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Abstract

Title of Thesis:

The Differences in Panoramic Bone Density betweisplibsphonates (BPs)
Patients with, without, or at Risk of Bisphosph@delated Osteonecrosis of the Jaw
(BRONJ).

Laila AL-Rasheed, Master of Science, 2014.
Thesis Directed by:

Dr. Timothy E. Meiller, DDS, PhD. Professor of Or#ledicine. General
Dentistry, University of Maryland School of Dentist
Background: Since late 2003, there have been numerous reporthe literature
illustrating the association between bisphosphonateand the appearance of avascular
necrosis of the jaws. Bisphosphonate-related ostgosis of the jaw (BRONJ)
represents a growing concern for oral- and maxtiaf practice. Although many studies
have been conducted in recent years evaluatingdhly manifestations of BRONJ, a
clearer understanding of the significance of eaalyiographic alterations could improve
the identification of patients at increased riskthbis disease and may help to guide
interventions. The purpose of this study is to carephe bone density of the posterior
mandible in the panoramic radiographs of patienth BRONJ, patients who received

bisphosphonate therapy and did not develop BRONdtiemis who received

bisphosphonate therapy and eventually developedNBR@nd controls.

Materials and Methods: A convenience sample, consisted of 54 digital pamdc
radiographs was divided in to four groups. Grouggdresented controls i.e. patients that
have never been exposed to bisphosphonates ofimshyakd Group 2 represented the “at
risk patients” i.e. received bisphosphonates bwenaeveloped BRONJ. Group 3A

consists of early panoramic radiographs of patirte are on bisphosphonate therapy



but at that time did not develop BRONJ. Group 3Bhes BRONJ group, including those
of 3A that went on to develop BRONJ and subjectt firesented with BRONJ. The
radiographs were evaluated using Planmeca Romefisvase fully supported for

Windows operating system. The minimum and maximemsdy, averages and SD of the
bone at the angle of the mandible on the right thedeft sides were compared using t-

test.

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

radiographs between patients at risk of BRONJ, fpBRONJ, and normal patients.
Although the data is not significant, the findingglicate a clear trend whereas the
minimum and maximum densities are highest in irtiliais taking BPs and these values

decline as BRONJ develops, as compared with thealen

Conclusion: More studies are required to definitively deterenithe diagnostic and

prognostic value of simple radiographic imagingedates to the problem of BRONJ.
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Chapter (1)

Introduction

Bisphosphonates, orally or parenterally administerepresent a class of drugs
that affect the bone metabolism, interfering nayomith the biological activity of the
osteoclasts, but also with the normal endothelialdver at the level of oral tissues (1,
2). In addition to its antiresorptive activity, dtes have shown that ZOL (and other
BPs) can inhibit several steps involved in angi@ge (3) an important process
involved in tumor growth and progression. For exbBmpa preclinical study
demonstrated that BPs (ie, ZOL, ibandronate, risgate and clodronate) decreased
proliferation and capillary-like tube formation andduced apoptosis in human
umbilical vein endothelial cells (HUVECS). (4) Addnally, in a small clinical study (n
= 26) of patients with bone metastases from soldars, repeated low doses of ZOL (1
mg q week x 4, 4 mg g 28 d x 3) produced signifi¢an< 0.01) decreases in vascular
endothelial growth factor (VEGF) levels. (5) Notahthese effects were observed early
and were long-lasting. Taken together, these sfudieggest that ZOL has
antiangiogenic properties, which might translateclimical anticancer activity. The
biological action of bisphosphonates leads to aced formation of bone multicellular
units, which are formed by small islands of ostastd, osteoblasts and adjacent blood
vessels (6). Medical treatment with bisphosphodatgs, potent anti-resorptive agents,
has become standard practice in benign and maligtiaeases involving excessive
bone resorption, such as bone lesions of multipkeeloma and metastatic bone

diseases. (7) Other diseases, such as osteopodiss, are being treated with



bisphosphonates. (8) Recently, bisphosphonates baea used to treat pediatric

patients with osteogenesis imperfecta. (9)

Oral bisphosphonates, such as alendronate and@isee, are approved to treat
osteoporosis and are frequently used to treat pstea as well. (10) They are also used
for a variety of less common conditions such asePagdisease of bone, and
osteogenesis imperfecta of childhood. (11, 12) &ytfie most prevalent and common
indication, however, is osteoporosis. (13) Intraue bisphosphonates, such as
pamidronate and zoledronate, are primarily used effettive in the treatment and
management of cancer-related conditions. Thesadedhypercalcemia of malignancy,
skeletal-related events associated with bone naststin the context of solid tumor
such as breast cancer, prostate cancer, and luegrgand in the management of lytic
lesions in the setting of multiple myeloma. (14, 16, 17, 18) The IV bisphosphonates
are effective in preventing and reducing hyperaalee stabilizing bony pathosis, and
preventing fractures in the context of skeletalolrement. While they have not been
shown to improve cancer-specific survival, they éndénad a significant impact on the

quality of life for patients with advanced candattinvolves the skeletal system. (19)

Since late 2003, there have been numerous repotteeiliterature illustrating
the association between bisphosphonate use arapfp®sarance of avascular necrosis of
the jaws. (20). Bisphosphonate-related osteonexiafsihe jaw (BRONJ) represents a
growing concern for dentists and the oral- and fted#&cial practice. BRONJ can
severely affect quality of life and can even becdheemajor concern of cancer patients
because of pain, difficulties in performing oralghgne and in eating. The characteristic
symptoms of BRONJ are a non-healing extraction stsckr exposed jaw bone with

2



progression to sequestrum formation associated dalized swelling and infection.
Currently, available published incidence data foRBNJ associated with [V
bisphosphonates range from 0.8% to 12%. On ther dthed, Correspondence with
Alastair Goss, DDSc (September 2006) reportedttieaestimated incidence of BRONJ
for patients treated weekly with oral bisphosphesas 0.01% to 0.04%. Based on the
above-cited data, the risk of BRONJ for patienterang IV bisphosphonates appears

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

The diagnostic criteria for BRONJ developed by #raerican Association of
Oral and Maxillofacial Surgeons (AAOMS) include &thry of bisphosphonate use,
absence of radiotherapy to the head/neck, and npzes# exposed bone in the maxilla
or mandible persisting for more than 8 weeks. {8 guidelines were revised in 2009
to include patients with stage O disease, chaiaetkras those with no evidence of
necrotic bone but with: 1) non-specific symptomshsias pain or odontalgia not
explained by odontogenic causes or dull aching Ipame; 2) clinical findings including
loosening of teeth not explained by chronic perigdb disease and/or
periapical/periodontal fistula not associated wpthipal necrosis due to caries; or 3)
radiographic findings including alveolar bone los®t attributable to chronic
periodontal disease, trabecular bone alteratiomtuding dense woven bone, and
persistent un-remodeled bone in extraction siteiskéning of the lamina dura, and
inferior alveolar canal narrowing.(21) Given thdrerely low prevalence of BRONJ in
patients treated with oral bisphosphonates, thaceli and radiographic features that

precede stages 1 to 3 BRONJ remain largely unknown.



Compared with other bones, the jaws have a highmicentration of
bisphosphonates and are therefore at greater riskosteonecrosis, because
bisphosphonates are preferentially deposited iasacé good blood supply and high
bone turnover. (22) Some signs and symptoms that e observed before the
development of clinically detectable osteonecrasdude pain, mobility of teeth,
mucosal swelling, erythema, and ulceration, whickyaccur spontaneously or at the
site of a dento-alveolar procedure. (19) HowevelROBIJ can also remain

asymptomatic for long periods in the absence @atdn.

Radiologic findings of BRONJ are not specific; thee of imaging examinations
could improve its early detection. Wide spectrumradiographic features have been
recently reported in BRONJ patients , includingesaiic areas, disorganized medullar
trabeculation, cortical disruption, dense ostegssis of the alveolar margins and
lamina dura, persisting in the alveolar socket rak&tractions, and small bone
sequestrations. (23, 24, 25, 26) In November 2MR&ha GC, Jaguar GC et. al.
compared the panoramic radiographs of two grougsaténts and found that patients
treated with zoledronate, an IV bisphosphonatesgmed a statistically significant
increase in the number of radiographic abnormalitempared to the patients that had
never been treated with bisphosphonate . Femalenpapresented significantly more
alterations than male patients, and the posteegion of the mandible was the most

affected region. (27)

Although the radiographic findings are not a pdrthe diagnostic criteria, they
provide valuable information to the clinician withgard to the course, magnitude, and
progression of the disease. Panoramic radiogrgmrspical radiography, computed
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tomography (CT), magnetic resonance imaging (MRHd nuclear bone scans are
among the imaging modalities that can be usedlitlentify the extent of the disease,

guide therapeutic options, and monitor the treatmesponse. These diagnostic tools
are also important in the differential diagnosisotifer pathologic processes that can be

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

Panoramic radiology is routinely used to image tred tissues of the
maxillofacial region and is a modality readily assble to the majority of oral health
care specialists. Compared with CT, both the ramhagxposure and financial cost of
maxillofacial panoramic radiology are substantidtiywer. (29). While CT has generally
demonstrated greater sensitivity in detecting BRQ@&Hlographic changes compared
with panoramic films (30, 31), the clinical utilitgf obtaining this data outside of
surgical planning has not been demonstrated. Funthre, in most dental settings, a
panoramic radiograph can be obtained and integbreféhin minutes at the time of
clinical examination. For these reasons, unlessrethare specific indications,
maxillofacial CT imaging is not routinely obtainémt evaluating patients with BRONJ,
or suspected BRONJ. (22) On the other hand, taeresome potential shortfalls in
interpreting panoramic radiographs. The anterigfioes of panoramic images are
particularly sensitive to patient positioning. Eveglatively small errors in patient
positioning may result in the anterior region bemgside the focal trough and thus
being poorly defined. Furthermore, changes in thdylof the bone may be difficult to
visualize in the panoramic view as the buccal amgull cortical plates may mask any

internal changes. (32)



Plain imaging findings include thickening of thenli@a dura, osteolysis, diffuse
sclerosis, and poor healing or non-healing of exima sites. (33, 34) The correlation of
the radiographic findings with the clinical findsdnas shown that patients with mild
BRONJ exhibit sclerosis at the alveolar margin witickening of the lamina dura.
There appears to be an increase in the degredenbsis as the clinical severity of the
disease progresses. In advanced disease, radiagmygtdence of narrowing of the
mandibular canal will be present, correspondinthéoparesthesia that patients might be
experiencing. (33) In Marx et al. report of 119 e®s73.1% demonstrated positive
radiographic findings that included osteolysiseostlerosis, and mixed lytic/sclerotic
lesions (35). Ruggiero et al reported radiograpti@nges of mottled bone and
osteolysis. (36). Groetz and Al-Nawas suggestet! ‘feasistent alveolar sockets’ is a
significant sign of BRONJ following dental extramti (37). Both persistent sockets and
sclerosis can be explained by bisphosphonate-imdastoclast inhibition, resulting in
suppressed bone turnover and remodeling but cadimineralization (38, 39). These
radiographic findings are not confined to the arefglinical involvement, because
these features have also been identified in patiefth osteonecrosis in quadrants in

which no bone is exposed. (40)

Oral bisphosphonates reduce osteoclast bone rasotptough cellular actions
causing increased osteoclast apoptosis and dimsishisbsteoclast function. These
pharmacologic effects have led many investigatorsdnsider disorders of impaired
osteoclast function as potential models in undedstey the pathogenesis of BRONJ.
(41, 42) Osteopetrosis is a bone disorder resuftioigp defects in osteoclast function

that presents with radiographic features similaB®ONJ. (42) Impaired osteoclast



action and abnormal bone remodeling in patienth w#teopetrosis result in increased
bone mass/density with dense trabecular and cbiimae, findings that may vary by
skeletal site because of known osteoclast hetesiyeri43) Thickening of the cortical
structures of the jaws, including the lamina durd walls of the mandibular canal, with
loss of cortico-medullary interfaces, has been mepo (44); the compromised
osteopetrotic bone may be brittle, has reduced wasty, and is susceptible to
infection. (45) Of additional interest are trandgemodent models showing that
normalizing osteoclast function in long bones doest necessarily result in
normalization of osteoclast function in the jawsiggesting that susceptibility to
osteoclast suppression may be site specific. [@®g¢dd, the high rate of alveolar bone
remodeling, coupled with chronic exposure to lodahtal inflammatory stimuli and
local microbial factors, might provide one explaoatas to why the jaws are the site for

BRONJ. (46)

The radiologic findings of BRONJ are not specifiecdaare found in other
conditions such as osteomyelitis, osteoradionesrasancer metastasis, and Paget's
disease. Osteomyelitis is inflammation of the ecailtiand cancellous bone that can
develop as a result of an odontogenic infectionmmlacated fracture, or
immunocompromised health status. Chronic scleroestgomyelitis has radiographic
features consisting of sclerosis, new bone formasequestrum formation, and osseous
expansion—radiographic characteristics all seenBRONJ. Matthew Hutchinson,
Felice O'Ryan et. al. in Sep 2010 reported the rades®f a periosteal response (no
periosteal thickening or “onion skinning” and noidance of periosteal or parosteal

bone formation) in patients with BRONJ , similarvibat is seen in chronic low-grade



or sclerosing osteomyelitis.(47) If stage 0 BROMlignts represent an earlier phase
along the spectrum of bony disease progressionnight explain the apparent lack of
a periosteal response, as would ordinarily be segratients with overt osteomyelitis.
The radiographic similarities to osteomyelitis iIRBNJ have been speculated to be
related to the presence of infection in most caseBRONJ, in which Actinomyces

species are often identified microscopically owiound cultures. (48)

Despite efforts to minimize risk and prevent ocenge, BRONJ will likely
continue to be a diagnostic and clinical challefggng oral health care specialists,
medical oncologists, and their patients. As theraniore interest to investigate the
underlying pathobiology of BRONJ, and design prasipe epidemiological and
interventional trials, characterization of the lsadinical, biochemical, and radiographic
features will be critical. Given that the incidenoé BRONJ in cancer patients is
approximately 5% (38), careful documentation amubreéng of retrospective data will

continue to provide significant insight into thimerging oral disease.

Although many studies have been conducted in regsans evaluating the early
manifestations of BRONJ, a clearer understandingtha& significance of early
radiographic alterations could improve the ideaéifion of patients at increased risk of
this disease. The purpose of this study is to coenfiae bone density of the posterior
mandible in the panoramic radiographs of patients #RONJ, patients who are under
bisphosphonate and did not develop BRONJ, patehts are under bisphosphonate

and are at risk of developing BRONJ, and controls.



Chapter (2)

Materials and Methods

The Study Sample:

This study was conducted as a retrospective stadyas approved by Ethical
Committee of the respective university. A convenesample consisted of 54 digital
panoramic radiographs of 44 patients used in thdystThe eligibility criteria for
selecting the sample were patients of Universityairyland dental school who have
had digital panoramic radiographs between Feb 20@7Sep 2014. The age range was
between 38-83 years old. The patients should hega bn bisphosphonate therapy, and
had acceptable panoramic digital radiographs. (&dxe 1) An acceptable panoramic
radiograph should demonstrate the following chawastics: the mandibular condyles,
angle and inferior border should be visible and itiferior border of the mandibular
symphysis should be centered on the radiograph, thealower edge of the image.
There should be a minimum amount of plastic chist ngsible on the radiograph.
Furthermore, the plane of occlusion should exrakitentle +5 degree slope downward
toward the midline and there should be no supersitipo of the hard palate onto the
apices of the maxillary anterior teeth. In addifitime teeth should be symmetrically
positioned from right to left, and there shouldrmeoverlapping of maxillary anterior
teeth onto the mandibular teeth. The radiographulshexhibit the patient's name, date
of exposure and an index mark to indicate the ptsieight or left side and it should be

of acceptable density and clarity. Anatomical laadks should be clearly visible with a



minimum amount of blurring and distortion exhibiteld addition, the radiographs

should be original images and had not been adjustedy way. (See Table 2)

Table 1: Inclusion criteria

1- Patients of University of Maryland School of Detrfjswho had
digital panoramic radiographs taken between Feli 2061 Sep
2014

Patients 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 abligit

Inclusion i
radiographs

iteri
criteria 1- Patients of University of Maryland School of Detifiswho had

digital panoramic radiographs taken between Felir 2061 Sep
2014

Controls 2- Age range of 40- 73 years old

3- The patients should not be on bisphosphonate therap

4- The patients should have acceptable quality oftaligianoramic]
radiographs
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Table 2: Characteristics of acceptable panoramic rdiographs

1- The radiographs should be original images and loatheen adjusted in any
way.

2- The radiograph should exhibit the patient's narags df exposure and an
index mark to indicate the patient's right or kfte

3- The radiographs should be of acceptable densityckmity

4-  Anatomical landmarks should be clearly visible vatminimum amount of

Characteristics blurring and distortion.

5- The teeth should be symmetrically positioned fraghtrto left
of acceptable

_ 6- There should be no overlapping of maxillary anteréeth onto the
panoramic mandibular teeth.

radiographs 7- The plane of occlusion should exhibit a gentle e€grde slope downward
toward the midline

8- There should be no superimposition of the hardtpalato the apices of the
maxillary anterior teeth

9- The mandibular condyles, angle and inferior bosderuld be visible

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

11-There should be a minimum amount of plastic chit vésible on the
radiograph.

A control group consists of 9 patients who are taking bisphosphonate
therapy and who have an acceptable quality of aigianoramic radiographs taken at

the same time range was chosen from same age group.

The sample was divided in to four groups. Grougdn{rol) consisted of nine
digital panoramic radiographs of normal patiermsthe age range of 40- 73 years old,
who were not exposed to bisphosphonate therapyupsg consisted of 19 digital
panoramic radiographs of at risk patients, whoareghe bisphosphonate therapy but

never developed any BRONJ. The age group is bet@w@eand 76 years old. Group 3

11



was sub-divided to A, and B. Sub-group A consigiedarly panoramic radiographs of
10 patients, between 40 and 75 years old, who rmtbebisphosphonate therapy but at
that time did not develop BRONJ. Sub-group B cdedisof 16 digital panoramic
radiographs. Ten of the radiographs are the lateonaaic radiographs of the 10
patients in the sub-group A, between 38 and 83 syedld, who are on the
bisphosphonate after developing BRONJ, in additioé digital panoramic radiographs

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

Table 3: The study groups

GROUPS # OF PATIENT CHARACTARISTICS

1- Control group
1 9 2- Not on bisphosphonate therapy

3- Have an acceptable quality of digital panorarmic
radiographs

1- Atrisk patients
2 19 2- On the bisphosphonate therapy

3- Never developed any BONJ.

1- Early panoramic radiographs of 10 patients on the
3A 10 bisphosphonate therapy

2- Did not develop BONJ at the time of exposure

1- Late panoramic radiographs of 10 patients on|the

bisphosphonate after developing BONJ
3B 16
2- 6 digital panoramic radiographs to patients wholare

on bisphosphonate therapy and always had BONJ.
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Materials:

All the panoramic radiographs included in the stwdgre obtained from the
patient population at the University Of Marylandh8ol Of Dentistry and Hospital,
from Feb 2007 to Sep 2018y radiology certified experienced dental assistamth
the patient's head in the recommended positionth&llstuff members had to be trained
by watching a technical training video which deseriin depth all the technical,
operational and management aspects of Planmeca ®one addition, each new
employee goes through intensive training programingure standardization and
calibration. The units in the hospital and the UNiéhtal clinics re- calibrated annually
for technical outputs and retested for radiatiofetyaissues. Fifty four panoramic
digital radiographs of 44 patients, taken usinghnRlaca ProMax digital machine with
Dimax 3 Sensor with different exposure times, \g@g@and currents between this time
ranges, were analyzed. The radiographs were eedluasing Planmeca Romexis
software fully supported for Windows operating syst Planmeca Romexis is
comprehensive software for acquiring, viewing amdcpssing 2D and 3D images. In
the Panoramic tab you can make adjustments to the image quaditiings of the
panoramic imageResolution, Bits Per Pixel andImage Format define how the images
are stored in the database after the image hasthken. With normal resolution, the
pixel size is 0.132 mm while enhanced resolutiesreases the pixel size to 0.099 mm
and improves the image quality. The high resolusiets the pixel size to 0.066 mm and
is the mode for a best resolution. The size ofitiege is much larger and the handling
of the image slower when the pixel size is smalteaddition, the resolution selected in

the Romexis Configuration panoramic settings dagsaffect the image size, pixel size
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is always 12idm. Bits per Pixel define whether the images arduwagd as 8 bit or 16
bit. The best dynamic contrast range is reacheasbyg 16 bit per pixel, but the images
will be twice the size of 8 bit images (49).The Roxs software was used to acquire,

view, and analyze all of the radiographs in thusigt

Methods:

One observer and two reviewers completed the oagens. The blind observer
was a general dentist in the advanced educatigemeral dentistry program. The first
reviewer was Professor, Oncology and Diagnostier®as; DDS (1975), PhD (1992),
University of Maryland. And the second reviewer vea€linical Associate Professor.
The observer was provided a randomized list oftede@ chart numbers of the 44
patients with 76 panoramic digital radiographs, tiplé radiographs for some patients,
for observation. If there was partial agreementvieen the observer and the reviewers,
with one of reviewers and the observer recording shme score, the same score
recorded by them was accepted as final. When tlegg im non-agreement, a consensus
was reached on a case-by-case basis. All of thegghic assessments took place in a

quiet room with adequate computer brightness.

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

1- First, Patient search, Started by typing the pat@eium number in the search
space and clicked on find button and then doubieked on the patient’s

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

| MR ORRIS HOSES

" BiMiE

2- Second, double clicked on the imaging icon on tbktrside of the screen and
chose the panoramic view by double clicking onlntages can be opened
directly by double-clicking on them in the imageWser, or by selecting them

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

Free Access

eatratent. | [saePatent |[cancel |

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

click on the image and choose show properties. Fipee 3)
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Figure 3: Show properties box
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Panoramic

4- Using the measure length icon, multiple lines drawthe angle of the mandible
on both sides of the panoramic radiograph (righd &eft). The first line
represents the height of bone, which measuredisit@nde from the inner angle
of the mandible till the outer margin of the maneéitA second line represented
the height to the cortical bone, which measuredite@nce from the inner angle
of the mandible till the start of the radio-opaaitiythe cortical bone. And then
the second measurement subtracted from the firgsanement to get the

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

Ll Planmeca Romexis 2.8.2.R 2/22/13 - LAIA MAL
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an  Setup Capture mage  lnport DI o o v Pt Storage ExtAm

5- Using the line profile icon on the left side of thereen, a straight line drawn
from the inner angle of the mandible to the outargm. A small box appears
on the left side of the screen after clicking oa #mrows near the relative values
in the box, the minimum, maximum, average and stethdeviations recorded.

(See Figure 5)
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Figure 5: Line profile icon
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6- Note regarding the present of an obstacle suchiasmolar, or second molar,
shadow of the hyoid bone or others in the areanalyaes is taken.
After the analysis was done, the radiographs weenged into the 3 groups using
Microsoft Excel for Mac 2011 spread- sheet ( sebldd&, 5, 6,7,8,9, and 10). The
multiple radiographs of ten patients in group 3 avanalyzed and only the oldest and

the most recent radiographs were chosen to bededlin the study.

Table 4: Group 1 (Right side)

Exp Htto | Cortical | Min | Max

#/S | Chart Exp Dat¢ Y Al Time Ht | cortical Ht Den | Den | Average SD Note

24 211 3.9 §30 272949.55 530.1 -

©

1R | 233614 2/10/12 68 13 159

3rd

2R | 219944 1/12/11 649 9 1592 27}4 25.p 1. TOG 213263.53 386.7 | molar
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3R | 232130 8/13/12 68 13 15.4 174 15 2. 50 02§32743.37 183.5 -
4R | 230248 12/7/12 68 13 15.4 32|7 29 3.7 857 2408637.3 436.1 -
5R 40488 3/27/07 66 9 15.8 2311 19.p 3.9 804 2B7¥564.5 393.1 -
6R | 40488 11/3/08 68 13 16.4 21)6 18.p 3 946  1P37565.0 234.7 -
7R | 236001 10/17/12 66 9 15.9 23|2 16.¢4 6. [59 41451216.1 118.3 -
2nd
8R | 235565 11/10/12 64 9 15.9 23[9 218 2. 93 41921163.0 404.4 | molar
2nd
9R | 232294 11/10/12 66 9 15.9 25|9 20.p 5. 94 42421659.4 496.2 | molar
“Table 4 Continued”
Table 5: Group 1 (Left side)
Exp Htto | Cortical [ Min Max
#/S| Chart Exp Date V| Al Time Ht | cortical Ht Den | Den | Average SD Note]
1L | 233614 2/10/12 68 1 1599 23p 19.§ 3.4 482 02151328.63| 324.2 -
3rd
2L | 219944 1/12/11 66 9 158p 28 25. 3.9 7170 179294.21| 202.19 molar
3L | 232130 8/13/12 68 1 1582 194 14.p 4.4 455  71911398.15| 240.44 -
3rd
4L | 230248 12/7/12 68 1 15.82 33P 30.p 3.1 1217 6332 2386.25| 513.14 molar
5L 40488 3/27/07 66 9 15.8p 20.4 16. 3.9 7p5 2902849.68 | 439.31 -
6L | 40488 11/3/08 68| 12 16.04 20p 16. 3.7 8Pp6 2321653.38| 284.85 -
2,3rd
7L | 236001 10/17/12 66] 9 15.82 24p 20.8 349 P06 92%31259.04| 589.74 molar
2nd
8L | 235565| 11/10/12 66| 9 1582 241 20.y 3.4 M8 52711821.05| 434.01 molar
9L | 232294 11/10/12 66| 9 158 258 216 4.3 641  92021121.75| 272.15 -
Table 6: Group 2 (Right side)
Exp Ht to Cortical | Min | Max
#/S | Chart#| ExpDatd M A Time Ht | Cortical Ht Den | Den | Average SD Note]
3rd
1R 144396 2/8/07 6 18 15.59 215 24.8 3.2 936 8928 1922.15| 577.89 molar
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3rd
2R 144396 8/2/11 64 9 15.81 307 27. 3.4 427 53p6875.28| 741.99 molar
3R | 191856 6/28/10 6 1B 15.8] 315 28. 3. 6460204 1273.18| 306.72 -
3rd
4R 171019 5/20/09 7 1p 18 3012 27.3 3 6[L7 21306028 | 431.47| molar
3rd
5R | 171019 6/9/11 6 1 18 3] 28.4 3.6 7P9 1698 4126 254.94 molar
6R 193010 7/15/10 6 9 15.81 17.8 12. 5.] 431 9520 1466.28( 258.5] -
7R 120204 9/22/10 6 9 15.81 213 24. 3 g20 161849.39| 166.88 -
8R | 192368 12/7/10 6 q 15381 244 18. 3.5 1p64951 1228.11 116 -
9R | 192642 7/7/10 66 9 15.81] 2118 17. 3.9 1p231628 1702.1 | 437.17% -
10R | 192642 2/2/11 6 4 18 2415 20.4 3.9 1083 2p45918B5| 186.14 -
3rd
11R | 197536 6/10/10 6 9 15.8] 311 28. 2. 137 1330 1646.03| 825.44 molar
12R | 181951| 12/16/09] 68 1 18 221 18.% 3.4 1Pp36 11§53 354.66 77.72 -
13R | 181951 4/21/11 7 1p 18 2211 18.1 4 6§43 15340116 | 150.03 -
2nd
14R | 192401 6/30/10 6 9 15.8] 29.2 27. 2. 478 3271 1396.62| 293.83 molar
15R | 190093 5/19/10 7 1p 18 287 25.4 3.3 848 1p32102.45| 206.77 -
16R | 190093 1/12/10 6 9 15.81 21.4 24.p 3.7 995 82740 1420.14| 301.14 -
2nd
17R | 199736 3/11/201 6p 15.8 26.8 23] 31 37681 | 1242.76| 218.79 molar
2nd
18R | 191713 6/21/10 6 9 15.81 29.8 26. 3.4 436 82249 1718.12| 687.43 molar
19R | 197247 9/17/10 6 9 15.8] 29.2 26. 2. 14163124 1568.19( 208.3 -
“Table 6 Continued”
Table 7: Group 2 (Left side)
Exp Ht to Cortical | Min | Max
#/S | Chart#| Exp Datel A Time Ht | Cortical Ht Den | Den | Average SD Note]
1L | 144396 2/8/07 64 1 15.59 25{2 22. 3.1 968 7826 2037.08| 413.7] -

21



2L | 144396 8/2/11 664 9 1581 285 24. 3.9 843 02Ba1802.54| 609.61 -
3L | 191856 6/28/10 68 1 15815 30{1 26. 3.3 4619821 1466.95| 273.14 -
3rd
4L | 171019 5/20/09 79 1% 18 2711 23.1 4 705 1926 998y | 283.69| molar
3rd
5L | 171019 6/9/11 64 1 18 259 22.1 3.8 1982 1p761315 167.69 molar
6L | 193010 7/15/10 64 9 15815 157 11. 4.7 571 8517 1357.2 259.39 -
7L | 120204 9/22/10 64 9 1581 27|3 24. 3 72 2pQI427.78| 326.41 -
8L | 192368 12/7/10 64 9 15.815 2 16.8 3.2 1181 32p7733.23| 377.11 GP
9L | 192642 717/10 64 9 15.81p 241 20 4.7 8[15 2[9387.45| 393.44 -
10L | 192642 2/2/11 6( 4 18 274 23.9 3.8 805 164558131 | 141.82 -
3rd
11L | 197536 6/10/10 64 9 15.815 27|6 25. 2.2 8§82 5427 1706.36| 467.28 molar
12L | 181951 12/16/09 6 1L 18 2114 18. 2.9 634  1B731099 125.25 -
13L | 181951 4/21/11 70 12 18 23 20.3 2.7 8jL7 1B78 101K | 93.56 -
3rd
14L | 192401 6/30/10 64 9 15.815 2 22.4 24 861 2p8506.79| 558.33 molar
2nd
15L | 190093 5/19/10 70 12 18 2713 24.1 3.2 9p7  2[LaBB54.49| 256.01 molar
2nd
16L | 190093 1/12/10 64 9 15.815 24 21.4 24 969 2B7B65.11| 294.14 molar
2nd
17L | 199736 3/11/10 64 9 15815 24{2 21. 2.3 §47 3425 1649.15| 450.1] molar
2nd
18L | 191713 6/21/10 64 9 15.815 23]1 20. 3 Rr7  2pH70.46| 605.5) molar
19L | 197247 9/17/10 64 9 15815 292 25. 3.5 977 9317 1374.62| 185.24 -
“Table 7 Continued”
Table 8: Group 3A (Right side)
Exp Ht to Cortical | Min | Max
#/S | Chart#| ExpDatg M A Time Ht | Cortical Ht Den | Den | Average SD Note}
1R 174050 5/8/09 7 1P 18 23|19 20.4 3.5 75 1B116M2| 224.7 -
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2R | 171529 3/6/09 66 9 18 214 1412 2784 2214.915.080 -
3R | 196568 8/9/10 66 9 15.81 2p 25. 3.7 978  1BaB64.64| 184.75 -
3rd
4R 190141 5/20/10 7 1p 18 3215 31 1.5 2b7  1B27 6011 | 492.74| molar
3rd
5R | 189071| 4/29/10| 70 1p 18 3213 27.4 4.4 707  2p4689.57| 326.39 molar
3rd
6R 190708 3/6/10 7 1P 18 2 25 3 385 1339 968{1827.48 | molar
7R 198702 10/20/10 6 g 15.8] 24.9 25.f 3.2 1518764 1548.18| 444.6 -
8R | 110783 5/8/10 68 1B 16.04 313 26.b 4.4 988 5348 2147.24| 492.84 -
3rd
9R 193649 7/30/10 6 9 15.81 295 25.p 3. 177 5046 1670.6 657.11 molar
10R | 175401 8/26/09 7 1p 18 3P 28 4 710 1714 1297.@45.44 -
“Table 8 Continued”
Table 9: Group 3A (Left side)
Exp Ht to Cortical | Min | Max
#/S | Chart#] ExpDatd M A Time Ht | Cortical Ht Den | Den | Average SD Note
3rd
1L | 174050 5/8/09 74 13 18 25 21.3 37 616 1766 2xB| 238.71| molar
2L | 171529 3/6/09 66 9 18 225 1181 2715 172399 5. 47 -
3L | 196568 8/9/10 64 9 15815 25/6 214 4.2 1087 121)8 1291.38( 149.14 -
2nd
4L | 190141 5/20/10 70 12 18 31|6 29 2.6 3b3 1686 5142 | 402.39| molar
3rd
5L | 189071 4/29/10| 7Qq 1% 18 3 25.1 4.3 5p0 2152 9315 | 354.39] molar
2nd
6L | 190708 3/6/10 70 17 18 2412 20.9 3.4 3p4  142947.% 244.57] molar
7L | 198702 10/20/10| 64 9 15.81 293 26.p 3.1 49676074 1690.28 586.33 -
3rd
8L | 110783 5/8/10 64 1 16.04 3015 26. 3.7 1P81D103 2524.65| 352.23 molar
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3rd

9L | 193649 7/30/10 64 9 15815 311 251 6 760  2[7a002.35| 558.83 molar

10L | 175401 8/26/09 70 1% 18 33|9 30.4 3.3 50  114194.58| 320.41] -

“Table 9 Continued”
Table 10: Group 3B

Exp Area of Exp Ht to Cortical | Min | Max
#/S | Chart#| Date ONJ V| A| Time Ht | Cortical Ht Den | Den | Average SD Note
3rd
1L 174050 1/9/10 #18/19 6p 15.815 23.4 196 3B 53 T 2302 1436.6 371.24 molar
2R 171529 11/9/12 #30/31 68 11 18 21.5 24p 3B 427800 1345.3 2243 -
distal hyoid
3L 196568| 6/15/11| retromalar| 70| 12 18 33.p 28.4 4.8 897 1487 1449.740.1B | bone
2nd
4R | 190141 6/27/12 #30 6p 14 15.8[l5 34.2 313 219 4131 2976| 2179.2 439.4 molar
3rd
5L 189071 5/24/12 #18/19 6 11 18 30.5 26 4% 98345 1791.2 364.3% molar
2nd
6L | 190708 9/4/13 Mand 7 1p 18 2419 22 2.9 6p5  1p39251.7 | 176.82 molar
7R | 198702 8/13/12| siteof#3p 10 2 19 2.3 24 3.3 898 | 2289| 1639.5| 342.9p -
mylohyoid
8L 110783| 3/21/13 ridge 701 12 18 29 24.5 45 708 192 1592.6 234.15
3rd
9R | 193649| 10/7/12 #30 m R 18 315 26.B 4.y 6408 1042 1682.3 | 394.64 molar
#19
10L | 175401| 6/13/11 buccal 701 12 18 33. 30.3 3.6 765  16R5 12411 B64.9 -
11L | 221393 1/17/12 Mand 6p 11 15815 221 1132 2p9%587.3 338.77 -
12R | 220662 12/15/1] #32 m 12 18 34.7 318 3p 45P395 | 1389.5 315.4 -
3rd
13R | 234654| 3/10/12 #31 66 D 15.8]15 2%.6 2219 27 5 872881 1948.2 671.97 molar
14R | 212538 7/19/11 #29 66 D 15815 21.7 703  1B05 43.24| 215.75 -

15R | 225815 4/4/12 Mand 6B 13 1585 21.9 25{9 72075 | 2184.7| 545.9 -

D)

16L | 201485 12/15/1( Mand 6B 13 155p4 24.4 275  2B471965.4 | 694.29 -
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Statistical Test:

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

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

Results

The maximum and minimum densities, averages anatd deviations were
compared on both sides of the mandible betweenahesk group” (group 2) and the
controls (group 1). There was no significant défece found between the two (p value

> 0.05). (See Table 11 & 12)

Table 11: Comparison across the patients betweenaup 2 and group 1 right sides

using t-test

R side T Stat| P(T<=t) one-tall t Critical one-tajl 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 betweenaup 2 and group 1 left sides

using t-test
L side T Stat| P(T<=t) one-tail t Critical one-tajl 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 &kt group” (group 2) to

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

Table 13 &14)

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

R side T Stat| P(T<=t) one-ta]l t Critical one-tgilP(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 betweenaup 2 and group 3A left sides
usingt-test

L side T Stat | P(T<=t) one-tail t Critical one-tall P(T<=t) two-tail | t Critical two-tall
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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Studentt-test used to compare the area of BRONJ in groupad® “at risk
group” (group 2). No statistical significant difearces found with comparing the

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

(See Table 15)

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

T Stat

P(T<=t) one-tail t Critical one-tail  P(TJ#tvo-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,

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

significant differences were found. (See Table I& %

maximum density, average, atmhdard deviation

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

R side T Stat| P(T<=t) one-tajl  t Critical one-tdil 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 betweenaup 3A and group 1 left sides

usingt-test
L side T Stat | P(T<=t) one-tail t Critical one-tajl 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 &nBRONJ lesions on B3.

The results were not significant. (See Table 18)

Table 18: Comparison across the patients betweenaup 3A and group 3B using-

test
T Stat | P(T<=t) one-tail t Critical one-tail P(TJ#tvo-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 thenimum density,
maximum density, average and standard deviationdeet group 3 B and the controls.

(See Table 19)

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

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

TREL) 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 averagéiseomaximum densities

and the averages of the minimum densities acr@spdtients in each group.

The average of the minimum densities on the righe across patients in each
group (1, 2, and 3 A) and group 3B calculated. &hera clear trend that the minimum
densities in group 2 is the highest and it is lowegroup 3A and 3B but still higher

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

Table 20: The average minimum densities on the riglsides 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 77 608
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 riglsides across patients in each

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

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

870

H No BPs
240 Exposure
810 m BPs No

BRONIJ

780

M Bps Pre-
750 BRONJ
720 H BRCNJ
690 -
660 -

Groupl Group?2 Group3A Group3B

In the chart above, it is clear that the minimumdity is highest in the patients
who take BPs drugs than the patients with no BRe@@&xe. In addition, as BRONJ

developes, the minimum density decreses as in gééugnd 3B

When comparing the average minimum densities firside across patients in
each group there was a clear trend that the pat@mBPs (Group 2) had the highest
value and it is lower in group 3A and 3B but stigher than the control group. (See

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

The average minimum densities on the left sides in each group
(1,2,3 A) and group 3B.
900
800 H No BPs
200 Exposure
600 - m BPs No
500 BRONJ
400 7 M Bps Pre-
300 - BRONJ
200 -
H BRONJ

100 -

0 _

Group 1 Group? Group3A Group3B

The chart above explain the trend very clearly, lighest average minimum
density on the left side is in group 2 while thevést is in the patients with no BPs
exposure. In the pre-BRONJ and the BRONJ groupsatleeage minimum density is

lower than group 2 but still higher that the cotgro
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The average of the maximum densities on the righ# &1 each group was
calculated. The value was highest in group 3B ftipa@up 2 and 3A and lowest in the

control group. (See Table 24 & 25)

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

The average maximum densities on the right sides in each
group (1,2,3 A) and group 3B.
2250
B No BPs
2200
Exposure
2150 H BPs No
BRONJ
2100
M Bps Pre-
2050 - BRONIJ
2000 - B BRONJ
1950 -
Group 1l Group2 Group3A Group3B
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As explained earlier, the chart above shows ar ¢lemd that the patients on

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

side that the patients who were never exposed 0 BP

When calculating the average of the maximum desssitin the left sides in each

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

Table 26: The average maximum densities on the lesides in each group (1, 2, 3A)

and group 3B

Group/ Patient # Group 1 Group 2 Group 3 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 - B
Averages 2346.11 2150.84 2175.20 2233.94

“Table 26 Continued”

Table 27: The average maximum densities on the lesides in each group (1, 2, 3A)
and group 3B

The average maximum densities on the left sides in each group
(1,2,3 A) and group 3B.
2400
B No BPs
2350 Exposure
2300 -
B No BRONIJ
2250 -
2200 - H Bps Pre-
BRONIJ
2150 -
2100 - m BRONIJ
2050 -
Group 1 Group2 Group3A Group3B
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The average maximum density on the left side ibédsgin the control group. It

cannot be fully explained. The teeth presentetiénarea of analysis could influence it.

We decided to do further analysis by dividing gra@p to two sub-groups,
group 3AB and group 3BB. Group 3AB included 10 panac radiographs of the
patients in group 3A after developing the BRONJ,ilevigroup 3BB included 6
panoramic radiographs of the patients who alreae BBRONJ at the beginning of the
data collection. The average minimum density angl @aerage maximum density

calculated and compared by column chart. (See T2k 29)

Table 28: The average minimum densities on the riglsides 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 - - R
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15 - 848 - - -
16 - 995 - -
17 - 837 - - 5
18 - 636 - - -
19 - 1165 - -
Averages 726.56 850.05 769.00 7785 684.¢

“Table 28 Continued”

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

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

900 m NoBDs
Exposure
300 I pos
700 No
- BRONJ
600 ——— —

| DBPs Pre-

500 -

BRONJ
400 -

BDPs Post-
300 - BRONJ
200 -

BRONIJ
100 - Ld

Group 1 Group2 Group3A Group3AB Group3BB

The average of the minimum densities on the righe s higher in group 3AB
than in group 3 BB which could be explained by lgekage of the BPs from the bone
as the BRONJ develops leading to osteoporosiddiiens with low bone densities.

The same results found when comparing the averagenom densities on the
left side. Higher average minimum bone densitiasébin group 3AB than in group
3BB. (See Table 30 &31)
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Table 30: The average minimum densities on the leftides 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 676.67 843.37 717.8(Q 778.5 684.8
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Table 31: The average minimum densities on the leftides in each group (1, 2, 3A)
and sub-groups 3AB and 3BB

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

900
W No BPs

800 | Exposure

700 I

No
o BRONIJ
600 —— —

BPs Pre-

“ BRONJ

BPs Post-
BRONIJ

BRONIJ
U

Group 1 Group2  Group3A Group3AB Group3BB

When comparing the average maximum densities omighe¢ side, group 3BB
has higher bone densities than group 3AB. Thiscctwel explained by the hypothesis
that the average maximum bone densities increasdlBeapatient develops BRONJ.
(See Table 32 &33)

Table 32: The average maximum densities on the riglsides in each group (1, 2, 3
A) and sub- groups 3AB and 3BB

Group/ Patient # Group 1 Group 2 Group BA  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 218247  2191.50 20945 2466.3

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

The average maximum densities on the right sides in each
group (1,2,3A) and sub-groups 3AB and 3BB
2500
B No BPs
2400 [ Exposure
2300  No
- BRONJ
2200 BPs Pre-
BRONJT
-
2100 BPs Post-
BRONJT
2000 -
BRONT
1900 -
1800 -
Group 1 Group2 Group3A Group3AB Group3BB

The same results were found when comparing theageemaximum densities on the
left side. (See Table 34 & 35)

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

Group/ Patient # GroupfL Groupp 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 ledides in each group (1, 2, 3A)
and sub-groups 3AB and 3BB

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

2500
- No BPs
Lxposure
2400 -
No
2300 ———— I 7. BRONJ
BPs Pre-
2200 ~ BRONJ
2100 - v BI's Post-
BRONJ
2000 BRONJ
1500 -

Group 1l Group2 Group3A Group3AB Group3BB
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Chapter (4)

Discussion

Bisphosphonates are synthetic compounds with a icaéstructure similar to
that of inorganic pyrophosphate, an endogenoudatguwf bone mineralization. (50)
While pyrophosphate is comprised of two phosphateoums linked by
phosphoanhydride bonds (P-O-P structure), BPs amepiised of two phosphonate
groups linked by phosphor-ether bonds (P-C-P sirait There are two main types of
BPs: Nitrogen containing (alendronate (ALN), rismthte, pamidronate) and non-
nitrogen containing (etidronate, tiludronate). (BPBs act almost exclusively on bone
when administered at physiological doses becauspedific affinity to bone, where
they deposit both in newly formed bone and in proty to the osteoclasts. BPs act on
bone through several mechanisms simultaneouslyy Tha both decrease osteoclast
activity and decrease osteoclast numbers. Theigirskemplified by internalization by
osteoclasts, causing disruption of osteoclast-nedliidone resorption, (50, 51) the
second by inhibiting osteoclast recruitment andebrating programmed cell death
(apoptosis) of osteoclasts, thus reducing ostebnlambers. Both mechanisms lead to
reduction of bone resorption and to a decreasemne burnover. (50, 52) In molecular
terms, one of the major actions of BPs is the itibib of the enzyme farnesyl
diphosphate synthase, causing several cytosked#dtatations, reducing the bone

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

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

(55) The presence of nitrogen in their formulatioakes their metabolization difficult,
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therefore, once incorporated into bone tissue, tbay persist for up to 10 years,
depending on the skeletal turnover time (55, 56@) la@nce, prolonged action. (57) This
explains why single or short courses of intravenajestions can be effective for a long
time in the management of Paget's disease (55rendumulative effects are visible

even when the patient is not using BP therapy.

These drugs come in both intravenous and oral fofilmne cumulative incidence
of avascular BRONJ ranges from 0.8 to 12%. It isenadten related to the IV monthly
administration, and for a period longer than 3 geavhich is more common in the
treatment of hypercalcemia secondary to malignamots; to bone metastases from
breast, prostate, and lung cancer; and to ostealideases, such as multiple myeloma.
The risk of developing BRONJ appears to be very &l is estimated to occur in

approximately 0.01 to 0.04% with oral bisphosphesa(58)

Osteonecrosis of the jaw (ONJ) was the first tesmduto identify the condition
in 2003. The cause of the condition was not clédhat time. Osteonecrosis of the jaw
(ONJ) associated with anti-resorptive therapy dessedistinction from other causes
and diseases/medications associated with the dewelat of osteonecrosis. Various
terminologies have been applied to ONJ secondarpigphosphonates, including:
“bisphosphonate-related osteonecrosis of the [®&R@NJ), “bisphosphonate-induced
osteonecrosis of the jaw” (BIONJ), and “bisphosaten associated osteonecrosis of
the jaw” (BONJ). Bisphosphonate-associated ostgosec(BON) originated in a paper
published in the Journal of the American Dental ossstion (ADA) in 2005 but

nomenclature of the condition has continued to\exq59)
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Non-bisphosphonate anti-resorptive agents are neailable. Denosumab
(ProliaTM) was approved by the U.S. Food and Drudmiistration (FDA) for the
treatment of women with postmenopausal osteopord3enosumab reduces bone
resorption by inhibiting osteoclast function. Th&temclast targeting and end result is
similar to bisphosphonates. (60) BRONJ has beearteg in a cancer patient taking
denosumab. (61) Other anti-resorptive agents, dnatu cathepsin K inhibitors, could
also prove to be associated with BRONJ. Therefare, propose that all cases of
BRONJ related to the administration of anti-resogttherapeutic agents be termed
anti-resorptive agent-induced ONJ (ARONJ). Thigtevill encompass bisphosphonate
associated/induced cases as well as cases asdowidt¢he use of other anti-resorptive
agents. (62) The panel acknowledges that this tondhas a history of variable and
confusing terminology. The panel also acknowledipas there is limited information
about denosumab and cathepsin K inhibitors. Intemdino cases of ONJ have been
reported in patients taking the anti-resorptive wetbns known as SERMS, selective
estrogen receptor modulators, now called estrogemists/antagonists. (62he term
BRONJ will be used in this paper as the pathogenbehind the disease is still

inconclusive.

Various medical associations and research socibage defined BRONJ. To
differentiate from other bone pathologies, thedwihg working definition of avascular
BRONJ has been adopted by the American Associadfo@ral and Maxillofacial
Surgeons (AAOMS). (63) Patients may be considenedatve BRONJ in the presence
of all the following three characteristics: 1) Hoais or current treatment with a BP; 2)

exposed, necrotic bone in the maxillofacial regibat has persisted for more than 8
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weeks; and 3) no history of radiation therapy ia tlagion. In a paper published by the
ADA in Nov 2011 the same criteria accepted but mottthe criteria to patients taking

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

Despite the various benefits, BP-related osteoretimsis of the jaws (BRONJ)
is a significant complication in-group of patiemtceiving these drugs. BRONJ has
adverse effects on patient’s lives. The literaiareften times weak in the predictors. It
would be ideal to be able to predict the occurreateBRONJ so that prevention
methods can be applied. The aim of this study isviauate if there are differences in
the digital panoramic radiograph’s bone densityveen the normal, at risk, and patient

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

Since the incidence of BRONJ is very low in the gagion, small sample will
be convenient to study the predictors of the dmsed$e ideal study design should
include digital panoramic radiographs of multiplgetoma (MM) patients from multi-
cancer centers through-out the United States irclwthie radiographs should be taken
under similar conditions. In this study, patientghwmultiple myeloma were chosen
because the BRONJ has the higher incidence ingtloisp of patients and since their
records were available to the conductor of theystithe sample was taken from one
cancer center, University of Maryland Marlene atelw&rt Greenebaum Cancer Center
Baltimore patients who have files in University bfaryland Baltimore School of
Dentistry. We did not include patients from mulkdinters because of the difficulties to
access them and lack of consent of evaluation.dtitian, the radiographs could be
taken with different machines, which could comgicthe analysis. We did recognize

that getting patients from multi-centers could h@lpncreasing the sample size, which
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could lead to more accurate results. All subjectd their deidentifies images were
included in the study, which was fully approved Hoyman research protection office
through institutional review board approval (IRB).

The risk of BRONJ in patients taking bisphosphosatey depend on the dose
of medication, the length of time it is taken ahd toute of administration. BRONJ has
a higher prevalence in patients taken IV bisphosptes than in patients who are on
oral bisphosphonates. All the patients included tie study were on an IV
bisphosphonate therapy because of the chancedot differences in the bone densities
in IV patients is higher. In this study there wasinformation about the type, the dose,
and the length of time of the bisphosphonate therapich could have valuable effect
on the results. In addition, the medical historg #me medications taken by the patients

were not control, un-control variables, which coaftect the results.

Study design was a convenience study based onasesréeria for inclusion:
adults with multiple myeloma, 18-64 years old, &h Bisphosphenate therapy and
developed BRONJ. All the subjects had a full orghleation supported by digital
panoramic radiographs. For the control group, tf@usion criteria included patients
with no cancer, and no history of bisphosphonageaiby who had a full oral evaluation
supported by digital panoramic radiographs. Thgesitb of interest were divided into 4
groups to accept or reject the null hypothesis. Sl¥&pected that the patients who have
BRONJ had different bone densities that the patiantisk or the controls. In addition,
we were interested to find if there is any diffexes in bone densities between the
patients who are on BP therapy but did not dev&8&©ONJ and the controls. As a

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

BRONJ initially (group 3A), and patients with BOMdich include the late radiographs
of the patients in group 3A in addition to the magtiaphs of the patients who always had
the BRONJ (group 3B). We tried to match the agéhefpatients and only include the
patients between 38-83 years. The controls werkegidrom the same population,

University of Maryland Dental School patients whatohed the age of the other
groups. They do not have multiple myeloma and atam BP therapy. They had

acceptable panoramic digital radiographs, accordinghe criteria of the University

mentioned earlier.

BRONJ is most commonly developed in the bone ef jdws, the mandible
more common than the maxilla. (64) The osteonesroSibther skeletal bones due to
BPs usage has not been reported. The unique emamnof the oral cavity could
explain why the maxilla and mandible are solelyoired. The jaws have a greater
blood supply than other bones and a faster turncater related to their daily activity
and presence of teeth, therefore, BPs are hightgerdrated in jaws. (65) It can be
hypothesized that patients who have received leng-tBP therapy may have a
compromised blood supply to their maxilla and mhalediWhen dental extractions are
performed on this group of patients, the open bwaynd with a compromised healing
ability cannot cope with the presence of oral miitooa due to which the extraction
wound, then, becomes infected and progresses steémmyelitis. It then develops into
osteonecrosis. (66) It should be noted that alkmothones in the skeleton are well
enclosed in the soft tissue and thus protected &osasident micro-flora. (50) Since the

dentist deals more with the jaws, diagnosis oBR®ONJ mostly done by the dentists.
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Different radiographical methods used to detect BR®uch as panoramic radiographs,
Computed tomography (CT), cone beam computed toapbgr (CBCT), and magnetic
resonance imaging (MRI). Panoramic radiographsopdahtomography (OPG) cannot
adequately distinguish between osteonecrosis andstaéc osteoblastic lesions, but is
useful when a combination of osteolysis and osteossis is present (osteosclerosis is
found in chronic osteomyelitis). The two-dimensibimaage quality renders difficulty
in differentiating the margins between necrotic dedlthy bone, with the result that
early lesions can be missed. However, consensugestgyconventional radiographs
should be used first-line as part of routine raalyad investigation. (67) On the other
hand, CT accurately detects alterations insidebtbree, periosteal reactions, and soft
tissue alterations. In patients with  BRONJ, CT cdiagnose osteolytic and
osteosclerotic regions, depending on the stagehef disease. More dense bone
characterizes the necrotic area and more lyticsaitksstrate the infected regions with
pus and soft tissue swelling. The differentiati@ween malignant metastatic osteolysis
and benign osteolysis may be difficult with CT. Aifternative to CT, Cone beam
computed tomography (CBCT) has gained increaseelpsace as a three-dimensional
imaging modality (68, 69) particularly in the mdafacial bone area. (70, 71) This is a
relatively new technique that uses lower radiatitmsages, and has a higher spatial
resolution than conventional CT, providing improvedage quality (especially for
cancellous bone). (72) CBCT is not a good toold@gnosis of BRONJ. In patients
with complicating clinical factors, fat-suppressentrast-enhanced T1-weighted
Magnetic resonance imaging (MRI) has been showmetsignificantly more sensitive

than scintigraphy and significantly more specifibat non-enhanced MRI or
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scintigraphy in diagnosing osteomyelitis. (73) Ragaphic density is a measure of the
degree of film darkening. Technically it should daled "transmitted density" when
associated with transparent-base film since it isv@asure of the light transmitted
through the film. Radiographic density is the lotan of two measurements: the
intensity of light incident on the film ) and the intensity of light transmitted through
the film (I). Film density is measured with a densitometedefisitometer simply has a
photoelectric sensor that measures the amoungbf transmitted through a piece of
film. The film is placed between the light sourceldhe sensor and a density reading is
produced by the instrumentin this study we are measuring the maximum and
minimum densities in pixels. In a study done byRé&eves, P Mah, and WD McDavid
in 2012, the effectiveness of deriving Hounsfiefdtsi using grey levels in two CBCT
systems was investigate@rey levels, which are not actual Hounsfield uniske it
difficult to assess bone quality from a CBCT data & method, that converts grey
levels taken from CBCT data sets into Hounsfieldtsyrstandardized and allowed
comparison of bone quality from machine to machuithin a small range. The results
have demonstrated that the grey levels taken fr&@@Tscans can be used to derive

Hounsfield units in a clinical environment.

BRONJ is an intractable disease once it occurs) émél prediction of the
BRONJ is therefore very important to manage theatis. Finding simple prediction
methods from the procedures we are already penfgrmm regular dental examination
will be highly cost beneficent. Radiographs areetakin almost every dental
examination and it would be ideal to predict theufe occurrence of BRONJ from the

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

only few studies have been dedicated to the retmvanh radiological imaging in cases
of BRONJ. Most of the studies are aimed at deswgithe different radiological

findings, which are related to the pathology of BRRIDNo studies have been done to
find the relationship between the bone densitiesth@ radiographs and evaluate
prediction of BRONJ. Therefore, this study was aaridd to evaluate if there is a
difference in bone density in the digital panoranaidiographs between patients with no

BRONJ, patients at risk of BRONJ, and BRONJ pasient

Digital panoramic radiographs were chosen becausethe most often used
radiological imaging technique in dental examinai@md because of its reasonable cost.
It was used in all the groups of the study. Mosthe studies done before aimed to
approve that panoramic radiograph often showed igterg tooth sockets after
extractions in cases of BRONG2ZJ. In advanced stages, an osteonecrosis appeared as
an irregular area of osteosclerosis with a cottowvike appearance. Moreover,
osteolysis with a central portion of separated b(seguestrum) is often present. The
most common finding in bisphosphonate-associateteooscrosis was 0sseous
sclerosis, which varied from subtle thickening lo¢ iamina dura and alveolar crest to
attenuated osteopetrosis-like sclerosis (Bl®)studies measured the actual bone density
in the panoramic radiographs and related it toBRONJ. In this study the angle of the
mandible on both sides were chosen to measuredhe 8ensity because this is the

most common site for the occurrence of the BRONJ.

When the comparison was done between group 3npatwith BRONJ, and

the other groups the area of the BRONJ was neglextd the angle of the mandible
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was measured, it might be more logical to do thepmarison between the area of the
actual BRONJ and the same area on the other grougst a significant results. In
addition, considerable numbers of the panoramicogrdphs used in the study have
obstacles in the area of interest, for examplettiivd molar or hyoid bone, which was
mentioned in the data collection and which couléa@fthe results by changing the
average density values. The radiolucency in thres @ould be multiple myeloma lesion,
or blood vessels such as Baston’s venous plexusddition, it could be differences in
the appearance of the IAV that will affect the dgnsThese are uncontrollable
variables that could affect the results of the gtud the future, controlling these
variables or excluding the radiographs with obssd¢tom the study might change the

results.

Furthermorethe study was a retrospective study for previouaken digital
panoramic radiographs with different voltage andent and exposure time, which may
in a way or another effects the results. In theritit would be better to conduct the
same study on a group of panoramic radiographsntakeler the same condition,

voltage, current, and exposure time.

In the future, the use of more advanced computegrams in detecting the bone
densities, could lead to better analysis and morrate results.Bone J program
presents several advantages to users of bone mmoebhosoftware. It integrates with
Image J's diverse plugin ecosystem, so a custonaizabries of processes can be
performed to get experimental results from a wiglege of image file formats without
switching between programs or platforms. (75) Femtore, a sequence of image
processing steps can be automated with a macroapplied to a batch of images,
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improving workflow by reducing time spent manuadiyecuting commands. Bone J is
written in the Java programming language, (76) $erever there is a Java runtime
environment (JRE), Image J and Bone J can be Usdels are commonly installed on
Microsoft Windows, Unix and Unix-like operating $gms (including Apple Mac OS X

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

system hardware.

The results were analyzed using descriptive siegistuch as the means and standard
deviations and the t-test. We could get more intdrom if we used more complicated
statistical tests such as ANOVA. We did not expédcto find a significant results
because of the sample size but because the studythweafirst to examine this
hypothesis, we were only looking for trends thagiminot be statistically significant
but can guide us in the future researches. Afterparing the averages of the minimum
and maximum densities across the patients on edehnseach group, we found a clear
trend that the minimum and maximum densities aghdst in patients taking BPs and
the minimum density decreases as they develop BR@MNtldition, the averages of the
minimum and maximum densities were higher in pasienith BPs than the controls
according to the data except the average of thermem densities on the left sid€he
results could be influenced by the present of teethe area of analysis. In the future,
moving the area of analysis further back in the difZle or excluding the data with
teeth could improve the results. Furthermore, titaré studies should investigate the
actual details of each patient BPs therapy hishmgause we suspected a decline in

bone density as patients develop BRONJ. Furthermorihe future if we could get a
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good sample number, dividing the sample accordm@gde or gender can be more

informative. These data are beyond the scope sfréfsiearch project.
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Chapter (5)
Conclusion

In conclusion, there were no significant differenae bone density of the digital
panoramic radiographs between patients at riskRilDRJ, having BRONJ, and normal
patients. Although the data is not significant, fineings indicate a clear trend whereas
the minimum and maximum densities are highest dividuals taking BPs and the
minimum density value declines as BRONJ develops;anpared with the controls.
Therefore, studies are required to definitivelyedetine the diagnostic and prognostic

value of simple radiographic imaging to predict teeurrence of BRONJ.
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