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Background: Since late 2003, there have been numerous reports in the literature 

illustrating the association between bisphosphonate use and the appearance of avascular 

necrosis of the jaws. Bisphosphonate-related osteonecrosis of the jaw (BRONJ) 

represents a growing concern for oral- and maxillofacial practice. Although many studies 

have been conducted in recent years evaluating the early manifestations of BRONJ, a 

clearer understanding of the significance of early radiographic alterations could improve 

the identification of patients at increased risk of this disease and may help to guide 

interventions. The purpose of this study is to compare the bone density of the posterior 

mandible in the panoramic radiographs of patients with BRONJ, patients who received 

bisphosphonate therapy and did not develop BRONJ, patients who received 

bisphosphonate therapy and eventually developed BRONJ, and controls. 

Materials and Methods: A convenience sample, consisted of 54 digital panoramic 

radiographs was divided in to four groups. Group 1 represented controls i.e. patients that 

have never been exposed to bisphosphonates of any kind and Group 2 represented the “at 

risk patients” i.e. received bisphosphonates but never developed BRONJ. Group 3A 

consists of early panoramic radiographs of patients who are on bisphosphonate therapy 



 

 

but at that time did not develop BRONJ. Group 3B is the BRONJ group, including those 

of 3A that went on to develop BRONJ and subjects that presented with BRONJ. The 

radiographs were evaluated using Planmeca Romexis software fully supported for 

Windows operating system. The minimum and maximum density, averages and SD of the 

bone at the angle of the mandible on the right and the left sides were compared using t-

test. 

Results: There was no significant difference in bone density of the digital panoramic 

radiographs between patients at risk of BRONJ, having BRONJ, and normal patients. 

Although the data is not significant, the findings indicate a clear trend whereas the 

minimum and maximum densities are highest in individuals taking BPs and these values 

decline as BRONJ develops, as compared with the controls.  

Conclusion: More studies are required to definitively determine the diagnostic and 

prognostic value of simple radiographic imaging as relates to the problem of BRONJ. 
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Chapter (1) 

Introduction  

Bisphosphonates, orally or parenterally administered, represent a class of drugs 

that affect the bone metabolism, interfering not only with the biological activity of the 

osteoclasts, but also with the normal endothelial turnover at the level of oral tissues (1, 

2). In addition to its antiresorptive activity, studies have shown that ZOL (and other 

BPs) can inhibit several steps involved in angiogenesis, (3) an important process 

involved in tumor growth and progression. For example, a preclinical study 

demonstrated that BPs (ie, ZOL, ibandronate, risedronate and clodronate) decreased 

proliferation and capillary-like tube formation and induced apoptosis in human 

umbilical vein endothelial cells (HUVECs). (4) Additionally, in a small clinical study (n 

= 26) of patients with bone metastases from solid tumors, repeated low doses of ZOL (1 

mg q week × 4, 4 mg q 28 d × 3) produced significant (p < 0.01) decreases in vascular 

endothelial growth factor (VEGF) levels. (5) Notably, these effects were observed early 

and were long-lasting. Taken together, these studies suggest that ZOL has 

antiangiogenic properties, which might translate to clinical anticancer activity. The 

biological action of bisphosphonates leads to a reduced formation of bone multicellular 

units, which are formed by small islands of osteoclasts, osteoblasts and adjacent blood 

vessels (6). Medical treatment with bisphosphonate drugs, potent anti-resorptive agents, 

has become standard practice in benign and malignant diseases involving excessive 

bone resorption, such as bone lesions of multiple myeloma and metastatic bone 

diseases. (7) Other diseases, such as osteoporosis, also are being treated with 
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bisphosphonates. (8) Recently, bisphosphonates have been used to treat pediatric 

patients with osteogenesis imperfecta. (9) 

Oral bisphosphonates, such as alendronate and aisedronate, are approved to treat 

osteoporosis and are frequently used to treat osteopenia as well. (10) They are also used 

for a variety of less common conditions such as Paget’s disease of bone, and 

osteogenesis imperfecta of childhood. (11, 12) By far the most prevalent and common 

indication, however, is osteoporosis. (13) Intravenous bisphosphonates, such as 

pamidronate and zoledronate, are primarily used and effective in the treatment and 

management of cancer-related conditions. These include hypercalcemia of malignancy, 

skeletal-related events associated with bone metastases in the context of solid tumor 

such as breast cancer, prostate cancer, and lung cancer, and in the management of lytic 

lesions in the setting of multiple myeloma. (14, 15, 16, 17, 18) The IV bisphosphonates 

are effective in preventing and reducing hypercalcemia, stabilizing bony pathosis, and 

preventing fractures in the context of skeletal involvement. While they have not been 

shown to improve cancer-specific survival, they have had a significant impact on the 

quality of life for patients with advanced cancer that involves the skeletal system. (19)    

Since late 2003, there have been numerous reports in the literature illustrating 

the association between bisphosphonate use and the appearance of avascular necrosis of 

the jaws. (20). Bisphosphonate-related osteonecrosis of the jaw (BRONJ) represents a 

growing concern for dentists and the oral- and maxillofacial practice. BRONJ can 

severely affect quality of life and can even become the major concern of cancer patients 

because of pain, difficulties in performing oral hygiene and in eating. The characteristic 

symptoms of BRONJ are a non-healing extraction sockets or exposed jaw bone with 
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progression to sequestrum formation associated with localized swelling and infection. 

Currently, available published incidence data for BRONJ associated with IV 

bisphosphonates range from 0.8% to 12%. On the other hand, Correspondence with 

Alastair Goss, DDSc (September 2006) reported that the estimated incidence of BRONJ 

for patients treated weekly with oral bisphosphonates is 0.01% to 0.04%. Based on the 

above-cited data, the risk of BRONJ for patients receiving IV bisphosphonates appears 

to be significantly greater than the risk for patients receiving oral bisphosphonates. (18) 

The diagnostic criteria for BRONJ developed by the American Association of 

Oral and Maxillofacial Surgeons (AAOMS) include a history of bisphosphonate use, 

absence of radiotherapy to the head/neck, and presence of exposed bone in the maxilla 

or mandible persisting for more than 8 weeks. (18) The guidelines were revised in 2009 

to include patients with stage 0 disease, characterized as those with no evidence of 

necrotic bone but with: 1) non-specific symptoms such as pain or odontalgia not 

explained by odontogenic causes or dull aching bone pain; 2) clinical findings including 

loosening of teeth not explained by chronic periodontal disease and/or 

periapical/periodontal fistula not associated with pulpal necrosis due to caries; or 3) 

radiographic findings including alveolar bone loss not attributable to chronic 

periodontal disease, trabecular bone alterations including dense woven bone, and 

persistent un-remodeled bone in extraction sites, thickening of the lamina dura, and 

inferior alveolar canal narrowing.(21) Given the extremely low prevalence of BRONJ in 

patients treated with oral bisphosphonates, the clinical and radiographic features that 

precede stages 1 to 3 BRONJ remain largely unknown.  
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Compared with other bones, the jaws have a higher concentration of 

bisphosphonates and are therefore at greater risk of osteonecrosis, because 

bisphosphonates are preferentially deposited in areas of good blood supply and high 

bone turnover. (22) Some signs and symptoms that can be observed before the 

development of clinically detectable osteonecrosis include pain, mobility of teeth, 

mucosal swelling, erythema, and ulceration, which may occur spontaneously or at the 

site of a dento-alveolar procedure. (19) However, BRONJ can also remain 

asymptomatic for long periods in the absence of infection. 

Radiologic findings of BRONJ are not specific; the use of imaging examinations 

could improve its early detection. Wide spectrum of radiographic features have been 

recently reported in BRONJ patients , including sclerotic areas, disorganized medullar 

trabeculation, cortical disruption, dense osteosclerosis of the alveolar margins and 

lamina dura, persisting in the alveolar socket after extractions, and small bone 

sequestrations. (23, 24, 25, 26) In November 2012, Rocha GC, Jaguar GC et. al. 

compared the panoramic radiographs of two groups of patients and found that patients 

treated with zoledronate, an IV bisphosphonate, presented a statistically significant 

increase in the number of radiographic abnormalities compared to the patients that had 

never been treated with bisphosphonate  . Female patients presented significantly more 

alterations than male patients, and the posterior region of the mandible was the most 

affected region. (27) 

Although the radiographic findings are not a part of the diagnostic criteria, they 

provide valuable information to the clinician with regard to the course, magnitude, and 

progression of the disease. Panoramic radiographs, periapical radiography, computed 
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tomography (CT), magnetic resonance imaging (MRI), and nuclear bone scans are 

among the imaging modalities that can be used to help identify the extent of the disease, 

guide therapeutic options, and monitor the treatment response. These diagnostic tools 

are also important in the differential diagnosis of other pathologic processes that can be 

responsible for the clinical signs and presenting symptoms of BRONJ. (28) 

 Panoramic radiology is routinely used to image the hard tissues of the 

maxillofacial region and is a modality readily accessible to the majority of oral health 

care specialists. Compared with CT, both the radiation exposure and financial cost of 

maxillofacial panoramic radiology are substantially lower. (29). While CT has generally 

demonstrated greater sensitivity in detecting BRONJ radiographic changes compared 

with panoramic films (30, 31), 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, unless there are specific indications, 

maxillofacial CT imaging is not routinely obtained for evaluating patients with BRONJ, 

or suspected BRONJ.  (22) On the other hand, there are some potential shortfalls in 

interpreting panoramic radiographs. The anterior regions of panoramic images are 

particularly sensitive to patient positioning. Even relatively small errors in patient 

positioning may result in the anterior region being outside the focal trough and thus 

being poorly defined. 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. (32) 
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Plain imaging findings include thickening of the lamina dura, osteolysis, diffuse 

sclerosis, and poor healing or non-healing of extraction sites. (33, 34) The correlation of 

the radiographic findings with the clinical findings has shown that patients with mild 

BRONJ exhibit sclerosis at the alveolar margin with thickening of the lamina dura. 

There appears to be an increase in the degree of sclerosis as the clinical severity of the 

disease progresses. In advanced disease, radiographic evidence of narrowing of the 

mandibular canal will be present, corresponding to the paresthesia that patients might be 

experiencing. (33) In Marx et al. report of 119 cases, 73.1% demonstrated positive 

radiographic findings that included osteolysis, osteosclerosis, and mixed lytic/sclerotic 

lesions (35). Ruggiero et al reported radiographic changes of mottled bone and 

osteolysis. (36). Groetz and Al-Nawas suggested that ‘persistent alveolar sockets’ is a 

significant sign of BRONJ following dental extraction (37). Both persistent sockets and 

sclerosis can be explained by bisphosphonate-induced osteoclast inhibition, resulting in 

suppressed bone turnover and remodeling but continued mineralization (38, 39). These 

radiographic findings are not confined to the areas of clinical involvement, because 

these features have also been identified in patients with osteonecrosis in quadrants in 

which no bone is exposed. (40) 

Oral bisphosphonates reduce osteoclast bone resorption through cellular actions 

causing increased osteoclast apoptosis and diminished osteoclast function. These 

pharmacologic effects have led many investigators to consider disorders of impaired 

osteoclast function as potential models in understanding the pathogenesis of BRONJ. 

(41, 42) Osteopetrosis is a bone disorder resulting from defects in osteoclast function 

that presents with radiographic features similar to BRONJ. (42) Impaired osteoclast 
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action and abnormal bone remodeling in patients with osteopetrosis result in increased 

bone mass/density with dense trabecular and cortical bone, findings that may vary by 

skeletal site because of known osteoclast heterogeneity. (43) Thickening of the cortical 

structures of the jaws, including the lamina dura and walls of the mandibular canal, with 

loss of cortico-medullary interfaces, has been reported (44); the compromised 

osteopetrotic bone may be brittle, has reduced vascularity, and is susceptible to 

infection. (45) Of additional interest are transgenic rodent models showing that 

normalizing osteoclast function in long bones does not necessarily result in 

normalization of osteoclast function in the jaws, suggesting that susceptibility to 

osteoclast suppression may be site specific. (43) Indeed, the high rate of alveolar bone 

remodeling, coupled with chronic exposure to local dental inflammatory stimuli and 

local microbial factors, might provide one explanation as to why the jaws are the site for 

BRONJ. (46) 

The radiologic findings of BRONJ are not specific and are found in other 

conditions such as osteomyelitis, osteoradionecrosis, cancer metastasis, and Paget's 

disease. Osteomyelitis is inflammation of the cortical and cancellous bone that can 

develop as a result of an odontogenic infection, complicated fracture, or 

immunocompromised health status. Chronic sclerosing osteomyelitis has radiographic 

features consisting of sclerosis, new bone formation, sequestrum formation, and osseous 

expansion—radiographic characteristics all seen in BRONJ. Matthew Hutchinson, 

Felice O'Ryan et. al. in Sep 2010 reported the absence of a periosteal response (no 

periosteal thickening or “onion skinning” and no evidence of periosteal or parosteal 

bone formation) in patients with BRONJ , similar to what is seen in chronic low-grade 
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or sclerosing osteomyelitis.(47) If stage 0 BRONJ patients represent an earlier phase 

along the spectrum of bony disease progression, this might explain the apparent lack of 

a periosteal response, as would ordinarily be seen in patients with overt osteomyelitis. 

The radiographic similarities to osteomyelitis in BRONJ have been speculated to be 

related to the presence of infection in most cases of BRONJ, in which Actinomyces 

species are often identified microscopically or in wound cultures. (48)  

Despite efforts to minimize risk and prevent occurrence, BRONJ will likely 

continue to be a diagnostic and clinical challenge facing oral health care specialists, 

medical oncologists, and their patients. As there is more interest to investigate the 

underlying pathobiology of BRONJ, and design prospective epidemiological and 

interventional trials, characterization of the basic clinical, biochemical, and radiographic 

features will be critical. Given that the incidence of BRONJ in cancer patients is 

approximately 5% (38), careful documentation and reporting of retrospective data will 

continue to provide significant insight into this emerging oral disease. 

Although many studies have been conducted in recent years evaluating the early 

manifestations of BRONJ, a clearer understanding of the significance of early 

radiographic alterations could improve the identification of patients at increased risk of 

this disease. The purpose of this study is to compare the bone density of the posterior 

mandible in the panoramic radiographs of patients with BRONJ, patients who are under 

bisphosphonate and did not develop BRONJ, patients who are under bisphosphonate 

and are at risk of developing BRONJ, and controls. 
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Chapter (2) 

Materials and Methods 

The Study Sample: 

This study was conducted as a retrospective study and was approved by Ethical 

Committee of the respective university. A convenience sample consisted of 54 digital 

panoramic radiographs of 44 patients used in the study. The eligibility criteria for 

selecting the sample were patients of University of Maryland dental school who have 

had digital panoramic radiographs between Feb 2007 and Sep 2014. The age range was 

between 38-83 years old. The patients should have been on bisphosphonate therapy, and 

had acceptable panoramic digital radiographs. (See Table 1) An acceptable panoramic 

radiograph should demonstrate the following characteristics: the mandibular condyles, 

angle and inferior border should be visible and the inferior border of the mandibular 

symphysis should be centered on the radiograph, near the lower edge of the image. 

There should be a minimum amount of plastic chin rest visible on the radiograph. 

Furthermore, the plane of occlusion should exhibit a gentle +5 degree slope downward 

toward the midline and there should be no superimposition of the hard palate onto the 

apices of the maxillary anterior teeth. In addition, the teeth should be symmetrically 

positioned from right to left, and there should be no overlapping of maxillary anterior 

teeth onto the mandibular teeth. 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 acceptable density and clarity. Anatomical landmarks should be clearly visible with a 
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minimum amount of blurring and distortion exhibited. In addition, the radiographs   

should be original images and had not been adjusted in any way. (See Table 2) 

Table 1: Inclusion criteria  

Inclusion 

criteria 

Patients 

1- Patients of University of Maryland School of Dentistry who had 
digital panoramic radiographs taken between Feb 2007 and Sep 
2014 

2- The age range is between 38-83 years old 

3- The patients should be on bisphosphonate therapy 

4- The patients should have acceptable panoramic digital 
radiographs 

Controls 

1- Patients of University of Maryland School of Dentistry who had 
digital panoramic radiographs taken between Feb 2007 and Sep 
2014 

2- Age range of 40- 73 years old 

3- The patients should not be on bisphosphonate therapy  

4- The patients should have acceptable quality of digital panoramic 
radiographs 
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Table 2: Characteristics of acceptable panoramic radiographs 

Characteristics 

of acceptable 

panoramic 

radiographs 

 

1- The radiographs should be original images and had not been adjusted in any 
way. 

2- The radiograph should exhibit the patient's name, date of exposure and an 
index mark to indicate the patient's right or left side 

3- The radiographs should be of acceptable density and clarity 

4- Anatomical landmarks should be clearly visible with a minimum amount of 
blurring and distortion. 

5- The teeth should be symmetrically positioned from right to left 

6- There should be no overlapping of maxillary anterior teeth onto the 
mandibular teeth. 

7- The plane of occlusion should exhibit a gentle +5 degree slope downward 
toward the midline 

8- There should be no superimposition of the hard palate onto the apices of the 
maxillary anterior teeth 

9- The mandibular condyles, angle and inferior border should be visible 

10- The inferior border of the mandibular symphysis should be centered on the 
radiograph, near the lower edge of the image 

11- There should be a minimum amount of plastic chin rest visible on the 
radiograph. 

 

A control group consists of 9 patients who are not taking bisphosphonate 

therapy and who have an acceptable quality of digital panoramic radiographs taken at 

the same time range was chosen from same age group. 

The sample was divided in to four groups. Group 1 (control) consisted of nine 

digital panoramic radiographs of normal patients, in the age range of 40- 73 years old, 

who were not exposed to bisphosphonate therapy. Group 2 consisted of 19 digital 

panoramic radiographs of at risk patients, who are on the bisphosphonate therapy but 

never developed any BRONJ. The age group is between 40 and 76 years old. Group 3 
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was sub-divided to A, and B. Sub-group A consisted of early panoramic radiographs of 

10 patients, between 40 and 75 years old, who are on the bisphosphonate therapy but at 

that time did not develop BRONJ. Sub-group B consisted of 16 digital panoramic 

radiographs. Ten of the radiographs are the late panoramic radiographs of the 10 

patients in the sub-group A, between 38 and 83 years old, who are on the 

bisphosphonate after developing BRONJ, in addition to 6 digital panoramic radiographs 

of patients who are on bisphosphonate therapy and always had BR ONJ. (See Table 3) 

Table 3: The study groups 

 

GROUPS 

 

# OF PATIENT 

 

CHARACTARISTICS 

1 9 

1- Control group 

2- Not on bisphosphonate therapy 

3- Have an acceptable quality of digital panoramic 
radiographs 

2 19 

1- At risk patients 

2- On the bisphosphonate therapy 

3- Never developed any BONJ. 

3 A 10 

1- Early panoramic radiographs of 10 patients on the 

bisphosphonate therapy 

2- Did not develop BONJ at the time of exposure 

3 B 16 

1- Late panoramic radiographs of 10 patients on the 

bisphosphonate after developing BONJ 

2- 6 digital panoramic radiographs to patients who are 

on bisphosphonate therapy and always had BONJ. 
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Materials:   

All the panoramic radiographs included in the study were obtained from the 

patient population at the University Of Maryland School Of Dentistry and Hospital, 

from Feb 2007 to Sep 2014, by radiology certified experienced dental assistants with 

the patient's head in the recommended position. All the stuff members had to be trained 

by watching a technical training video which describe in depth all the technical, 

operational and management aspects of Planmeca Romexis. In addition, each new 

employee goes through intensive training program to insure standardization and 

calibration. The units in the hospital and the UMB dental clinics re- calibrated annually 

for technical outputs and retested for radiation safety issues.  Fifty four panoramic 

digital radiographs of 44 patients, taken using Planmeca ProMax digital machine with 

Dimax 3 Sensor with different exposure times, voltages and currents between this time 

ranges, were analyzed. The radiographs were evaluated using Planmeca Romexis 

software fully supported for Windows operating system. Planmeca Romexis is 

comprehensive software for acquiring, viewing and processing 2D and 3D images. In 

the Panoramic tab you can make adjustments to the image quality settings of the 

panoramic images.Resolution, Bits Per Pixel and Image Format define how the images 

are stored in the database after the image has been taken. With normal resolution, the 

pixel size is 0.132 mm while enhanced resolution decreases the pixel size to 0.099 mm 

and improves the image quality. The high resolution sets the pixel size to 0.066 mm and 

is the mode for a best resolution. The size of the image is much larger and the handling 

of the image slower when the pixel size is smaller. In addition, the resolution selected in 

the Romexis Configuration panoramic settings does not affect the image size, pixel size 
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is always 127µm. Bits per Pixel define whether the images are captured as 8 bit or 16 

bit. The best dynamic contrast range is reached by using 16 bit per pixel, but the images 

will be twice the size of 8 bit images (49).The Romexis software was used to acquire, 

view, and analyze all of the radiographs in this study.  

Methods: 

One observer and two reviewers completed the observations. The blind observer 

was a general dentist in the advanced education in general dentistry program. The first 

reviewer was Professor, Oncology and Diagnostic Sciences; DDS (1975), PhD (1992), 

University of Maryland. And the second reviewer was a Clinical Associate Professor. 

The observer was provided a randomized list of electronic chart numbers of the 44 

patients with 76 panoramic digital radiographs, multiple radiographs for some patients, 

for observation. If there was partial agreement between the observer and the reviewers, 

with one of reviewers and the observer recording the same score, the same score 

recorded by them was accepted as final. When they were in non-agreement, a consensus 

was reached on a case-by-case basis. All of the radiographic assessments took place in a 

quiet room with adequate computer brightness. 

The steps of using the Romexis software to analyze each panoramic radiograph are:   

1- First, Patient search, Started by typing the patient axium number in the search 

space and clicked on find button and then double clicked on the patient’s 

information line. (See Figure 1)   
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 Figure 1: Patient’s information line             

 

2- Second, double clicked on the imaging icon on the right side of the screen and 

chose the panoramic view by double clicking on it. Images can be opened 

directly by double-clicking on them in the image browser, or by selecting them 

in the image browser and then clicking the View Selected button. (See Figure 2)  
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Figure 2: Patient selection 

  

3- The date of exposure, voltage, current, and exposure time was recorded by right 

click on the image and choose show properties. (See Figure 3) 
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Figure 3: Show properties box 

 

4- Using the measure length icon, multiple lines drawn at the angle of the mandible 

on both sides of the panoramic radiograph (right and left). The first line 

represents the height of bone, which measured the distance from the inner angle 

of the mandible till the outer margin of the mandible. A second line represented 

the height to the cortical bone, which measured the distance from the inner angle 

of the mandible till the start of the radio-opacity of the cortical bone. And then 

the second measurement subtracted from the first measurement to get the 

cortical bone height. (See Figure 4) 
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Figure 4: Line measurements 

 

5- Using the line profile icon on the left side of the screen, a straight line drawn 

from the inner angle of the mandible to the outer margin. A small box appears 

on the left side of the screen after clicking on the arrows near the relative values 

in the box, the minimum, maximum, average and standard deviations recorded. 

(See Figure 5) 
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Figure 5: Line profile icon 

 

6- Note regarding the present of an obstacle such as third molar, or second molar, 

shadow of the hyoid bone or others in the area of analyses is taken. 

After the analysis was done, the radiographs were arranged into the 3 groups using 

Microsoft Excel for Mac 2011 spread- sheet ( see Table 4, 5, 6,7,8,9, and 10). The 

multiple radiographs of ten patients in group 3 were analyzed and only the oldest and 

the most recent radiographs were chosen to be included in the study.  

Table 4: Group 1   (Right side) 

#/S Chart  Exp Date V A 

Exp 

Time Ht 

Ht to 

cortical 

Cortical 

Ht 

Min 

Den 

Max 

Den Average SD  Note 

1R 233614 2/10/12 68 13 15.59 25 21.1 3.9 830 2729 1749.55 530.1 -                   

2R 219944 1/12/11 66 9 15.82 27.4 25.5 1.9 806 2132 1463.53 386.7 

3rd 

molar           
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3R 232130 8/13/12 68 11 15.82 17.4 15.3 2.1 350 1320 743.37 183.5 -                   

4R 230248 12/7/12 68 11 15.82 32.7 29 3.7 857 2404 1637.3 436.1 -                   

5R 40488 3/27/07 66 9 15.82 23.1 19.2 3.9 804 2377 1564.5 393.1 -               

6R 40488 11/3/08 68 12 16.04 21.6 18.6 3 946 1937 1565.0 234.7 -                   

7R 236001 10/17/12 66 9 15.82 23.2 16.4 6.8 759 1454 1216.1 118.3 -                   

8R 235565 11/10/12 66 9 15.82 23.9 21.3 2.6 593 1924 1163.0 404.4 

2nd 

molar           

9R 232294 11/10/12 66 9 15.82 25.9 20.2 5.7 594 2424 1659.4 496.2 

2nd 

molar           

“Table 4 Continued” 

Table 5: Group 1 (Left side) 

#/S Chart  Exp Date V A 

Exp 

Time Ht 

Ht to 

cortical 

Cortical 

Ht 

Min 

Den 

Max 

Den Average SD Note 

1L 233614 2/10/12 68 13 15.59 23.5 19.7 3.8 482 2150 1328.63 324.2 -                   

2L 219944 1/12/11 66 9 15.82 28.8 25.6 3.2 770 1679 1294.21 202.19 

3rd 

molar           

3L 232130 8/13/12 68 11 15.82 19.1 14.2 4.9 455 1917 1398.15 240.46 -                   

4L 230248 12/7/12 68 11 15.82 33.9 30.2 3.7 1217 3263 2386.25 513.14 

3rd 

molar           

5L 40488 3/27/07 66 9 15.82 20.4 16.8 3.6 755 2502 1849.68 439.31 -                   

6L 40488 11/3/08 68 12 16.04 20.6 16.9 3.7 896 2321 1653.38 284.85 -         

7L 236001 10/17/12 66 9 15.82 24.2 20.3 3.9 426 2539 1259.04 589.72 

2,3rd  

molar         

8L 235565 11/10/12 66 9 15.82 24.1 20.7 3.4 448 2715 1821.05 434.01 

2nd   

molar           

9L 232294 11/10/12 66 9 15.82 25.8 21.6 4.2 641 2029 1121.75 272.15 -                   

 

Table 6: Group 2 (Right side) 

#/S Chart # Exp Date V A 

Exp 

Time Ht 

Ht to 

Cortical 

Cortical 

Ht 

Min 

Den 

Max 

Den Average SD Note 

1R  144396 2/8/07 68 13 15.595 27.5 24.3 3.2 936 2889 1922.15 577.89 

3rd 

molar           
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2R  144396 8/2/11 66 9 15.815 30.7 27.1 3.6 827 3565 1875.28 741.96 

3rd 

molar           

3R  191856 6/28/10 68 13 15.815 31.5 28.3 3.2 646 2020 1273.18 306.72 -                   

4R  171019 5/20/09 70 12 18 30.2 27.2 3 617 2130 1460.23 431.47 

3rd 

molar         

5R  171019 6/9/11 68 11 18 32 28.4 3.6 729 1698 1264.44 254.94 

3rd 

molar           

6R  193010 7/15/10 66 9 15.815 17.8 12.7 5.1 831 2095 1466.28 258.51 -                   

7R  120204 9/22/10 66 9 15.815 27.3 24.3 3 820 1618 1149.39 166.88 -        

8R  192368 12/7/10 66 9 15.815 22.4 18.9 3.5 1064 1595 1228.11 116 -                   

9R  192642 7/7/10 66 9 15.815 21.8 17.9 3.9 1023 2816 1702.1 437.17 -                   

10R 192642 2/2/11 60 4 18 24.5 20.6 3.9 1083 2042 1591.65 186.14 -                   

11R 197536 6/10/10 66 9 15.815 31.1 28.4 2.7 737 3013 1646.03 825.46 

3rd 

molar           

12R 181951 12/16/09 68 11 18 22.1 18.5 3.6 1036 1531 1354.66 77.72 -                   

13R 181951 4/21/11 70 12 18 22.1 18.1 4 643 1534 1101.16 150.03 -                   

14R 192401 6/30/10 66 9 15.815 29.2 27.1 2.1 678 2132 1396.62 293.83 

2nd 

molar           

15R 190093 5/19/10 70 12 18 28.7 25.4 3.3 848 1932 1402.45 206.77 -                   

16R 190093 1/12/10 66 9 15.815 27.4 24.2 3.2 995 2082 1420.14 301.14 -                   

17R 199736 3/11/2010 66 9 15.815 26.8 23.7 3.1 837 1681 1242.76 218.79 

2nd 

molar           

18R 191713 6/21/10 66 9 15.815 29.8 26.4 3.4 636 2982 1718.12 687.45 

2nd 

molar           

19R 197247 9/17/10 66 9 15.815 29.2 26.4 2.8 1165 2112 1568.19 208.3 -                   

“Table 6 Continued” 

Table 7: Group 2 (Left side) 

#/S Chart # Exp Date V A 

Exp 

Time Ht 

Ht to 

Cortical 

Cortical 

Ht 

Min 

Den 

Max 

Den Average SD Note 

1L  144396 2/8/07 68 13 15.595 25.2 22.1 3.1 968 2578 2037.08 413.71 -                   
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2L  144396 8/2/11 66 9 15.815 28.5 24.9 3.6 843 2800 1802.54 609.61 -                   

3L  191856 6/28/10 68 13 15.815 30.1 26.8 3.3 661 1982 1466.95 273.14 -                   

4L  171019 5/20/09 70 12 18 27.1 23.1 4 705 1926 1599.87 283.69 

3rd 

molar           

5L  171019 6/9/11 68 11 18 25.9 22.1 3.8 1082 1576 1315 167.69 

3rd 

molar           

6L  193010 7/15/10 66 9 15.815 15.7 11.6 4.1 571 1785 1357.2 259.36 -                   

7L  120204 9/22/10 66 9 15.815 27.3 24.3 3 722 2207 1427.78 326.41 -                   

8L  192368 12/7/10 66 9 15.815 20 16.8 3.2 1181 2573 1733.23 377.11 GP                  

9L  192642 7/7/10 66 9 15.815 24.1 20 4.1 815 2197 1387.45 393.44 -                   

10L 192642 2/2/11 60 4 18 27.4 23.6 3.8 805 1645 1358.84 141.82 -                   

11L 197536 6/10/10 66 9 15.815 27.6 25.4 2.2 882 2754 1706.36 467.28 

3rd 

molar           

12L 181951 12/16/09 68 11 18 21.4 18.8 2.6 634 1373 1099 125.25 -                   

13L 181951 4/21/11 70 12 18 23 20.3 2.7 817 1378 1110.17 93.56 -                   

14L 192401 6/30/10 66 9 15.815 25 22.6 2.4 861 2685 1706.79 558.33 

3rd 

molar           

15L 190093 5/19/10 70 12 18 27.3 24.1 3.2 957 2105 1654.49 256.01 

2nd 

molar           

16L 190093 1/12/10 66 9 15.815 24 21.6 2.4 969 2370 1865.11 294.15 

2nd 

molar           

17L 199736 3/11/10 66 9 15.815 24.2 21.9 2.3 847 2534 1649.15 450.1 

2nd 

molar           

18L 191713 6/21/10 66 9 15.815 23.1 20.1 3 727 2605 1570.46 605.51 

2nd 

molar           

19L 197247 9/17/10 66 9 15.815 29.2 25.7 3.5 977 1793 1374.62 185.29 -                   

“Table 7 Continued” 

Table 8: Group 3A (Right side) 

#/S Chart # Exp Date V A 

Exp 

Time Ht 

Ht to 

Cortical 

Cortical 

Ht 

Min 

Den 

Max 

Den Average SD Note 

1R  174050 5/8/09 70 12 18 23.9 20.4 3.5 725 1819 1316.12 224.7 -                   
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2R  171529 3/6/09 66 9 18 21.4 1412 2784 2218.91 305.04 -                   

3R  196568 8/9/10 66 9 15.815 29 25.3 3.7 978 1807 1364.64 184.75 -                   

4R  190141 5/20/10 70 12 18 32.5 31 1.5 257 1827 1160.1 492.74 

3rd 

molar           

5R  189071 4/29/10 70 12 18 32.3 27.6 4.7 707 2246 1689.57 326.38 

3rd 

molar           

6R  190708 3/6/10 70 12 18 28 25 3 385 1339 968.18 227.48 

3rd 

molar           

7R  198702 10/20/10 66 9 15.815 28.9 25.7 3.2 751 2876 1548.18 444.68 -                   

8R  110783 5/8/10 68 13 16.041 31.3 26.5 4.8 988 2853 2147.24 492.88 -                   

9R  193649 7/30/10 66 9 15.815 29.5 25.6 3.9 777 2650 1670.6 657.17 

3rd 

molar    

10R 175401 8/26/09 70 12 18 32 28 4 710 1714 1297.63 245.44 -                   

“Table 8 Continued” 

Table 9: Group 3A (Left side) 

#/S Chart # Exp Date V A 

Exp 

Time Ht 

Ht to 

Cortical 

Cortical 

Ht 

Min 

Den 

Max 

Den Average SD Note 

1L  174050 5/8/09 70 12 18 25 21.3 3.7 616 1766 1282.92 238.71 

3rd 

molar           

2L  171529 3/6/09 66 9 18 22.5 1181 2715 1723.99 475.77 -                   

3L  196568 8/9/10 66 9 15.815 25.6 21.4 4.2 1087 1812 1291.38 149.14 -                   

4L  190141 5/20/10 70 12 18 31.6 29 2.6 353 1686 1051.42 402.39 

2nd 

molar           

5L  189071 4/29/10 70 12 18 30 25.7 4.3 520 2152 1593.1 354.39 

3rd 

molar           

6L  190708 3/6/10 70 12 18 24.2 20.8 3.4 354 1429 947.87 244.57 

2nd 

molar           

7L  198702 10/20/10 66 9 15.815 29.3 26.2 3.1 496 2760 1690.28 586.32 -                   

8L  110783 5/8/10 68 13 16.041 30.5 26.8 3.7 1281 3010 2524.65 352.23 

3rd 

molar           
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9L  193649 7/30/10 66 9 15.815 31.1 25.1 6 760 2708 1902.35 558.83 

3rd 

molar           

10L 175401 8/26/09 70 12 18 33.9 30.6 3.3 530 1714 1194.58 320.41 -                   

“Table 9 Continued” 

Table 10: Group 3B  

#/S Chart # 

Exp 

Date 

Area of 

ONJ V A 

Exp 

Time Ht 

Ht to 

Cortical 

Cortical 

Ht 

Min 

Den 

Max 

Den Average SD Note 

1L 174050 1/9/10 #18/19 66 9 15.815 23.4 19.6 3.8 753 2302 1436.6 371.24 

3rd 

molar           

2R 171529 11/9/12 #30/31 68 11 18 27.5 24.2 3.3 427 1800 1345.3 224.38 - 

3L 196568 6/15/11 

distal 

retromalar 70 12 18 33.2 28.4 4.8 897 1887 1449.7 140.13 

hyoid 

bone          

4 R 190141 6/27/12 #30 66 14 15.815 34.2 31.3 2.9 1413 2976 2179.2 439.8 

2nd 

molar           

5L  189071 5/24/12 #18/19 68 11 18 30.5 26 4.5 696 2345 1791.2 364.35 

3rd 

molar           

6L 190708 9/4/13 Mand 70 12 18 24.9 22 2.9 625 1539 1251.7 176.82 

2nd 

molar           

7R 198702 8/13/12 site of #32 70 12 18 27.3 24 3.3 898 2289 1639.5 342.95 -                   

8L 110783 3/21/13 

mylohyoid 

ridge 70 12 18 29 24.5 4.5 703 1972 1592.6 234.15 -                   

9R 193649 10/7/12 #30 70 12 18 31.5 26.8 4.7 608 2210 1682.3 394.67 

3rd 

molar           

10L 175401 6/13/11 

#19 

buccal 70 12 18 33.9 30.3 3.6 765 1625 1241.1 164.96 -                   

11L 221393 1/17/12 Mand 66 11 15.815 22.1 1132 2295 1587.3 338.77 -                   

12R 220662 12/15/11 #32 70 12 18 34.7 31.3 3.4 452 1895 1389.5 315.4 -                   

13R 234654 3/10/12 #31 66 9 15.815 25.6 22.9 2.7 875 2881 1948.2 671.97 

3rd 

molar           

14R 212538 7/19/11 #29 66 9 15.815 21.7 703 1805 1443.2 215.75 -                   

15R 225815 4/4/12 Mand 68 13 15.815 27.9 25.9 2 672 3075 2184.7 545.99 -                   

16L 201485 12/15/10 Mand 68 13 15.594 24.4 275 2847 1965.4 694.29 -                   
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Statistical Test: 

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

groups. The significant level was set at 5%, p-value equal or less than 0.05. 
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Chapter (3) 

Results 

The maximum and minimum densities, averages and standard deviations were 

compared on both sides of the mandible between the” at risk group” (group 2) and the 

controls (group 1). There was no significant difference found between the two (p value 

> 0.05). (See Table 11 & 12) 

Table 11: Comparison across the patients between group 2 and group 1 right sides 
using t-test  

R side T Stat P(T<=t) one-tail t Critical one-tail P(T<=t) two-tail t Critical two-tail 

Min Den -1.737 0.047 1.706 0.094 2.056 

Max Den -0.465 0.323 1.706 0.646 2.056 

Average -0.414 0.341 1.706 0.682 2.056 

       SD    0.178 0.430 1.706 0.860 2.056 

 

Table 12: Comparison across the patients between group 2 and group 1 left sides 
using t-test 

L side T Stat P(T<=t) one-tail t Critical one-tail P(T<=t) two-tail t Critical two-tail 

Min Den -1.737 0.047 1.706 0.094 2.056 

Max Den 1.024 0.158 1.706 0.315 2.056 
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Average 0.245 0.404 1.706 0.808 2.056 

       SD   0.590 0.280 1.706 0.560 2.056 

“Table 12 Continued” 

The same results obtained when comparing the “at risk group” (group 2) to 

group 3A, right and left sides of the mandible. The results were not significant. (See 

Table 13 &14) 

Table 13: Comparison across the patients between group 2 and group 3A right 
sides using t-test 

R side T Stat P(T<=t) one-tail t Critical one-tail P(T<=t) two-tail t Critical two-tail 

Min Den -0.593 0.281 1.740             0.561 2.110 

Max Den 0.314 0.379 1.740 0.758 2.110 

Average 0.742 0.234 1.740 0.468 2.110 

       SD    0.317 0.377 1.740 0.755 2.110 

 

Table 14: Comparison across the patients between group 2 and group 3A left sides 
using t-test 

L side T Stat P(T<=t) one-tail t Critical one-tail P(T<=t) two-tail t Critical two-tail 

Min Den -1.114 0.140 1.740 0.281 2.110 

Max Den -0.009 0.497 1.740 0.993 2.110 

Average -0.033 0.487 1.740 0.974 2.110 

       SD   0.408  0.344 1.740 0.689 2.110 
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Student t-test used to compare the area of BRONJ in group 3B and “at risk 

group” (group 2). No statistical significant differences found with comparing the 

minimum density, maximum density, average and standard deviation (p-value > 0.05). 

(See Table 15) 

Table 15: Comparison across the patients between group 2 and group 3B using t-
test 

 T Stat P(T<=t) one-tail t Critical one-tail P(T<=t) two-tail t Critical two-tail 

Min Den -1.581 0.062 1.697 0.124 2.042 

Max Den 0.367 0.358 1.697 0.716 2.042 

Average 1.292 0.103 1.697 0.206 2.042 

       SD    0.586 0.281 1.697 0.562 2.042 

The minimum density, maximum density, average, and standard deviation 

compared between group A3 and the controls on both sides of the mandible. No 

significant differences were found. (See Table 16 &17) 

Table 16: Comparison across the patients between group 3A and group 1 right 
sides using t-test 

 R side T Stat P(T<=t) one-tail t Critical one-tail P(T<=t) two-tail t Critical two-tail 

Min Den 0.349 0.366 1.740 0.731 2.110 

Max Den 0.476 0.320 1.740 0.640 2.110 

Average 0.710 0.244 1.740 0.487 2.110 

       SD   0.094 0.463 1.740 0.926 2.110 
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Table 17: Comparison across the patients between group 3A and group 1 left sides 
using t-test 

L side T Stat P(T<=t) one-tail t Critical one-tail P(T<=t) two-tail t Critical two-tail 

Min Den 0.289 0.388 1.740 0.776 2.110 

Max Den -0.705 0.245 1.740 0.490 2.110 

Average -0.237 0.408 1.740 0.815 2.110 

       SD    0.025 0.490 1.740 0.980 2.110 

The same variables compared between group A3 and the BRONJ lesions on B3. 

The results were not significant. (See Table 18) 

Table 18: Comparison across the patients between group 3A and group 3B using t-
test 

 T Stat P(T<=t) one-tail t Critical one-tail P(T<=t) two-tail t Critical two-tail 

Min Den -0.109 0.457 1.697 0.914 2.042 

Max Den 0.287 0.388           1.697 0.776 2.042 

Average    0.731 0.235 1.697 0.470 2.042 

       SD    0.157 0.438 1.697 0.876 2.042 

No significant differences found when comparing the minimum density, 

maximum density, average and standard deviation between group 3 B and the controls. 

(See Table 19) 

Table 19: Comparison across the patients between group 3B and group 1 using t-
test 

Side T Stat P(T<=t) one-tail t Critical one-tail P(T<=t) two-tail t Critical two-tail 
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Min Den 0.348 0.365 1.697 0.730 2.042 

Max Den 0.135 0.447 1.697 0.893 2.042 

Average 1.064 0.148 1.697 0.295 2.042 

       SD    0.091 0.463 1.697 0.928 2.042 

“Table 19 Continued” 

 Another comparison was done between the averages on the maximum densities 

and the averages of the minimum densities across the patients in each group.  

The average of the minimum densities on the right side across patients in each 

group (1, 2, and 3 A) and group 3B calculated. There is a clear trend that the minimum 

densities in group 2 is the highest and it is lower in group 3A and 3B but still higher 

than the control group. (See Table 20 & 21) 

Table 20: The average minimum densities on the right sides across patients in each 
group (1, 2, 3A) and group 3B 

Group/ Patient # Group 1 Group 2 Group 3A Group 3B 

1  830 936 725 753 

2  806 827 1412 427 

3  350 646 978 897 

4  857 617 257 1413 

5  804 729 707 696 

6  946 831 385 625 
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7  759 820 751 898 

8  593 1064 988 703 

9  594 1023 777 608 

10  - 1083 710 765 

11  - 737 - 1132 

12  - 1036 - 452 

13  - 643 - 875 

14  - 678 - 703 

15  - 848 - 672 

16  - 995 - 275 

17  - 837 - - 

18  - 636 - - 

19  - 1165 - - 

Averages  726.56 850.05 769.00 743.38 

“Table 20 Continued” 
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Table 21: The average minimum densities on the right sides across patients in each 

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

 

In the chart above, it is clear that the minimum density is highest in the patients 

who take BPs drugs than the patients with no BPs exposure. In addition, as BRONJ 

developes, the minimum density decreses as in group 3A and 3B   

 When comparing the average minimum densities on left side across patients in 

each group there was a clear trend that the patients on BPs (Group 2) had the highest 

value and it is lower in group 3A and 3B but still higher than the control group. (See 

Table 22 & 23) 
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Table 22: The average minimum densities on the left sides in each group (1, 2, 3A) 
and group 3B 

Group/ Patient # Group 1 Group 2 Group 3A Group 3B 

1  482 968 616 753 

2  770 843 1181 427 

3  455 661 1087 897 

4  1217 705 353 1413 

5  755 1082 520 696 

6  896 571 354 625 

7  426 722 496 898 

8  448 1181 1281 703 

9  641 815 760 608 

10  - 805 530 765 

11  - 882 - 1132 

12  - 634 - 452 

13  - 817 - 875 

14  - 861 - 703 

15  - 957 - 672 
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16  - 969 - 275 

17  - 847 - - 

18  - 727 - - 

19  - 977 - - 

Averages  676.67 843.37 717.80 743.38 

“Table 22 Continued” 

Table 23: The average minimum densities on the left sides in each group (1, 2, 3A) 
and group 3B 

 

The chart above explain the trend very clearly, the highest average minimum 

density on the left side is in group 2 while the lowest is in the patients with no BPs 

exposure. In the pre-BRONJ and the BRONJ groups the average minimum density is 

lower than group 2 but still higher that the controls.  
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The average of the maximum densities on the right side in each group was 

calculated. The value was highest in group 3B than group 2 and 3A and lowest in the 

control group. (See Table 24 & 25)  

Table 24: The average maximum densities on the right sides in each group (1, 2, 3 
A) and group 3B. 

Group/ Patient # Group 1 Group 2 Group 3A Group 3B 

1  2729 2889 1819 2302 

2         2132 3565 2784 1800 

3  1320 2020 1807 1887 

4  2404 2130 1827 2976 

5  2377 1698 2246 2345 

6  1937 2095 1339 1539 

7  1454 1618 2876 2289 

8  1924 1595 2853 1972 

9  2424 2816 2650 2210 

10  - 2042 1714 1625 

11  - 3013 - 2295 

12  - 1531 - 1895 

13  - 1534 - 2881 

14  - 2132 - 1805 
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15  - 1932 - 3075 

16  - 2082 - 2847 

17  - 1681 - - 

18  - 2982 - - 

19  - 2112 - - 

Averages  2077.89 2182.47 2191.50 2233.94 

“Table 24 Continued” 

Table 25: The average maximum densities on the right sides in each group (1, 2, 3 
A) and group 3B 
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 As explained earlier, the chart above shows a clear trend that the patients on 

BPs, either with BRONJ or without, have higher average maximum density on the right 

side that the patients who were never exposed to BPs 

When calculating the average of the maximum densities on the left sides in each 

group, it was highest in group 1 than the other groups. (See Table 26 & 27)  

Table 26: The average maximum densities on the left sides in each group (1, 2, 3A) 
and group 3B 

Group/ Patient # Group 1 Group 2 Group 3A Group 3B 

1  2150 2578 1766 2302 

2  1679 2800 2715 1800 

3  1917 1982 1812 1887 

4  3263 1926 1686 2976 

5  2502 1576 2152 2345 

6  2321 1785 1429 1539 

7  2539 2207 2760 2289 

8  2715 2573 3010 1972 

9  2029 2197 2708 2210 

10  - 1645 1714 1625 

11  - 2754 - 2295 

12  - 1373 - 1895 
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13  - 1378 - 2881 

14  - 2685 - 1805 

15  - 2105 - 3075 

16  - 2370 - 2847 

17  - 2534 - - 

18  - 2605 - - 

19  - 1793 - - 

Averages  2346.11 2150.84 2175.20 2233.94 

“Table 26 Continued” 

Table 27: The average maximum densities on the left sides in each group (1, 2, 3A) 
and group 3B 
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The average maximum density on the left side is highest in the control group. It 

cannot be fully explained. The teeth presented in the area of analysis could influence it.  

We decided to do further analysis by dividing group 3B to two sub-groups, 

group 3AB and group 3BB. Group 3AB included 10 panoramic radiographs of the 

patients in group 3A after developing the BRONJ, while group 3BB included 6 

panoramic radiographs of the patients who already have BRONJ at the beginning of the 

data collection. The average minimum density and the average maximum density 

calculated and compared by column chart. (See Table 28 & 29) 

Table 28: The average minimum densities on the right sides across patients in each 
group (1, 2, 3A) and sub- groups 3AB and 3BB  
 

Group/ Patient # Group 1 Group 2 Group 3A Group 3AB Group 3BB 

1  830 936 725 753 1132 

2  806 827 1412 427 452 

3  350 646 978 897 875 

4  857 617 257 1413 703 

5  804 729 707 696 672 

6  946 831 385 625 275 

7  759 820 751 898 - 

8  593 1064 988 703 - 

9  594 1023 777 608 - 

10  - 1083 710 765 - 

11  - 737 - - - 

12  - 1036 - - - 

13  - 643 - - - 

14  - 678 - - - 
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15  - 848 - - - 

16  - 995 -  - 

17  - 837 - - - 

18  - 636 - - - 

19  - 1165 - - - 

Averages  726.56 850.05 769.00 778.5 684.8 

“Table 28 Continued” 

Table 29: The average minimum densities on the right sides in each group (1, 2, 
3A) and sub-groups 3AB and 3BB 

 

The average of the minimum densities on the right side is higher in group 3AB 

than in group 3 BB which could be explained by the leakage of the BPs from the bone 

as the BRONJ develops leading to osteoporosis like lesions with low bone densities. 

The same results found when comparing the average minimum densities on the 

left side. Higher average minimum bone densities found in group 3AB than in group 

3BB. (See Table 30 &31)  
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Table 30: The average minimum densities on the left sides in each group (1, 2, 3A) 
and sub-groups 3AB and 3BB 

Group/ Patient # Group 1 Group 2 Group 3A Group 3AB Group 3BB 

1  482 968 616 753 1132 

2  770 843 1181 427 452 

3  455 661 1087 897 875 

4  1217 705 353 1413 703 

5  755 1082 520 696 672 

6  896 571 354 625 275 

7  426 722 496 898  

8  448 1181 1281 703  

9  641 815 760 608  

10  - 805 530 765  

11  - 882 -   

12  - 634 -   

13  - 817 -   

14  - 861 -   

15  - 957 -   

16  - 969 -   

17  - 847 - -  

18  - 727 - -  

19  - 977 - -  

Averages  676.67 843.37 717.80 778.5 684.8 
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Table 31: The average minimum densities on the left sides in each group (1, 2, 3A) 
and sub-groups 3AB and 3BB 

 

When comparing the average maximum densities on the right side, group 3BB 

has higher bone densities than group 3AB. This could be explained by the hypothesis 

that the average maximum bone densities increases as the patient develops BRONJ. 

(See Table 32 &33) 

Table 32: The average maximum densities on the right sides in each group (1, 2, 3 
A) and sub- groups 3AB and 3BB 
 
Group/ Patient # Group 1 Group 2 Group 3A Group 3AB Group 3B 

1  2729 2889 1819 2302 2295 

2         2132 3565 2784 1800 1895 

3  1320 2020 1807 1887 2881 

4  2404 2130 1827 2976 1805 

5  2377 1698 2246 2345 3075 

6  1937 2095 1339 1539 2847 
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7  1454 1618 2876 2289 - 

8  1924 1595 2853 1972 - 

9  2424 2816 2650 2210 - 

10  - 2042 1714 1625 - 

11  - 3013 - - - 

12  - 1531 - - - 

13  - 1534 - - - 

14  - 2132 - - - 

15  - 1932 - - - 

16  - 2082 - - - 

17  - 1681 - - - 

18  - 2982 - - - 

19  - 2112 - - - 

Averages  2077.89 2182.47 2191.50 2094.5 2466.3 

“Table 32 Continued” 
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Table 33: The average maximum densities on the right sides in each group (1, 2, 
3A) and sub-groups 3AB and 3BB 

 

The same results were found when comparing the average maximum densities on the 

left side. (See Table 34 & 35) 

Table 34: The average maximum densities on the left sides in each group (1, 2, 3A) 
and sub-groups 3AB and 3BB 
 

Group/ Patient # Group 1 Group 2 Group 3A Group 3AB Group 3BB 

1  2150 2578 1766 2302 2295 

2  1679 2800 2715 1800 1895 

3  1917 1982 1812 1887 2881 

4  3263 1926 1686 2976 1805 

5  2502 1576 2152 2345 3075 

6  2321 1785 1429 1539 2847 

7  2539 2207 2760 2289  

8  2715 2573 3010 1972  
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9  2029 2197 2708 2210  

10  - 1645 1714 1625  

11  - 2754 -   

12  - 1373 -   

13  - 1378 -   

14  - 2685 -   

15  - 2105 -   

16  - 2370 -   

17  - 2534 - -  

18  - 2605 - -  

19  - 1793 - -  

Averages  2346.11 2150.84 2175.20 2094.5 2466.3 

“Table 34 Continued” 

Table 35: The average maximum densities on the left sides in each group (1, 2, 3A) 
and sub-groups 3AB and 3BB 
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Chapter (4) 

Discussion 

Bisphosphonates are synthetic compounds with a chemical structure similar to 

that of inorganic pyrophosphate, an endogenous regulator of bone mineralization. (50) 

While pyrophosphate is comprised of two phosphate groups linked by 

phosphoanhydride bonds (P-O-P structure), BPs are comprised of two phosphonate 

groups linked by phosphor-ether bonds (P-C-P structure). There are two main types of 

BPs: Nitrogen containing (alendronate (ALN), risedronate, pamidronate) and non-

nitrogen containing (etidronate, tiludronate). (50) BPs act almost exclusively on bone 

when administered at physiological doses because of specific affinity to bone, where 

they deposit both in newly formed bone and in proximity to the osteoclasts. BPs act on 

bone through several mechanisms simultaneously. They can both decrease osteoclast 

activity and decrease osteoclast numbers. The first is exemplified by internalization by 

osteoclasts, causing disruption of osteoclast-mediated bone resorption, (50, 51) the 

second by inhibiting osteoclast recruitment and accelerating programmed cell death 

(apoptosis) of osteoclasts, thus reducing osteoclast numbers. Both mechanisms lead to 

reduction of bone resorption and to a decrease in bone turnover. (50, 52) In molecular 

terms, one of the major actions of BPs is the inhibition of the enzyme farnesyl 

diphosphate synthase, causing several cytoskeletal alterations, reducing the bone 

resorption capacity of the osteoclasts and inducing apoptosis of those cells. (51, 53, 54) 

The half-life of BPs in the circulation is quite short, ranging from 30 min to 2 h. 

(55) The presence of nitrogen in their formulation makes their metabolization difficult, 
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therefore, once incorporated into bone tissue, they can persist for up to 10 years, 

depending on the skeletal turnover time (55, 56) and hence, prolonged action. (57) This 

explains why single or short courses of intravenous injections can be effective for a long 

time in the management of Paget's disease (55) and the cumulative effects are visible 

even when the patient is not using BP therapy. 

These drugs come in both intravenous and oral forms. The cumulative incidence 

of avascular BRONJ ranges from 0.8 to 12%. It is more often related to the IV monthly 

administration, and for a period longer than 3 years; which is more common in the 

treatment of hypercalcemia secondary to malignant tumors; to bone metastases from 

breast, prostate, and lung cancer; and to osteolytic diseases, such as multiple myeloma. 

The risk of developing BRONJ appears to be very low and is estimated to occur in 

approximately 0.01 to 0.04% with oral bisphosphonates. (58) 

Osteonecrosis of the jaw (ONJ) was the first term used to identify the condition 

in 2003. The cause of the condition was not clear at that time. Osteonecrosis of the jaw 

(ONJ) associated with anti-resorptive therapy deserves distinction from other causes 

and diseases/medications associated with the development of osteonecrosis. Various 

terminologies have been applied to ONJ secondary to bisphosphonates, including: 

“bisphosphonate-related osteonecrosis of the jaw” (BRONJ), “bisphosphonate-induced 

osteonecrosis of the jaw” (BIONJ), and “bisphosphonate- associated osteonecrosis of 

the jaw” (BONJ). Bisphosphonate-associated osteonecrosis (BON) originated in a paper 

published in the Journal of the American Dental Association (ADA) in 2005 but 

nomenclature of the condition has continued to evolve. (59) 
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Non-bisphosphonate anti-resorptive agents are now available. Denosumab 

(ProliaTM) was approved by the U.S. Food and Drug Administration (FDA) for the 

treatment of women with postmenopausal osteoporosis. Denosumab reduces bone 

resorption by inhibiting osteoclast function. The osteoclast targeting and end result is 

similar to bisphosphonates. (60) BRONJ has been reported in a cancer patient taking 

denosumab. (61) Other anti-resorptive agents, including cathepsin K inhibitors, could 

also prove to be associated with BRONJ. Therefore, we propose that all cases of 

BRONJ related to the administration of anti-resorptive therapeutic agents be termed 

anti-resorptive agent-induced ONJ (ARONJ). This term will encompass bisphosphonate 

associated/induced cases as well as cases associated with the use of other anti-resorptive 

agents. (62) The panel acknowledges that this condition has a history of variable and 

confusing terminology. The panel also acknowledges that there is limited information 

about denosumab and cathepsin K inhibitors. In addition, no cases of ONJ have been 

reported in patients taking the anti-resorptive medications known as SERMS, selective 

estrogen receptor modulators, now called estrogen agonists/antagonists. (62) The term 

BRONJ will be used in this paper as the pathogenesis behind the disease is still 

inconclusive. 

Various medical associations and research societies have defined BRONJ. To 

differentiate from other bone pathologies, the following working definition of avascular 

BRONJ has been adopted by the American Association of Oral and Maxillofacial 

Surgeons (AAOMS). (63) Patients may be considered to have BRONJ in the presence 

of all the following three characteristics: 1) Previous or current treatment with a BP; 2) 

exposed, necrotic bone in the maxillofacial region that has persisted for more than 8 
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weeks; and 3) no history of radiation therapy in the region. In a paper published by the 

ADA in Nov 2011 the same criteria accepted but extend the criteria to patients taking 

any anti-resorptive agent, rather than being restricted to a bisphosphonate. (62) 

Despite the various benefits, BP-related osteoradionecrosis of the jaws (BRONJ) 

is a significant complication in-group of patients receiving these drugs. BRONJ has 

adverse effects on patient’s lives. The literature is often times weak in the predictors. It 

would be ideal to be able to predict the occurrence of BRONJ so that prevention 

methods can be applied. The aim of this study is to evaluate if there are differences in 

the digital panoramic radiograph’s bone density between the normal, at risk, and patient 

with BRONJ so that it can help in prediction of the occurrence of BRONJ in the future. 

Since the incidence of BRONJ is very low in the population, small sample will 

be convenient to study the predictors of the disease. The ideal study design should 

include digital panoramic radiographs of multiple myeloma (MM) patients from multi-

cancer centers through-out the United States in which the radiographs should be taken 

under similar conditions. In this study, patients with multiple myeloma were chosen 

because the BRONJ has the higher incidence in this group of patients and since their 

records were available to the conductor of the study. The sample was taken from one 

cancer center, University of Maryland Marlene and Stewart Greenebaum Cancer Center 

Baltimore patients who have files in University of Maryland Baltimore School of 

Dentistry. We did not include patients from multi-centers because of the difficulties to 

access them and lack of consent of evaluation. In addition, the radiographs could be 

taken with different machines, which could complicate the analysis. We did recognize 

that getting patients from multi-centers could help in increasing the sample size, which 
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could lead to more accurate results. All subjects and their deidentifies images were 

included in the study, which was fully approved by human research protection office 

through institutional review board approval (IRB). 

The risk of BRONJ in patients taking bisphosphonates may depend on the dose 

of medication, the length of time it is taken and the route of administration. BRONJ has 

a higher prevalence in patients taken IV bisphosphonates than in patients who are on 

oral bisphosphonates. All the patients included in the study were on an IV 

bisphosphonate therapy because of the chance to detect differences in the bone densities 

in IV patients is higher. In this study there was no information about the type, the dose, 

and the length of time of the bisphosphonate therapy, which could have valuable effect 

on the results. In addition, the medical history and the medications taken by the patients 

were not control, un-control variables, which could affect the results.  

Study design was a convenience study based on several criteria for inclusion: 

adults with multiple myeloma, 18-64 years old, on IV Bisphosphenate therapy and 

developed BRONJ. All the subjects had a full oral evaluation supported by digital 

panoramic radiographs. For the control group, the inclusion criteria included patients 

with no cancer, and no history of bisphosphonate therapy who had a full oral evaluation 

supported by digital panoramic radiographs. The subjects of interest were divided into 4 

groups to accept or reject the null hypothesis. We suspected that the patients who have 

BRONJ had different bone densities that the patients at risk or the controls. In addition, 

we were interested to find if there is any differences in bone densities between the 

patients who are on BP therapy but did not develop BRONJ and the controls. As a 

results the patients were divided in four groups: control (group 1), at risk, patients who 
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are on BPs but never developed BRONJ (group 2), patients who are on BP with no 

BRONJ initially (group 3A), and patients with BONJ which include the late radiographs 

of the patients in group 3A in addition to the radiographs of the patients who always had 

the BRONJ (group 3B). We tried to match the age of the patients and only include the 

patients between 38-83 years. The controls were picked from the same population, 

University of Maryland Dental School patients who matched the age of the other 

groups. They do not have multiple myeloma and are not on BP therapy. They had 

acceptable panoramic digital radiographs, according to the criteria of the University 

mentioned earlier. 

 BRONJ is most commonly developed in the bone of the jaws, the mandible 

more common than the maxilla. (64) The osteonecrosis of other skeletal bones due to 

BPs usage has not been reported. The unique environment of the oral cavity could 

explain why the maxilla and mandible are solely involved. The jaws have a greater 

blood supply than other bones and a faster turnover rate related to their daily activity 

and presence of teeth, therefore, BPs are highly concentrated in jaws. (65) It can be 

hypothesized that patients who have received long-term BP therapy may have a 

compromised blood supply to their maxilla and mandible. When dental extractions are 

performed on this group of patients, the open bony wound with a compromised healing 

ability cannot cope with the presence of oral micro-flora due to which the extraction 

wound, then, becomes infected and progresses into osteomyelitis. It then develops into 

osteonecrosis. (66) It should be noted that all other bones in the skeleton are well 

enclosed in the soft tissue and thus protected from a resident micro-flora. (50) Since the 

dentist deals more with the jaws, diagnosis of the BRONJ mostly done by the dentists. 



 

52 
 

Different radiographical methods used to detect BRONJ such as panoramic radiographs, 

Computed tomography (CT), cone beam computed tomography (CBCT), and magnetic 

resonance imaging (MRI). Panoramic radiographs orthopantomography (OPG) cannot 

adequately distinguish between osteonecrosis and metastatic osteoblastic lesions, but is 

useful when a combination of osteolysis and osteosclerosis is present (osteosclerosis is 

found in chronic osteomyelitis). The two-dimensional image quality renders difficulty 

in differentiating the margins between necrotic and healthy bone, with the result that 

early lesions can be missed. However, consensus suggests conventional radiographs 

should be used first-line as part of routine radiologic investigation. (67) On the other 

hand, CT accurately detects alterations inside the bone, periosteal reactions, and soft 

tissue alterations. In patients with BRONJ, CT can diagnose osteolytic and 

osteosclerotic regions, depending on the stage of the disease. More dense bone 

characterizes the necrotic area and more lytic areas illustrate the infected regions with 

pus and soft tissue swelling. The differentiation between malignant metastatic osteolysis 

and benign osteolysis may be difficult with CT. An alternative to CT, Cone beam 

computed tomography (CBCT) has gained increased acceptance as a three-dimensional 

imaging modality (68, 69) particularly in the maxillofacial bone area. (70, 71) This is a 

relatively new technique that uses lower radiation dosages, and has a higher spatial 

resolution than conventional CT, providing improved image quality (especially for 

cancellous bone). (72) CBCT is not a good tool for diagnosis of BRONJ. In patients 

with complicating clinical factors, fat-suppressed contrast-enhanced T1-weighted 

Magnetic resonance imaging (MRI) has been shown to be significantly more sensitive 

than scintigraphy and significantly more specific than non-enhanced MRI or 
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scintigraphy in diagnosing osteomyelitis. (73) Radiographic density is a measure of the 

degree of film darkening.  Technically it should be called "transmitted density" when 

associated with transparent-base film since it is a measure of the light transmitted 

through the film. Radiographic density is the logarithm of two measurements: the 

intensity of light incident on the film (I0) and the intensity of light transmitted through 

the film (It). Film density is measured with a densitometer. A densitometer simply has a 

photoelectric sensor that measures the amount of light transmitted through a piece of 

film. The film is placed between the light source and the sensor and a density reading is 

produced by the instrument. In this study we are measuring the maximum and 

minimum densities in pixels. In a study done by TE Reeves, P Mah, and WD McDavid 

in 2012, the effectiveness of deriving Hounsfield units using grey levels in two CBCT 

systems was investigated. Grey levels, which are not actual Hounsfield units, make it 

difficult to assess bone quality from a CBCT data set. A method, that converts grey 

levels taken from CBCT data sets into Hounsfield units, standardized and allowed 

comparison of bone quality from machine to machine within a small range. The results 

have demonstrated that the grey levels taken from CBCT scans can be used to derive 

Hounsfield units in a clinical environment.  

BRONJ is an intractable disease once it occurs, (74) and prediction of the 

BRONJ is therefore very important to manage the disease. Finding simple prediction 

methods from the procedures we are already performing in regular dental examination 

will be highly cost beneficent. Radiographs are taken in almost every dental 

examination and it would be ideal to predict the future occurrence of BRONJ from the 

radiographs. Various attempts at early detection of BRONJ have been made. 
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Radiological imaging techniques are effective tools for detection of BRONJ. To date, 

only few studies have been dedicated to the relevance of radiological imaging in cases 

of BRONJ. Most of the studies are aimed at describing the different radiological 

findings, which are related to the pathology of BRONJ. No studies have been done to 

find the relationship between the bone densities in the radiographs and evaluate 

prediction of BRONJ. Therefore, this study was conducted to evaluate if there is a 

difference in bone density in the digital panoramic radiographs between patients with no 

BRONJ, patients at risk of BRONJ, and BRONJ patients. 

Digital panoramic radiographs were chosen because it is the most often used 

radiological imaging technique in dental examination and because of its reasonable cost. 

It was used in all the groups of the study. Most of the studies done before aimed to 

approve that panoramic radiograph often showed persisting tooth sockets after 

extractions in cases of BRONJ (62). In advanced stages, an osteonecrosis appeared as 

an irregular area of osteosclerosis with a cotton-wool-like appearance. Moreover, 

osteolysis with a central portion of separated bone (sequestrum) is often present. The 

most common finding in bisphosphonate-associated osteonecrosis was osseous 

sclerosis, which varied from subtle thickening of the lamina dura and alveolar crest to 

attenuated osteopetrosis-like sclerosis (62). No studies measured the actual bone density 

in the panoramic radiographs and related it to the BRONJ. In this study the angle of the 

mandible on both sides were chosen to measure the bone density because this is the 

most common site for the occurrence of the BRONJ. 

 When the comparison was done between group 3B, patients with BRONJ, and 

the other groups the area of the BRONJ was neglected and the angle of the mandible 
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was measured, it might be more logical to do the comparison between the area of the 

actual BRONJ and the same area on the other groups to get a significant results. In 

addition, considerable numbers of the panoramic radiographs used in the study have 

obstacles in the area of interest, for example the third molar or hyoid bone, which was 

mentioned in the data collection and which could affect the results by changing the 

average density values. The radiolucency in this area could be multiple myeloma lesion, 

or blood vessels such as Baston’s venous plexus. In addition, it could be differences in 

the appearance of the IAV that will affect the density. These are uncontrollable 

variables that could affect the results of the study. In the future, controlling these 

variables or excluding the radiographs with obstacles from the study might change the 

results.  

Furthermore, the study was a retrospective study for previously taken digital 

panoramic radiographs with different voltage and current and exposure time, which may 

in a way or another effects the results. In the future, it would be better to conduct the 

same study on a group of panoramic radiographs taken under the same condition, 

voltage, current, and exposure time.  

In the future, the use of more advanced computer programs in detecting the bone 

densities, could lead to better analysis and more accurate results.  Bone J program 

presents several advantages to users of bone morphometry software. It integrates with 

Image J’s diverse plugin ecosystem, so a customizable series of processes can be 

performed to get experimental results from a wide range of image file formats without 

switching between programs or platforms. (75) Furthermore, a sequence of image 

processing steps can be automated with a macro and applied to a batch of images, 
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improving workflow by reducing time spent manually executing commands. Bone J is 

written in the Java programming language, (76) so wherever there is a Java runtime 

environment (JRE), Image J and Bone J can be used. JRE’s are commonly installed on 

Microsoft Windows, Unix and Unix-like operating systems (including Apple Mac OS X 

and GNU/Linux), making Bone J independent of the underlying operating system and 

system hardware.  

The results were analyzed using descriptive statistics such as the means and standard 

deviations and the t-test. We could get more information if we used more complicated 

statistical tests such as ANOVA.  We did not expected to find a significant results 

because of the sample size but because the study was the first to examine this 

hypothesis, we were only looking for trends that might not be statistically significant 

but can guide us in the future researches. After comparing the averages of the minimum 

and maximum densities across the patients on each side in each group, we found a clear 

trend that the minimum and maximum densities are highest in patients taking BPs and 

the minimum density decreases as they develop BRONJ. In addition, the averages of the 

minimum and maximum densities were higher in patients with BPs than the controls 

according to the data except the average of the maximum densities on the left side. The 

results could be influenced by the present of teeth in the area of analysis. In the future, 

moving the area of analysis further back in the mandible or excluding the data with 

teeth could improve the results. Furthermore, the future studies should investigate the 

actual details of each patient BPs therapy history because we suspected a decline in 

bone density as patients develop BRONJ. Furthermore, in the future if we could get a 
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good sample number, dividing the sample according to age or gender can be more 

informative. These data are beyond the scope of this research project. 
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Chapter (5) 

Conclusion 

In conclusion, there were no significant differences in bone density of the digital 

panoramic radiographs between patients at risk of BRONJ, having BRONJ, and normal 

patients. Although the data is not significant, the findings indicate a clear trend whereas 

the minimum and maximum densities are highest in individuals taking BPs and the 

minimum density value declines as BRONJ develops, as compared with the controls. 

Therefore, studies are required to definitively determine the diagnostic and prognostic 

value of simple radiographic imaging to predict the occurrence of BRONJ. 
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