the risk for MRONJ in osteoporotic patients exposed to 

placebo. (61)  For subjects with osteoporosis exposed to denosumab, the risk for MRONJ 

ranges from 0.04-0.2%.  Most clinicians see patients exposed to oral BPs for the 

management of osteoporosis.  In 2008, 5.1 million patients older than 55 years received a 

prescription for a BP.  In a cross-sectional survey study of more than 13,000 Kaiser-

Permanente members, the prevalence of MRONJ in patients receiving long-term oral BP 

therapy was reported at 0.1%. (62)  Regardless of indications for therapy, the duration of 

antiresorptive therapy is a risk factor for developing MRONJ.  Among patients with 

cancer exposed to zolendronate or denosumab, the incidence of developing MRONJ was 
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0.6% and 0.5% at one year, 0.9% and 1.1% at two years, and 1.3% and 1.1% at three 

years, respectively. (63)  For patients receiving oral BP therapy to manage osteoporosis, 

the prevalence of MRONJ increases over time from near 0 at baseline to 0.2% after four 

or more years of BP exposure. (64)  In summary, when compared with cancer patients 

receiving antiresorptive treatment, the risk of MRONJ for patients whose osteoporosis is 

being managed using oral BPs or denosumab is about 10 times smaller (0.1%).  The risk 

of MRONJ is about 100 times smaller for those patients receiving IV zoledronate for 

managing osteoporosis in comparison with cancer patients receiving IV zoledronate. 

Among patients with MRONJ, dentoalveolar surgery is the most common risk 

factor, with tooth extraction being the most common predisposing event ranging from 52-

61%. (65)  In a case control study among patients with cancer exposed to zoledronate, 

tooth extraction was associated with a 16-fold increased risk for MRONJ when compared 

with counterparts without MRONJ. (66)  In a longitudinal cohort study, in a sample of 

patients with cancer exposed to IV BPs (predominately zolendronate), tooth extraction 

was associated with a 33-fold increased risk for MRONJ. (65)  The best current estimate 

for the risk of MRONJ among patients exposed to oral BPs following tooth extraction is 

0.5%. (67)  This estimate was derived from a prospective evaluation of 194 patients 

exposed to oral BPs who underwent extraction of one or more teeth.  In this sample, one 

patient developed MRONJ after tooth extraction.  In a retrospective cohort study 

composed of a sample of 99 subjects undergoing tooth extraction after exposure to oral 

BPs, one patient (1%) developed MRONJ. (68)  

Estimates for developing MRONJ after tooth extraction among patients with 

cancer exposed to IV BPs range from 1.6-14.8%.  In a retrospective cohort study, in a 
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sample of patients with cancer exposed to zolendronate (n=27), four subjects (14.8%) 

developed MRONJ after tooth extraction. (68)  In prospective cohort study composed of 

176 subjects with cancer and exposed to zolendronate, five subjects (2.8%) developed 

MRONJ. (69)  In a prospective cohort study of 63 subjects who underwent extraction of 

at least one tooth with a history of cancer and exposure to IV BPs, one subject (1.6%) 

developed MRONJ. (70)   

The risk of developing MRONJ among patients who have been exposed to 

antiresorptive or antiangiogenic medications for other dento-alveolar operations such as 

dental implant, root-end endodontic, or periodontal procedures is unknown.  In the 2014 

Position Paper by the AAOMS,  the committee considered the risk for MRONJ after 

dental implant placement and endodontic or periodontal procedures that require exposure 

and manipulation of bone to be comparable to the risk associated with tooth extraction 

(0.5%). (2) 

Limited new information regarding anatomic risk factors for MRONJ is available. 

MRONJ is more likely to appear in the mandible (73%) than the maxilla (22.5%), and 

can appear in both jaws (4.5%). (71)  Denture use was associated with an increased risk 

for MRONJ among patients with cancer exposed to zolendronate. (66)  In another study 

by Vahtsevanos and colleagues (65), in a sample of 1621 patients with cancer treated 

with IV zoledronate, ibandronate, or pamidronate there was a 2-fold increased risk for 

MRONJ among denture wearers. 

Pre-existing inflammatory dental disease such as periodontal disease or periapical 

disorder is a recognized risk factor. (68)  Among cancer patients with MRONJ, pre-
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existing inflammatory dental disease was a risk factor in 50% of the cases. (68,71)  Given 

that a common treatment of inflammatory dental disease is tooth extraction, it is unclear 

whether the preexisting dental disease confounds the relationship between tooth 

extraction and risk for MRONJ. 

 Managing patients with MRONJ can be very challenging since most surgical and 

medical interventions may not eradicate this complication.  The Position Paper by 

AAOMS provided treatment strategies that ranged from conservative non-surgical 

interventions to surgical debridement/resection based upon the stage of the disease. (2)     

It is important for patients and clinicians to realize that a cure may not be a realistic 

expectation.  The goal of treatment for patients at risk of developing MRONJ or who 

have active disease is to preserve the quality of life by controlling pain, managing 

infection, and preventing the development of new areas of necrosis. This has to be 

balanced with the oncologic management of the patient with osteolytic metastases and the 

risk of pathologic fracture in the osteoporotic patient.  Stopping the intravenous 

bisphosphonate therapy for the cancer patient provides no short-term benefit given the 

fact that these agents remain incorporated within the bone for an extended period of time. 

The benefit of long-term cessation of bisphosphonate treatment may be of some value in 

controlling jaw necrosis provided that it does not compromise the oncologic 

management. (72,73) 

The focus of management is to minimize the risk of developing MRONJ by 

optimizing the dental health for those patients who will receive or are receiving BP 

therapy.  This can be achieved by informing patients of the low risk of developing 

MRONJ and strongly encouraging regular dental visits and prophylactic dental treatment.  
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Panoramic radiographs are routinely taken to examine the hard tissues of the 

maxillofacial region and they are readily accessible to the majority of oral health care 

specialists. When comparing panoramic radiographs to CT scans, both the radiation dose 

and financial cost of panoramic radiology are substantially lower. (74)  While CT has 

generally demonstrated greater sensitivity in detecting MRONJ radiographic changes 

compared with panoramic films (22,25), the clinical utility of obtaining this data outside 

of surgical planning has not been demonstrated.  Furthermore, in most dental settings, a 

panoramic radiograph can be obtained and interpreted within minutes at the time of 

clinical examination.  For these reasons, panoramic radiographs will be evaluated in this 

study for changes in bone density in the posterior mandible. 

 Despite being a pathologic condition of bone, there are no established diagnostic 

radiographic criteria for MRONJ.  Several studies have reported various radiographic 

findings from panoramic films, CT scans, MRI, and bone scans of patients previously 

diagnosed with MRONJ.  In our study, the hypothesis stated that bone density 

measurements in the posterior mandible are different among MRONJ patients, patients on 

BP therapy who did not develop MRONJ,  and controls.  The region of interest (ROI) 

was chosen to be in the posterior mandible where MRONJ lesions are most frequently 

identified.   The aim of this study was to evaluate, compare and contrast panoramic 

radiographs for changes in bone density in the posterior mandible of normal patients 

(controls), patients on BP therapy who have not developed MRONJ, and patients with 

MRONJ.  The radiographs were analyzed using ImageJ software program, which is an 

image processing program developed by NIH (National Institutes of Health).  In addition, 

bone density analysis using ImageJ software was performed on a subgroup of patients 
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who had panoramic radiographs taken before and after the development of MRONJ.  The 

identification of early radiographic changes in the panoramic radiographs of patients on 

BPs or antiresorptive therapy may aid in disease prediction and therefore preventing its 

development.
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Chapter (2) 

Materials and Methods 

The Study Sample: 

This was a retrospective radiographic study conducted on digital panoramic 

radiographs of patients at the University of Maryland dental school and hospital.  The 

study was approved by the Research Ethics Committee of the University of  Maryland, 

Baltimore.  The sample consisted of 64 digital panoramic radiographs of 46 patients 

whose radiographs were taken in the period between Feb 2007 to Nov 2016.  The age 

range was between 41-85 years old.  The inclusion criteria for selecting this sample 

(Table 1) were patients of the University of Maryland dental school and hospital who are 

on BP or anti-resorptive therapy and had digital panoramic radiographs that met the 

clinical acceptability standards (Table 2).  A clinically acceptable panoramic radiograph 

should have the mandibular condyles, angle and inferior border visible.  The inferior 

border of the mandibular symphysis should be centered on the radiograph, near the lower 

edge of the image with a minimum amount of plastic chin rest visible on the radiograph.  

The occlusal plane should exhibit a gentle +5 degree slope downward toward the midline.  

The teeth should be symmetrically positioned from right to left with no superimposition 

of the hard palate onto the apices of the maxillary anterior teeth and no overlapping of 

maxillary anterior teeth onto the mandibular teeth.  Furthermore, the radiograph should 

exhibit the patient's name, date of exposure and an index mark to indicate the patient's 

right or left side and it should be of an acceptable density and clarity.  Anatomical 

landmarks should be clearly visible with a minimum amount of blurring and distortion 

exhibited.  All the radiographs should be original images that have not been edited or 

adjusted.  The control group, who are not on BP or anti-resorptive therapy and of a 
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similar age range, consisted of eight patients who had panoramic radiographs that met the 

clinical standards of acceptability.  These patients had no history of bone disease or 

radiation therapy. 

Table 1: Inclusion Criteria 

Inclusion Criteria 

Patients Controls 

 

1. Patients treated at the University of 

Maryland dental school who had their 

digital panoramic images taken from 

Feb 2007 to Nov 2016 

2. Patients are on BP or anti-resorptive 

therapy 

3. No history of radiation therapy 

 

4. The panoramic radiographs should 

match the clinical acceptability 

standards  

5. The age range is between 41-85 years 

  

 

1. Patients treated at the University of 

Maryland dental school who had their 

digital panoramic images taken from 

Feb 2007 to Nov 2016 

2. Patients are not on BP or anti-

resorptive therapy 

3. No history of bone disease or radiation 

therapy 

4. The panoramic radiographs should 

match the clinical acceptability 

standards  

5. The age range is between 43-76 years 

 

Table 2: Clinical Acceptability Standards of Panoramic Images 

Criteria for Determining Radiographic Clinical Acceptability of Panoramic Images 

 

1. The radiograph should have the mandibular condyles, angle and inferior border 

visible 

2. The inferior border of the mandibular symphysis should be centered on the 

radiograph, near the lower edge of the image with a minimum amount of plastic 

chin rest visible on the radiograph  

3. The occlusal plane should exhibit a gentle +5 degree slope downward toward the 

midline   

4. The teeth should be symmetrically positioned from right to left with no 

superimposition of the hard palate onto the apices of the maxillary anterior teeth 

and no overlapping of maxillary anterior teeth onto the mandibular teeth 
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Table 2 Continued: 

5. The radiograph should exhibit the patient's name, date of exposure and an index 

mark to indicate the patient's right or left side 

6.  The radiograph should be of acceptable density and clarity   

7. Anatomical landmarks should be clearly visible with a minimum amount of 

blurring and distortion exhibited   

8. It should be an original image that has not been edited or adjusted 

 

The sample was divided into four groups (Table 3).  Group 1 is the control group 

which consisted of nine digital panoramic radiographs of patients who are not on BP or 

anti-resorptive therapy.  Their age range was between 43-76 years.  Group 2 consisted of 

26 digital panoramic radiographs of at risk patients, who are on BP or anti-resorptive 

therapy but never developed MRONJ.   The age range was between 43 and 79 years old.  

Group 3 was sub-divided to A, and B.  Sub-group A consisted of early panoramic 

radiographs of 10 patients, between 43 and 78 years old, who are on BP therapy but were 

not diagnosed with MRONJ at the time of taking the radiographs.  Sub-group B consisted 

of 19 digital panoramic radiographs of patients with MRONJ.  Ten of the radiographs are 

the late panoramic radiographs of the patients in sub-group A, after developing MRONJ.  

The remaining nine digital panoramic radiographs are of patients on BP therapy and have 

been diagnosed with MRONJ.  The age range for sub-group B is between 41-85 years.   

Table 3: The Study Groups 

Group Number of 

patients 

Number of 

radiographs 

Characteristics 

1 8 9 1. Control group 

2. Not on BP or anti-resorptive therapy 

3. Age range 43-76 years 

2 20 26 1. Patients at risk of developing MRONJ (on 

BP or anti-resorptive therapy) 

2. Never developed MRONJ 

3. Age range 43 and 79 years 
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Table 3 Continued: 

3A 

 

 

10 10 1. Early panoramic radiographs of ten patients 

on BP therapy who did not develop 

MRONJ at the time of exposure 

2. Age range 43-78 years 

3B 18 19 1. Late panoramic radiographs of ten patients 

on BP therapy after developing MRONJ 

2. Nine panoramic radiographs of patients on 

BP therapy and have MRONJ 

3. Age range 41-85 years 

  

Materials: 

 The panoramic radiographs included in this study were obtained from the patient 

population at the University of Maryland dental school and hospital in the period from 

Feb 2007 to Nov 2016.  They were taken by radiology certified dental assistants who 

follow the same basic principles of taking panoramic radiographs (Table 4) to ensure 

standardization of the image acquisition process.  Two panoramic machines of the same 

brand and model were used (Planmeca ProLine XC) at different voltages, currents, and 

exposure times.  The machines are calibrated annually  and retested for radiation safety 

issues. 

Table 4: Basic Steps in taking Panoramic Radiographs 

Steps in taking Panoramic Radiographs 

1. Set exposure factor based on the patient’s size. 

2. Have patient remove jewelry; place apron on patient’s back and shoulders 

3. Have patient bite on bite rod 

4. Adjust the: 

a. chin tilt with the Frankfort light 

b. head rotation with the mid-sagittal light 

c. forward/backward head position with the canine light 
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Table 4 Continued: 

5. Position the side guides or head support 

6. Have the patient stand up straight 

7. Have patient swallow, place tongue on roof of mouth, and hold still 

8. Take X-ray 

 

The images were analyzed using ImageJ software program that is developed by 

NIH (National Institutes of Health, Bethesda, MD).  It is a public domain program, no 

license is required, that can be downloaded from the world wide web 

(http://rsb.info.nih.gov/ij/download.html).  ImageJ is written in Java, which allows it to 

run on Linux, Mac OS X and Windows.  It can display, edit, analyze, and process 

different image formats.  

 A digital image is composed of an array of small, square, or rectangular areas 

known as pixels, to which specific numeric values are assigned (pixel intensities).  Each 

pixel, using a digital image of an 8 bit system, has a grey value between 0 and 255.  Zero 

corresponds to totally black, and 255 to totally white.  This numeric value is called the 

pixel intensity (PI). (75)  ImageJ software is capable of calculating density measurements 

based on the pixel intensity values of the digital image.  The analysis of the digital 

panoramic radiographs was made by selecting a rectangular ROI in a non-teeth bearing 

area in the angle of the mandible.  For each image, two regions of interest were selected 

for analysis in both the right and left sides.  The selected area was automatically analyzed 

by the ImageJ software program, producing values of the minimum and maximum 

densities, mean, and standard deviation for each ROI.  Other studies have used 

Hounsfield units for density measurements of CT scans.  Hounsfield units are only 

http://rsb.info.nih.gov/ij/download.html
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applicable to CT scans, therefore, they were not used for density measurements in our 

study.   

Methods: 

 The panoramic radiographs were examined by a blind observer, a general dentist 

in the Advanced Education in General Dentistry program.  The observer was provided 

with a list of electronic chart numbers of the 46 patients to view and analyze their 

radiographs.  The observer was trained on using ImageJ software by reviewing the 

tutorials and examples provided in ImageJ website, 

https://imagej.nih.gov/ij/docs/examples.  One observer completed the analysis using the 

same computer.  All data regarding the history of MRONJ or BP use were unknown to 

the observer until the project was completed.  The steps of obtaining the radiographs were 

as follows: 

1. First, the patient’s chart number was entered in Axium to view the patient’s 

electronic record.  Then the patient’s name was selected, and Patient Care icon 

(on the left side) was clicked to view Romexis images (Figure 1). 

https://imagej.nih.gov/ij/docs/examples
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Figure 1: Selecting the patient's chart 

 

2. The image can be displayed by clicking on the image number.  The date of 

exposure is provided.  Other image details like the voltage, current, and exposure 

time can be viewed by clicking on the details button next to the image number 

(Figure 2). 



 
 

22 

 

Figure 2: Viewing the patient's images 

 

3. Once the image is displayed, it should be selected using the snipping tool from the 

start menu so that it can be viewed in ImageJ program (Figure 3). 
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Figure 3: Capturing the patient's image by the snipping tool 

 

4. ImageJ software was downloaded on the same computer to view and analyze the 

panoramic radiographs.  The ROI was a rectangular area selected in the angle of 

the mandible in a non-teeth bearing area as shown below in Figure 4.  In case of 

the presence of an obstacle, such as a 3
rd

 molar, the ROI was moved laterally to 

prevent the teeth from being included. 
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Figure 4: Viewing the image in ImageJ software and selecting the ROI 

 

5. The ROI was analyzed for changes in bone density by clicking on analyze, then 

histogram.  A small box appeared and it showed the minimum density, maximum 

density, mean, mode, and standard deviation of the ROI (Figure 5).  The same 

analysis was performed on the right and left sides. 
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Figure 5: Analysis of the ROI 

 

 After the radiographic analysis, the cases were arranged into the four groups using 

Microsoft Excel for Windows spread sheet.  Each patient was given a research identifier 

number to mask his/her identity and maintain the HIPAA privacy rule.  The research 

identifier number is composed of three sections indicating the number of the radiograph, 

the patient’s serial number, and the group.  For example, the first radiograph of the first 

patient in group 1 was given this number 1-001-1.   If the patient had multiple panoramic 

radiographs, only the oldest and the most recent ones were included.  The research 

identifier number for the second radiograph used for the same patient in group 1 would be 

2-001-1.  Data collected from the study groups is shown below in Tables 5 to 11.   
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Table 5: Group 1 (Right Side) 

# Research 

identifier 

Exposure 

date 

V A Exp 

time 

Min 

Den 

Max 

Den 

Mean SD Mode note 

1 1-001-1 10.2.2012 68 13 15.59  72 188 133.046 29.409 112 

(302) 

 

2 1-002-1 12.1.2011 66 9 15.82 13 62 28.010 11.049 18 

(856) 

3
rd

 

molar 

3 1-003-1 13.8.2012 68 11 15.82 72 157 113.469 16.469 99 

(163) 

 

4 1-004-1 12.7.2012 68 11 15.82 42 180 115.166 29.342 75 

(334) 

 

5 1-005-1 3.26.2007 66 9 15.82 64 153 109.296 23.751 89 

(235) 

 

6 2-005-1 3.11.2008 68 12 16.04 72 155 106.451 16.498 96 

(245) 

 

7 1-006-1 10.17.2012 66 9 15.82 22 98 69.662 12.020 73 

(347) 

3
rd

 

molar 

8 1-007-1 10.11.2012 66 9 15.82 73 146 116.538 18.935 124 

(283) 

3
rd

 

molar 

9 1-008-1 10.11.2012 66 9 18.82 66 153 93.747 18.491 83 

(290) 

 

 

Table 6: Group 1 (Left Side) 

# Research 

identifier 

Exposure 

date 

V A Exp 

time 

Min 

Den 

Max 

Den 

Mean SD Mode note 

1 1-001-1 10.2.2012 68 13 15.59  57 176 114.612 25.818 98 

(252) 

 

2 1-002-1 12.1.2011 66 9 15.82 14 62 27.840 7.808 22 

(797) 

3
rd

 

molar 

3 1-003-1 13.8.2012 68 11 15.82 69 124 104.093 11.582 114 

(109) 

 

4 1-004-1 12.7.2012 68 11 15.82 63 188 142.950 26.276 166 

(261) 

3
rd

 

molar 

5 1-005-1 3.26.2007 66 9 15.82 76 154 122.273 14.942 125 

(375) 

 

6 2-005-1 3.11.2008 68 12 16.04 55 154 105.756 23.311 86 

(266) 

 

7 1-006-1 10.17.2012 66 9 15.82 31 105 67.034 15.227 59 

(313) 

3
rd

 

molar 

8 1-007-1 10.11.2012 66 9 15.82 65 159 104.048 30.955 73 

(338) 

3
rd

 

molar 

9 1-008-1 10.11.2012 66 9 18.82 60 153 118.921 20.294 125 

(166) 
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Table 7: Group 2 (Right side) 

# Research 

identifier 

Exposure 

date 

V A Exp 

time 

Min 

Den 

Max 

Den 

Mean SD Mode Note 

1 1-001-2 2.8.2007 68 13 15.595 55 173 131.683 24.846 153 

(213) 

3
rd

 

molar 

2 2-001-2 8.2.2011 66 9 15.815 89 175 116.465 13.717 109 

(329) 

3
rd

 

molar 

3 1-002-2 6.28.2010 68 13 15.815 42 138 89.793 27.258 47 

(344)  

 

4 1-003-2 5.20.2009 70 12 18.00 72 124 98.310 14.740 85 

(494) 

 

5 2-003-2 9.6.2011 68 11 18.00 57 160 124.782 19.596 123 

(189) 

3
rd

 

molar 

6 1-004-2 7.15.2010 66 9 15.815 45 160 96.138 27.361 98 

(99) 

 

7 1-005-2 9.22.2010 66 9 15.815 38 108 60.133 15.771 45 

(436) 

 

8 1-006-2 7.12.2010 66 9 15.815 6 44 15.898 6.644 7 

(467) 

 

9 1-007-2 7.7.2010 66 9 15.815 66 183 110.188 30.378 87 

(156) 

 

10 2-007-2 2.2.2011 60 4 18.00 72 131 102.151 9.060 99 

(450) 

 

11 1-008-2 6.10.2010 66 9 15.815 65 155 109.105 17.495 96 

(151) 

3
rd

 

molar 

12 1-009-2 12.16.2009 68 11 18.00 65 101 82.575 6.776 82 

(1055) 

 

13 2-009-2 4.21.2011 70 12 18.00 71 101 85.371 5.009 85 

(916) 

 

14 1-010-2 6.30.2010 66 9 15.815 76 153 114.032 12.506 120 

(157) 

 

15 1-011-2 5.19.2010 70 12 18.00 80 126 103.686 10.151 97 

(461) 

 

16 2-011-2 12.1.2010 66 9 15.815 44 162 88.763 34.103 57 

(175) 

 

17 1-0012-2 11.3.2010 66 9 15.815 48 145 81.798 22.908 55 

(213) 

3
rd

  

molar 

18 1-0013-2 6.21.2010 66 9 15.815 60 154 97.796 29.494 70 

(284) 

3
rd

 

molar 

19 1-014-2 9.17.2010 66 9 15.815 37 108 60.190 15.430 47 

(214) 

 

20 2-014-2 9.18.2013 66 9 15.815 70 115 90.038 11.520 78 

(463) 

 

21 1-015-2 7.15.2010 66 9 15.815 62 149 99.659 19.835 82 

(76) 

 

22 1-016-2 8.10.2010 66 9 15.360 64 115 95.521 12.556 105 

(240) 

 

23 1-017-2 7.31.2013 70 12 18.00 71 133 103.164 16.586 120 

(91) 
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Table 7 Continued: 

24 1-018-2 8.10.2010 66 10 18.00 39 138 71.317 16.832 64 

(135) 

 

25 1-019-2 5.20.2010 70 12 18.00 75 116 93.613 8.295 89 

(430) 

 

26 1-020-2 5.6.2011 70 12 18.00 58 110 82.477 15.748 66 

(186) 

 

 

Table 8: Group 2 (Left side) 

# Research 

identifier 

Exposure 

date 

V A Exp 

time 

Min 

Den 

Max 

Den 

Mean SD Mode Note 

1 1-001-2 2.8.2007 68 13 15.595 65 160 131.483 18.102 143 

(340) 

 

2 2-001-2 8.2.2011 66 9 15.815 32 150 83.493 38.803 43 

(186) 

 

3 1-002-2 6.28.2010 68 13 15.815 43 126 86.931 16.338 78 

(172) 

 

4 1-003-2 5.20.2009 70 12 18.00 75 121 104.720 9.899 101 

(577) 

3
rd

 

molar 

5 2-003-2 9.6.2011 68 11 18.00 74 157 119.591 15.168 123 

(315) 

3
rd

 

molar 

6 1-004-2 7.15.2010 66 9 15.815 66 126 100.344 11.861 111 

(166) 

 

7 1-005-2 9.22.2010 66 9 15.815 40 154 91.530 24.913 89 

(157) 

 

8 1-006-2 7.12.2010 66 9 15.815 26 99 51.403 16.827 34 

(514) 

 

9 1-007-2 7.7.2010 66 9 15.815 61 159 106.994 23.574 81 

(132) 

 

10 2-007-2 2.2.2011 60 4 18.00 77 123 97.159 10.722 88 

(519) 

 

11 1-008-2 6.10.2010 66 9 15.815 57 169 101.453 23.325 93 

(184) 

3
rd

 

molar 

12 1-009-2 12.16.2009 68 11 18.00 57 100 81.739 5.757 80 

(656) 

 

13 2-009-2 4.21.2011 70 12 18.00 73 92 84.192 1.991 85 

(1171) 

 

14 1-010-2 6.30.2010 66 9 15.815 63 142 86.676 16.712 74 

(239) 

3
rd

 

molar 

15 1-011-2 5.19.2010 70 12 18.00 87 129 111.799 9.730 118 

(635) 

3
rd

  

molar 

16 2-011-2 12.1.2010 66 9 15.815 90 172 123.210 18.095 108 

(160) 

 

17 1-0012-2 11.3.2010 66 9 15.815 60 167 110.952 18.892 100 

(179) 

3
rd

 

molar 

18 1-0013-2 6.21.2010 66 9 15.815 56 148 116.479 19.793 128 

(140) 

3
rd

 

molar 
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Table 8 Continued: 

19 1-014-2 9.17.2010 66 9 15.815 30 86 59.499 11.870 64 

(173) 

 

20 2-014-2 9.18.2013 66 9 15.815 81 112 99.011 7.816 104 

(489) 

 

21 1-015-2 7.15.2010 66 9 15.815 47 115 84.547 11.744 75 

(100) 

 

22 1-016-2 8.10.2010 66 9 15.360 54 113 84.260 11.382 79 

(490) 

 

23 1-017-2 7.31.2013 70 12 18.00 68 132 100.110 19.910 124 

(102) 

 

24 1-018-2 8.10.2010 66 10 18.00 39 129 76.416 18.722 83 

(134) 

 

25 1-019-2 5.20.2010 70 12 18.00 80 122 103.598 10.301 112 

(223) 

 

26 1-020-2 5.6.2011 70 12 18.00 63 112 85.018 13.711 73 

(267) 

 

 

Table 9: Group 3A (Right side) 

# Research 

identifier 

Exposure 

date 

V A Exp 

time 

Min 

Den  

Max 

Den 

Mean SD Mode Note 

1 1-001-3 8.5.2009 70 12 18.00 79 117 100.696 6.899 99 

(421) 

3
rd

 

molar 

2 1-002-3 6.3.2009 66 9 18.00 68 129 110.409 12.723 119 

(565) 

 

3 1-003-3 9.8.2010 66 9 15.815 36 98 59.565 10.343 51 

(350) 

 

4 1-004-3 5.20.2010 70 12 18.00 60 111 87.525 13.797 98 

(687) 

3
rd

 

molar 

5 1-005-3 4.29.2010 70 12 18.00 83 137 115.780 13.349 102 

(497) 

 

6 1-006-3 6.3.2010 70 12 18.00 74 103 89.954 6.841 98 

(420) 

 

7 1-007-3 10.20.2010 66 9 15.815 43 175 98.522 28.895 75 

(207) 

 

8 1-008-3 8.5.2010 68 13 16.041 64 178 133.388 29.617 165 

(204) 

3
rd

 

molar 

9 1-009-3 7.30.2010 66 9 15.815 97 129 115.705 7.175 124 

(513) 

3
rd

 

molar 

10 1-010-3 8.26.2009 70 12 18.00 59 114 90.779 11.256 90 

(736) 
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Table 10: Group 3A (Left side) 

# Research 

identifier 

Exposure 

date 

V A Exp 

time 

Min 

Den  

Max 

Den 

Mean SD Mode Note 

1 1-001-3 8.5.2009 70 12 18.00 78 116 101.401 5.784 102 

(654) 

 

2 1-002-3 6.3.2009 66 9 18.00 68 125 100.453 13.557 91 

(413) 

 

3 1-003-3 9.8.2010 66 9 15.815 45 109 62.227 12.412 55 

(350) 

 

4 1-004-3 5.20.2010 70 12 18.00 63 113 89.211 13.792 103 

(514) 

3
rd

 

molar 

5 1-005-3 4.29.2010 70 12 18.00 94 141 119.079 12.869 136 

(542) 

 

6 1-006-3 6.3.2010 70 12 18.00 74 112 92.841 9.446 103 

(397) 

3
rd

 

molar 

7 1-007-3 10.20.2010 66 9 15.815 52 178 108.591 34.712 72 

(332) 

 

8 1-008-3 8.5.2010 68 13 16.041 110 186 155.775 16.246 171 

(236) 

 

9 1-009-3 7.30.2010 66 9 15.815 100 132 116.745 7.490 118 

(717) 

3
rd

 

molar 

10 1-010-3 8.26.2009 70 12 18.00 66 112 86.660 13.448 74 

(667) 

 

 

Table 11: Group 3B  

# Research 

identifier 

Exposure 

date 

ONJ area  V A Exp 

time 

Min 

Den  

Max 

Den 

Mean SD Mode 

1 2-001-3 9.1.2010 18-19 66 9 15.815 37 98 61.098 11.456 49 

(214) 

2 2-002-3 9.11.2012 30-31 68 11 18.00 76 104 91.705 5.685 94 

(518) 

3 2-003-3 6.15.11 Left retro- 

Molar 

70 12 18.00 61 107 78.090 14.962 66 

(566 

4 2-004-3 6.27.2012 30 66 14 15.815 70 118 93.131 6.937 98 

(438) 

5 2-005-3 5.24.2010 18-19 68 11 18.00 82 130 102.552 8.969 103 

(262) 

6 2-006-3 4.9.2010 20 70 12 18.00 79 106 94.292 6.627 96 

(199) 

7 2-007-3 8.13.2012 32 70 12 18.00 100 128 116.836 5.890 123 

(175) 

8 2-008-3 3.21.13 17 70 12 18.00 102 117 107.236 2.272 106 

(510) 

9 2-009-3 7.10.2012 30 70 12 18.00 67 96 81.977 6.422 84 

(342) 

10 2-010-3 6.13.11 19 

buccal 

70 12 18.00 63 94 79.196 6.234 82 

(379) 

11 1-011-3 1.17.2012 19 66 11 15.815 67 110 92.607 7.580 95 

(383) 
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Table 11 Continued: 

12 1-012-3 12.15.11 32 70 12 18.00 88 121 108.454 7.759 114 

(209) 

13 1-013-3 10.3.12 31 66 9 15.815 77 144 108.138 17.220 92 

(209) 

14 1-014-3 7.19.2011 29 66 9 15.815 71 113 90.923 7.531 87 

(107) 

15 1-015-3 4.4.12 31 68 13 15.815 86 168 131.646 17.801 132 

(68) 

16 1-016-3 12.15.10 19 68 13 15.954 115 153 133.057 6.391 131 

(212) 

17 1-017-3 12.9.2010 Mandible 64 10 15.743 58 139 94.948 16.633 87 

(134) 

18 1-018-3 10.20.2010 Mandible 70 12 18.00 103 135 118.455 10.155 107 

(420) 

19 1-019-3 8.13.2012 mandible 66 9 15.815 63 174 106.274 34.304 72 

(223) 

 

Statistical test: 

 Student’s t test, two samples assuming equal variances, was used to compare the 

groups in Microsoft Excel for Windows.  The significance level was set at 5%, p-value 

equal or less than 0.05.
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Chapter (3) 

Results: 

 The minimum, maximum, and mean densities were compared on both sides of the 

mandible between the study groups.  When the at risk patients (group 2) and the controls 

(group 1) were compared, there was no significant difference in bone density between the 

two groups (p-value > 0.05), as shown below in Tables 12 and 13. 

Table 12: Comparison between the patients in groups 1 and 2 on the right side using t- 

test 

Right side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-0.487 0.629 2.034 33 

Maximum 

density 

0.777 0.442 2.034 33 

Mean density 

 

0.596 0.554 2.034 33 

 

Table 13: Comparison between the patients in groups 1 and 2 on the left side using t- test 

Left side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-0.816 

 

0.420 

 

2.034 

 

33 

Maximum 

density 

0.929 0.359 

 

2.034 

 

33 

Mean density 

 

0.595 0.555 2.034 33 

 

Another comparison was made between the patients in group 3A (pre-MRONJ) 

and the controls (group 1).  While there was no significant difference in bone density on 
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the right side  (p-value > 0.05), the minimum density values were significantly different 

on the left side (p-value < 0.05).  See Tables 14 to 16.  

Table 14: Comparison between the patients in groups 1 and 3A on the right side using t- 

test 

Right side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-1.165 

 

0.259 

 

2.109 

 

17 

Maximum 

density 

0.930 0.365 

 

2.109 

 

17 

Mean density -0.153 

 

0.879 

 

2.109 

 

17 

 

Table 15: Comparison between the patients in groups 1 and 3A on the left side using t- 

test 

Left side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-2.203 

 

0.041 

 

2.109 

 

17 

Maximum 

density 

0.601 0.556 

 

2.109 

 

17 

Mean density -0.181 

 

0.857 

 

2.109 

 

17 

 

The minimum density values produced significant results, therefore, they were 

further analyzed by descriptive statistics.  

Table 16: Descriptive statistics (minimum density values on the left side) 

Minimum 

density- L side 

N Mean Standard 

deviation 

Standard Error 

Group 1 9 54.4 19.6 6.5 

Group 3A 10 75.0 20.8 6.6 
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 There was a significant difference in the minimum density between the controls 

(M=54.4, SD=19.6 ) and the pre-MRONJ patients (M=75.0, SD=20.8); t(17)= -2.2, 

p=0.04 on the left side of the mandible.  The minimum density was significantly higher in 

the pre-MRONJ patients.  No significant differences were found for neither the maximum 

nor the mean density values (p-value > 0.05).   

The bone density measurements of the patients with MRONJ (group 3B) were 

compared to the controls (group 1) using Student’s t-test, as shown in Tables 17 to 20. 

Table 17: Comparison between the patients in groups 1 and 3B on the right side using t- 

test 

Right side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

Freedom (df) 

Minimum 

density 

-2.665 0.013 

 

2.055 

 

26 

Maximum 

density 

1.651 

 

0.110 

 

2.055 

 

26 

Mean density -0.121 0.905 

 

2.055 

 

26 

  

The data that produced significant results were analyzed by descriptive statistics.  

Table 18: Descriptive statistics (minimum density values on the right side) 

Minimum 

density- R side 

N Mean Standard 

deviation 

Standard Error 

Group 1 9 55.1 23.4 7.8 

Group 3B 19 77.1 18.8 4.3 

 

 There was a significant difference in the minimum density between the controls 

(M=55.1, SD=23.4 ) and the patients with MRONJ (M=77.1, SD=18.8); t(26)= -2.6, 

p=0.01 on the right side of the mandible.  The minimum density was significantly higher 
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in MRONJ patients.  No significant differences were found for neither the maximum nor 

the mean density values (p-value > 0.05).  

Table 19: Comparison between the patients in groups 1 and 3B on the left side using t- 

test 

Left side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-2.932 0.006 

 

2.055 

 

26 

Maximum 

density 

1.508 

 

0.143 

 

2.055 

 

26 

Mean density 0.135 

 

0.893 

 

2.055 

 

26 

 

Table 20: Descriptive statistics (minimum density values on the left side) 

Minimum 

density- L side 

N Mean Standard 

deviation 

Standard Error 

Group 1 9 54.4 19.6 6.5 

Group 3B 19 77.1 18.8 4.3 

 

Similar results were obtained when the measurements on the left side of the 

mandible were evaluated.  MRONJ patients (M=77.1, SD=18.8)  had significantly higher 

minimum density values than the controls (M=54.4, SD=19.6); t(26)= -2.9, p=0.006.  No 

significant differences were found for neither the maximum nor the mean density 

measurements (p-value > 0.05).  

 Another comparison was made between the at risk patients (group 2) and 

the pre-MRONJ patients (group 3A), as shown in Tables 21 to 23.  On the right side, 

there was no significant difference in bone density between the two groups (p-value > 

0.05).   
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Table 21: Comparison between the patients in groups 2 and 3A on the right side using t- 

test 

Right side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-1.142 0.261 

 

2.032 

 

34 

Maximum 

density 

0.421 

 

0.676 

 

2.032 

 

34 

Mean density -0.926 0.360 2.032 34 

 

 

Table 22: Comparison between the patients in groups 2 and 3A on the left side using t- 

test 

Left side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-2.157 0.038 

 

2.032 

 

34 

Maximum 

density 

-0.110 0.912 

 

2.032 

 

34 

Mean density -1.032 0.308 

 

2.032 

 

34 

 

Measurements of the minimum density on the left side were analyzed by 

descriptive statistics. 

Table 23: Descriptive statistics (minimum density values on the left side) 

Minimum 

density- L side 

N Mean Standard 

deviation 

Standard Error 

Group 2 26 60.1 17.5 3.4 

Group 3A 10 75.0 20.8 6.6 

 

There was a significant difference in the minimum density between the at risk 

patients (M=60.1, SD=17.5) and the pre-MRONJ patients (M=75.0, SD=20.8); t(34)= -

2.1, p=0.03 on the left side of the mandible.  The minimum density was significantly 
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higher in the pre-MRONJ patients.  No significant differences were detected for neither 

the maximum nor the mean density values (p-value > 0.05). 

 The minimum, maximum, and mean densities were compared between the at risk 

patients (group 2) and the patients with MRONJ (group 3B), as show below in Tables 24 

to 27. 

Table 24: Comparison between the patients in groups 2 and 3B on the right side using t- 

test 

Right side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-3.353 0.001 

 

2.016 

 

43 

Maximum 

density 

1.177 

 

0.245 

 

2.016 

 

43 

Mean density -1.092 0.280 2.016 

 

43 

 

The data that produced significant results were further analyzed by descriptive 

statistics.  

Table 25: Descriptive statistics (minimum density values on the right side) 

Minimum 

density- R side 

N Mean Standard 

deviation 

Standard Error 

Group 2 26 58.7 17.6 3.4 

Group 3B 19 77.1 18.8 4.3 

 

There was a significant difference in the minimum density between the at risk 

patients (M=58.7, SD=17.6) and the patients with MRONJ (M=77.1, SD=18.8); t(43)= -

3.3, p=0.001 on the right side of the mandible.  The minimum density was significantly 

higher in patients with MRONJ.  No significant differences were found for neither the 

maximum nor the mean density values (p-value > 0.05). 
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Table 26: Comparison between the patients in groups 2 and 3B on the left side using t- 

test 

Left side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-3.101 0.003 

 

2.016 

 

43 

Maximum 

density 

1.016 

 

0.315 

 

2.016 

 

43 

Mean density -0.723 0.473 2.016 

 

43 

 

Table 27: Descriptive statistics (minimum density values on the left side) 

Minimum 

density- L side 

N Mean Standard 

deviation 

Standard Error 

Group 2 26 60.1 17.5 3.4 

Group 3B 19 77.1 18.8 4.3 

 

Measurements on the left side of the mandible demonstrated similar results.  

MRONJ patients (M=77.1, SD=18.8) had significantly higher minimum density values 

than the at risk patients (M=60.1, SD=17.5); t(43)= -3.1, p=0.003.  No significant 

differences were detected for neither the maximum nor the mean density measurements 

(p-value > 0.05). 

When the pre-MRONJ patients (group 3A) were compared to the MRONJ 

patients (group 3B), no significant differences in bone density were detected between the 

two groups (p-value > 0.05).  See Tables 28 and 29. 

Table 28: Comparison between the patients in groups 3A and 3B on the right side using t- 

test 

Right side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-1.481 0.149 

 

2.051 

 

27 
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Table 28 Continued: 

Maximum 

density 

0.529 

 

0.600 

 

2.051 

 

27 

Mean density 0.098 

 

0.922 

 

2.051 

 

27 

 

Table 29: Comparison between the patients in groups 3A and 3B on the left side using t- 

test 

Left side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-0.275 0.784 

 

2.051 

 

27 

Maximum 

density 

0.863 

 

0.395 

 

2.051 

 

27 

Mean density 0.470 0.641 2.051 27 

 

Another comparison was performed between the pre-MRONJ radiographs of the 

ten patients in group 3A to their radiographs after they developed MRONJ (this subgroup 

of  group 3B was called 3BB which only included the radiographs of the ten patients in 

group 3A), as shown below in Tables 30 to 32.  There was a significant difference in the 

maximum density on the left side (p-value = 0.03) with the pre-MRONJ radiographs 

demonstrating higher maximum density values than the after MRONJ radiographs.     

Table 30: Comparison between the patients in groups 3A and 3BB on the right side using 

t- test 

Right side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

-0.885 0.387 

 

2.100 

 

18 

Maximum 

density 

1.997 

 

0.061 

 

2.100 

 

18 

Mean density 1.172 

 

0.256 

 

2.100 

 

18 
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No significant differences in bone density were detected on the right side of the 

mandible (p-value > 0.05). 

Table 31: Comparison between the patients in groups 3A and 3BB on the left side using 

t- test 

Left side t Stat P(T<=t) two-

tail 

t Critical two-

tail 

Degree of 

freedom (df) 

Minimum 

density 

0.145 

 

0.886 

 

2.100 

 

18 

Maximum 

density 

2.311 

 
0.032 

 

2.100 

 

18 

Mean density 1.357 

 

0.191 

 

2.100 

 

18 

 

Table 32: Descriptive statistics (maximum density values on the left side) 

Maximum 

density- L side 

N Mean Standard 

deviation 

Standard Error 

Group 3A 10 132.4 28.0 8.8 

Group 3BB 10 109.8 12.8 4.0 

 

The maximum density in the pre-MRONJ radiographs (M=132.4, SD=28.0) was 

significantly higher than the after MRONJ radiographs (M=109.8, SD=12.8); t(18)= 2.3, 

p= 0.03.  No significant differences were found for neither the minimum nor the mean 

density values (p-value > 0.05). 

 The average of the minimum and maximum density measurements in each group 

was calculated on both the right and left sides, and then compared among the study 

groups using bar charts.  Tables 33 and 34 show the average minimum densities among 

the study groups on the right and left sides.  Chart 1 displays the trends of the average 

minimum density measurements.  
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Table 33: The average minimum densities on the right side among patients in all groups 

(1,2,3A, and 3B) 

Group/ # of 

patient 

Group 1 Group 2 Group 3A Group 3B 

1 72 55 79 37 

2 13 89 68 76 

3 72 42 36 61 

4 42 72 60 70 

5 64 57 83 82 

6 72 45 74 79 

7 22 38 43 100 

8 73 6 64 102 

9 66 66 97 67 

10  72 59 63 

11  65  67 

12  65  88 

13  71  77 

14  76  71 

15  80  86 

16  44  115 

17  48  58 

18  60  103 

19  37  63 

20  70   

21  62   

22  64   

23  71   

24  39   

25  75   

26  58   

Averages 55.1 58.7 66.3 77.1 

 

Table 34: The average minimum densities on the left side among patients in all groups 

(1,2,3A, and 3B)  

Group/ # of 

patient 

Group 1 Group 2 Group 3A Group 3B 

1 57 65 78 37 

2 14 32 68 76 

3 69 43 45 61 

4 63 75 63 70 

5 76 74 94 82 

6 55 66 74 79 



 
 

42 

 

Table 34 Continued: 

7 31 40 52 100 

8 65 26 110 102 

9 60 61 100 67 

10  77 66 63 

11  57  67 

12  57  88 

13  73  77 

14  63  71 

15  87  86 

16  90  115 

17  60  58 

18  56  103 

19  30  63 

20  81   

21  47   

22  54   

23  68   

24  39   

25  80   

26  63   

Averages 54.4 60.2 75.0 77.1 
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 The previous chart indicates that the minimum density values were highest in the 

patients with MRONJ (group 3B) and lowest in the controls (group 1).         

 The average maximum density values on the right and left sides were also 

calculated (Tables 35 and 36) and compared among the study groups using bar charts 

(chart 2).   

Table 35: The average maximum densities on the right side among patients in all groups 

(1,2,3A, and 3B)  

Group/ # of 

patient 

Group 1 Group 2 Group 3A Group 3B 

1 188 173 117 98 

2 62 175 129 104 

3 157 138 98 107 

4 180 124 111 118 

5 153 160 137 130 

6 155 160 103 106 

7 98 108 175 128 

8 146 44 178 117 

9 153 183 129 96 

10  131 114 94 

11  155  110 

12  101  121 

13  101  144 

14  153  113 

15  126  168 

16  162  153 

17  145  139 

18  154  135 

19  108  174 

20  115   

21  149   

22  115   

23  133   

24  138   

25  116   

26  110   

Averages 143.5 133.7 129.1 123.9 
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Table 36: The average maximum densities on the left side among patients in all groups 

(1,2,3A, and 3B)  

Group/ # of 

patient 

Group 1 Group 2 Group 3A Group 3B 

1 176 160 116 98 

2 62 150 125 104 

3 124 126 109 107 

4 188 121 113 118 

5 154 157 141 130 

6 154 126 112 106 

7 105 154 178 128 

8 159 99 186 117 

9 153 159 132 96 

10  123 112 94 

11  169  110 

12  100  121 

13  92  144 

14  142  113 

15  129  168 

16  172  153 

17  167  139 

18  148  135 

19  86  174 

20  112   

21  115   

22  113   

23  132   

24  129   

25  122   

26  112   

Averages 141.6 131.3 132.4 123.9 
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The maximum density values were highest in the controls (group 1) and lowest in 

the MRONJ patients (group 3B).  The at risk (group 2) and  pre-MRONJ (group 3A) 

patients had their maximum density measurements higher than the MRONJ patients 

(group 3B).  The chart indicates that the maximum density measurements were higher 

prior to MRONJ development. 

 The average minimum and maximum densities on the right and left sides were 

calculated (Tables 37 and 38) and compared between the pre-MRONJ and after MRONJ 

radiographs of the ten patients in groups 3A and 3BB (charts 3 and 4).     

Table 37: The average minimum densities on the right and left sides among patients in 

groups 3A and 3BB 

Group/ # of 

patient 

Right side Left side 

Group 3A Group 3BB Group 3A Group 3BB 

1 79 37 78 37 

2 68 76 68 76 

3 36 61 45 61 

4 60 70 63 70 

5 83 82 94 82 
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Chart 2: The average maximum densities on the right and 

left sides 
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Table 37 Continued: 

6 74 79 74 79 

7 43 100 52 100 

8 64 102 110 102 

9 97 67 100 67 

10 59 63 66 63 

Averages 66.3 73.7 75.0 73.7 

 

 

 The minimum density values varied between the two sides of the mandible.  On 

the right side, pre-MRONJ radiographs demonstrated lower minimum density values than 

the after MRONJ radiographs.  On the other hand, they were slightly higher on the left 

side in the pre-MRONJ radiographs. 

Table 38: The average maximum densities on the right and left sides among patients in 

groups 3A and 3BB 

Group/ # of 

patient 

Right side Left side 

 Group 3A Group 3BB Group 3A Group 3BB 

1 117 98 116 98 

2 129 104 125 104 
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Chart 3: The average minimum densities on the right and 

left sides among patients in groups 3A and 3BB 
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Table 38 Continued: 

3 98 107 109 107 

4 111 118 113 118 

5 137 130 141 130 

6 103 106 112 106 

7 175 128 178 128 

8 178 117 186 117 

9 129 96 132 96 

10 114 94 112 94 

Averages 129.1 109.8 132.4 109.8 

 

 

 When comparing the average maximum density in the same patients before and 

after MRONJ development (groups 3A and 3BB), the above chart indicates that the 

average maximum density was higher prior to MRONJ development.
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Chapter (4) 

Discussion 

 The use of BPs has dramatically increased over the past decade.  They offer 

substantial clinical benefits when an imbalance between osteoblast-mediated bone 

deposition and osteoclast-mediated bone resorption underlies a pathosis. (76)  The main 

benefit of this therapy is the prevention and treatment of cancer-related bone 

complications, a consequence of excessive bone metabolism, associated with bone 

metastases. (77)  When compared to other tissues, BPs have a very high affinity to bone 

which allows them to achieve a high concentration throughout the skeleton, mainly in the 

jaws.  The pharmacological effect of BPs is related to their stable bond with the inorganic 

bone components and their biochemical effects on cells, predominantly osteoclasts. (69)  

Intravenous BPs are frequently administered to patients with osteolytic metastases and at 

high risk of significant morbidity, as frequently occurs in patients with advanced solid 

tumors, particularly breast and prostate cancers, or multiple myeloma.  The reduction in 

the activity and number of osteoclasts decreases bone resorption, preventing, reducing 

and delaying cancer skeletal complications. (77)  Furthermore, BPs are the major class of 

drugs used for the treatment of osteoporosis and other diseases characterized by excessive 

bone resorption, whereby more bone is destroyed than formed, thus leading to a negative 

balance.  Besides reducing bone resorption through their action in osteoclasts, BPs also 

have a selective uptake and long-term presence in the skeleton. (34) 

Bisphosphonates are analogues of the inorganic pyrophosphate (PPi), an 

endogenous regulator of bone mineralization.  PPi is a source of inorganic phosphate (Pi) 

that sustains the formation of hydroxyapatite when hydrolyzed. (76)  Like their natural 
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analogue, BPs have a very high affinity with bone minerals, since they bind to 

hydroxyapatite crystals.  They are preferentially incorporated into sites of active bone 

remodeling and in close proximity to osteoclasts. (32)  The half-life of BPs in the 

circulation is quite short, ranging from thirty minutes to two hours.  However, once 

incorporated into bone tissue, they can persist for up to 10 years, depending on the 

skeletal turnover time. (78)   Bisphosphonate not retained in the skeleton is rapidly 

cleared from the circulation by renal excretion. (76) 

Instead of the central oxygen atom in the core structure (P-O-P) of PPi, BPs 

contain a central non-hydrolyzable carbon (P-C-P), even though the phosphate groups 

adjacent to this central carbon are maintained.  They also contain two side chains, Radical 

1 and Radical 2, which are attached to the carbon atom.  Nearly all BPs used in clinical 

practice have a hydroxyl group attached to the central carbon in the position of Radical 1. 

(76)  The adjacent phosphate groups provide the high affinity of BPs with bone 

hydroxyapatite crystals, whereas the hydroxyl group increases BP’s ability to bind 

calcium.  Collectively, the phosphate and the hydroxyl groups create a tertiary interaction 

between the BPs and the bone matrix, making them particular specific for bones. (69,79)  

The Radical 2 chain determines the anti-resorptive potency and its efficiency.  Changes in 

this chain give each BP its own chemical, physicochemical and biological characteristics. 

(80)  Alkyl side chains (e.g. etidronate) characterize first-generation BPs.  Second-

generation BPs include aminobisphosphonates (e.g. alendronate, pamidronate) and third 

generation BPs have cyclic side chains (e.g. risendronate). (81)   The BPs’ anti-resorptive 

potency has increased from one generation to the next with the elongation of the Radical 

2 side chain, the incorporation of an amino group and lately the incorporation of a tertiary 
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amino group in the third generation. This has increased its potency, which is now 10,000 

times greater than that of first generation of non-nitrogen-containing BPs. (76, 79) 

Bisphosphonates can also be divided into two distinct classes with different 

molecular mechanism of action: nitrogen-containing and non-nitrogen containing BPs.  

Non-nitrogen- containing BPs are metabolized by osteoclasts into toxic adenosine 

triphosphate (ATP) analogues which accumulate intracellularly in osteoclasts and cause 

direct osteoclast apoptosis via inhibition of the mitochondrial ADP/ATP translocator.  

The novel and more potent nitrogen-containing BPs have been shown to inhibit the 

activity of farnesyl pyrophosphate synthase (FPPS), a key regulatory enzyme in the 

mevalonate pathway, which is crucial in the production of cholesterol, other sterols, and 

prenylated proteins.  The lack of this production interferes with the regulation of core 

cellular activities resulting in apoptosis. (76) 

In 2010 the non-BP anti-resorptive agent, denosumab, was approved by the US 

Food and Drug Administration for the treatment of postmenopausal osteoporosis and for 

the prevention of skeletal-related events in patients with metastatic bone cancer.  In 2011, 

denosumab was approved as a treatment to increase bone mass in patients with breast or 

prostate cancer who develop osteopenia secondary to androgen deprivation or aromatase 

inhibitor therapies. (82)  It is a fully human monoclonal antibody against the receptor 

activator of nuclear factor kappa-B ligand (RANK-L), a cytokine that is essential for the 

formation, function, and survival of osteoclasts.  By binding RANK-L, denosumab 

prevents the interaction of RANK-L with its receptor, RANK, on osteoclasts and 

osteoclast precursors and reversibly inhibits osteoclast-mediated bone resorption.  

Although BPs and denosumab are different mechanistically in their antiresorptive 
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actions, recent evidence indicates that both drugs are associated with the development of 

MRONJ. (83)   

The American Association of Oral and Maxillofacial Surgeons stated that the 

diagnosis of MRONJ is primarily determined by the presence of exposed necrotic bone in 

the oral cavity during an eight-week period, a history of current or previous 

bisphosphonate intake, and the absence of radiation to the jaws.  In addition to bone 

exposure, common features are pain, soft tissue swelling, ulceration, suppuration, and 

sinus tracts. (2,3)  In 2007, the AAOMS proposed a staging system for patients who have 

been administered either IV or oral BPs to direct treatment guidelines and assess 

prognosis.  Later in 2009, this system was reviewed and updated so that the patients 

could be more accurately stratified. (84)  The “at risk” patients are asymptomatic patients 

who have been treated with either oral or IV BPs but show no signs of necrotic bone.  

Stage 0 characterizes patients with no evidence of necrotic bone but presenting 

nonspecific clinical and radiographic findings and symptoms.  In stage 1, exposed and 

necrotic bone or fistulae that probe to bone are observed in patients who are 

asymptomatic and show no evidence of infection.  Stage 2 occurs when the exposed and 

necrotic bone or fistulae that probe to bone are accompanied by pain and clinical 

evidence of infection.  Finally, in stage 3, patients present with exposed and necrotic 

bone or  fistulae that probe to bone with pain, infection, and other complaints that may 

include exposed necrotic bone extending beyond the region of alveolar bone, pathologic 

fractures, extraoral fistulas, oroantral/oronasal communication, or osteolysis extending to 

the inferior border of the mandible or sinus floor. (2,3) 
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MRONJ is considered is a potentially serious complication of BP and anti-

resorptive therapy.  Many studies in the literature evaluated the radiographic features of 

patients diagnosed with MRONJ using different imaging modalities however none were  

aimed at evaluating early radiographic changes of at risk patients prior to MRONJ 

development, except for a master thesis completed at the University of Maryland dental 

school in 2014.  The ability to predict this complication with bone density changes that 

might be evident in a simple readily available imaging modality such as panoramic 

radiography, would be of a great benefit in terms of predicting MRONJ development.  

Therefore, the aim of our study was to evaluate, compare and contrast panoramic 

radiographs for variations in bone density in the posterior mandible of normal patients 

(controls), patients on BP therapy who have not developed MRONJ, and patients with 

MRONJ, using ImageJ software analyses.  Our hypothesis stated that there are 

differences in bone density values in the posterior mandible among MRONJ patients, 

patients on BP therapy who did not develop MRONJ, and controls.   

Our data was not fully in agreement with the results obtained by the master thesis 

previously done in 2014.  In that study, there were no significant differences in bone 

density of the digital panoramic radiographs between patients at risk of MRONJ, having 

MRONJ, and controls. (85)  Analysis of the data obtained in our study revealed some 

significant results.  The minimum density was significantly higher in MRONJ patients 

when compared to controls and at risk patients.  In addition, the minimum density values 

were significantly higher on the left side of the mandible in pre-MRONJ patients when 

compared to controls and at risk patients.  So the minimum density values demonstrated 

some changes in pre-MRONJ patients and ultimately in MRONJ patients after the lesions 
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have developed.  These changes in bone density can be attributed to the fact that MRONJ 

frequently appear radiographically as a mixed density radiopaque- radiolucent lesion with 

bony sequestra. (24)  In addition, it seems that BPs have an effect on bone density as they 

tend to accumulate at sites of active bone remodeling and in close proximity to 

osteoclasts. (32)  When the pre-MRONJ radiographs of the ten patients in group 3A were 

compared to the after MRONJ radiographs of the same patients, a significant difference 

in the maximum density on the left side was noted with the pre-MRONJ radiographs 

demonstrating higher maximum density values (p-value = 0.03).  This finding indicated 

that the patients who will develop MRONJ had higher bone density values prior to 

disease development.  Our hypothesis stated that there are differences in bone density in 

the posterior mandible among MRONJ patients, patients on BP therapy who did not 

develop MRONJ, and controls.  The hypothesis was accepted since some significant 

differences  in bone density were found among the study groups.   

One of the most significant findings was the difference in the minimum density 

detected on the left side when the pre-MRONJ patients were compared to the at risk 

patients.  The minimum density was significantly higher in the pre-MRONJ patients (p-

value = 0.03).  It indicated that the patients who will develop MRONJ had significant 

changes in bone density prior to disease development when compared to the patients on 

BP therapy who never had MRONJ.  Our goal was to identify these bone density changes 

and to be able to predict the high risk patients using simple imaging modalities like 

panoramic radiography. 
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Our results revealed no significant differences in bone density between the at risk 

patients, i.e. on BP therapy, and the controls.  However, the at risk patients had slightly 

higher minimum density values than the controls but this finding was not significant.  

 When the average minimum density values were compared among the study 

groups, there was a clear trend that the minimum density values were highest in the 

patients with MRONJ and lowest in the controls.  On the other hand, the average 

maximum density values were highest in the controls and lowest in MRONJ patients.  

This can be explained by the fact that MRONJ lesions are sites of osteosclerosis, 

osteolysis, and sequestra formation.  The at risk and pre-MRONJ patients had their 

maximum density measurements higher than the MRONJ patients, which indicates that 

the maximum density measurements were higher in patients on BPs prior to MRONJ 

development. 

The risk of MRONJ among cancer patients exposed to antiresorptive or 

antiangiogenic medications is about 1%.  The risk of MRONJ among patients who are 

managed for osteoporosis using antiresorptive medications is about 0.1%. (86)  

Therefore, a small sample would be convenient to study the predictors of the disease.  In 

our study, 64 panoramic radiographs of 46 patients treated at the dental school and at the 

University of Maryland Marlene and Stewart Greenebaum Cancer Center in Baltimore 

who have their dental files at the University of Maryland dental school were evaluated.  

Multiple myeloma (MM) patients who developed MRONJ were included in this study.  A 

better study design should include digital panoramic radiographs of MM patients from 

different cancer centers in the United States in which the radiographs were taken under 

similar conditions.  We were not able to recruit patients from other cancer centers due to 
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difficulties in accessing their records and lack of consent of evaluation.  Including 

patients from different cancer centers would increase the sample size and therefore help 

in getting more accurate results.   

Many factors play a role in MRONJ development in patients on BP therapy, 

including the dose of the medication, length of BP therapy, and the route of 

administration.  The risk of developing MRONJ is higher in patients who are on IV BPs 

than oral BPs.  All the patients included in this study were on IV BPs since the chances of 

detecting bone density changes are higher.  In this study, there was no information about 

the dose and length of BP therapy which could have a valuable effect on the results.  

Furthermore, the medical history and medications taken by the patients are considered 

un-controlled variables that could have affected our results. 

There were some differences in the results obtained on the right and left sides of 

the mandible when the same study groups were compared.  This could be due to the 

presence of an obstacle in the ROI like the presence of third molars, which was 

mentioned in the data collection section.  In that case, we had to move the ROI more 

laterally to prevent teeth from being included.  In addition, there are some potential 

shortfalls in interpreting panoramic radiographs.  Patient positioning is crucial to 

accurately visualize panoramic images.  Even relatively small errors in patient 

positioning may result in poorly defined panoramic radiographs.  Furthermore, changes 

in the body of the bone may be difficult to visualize in the panoramic view as the buccal 

and lingual cortical plates may mask any internal changes. (87)  Despite their shortfalls, 

digital panoramic radiographs were chosen in this study since they are routinely taken in 

dental examinations and due to their reasonable cost.   
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This was a retrospective study in which digital panoramic radiographs were 

evaluated for changes in bone density.  The panoramic radiographs were previously taken 

with different voltages, currents, and exposure times, which may have affected the 

results.  In the future, it would be better to conduct the study on a sample of panoramic 

radiographs taken under the same conditions, voltage, current, and exposure times. 

The results were analyzed using descriptive statistics such as the mean and 

standard deviation, and by the t-test to compare the study groups.  Complicated statistical 

tests were not used in this study since we were looking for trends that might not be 

statistically significant but can guide us in future research.  The analysis revealed some 

significant results since we have taken the recommendations by the previous master 

project which was done in 2014 (85)  into account.  The sample size was increased and 

the radiographs were analyzed by ImageJ software program, a public domain Java image 

processing program developed by NIH.  As mentioned previously, the results could be 

influenced by the presence of teeth in the ROI.  In the future, we should consider moving 

the ROI further back in the mandible or excluding the radiographs with obstacles from 

the study to improve the results.  Furthermore, future studies should investigate the 

history of BP therapy, particularly the dose and length of the therapy and divide the study 

groups accordingly to get more accurate results.
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Chapter (5) 

Conclusion 

 In conclusion, ImageJ analysis of the panoramic radiographs was successful in 

detecting significant differences in bone density in our relatively small sample.  The 

minimum density was significantly higher in the pre-MRONJ patients when compared to 

at risk patients (p-value = 0.03).  The maximum density was significantly higher on the 

pre-MRONJ radiographs when compared to after MRONJ radiographs of the same 

patients (p-value = 0.03).  Patients on BP therapy must have periodic dental examinations 

to maintain their dental health and prevent the need for extractions.  Periodic evaluation 

of panoramic radiographs for bone density changes might be helpful but is not a definite 

predictor of MRONJ.  The search for a true predictor should continue to aid in the 

prevention of the disease.  
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