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Introduction

Bisphosphonates (formerly called diphosphonates) were discovered in the mid-
1800s and to this day have wide commercial use as anti scaling agents because of
their physical-chemical property of complexing with divalent cations. In the late
1960s, they began to be used for treatment of metabolic bone diseases as inhibitors
of bone resorption.

Since that time, parallel research on the effects of bisphosphonates on bone
metabolism continued, while efforts in the dental field included studies of
bisphosphonate effects on dental calculus, caries, and alveolar bone loss. While some
utility of this drug class in the dental field was identified, leading to their
experimental use in various dentifrices formulations and in some dental applications
clinically, adverse effects of bisphosphonates in the jaws have also received
attention.

However, in 2003, Marx described the first cases of bisphosphonate-induced osteo-
chemo necrosis called avascular maxillary necrosis whose mechanism of occurrence
is not yet fully elucidated.

Bisphosphonates-related osteonecrosis of the jaws’ (BRONJ) epidemiology and
pathogenesis are still unclear; however, in recent years, notable progress has been
made regarding its prevention by studying local risk factors in patients at risk of
BRONJ and by planning dental procedures.

When it comes to edentulous patients undergoing bisphosphonates treatment, The
choices available for restoration of the edentulous arch are varied. The options can
be separated broadly into three categories: removable, fixed and implant prostheses.

Unfortunately, there is only little data on how to proceed with prosthodontic
therapy among these patients.

Due to this lack of data, several systematic literature reviews were performed to fill
this gap in favor of reducing the BRONJ occurence rates in this category.

The aim of this work is therefore to correlate the data on dentures and bis-
phosphonates to determine whether it is possible to consider prosthetic therapy for
patients treated with bisphosphonates by assessing the risk of developing
osteonecrosis of the jaws.


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/bone-metabolism
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/bone-metabolism
https://www.sciencedirect.com/topics/medicine-and-dentistry/calculus-dental
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/osteolysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/zolpidem
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1-Bone tissue:

1-1 definition:

The bone tissue also called the osseous tissue is the type of connective tissue that is hardened
due to mineralization.
It is comprised of the bone matrix as well as the bone cells. The bone matrix is the extracellular
matrix of the bone. It is consisted of organic and inorganic substances. The organic component of
the bone matrix includes the collagen and ground substance whereas the inorganic component is
the inorganic bone salts, mainly hydroxyapatite. Bone tissues consist of collagen fibers and ground
substance containing calcium, magnesium, and phosphate ions that chemically combine and harden
into a mineral, hydroxyapatite. The combination of hard mineral and flexible collagen makes bone
harder than cartilage without being brittle.
The cellular elements of the bone include osteoblasts, osteocytes, and osteoclasts. The osteoblasts
are involved in the formation and mineralization of bone tissues. The osteocytes are osteoblasts
that migrated into and become trapped by the surrounding matrix. The osteoclasts are involved in
the bone resorption.
There are two types of bone tissues based on the arrangement of their structure: cortical bone and
cancellous bone.?

1-2 The histophysiological features of the bone:
1-2-1 Bone physiology:
1-2-1-1 Morphology:

Macroscopically, bone can be divided into an outer part called cortical compact bone, which
makes about 80% of the total skeleton, and an inner part named cancellous, trabecular, or spongy
bone. This structure, allows optimal mechanical function under customary loads.

Microscopically, woven and lamellar bone can be distinguished. Woven Bone is the type formed
initially in the embryo and during growth, and characterized by an irregular array of loosely packed
collagen fibrils. then replaced by lamellar bone, so that it is practically absent from adult skeleton,
except under pathological conditions of rapid bone mation, such as occur in Paget's disease,
fluorosis, or fracture healing. contrast, lamellar bone is the form present in the adult, both in
cortical and in cancellous bone. It is made of well-ordered parallel collagen fibers, organized in a
lamellar pattern.

Histologically bone formed during growth is of the woven type; in the adult it is lamellar, except in
certain diseases with rapid formation.?


https://www.biologyonline.com/dictionary/bone-matrix
https://www.biologyonline.com/dictionary/collagen
https://www.biologyonline.com/dictionary/ground-substance
https://www.biologyonline.com/dictionary/osteoblast
https://www.biologyonline.com/dictionary/osteocyte
https://www.biologyonline.com/dictionary/osteoclast
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1-2-2 Bone histology:

Bone is made of basic units called bone structural units (BSUs). In cortical bone these are called
osteons or Haversian systems, which represent its basic structural building blocks. These are hollow
cylinders of a median length of 2 mm, but which can reach 8 mm, and 200 um in diameter, made of
concentric lamellae, between which the osteocytes are located. In the center is a canal containing
the nutrient blood vessels. These anastomose with vessels from other osteons so that the various
osteons are in communication with one another. The diameter of the osteon is always about 200
pum, regardless of species, the maximal distance of any part from the central vessel being no more
than 100 um, this being the largest transport distance for nutrients. Osteons are separated from
one another by so-called cement lines.

Compact bone

Inerstitial l; ;;‘i_‘ . ":\'.\f '}/ " 5

lamellae

-

COsreon

Vascular

canal

Fig 1: Cross section of compact bone showing
osteons with osteocytes (left), and in polarized

light with collagen lamellae (right).

The trabeculae also consist of structural units, which in this location are called packets. They are
separated, as are the osteons of the cortex, by cement lines. When they are on the surface and not
yet terminated, they are called bone multicellular units (BMUs). However, BMUs and packets
are also found on the inner surface of the cortex, which therefore looks very much like trabecular
bone. These two locations, trabeculae and inner cortex, are those that are affected predominantly
by osteoporosis.

Trabeculae generally possess no vessels and are therefore nourished from the surface. This
explains why they cannot become much thicker than about 200 - 3 0 0 um, twice the distance of
100 um over which transport of nutrients is possible.

Trabecular bone

Packets

Cement lines

Fig2 : Trabecular bone showing individual packets separated by cement lines
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1-2-2-1 bone cells:

1. Osteoprogenitor cells

These are cells of mesenchymal origin that can proliferate and convert themselves into osteoblasts
whenever there is need for bone formation. They resemble fibroblasts in appearance.

2. Osteoblasts

These are bone forming cells derived from osteoprogenitor cells. They are found lining growing
surfaces of bone. The cells are of varied shapes (oval, triangular, cuboidal etc.). The nucleus of these
cells is ovoid and euchromatic.

These cells are responsible for laying down the organic matrix of bone including collagen fibers.
They are also responsible for calcification of the matrix.

3. Osteocytes

These are the cells of mature bone. They lie in the lacunae of bone and represent osteoblasts that
have been imprisoned in the bone matrix during bone formation. The main functions of
osteocytes are

i) to maintain integrity of the lacunae and canaliculi and thus to open the channels for diffusion of
nutrition through bone

ii) to remove or deposit matrix and calcium when required.
4. Osteoclasts

These are bone removing cells. These cells occupied pits called lacunae of Howship or resorption
bays. These are very large cells (20 -100 micrometer in diameter). They have numerous nuclei — up
to 20 at sites of bone resorption . Removal of bone by osteoclasts involves demineralization and
removal of matrix, stimulated by factors secreted by osteoblasts and parathyroid hormone. They
are derived from monocytes of blood.3

Fig3: Bone Cells. Four types
of cells are found within
bone tissue. Osteogenic cells
are undifferentiated and
develop into osteoblasts.
When osteoblasts get
trapped within the calcified
matrix, their structure and
function changes, and they
become osteocytes.
Osteoclasts develop from
monocytes and macrophages

\/ ‘

g \,

ﬂ{\‘\ and differ in appearance
Osteocyte Osteoblast Osteogenic cell Osteoclast from other bone cells.
(maintains (forms bone matrix) (stem cell) (resorbs bone)

bone tissue)
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1-2-2-2 Extracellular matrix

which is made up of an organic matrix (30%) containing proteoglycans (but less than cartilage),
glycosaminoglycans, glycoproteins, osteonectin (anchors bone mineral to collagen) and osteocalcin
(calcium binding protein). There are collagen fibers (mostly type | (90%), with some type V). Only
25% of bone is water. Almost 70% of bone is made up of bone mineral called hydroxyapatite.*

2- Basal bone:

2-1 Maxillary bone:
2-1-1 Anatomical description:

The maxilla, also known as the upper jaw, is a vital viscerocranium structure of the skull. It is
involved in the formation of the orbit, nose and palate, holds the upper teeth and plays an
important role for mastication and communication.

This bone consists of five major parts, one being the body and four being projections named
processes Bordered by several other bones of the viscerocranium, the maxilla on one side pairs
with the corresponding bone on the opposite side via the intermaxillary suture.”

Each maxillary bone has the shape of a pyramid, it's base adjacent to the nasal cavity, its apex
being the zygomatic process, and its body constituting the maxillary sinus. The maxilla connects
with surrounding facial structures through four processes: alveolar, frontal, zygomatic and palatine.
It articulates superiorly with the frontal bone, the zygomatic bone laterally, palatine bone
posteriorly and with the upper teeth through the alveolar process inferiorly. Anteriorly, it forms the
inferior and lateral borders of the pyriform aperture and articulates with the nasal bones medially
at the anterior border of the frontal process.®

Lacrimal groove
/
= .Orbital surface

—

%Infmom'nal groove

Maxillary tuberosity

Infraorbital forame

Canine fossa=_

Anterior nasal spine®
Canine eminence=— 13 J T ‘
LT

Fig 4 : Maxilla; Upper jaw, Left maxilla; Outer surface.
Contributed by Gray's Anatomy Plates

Zygomatic process

‘Alveolar process with teeth



https://www.kenhub.com/en/library/anatomy/the-viscerocranium
https://www.kenhub.com/en/library/anatomy/the-skull
https://www.kenhub.com/en/library/anatomy/bones-of-the-orbit
https://www.kenhub.com/en/library/anatomy/the-palate
https://www.kenhub.com/en/library/anatomy/the-teeth
https://www.kenhub.com/en/library/anatomy/bones
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2-1-2 Blood Supply:

Blood supply to the maxilla is via branches of the maxillary artery. The maxillary artery is a
terminal branch of the external carotid artery; it originates posterior to the upper portion of the
mandibular ramus, runs anteriorly in the inner side of the mandibular ramus, and enters the
pterygopalatine fossa to terminate with the pterygopalatine artery.” It has three major segments:
mandibular, pterygoid, and pterygopalatine, from proximal to distal, respectively.

The pterygopalatine segment is the principal blood supply of the maxillary region. The
pterygopalatine segment is in close relation to the pterygopalatine fossa from where it branches
into five vessels: posterior superior alveolar artery (PSAA), infraorbital artery (IOA), greater palatine
artery (GPA), sphenopalatine artery (SPA), and vidian artery (VA).2 The VA is a recurrent branch and
courses posteriorly to enter the Vidian canal, supplying the mucosa of the pterygopalatine fossa
and nasopharyngeal cavity.

The PSAA runs towards the zygomatic process and has a prominent curve on its inner surface and
courses towards maxillary tuberosity with branches supplying the upper molars and premolars. The
IOA runs along the posterior wall of the maxillary sinus and enters the inferior orbital fissure and
enters the infraorbital canal, supplying the lacrimal sac, upper incisors, canines, and mucous
membrane of the maxillary sinus. The GPA emerges near the PSAA and descends through the
greater palatine canal to exit through the greater palatine foramen to supply the hard palate. The
SPA is the terminal branch of the pterygopalatine segment. It enters the nasal cavity posterior to
the nasal turbinates to supply the nasal septum and turbinates. The posterior septal branch of the
SPA courses through the incisive canal to form an anastomosis with the GPA. The PSAA, IOA, GPA,
and SPA all supply the maxillary sinus walls and mucosa.’®

Descending palatine artery
Masopalatine artery

—— W T Greater palatine

= - g arter
— & !

f !
Lesser palatine artery

Maxillary artery

T W Ascending pharyngeal artery

Ascending palatine artery
Facial artery

\ External canotid artery
a [

Fig 5: blood supply to the maxilla through the greater palatine artery, a branch of the descending
palatine artery, and branch of the maxillary artery

2-2 Mandibular bone:

2-2-1 Anatomical description:

The mandible is a U-shaped bone. It is the only mobile bone of the facial skeleton??, It is the
largest bone in the human skull. It holds the lower teeth in place, it assists in mastication and forms
the lower jawline. The mandible is composed of the body and the ramus and is located inferior to
the maxilla. The body is a horizontally curved portion that creates the lower jawline. The rami are
two vertical processes located on either side of the body; they join the body at the angle of the
mandible. At the superior aspect of each ramus, the coronoid and condylar processes articulate
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with the temporal bone to create the temporomandibular joint which permits mobility. Other than
the ossicles of the ear, the mandible is the only skull bone that is mobile, allowing the bone to
contribute to mastication.!!

Head (caput)

Condylar process,

Ramus

Angle
Alveolar part (crest) . §

Mental foraman
Mental protuberance
Mental tubercle

Fig6:Mandible, anterolateral superior view.

2-2-2 Blood Supply and Lymphatics

Blood supply to the mandible is via small periosteal and endosteal vessels. The periosteal vessels
arise mainly from the inferior alveolar artery and supply the ramus of the mandible. The endosteal
vessels arise from the peri-mandibular branches of the maxillary artery, facial artery, external
carotid artery, and superficial temporal artery; these supply the body of the mandible. The
mandibular teeth are supplied by dental branches from the inferior alveolar artery.

Lymphatic drainage of the mandible is primarily via the submandibular lymph nodes; however,
the mandibular symphysis region drains into the submental lymph node, which subsequently drains
into the submandibular nodes.*?
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Fig7 : blood supply through the mandible via branches of the
external carotid artery.
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3- Alveolar bone:

3-1 Definition:

The alveolar process, which is also called the alveolar bone, is the thick ridge of bone which
contains the tooth sockets. The alveolar bone is located on the jaw bones which hold the teeth. In
humans, these bones that contain the teeth are the maxilla and the mandible. The curved portion
of each alveolar process on the jaw is the alveolar arch.

3-2 Structure:

The alveolar bone is formed at the periphery by a compact outer layer of bone (external cortical)
and an inner layer called the alveolar wall. The central portions between the cortical and alveolar
walls (inter-dental and inter-radicular septa) consist of trabecular bones.
a-The cortical bone:

External cortical:

It forms the external wall of the alveolar bone. It is covered by the attached gums and is in
continuity with the cortical portion of the basal portion. It’s thicker on the maxilla than the
mandible. Its thickness grows from the midline to the molars where it is maximum, and is higher on
the lingual side compared to the vestibular side. It consists histologically of lamellar systems applied
against each other and of Havers systems.

Alveolar wall:
It lines the alveolar cavity that receives the roots. It is the cell itself, also called cribriform blade or
lamina dura. It consists of a portion of lamellar bone and fibrous bone where the main ligament
fibres are inserted.

b-The trabecular bone:

Trabecular bone forms the body of the basal and alveolar bones. Also called spongy bone, its
structure is organized into bony spans creating large cavities called medullary spaces and containing
the bone marrow.

The spongy bone of the inter-dental and inter-radicular septa contains nutrient perforating
channels that end at the alveolar ridge to deliver passage to the nerves and vessels.'3

On the makxilla, the alveolar process is a ridge located on the inferior surface. On the mandible, it is
a ridge located on the superior surface. It comprises of the thickest part of the maxillae.

The alveolar process includes a region of compact bone that is adjacent to the periodontal
ligament (PDL). This is called the lamina dura when it is viewed on radiographs. It is the lamina dura
which is attached to the cementum from the roots by the periodontal ligament. It is uniformly
lighter. The integrity of the lamina dura is critical when studying radiographs for pathological
lesions.

The alveolar process also has a supporting bone, both of which have the same components and
includes the following: fibers, cells, intercellular substances, nerves, blood vessels and lymphatics.


http://www.lescoursdentaire.info/2422.html
http://www.lescoursdentaire.info/2422.html

' DENTAL PROSTHESES AND BISPHOSOHONATES CHAPTER 1 ‘

The alveolar process is the lining of the tooth’s socket and referred to as the alveolus. Although
the alveolar process is made up of compact bone, it may also be called the cribriform plate as it
contains various holes where Volkmann canals pass from the alveolar bone and into the PDL. The
alveolar bone proper is also called the bundle bone because of the Sharpey fibers. A portion of the
fibers of the PDL are inserted here. Similar to that of the cemental surface, Sharpey fibers located in
the alveolar bone proper, are inserted at 90 degrees or at a right angle. They are also fewer in
number, however, thicker in the diameter compared to those present in the cementum. Similar to
the cellular cementum, Sharpey fibers are typically mineralized partially at their periphery.

The alveolar crest is the most cervical rim found in the alveolar bone proper. When it is healthy,
the alveolar crest is slightly apical to the cementoenamel junction (CEJ) by about 1.5-2 mm. The
alveolar crests of the adjacent teeth are also uniform in height along the jaw when they are healthy.

The supporting alveolar bone structure consists of both cortical and trabecular bone. The cortical
bone, also known as cortical plates, consist of plates of compact bone found on the facial and
lingual surfaces of the alveolar bone. These cortical plates are typically about 1.5-3 mm thick
compared to the posterior teeth. However, the thickness varies drastically around the anterior
teeth. The trabecular bone contains cancellous bone, which is located between the alveolar bone
proper in addition to the plates of cortical bone. The alveolar bone is located between two
neighboring teeth is the interdental septum.4

1-ALVEOLAR
BONE
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PLATE

Fig8: a simplified structure of alveolar bone

3-3 Blood supply and venous drainage of the maxillary alveolar bone and teeth:

From the external carotid artery arises the maxillary artery which supplies both the maxillary and
mandibular teeth.

The maxillary arch is supplied by a plexus of three arterial branches which include the anterior
superior alveolar artery, the middle superior alveolar artery and the posterior superior alveolar
artery.

e The posterior superior alveolar artery stems from the third division of the maxillary artery.
It arises in the middle cranial fossa before the maxillary artery enters the pterygopalatine
fossa. It continues on and enters the infratemporal surface of the maxilla to supply the
maxillary sinus, the premolars and the molars.

10



https://www.kenhub.com/en/library/anatomy/the-external-carotid-artery-and-its-branches
https://www.kenhub.com/en/library/anatomy/maxillary-artery
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¢ The middle superior alveolar artery arises from the infraorbital artery as does the anterior
superior alveolar artery. Sometimes however this artery is not present. If it is, it arises within
the infraorbital canal where it descends to supply the maxillary sinus and the plexus at the
level of the canine.

e The anterior superior alveolar artery also arises at the level of the middle superior alveolar
artery and runs with it to supply the anterior portion of the maxillary arch, the maxillary
sinus and the anterior teeth.

As for the venous drainage, the posterior superior alveolar vein, the middle superior alveolar vein
and the anterior superior alveolar vein drain into the pterygoid venous plexus.

3-4 Blood supply and venous drainage of the mandibular alveolar bone and teeth:

The maxillary artery gives rise to a single branch to supply the mandibular teeth which is known as
the inferior alveolar artery. It descends inferiorly along with the inferior alveolar nerve and enters
the bone via the mandibular foramen. At the level of the second premolar, it terminates into the
branches of the mental and incisive arteries after it has supplied all of the mandibular teeth.

The mental and incisive arteries supply the labial gingiva of the anterior teeth and the anterior
teeth themselves respectively.

The inferior alveolar vein is the sole collector of the blood pumped around the mandible and it
drains into the pterygoid venous plexus.'>

4- Bone Remodeling:
4-1 Definition:

Bone remodeling (or bone metabolism) is a lifelong process where mature bone tissue is removed
from the skeleton (a process called bone resorption) and new bone tissue is formed (a process
called ossification or new bone formation). These processes also control the reshaping or
replacement of bone following injuries like fractures but also micro-damage, which occurs during
normal activity. Remodeling responds also to functional demands of the mechanical loading.'®

Bone remodeling performs three main functions:

- It first allows the body to regulate the mineral balance (homeostasis of calcium and
phosphate).

- It then acts as a mechanism for adapting the skeleton to its mechanical environment,
thereby reducing the risk of fracture.

- Finally, it is a mechanism for tissue renewal and repair of bone damage, created especially
during stress.

The first of these functions is fulfilled through a redesign that does not depend on the site. To
restore the mineral balance, the regulation involved is systemic and the bone tissue as a whole is
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solicited until the mineral balance is restored. The other two functions, on the other hand, require a
more targeted site redesign.

The alveolar bone is in constant flux. Its physiological lability is maintained by a constant balance
between the phenomena of formation and resorption, ensuring the renewal of bone structures.

In the normal state, as for example during the physiological migration of the teeth, the amount of
bone destroyed is equal to the amount of bone formed. In other situations, such as hypofunction
or hyperfunction, the balance between resorption and formation is unbalanced.’

4-2 the different phases of remodeling:

This remodeling is mainly ensured by the succession of the phases of resorption and affixing.

- Osteoclasts are responsible for the destruction of old or altered bone and osteoblasts
synthesize a new bone matrix.

- The metabolic activities of these two cell populations are coupled in space and time.

- The reshaping cycle, highlighted and called ARIF cycle by Baron, lasts about three months in
adults, the training phase is longer than the resorption phase. This cycle consists of 5
phases:

1/Activation
2/Resorption
3/Reversal
4/Formation
5/Termination
To begin the rework cycle and enter the activation phase, the bone must be stimulated.

This stimulus, which induces the transformation of macrophages into osteoclasts and mesenchymal
cells undifferentiated in osteoblasts, is attributed to different factors: variations of ionic calcium,
vascular changes, or biochemical transformations.8

1/Activation:

Osteoclast precursor cells are recruited from the circulation and activated; the bone surface is
exposed as the lining cells separate from underlying bone and form a
raised canopy over the site to be resorbed. Multiple mononuclear cells fuse to form multinucleated
preosteoclasts which bind to the bone matrix to form sealing
zones around bone-resorbing compartments, thus isolating the resorption pit from surrounding
bone.?
Initiation of bone remodeling is the first important step ensuring that, in health, remodeling only
takes place when it is required. In targeted remodeling, which refers to removal of a specific area of
damaged or old bone, the initiating signal originates from the osteocytes that use their extensive
network of dendritic processes to signal to other cells.
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Osteocyte apoptosis, induced for example by the disruption of osteocyte canaliculi caused by bone
matrix microdamage, leads to release of paracrine factors that increase local angiogenesis and
recruitment of osteoclast and osteoblast precursors. By contrast, nontargeted remodeling refers to
remodeling in response to systemic changes in hormones such as parathyroid hormone (PTH), thus
allowing access to bone calcium stores and is not directed towards a specific site.°

2/Resorption :(approximately two weeks)

Differentiation and activation of osteoclasts are also regulated by osteocytes. Rearrangement of
the osteoclast cytoskeleton results in adherence to the bone
surface, formation of a sealing zone and generation of a ruffled border that provides a greatly
enhanced secretory surface area. Initially, osteoclasts pump protons, generated by Carbonic
Anhydrase I, into the resorbing compartment to dissolve the bone mineral.

Specifically, the H+ATPase pumps H+ into lacunae; this is coupled to Cl transport via a chloride
channel thus maintaining electroneutrality. Subsequently, the collagen-rich bone matrix is degraded
by proteases such as cathepsin K and matrix metalloproteinases. The resorption phase is
terminated by osteoclasts programmed cell death, ensuring that excess resorption does not
occur.?!

3/Reversal: (approximately four to five weeks)

The reversal phase, where bone resorption switches to formation, is still not well understood.
However, there are thought to be two key events occurring. Firstly, the freshly resorbed bone
surface is prepared for deposition of new bone matrix and further signaling occurs that couples
resorption to formation, ensuring that there is no net bone loss. Preparation of the bone surface is
carried out by cells of an osteoblastic lineage which remove unmineralized collagen matrix, and a
non-collagenous mineralized matrix ‘cement-line’ is then deposited to enhance osteoblastic
adherence.??

The exact signal that couples bone resorption to subsequent formation is not yet fully understood.
However, it is likely that the cells of the reversal phase are involved in sending or receiving these
signals. It has been postulated that osteoclasts may be the source of the coupling factor, either
secreting cytokines such as interleukin 6 (IL-6), or via a regulatory receptor on their surface such as
the Ephrin receptor family and their membrane bound ligand, Ephrins, present on osteoblasts.
Other signaling pathways may include matrix-derived factors such as BMP-2, transforming growth
factor B and insulin-like growth factor.??

4/Formation: (approximately four months)
New bone formation can be divided into two parts.

Firstly, osteoblasts synthesize and secrete a type 1collagen-rich osteoid matrix.

Secondly, osteoblasts play a part in regulating osteoid mineralization.60 The process of bone
mineralization, whereby hydroxyapatite crystals are deposited amongst collagen fibrils, is complex
and its regulation is incompletely understood. Control is exerted by systemic regulation

of calcium and phosphate concentrations, local concentration of calcium and phosphate within
extracellular matrix vesicles and by local inhibitors of mineralization, including pyrophosphate and
non-collagenous proteins such as osteopontin.
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The ratio of inorganic pyrophosphate to phosphate is a critical regulator of mineralization, and the
relative activities of tissue nonspecific alkaline phosphatase and ectonucleotide pyrophosphatase
are the key determinants of this ratio.?*
5/Termination:

Once mineralization is complete, osteoblasts undergo apoptosis, change into bone-lining cells or
become entombed within the bone matrix and terminally differentiate into osteocytes. Osteocytes

play a key role in signaling the end of remodeling via secretion of antagonists to osteogenesis.?®

Signals for osteoclastogenesis and
osteoblastogenesis

Resting bone 1. Activation 2. Resorption 3. Reversal 4. Formation 5. Termination

Fig 9 : BMU at different phases of the bone remodeling cycle.

4-3 REGULATORY FACTORS IN BONE REMODELING

The balance between bone resorption and formation is influenced by such interrelated factors as
genetic, mechanical, vascular, nutritional, hormonal and local.

4-3-1 Genetic factors:

These are important in determining the maximum bone mass, since between 60 and 80% of this is
genetically determined. Thus, Black people have a greater bone mass than Whites, who in turn have
a higher mass than Asians. Bone mass is a characteristic transmitted from parents to children,
which is why daughters of mothers with osteoporosis are more predisposed to having this condition
themselves.?®
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4-3-2 Mechanical factors

Physical activity is essential for the correct development of bone. It is believed that muscular action
transmits tension to the bone, which is detected by the osteocyte network within the osseous fluid.
These osteocytes produce regulators such as prostaglandins, nitric oxide and IGF-I, which stimulate
both their own and the osteoblast activity, increased bone formation. On the other hand, the
absence of muscular activity, rest or weightlessness has an adverse effect on bone, accelerating
resorption.?’

4-3-3 Vascular/nerve factors

From studies by Trueta, it is known that vascularization is fundamental for normal bone
development, supplying blood cells, oxygen, minerals, ions, glucose, hormones and growth factors.
Vascularization constitutes the first phase in ossification: the blood vessels invade the cartilage and
later produce resorption via the osteoclasts originating from the nearby vessels. In the same way,
vascular neoformation is the first event in the repair of fractures or bone regeneration, since the
supply of oxygen is fundamental to the production of the restitutio ad integrum rather than fibrous
tissue. Ham described this phenomenon in 1952, observing that the osteocytes die when they are
at some distance from a capillary vessel (the maximum distance being 0.1 mm). Innervation is
necessary for normal bone physiology. The bone is innervated by the autonomous nervous system
and by sensorial nerve fibers. Autonomous fibers have been found in periosteum, endosteum,
cortical bone and associated with the blood vessels of the Volkmann conduit, and likewise
neuropeptides and their receptors in bone. Examples of the importance of innervation in bone
physiology are found in osteopenia and the bone fragility present in patients with neurological
disorders, and also in the decreased bone density in de-nerved mandibles.?®

4-3-4 Nutritional factors

This factor is interesting because it can be modified. A minimum amount of calcium is needed for
mineralization, which the majority of authors put at 1,200 mg per day to the age of 25, not less than
1g per day from 25 to 45, and following menopause should be at least 1,500 mg per day. Likewise,
it is known that toxic habits such as smoking, caffeine, alcohol and excess salt constitute risk factors
for osteopenia.?®

4-3-5 Hormonal factors

The metabolic functions of the skeleton are served in large part by two major calcium-regulating
hormones, parathyroid hormone (PTH)1 and 1,25-dihydroxy vitamin D. A third hormone, calcitonin,
which can inhibit bone resorption, may be important in skeletal development but appears to play
little role in physiologic calcium regulation in adult humans. It is a potent inhibitor of bone
resorption and is used clinically in the treatment of osteoporosis.

PTH regulates serum calcium concentration. It is a potent stimulator of bone resorption and has
biphasic effects on bone formation. There is an acute inhibition of collagen synthesis with high
concentrations of PTH, but prolonged intermittent administration of this hormone produces
increased bone formation, a property for which it is being explored clinically as an anabolic agent.
Plasma PTH tends to increase with age, and this may produce an increase in bone turnover and a
loss of bone mass, particularly of cortical bone. 1,25-Dihydroxy vitamin D has its greatest effect on
intestinal calcium and phosphate absorption, but it may also have direct effects on bone and other
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tissues. It is probably critical for the differentiation of both osteoblasts and osteoclasts and can
stimulate bone resorption and formation under some experimental conditions.

Other systemic hormones are important in regulating skeletal growth. Growth hormone, acting
through both systemic and local insulin-like growth factor (IGF) production, can stimulate bone
formation and resorption. Glucocorticoids are necessary for bone cell differentiation during
development, but their greatest postnatal effect is to inhibit bone formation. This is the major
pathogenetic mechanism in glucocorticoid-induced osteoporosis. Indirect effects of glucocorticoids
on calcium absorption and sex hormone production may, however, increase bone resorption.
Thyroid hormones can also stimulate bone resorption and formation and are critical for
maintenance of normal bone remodeling.

Probably the most important systemic hormone in maintaining normal bone turnover is estrogen.
Estrogen deficiency leads to an increase in bone remodeling in which resorption outstrips formation
and bone mass decreases. This can be observed not only in postmenopausal women, but also in
men with defects either in the estrogen receptor or in the synthesis of estrogen from testosterone.
The mechanisms by which estrogen regulates bone turnover are still not well understood, although
studies in animals suggest that estrogen acts by altering either the production or activity of local
factors that regulate osteoblast and osteoclast precursors. Estrogen treatment produces a decrease
in both formation and resorption of bone associated with decreased remodeling but increases bone
mass. This increase may simply be a result of the filling in of the resorption space. Alternatively,
estrogen may inhibit local factors that impair bone formation or enhance local factors that
stimulate bone formation.3°

4-3-6 Local factors

Bone remodeling is also regulated by local factors, among which principally growth factors and
cytokines, and recently the bone matrix proteins have been implicated as modulators of other local
factors. Bone cells also play an important role in the production of prostaglandins and nitric oxide,
as well as cytokines and growth factors.3!
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1- Structure and classification of bisphosphonates:

1-1 Definition:

Bisphosphonates are anti-resorptive drugs that act specifically on osteoclasts, thereby
maintaining bone density and strength3?. Bisphosphonates are used in many clinical settings,
including prevention and treatment of primary and secondary osteoporosis, Paget’s disease of
bone, hypercalcemia, multiple myeloma and osteolysis associated with bone metastases of
malignant tumors33. They may directly inhibit the bone-resorbing activity of osteoclasts by
mechanisms that can lead to osteoclast apoptosis.

Moreover, a study by Sahni et al 34 suggested that part of the inhibitory action of bisphosphonates
on the osteoclasts is mediated through an action on the osteoblasts. However, it is not yet known
whether this plays any important role in vivo.

1-2 Structure:

Bisphosphonates are synthetic pyrophosphate analogs with a P-C-P bond instead of the P-O-P
bond of inorganic pyrophosphates, which are used as anti-tarter agents in toothpastes and as a
bone-specific radionuclide in technetium 99m methylene diphosphonate (Tc 99m MDP) bone scans.
Unlike pyrophosphates, bisphosphonates are resistant to breakdown by enzymatic hydrolysis,
which explains their accumulation in the bone matrix and their extremely long half-life. The P-C-P
structure allows a great number of possible variations, especially by changing the two lateral chains
(R1 and R2) in the carbon atom. The two phosphate groups are essential for binding to bone
mineral such as hydroxyapatite and together with the R1 side chain they act as a “bone hook”. A
hydroxyl (OH) group or an amino group at the R1 position increases the affinity for calcium and thus
for bone mineral.

The structure and three-dimensional conformation of the R2 side chain determine the anti-
resorptive potency and the enhanced binding to hydroxyapatite 3°.

Pyrophosphate Bisphosphonate
HO OH HO |AI OH
I | I I
O=p—0—p=20 O=pPp—C—p=0
I | I |
HO OH HO I OH
2

Fig,: The chemical structure of pyrophosphate and
bisphosphonate. R1 and R2 signify the side chains of
bisphosphonate.
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1-3 Classification:

The newer classification differentiates bisphosphonates into the following groups: Nitrogen
containing and non-nitrogen containing. It is based on the nature of the lateral chain and includes:

-No Nitrogen containing bisphosphonates that are now rarely used, they include the first-
generation BPs with alkyl lateral chain ex: clodronate, etidronate, tiludronate

-Nitrogen containing bisphosphonates: are more widely used as they are extremely bone selective,
they include the second-generation BPs with an amine-terminal side chain ex: paramidronate and
alendronate and the third-generation BPs with cyclic lateral chain: zoledronate, risedronate.

Although the mechanisms of action are different, these molecules result in the inactivation and
then apoptosis of osteoclasts. Zoledronate also has the ability to suppress pre-osteoclasts and thus
inhibits osteogenesis and angiogenesis.

The fourth-generation BPs where the nitrogen atom is directly bound to the central carbon are
being studied. In addition to their anti-osteoporotic activity, they possess antimicrobial and
antiparasitic properties: incadronate or incadronic acid is already marketed in some countries®

Generation Type Examples
First generation Non-nitrogen Eridronare (Didronel® Norwich Pharmaceuricals,
containing Inc. North Norwich
BPs

Second
generat ion

Third generation

Clodronate (Bonefos® Bayer PLC, UK)

Tiludronate (Skelid® Sanoh-Aventis Australia Pry Lid)
Alkyl-amino nitrogen Pamidronarte (Aredia®, Novartis Internarional AG,
conraining BPs Basel, Switzerland)
Alendronarte (Fosamax®, Merck & Co., Inc.
Kenilworth, New Jersey, USA)
Ibandronare (Boniva"Roche and

GlaxoSmithKline Brentford, London, UK)

Olpadronate (Olpadronate Sodium®,

PharmaChem USA)
Heterocyclic nitrogen Risedronate (Actonel®, Sanoh S.A. Geniilly, France)
containing BPs Zoledronate (Reclast® Novartis Pharma AG,
Swirzerland)

Table: generations and types of Bps
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2- Pharmacokinetics of Bisphosphonates:

Pharmacokinetics is the activity of drugs in the body over a period of time, including the process
by which drugs are absorbed, distributed in the body, localized in the tissue ,and excreted.3’

Bisphosphonates are a unique class of drugs. As a family, they are characterized pharmacologically
by their ability to inhibit bone resorption, whereas, pharmacokinetically, they are classified by their
similarity in absorption, distribution, and elimination. Although all bisphosphonates have similar
physicochemical properties, their antiresorbing activities differ substantially. Activity is dramatically
increased when the amino group is contained in the aliphatic carbon chain. For example,
alendronate, an aminobisphosphonate, is approximately 700-fold more potent than etidronate,
both in vitro and in vivo.3®

2-1 Administration routes of Bisphosphonates:

A number of BPs have been approved for clinical use in Paget's disease, hypercalcemia of
malignancy, and osteoporosis. The major disadvantage of the clinically utilized BPs is their poor oral
absorption from the Gl tract, typically less than 1% is absorbed. In addition, the BPs have been
associated with adverse gastrointestinal effects in humans. The challenge for novel drug delivery
systems is to achieve improved bioavailability and safety. Dosage form strategies reviewed include
the use of particular formulations for increasing oral absorption as well as decreasing adverse
gastrointestinal effects, absorption enhancers, BP compounds and the solubility of their calcium
complex/salts, and the prodrug approach. Because of the poor Gl absorption, attempts have been
made to enhance the bioavailability of BPs by several parenteral routes other than i.v. injections.
Description of nasal administration, s.c. and i.m. injections are reviewed.?

2-1-1 Oral administration:

Orally administered medications can cross the gastrointestinal epithelium by either the
transcellular route or the paracellular route depending on their physiochemical properties.

Bisphosphonates are a large, hydrophilic molecule that cannot cross the gastrointestinal epithelium
via the transcellular route and inefficiently utilize the paracellular route of absorption due to their
large size and negative charge: the brush-border membrane is negatively charged and will often
repel the negatively charged phosphate groups on the bisphosphonate from the epithelium and
tight junctions. Finally, these negative charges also give bisphosphonates the tendency to bind with
cations such as calcium and magnesium present in the intestinal lumen. In relation to this, the
opening and closing of tight junctions has been linked to shifts in intracellular and extracellular
movements of calcium. This additional supply of calcium ions may also interfere with the
movement of the bisphosphonate through these junctions.

This will lead to lowering absorption and oral bioavailability.*® Therefore , Oral administration of
bisphosphonates is complicated by poor bioavailability (generally <5%) and poor gastrointestinal
tolerability. First-generation bisphosphonates, such as clodronate (Bonefos; Anthra
Pharmaceuticals; Princeton, NJ), must be administered at high oral doses (1,600-3,200 mg/day) to
achieve therapeutic effects, which leads to poor tolerability and compliance with oral dosing
regimens.*!
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2-1-2 Intravenous administration:

Bisphosphonate injections are given as a drip (infusion) into the vein. The infusion will take
between 20 minutes and two hours depending on the type of bisphosphonate being given and the
condition being treated.

Bisphosphonate infusions may be given once a year or up every two-three years or every three
months depending on the type prescribed and the condition being treated.

Bisphosphonate injections come in different doses. The dose and how often it is given will depend
on the type of bisphosphonate being used and the condition being treated.*?

Intravenous therapy has gained a high degree of compliance, especially with patients who are
already taking a number of other drugs. Additional advances are 100% bioavailability and no
gastrointestinal side effects. Moreover, the effect on bone density and fracture rate are comparable
to dose of oral therapy. Therefore, intravenous BPs formulations by long dosing interval and
infrequent upper digestive tract adverse events, appear a logical alternative to oral preparations.

However, there are some concerns regarding potent intravenous bisphosphonates including:
zoledronic acid, ibandronate and pamidronate with respect to tolerability, mainly the acute phase
response and to safety, mainly a theoretical risk of over suppression of bone turnover, renal toxicity
and osteonecrosis of the jaw.*3

2-1-3 Nasal administration:

Apart from intravenous and oral routes for the administration of bisphosphonates, a nasal route
has also been reported. The nose offers access to mucosal surfaces suitable for the delivery of
vaccines and bioactive agents. This route offers several advantages: it provides a direct route for
drugs into the blood stream; it protects the drugs from enzymatic attack that is common with oral
administration of drugs resulting in enhanced bioavailability; the rate of absorption and plasma
concentration is better than the subcutaneous routes; it is convenience, easy and painless.*

2-1-4 Subcutaneous injection:

Subcutaneous (SC) injection of BP’s is associated with considerable cutaneous toxicity. The
tolerability of SC BP with recombinant human hyaluronidase (rHuPH20), an enzyme that increases
the absorption of locally injected drugs by degrading hyaluronan (HA) in the skin interstitium was
therefore explored.*

2-1-5 Intramuscular injection:

the bisphosphonate clodronate is also available via the intramuscular (i.m.) route of
administration, and the present study was performed to test its efficacy.

Random patients were given intramuscular clodronate. We noticed an increase in BMD, though a
substantial pain at the site of injection.

These results indicate that intermittent i.m. clodronate administration can provide clinically
relevant benefits to bone density, but the in-situ pain may limit its extensive use.*®
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2-2 Absorbtion of Bisphosphonates:

Absorbtion is the movement of drugs into the bloodstream after administration. It affects
bioavailability—how quickly and how much of a drug reaches its intended target of action.*’

2-2-1 Intestinal Absorbtion: Oral biphosphonate 100%

Intestinal epithelium

In general, bisphosphonates are poorly
absorbed from the gastrointestinal tract
(between 1% or less and 10% of the
amount ingested) as a result of their poor
lipophilicity.*®

Nitrogen containing bisphosphonates,
alendronate, risendronate and
ibandronate, have an absorption value (F)
of 0.7%, whereas non-nitrogen containing
bisphosphonates, clodronate and
etidronate have a higher F of 2.0-2.5%.

f .
04% 06% [of %eet A7

® = Bisphosphonate

The bisphosphonates studied up to now,
such as etidronate, clodronate,
pamidronate, and alendronate, are
absorbed, stored, and excreted unaltered.
The intestinal absorption of the
bisphosphonates is low. The newer
bisphosphonates are at the lower end of
the scale.*®

Four compartments
of bisphosphonates

Renal tubular cell Osteoclast

Fig10 : Diagrammatic representation of the four compartments of
bisphosphonate absorption and excretion: Gastro-intestinal tract, blood,
bone and kidney

2-3 Distribution half-life :

Bisphosphonates are bound to albumin in the blood. There are big differences in the strength of
the albumin bonds (from 22% for Zoledronate to 87 for ibandronate) and therefore in the time it
takes for the bisphosphonate to be eliminated from the plasma.

The half-life of the Zoledronate in the plasma Is only 1-2 hours, while that of ibandronate is 10-16
hours.but the half life in the bone is much longer, it lasts for several years.

Bisphosphonates in the plasma are actively bound to the surface of the bones, especially in the
resorption lacunae where they are attached to calcium. The amount of deposition depends on the
extent of resorption surface of bone available.>°
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e Affinity to Bone:

By binding to hydroxyapatite, bisphosphonates accumulate at sites of bone resorption and are
selectively internalized by actively resorbing osteoclasts. The different bisphosphonates have
different affinities for hydroxyapatite crystals.

These differences in binding affinities and effects on mineral surface properties are likely to be
reflected in the clinical differences among these bisphosphonates: uptake and retention on the
skeleton, diffusion of the drug within the bone, release of absorbed drug from the bone, potential
recycling of the desorbed drug back onto bone surface, effects on mineral dynamics, and affects on
bone cellular function.>°

2-4 Elimination of Bisphosphonates:

Bisphosphonates are eliminated without prior metabolism via the kidneys. This renal clearance of
bisphosphonates is accomplished by glomerular filtration as well as active tubular excretion.
Bisphosphonates are passively bourne by the blood stream to the kidneys; the quantity depends on
the concentration gradient of the bisphosphonate in the blood. Bisphosphonates released from the
surface of the bone (T2 150-200 h) also reach the kidneys by way of the blood stream and are
actively eliminated by the proximal tubules.

Consequently, excretion of bisphosphonates given by intravenous infusion is multiphasic — a fast
biphasic elimination from the blood stream, followed by a lengthier phase with a final elimination
half-life of several days. Even after administration of a number of doses, accumulation in the
plasma does not occur.

About half of the amount of bisphosphonate given at any time is excreted unchanged by the
kidneys within 24 h. The half-life time of the bisphosphonates in renal tissue is very variable. It is
clear that these differences are responsible for differences in toxicity to the kidney, particularly if
and when administration is repeated. Therefore, when dealing with patients with impaired renal
function, precautionary measures have to be applied.>®

3- Pharmacodynamics of Bisphosphonates:

Pharmacodynamics is the study of the mechanisms by which a drug affects an organism at
different levels. The cellular and molecular targets of bisphosphonates are multiple. The action
resulting is a pharmacological inhibition of bone resorption. Their mechanism is complex.

3-1 At the tissue level:

Bisphosphonate improvement of mechanical strength, reflected in a reduction in fracture risk, is
caused by an increase in bone mass, as well as by an improvement in architecture, which is
attributable to a reduction in bone turnover. A higher number of bone-remodeling sites, where
excessive osteoclastic destruction of bone takes place, leads to formation of areas of stress
concentration and, thus, increased risk of fracture.

By reducing turnover, bisphosphonates reverse this condition. Decreased bone turnover also
explains the overall prevention of bone loss.
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The initial rise in bone mass is caused by the continued rebuilding of basic multicellular units (BMU)
that were initiated before bisphosphonate treatment. Bisphosphonates also reduce the number of
new BMUs and, at individual BMUs, they act by decreasing the depth of resorption and possibly
increasing wall width during the formation phase °*.

Another mechanism for increased bone strength is the increase in mineralization associated with
lower bone turnover. Lower turnover lengthens the life span of the BMU, thus permitting it to
mineralize more completely and increase mineral content. >%°3°4

Effects at BIWIU level
Bone = Bone
resorption = formation
=
S Laoss of
No . bone L oo
inhibition
Inhibition Lo
Suronger Lo
imhibition
Fig 11: Possible effects of bisphosphonates at the level of the individual BMU.

3-2 At the Cellular level:

At the cellular level, there is general agreement that the final target of bisphosphonate action is
the osteoclast. Bisphosphonates could reduce osteoclastic bone resorption through:
(a) alteration of the bone or bone mineral in ways which reduce, by a pure physicochemical

and not a cellular mechanism, the rate of its dissolution.
(b) inhibition of osteoclast activity on the bone surface;
(c) inhibition of osteoclast recruitment to the bone surface;
(d) shortening of the osteoclast lifespan;
These effects could be due to direct action on the osteoclast, or indirectly via action on cells which
modulate the osteoclast.
(a) Alteration of bone mineral:

The earliest hypothesis for bisphosphonate action on bone proposed physical effects on mineral
dissolution. Although bisphosphonates, like pyrophosphate, could affect this process, it is now
obvious that the low concentration of bisphosphonates, and especially of the newer more potent
ones necessary to produce a pharmacological effect, has no significant impact on mineral
dissolution and that their action is therefore cellular.
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(b) Inhibition of osteoclast activity on the bone surface:(Direct action on osteoclasts):

BPs are mostly taken up by bone tissue, and selectively bind to the hydroxyapatite crystal
structure of the mineral phase of bone tissue at active sites of resorption.

In the bone resorption phase, the proton pump of the brush border of the osteoclast acidifies the
medium.

Acidification of the medium triggers the secondary release of BPs and their concentration under the
osteoclastic cells.

The bisphosphonate molecules are then internalized in the cell by endocytosis, where they act on
glycolysis, enzymatic activity, protein synthesis and decrease in acid production.

This direct action at the level of the osteoclastic cell is revealed by the disappearance of the brush
border of the osteoclasts and changes in the cytoskeleton, a sign of the disruption of cell activity.
There is a decrease in both the activity of osteoclasts and their number (death by apoptosis). *°

(c) Inhibition of osteoclast recruitment to the bone surface: (indirect action on osteoclasts )

the effect on osteoclastic precursors, or by the induction of the production by osteoblasts of a
factor inhibiting recruitment and / or decreasing the lifespan of osteoclasts >%>7 .

e Action on Osteoclastic precursors:

Mononuclear osteoclastic precursors present in the bone marrow differentiate into mature
multinucleated osteoclasts on the bone surface. Certain bisphosphonates have been shown in vitro
to act indirectly by inhibiting the synthesis of osteoclastic precursors and their processing.

This action results in a decrease in the recruitment of active osteoclasts and therefore a decrease in
bone remodeling sites. >8

e Action on osteoblasts :

BPs stimulate the production by osteoblasts of factors that inhibit osteoclast formation. This factor
is thought to act on osteoclastic precursors and prevent the formation of mature osteoclasts. This
results in the inhibition of bone resorption activity.

(d) Shortening of the osteoclast lifespan:

The life span of osteoclast nuclei has been estimated from histomorphometric studies at 2 weeks >°.
However, bisphosphonates can shorten their lifespan inducing their apoptosis and this is due to a
toxic accumulation of bisphosphonates within the cell.

3-3 At the molecular level:

At this level, bisphosphonates interfere with the mevalonate pathway by inhibiting formation of
the lipid chains of prenylated proteins and thus also with metabolism of steroids.

Bisphosphonates inhibit the formation of lipid chains of prenylated proteins, while statins effect the
synthesis of mevalonic acid by inhibition of HMG-CoA-reductase, the bisphosphonates interfere
with the earlier phases of prenylation and of steroid synthesis . The following steps in the process
of mevalonic acid synthesis are clinically relevant and are targets of the bisphosphonates:
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1. The first-generation bisphosphonates (non nitrogen- containing bisphosphonates) together with
adenosine monophosphate, they form an ATP analogue which cannot be hydrolyzed and thereby
withholds the energy required for the synthesis of isopentenyl pyrophosphate.

2. The second-generation bisphosphonates (nitrogen-containing) — these prevent the enzymatic
switch of Dimethylallyl pyrophosphate to geranyl pyrophosphate.

3. The third-generation bisphosphonates (nitrogen- containing) — these additionally block the next
step in the enzymatic reaction, conversion of geranyl pyrophosphate to farnesyl pyrophosphate or
to geranylgeranyl pyrophosphate °* .

Consequently, the cells become inactive, lose their membrane-specific properties, and eventually
induce programmed cell death, apoptosis.

Initially, this blockage takes place in the osteoclasts, due to their uptake of bisphosphonates from
the osseous surface. Within osteoclasts, bisphosphonates cause many changes that affect their
ability to resorb bone, such as loss of the ruffled border, disruption of the cytoskeleton, and
inability to migrate or bind to bone .

Because of the inhibitory effect of nitrogen containing bisphosphonates, there is an increase in the
concentration of IPP, which in turn results in the formation of isopentenyl ATP by means of its
reaction with AMP. This combination triggers the excretion of caspases (intracellular proteolytic
enzymes that mediates apoptosis) and thereby programmed cell death .

It should be stressed that the same process occurs in all cells in which bisphosphonates accumulate
and it is responsible for the (desired) effects as well as the (unwanted) side effects of the
bisphosphonates.

Nowadays, mainly nitrogen containing bisphosphonates (second and third generation) are widely
used in clinical practice. Their activity is strongly dependent on local pH values. In acidic milieus
nitrogen-containing bisphosphonates are released and activated and exert their therapeutical
effects as well as their side effects®?.

In summary, inhibition of osteoclastic resorption is accomplished by means of three different
mechanisms corresponding to the three generations of bisphosphonates 2.

Mevalonate pathway.
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Figl2: The different effects of statins and BPs in the mevalonate pathway, indicating how tissue selectivity of uptake determines their
pharmacological specificity 2.
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4- The biological effects and mechanisms of action of Bisphosphonates:

The bisphosphonates have two fundamental biological effects: inhibition of calcification, when
given at high doses, and inhibition of bone resorption®.

4-1- Inhibition of calcification:

The mechanism of action is physico-chemical: bisphosphonates have a very strong affinity for
calcium phosphate crystals; they bind to calcium by chemisorption and prevent both dissolution
and growth of crystals.

Bisphosphonates have a regulatory property on endogenous calcium metabolism which enables
them to prevent ectopic calcifications in vivo. This prevention of extra osseous calcifications is
obtained by their action on the mineral tissue but also by their effects on cholesterol, elastin, and
the collagen of the arterial walls. They prevent the build-up of lipoproteins in macrophages, which
is the first phase in the process of atherosclerosis. Bisphosphonates have a beneficial effect in
arterial calcifications, they have proven their effects in the treatment of certain calcifying conditions
such as myositis ossifying for more than three decades and they have recently been used in the
treatment of intracerebral calcifications.5

4-2- Inhibition of bone resorption:

In vitro and in vivo studies have shown that inhibition of bone resorption is the main effect of Bps,
which are potent inhibitors of osteoclastic activity; they reduce bone remodeling, > turn-over ", by
binding strongly to the bone, they are not metabolized and remain accumulated in the bone until
the area, in which they are trapped, is degraded again.

This effect is seen in healthy subjects as well as in subjects with osteolytic disease.
e Atthe tissue level: Their major effect is a strong inhibition of bone remodeling.
e At the cellular level: Bps inhibit the activity and differentiation of osteoclasts.
4-3- Anti-tumor effect:

Several studies have demonstrated the capacity of certain amino-bisphosphonates to reduce the
proliferation and viability of tumor cell lines in vitro. Experiments in animal models have also
shown that they can reduce tumor burden and slow the progression of bone lesions ©° .

Bisphosphonates act by various mechanisms:

e Indirect mechanisms: By reducing osteolysis and the local release of growth factors they
would make the bone less favorable for the growth of tumor cells, and they could also
inhibit their adhesion to the bone extracellular matrix 4.

In addition, bisphosphonates could make tumor cells more sensitive to cytotoxic

T lymphocytes and increase this cell population up to 50 times.
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Direct mechanism: bisphosphonates appear to be able to directly induce apoptosis in tumor
cell lines.

Since the cellular absorption of bisphosphonates is quite poor, research is now focused on the
development of prodrugs which, by intracellular activation, could release bisphosphonates inside
cancer cells .

4-4- Anti-angiogenic effect:

Bisphosphonates would have anti-angiogenic activity: they would be able to oppose the formation
of new vessels by reducing the proliferation of endothelial cells and increasing their apoptosis, by
reducing the formation of capillaries as well as the circulating level of VEGF (Vascular Endothelial
Growth Factor).

Zoledronate and ibandronate have thus shown their ability in vitro to inhibit the proliferation of
endothelial cells.

A decrease in the Vascular Endothelial Growth Factor has also been observed in patients treated
with pamidronate.

The anti-angiogenic effect of these drugs could therefore be compared to the effect of radiotherapy
which alters bone metabolism by associating hypovascularization, hypocellularity and hypoxia.

The importance of this anti-angiogenic activity, however, needs to be confirmed in human clinics ©’.

4-5- Effect on bone formation:
Studies have suggested that Bps may have a direct effect on bone formation: %*
- Anincrease in bone formation has been observed in BMUs

- Icadronate administered orally at a toxic dose for 13 weeks caused intramembranous bone
formation in the intramedullary area

- Invitro bisphosphonates caused proliferation of osteoblasts and cartilage cells as well as
increased production of collagen and osteocalcin by bone cells and proteoglycan by cartilage
cells.

Very recently, a study showed that zoledronate and ibandronate were able to enhance the
expression of genes for osteoblast differentiation markers when present at a certain concentration.
On the other hand, at lower concentrations, they would lead to a decrease in the expression of
these genes. Non-nitrogenous. bisphosphonates would have less influence 8 .

4-6- Pro-inflammatory effect:

Inhibition of farnesyl diphosphate synthase (FPPS) causes the accumulation of isopentenyl
pyrophosphate (IPP) which will activate T lymphocytes. They then release TNF-a, which initiates an
inflammatory phase.

This pro-inflammatory effect is particularly well demonstrated by the frequent occurrence of a flu-
like syndrome during IV administration of bisphosphonates .
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4-7- Effects on uncalcified tissue:

At very high doses (and probably not at a therapeutic dose), bisphosphonates have shown multiple
effects which are still poorly understood: effects on the immune system, increase in HDL, inhibition
of the growth of protozoan parasites (Entamoeba, Plasmodies, Trypanosomes, Toxoplasma,
Cryptosporidia, and Leishmania), action on the gastric mucosa...etc’®

In vitro, bisphosphonates bound to a bone surface have also been show to be able to inhibit the
growth of adjacent epithelial cells. 8

5- Therapeutic Indications :
5-1 Non-malignant pathologies :
5-1-1 Osteoporosis :

Osteoporosis is a skeletal disease characterised by low bone mass and micro-architectural
deterioration of bone tissue with a consequent increase in bone fragility and susceptibility to
fracture 7.

The treatments used in the management of osteoporosis are calcium and vitamin D preparations,
biphosphonates, SERM (Selective Estrogen Receptor Modulator) such as Raloxifene, anabolic
substances, calcitonin and monoclonal antibodies (Denosumab). Currently BPs used in the
treatment of osteoporosis are often administered orally, but sometimes also intravenously 2.
Women receiving bisphosphonates present decreased bone turnover and serum markers of bone
turnover, such as cross-linked C-telopeptides of collagen type 173.

5-1-2 Paget’s disease:

This pathology is characterized by an abnormality of bone remodelling that results in excessive
osteoclast activity (resulting in the resorption of the bone), and an increase in the filling of resorby
spaces, by osteoblasts. The result is an abnormally fragile bone because the neoformed bone is
disorganized 74,

Bisphosphonates allow the return to physiological bone remodelling, with reconstruction of a
histologically normal bone. They stabilize the disease and reduce pain and fractures’. The most
commonly used bisphosphonates are: Tiludroante (Skelid®), Pamidronate (Aredia®). Risedronate
(Actonel®) and Zoledronate (Aclasta®) 76.

5-1-3 The imperfect osteogenesis:

Imperfect osteogenesis is inherited congenital osteoporosis, autosomal dominant inheritance.
Bisphosphonate therapy has altered the natural derogatory course of the disease especially in
growing children. The procedure for administration of bisphosphonates remains to be specified in
order to obtain the minimum therapeutic dose with the minimum of long-term. side effects. The
treatment of this disease is interdisciplinary: medical, surgical and rehabilitation 7.
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5-1-4 Other Indications:

Glucocorticoid-induced osteoporosis is an important indication for bisphosphonate use in various
diseases. As an example, Crohn’s disease and its therapy affect bone health and result in a high
prevalence of low bone mineral density disease such as osteoporosis and osteopenia, which may be
ameliorated by bisphosphonate therapy 72.

Apart from their antiresorptive activity, bisphosphonates may also have specific analgesic or anti-
inflammatory effects. Thus, rheumatic diseases associated with systemic and sometimes focal bone
loss, such as rheumatoid arthritis, spondylarthritis, or SAPHO (synovitis, acne, pustulosis,
hyperostosis, osteitis) syndrome, are candidates for bisphosphonate therapy. Also, non-
inflammatory rheumatic diseases, such as aseptic osteonecrosis, neuropathic osteoarthropathy,
algoneurodystrophy, and fibrous dysplasia, are associated with pain and increased focal bone
remodeling.

The Bps have been used in some periodontal treatments to limit bone resorption. Lane et al. have
shown that their use improved the level of the clinical attachment, decreased the depth of the
pockets and sulcular bleeding. Their studies show that treatment with bisphosphonates prevents
bone resorptions and maintains bone volume. However, clinical regression remains very
insufficient”®.

5-2 Malignant pathologies:
5-2-1 Multiple Myeloma :

Multiple myeloma patients are often affected by pathological fractures early in their disease
course but still have a long survival compared to other patients with bone metastases. Due to early
and massive bone affection, potent intravenous bisphosphonate regimens are the preferred
treatment strategy in multiple myeloma patients. However, the prolonged intravenous
bisphosphonate use is probably the reason for a high incidence of bisphosphonate-related
osteonecrosis of the jaw (up to 23 %)8° in these patients. Data clearly demonstrating the superiority
of zoledronic acid compared to ibandronate in multiple myeloma patients is missing; however,
ibandronate is not approved for use in multiple myeloma patients, although the incidence of
bisphosphonate-related osteonecrosis of the jaw seems to be lower than with zoledronate
treatment 8. Thus, to date, intravenous zoledronate is the preferred bisphosphonate regimen for
multiple myeloma patients.

5-2-2 Breast Cancer:

Breast cancer is the most frequently diagnosed cancer in women not only in Western countries
but also in Algeria, and bone loss is common throughout the disease course. About 70 % of patients
with advanced breast cancer develop bone metastases, a complication that is often painful and
potentially leads to debilitating skeletal-related events. In early breast cancer, accelerated bone
mineral density loss frequently occurs in the wake of adjuvant therapy. Rate and extent of
chemotherapy or endocrine cancer therapy-induced bone loss are often greater than decreases in
bone mineral density during menopause. Bisphosphonates such as zoledronic acid are indicated for
the treatment of breast cancer bone metastases and reduce the fracture risk by a third .
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Zoledronate has been shown to also prevent cancer therapy-induced bone loss and improve bone
mineral density in premenopausal women receiving adjuvant endocrine or chemotherapy for breast
cancer 8.The benefits of bisphosphonate therapy in breast cancer go beyond maintaining bone
health and include potential anticancer effects .

5-2-3 Prostate Cancer and Other Genitourinary Malignancies:

In men, prostate cancer is the most frequent malignancy and the second most common cause of
cancer death. Skeletal complications are numerous, either due to bone metastases or as a
consequence of androgen deprivation therapy. Complications of bone metastases include bone
pain, pathologic fractures, and spinal cord compression 83, Less common genitourinary malignancies
also have a predilection for metastases to the bone. Preclinical studies in models of genitourinary
cancers have shown that bisphosphonates can inhibit overall tumor progression, proliferation,
invasion, and angiogenesis; activate the immune response against cancer cells; and produce
synergistic anticancer effects with cytotoxic agents. Compared to other bisphosphonates,
zoledronate demonstrated especially profound direct anticancer activity and synergy with cytotoxic
chemotherapy in preclinical studies with prostate cancer cells &4,

5-2-4 Malignant hypercalcemia:

The two main causes of hypercalcemia are primary hyperparathyroidism and malignant
hypercalcemia in breast and lung cancers . It occurs when osteolysis is severe, and renal excretion
capacities are exceeded . Bisphosphonates normalize calcemia, reduce pain and fractures, and
significantly decrease the development of osteolytic lesions 7.

6- Contraindications of Bisphosphonates :

e Oral bisphosphonates should not be used as initial therapy in patients with esophageal
disorders (eg: achalasia, esophageal stricture, esophageal varices, Barrett's esophagus)
or with an inability to follow the dosing requirements (eg: stay upright for at least 30
minutes).

e Oral bisphosphonates should also be avoided after certain types of bariatric surgery in
which surgical anastomoses are present in the Gl tract (eg, Roux-en-Y gastric bypass).

e Oral and IV bisphosphonates should not be used routinely in patients with chronic
kidney disease (CKD) and an estimated glomerular filtration rate (eGFR) <30 to 35
mL/min.

e Oral and IV bisphosphonates should not be used routinely in patients with
hypocalcemia, vitamin D deficiency, and renal impairment, their correction is necessary
prior to administration.?’

7- Adverse effects of Bisphosphonates :

7-1 Gastrointestinal adverse effects :

All oral bisphosphonates have correlations with upper gastrointestinal adverse effects, including
gastrointestinal reflux, esophagitis, esophageal/gastric ulcers, and gastritis. Gastrointestinal side
effects are the most common reason for discontinuation of oral bisphosphonates. The risk increases
in patients who take concomitant NSAIDs.88
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Proper administration of oral bisphosphonates may help to reduce the risk of these gastrointestinal
adverse effects. Clinicians should avoid oral bisphosphonates in patients who are at a higher risk of
these gastrointestinal adverse effects including those who are not able to sit upright for at least 30
minutes after taking the bisphosphonate, and patients with esophageal disorders such as achalasia,
esophageal stricture, Barrett's esophagus, and esophageal varices and patients who have
undergone Roux-en-Y gastric bypass. The risk of upper gastrointestinal adverse effects may be
slightly lower with risedronate compared to alendronate. Other gastrointestinal adverse effects
include abdominal pain, diarrhea, and constipation, which can occur in up to 5% of patients.

7-2 Infusion reaction:

Intravenous bisphosphonates have associations with an infusion/acute phase reaction
characterized by flu-like symptoms, fevers, myalgias, arthralgias, and headaches within 1 to 3 days
of the infusion. The symptoms usually respond to acetaminophen or NSAIDs and resolve within a
few days. The risk of the acute phase reaction is highest with the 1st infusion of the intravenous
bisphosphonate (up to 30%), and the risk declines significantly with further dosing (less than 7%).
This infusion/acute phase reaction is usually mild and self-limiting and does not necessitate
discontinuation of the intravenous bisphosphonate therapy.

7-3 Hypocalcemia:

Transient hypocalcemia is a common issue secondary to bisphosphonate use, and the incidence
may be as high as 18%. Severe hypocalcemia, however, is rare. Hypocalcemia is more common,
secondary to intravenous bisphosphonates, and in patients who have an underlying untreated
vitamin-D deficiency, hypocalcemia, poor calcium intake, and hypoparathyroidism. 8°° Calcium and
vitamin-D deficiency require correction before initiating bisphosphonates, especially intravenous
bisphosphonates.

7-4 Arthralgia and Myalgia:

Bone, joint, and muscle pain can occur secondary to bisphosphonates. The symptoms are rare,
with an incidence of less than 5%. Symptoms are usually mild, although there have been reports of
severe pain. Musculo-skeletal pain can have onset within days two years after starting
bisphosphonates and may not always resolve entirely after discontinuation of bisphosphonates. °*

7-5 Ocular adverse effects.

Rare ocular adverse effects, including uveitis, conjunctivitis, and scleritis, have been reported with
all bisphosphonates. The incidence is infrequent °2.

7-6 Atypical femur fractures.

7-7 Osteonecrosis of the jaw. (Check the next chapter)
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1- Osteonecrosis of the jaw:
1-1 Definition:

Osteonecrosis of the jaw (ONJ) is classically considered as a disruption of vascular supply or
avascular necrosis with exposure of the jaw bones. It can be caused by radiation, high-dose steroid
therapy, and medications that disrupt vascular supply or bone turnover in the jaws.*3

1-2 Pathophysiology

The pathophysiology of ONJ is not well understood and appears to be multifactorial. Suppression
of bone remodelling may contribute to the development of osteonecrosis and result in inadequate
osteoclast activity to allow healing of the extraction socket.

Infection is a major factor in the development of ONJ. Polymorphonuclear leukocytes and
aggregates of bacteria are almost always seen in the ONJ tissue. Bacteria stimulate bone resorption
and contribute to bone necrosis.

Bacteria can increase bone resorption through the production of local cytokines, resulting in
osteolysis locally. The damaged oral mucosa can contribute to infection, and infection can
contribute to further mucosal damage. Bisphosphonates may also activate the gamma delta T-cells
and impair the immune response to infection.

Denosumab may impact monocyte function and this may also be a contributing factor to the
development of ONJ. Bisphosphonates may have antiangiogenic effects; in addition, treatment of
cancer with tyrosine kinase inhibitors and monoclonal antibodies to vascular endothelial growth
factor has also been associated with the development of ONJ alone or in combination with
bisphosphonates and denosumab therapy.

Lastly, genetic predisposition may enhance the risk of ONJ in certain individuals who have
polymorphisms in the farnesyl pyrophosphate synthase gene or cytochrome P450 CYP2C8 genes.>*

1-3 Risk factors:
1-3-1 Local factors:
1-3-1-1 Dentoalveolar surgery:
-Extractions
-Dental implants
-Periapical surgery
-Periodontal surgery

-Cancer patients treated with IV bisphosphonates and who underwent dentoalveolar procedures
had more risk of MRONJ than cancer patients who were treated with IV bisphosphonates and who
did not undergo dentoalveolar procedures °°.
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1-3-1-2 Local anatomy :
Mandibula:
-Lingual torus
-Mylohyoid line
Maxilla:
-Palatine Torus

* These areas are composed of a mature cortical and trabecular bone with minimal osteoblast
activity. The mucous membrane covering it is thin and less vascularized, making them more
sensitive %

*The lesions are located with a higher frequency on the mandible than on the superior maxilla and
more frequently in areas with thin mucosa that cover bone protrusions, such as the torus, bone
exostosis and the mylohyoid edge %7 °8.

1-3-1-3 Concomitant oral diseases: Dental or periodontal abscesses *°.

1-3-2 Systemic and demographic factors:
-Age: Advanced age is related to a higher prevalence of MRONJ.
-Sex: This factor has not been statistically related to a higher risk of osteonecrosis.
-Race: Caucasians have a higher risk of MRONJ compared to the black race 1.

-Cancer diagnosis, with or without osteoporosis: The type of malignancy is not statistically related
to a higher risk of MRONJ, although the presence of bone metastasis presents a correlation,
according to Wessel’s article 1%, It is related with a higher risk of osteonecrosis in the coadjuvant
treatments in these patients, such as chemotherapeutic agents (cyclophosphamide), erythropoietin
and steroids 102 103,

-Tobacco and alcohol: There is a possible correlation with smoking but not with drinking, according
to the study published by Wessel et al. 101,

-Genetic factors: It has been proven that polymorphism in the farnesyl pyrophosphate synthase or
the cytochrome of gene P450 CYP2C8 increase the risk of MRONJ in patients treated with IV
bisphosphonates. 104 105

-Others: Dialysis, low hemoglobin, obesity and diabetes are variables related to MRONJ,
1-2-3 Drug-related factors:

-Bisphosphonate potency: IV bisphosphonates present higher power than oral ones *°.

-Duration of the treatment: The longer the duration of the treatment, higher the risk of MRONJ °°.
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1-4 Signs and symptoms:
Patients diagnosed with MRONJ are defined by the following characteristics 1°7:
-Prior treatment with antiresorptive and antiangiogenic drugs.
-Presence of bone exposure or intra or extraoral fistula for over 8 weeks, without remission.
-Patients who have not been treated with radiotherapy nor have metastasizing diseases in the jaws.

With the intention of standardizing all the signs and symptoms present in the patients affected by
osteonecrosis of the jaws, a protocol for MRONJ diagnosis was proposed in 2010 108

2-Bisphosphonates related osteonecrosis of the jaw:

2-1 Pathophysiology:

Initially, when the condition was called bisphosphonate-related osteonecrosis of the jaw (BRONJ),
its similarities with radiation-induced osteonecrosis led to the assumption that the condition
started with sterile necrosis of the jaw bone. Therefore, the term osteonecrosis was used otherwise
reserved for sterile bone death usually because of impaired blood supply. At that time, it was
speculated that BPs could cause osteonecrosis through effects on blood vessels in bone, possibly by
inhibition of vascular endothelial growth1%.

Later, it has been suggested that the condition does not begin as a form of classical osteonecrosis
but in fact osteomyelitis from the start.

Bacterial contamination with Actinomyces and Staphylococcus may play a role in maintaining
osteomylitic wounds and because maxillofacial bone tissue containing BPs will resorb slowly, it is
conceivable that contaminated bone cannot be removed fast enough to prevent the development
of chronic osteomyelitis. This view is supported by the fact that similar lesions appear after
treatment with anti-RANK-L antibodies that reduces osteoclast recruitment. Thus, it appears that
reduced resorptive activity is a key factor behind the impaired healing capacity of these lesions.*1°

The antiangiogenic role of bisphosphonate is still unclear and ONJ proceeds despite the use of
antibiotics in some cases. One explanation could be the fact that bacterial contamination maintains
chronic osteomyelitis of the jaws. Another explanation is perhaps the reduced microcirculation of
the gingiva causing the soft tissue unable to heal.!*!

Corticosteroids and chemotherapeutics have been suggested as factors that can predispose to ONJ
or increase the risk of developing ONJ; the duration of BP therapy also appears to be related to the
likelihood of developing necrosis with longer treatment regimens associated with a greater risk. The
time to develop osteonecrosis after IV zoledronate treatment was in mean 1.8 years, after IV
pamidronate 2.8 years and after oral BPs therapy, like alendronate, the mean time was 4.6 years.
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Numerous studies have explored the toxic effect of BPs on a variety of epithelial cells. There is clear
documentation of bisphosphonate toxicity to gastrointestinal epithelia. It has been suggested that
high concentrations of bisphosphonate in the oral cavity (bone tissue) disrupt the oral mucosa.
Failure of healing of the soft tissue may cause secondary infection of the underlying bone.!?

2-2 Clinical aspects:

The clinical findings in BIONJ patients include the exposure of non-vital, whiteyellowish bone
tissue surrounded by an inflamed and edematous mucosa in the mouth. This situation can be
anticipated in patients describing a vague sensation of pain or discomfort in the affected area.
As previously described, osteonecrosis generally develops after procedures that cause trauma to
the jaw (e.g: dental extractions). Episodes of spontaneous onset have been reported and
documented and are more likely to occur close to palatal and mandibular tori and in partially or
completely edentulous patients .

The early signs and symptoms of BIONJ are the same as in any odontogenous infection (halitosis,
pain, edema and ulceration of the mucosa, dental mobility). In an advanced stage of the disease,
there may be inflammatory and infectious foci (suppurative osteomyelitis), pathological fractures,
skin fistulas, as well as oral and nasal antral fistulas, all of which contribute to worsen the
symptomatology. Patients at risk for or with established BIONJ may also present with other
common clinical conditions, including alveolar osteitis, sinusitis, gingivitis/periodontitis, caries,
periapical pathology, and temporomandibular joint disorders 13,

Diagnosis is based on clinical findings rather than on histological or radiographic evidence.
Radiographically, the condition has a normal appearance or it may resemble bacterial osteomyelitis
or osteoradionecrosis. The clinical appearance and history are sufficient to distinguish ONJ from
other delayed bone and wound-healing pathologies.!'*

The area of exposed bone is typically surrounded by inflamed erythematous soft tissue. Purulent
discharge at the site of the exposed bone will be present when these sites become secondarily
infected.

Fig 13: Exposed, necrotic bone at an extraction site in a patient
exposed to five years of weekly oral bisphosphonate therapy for Fig 14: Large segment of necrosis localized to the right maxilla. The patient

osteoporosis. had received three years of intravenous zolendronic acid for the treatment
of metastatic breast cancer
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2-3 Radiological aspects:

2-3-1 Panoramic radiography:

CHAPTER 3

Ortho Pantographs serve as the initial radiologic screening of patients who present for
evaluation of BRONJ. In all symptomatic patients, the radiographic imaging shows that areas

of bone destruction are present in
correspondence with the regions of
clinical involvement. The
radiolucent areas are patchy, with
occasional evidence of radiopaque
sequestra of necrotic bone and little
evidence of healing. The border
between the necrotic and normal
bone is not sharply defined and
subperiosteal new bone formation
is not usually evident. The
radiographic imaging of the
asymptomatic patient shows a
radiolucent lesion corresponding to
an empty socket.

Fig 15 : The appearance of ONJ on panoramic radiograph
Panoramic radiograph view of ONJ shows alveolar bone reaction at
the area of the empty socket of previously extracted teeth (arrowhead
and white arrow), and loss of cortication on the right side compared
to the left (black arrows)

[T Y

2-3-2 Computed Tomography :

CT scans will help to identify findings difficult to discern on plain films and also provide

three-dimensional information and
better delineation of the extent of the
lesions.

Imaging evaluation of CT scan disclose
abnormalities in all symptomatic
patients. The images show a moderate
irregularity of the cortical margins
and, in all symptomatic patients,
destruction of cortical bone are
noticed. Both clear areas of osteolysis
and osteosclerosis are noticed too.
The CT scan doesn’t add significant
data to the panoramic radiograph of
the asymptomatic subject.

FIG : Radiographic views of a 70-year-old woman being treated for
metastatic breast cancer with a history of alendronate and zoledronic acid
use. Axial CT scans without contrast displaying trabecular alteration with more
radiolucent appearance (asterisk), cortical bone erosion (red arrow),
sequestrum formation (black arrow), thickened lamina dura surrounding teeth
(gray arrow), and new osteosclerotic periosteal bone (thick white arrow).
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2-3-3 Magnetic Resonance Imaging:

MRI enables even more accurate
assessment of the extent of lesions and
infections
associated. In all cases, it was possible to
identify the involvement of the cancellous
bone, which produced low signal intensity on
T1 weighted images and a mild
hyperintensity on T2 weighted and T-STIR
images. A mild and irregular enhancement of
the lytic areas is noticed after injection of the
contrast agent. Where the bone sequestrum
is evident, it presents as a well-defined dark
area. In patients with evident swelling, an
area of oedema of soft tissues is clearly
visible on T-STIR images as high signal
intensity.

2-3-4 Scintigraphy:

Fig 16 :MRI showing bone sequestrum in the right
maxilla

Bone scintigraphy can highlight areas where bone turnover is high by detecting the
radiation emitted by a transmitter (bisphosphonate marked with radioactive technetium

99m) with a camera.

It is a very sensitive method but not very specific, it does not always differentiate malignant

processes from inflammatory processes.

Bone scintigraphy is the most effective way to identify the earliest stages of BIONJ.115 116

e Imaging Characteristics of BRONJ :

Imaging Modalities

Imaging Characteristics

Technetium 99m bone

Radiography, CT

Osteolysis, sclerotic lesions, periosteal reaction, narrowing of the marrow space,

involvement of the inferior alveolar canal, fractures

MR imaging
T1-weighted Typically decreased signal intensity
T2-weighted Variable: intermediate or slightly increased signal intensity in early disease;

increased or decreased signal intensity in later stages of disease
Contrast material-enhanced Variable: may correlate with the degree of signal intensity decrease onT1-
weighted images; typically spares the low T2 signal bony sequestrum

Areas of decreased uptake may be present in early disease; in later stages of

scintigraphy- disease, there is increased uptake with possible decreased central uptake
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2-4 Histopathological and Microbiological Aspects:

2-4-1 Histopathological aspects:

Histopathological examination most often shows bone necrosis with bacterial debris and

granulation tissue.'!’

Necrotic bone appears to be virtually devoid of bone cells and vessels and none evidence of
active remodelling is detectable. This is called “frozen bone”.

Usually there are many osteoresorption
gaps indicating a strong anterior
osteoclast activity.

It is probable that the disappearance of
osteoclast can be explained by the action
of bisphosphonates, promoting their
apoptosis, while that of other bone cells.
could be caused secondarily by the
phenomenon of necrosis. Signs of chronic
inflammation are associated with this
acellular necrotic bone performing a
mixed inflammatory infiltrate (neutrophil
polynuclear, lymphocytes,
plasmocytes).

2-4-2 Microbiological aspects:

Fig 17: BRONJ Empty lacunae are seen in the centre of the bone
while towards the surface some lacunae display their osteocytes

« ¥ 5N
’ o P
~ »
{
empty lacunae
f £/
- 3 \' ]
. L / necrosis
osteocytesln/
) lacunae
r [,\
l osteoblasts
e\ 2
\ Qvﬁ ' -,

The presence of microbes, such as Actinomyces is found with a frequency estimated at 90%
in patients with Osteonecrosis of the jaws. It is a Gram-positive anaerobic bacillus. The
rupture of the mucous barrier (due for example to a dental extraction) would allow the
implantation of Actinomyces within the damaged tissues.'*®

According to the authors, their presence may be an aggravating factor, triggering or simply
be a secondary infection of necrotic tissue *?° . Indeed, in case of infection. bone repair
needs have increased, but BPs inhibit this repair, hence septic necrosis. Bacterial colonization
would also result in modification, from the bone surface preventing proper fixation of the

osteoblasts and resulting in exposure to devitalized bone

121

To sum up, Actinomyces are an underrecognized agent in pathogenesis, and timely
actinomycosis-specific treatment may improve outcome.

Other germs are also found in tissue biopsies, such as. Veillonella (Gram-negative cocci,
anaerobic), Eikenella (Gram-negative bacillus, anaerobic) and Moraxella (Gram-negative
bacterium, aerobic). Further down, in the necrotic surface, sulfur granules may be present,
which justifies the diagnosis of an actinomycosis.
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2-5 Differential Diagnosis:

Differential diagnosis of BRONJ includes 22 ;
¢ Malignancies - differentiation is through histopathological analysis.
e Osteoradionecrosis if jaws were exposed to prior radiation.

e Osteomyelitis in which, unlike bisphosphonate-associated osteonecrosis, necrotic
bone is surrounded by vital bone, which reacts with a violent inflammatory reaction,
thus limiting necrosis.

e Osteopetrosis - an extremely rare congenital condition;
e Bone necrosis in HIV-positive patients.
e Others: 12

-necrotic ulcerative gingivitis

- Sinusitis

- Dry socket

- Dental periapical pathologies

- Prosthetic trauma
2-6 Classification:

The classification or staging system currently proposed by the AAOMS 24, and which is
correlated to therapeutic strategies specific of each stage, is as follows:

®,

%+ Atrisk: Patients subjected to antiresorptive or antiangiogenic treatment via the oral
or intravenous route, and with no symptoms or apparent bone necrosis.

®,

++ Stage 0: (disease variant without bone exposure): No clinical evidence of necrotic
bone, though with clinical findings, radiographic changes and nonspecific symptoms.
Among the symptoms :

- Tooth pain in the absence of a dental cause.

- Maxillary bone pain that may irradiate to the region of the temporomandibular joint.

- Pain of the maxillary sinuses that may be associated to inflammation and thickening of the
sinus walls.

- Neurosensory function.

Among the clinical findings :

- Tooth mobility that cannot be explained by periodontitis.

- Periapical or periodontal fistulas not associated to pulp necrosis secondary to trauma, caries
or restorations.
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Among the radiographic findings :
- Loss or reabsorption of alveolar bone that cannot be explained by periodontitis.

- Changes in trabecular-dense bone pattern, with no formation of new bone in extraction
sockets.

- Zones of osteosclerosis in alveolar bone or around the basal layer.

- Thickening or opacification of the periodontal ligament (thickening of the lamina dura,
sclerosis, and reduction of the periodontal ligament space).

7

«» Stage 1: Exposed bone or intra- or extraoral fistulization in the maxillofacial region
penetrating to the bone, in asymptomatic patients without evidence of infection.

In addition, radiographic findings such as those described in stage 0 may be
observed in alveolar bone.

R/

«» Stage 2: Exposed bone or intra- or extraoral fistulization in the maxillofacial region
penetrating to the bone, with infection evidenced by pain and erythema in the region
or exposed bone with suppuration. In addition, radiographic findings such as those
described in stage 0 may be observed in alveolar bone.

+» Stage 3: Exposed bone or intra- or extraoral fistulization in the maxillofacial region
penetrating to the bone, with pain, infection and at least one of the following signs:

- Necrotic bone extending beyond the alveolar bone (inferior margin or ramus of the
mandible, maxillary sinus and zygoma)

- Pathological fracture

- Extraoral fistula

- Oroantral or oronasal communication

- Osteolysis extending to the inferior margin of the mandible or sinus floor

As can be seen, no unified classification or staging system has yet been established for use
by all professionals — though most studies are based on the classification of the AAOMS.

Furthermore, it would be advisable to establish the diagnosis not only on the basis of the
clinical data but also on the findings of the CT scan, since the latter technique offers greater
information on the extent and severity of the disorder.
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2-7 Treatment of BRONJ

The treatment of BRONJ based on the consensus of a panel discussion from AAOMS, is
described in the table below:

Table: Clinical staging of BRONJ and treatment guideline

Stages Treatments guidelines

At risk category: no apparent exposedfmecrotic bone  No treatment indicated
in patients treated with either oral or v
bisphosphonates

Paticnts education

Stage It exposedfnecrotic bone in patients who are Antibacterial mouth rinse

asymptomatic and have no evidence of infection Clinical follow-up every 4 months

Stage 2: exposedfnecrotic bone associated with Treatment with broad-spectrum oral antibiotics
infection. Presence of pain and erythema in the
lesional area with or without purnlent drainage

Antibacterial mouth rinse

Pain control

Superficial debridement o relieve soft tissue
irritation

Stage 3 exposedfnecrotic bone in patients with Antibacterial mouth rinse
infection and pain. Presence of one or more of the
following: pathologic fractures, extraoral fistula,
or osteolysis extending to the inferior border

Antibiotic therapy and pain control
Surgical debridement/resection for longer
term palliation of infection and pain

3- Why does BRONJ only affect the Jaws :

» The turnover rate of jaws, especially alveolar bones, is so rapid

The remodeling rates of the cortical bone in the jaw are 10-20 times higher than in the
cortex of iliac crest in humans.

» Jaws have teeth and gum that may become an easy entrance for bacterial infection

*  Vulnerability of the jaw to bacterial infection: Jaw seems to be the most
liable to bacterial infection since mucosa covering the alveolar bone is very
thin and vulnerable, and infection caused by mucosal injury spreads to the
jawbone beneath it.

* The teeth easily become a pathway for bacteria from the outside into the
bone.

* The jawbone is exposed to the oral cavity following invasive dental
treatments including tooth extraction, leading to infection, in addition of
undergoing constant masticatory forces causing microtraumas that don’t heal
properly and set the satge for BRONJ.?®
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A- Dental Prostheses:

1- Definition:

An artificial replacement for one or more natural teeth or part of a tooth, or associated
structures, ranging from a portion of a tooth to a complete denture. The dental prosthesis is
used for cosmetic or functional reasons, or both. Dentures and specific types of dental
prosthesis are also available.12°

2- Benefits of Dental Prosthetics:
> Reduced Bone Loss

Loss of teeth results in oral bone loss. This is especially common in cases where the tooth is
not replaced, and more so in cases where multiple teeth are lost. Dentures, whether partial
or full, do not help in minimizing bone loss, because, as compared with natural teeth, they
exert a very small amount of chewing pressure. Unlike dentures, fixed dental prosthetics
give the jawbone a replacement tooth, which exerts pressure similar to natural teeth. As a
result, bone loss is decreased by a large extent.

> Effective oral rehabilitation and maintenance solution

To date, there is essentially no other restorative dental procedure that is as efficient and
effective as prosthetic dentistry. As this treatment uses advanced technologies like electron
microscopy, 3D imaging and nanotechnology-based implants, it gives patients the best
results in minimal time. Thus, along with better treatment, patients have a low maintenance
solution for all of their oral woes.

» Improved aesthetic

Dental Prosthesis functions to restore aesthetics, mastication and speech.

-Aesthetics: dental prosthesis should restore the lost facial contours, vertical dimension...etc
Artefacts like stains can be incorporated in order to improve the aesthetics.

-Mastication: dental prosthesis should have proper balanced functionnal occlusion in order to
enhance the stability of the denture.

-Phonetics: One of the most important functions of a dental prosthesis is to restore the speech
of the patient.

+» objectives of dental prosthesis:
1-rehabilitation is the key or overriding objective.

2- comfort; physical and mental; is the first sub-objective, for such qualities are intimately
tied in with all denture values.

3-esthetics, or a natural, youthful, and pleasing dentofacial appearance, statically and
functionally are the second sub-objective.

4- restoration of functions, communication and speech are the third sub-objective.*?’
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3- Diffrent types of dental prostheses: 12
3-1 Fixed Prosthesis:

A damaged tooth can be rebuilt with fixed dentures. There are several types used as
needed.

The denture crown replaces the entire visible part of the tooth. It covers the entire tooth
and consolidates it.

The inlay is used to replace a small internal part of the tooth. Onlay, which is a partial
dental crown, can also be used on the outer part of the tooth.

If one or more teeth are missing, they can be replaced with a bridge (or dental bridge)
attached to the adjacent teeth by an onlay or crown.

-

Missing upper lateral incisor Fixed partial dental prosthesis Fixed partial dental prosthesis cemented

Fig18: Cement retained dental prosthesis
3-1-1 Indications for Fixed Dental Prosthesis FDP:
e One or two adjacent teeth are missing in the same arch (short span edentulous area)
e When the supportive tissues are healthy.
e Suitable abutment teeth are present.
¢ The patient is in good health and desires to have the prosthesis placed.
¢ The patient has the skills and motivation to maintain good oral hygiene

e Patients preference

Good oral hygiene
3-1-2 Contraindications for a Fixed Dental Prosthesis:

e Lack of supporting tissue and alveolar bone

Presence of periodontal disease

Excessive mobility of abutment teeth

Patients with poor oral hygiene

Patients who cannot afford treatment. 12°
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3-2 Removable Prosthesis:

The removable prosthesis reproduces the colour of the neighbouring teeth and the shape of
the missing ones.

Removable dentures can be removed as desired. Especially for their daily maintenance.
They can be partial or total depending on the patient’s needs and the number of teeth to be
replaced.

A partial removable denture only replaces one or more teeth. It rests on the gums and the
remaining teeth with hooks.

The complete removable denture will replace all the teeth in the jaw; it simply leans on the
gums.

3-2-1 Removable partial dental prosthesis RPDP:

The prosthesis that replaces some teeth in a partially edentulous arch and that can be
removed from the mouth by the patient. It can be a simple removable partial denture
fabricated in acrylic resin called as temporary partial denture. A removable partial denture
fabricated in cast metal alloy and acrylic resin is called cast partial denture.

Partially edentulous arch denture Cast partial denture

Figl9: cast partial denture

Missing lower anterior teeth Patient wearing removable temporary prosthesis

Fig20: removable temporary denture
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3-2-2 Indications for a Removable Partial Denture:

To replace several teeth in the same quadrant or in both quadrants of the same arch.
To replace missing teeth for patients who do not want a fixed bridge or implants.

For the patient who finds it easier to maintain good oral hygiene.

To serve as a splint to support periodontally involved teeth.

3-2-3 Contraindications for a Removable Partial Denture:

e Alack of suitable teeth in the arch to support, stabilize, and retain the removable
prosthesis.

e Rampant caries or severe periodontal conditions that threaten the remaining teeth in
the arch.

e Alack of patient acceptance for esthetic reasons.

e Chronic poor oral hygiene.!30

3-3 Removable Complete dental prosthesis:

Complete dentures are full-coverage oral prosthetic devices that replace a complete arch of
missing teeth.

Complete denture Patient wearing complete denture

Fig 21: removable complete denture
3-3-1 Indications:

¢ A full arch of missing teeth

e Dental implants that have been deemed inappropriate by patient and/or doctor
because of financial constraints, a medically compromised status that contraindicates
surgery, or inevitable damage to vital structures such as maxillary sinuses, nerves,
and vessels

¢ Intraoral cancer that has caused a loss of gross intraoral tissue, resulting in an
edentulous dental arch; the complete denture prosthesis would then not only
replace teeth but also fill in the portion of missing tissue (eg: nasopharynx, hard
palate)
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3-3-2 Contraindications:

CHAPTER 4

Definitive contraindications to complete dentures have not been reported. However, the
following factors should prompt a dentist to reconsider the use of a complete denture:

e Patient does not desire to have a removable appliance to replace missing teeth
o Patient has an allergy to the acrylic used in the fabrication of the complete denture
e Patient has a severe gag reflex (although this could be controlled with gag reflex

desensitization)

e Patient has severely resorbed dental alveolar ridges, which would compromise
retention with a complete denture alone. 13!

3-4 Combined Prosthesis:

A combined prosthesis consists a fixed part and a removable part. The removable part on
the metal plate, replacing the missing tooth(s), is connected to the remaining teeth by
means of an anchoring element — attachment, hook, telescopic crown...

These prostheses are generally used in patients for whom implantation cannot be carried
out or who cannot afford implant procedures.

3-5 Implant Prosthesis:

There are two types of implant prostheses that can be offered to the patient: fixed
prostheses which are dental crowns or bridges directly screwed or sealed on dental

implants.

And the so-called removable prostheses on implants: they are partial or complete
removable prostheses, stabilized by implants by means of fastening systems that often

resemble small snap buttons.

Missing tooth number 46

Dental implant placed in 46 region

46 crown retained by implant

Fig22: dental implant on the lower molar
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3-5-1 Indications:

Candidates for dental implants and mini-implants include partially and totally edentulous
patients with proper bone height and width for implant placement.

An implant should have at least 1.5-2 mm of bone between the body of the implant and an
adjacent tooth. At least 3 mm should separate two implants. If there is not enough bone
height or width, bone grafting to the site can be considered.

3-5-2 Contraindications:
Absolute contraindications (medical-local) include the following:

e Poor oral hygiene and patient compliance

e Active chemotherapy

¢ Active infection or other pathology at the implant site
¢ Medical conditions that prevent safe surgery

Relative contraindications (medical-local) are as follows:

o Type 2 diabetes mellitus (not well controlled)

e Significant tobacco consumption

e Severely resorbed ridges

e History of radiation to implant site

¢ Inferior alveolar nerve and maxillary sinus position
e Active periodontal disease

e Parafunctional dental habits

e Unbalanced jaw relationship. 132

B- Dental Prosthetic Therapy for Patients Undergoing Bisphos-
phonates treatment:

1- The removable prosthesis:
1-1 Effects of bisphosphononate on removable prosthesis:

Removable prosthesis like that of complete denture or removable partial denture all rest
on mucosa and underlying bony tissue. It is now clear that patients who have been exposed
to nitrogen containing BPs therapeutic agents are at risk for Osteonecrosis of jaw when
dental treatment or trauma violates the integrity of the oral epithelium. 133 134

Landesburg et al published a landmark study showing the effect of nitrogen containing BPS
on oral mucosa cells and the inhibition of oral keratinocyte migration. Following an intraoral
traumatic event to mucosa, bisphosphonates inhibit normal epithelial wound healing and
keratinocyte migration, resulting in a prolonged exposure of underlying bone to oral micro
flora, thereby allowing secondary bone infection to ensue.
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Many experimental and clinical studies show that BPs conserve bone architecture and
strength.

However there have been concerns about whether use of prolonged high doses of BPs may
impair bone turnover to such an extent that bone strength is impaired. It has been
suggested that BPs might prevent naturally occurring microscopic cracks in bone from
healing, which in turn leads to accumulation of micro damage. *°

Chances of developing BRONJ increase many folds if patient is having other factors like in
immune compromised patients. 3¢

1-2 Precautions and management:*¥’

Since in residual alveolar ridge is not meant to bear direct occlusal loads and also the
mucosa covering the ridge is also compromised in patients taking bisphosphonates,
following prosthodontic considerations which should be considered.

v" The main function of denture should be for esthetics and speech and should provide
either no or very limited functionality for mastication depending on the type of
bisphosphonate drug patient is taking, route of administration, time span of
administration and any previous history of BRONJ.

v' Removable prosthesis should be stable and should be relined or rebased time to
time, as unstable dentures are tending to injure the epithelium as well as demand for
more residual ridge resorption.

v" Removable prosthesis should not engage into any undercut or tori if present.

v’ If a patient requires any kind of pre prosthetic surgery then CTX test should be
carried out and accordingly "drug holiday" should be taken into consideration.

v If a removable prosthesis is planned, forces on the basal seat should be reduced with
minimal pressure impressions and functional placement of the borders to provide the
“snowshoe effect,” reducing the force per unit area while providing retention and
stability. Preprosthetic surgery could ensure removal of bony spikes and spicules,
which act as foci of stress concentration in specific conditions, under the denture in
function.

Gross bony defects created by scalloping to remove necrotic bone mass (in case of
BRONJ) must be evaluated prior to impression-making.

v Preliminary impressions in such cases may be made in irreversible hydrocolloid
and definitive impressions in light-body silicones in a pressure-less fashion. For less-
stress transference to the remnant bone and reduction of undesirable horizontal
forces, acrylic cuspless/monoplane teeth are indicated.

v Decreasing the occlusal table and reducing vertical overlap of prosthetic teeth within
functional limits may also be advocated. Heat-cured soft liner materials could be
used to line the intaglio surface of dentures to dissipate and distribute forces by their
cushioning effect, and to improve patient compliance and treatment prognosis.

v Finally, after prosthodontic treatment, the patient should be recalled at intervals of
at least 2 to 3 months to monitor health of the denture-bearing tissues, clinically and
radiographically. Advice on keeping the prostheses out of the mouth for at least
12 hours daily should be given.
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1-3 Influence of dentures in the initial occurrence site on the BRONJ:

the oral cavity is highly prone to infections because of the abundant resident flora, and the
antiangiogenic action of BPs delays wound healing; as a result, the frequency of BRONJ
increases. In a study that determined the association between wearing dentures and the
initial occurrence site of BRONJ, Kyrgidis et al.'38 stated that wearing dentures is the most
important risk factor for BRONJ. Sedghizadehet al.**° reported that development of
osteonecrosis of the jaw is strongly related to denture trauma. Furthermore, Vahtsevanos et
al.14% observed that the frequency of BRONJ in patients with cancer using intravenous BPs
was approximately double in patients wearing dentures.
The results revealed that patients wearing dentures had a significantly shorter duration to
onset than patients not wearing dentures. Therefore, because patients on high doses of BPs
or prolonged use of BPs are at a high risk of developing BRONJ.

When they wear dentures, regular check-ups and denture adjustments are important.
The findings show that the incidence of BRONJ increased in the following order: anterior
teeth < premolar <molar and upper jaw < lower jaw. In addition, remission in the areas of
the lower premolars and lower canine was difficult when wearing a denture. The lingual side
of the lower premolar is a common site for bone torus and the lining mucosa is thin; as a
result, pressure from the denture leaves it constantly irritated and inhibits healing. On the
other hand, the results showed that the lower second molar region obtained remission
significantly with denture wearing. This may be because the buccolingual width of bone in
the mandibular molar part is wide and the change in pressure exerted by the denture was
small, leading to better blood circulation to the tissue and faster remission than in other
locations.'4!

2- The Fixed Prosthesis:

For a patient undergoing bisphosphonates treatment and getting fixed prosthesis,
maintenance of oral hygiene status becomes an important step towards good prognosis.
Margins during crown preparation should always be kept supra-gingival for following
reasons:

v" To place margins sub gingival, sulcus epithelium can get traumatized in the
process which can latter lead to delayed healing and thus chances of
developing BON are there.

v Also since the loss of alveolar bone in periodontitis is a regular immune
response of body towards the microorganisms, inhibiting or modulating host
response by bisphosphonate drugs can actually lead to BON. A study
conducted by Aghaloo TL et al, demonstrate that bisphosphonates can
attenuate alveolar bone loss caused by an on-going periodontal disease.
These indicate that margins for crown preparation should be supragingival in
patients taking bisphosphonates.
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2-1 A case of prosthodontic treatment of a patient with BIONJ using a combined dental
prosthesis with a heat-polymerized resilient liner:

[l Clinical presentation before surgical intervention. Note Panoramic radiograph before surgical intervention.
swelling of mucosa on right buccal vestibule and 2 ulcer-
ated lesions (white arrows) at alveolar mucosa.

Panoramic radiograph after extraction of mandibular Clinical situation before prosthodontic treatment.
incisors and resection of infected necrotic bone.

Removable dental prosthesis with laboratory-processed [ Mandibular view of residual ridge and cemented tele-
resilient liner after fabrication. Note interface line (white  scopic crowns.
arrow) between resilient liner and acrylic resin base.
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2-1-1 Description of the clinical case and the adopted approach:

In this clinical report, treatment of a patient who received a telescopic overdenture with a
resilient, laboratory-processed silicone liner is described. Prior to prosthodontic treatment,
the patient had recurrent BONJ after extraction of teeth without administration of
preextraction antibiotics. The patient received BP treatment for a metastatic bone lesion in
the pelvic bone following treatment for breast cancer.

The patient described was treated with pamidronate (60 mg/month).

Pamidronate is a highly effective nitrogen-containing BP that is administered intravenously.
As described in the scientific literature, use of pamidronate can result in BONJ, either
spontaneously or after dental treatment. in the present report, the patient received
intravenous pamidronate monthly, starting 14 months before tooth extraction and the
appearance of BONJ.

For the patient described here, a single-dose antibiotic, clindamycin (ClindaHEXAL, 600 mg;
Hexal AG), was administered before oral preparation and impressions to minimize the risk of
infection. Subsequently, good oral hygiene was ensured by monitoring the patient’s oral
health at frequent recalls. Patients with a removable dental prosthesis need frequent recalls
to examine lesions of the mucosal barrier. If the prosthesis is ill fitting or highly mobile, the
mucosa can be injured, thus permitting entry of oral flora into the bone.

A partial combined removable dental prosthesis with 5 telescoping crowns on the
mandibular left canine, first and second premolar, and first and second molar was planned
Telescopic primer crowns were cast with high noble metal alloy allows for a rigid connection
between the abutment and prosthesis and may reduce the risk of mobility compared to a
partial removable dental prosthesis retained by clasps. There tends to be less displacement
of the denture base when the denture is designed with a rigid connection to the retainer and
with cross-arch stabilization.

In the present situation, the distribution of the remaining abutments was disadvantageous
for the kinematics of the prosthesis and distribution of the abutment support. To reduce the
unavoidable pressure on oral structures, a heat-polymerized silicone resilient liner was
selected for the tissue-interface area of the prosthesis.

Lesions of the oral mucosa are often associated with mechanical injury by dentures with
nonresilient liners. Nonuniform loading of hard denture bases can cause traumatic ulcers
that destroy the mucosal barrier, resulting in bacterial invasion and, finally, infection of the
bone.Thus, a resilient liner can act as a cushion to reduce pressure; this allows the soft tissue
to heal and bone remodeling to proceed without complications.

One disadvantage of resilient liners compared to hard acrylic resin materials is the greater
risk of bacterial and fungal contamination.To prevent denture-related stomatitis, the
prosthesis must be cleaned with a 5.25% sodium hypochloride solution. The authors
recommend this cleaning solution be used at 3-month intervals.
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A second potential issue with a resilient liner is long-term reduction of tensile strength and
shear bond strength between the resilient lining materials and the heat-polymerized
denture base acrylic resin; this can limit the longevity of the device.

While it was an inherent risk to incorporate a tissue-borne prosthesis on a tissue base that
required recurrent surgical management, it is noteworthy that no prosthodontic induced
complications occurred after insertion of the dental prosthesis. Although the mental
foramen on the affected side was at the ridge crest after neurolysis and resection of the
necrotic bone, the patient reported no pain or paresthesia induced by the denture base.
Clinical trials are needed to confirm the benefits of prostheses with laboratory heat-
processed resilient lining materials and rigid attachment elements for prevention of BONJ in
patients taking BPs or with a history of BONJ.'4?

2-2 A Case of Bisphosphonate-Related Osteonecrosis of the Jaw in a Patient with
Subpontic Osseous Hyperplasia:

Fixed partial dentures (FPDs) with pontics are commonly used to replace missing teeth.
Osteoblastic deformation occurring under pontics was first introduced as subpontic osseous
hyperplasia (SOH) by Calman et al. in 1971.

Since then, many studies have investigated SOH. The condition is normally discovered when
individuals wearing FPDs for several years undergo simple radiography because of
discomfort and pain at FPD sites. Many patients with SOH undergo surgical resection
because the spontaneous detachment of hyperplastic bone has not been reported
previously.

Subpontic osseous hyperplasia (SOH) is a growth of bone occurring on the edentulous ridge
beneath the pontics of fixed partial dentures (FPDs).

This report describes a case of bisphosphonate related osteonecrosis of the jaw (BRONJ) in a
SOH patient followed by deciduation of the bony lesion.

A 73-year-old woman visited a dental clinic after experiencing pain and swelling beneath the
pontics of a FPD that had been inserted 15 years ago. The pontics were removed, but the
symptoms persisted and she was referred to the hospital of Nagoya-Japan. There was an
osseous bulge and gum swelling around the edentulous ridge of teeth 18 and 19, as well as
bone exposure. As she had been taking an oral BP for 6 years, we diagnosed this case as
stage 2 BRONJ.

Following BP withdrawal, the bony lesion detached from the mandible. The tissue was
diagnosed as sequestrum based on the histopathological findings. Two months after
deciduation, epithelialization over the area of exposed bone was achieved and no
recurrence has been observed.'#3
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Panoramic radiographic images. (a) Image taken in October 2002 (before starting the oral bisphosphonate [BP])(b) Image taken in September

2011 (5 years and 4 months after starting the oral BP). These images show chronological changes in the subpontic bone formation.

(c)Intraoral photographic image taken in the first (d)Intraoral photographic image after detachment of
examination. The bone is exposed from the alveolar detachment of the sequestrum. Epithelialization was
crest of the lower left teeth 6 and 7, with swelling underway with no exposed bone.

and redness in the surrounding gingiva.

Fig 23: A Case of Bisphosphonate-Related
Osteonecrosis of the Jaw in a Patient with SOH
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3- The Implant Prosthesis:

3-1 Risk factors:

Given the widespread use of bisphosphonates for several conditions and the large use of dental
implants, as well as the increasing of cases of bisphosphonate related osteonecrosis of the jaw, it is
important to evaluate the relation between these topics to find out the risks for the
osseointegration process and BRONJ appearance.

Intravenous Bps: Javed and Almas ** showed that the incidence of implant failure was
minimal in patients using oral and intravenous bisphosphonates, and concluded that dental
implants in patients undergoing BPs therapy can osseointegrate and remain functionally
stable. On the other hand, Minguez-Serra et al'*>. suggested the avoidance of dental implant
procedures in patients that have been receiving intravenous BPs. This is in accordance with
the results of the present review on where one hundred percent of the studies which related
combined use of oral and intravenous BPs, have shown cases of osteonecrosis. In the case of
administration via oral route, caution is required, avoiding these procedures, or indicating
them only when absolutely necessary.

Sex: The study of Yip et al.}*® indicates that women with implant failure had increased odds of
implant failure. These findings suggest that dental practitioners should be aware of the
increased risk of implant failure associated with oral bisphosphonate use in certain patient
populations.
Their conclusion is in agreement with the recommendation for discontinuation of oral
bisphosphonate therapy in long-term oral bisphosphonate users for 4-6 months prior to
implant insertion, and several months after, to allow for the recovery of bone remodeling 4’
Malignant diseases: The most of the studies *® with cases of osteonecrosis enrolled patients
with underlying disease such as malignant diseases, osteoarthritis and polymyalgia
rheumatic as indication, whereas the majority '#4°of the studies with no cases of
osteonecrosis, presented only osteoporosis as indication for BPs therapy. This information
suggests that general health status of the patients might also have contributed with the
development of BRONJ.
Dentoalveolar surgery is considered as a great risk factor for the MRONJ. It is reported that
among patients with MRONIJ 52 to 61% of patients report tooth extraction as the
precipitating event. Above all, it is important to be aware of the great destructive potential
of osteonecrosis of the jaws. 1*°

others: The literature reviewed say that patients who take oral bisphosphonates, can be
submitted to dental implant surgery, on the condition that the risks are thoroughly
assessed. The evaluation of the risks associated to the patients comprises: type of agent,
dose, and duration of BPs treatment (determinant); female gender, age greater than 65
years, comorbidities such as diabetes or obesity diabetes, steroids use, hypertension,
tobacco abuse, concomitant treatment such as corticotherapy, chemotherapy,
immunosuppressive therapy, mandibular localization, posterior area, bone diseases such as
exostosis, or tori, harboring a badly fitted prosthesis (potentially aggravating), and
periodontal disease, bad oral and dental hygiene (aggravating).
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3-2 The Dental Approach:

3-2-1 patients with implants and candidates to BPS treatment:

All professional recommendations agree that the patient must be informed of the risks associated
with BPs treatment and must have a healthy dental condition, before initiating treatment, if his
medical condition allows it.

According to these recommendations, when the indication of treatment with BPs is made, the
prescriber must inform his patient of the risks and benefits associated with the chosen molecule
and the need to consult an oral cavity professional to make an oral assessment dental and receive
appropriate care prior to initiation of treatment with BPs, if medical condition permits.

At the end of this consultation, the patient must be aware of the risks of ONJ and must contact the
oral cavity professional. The prescriber should also inform the professional of the oral cavity being
treated, the type of treatment prescribed, its potential duration, the risk factors for ONJ and the
foreseeable course of the pathology that motivated the treatment with BPs.

Before starting BPS treatment, the professional recommendations recommend that a complete oral
assessment (clinical and radiological) be carried out by the oral cavity professional; teeth and soft
tissues as well as prostheses (mucosal injuries that may pose a risk of ONj will be carefully
examined. °?

Since a dental extraction is a risk factor for ONJ, it is recommended to wait for tissue scarring
before initiating treatment, if the patient’s medical condition permits it 1>2. When treatment cannot
be delayed, the most invasive act will be done first, as the risk of ONj increases with the duration of
treatment with BPS. As regards implants already integrated, there is no justification for removing
them. >3

The oral cavity professional should inform his patient that periodic oral monitoring and rigorous
hygiene measures are essential during all treatment with BPs. The patient will also be informed that
he must report any dental mobility or inflammation of the gingival mucosa (pain, swelling, heat,
redness).

3-2-2 Patients undergoing BPS treatment and candidates for dental implant:

e Patient Information Prior to Implant Placement

The patient should be informed of the risks associated with implant placement: The risk of
developing ONJ is low and can be minimized by periodic oral monitoring and rigorous hygiene
measures; however, it cannot be completely ruled out and cannot be predicted by validated
diagnostic methods. This risk increases even more as the duration of treatment is longer than 2
years 14, the potential discontinuance of treatment and its health consequences (for example risk
of fracture) should be discussed with the BPs prescriber.
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e Should discontinuation of treatment be considered prior to implant?

AAOMS recommended discontinuation of treatment, 3 months before surgery for patients on oral
BPs for less than 3 years and with concomitant corticosteroid treatment and for patients on oral
BPs for more than 3 years, with or without associated corticosteroid, and this until complete tissue
scarring. Similarly, recommendations from the CAOMS recommended that, in the absence of an
emergency, a shutdown of the BPs, 3 to 6 months before the intervention and during the healing
period, is recommended. 1*>°

However, there is no consensus on the positions on the temporary cessation of the BPs and its
duration. In the absence of forward-looking data and the fact that the half-life of the BPs can reach
several years, some authors believe that it is impossible to state, on the one hand, that
discontinuation of treatment eliminates or reduces the risk of an BONJ and, on the other,
discontinuation of treatment has a negative effect on the patient’s bone state.

Thus, in the absence of data based on sufficient levels of evidence, recent occupational
recommendations no longer systematically advocate a period of discontinuation in order to reduce
the risk of BONJ; they stipulate that, in all cases, no cessation of treatment can be envisaged
without prior consultation with the prescribing physician, depending on the urgency of the act and
the patient’s medical conditions. *°®

e What are the surgical precautions and follow-up procedures?

When an invasive treatment is scheduled, the prescription of chlorhexidine mouthwash, before
the procedure and during the following days, is recommended. Antibiotic prescription is suggested
when bone extraction or surgery is scheduled to reduce the risk of developing BONJ 7. The
prescription of prophylactic antibiotic therapy for oral surgery involving bone tissue should be
motivated, in patients treated with oral BPs, by the risk of infection and not by treatment with oral
BPs.

Professional recommendations agree that any invasive oral or maxillofacial action involving bone
should be as minimally traumatic as possible, avoiding lifting one or more flaps of total thickness
and taking care to regulate the alveolar ridge and to ensure a primary closure of wounds when
possible. 1°8

In order to assess the risk and to avoid exposing the patient to an extensive ONJ, experts
recommend, when several implants are needed, a segmented approach can be used: Thus, by
extrapolating, the localized installation of an implant will allow us to know the tissue responses
before considering an extensive installation on other sectors.

As with any surgical procedure, the implant in patients on BPs should be performed by observing
certain precautions:

-antibiotic prophylaxis (amoxicillin or clindamycin) the day before the procedure and then until
complete healing (several days after surgery if necessary)

-Atraumatic surgical technique (minimal periosteal removal)

-Primary healing of soft and bony tissue wounds
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-Regulation of sharp bony edges.

-Prolonged scarring monitoring and regular maintenance follow-up are necessary to detect and
treat any signs of peri-implant inflammation early on. If a change in treatment by BPs and therefore
a change in the associated risk occurs, the controls should be adapted. 1*°

3-3 Therapeutic measures for patients with dental implants:
e 3-3-1 Peri-implantitis:

Like periodontal disease, is likely to increase the risk of ONj and should therefore be treated as
soon as possible 160

Non-surgical measurements based on a mechanical (least traumatic) and pharmacological approach
should be preferred, with follow-up every 4-6 weeks. If these conservative measures fail, then
surgical revision of the tissue around the implant is recommended. As for periodontal surgery,
primary closure of wounds will be preferred, avoiding as much as possible the exposure of the
periosteum.

e 3-3-2 Implant failure:

Recommendations for tooth extraction can be extrapolated to implant removal. Although the risk
of ONJ is minimal, the patient should be informed of the potential risk associated with dental
avulsion or dento-bone surgery. If removal of the implant is necessary, the technique must be as
less traumatic as possible; primary closure of the wound without tension should be preferred if
possible, taking care to regularize the alveolar crest.

Prescribing chlorhexidine mouthwash (2 times daily for 4 to 8 weeks) and antibiotic is
recommended and should be motivated by the risk of infection that may occur.

e 3-3-3 Peri-implant ONJ:

Based on recommended protocols for stage 2 of BRONJ (apparent bone necrosis associated with
infection with pain and erythema in the exposed area with or without purulent discharge) or
recommended in the presence of a localized BRONJ (for alveolar bone and not the basal bone of
the mandible or maxilla) as well as on protocols used in series of cases with implants, measures
may be recommended to treat a periimplantary BRONJ. These measurements are performed in a
hospital setting to treat pain, infection of the soft and bone tissues and to minimize the progression
of necrosis. These measures are:

- Antiseptic oral rinse (for example, 3 times/day with 0.12% chlorhexidine).
-Analgesic treatment.

-Antibiotics: Oral amoxicillin is recommended at a rate of 2g per day, in two doses, for 7 days, for
adults. In case of lactam allergy, clindamycin is recommended, at a rate of 1200 mg per day, in two
doses, for 7 days in adult.
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Antibiotic treatment is continued until symptoms improve. Superficial debridement to remove soft
tissue irritations. In the absence of favourable evolution, the removal of the implant will be
considered, without fear of exacerbating the ONJ lesion and in order to eliminate any future source
of inflammation and infection.

Any mobile bone sequestery and irritating bone spines will be eliminated without further exposing
healthy bone. Close follow-ups are essential and further treatment with BPs will be discussed with
the prescriber.

When therapeutic measures based on a minimal and localized approach have failed, extensive
debridement of necrotic bone will be performed. For a small number of patients, when other
approaches have failed or in the presence of a pathological fracture, radical resection of the bone
and reconstruction will be considered.

In the literature, a series of cases (27 peri-implantary ONJs) reported the results obtained after
several months of antibiotic treatment. The response to treatment was better in patients with oral
BPs: in this group, complete healing was estimated at 63% while it was estimated at 31% in the BPs
IV group.

For 16 patients, the implants had to be removed due to the failure of the antibiotic treatment
prescribed for several months (Doxycycline 100 -200 mg/day) and the antibiotic treatment was
continued. It was usually prolonged a few weeks after the first signs of improvement. Of these
patients, 7 had total healing, 7 had partial healing (reduced bone exposure, significant loss of pain
and cessation of purulent exudate) and 2 had no healing.

For the remaining 11 patients, implant removal was not necessary due to improved symptoms with
antibiotic therapy; 45% of patients had total healing and 55% partial healing. 161

Fig 24: Clinical photograph at presentation;
exposed necrotic bone with purulent
drainage and debris around the left
posterior maxillary implant.
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Fig 25: Periapical radiographs at presentation.

Area of necrotic bone is evident around the left
posterior implant, extending to the floor of the
maxillary sinus.

e 3-3-4 BRONIJ preventive protocol:

The followed protocol used for the surgical procedures is based on the expert panels referred to in
literature as there are no definitive protocols concerning the prevention and treatment of BRONJ.

o Pre-operative phase:

- Professional oral hygiene must be performed at least 2 weeks before the intervention.

- Oral rinses with chlorhexidine mouthwashes 0.2% every 12 hours for 2 weeks before the
intervention.

- Antibiotic therapy with amoxicillin, 2 gr per day, 1 week before the intervention.

o Intra-operative phase:

-The intervention must be performed minimizing the soft tissues and bone trauma.

o Post-operative phase:

- Oral rinses with chlorhexidine mouthwashes 0.2% every 12 hours for 2 weeks after the
intervention.

- Antibiotic therapy with amoxicillin, 2 gr per day, at least for 2 weeks after the intervention.
3-4 Follow-up and success criteria:

Clinical monitoring should be carried out one, three, six, nine and twelve months after surgery
and then annually, with clinical examinations. Three to four months after implant placement,
abutments should be connected and prosthetic rehabilitation must initiate. Panoramic radiographs
must be obtained prior to, immediately after, and 6 months following implant placement surgery.

Success criteria should include effective placement and primary stability of the planned implant,
implant stability at each control (absence of mobility), absence of pain or any subjective sensation
at each control, absence of peri-implant infection with suppuration, and absence of continuous
radiolucency around the implant. ¢

62



I DENTAL PROSTHESES AND BISPHOSPHONATES CHAPTER 4

4-CLINICAL CASE REPORT:

Prosthodontic treatment of a patient taking nitrogen-containing Bisphosphonates to preserve the
integrity of the epithelial attachment: A clinical report

In September 2008, a 68-year-old woman presented to a private practice with the mandibular right
second premolar, an endodontically treated tooth, fractured off at the gingival margin.

A review of the patient’s medical history revealed that she had no history of head and neck
radiation exposure but had been taking Fosamax, 10 mg, once a day since April 2000. Although the
patient had not presented with any clinical signs Of BP induced ONJ, the patient’s history was of
significance in selecting an appropriate treatment plan.

All treatment options, risks, benefits, and alternatives were discussed with the
Patient which included:
-No treatment,

-Extract and replace with implant, removable prosthesis or nothing, and perform a coronectomy of
the mandibular right second premolar and restore with a cantilever partial fixed dental prosthesis
from the existing gold implant abutments mesial to the fractured premolar.

To minimize risks, traditional prosthodontic procedures were followed. The tooth was decoronated
subgingivally without disrupting the epithelial attachment.

The existing implant-supported partial fixed dental prosthesis was removed, and new

Impressions (Identic Alginate; Dux Dental, Oxnard, Calif) were made for a provisional partial fixed
dental prosthesis cantilevering the mandibular right second premolar from the existing distal
implant abutments.

The patient was placed on a chlorhexidine rinse (Peridex; 3M ESPE, St Paul, Minn) twice a day for 6
weeks, at which time healing was reassessed.

At the 6 week re-evaluation, the tissue had almost completely covered the remaining root structure
and was without any signs of inflammation or infection.

Definitive impressions (Flexitime; Heraeus Kulzer, South Bend, Ind) were made, and shortly
thereafter, a definitive implant cantilever partial fixed dental prosthesis was cemented with
provisional cement (Temp Bond; Kerr Dental, Orange, Calif ) for retrievability .

The patient has maintained excellent tissue health for 42 months.163
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Radiographic presentation of mandibular right second Clinical presentation after 6 weeks of healing. Note

premolar after decoronation procedure. healthy soft tissue covering remaining root structure.

A, Definitive metal ceramic partial fixed dental prosthesis. B, Radiographic presentation of definitive prosthesis in place

Fig 26: Pictures illustrating the prosthodontic
treatment of a patient taking nitrogen-containing
Bisphosphonates to preserve the integrity of the
epithelial attachment.
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«»» Conclusion:

Bisphosphonates are now on the front of the medical scene thanks to their anti-osteoclast virtues.
This feature now makes them indispensable in the treatment of benign pathologies such as
osteoporosis and Paget’s disease and in osteolytic malignant pathologies such as multiple myeloma
and bone metastases.

Their activity is not limited to the inhibition of bone remodeling, bisphosphonate molecules have
other properties, such as their anti-angiogenic action. All these effects are also the cause of more or
less restrictive side effects, the most feared is the osteonecrosis of the jaws.

The occurrence factors of this complication are not yet clear, and are based on several hypotheses.
The therapeutic possibilities recommend the conservative approach, even if it is not always
effective, and must sometimes give way to other more or less invasive techniques.

Prevention remains the best initiative, it involves informing the patients about the risks of
treatment and education to good oral hygiene.

Studies have shown that this osteonecrosis is generally found in patients treated with
bisphosphonates administered intravenously, compared to patients treated with bisphosphonates
administered orally whose frequency, the severity and delay of this side effect are reduced. This
variation is due to high bioavailability and cumulative dose over time in intravenous
bisphosphonates used for malignant conditions.

The initial question was whether it was possible to consider prosthetic therapy for patients treated
with bisphosphonates. The answer, unfortunately, cannot be simple; it varies according to several
parameters, such as the administration route of the molecule, the duration of the treatment and
the cumulative dose.

There are many opinions regarding removable and irremovable prostheses , some authors
contraindicate them because of their negative effect on the ONJ and others remind us that the
absence of wearing the prosthesis in edentulous patients leads to an imbalance in the diet which in
turn becomes unfavourable to a remission of the ONJ, which leads us to conclude that the solution
of a treatment by removable or irremovable prosthesis should not be abandoned provided that all
precautions are respected.

As for implant prosthesis, there are divergent opinions and a general consensus on the formal
contraindication of implants in patients treated with bisphosphonates intravenously.

In the case of patients treated with oral bisphosphonates, there are no absolute contraindications
to the placement of implants but precautions to be taken as the recoil is low on bisphosphonates
and their action in the development of ostechemonecrosis.

65



I DENTAL PROSTHESES AND BISPHOSPHONATES REFERENCE LIST

‘ Reference list : ‘

1 “Bone Tissue.” Biologyonline-definition

2 Herbert Fleisch, “Bisphosphonates in Bone Disease.”

3{Updating}TEACHING ANATOMY. “TEACHING ANATOMY: Histology of Bone Tissue.” Accessed January 11,
2021. https://teachinganatomy.blogspot.com/2013/06/bone-tissue.html.

4 paxton, Peckham, and Knibbs, “The Leeds Histology Guide.”

5 “Maxilla.” https://www.kenhub.com/en/library/anatomy/the-maxilla

6 Soriano and Das, Anatomy, Head and Neck, Maxilla. https://www.ncbi.nlm.nih.gov/books/NBK538527/

7 Alvernia JE, Hidalgo J, Sindou MP, Washington C, Luzardo G, Perkins E, Nader R, Mertens P. The maxillary
artery and its variants: an anatomical study with neurosurgical applications. Acta Neurochir (Wien). 2017
Apr;159(4):655-664. [PubMed)]

8 Tanoue S, Kiyosue H, Mori H, Hori Y, Okahara M, Sagara Y. Maxillary artery: functional and imaging anatomy
for safe and effective transcatheter treatment. Radiographics. 2013 Nov-Dec;33(7):e209-24. [PubMed]

% Soriano and Das, Anatomy, Head and Neck, Maxilla. Otake |, Kageyama |, Mataga I. Clinical anatomy of the
maxillary artery. Okajimas Folia Anat Jpn. 2011 Feb;87(4):155-64. [PubMed]

10 “Facial Bone Anatomy.” Haribhakti VV. The dentate adult human mandible: an anatomic basis for surgical
decision making. Plast Reconstr Surg. 1996 Mar. 97(3):536-41; discussion 542-3. [Medline].

11 Breeland, Aktar, and Patel, “Anatomy, Head and Neck, Mandible.” Lipski M, Tomaszewska IM, Lipska W, Lis
GJ, Tomaszewski KA. The mandible and its foramen: anatomy, anthropology, embryology and resulting clinical
implications. Folia Morphol (Warsz). 2013 Nov;72(4):285-92. [PubMed]

2 Breeland, Aktar, and Patel. Saka B, Wree A, Henkel KO, Anders L, Gundlach KK. Blood supply of the
mandibular cortex: an experimental study in Gottingen minipigs with special reference to the condyle. J
Craniomaxillofac Surg. 2002 Feb;30(1):41-5. [PubMed]

13 {Updating}] Triller M. Histologie dentaire. Paris : Masson, 1987. Triller M. Histologie dentaire. Paris : Masson,
1987.

14 tekadmin, “Periodontology Anatomy - Alveolar Bone.”

15 “Innervation and Blood Supply of the Teeth.” Author: Alexandra Sieroslawska MD e Reviewer: Dimitrios
Mytilinaios MD, PhD

16 « Bone remodeling », Wikipedia. sept. 13, 2020, Consulté le: janv. 21, 2021

17 parfittAM., Targeted and Nontargeted Bone Remodeling: Relationship to Basic Multicellular Unit Origination and
Progression. Bone 2002; 30:5-7. Couret I., Biologie du remodelage Osseux. J Nuc Med 2004; 28(2):52-65.

18 ANNANE J. intérét des activités anti-osteoclastique et immuno-modulaire des
biphosphonates en odontostomatologie
% Hauge EM, Quesel D, Eriksen EF, et al. Cancellous bone remodeling occurs in specialized compartments lined
by cells expressing osteoblastic markers. J Bone Miner Res 2001; 16: 1575-1582.
20 Goldring SR. The osteocyte: key player in regulating bone turnover. RMD Open 2015; 1: e000049
Parfitt AM. Targeted and nontargeted bone remodeling: relationship to basic multicellular unit origination and
progression. Bone 2002
21 Tolar J, Teitelbaum SL and Orchard PJ. Osteopetrosis. N Engl J Med 2004; 351: 2839-284
Xing L and Boyce BF. Regulation of apoptosis in osteoclasts and osteoblastic cells. Biochem Biophys Res
Commun 2005; 328: 709-720
22 Sims NA and Martin TJ. Coupling the activities of bone formation and resorption: a multitude of signals within
the basic multicellular unit. Bonekey Rep 2014; 3: 481.

Zhou H, Chernecky R and Davies JE. Deposition of cement at reversal lines in rat femoral bone. J Bone Miner
Res 1994; 9: 367-374
2 Delaisse J-M. The reversal phase of the bone-remodeling cycle: cellularprerequisites for coupling resorption
and formation. Bonekey Rep 2014; 3: 561.
Zhao C, Irie N, Takada Y, et al. Bidirectional ephrinB2-EphB4 signaling controls bone homeostasis. Cell Metab
2006; 4: 111-121. Sims NA and Martin TJ. Coupling signals between the osteoclast and
osteoblast: how are messages transmitted between these temporary visitors to the bone surface? Front
Endocrinol 2015; 6: 41
24 Eriksen EF, Gundersen HJ, Melsen F, et al. Reconstruction of the formative site in iliac trabecular bone in 20
normal individuals employing a kinetic model for matrix and mineral apposition. Metab Bone Dis Relat
Res 1984; 5: 243-252.
Anderson HC. Matrix vesicles and calcification. Curr Rheumatol Rep 2003; 5: 222-226.

66


https://www.ncbi.nlm.nih.gov/pubmed/28191601
https://www.ncbi.nlm.nih.gov/pubmed/24224604
https://www.ncbi.nlm.nih.gov/pubmed/21516980
http://reference.medscape.com/medline/abstract/8596784
https://www.ncbi.nlm.nih.gov/pubmed/24402748
https://www.ncbi.nlm.nih.gov/pubmed/12064882
https://www.zotero.org/google-docs/?XZMwJi
https://www.zotero.org/google-docs/?XZMwJi
https://www.zotero.org/google-docs/?XZMwJi
https://www.zotero.org/google-docs/?WbZG29
https://www.zotero.org/google-docs/?WbZG29
https://www.zotero.org/google-docs/?WbZG29
https://www.zotero.org/google-docs/?WbZG29
https://www.zotero.org/google-docs/?WbZG29
https://www.zotero.org/google-docs/?WbZG29

I DENTAL PROSTHESES AND BISPHOSPHONATES REFERENCE LIST

25 Anderson HC, Garimella R and Tague SE. The role of matrix vesicles in growth plate development and
biomineralization. Front Biosci 2005; 10: 822—-837.

26 Grant SFA, Ralston SH. Genes and osteoporosis. Endocrinology 1997;8:232-9.

Pocock NA, Eisman JA, Hopper JL, Yeates MG, Sambrock PN, EberyS. Genetic determinants of bone mass in
adults. J Clin Invest 1987;80:706-10

Z’Morey ER, Baylink JJ. Inhibition of bone formation during space flight. Science 1978;19:172-6

28 Trueta J. The role of blood vessels in osteogenesis. J Bone Joint SurgBr 1963;45:402.

Ham AW. Some histophysiological problems peculiar to calcified tissue. J Bone Joint Surg Am 1952;34:701

2 J4dar Gimeno E, Mufioz-Torres M, Escobar-Jiménez F, Quesada Charneco M, Luna del Castillo JD, Olea N.
Identification of metabolic bone disease in patients with endogenous hypertiroidism: Role of biological
markers of bone turn-over. Calcif Tissue Int 1997;61:370-6.

30|, G. Raisz, « Physiology and Pathophysiology of Bone Remodeling », Clinical Chemistry, vol. 45, n°® 8, p. 1353-
1358, ao(t 1999, doi: 10.1093/clinchem/45.8.1353

31 Harvey S, Hull KL. Growth local hormone: A paracrine growth factor? Endocrine 1998;7:267-79.

325.-).H.S. Qui, G. Gibson, K. Lundin-Cannon, M. Schaffler. Osteocyte apoptosis After Acute Matrix Injury in
Compact Bone. The Orthopaedic Research Society, San Francisco

33 Coleman RE. Future directions in the treatment and prevention of bone metastases. Am J Clin Oncol 25: 2-8
Holen I, Coleman RE. Bisphosphonates as treatment of bone metastases. Curr Pharm Des 16: 262-7

34 Ganesan et al., “Bisphosphonate.” Sahni M, Guenther HL, Fleisch H, Collin P, Martin TJ.Bisphosphonates act
on rat bone resorption through the mediation of osteoblasts. J Clin Invest 91

35 van Beek ER, Léwik CW, Ebetino FH, Papapoulos SE. Binding and antiresorptive properties of heterocycle-
containing bisphosphonate analogs: structure-activity relationships.

Russell RG, Xia Z, Dunford JE, Oppermann U, Kwaasi A, Hulley PA, Kavanagh KL, Triffitt JT, Lundy MW, Phipps
RJ, Barnett BL, Coxon FP, Rogers MJ, Watts NB, Ebetino FH. Bisphosphonates: an update on mechanisms of
action and how these relate to clinical efficacy.

36 Russell RG, Watts NB, Ebetino FH, Rogetrs MJ. Mechanisms of action of Bisphosphonates: Similarities and
differences and their potential influence on clinical efficiency. Osteoporosis Int. 2014;19:733-59. [PubMed]
37« Definition of pharmacokinetics - NCI Dictionary of Cancer Terms - National Cancer Institute », févr. 02, 2011.
38 « Bisphosphonates: A review of their pharmacokinetic properties », Bone, vol. 18, n° 2, p. 75-85, févr. 1996,
39 A. Ezra et G. Golomb, « Administration routes and delivery systems of bisphosphonates for the treatment of
bone resorption », Adv Drug Deliv Rev, vol. 42, n® 3, p. 175-195,

40 « Bisphosphonates Mechanism for Low Bioavailability with Oral Administration »..

41p, Conte et V. Guarneri, « Safety of intravenous and oral bisphosphonates and compliance with dosing
regimens », Oncologist, vol. 9 Suppl 4, p. 28-37, 2004, doi: 10.1634/theoncologist.9-90004-28.

42 « Bisphosphonates (Intravenous/IV) — Arthritis Australia ». https://arthritisaustralia.com.au/medication-
search/bisphosphonates-
intravenousiv/?fbclid=IwAR32byEY5fH52VRhZIPAbcTfMVZPBYAIijBYtmV2f5XR0_clDeVHtL_ATiWc

43 P, Mottaghi, « Intravenous bisphosphonates for postmenopausal osteoporosis », J Res Med Sci, vol. 15, n° 3,
p. 175-184, 2010.

44 « Design and Biological Evaluation of Delivery Systems Containing Bisphosphonates ».
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5374368/?fbclid=IwAR3jpJIjNVKrgKp_rvQECqMM-
SoJWSYIXYWnVLZmiFaJRmMEmpRQoiCzTu24 (consulté le janv. 29, 2021).

45 « Subcutaneous co-administration of a potent bisphosphonate with recombinant human hyaluronidase
(rHuPH20) inhibits injection site reactions with systemic bioavailability comparable to intravenous
bisphosphonate administration in preclinical animal models | Cancer Research ».
https://cancerres.aacrjournals.org/content/68/9_Supplement/4033?fbclid=IwAROhgZOxhudRmMACLO602LKfuG1
EUq5p2hxsHo6wmzKoplsZBr2b6kDVs6bU (consulté le janv. 29, 2021).

46 M. Rossini, V. Braga, D. Gatti, D. Gerardi, N. Zamberlan, et S. Adami, « Intramuscular clodronate therapy in
postmenopausal osteoporosis », Bone, vol. 24, n° 2, p. 125-129, févr. 1999,

47 « Drug Absorption - Drugs - MSD Manual Consumer Version ».
https://www.msdmanuals.com/home/drugs/administration-and-kinetics-of-drugs/drug-
absorption?fbclid=IwAR0e3F807U2FTrGNSUuAGAUA7pwZwo809XNx AQjF3ws5CIJWRNKiX6Bb06iM (consulté le
janv. 29, 2021).

48 ), H. Lin, « Bisphosphonates: a review of their pharmacokinetic properties », Bone, vol. 18, n° 2, p. 75-85,
févr. 1996, doi: 10.1016/8756-3282(95)00445-9.

4 H. A. Fleisch, « Bisphosphonates: Preclinical Aspects and Use in Osteoporosis », Annals of Medicine, vol. 29,
n° 1, p. 55-62, janv. 1997, doi: 10.3109/07853899708998743.

67



I DENTAL PROSTHESES AND BISPHOSPHONATES REFERENCE LIST

50 « Pharmacological Aspects of Antiresorptive Drugs: Bisphosphonates and Denosumab | Pocket Dentistry ».

https://pocketdentistry.com/pharmacological-aspects-of-antiresorptive-drugs-bisphosphonates-and-

denosumab/?fbclid=IwAR1hGUpxr3IGwkRWoyo12108LroNv6NPSgdSDrGU2dV_Z_FWcm39UrmDKus (consulté

le janv. 29, 2021).

51 Boyce RW, Wronski TJ, Ebert DC, et al.: Direct stereological

estimation of three-dimensional connectivity in rat vertebrae: effect of estrogen, etidronate and risedronate

following ovariectomy. Bone 1995, 16:209-213.

52 Meunier PJ, Boivin G: Bone mineral density reflects bone mass but also the degree of mineralization of bone:

therapeutic implications. Bone 1997, 21:373-377.

53 Boivin GY, Chavassieux PM, Santora AC, et al.: Alendronate

increases bone strength by increasing the mean degree of mineralization of bone tissue in osteoporotic

women. Bone 2000, 27:687-694.

54 Roschger P, Rinnerthaler S, Yates J, et al.: Alendronate increases

degree and uniformity of mineralization in cancellous bone and decreases the porosity in cortical bone of

osteoporotic women. Bone 2001, 29:185-191.

55 CECCHINI MG F. R., FLEISCH H, COOPER PH. Effect of bisphosphonates on proliferation and viability of

mouse bone marrowderived macrophages. J Bone Miner Res., 1987, Apr;2, 2, pp. 135-42

%6Schmidt A, Rutledge SJ, Endo N et al. Protein-tyrosine phosphatase activity regulates osteoclast formation and

function : inhibition by alendronate. Proc Natl Acad Sci USA 1996 ; 93 : 3068-73

57, Vitté C, Fleisch H, Guenther HL. Bisphosphonates induce osteoblasts to secrete an inhibitor of osteoclast-

mediated resorption. Endocrinology 1996 ; 137 : 2324-33.

58 ROGERSMJ, GORDONS, BENFORD HL ET COLL,cellular And molecular mechanisms of action of

Biphosphonates.Cancer 2000 ;88 :2961-2978.

59 parfitt, A.M., G.R. Mundy, G.D. Roodman, D.E. Hughes and B.F. Boyce. 1996. A new model for the regulation

of bone resorption, with particular reference to the effects of bisphosphonates. J. Bone Miner. Res. 11:150—

159.

80, Russel RGG. Bisphosphonates: the first 40 years. Bone. 2011;49:2-19.

61 Teleky L. Phosphor. In: Tekely L, editor. Gewerbliche Vergiftungen. Heidelberg: Springer; 1955. p. 146-50

62 Bisphosphonates: The first 40 years R. Graham G. Russell []

83 Fleisch H. Biphosphonates : Mechanisms of action. Endocr Rev 1998; 19 : 80-100.

64 LOEB J, SOHRAB SA, HUQ M, FUERST DR. Brain calcification induce neurological dysfunction that can

be reserved by a bone drug. NeurolSci 2006 ; 243 :77-81.

65 Green JR. Bisphosphonates: Preclinical Review. Oncologist 2004 ; 4 (sp9) : 3-13.

66 . Webster MR, Zhao M, Rudek MA et coll. Bisphosphonamidate Clodronate Prodrug Exhibits Potent

Anticancer Activity in Non-Small-Cell Lung Cancer Cells. ] Med Chem. 2011 ; 54 : 6647-56.

57 Cornish J, Bava U, Callon KE et coll. Bone-bound bisphosphonate inhibits growth of adjacent non-bone

cells. Bone 2011 ; 49: 710-6.

68 Koch FP, Merkel C, Al-Nawas B et coll. Zoledronate, ibandronate and clodronate enhance osteoblast

differentiation ina dose dependent manner - A quantitative in vitro gene expression analysis of DIx5,

Runx2, OCN, MSX1 and MSX2.J Craniomaxillofac Surg 2011 ; 39: 562-9.

69 Abrahamsen, B. Adverse Effects of Bisphosphonates. Calcif Tissue Int 2010 ; 86 : 42135.

70 Ezra A, Golomb G. Administration routes and delivery systems of bisphosphonates for the treatment

of bone resorption. Adv Drug Deliv Rev 2000 ; 42 : 175-95.

71 Kanis JA. Assessment of fracture risk and its application to screening for postmenopausal osteoporosis:

synopsis of a WHO report. WHO Study Group. Osteoporos Int 1994;4:368—-381.

72 EDWARDS BJ et MIGLIORATI CA Osteoporosis and its implications for dental patients J Am Dent Assoc

2008:139:545-551.

73 Kanterewicz E, et al. Distribution of serum betaCTX in a population-based study of postmenopausal women

taking into account different anti-osteoporotic therapies (the FRODOS Cohort). J Bone Miner Metab.

2012;31(2):231-9.

74 MACE B. Histologie, bases fondamentales. Sophia- Antipolis : Omniscience, 2008

75 PONTE-FERNANDEZ N, ESTEFANIA-FRESCO R et AGUIRRE-URIZAR JM. Bisphosphonates and oral pathology I.

General and preventive aspects. Oral Pathol Oral Cir Bucal 2006:11:E396-E400

76 AGENCE FRANCAISE DE SECURITE SANITAIREDES PRODUITS DE SANTE. Lettre aux professionnels de santé :

recommandations sur la prise en charge des patients traités par bisphosphonates.

77 Forin V. Ostéogenése imparfaite. Encyclopédie Orphanet. Juin 2007 . www.orpha.net

78 Guo Z, et al. The effi cacy and safety of bisphosphonates for osteoporosis or osteopenia in Crohn’s disease: a

meta-analysis. Dig Dis Sci. 2012;58(4): 915-22.

79 STRUBE N et PRINC G. Parodontologie, implantologie et Bisphosphonates. Http://www.espaceparodontax.fr
68


http://www.orpha.net/
http://www.espaceparodontax.fr/?fbclid=IwAR2nSPoF5L27XO9K9XZ119LSuaErrz6TdFTQx0U6BO_c2P68W6TwddUMOik

I DENTAL PROSTHESES AND BISPHOSPHONATES REFERENCE LIST

8 Then C, et al. Incidence and risk factors of bisphosphonaterelated osteonecrosis of the jaw in multiple
myeloma patients having undergone autologous stem cell transplantation. Onkologie. 2012;35(11):658—64

81 Huang WW, et al. Zoledronic acid as an adjuvant therapy in patients with breast cancer: a systematic review
and meta-analysis. PLoS One. 2012;7(7):e40783.

82 Aft R. Protection of bone in premenopausal women with breast cancer: focus on zoledronic acid. Int J
Womens Health. 2012;4:569-76.

8 Berenson JR, et al. Prognostic factors and jaw and renal complications among multiple myeloma patients
treatedwith zoledronic acid. Am J Hematol. 2011;86(1):25-30.

84 Aapro M, Saad F. Bone-modifying agents in the treatment of bone metastases in patients with advanced
genitourinary malignancies: a focus on zoledronic acid. Ther Adv Urol. 2012;4(2):85-101.

8 ABI NAJM S, LESCLOUS P, LOMBARDI T et coll. Ostéonécrose des maxillaires dues aux bisphosphonates: mise
au point. Med Buccale Chir Buccale 2008 14:5-18.

8 CHAPPARD D et GUILLAUME B. Ostéonécrose de la machoire et chirurgie implantaire. Rapport et prévention
thérapeutique Chir Dent Fr 2008 1337/1338:45-51.

87 The use of bisphosphonates in postmenopausal women with osteoporosis Harold N Rosen, MD Jan 06, 2020.
8 Graham DY, Malaty HM. Alendronate and naproxen are synergistic for development of gastric ulcers. Arch
Intern Med. 2001 Jan 08;161(1):107-10. [PubMed]

89 Schussheim DH, Jacobs TP, Silverberg SJ. Hypocalcemia associated with alendronate. Ann Intern Med. 1999
Feb 16;130(4 Pt 1):329. [PubMed]

% Rosen CJ, Brown S. Severe hypocalcemia after intravenous bisphosphonate therapy in occult vitamin D
deficiency. N Engl J Med. 2003 Apr 10;348(15):1503-4. [PubMed]

91 Wysowski DK, Chang JT. Alendronate and risedronate: reports of severe bone, joint, and muscle pain. Arch
Intern Med. 2005 Feb 14;165(3):346-7. [PubMed]

9 Pazianas M, Clark EM, Eiken PA, Brixen K, Abrahamsen B. Inflammatory eye reactions in patients treated with
bisphosphonates and other osteoporosis medications: cohort analysis using a national prescription database. J
Bone Miner Res. 2013 Mar;28(3):455-63. [PubMed]

% Wan, J.T, Sheeley, D.M, Somerman, M.J et al. Mitigating osteonecrosis of the jaw (ONJ)through preventive
dental care and understanding of risk factors.Bone Res 8, 14(2020)

94 26. Katsarelis H, Shah NP, Dhariwal DK, Pazianas M. Infection and medication-related osteonecrosis
of the jaw. 2015

% Ruggiero SL, Dodson TB, Assael LA, Landesberg R, Marx RE, Mehrotra B. American Association of Oral and
Maxillofacial Surgeons position paper on bisphosphonate-related osteonecrosis of the jaws—2009 update.
Journal of Oral and Maxillofacial Surgery. 2009;67(5):2-12

9 LUCAS M Helsberg P, Tubbus RS, Kapos T, Watermann CT, Shaffer K, et al. The tori of the mouth and ear: a
review. Clin anat 2013;26:953-60

97 Ruggiero SL, Fantasia J, Carlson E. Bisphosphonate-related osteonecrosis of the jaw: Background and
guidelines for diagnosis, staging and management. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology,
and Endodontics. 2006;102(4):433-441

98 Marx RE, Sawatari Y, Fortin M, Broumand V. Bisphosphonate-induced exposed bone
(osteonecrosis/osteopetrosis) of the jaws: Risk factors, recognition, prevention, and treatment. Journal of Oral
and Maxillofacial Surgery. 2005 Nov;63(11):1567-1575

% Hoff, AO, Toth, BB, Altundag, K, Guarneri, V, Adamus, A, Nooka, AK, Sayegh GG, Johnson MM, Gagel RF &
Hortobagyi GN. Osteonecrosis of the jaw in patients receiving intravenous bisphosphonate therapy. Journal of
Clinical Oncology. 2006;24(90180):8528-8528

100 Badros A, Weikel D, Salama A, Goloubeva O, Schneider A, Rapoport A, et al. Osteonecrosis of the jaw in
multiple myeloma patients: Clinical features and risk factors. Journal of Clinical Oncology. 2006 Feb
20;24(6):945-952

101 Wessel JH, Dodson TB, Zavras Al. Zoledronate, smoking, and obesity are strong risk factors for osteonecrosis
of the jaw: A case-control study. Journal of Oral and Maxillofacial Surgery. 2008;66(4):625-631

102 7ervas K, Verrou E, Teleioudis Z, Vahtsevanos K, Banti A, Mihou D, et al. Incidence, risk factors and
management of osteonecrosis of the jaw in patients with multiple myeloma: A single-centre experience in 303
patients. British Journal of Haematology. 2006;134(6):620-623

103 Jadu F, Lee L, Pharoah M, Reece D, Wang L. A retrospective study assessing the incidence, risk factors and
comorbidities of pamidronate-related necrosis of the jaws in multiple myeloma patients. Annals of Oncology.
2007 Dec;18(12):2015-2019

69



I DENTAL PROSTHESES AND BISPHOSPHONATES REFERENCE LIST

104 Hoefert S, Schmitz I, Tannapfel A, Eufinger H. Importance of microcracks in etiology of bisphosphonate-
related osteonecrosis of the jaw: A possible pathogenetic model of symptomatic and non-symptomatic
osteonecrosis of the jaw based on scanning electron microscopy findings. Clinical Oral Investigations.
2010;14(3):271-284

105 sarasquete ME, Garcia-Sanz R, Marin L, Alcoceba M, Chillon MC, Balanzategui A, et al. Bisphosphonate-
related osteonecrosis of the jaw is associated with polymorphisms of the cytochrome P450 CYP2C8 in multiple
myeloma: A genome-wide single nucleotide polymorphism analysis. Blood. 2008 Oct 1;112(7):2709-2712.

106 Khamaisi M, Regev E, Yarom N, Avni B, Leitersdorf E, Raz |, et al. Possible association between diabetes and
bisphosphonate-related jaw osteonecrosis. The Journal of Clinical Endocrinology & Metabolism.
2007;92(3):1172-1175

107 Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, Mehrotra B, et al. American Association of Oral
and Maxillofacial Surgeons position paper on medication-related osteonecrosis of the jaw—2014 update.
Journal of Oral and Maxillofacial Surgery. 2014;72(10):1938-1956

108 Bedogni A, Fusco V, Agrillo A, Campisi G. Learning from experience. Proposal of a refined definition and
staging system for bisphosphonate-related osteonecrosis of the jaw (BRONJ). Oral Diseases. 2012;18(6):621-
623

109 R, E. Marx, Y. Sawatari, M. Fortin, and V. Broumand, “Bisphosphonate-induced exposed bone
(osteonecrosis/osteopetrosis) of the jaws: risk factors, recognition, prevention, and treatment,” Journal of Oral
and Maxillofacial Surgery, vol. 63, no. 11, pp. 1567-1575, 2005.

110K, H. Taylor, L. S. Middlefell, and K. D. Mizen, “Osteonecrosis of the jaws induced by anti-RANK ligand
therapy,” British Journal of Oral and Maxillofacial Surgery, vol. 48, no. 3, pp. 221-223, 2010.

11 p K. Palaska, V. Cartsos, and A. |. Zavras, “Bisphosphonates and time to osteonecrosis development,”
Oncologist, vol. 14, no. 11, pp. 1154-1166, 2011.

112 R. Reid, M. J. Bolland, and A. B. Grey, “Is bisphosphonate-associated osteonecrosis of the jaw caused by
soft tissue toxicity?” Bone, vol. 41, no. 3, pp. 318-320, 2007.

113 Ruggiero SL (2010) Bisphosphonate-related osteonecrosis of the jaw: an overview. Ann NY

Acad Sci Sep 28

114 Marx RE (2009) L’osteonecrosi dei Mascellari da bisfosfonati. Quintessence, Milan

115 Oltolina A, Achilli A, Lodi G, Demarosi F, Sardella A. Osteonecrosis ofthe jaws in patients treated with
bisphosphonates. Review of the literature and the Milan experience. Minerva Stomatol 2005; 54: 441-448
116 “Bisphosphonate-Related Osteonecrosis of the Jaw: A Pictorial Review | RadioGraphics.”

117 Magremanne M, Vervaet C, Dufrasne L et coll. Bisphosphonates et ostéo(chimio)nécrose maxillo-
mandibulaire. Rev Stomatol Chir Maxillofac 2006 ; 107 : 423-8.

118 Orlandini F, Bossard D, Blanc G et coll. Ostéonécrose de la machoire sous biphosphonates : aspects
radiologiques. J Radiol 2009 ; 90 : 199-205.

119 Hansen T., Kunkel M., Springer E. et al. Actinomycosis of the jaws_histopathological

study of 45 patients shows significant involvement in bisphosphonate-associated

osteonecrosis and infected osteoradionecrosis.

Virchows Arch., 2007, 451 : 1009-1017.

120 yagrom N., Yahalom R., Shoshani Y., Hamed W., Regev E., Elad S. Osteonecrosis of the jaw induced by orally
administered bisphosphonates : incidence, clinical features, predisposing factors and treatment outcome.
Osteoporos. Int., 2007, 18 : 1363-1370.

121 Madrid C., Jaques B., Bouferrache K., Broome M. Ostéonécrose des maxillaires en rapport avec la prise de
bisphosphonates : que faire ? Rev. Med. Suisse 2007, 112 : 1322, 1324-1326, 1329-1331.

122 Goss AN. Bisphosphonate-associated osteonecrosis of the jaws. Climacteric 2007; 10: 5 — 8.

123 Marx R, Sawatari Y, Fortin M. 2005. Bisphosphonate-induced exposed bone (osteonecrosis\osteopetrosis)
of the jaws: risk factors, recognition, prevention and treatment. J. Oral Maxillofac. Surg. 63:1567-75

124 Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, Mehrotra B. American Association of Oral and
Maxillofacial Surgeons. American Association of Oral and Maxillofacial Surgeons position paper on medication-
related osteonecrosis of the jaw-2014 update. J Oral Maxillofac Surg. 2014;72:1938-56. [PubMed] [Google
Scholar]

125 Japanese Allied Committee on Osteonecrosis of the Jaw T, Yoneda T, Hagino H, Sugimoto T, Ohta H,
Takahashi S, et al. Antiresorptive agent-related osteonecrosis of the jaw: position paper 2017 of the Japanese
allied committee on osteonecrosis of the jaw. J Bone Miner Metab. 2017; 35(1): 6-19.

126 From Boucher's Clinical Dental Terminology, 4th ed, p244 & Jablonski, Dictionary of Dentistry, 1992, p643)

70


https://www.ncbi.nlm.nih.gov/pubmed/25234529
https://scholar.google.com/scholar_lookup?journal=J+Oral+Maxillofac+Surg&title=American+Association+of+Oral+and+Maxillofacial+Surgeons.+American+Association+of+Oral+and+Maxillofacial+Surgeons+position+paper+on+medication-related+osteonecrosis+of+the+jaw-2014+update&author=SL+Ruggiero&author=TB+Dodson&author=J+Fantasia&author=R+Goodday&author=T+Aghaloo&volume=72&publication_year=2014&pages=1938-56&pmid=25234529&
https://scholar.google.com/scholar_lookup?journal=J+Oral+Maxillofac+Surg&title=American+Association+of+Oral+and+Maxillofacial+Surgeons.+American+Association+of+Oral+and+Maxillofacial+Surgeons+position+paper+on+medication-related+osteonecrosis+of+the+jaw-2014+update&author=SL+Ruggiero&author=TB+Dodson&author=J+Fantasia&author=R+Goodday&author=T+Aghaloo&volume=72&publication_year=2014&pages=1938-56&pmid=25234529&

I DENTAL PROSTHESES AND BISPHOSPHONATES REFERENCE LIST

127 “Major Benefits of Dental Prosthetics,” Technavio (blog), June 6, 2016,
https://blog.technavio.com/blog/major-benefits-dental-prosthetics.

128« LES DIFFERENTS TYPES DE PROTHESES DENTAIRES », Centre Dentaire des Charpennes, consulté le 11 avril
2021, https://www.centre-dentaire-villeurbanne.fr/les-protheses/les-differents-types-de-protheses-dentaires.

129 dentulous32wmt, “Fixed Prosthodontics — The Introduction,” My Dental Technology Notes (blog), November
11, 2018, https://mydentaltechnologynotes.wordpress.com/2018/11/11/fixed-prosthodontics-the-
introduction/.

130 dentulous32wmt, “Removable Partial Denture — Introduction,” Bolender,Zarb; Prosthodontic treatment for
edentulous patients — 12th edition Textbook of Prosthodontics: Deepak Nallaswamy

131 Complete Dentures: Indications for Complete Dentures, Contraindications to Complete Dentures, Denture
Materials,” October 19, 2020, https://emedicine.medscape.com/article/2066046-overview#a3.

132 “Dental Implants and Mini-Implants: Products, Design Features, Indications,” December 22, 2020,
https://emedicine.medscape.com/article/1982494-overview#a3.

133 Landesburg R, Cozin M, Cremers S, Woo V, Kousteni S, Sinha S et al. Inhibition of oral mucosal wound
healing by bisphosphonates. J Oral Maxillofac Surg 2008;66:83947.

134 Wallace JL, Dicay M, McKnight W, Bastaki S, Blank MA. N-bisphosphonates cause gastric epithelial injury
independent of effects on the microcirculation. Alimen Pharmacol Ther 1999;13:1675-82.

135 Severely supressed bone turnover: a potential complication of alendronate therapy Odvina C.V, D.S.Rao et
al, J.CIni.endocrinol.Metab.90:1294-1301.

136 Mark Marunick & Sara Gordon. Prosthodontic treatment during active osteonecrosis related to radiation
and bisphosphonate therapy. J Prosthet Dent 2006; 96:7-12.

137 Bisphosphonate Therapy for Skeletal Malignancies and Metastases: Impact on Jaw Bones and Prosthodontic
ConcernsArvind Tripathi, MDS,1 Saumya Pandey, MDS,2 Saumyendra V. Singh, MDS,3 Naresh Kumar Sharma,
MDS,4 & Ronauk Singh, BDS5

138 Kyrgidis A, Vahtsevanos K, Koloutsos G, Andreadis C, Boukovinas |, Teleioudis Z, et al. Bisphosphonate-
related osteonecrosis of the jaws: a case— control study of risk factors in breast cancer patients. J Clin Oncol
2008;26:4634-8

139 sedghizadeh PP, Stanley K, Caligiuri M, Hofkes S, Lowry B,Shuler CF. Oral bisphosphonate use and the
prevalence of osteonecrosis of the jaw: an institutional inquiry. J Am Dent Assoc2009;140:61-6

140 yvahtsevanos K, Kyrgidis A, Verrou E, Katodritou E, Triaridis S, Andreadis CG, et al. Longitudinal cohort study
of risk factors incancer patients of bisphosphonate-related osteonecrosis of the jaw. J Clin Oncol 2009;27:5356
141 Ruggiero SL, Drew SJ. Osteonecrosis of the jaws and bisphosphonate therapy. J Dent Res 2007;86:1013-21.
142 Géllner, M., Holst, S., Fenner, M., & Schmitt, J. (2010). Prosthodontic treatment of a patient with
bisphosphonate-induced osteonecrosis of the jaw using a removable dental prosthesis with a heat-polymerized
resilient liner: A clinical report. The Journal of Prosthetic Dentistry.

143 Chiaki Tsuji, Hiroshi Watanabe, Hidenori Nakayama, Mitsuo Goto, and Kenichi Kurita

Department of Oral and Maxillofacial Surgery, School of Dentistry, Aichi Gakuin University, Nagoya, Japan
Published 14 February 2017

144 Javed F, Almas K. Osseointegration of Dental Implants in Patients Undergoing Bisphosphonate Treatment: A
Literature Review. J Periodontol. 2010;81:479-84. [PubMed] [Google Scholar]

145 Serra MP, Llorca CS, Donat FJ. Oral implants in patients receiving bisphosphonates: a review and update.
Med Oral Patol Oral Cir Bucal. 2008;13:E755—60. [PubMed] [Google Scholar]

148 Yip JK, Borrell LN, Cho SC, Francisco H, Tarnow DP. Association between oral bisphosphonate use and dental
implant failure among middle-aged women. J Clin Periodontol. 2012;39:408-14. [PubMed] [Google Scholar]

147 Marx RE, Cillo JE Jr, Ulloa JJ. Oral bisphosphonate-induced osteonecrosis: risk factors, prediction of risk using
serum CTX testing, pMoher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern Med. 2009;151:264-9. [PubMed]
[Google Scholar]revention, and treatment. J Oral Maxillofac Surg. 2007;65:2397-410. [PubMed] [Google
Scholar]

148 | azarovici TS, Yahalom R, Taicher S, Schwartz-Arad D, Peleg O, Yarom N. Bisphosphonate Related
Osteonecrosis of the Jaw Associated With Dental Implants. J Oral Maxillofac Surg. 2010;68:790—6. [PubMed]
[Google Scholar]

71



I DENTAL PROSTHESES AND BISPHOSPHONATES REFERENCE LIST

149 shabestari GO, Shayesteh YS, Khojasteh A, Alikhasi M, Moslemi N, Aminian A. Implant Placement in Patients
with Oral Bisphosphonate Therapy: A Case Series. Clin Implant Dent Relat Res. 2010;12:175-80. [PubMed]
[Google Scholar]

150 Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, Mehrotra B. American Association of Oral and
Maxillofacial Surgeons position paper on medication-related osteonecrosis of the jaw-2014 update. J Oral
Maxillofac Surg. 2014;72:1938-56. [PubMed] [Google Scholar]

151 p, Kalmar JR, Koka S, Migliorati CA, Ristic H. American Dental Association Council on Scientific Affairs.
Managing the care of patients receiving antiresorptive therapy for prevention and treatment of osteoporosis.
J Am Dent Assoc Nov 1, 2011, vol.142, 11; 1243-1251ubMed] [Google Scholar]

152 Khosla S, Burr D, Cauley J, Dempster DW, Ebeling PR, Felsenberg D, Gagel RF, Gilsanz V, Guise T, Koka S,
McCauley LK, McGowan J, McKee MD, Mohla S, Pendrys DG, Raisz LG, Ruggiero SL, Shafer DM, Shum L,
Silverman SL, Van Poznak CH, Watts N, Woo SB, Shane E. Bisphosphonate associated osteonecrosis of the jaw:
report of a task force of the American Society for Bone and Mineral Research. J Bone Miner Res. 2007;

153 AFSSAPS. Lettres aux professionnels de santé. Recommandations sur la prise en charge bucco-dentaire des
patients traités par bisphosphonates. Déc 2007; www.afssaps.sante.fr.

154 McLeod NM, Patel V, Kusanale A, Rogers SN, Brennan PA. Bisphosphonate osteonecrosis of the jaw: a
literature review of UK policies versus internationalpolicies on the management of bisphosphonate
osteonecrosis of the jaw. Br J Oral Maxillofac Surg. 2011 Jul ;49(5):335-42.

155 Ruggiero SL, Dodson TB, Assael LA, Landesberg R, Marx RE, Mehrotra B. American Association of Oral and
Maxillofacial Surgeons position paper on bisphosphonate-related osteonecrosis of the jaw: 2009 update. J Oral
Maxillofac Surg 2009; 67:2-12.

156 Hellstein JW, Adler RA, Edwards B, Jacobsen PL, Kalmar JR, Koka S, Migliorati CA, Ristic H. American Dental
Association Council on Scientific Affairs. Managing the care of patients receiving antiresorptive therapy for
prevention and treatment of osteoporosis. ] Am Dent Assoc Nov 1, 2011, vol.142, 11; 1243-

157 AFSSAPS. Lettres aux professionnels de santé. Recommandations sur la prise en charge bucco-dentaire des
patients traités par bisphosphonates. Déc 2007; www.afssaps.sante.fr.

158 Migliorati CA, Casiglia J, Epstein J, Jacobsen PL, Siegel MA, Woo SB. Managing the care of patients with
bisphosphonate-associated osteonecrosis: an American Academy of Oral Medicine position paper. J Am Dent
Assoc 2005;136:1658-68.

159 patel V, McLeod NM, Rogers SN, Brennan PA. Bisphosphonate osteonecrosis of the jaw--a literature review
of UK policies versus international policies on bisphosphonates, risk factors and prevention. Br J Oral Maxillofac
Surg. 2011 Jun ;49(4):251-7.

160 AFSSAPS: Recomendations: prescription des antibiotiques en pratique bucco-dentaire.2011

161 | azarovici TS, Yahalom R, Taicher S, SchwartzArad D, Peleg O, Yarom N. Bisphosphonate-related
osteonecrosis of the jaw associated with dental implants. J Oral Maxillofac Surg 2010; 4: 790-796.

162 Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term efficacy of currently used dental implants

163 stewart, D. L. (2011). Prosthodontic treatment of a patient taking nitrogen-containing bisphosphonates to
preserve the integrity of the epithelial attachment: A clinical report. The Journal of Prosthetic Dentistry, 106(6),
350-354.

72



Abstract:

Healthy jawbones ensure a better tooth anchorage and the ability to masticate and
maintain metabolism. This is achieved by a delicate balance between bone formation and
resorption in response to functional demands. Bisphosphonates are antiresorptive drugs, a
class of agents used to treat various systemic conditions affecting this balance and other
metabolic bone diseases. Despite their benefits, Bisphosphonate-Related Osteonecrosis of
the Jaw is an important complication in the subset of patients undergoing this treatment.
The prosthodontic management of this category of patient isn’t very common nowadays and
many dental practicians seem to ignore the appropriate approach to take with these
patients. This work aims to bring increased understanding on the prosthodontic therapy with
all the types of dental prostheses for patients undergoing this antiresorptive drugs
treatment, and the preventive protocols and the right approaches in order to avoid and
prevent the BRONJ.

Keywords: bisphosphonates, jawbones, remodeling, BRONJ, dental prostheses, prosthodontics.

Résumé :

Les maxillaires saines assurent un meilleur ancrage des dents et une capacité de mastiquer et de
maintenir le métabolisme. Ceci est obtenu par un équilibre délicat entre la formation osseuse et la
résorption en réponse aux exigences fonctionnelles. Les bisphosphonates sont des médicaments
antirésorptifs, une classe d’agents utilisés pour traiter diverses affections systémiques touchant cet
équilibre et d’autres maladies osseuses métaboliques. Malgré leurs bienfaits, I'ostéonécrose des
makxillaires induite par les bisphosphonates est une complication importante chez I'ensemble de
patients qui suivent ce traitement. La prise en charge prosthodontique de cette catégorie de patients
n’est pas trés courante de nos jours et de nombreux dentistes semblent ignorer I'approche
appropriée a adopter avec ces patients. Ce travail vise a mieux faire comprendre la thérapie
prosthodontique avec tous les types de protheses dentaires pour les patients subissant ce traitement
antirésorptif, et les protocoles de prévention et les bonnes approches pour éviter 'TONMB.

Mots-clés : bisphosphonates, maxillaires, remodelage, ONMB, prothéses dentaires, prosthodontie.
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