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PRESENTATION

This timely text presents clinicians with significant,
interesting, and new information in the field of im-
plant dentistry. Osseointegrated implants, intro-
duced by P.I. Branemark, allowed for predictable
dental implant therapy and changed the scope of
treatment for the replacement of teeth in edentu-
lous patients.

This comprehensive textbook is a concerted en-
deavor to explore the clinical efforts of all dental
implant surgeons. It brings to light the improve-
ments and progress made by clinicians over a
period of more than 30 years.

The editor has engaged surgical and restorative
experts for the solutions they have found for their
patient’s problems.

Massimo Simion and | discovered one another in
1990, when he invited me to Milan as a keynote
speaker at the first Italian Academy of Osseointe-
gration. He shared his early clinical cases on guid-
ed bone regeneration, and | invited him to join our
research and clinical courses at the Institute for
Advanced Dental Studies and to present his sig-
nificant findings at the International Symposium in
Boston. We have continued to share our research
results, including at the 2022 International Sympo-
sium, where we introduced new techniques and
biomaterials for augmenting the alveolar process
to successfully support osseointegrated implants.
Successful implant therapy depends upon proper
diagnosis and treatment planning to support os-
seointegration.

These chapters describe the relevant anatomy and
surgical techniques for the treatment of both par-
tially and completely edentulous patients. Long-
term cases provide examples of the careful de-
cisions around diagnosis and treatment planning,
as well as how to engage patient understanding
and cooperation.

The text also explores the developments in im-
plant dentistry. Immediate implant placement has
expanded into immediate implant loading. Guided
implant surgery opens the door to future possi-
bilities. Finally, no leading surgeon can avoid all
complications. This text covers the management
of complications, including the practical resolution
of peri-implantitis.

Every dental team that performs bone augmen-
tation procedures and/or implant rehabilitation
should have this text in their library and become
familiar with its wisdom on patient care before,
during, and after treatment. It is a fabulously com-
plete work, and | congratulate the editor, Massimo
Simion, as well as the contributors.

Myron Nevins




INTRODUCEIRN

My collaboration with Quintessence Publishing
began in the early 1990s. In those days, world
dentistry was living extraordinary years: Osseo-
integration techniques according to the Brane-
mark system were spreading like wildfire in all
continents, radically reshaping the therapeutic
approach to partially and completely edentulous
patients, and guided tissue regeneration was rap-
idly extending from periodontal applications to
peri-implant bone regeneration.

| was fortunate to be able to participate in
the development of these two extraordinary
world-changing events at a very young age. My
first publication on guided bone regeneration
(GBR) was published in the International Journal
of Periodontics and Restorative Dentistry in 1994,
and since then, | have consistently collaborated
with Quintessence Publishing, both to publish sci-
entific articles and to participate as a speaker at
every Symposium on Periodontics and Restora-
tive Dentistry in Boston, chaired by Myron Nevins.
For over 20 years, we have been discussing the
idea of a book on osseointegration and bone re-
generation, but only now did | finally tackle the
project. My hesitation stemmed from the fact that
writing such a far-reaching book would require an
immense amount of work, with the danger of the
writing never ending. The greatest risk was that
once the book was finally finished and published,
it would already be overtaken by the rapid evolu-
tion of scientific knowledge. | didn’t want to write
a book and, once finished, wish that | had done it
differently.

Today, the speed at which knowledge is being
acquired has slowed considerably compared to
the first 20 pioneering years. Of course, we learn
to use new digital technologies on a daily basis,
which makes our work easier and more precise,

but the biologic principles and surgical techniques
of osseointegration and GBR are essentially equiv-
alent to those developed between the 1980s and
1990s. In the end, | felt that writing this book was
finally feasible based on the wealth of information
that is now available and, presumably, its stable
application for a long time, or perhaps forever.

My aim was to produce a work available to every-
one—one that could be used as a textbook by
students of dentistry and by those approaching
osseointegrated implantology techniques for the
first time but also useful for experts wanting to
refine their techniques for bone regeneration and
the treatment of peri-implant soft tissue in even
the most complex esthetic cases. To accomplish
this, | have faithfully followed the syllabus of my
university course for students and the annual
course that | have been holding for implant den-
tists for more than 20 years. All the concepts and
clinical cases illustrated during these courses are
presented here.

As Myron Nevins says, “No one can be an expert
in all subjects. Only presumptuous ignoramuses
consider themselves such.” For this reason, | have
drawn on the help of the researchers and clini-
cians with whom | have collaborated most closely
over the past 30 years.

These voices are joined by some emerging young
people of great talent, and certainly bright futures.
To all of them goes my heartfelt thanks. | also want
to thank all the staff at Quintessence Publishing
ltalia for their patience and dedication during the
production of this book.

Massimo Simion
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INTRODUCTION

The alveolar bone is a vital, mineralized connec-
tive tissue of ectomesenchymal origin. It consists
of a network of protein fiber bundles arranged in
layers and is permeated by dense mineral depos-
its. The protein fibers provide strength and flexibil-
ity to the bone tissue, while the mineral deposits
impart hardness and rigidity. Bone cells adapt to
mechanical stresses to maintain this tissue archi-
tecture. They also assist in maintaining homeosta-
sis in plasma calcium levels via bone remodeling
processes. Alveolar bone contains more extracel-
lular matrix (ECM) than cellular matrix. The ECM
consists of an organic component (about 33%)
and an inorganic component (about 67%). The
inorganic component is responsible for providing
mechanical support and maintaining the calcium

HISTOLOGICAL FEATURES OF OSSEOUS TISSUE

homeostasis of the body. The outer layer of bone
is covered by the periosteum, which is divided into
three layers: the germinative layer, the nutritious/
sensory layer, and the fibrous layer. The inner as-
pect of bone is covered by the endosteum, a thin
connective membrane comprising a single layer of
cells with osteogenic potential.

The deepest layer of the periosteum is the germi-
native layer, which is rich in osteoblasts and their
precursors.

The intermediate nutritious layer provides vascu-
larization for 15% to 20% of the cortical bone and
is characterized by blood vessels immersed in the
matrix and mixed with fibroblasts, which maintain
tissue texture.

Finally, the fibrous layer is formed by bundles of
collagen fibers that keep it nonelastic and fixed to
the bone surface.

Knowledge of histology is a basic requirement for performing high-level clin-

ical work. It helps clinicians select the correct clinical protocols and surgical

techniques. Thus, this chapter and chapter 3, on the biologic principles of os-
teointegration, are the most important in the entire book.

Massimo Simion
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The main functions of the periosteum are:

e to resist tractional and torsional forces applied
to bone (mechanical function);

e to supply required nutrients for cell turnover of
bone tissue, which is extremely vital (trophic
function);

* to provide proprioceptive and nociceptive in-
formation and activate repair, modeling, and
remodeling processes with its reservoir of o0s-
teoprogenitor cells (sensory function).

TYPES OF BONE TISSUE

There are two types of alveolar bone, nonlamellar
bone and lamellar bone. Nonlamellar bone con-
sists of a network of collagen fibers delimiting large
cavities filled with vessels. The collagen fibers first
form an osteoid matrix, which then organizes to
form a woven fiber structure (woven bone). This
type of immature bone is present in all cases of
neodeposition.

The formative process of nonlamellar woven bone
involves several steps. First, osteoblasts must pro-
cess osteoid, which is a nonmineralized substance
made of collagen fibers and a matrix containing
glycoproteins and proteoglycans. Continuous ap-
position of new osteoid matrix causes the previ-
ously deposited matrix to mineralize, advancing
the mineralization front. Osteoid undergoes calcifi-
cation via the deposition of minerals such as calci-
um and phosphates, which are then transformed
into hydroxyapatite.

The maturation process, understood as organiza-
tion and mineralization, leads osteoid to arrange
itself into a weave of fibers that evolve into woven
bone. At this stage, some osteoblasts become
trapped in the matrix of calcified bone tissue in the
form of osteocytes. These trapped osteocytes are
lodged in irregularly dispersed lacunae in the cal-
cified matrix and remain connected to one other
though bone canaliculi that contain their cytoplas-
mic extensions.

Numerous anastomoses in the canalicular systen
ensure a network for signaling.'

Lamellar bone represents the mature form of hu-
man bone tissue. It is organized in layers of lamel-
lae, among which the lacunae containing the
osteocytes are found. The lamellae are connected
by canaliculi that pass through their entire thick-
nesses. Lamellar bone is less cellular than nonla-
mellar bone and presents as either compact bone
or spongy bone.

Compact lamellar bone is characterized by os-
teons (or Haversian systems). Osteons are func-
tional units with a cylindrical shape made up of
groups of between 1 and 20 concentric lamellae
that leave a cavity (Haversian canal) in the center,
through which blood/lymphatic vessels and mye-
linated nerve fibers run (Fig 1). Volkmann’s canals
are smaller-caliber neurovascular canals that cross
the bone transversely or obliquely to its major axis,
connecting Haversian canals to each other and
opening onto the periosteal and endosteal surfac-
es of the bone (Fig 2).

In the osteon, the innermost lamellae are those
that have been most recently deposited. The os-
teocytes are confined to the bone lacunae and are
arranged in concentric rings within the lamellae.
Numerous canaliculi radiate from the lacunae in all
directions. The osteocytes communicate with each
other via gap junctions between the cytoplasmic
extensions. The osteocyte cell body and its exten-
sions are separated from the walls of the lacunae
and canaliculi by a thin layer of osteoid. Even in
mature bone, the lacunae and canaliculi form a
continuous system of cavities to allow metabolic
and gaseous exchanges between the blood and
osteocytes.” Bone undergoes continuous remod-
eling with the destruction of old osteons, whose
remnants are left behind as irregular, interstitial
lamellae systems. On the outermost aspect of the
compact bone, osteons are delimited by a sys-
tem of concentric lamellae of dense cortical bone
called circumferential or external limiting lamellae.
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Fig 1 The lamellae are not yet well delineated around the neurovascular canal of Havers, where oste-
oblastic cells, vessels, and nerve fibers can be seen. Toluidine blue and Pyronin yellow staining; x400
magnification. Fig 2 Cortical bone in three colors to highlight different aspects of mineralization (x200
magnification). (a) The bone stained with Goldner’s trichrome modified for hard tissue shows less-miner-
alized and more recently deposited lamellae in red and bone with a high degree of mineralization in blue.
(b) Red Alizarin staining makes it possible to observe the entire mineralized matrix without defining the
levels of mineralization, which are evident with the Toluidine blue and Pyronine yellow staining. (c) Tolu-
idine blue and Pyronine yellow staining highlights the shape of the newly formed osteons undergoing
remodeling and immersed in a matrix with a high level of mineralization.
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Spongy lamellar bone is composed of thin laminae
called trabeculae, which are formed by irregular
bone lamellae that branch and anastomose into
a 3D network containing bone marrow within its
lattice (medullary cavities).

Osteocytes are contained in the lacunae, and their
extensions are contained in the canaliculi that
open into the medullary cavities' (Fig 3).

THE COMPOSITION OF BONE TISSUE

Bone tissue is a connective tissue characterized
by an abundant ECM that consists of fibers, an
amorphous substance of glycoprotein origin, and
an inorganic component in which numerous cells
are dispersed.

ECM

The inorganic portion of the ECM is made up
of mostly hydroxyapatite crystals, calcium car-
bonate, calcium fluoride, and magnesium phos-
phate. The hydroxyapatite crystals are deposited
among the Type | collagen fibers of the organ-
ic portion, which are themselves immersed in
an amorphous substance consisting mainly of
noncollagenous proteins and adhesion proteins
(Fig 4). The noncollagenous proteins include
phosphoproteins, osteocalcin, matrix Gla protein
(MGP), lipids, lipoproteins, and alkaline phos-
phatase. The adhesion proteins include osteo-
pontin, osteonectin, fibronectin, thrombospondin,
and sialoproteins.?

Fig 3 Spongy alveolar bone. The thick bone trabeculae are surrounded by matrix of varying degrees of
mineralization that is undergoing remodeling. Areas of newly deposited osteoid matrix are depicted in
blue, areas of mineralizing tissue (woven bone) are seen in purple, and areas with a high degree of min-
eralization are shown in brown. Toluidine blue and Pyronin yellow staining; x400 magnification.
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Fig 4 (A) A scanning in a backscattered scan electron microscope imaging (BEI) can be used to observe
the density of the matrix based on the atomic number of the elements it is composed of in different
shades of gray. The lighter area is more mineralized than the darker one. (B) In relation to image a,
the areas in the blue box can be further analyzed by defining the element analysis using a detector to
identify the characteristic X-rays of each element present in the sample under analysis. This information
is then processed by dedicated software that generates the spectrum and indicates the percentage
mass of the most-represented chemical elements. Certain elements can then be analyzed to make
comparisons between samples, for example, by calculating the ratio between the amount of calcium
and phosphate contained in different samples to better understand the degree of mineralization of

regenerated tissue.
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Noncollagenous proteins

The role of noncollagenous proteins is still being
studied, but they seem to be involved in the min-
eralization processes of bone tissue.
Phosphoproteins are proteins conjugated to phos-
phoric acid residues.

They have the characteristic of binding calcium and
thus act as mineral nucleators.® Proteoglycans, on
the other hand, inhibit calcification by masking
sites on collagen fiber, which reduces chemical in-
teractions and limits the sequestration of calcium
ions and calcium phosphate complexes.*
Osteocalcin is produced by osteoblasts and is the
most abundant noncollagenous protein in bone,
accounting for about 20% of the noncollagenous
matrix proteins.5® It contains three calcium-binding
Gla (gamma-carboxyglutamic acid) residues and
is dependent on vitamin K. Its physiologic role is
to regulate mineralization by facilitating the forma-
tion of mineralized nodules.” Like alkaline phos-
phatase, osteocalcin is used clinically as a marker
of osteoblastic activity, and serum osteocalcin is
used as a marker of bone turnover.®

Adhesion proteins

Adhesion proteins are located on the cell surface
and have the function of creating bonds with other
cells and/or the ECM.

Osteopontin is a relatively abundant noncollagen-
ous sialoprotein produced by osteoblasts. Ac-
cording to the literature, it functions as a chemoat-
tractant for osteoclasts.

It binds with these osteoclasts thanks to the RGD
(arginylglycylaspartic acid) sequence that increas-
es intracellular calcium by activating the phospho-
lipase C pathway in the osteoclast. Osteopontin
also has binding sites for hydroxyapatite crystals.
It is regulated by vitamin D, which promotes its
secretion and therefore the formation of inorganic
bone matrix.?°

Osteonectin is an acidic glycoprotein that sup-
ports bone remodeling and maintains bone mass

in vertebrates. It is synthesized by osteoclasts,
as well as by fibroblasts, tendon cells, and od-
ontoblasts. Osteonectin binds to collagen and
hydroxyapatite and assists in the subsequent for-
mation of the ECM and the promotion of the nu-
cleation of mineral groups.?®

Fibronectin is a ubiquitous cell adhesion protein
produced by cells in the bone both locally and
nonlocally. Nonlocal fibronectin is transported via
the circulatory stream. Although not fully under-
stood, fibronectin’s function in bone seems to be
coordinating the migration, interactions, and differ-
entiation of osteoblast precursors. ™

The role of thrombospondin in bone tissue is still
unknown. This protein is known to have calcium-
binding sites and the RGD sequence.*

Bone sialoprotein (BSP), like osteopontin, is a
sialoprotein found exclusively in the skeleton. In
addition to promoting cell adhesion by activating
osteoclasts, it is thought to be a hydroxyapatite
nucleator, although its sensitivity to vitamin D is still
unknown.®

The cellular elements of bone

The cells that make up bone are osteoblasts, os-
teocytes, and osteoclasts.

Osteoblasts are the main cells responsible for
bone formation. They synthesize the components
of the extracellular organic matrix (especially col-
lagen Type |, proteoglycans, and glycoproteins)
and control matrix mineralization. Osteoblasts are
round, mononucleated cells derived from osteo-
progenitor cells residing in the periosteum and en-
dosteum. They are located on bone surfaces that
show active matrix deposition.

Osteoblasts can eventually differentiate into either
lining cells or osteocytes. Osteoblast morphology
varies in the active deposition phase, during which
they present as either large cubic or tapered cells.
In the inactive phase, they appear as thinned fusi-
form cells' (Fig 5).
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Fig 5 Osteoblasts cords in the vicinity of newly formed bone trabeculae in an active deposition phase.
Toluidine blue and Pyronin yellow staining; x400 magnification. Fig 6 Osteocytes lodged in osteocyte
lacunae. (a) Several osteocytes can be seen residing in compact bone tissue with a high degree of min-
eralization. Toluidine blue and Pyronin yellow staining; x600 magnification. (o) Two osteocytes character-
ized by cytoplasmic processes that reside in the osteocyte canaliculi. Toluidine blue and Pyronin yellow

staining; x 1,000 magnification.

Osteoblasts produce an enzyme called alkaline
phosphatase, which is very important in the early
stages of mineralization. Alkaline phosphatase is
considered an early marker of osteogenesis be-
cause it is produced by differentiated osteoblasts
in the first days of the bone matrix deposition pro-
cess. In in vitro studies, the activity of this impor-
tant marker is usually studied 7 and 14 days after
the seeding of cells ready to deposit new mineral-
ized matrix."

Osteocytes are star-shaped cells that remain in
the mineralized bone matrix during the matrix dep-
osition phase, residing in the osteocyte lacunae.
They are osteoblasts that have entered a state
of quiescence, and once trapped in the already
formed bone, they can participate in bone remod-
eling (Fig 6a). They are unable to carry out mitotic
division and remain inside the lacunae, where they
renew and maintain the ECM by communicating
with each other through cytoplasmic extensions

that run through channels between the lacunae
(osteocytic canaliculi)' (Fig 6b).

Osteoclasts are very large, phagocytic, multinu-
cleated cells of monocyte-macrophage lineage
that can develop and adhere to the bone matrix
and subsequently secrete lytic enzymes capable
of degrading and breaking down the organic and
mineral components of bone. The matrix degrada-
tion process results in the formation of specialized
extracellular compartments known as Howship’s
lacunae (Fig 7). One of the enzymes that oste-
oclasts produce is TRAP (tartrate-resistant acid
phosphatase), which plays a very important role in
many biologic processes, including collagen syn-
thesis and degradation, macrophage recruitment,
and the regulation of bone mineralization.

TRAP has been observed in the ECM at remod-
eling fronts, and in fact, it is customary to use
anti-TRAP stain to identify osteoclasts in areas of
bone undergoing resorption. ™
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The correct balance of osteoblastic deposition ac-
tivity and osteoclastic resorption activity regulates
bone remodeling by maintaining calcium-phos-
phate homeostasis and tissue morphology. '
Osteocytes are mechanosensors that are capable
of perceiving loads applied to the bone and sub-
sequently coordinating bone remodeling by acti-
vating or inhibiting the activity of effector cells.™
Thus, mechanical forces can induce changes
in bone microarchitecture and density, which is
of clinical relevance for the design of implant-
supported restorations. 16

Another characteristic of osteocytes is that they
modify their biologic and biochemical activities
according to homeostatic principles, secreting
cytokines and growth factors that regulate tissue

repair during fracture healing processes.' Osteo-
cytes activate bone modeling and remodeling
based on the need to adapt to tension and/or
damage."

Activation seems to depend on signaling resulting
from forces imparted on the bone that radiate into
the lacuna-canalicular system containing intersti-
tial fluid-1718

The alveolar bone has a faster remodeling rate
at both cortical (minor changes) and trabecular
(major changes) levels compared to other bones
because it is subjected to continuous stimulation
from various directions. The mandible typically
exhibits continuous and rapid changes in the ori-
entation, thickness, connectivity, and spacing of
its trabeculae. "

Fig 7 An osteoclast in an active resorption process. The cell is lodged on the edge of a bony trabecula
in a Howship’s lacuna that has just been formed by lytic enzymes released to degrade the bone matrix.
Toluidine blue and Pyronin yellow staining; x600 magnification.
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The alveolar bone is the part of the alveolar pro-
cess that rests on top of the basal component of
the mandible and maxilla. It shares a close rela-
tionship with the dentition, and its shape, position,
and volume change in response to the functional
life of the teeth. In both the maxilla and mandible,
the diploe structure involves two compact bone
plates that enclose a spongy or trabecular part
(Fig 8). Two parts of the alveolar bone can be
distinguished: the alveolar bone “proper,” which
comprises the wall of the alveolus where the teeth
roots are housed, and the “supporting” alveolar
bone, which surrounds the proper alveolar bone.
The inner surface of the alveolus consists of a layer
of specialized compact bone tissue called bundle

Fig 8 Structure of the mandibular bone.

HISTOLOGICAL FEATURES OF OSSEOUS TIiSSUE

bone. Bundle bone is characterized by the inser-
tion of periodontal ligament (PDL) collagen fibers,
known as Sharpey’s fibers. Radiographically, this
layer presents as a radiopaque band about 1.2 mm
thick, and it is clinically referred to as lamina dura.
At the crestal level, the lamina dura continues with
the compact lingual bone plate, whereas on the
vestibular side, the bundle bone forms the bone
crest in continuity with the vestibular compact
bone plate more apically.

The trabecular pattern of the alveolar bone varies
according to location within the arches. In por-
tions of the arches that undergo less masticatory
load, the trabecular composition is thin and dense,
whereas in areas subjected to more stress, trabec-
ulae are thick and more widely spaced, arranged
according to the direction of the forces.'® The pat-
tern of trabeculae in jaw bones differs from that
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in long bones, as found in micro CT studies.? In
the femur, for example, the trabeculae of the bone
resemble scattered rods in the medullary spaces,
whereas in the alveolar bone, the trabeculae are
characterized by a greater thickness and width,
resulting in reduced medullary space. Histomor-
phometric analyses have also shown that miner-
al density, bone volume fractions, and trabecular
thickness in the alveolar bone are also higher than
in the femur.

Compared to the maxilla, the mandible appears to
undergo more pronounced bone remodeling and
has higher mineral density and better bone quality,
which is understood by Lekholm and Zarb to be
represented by the ratio of cortical to trabecular
bone tissue.?"?? Microstructural changes in the
jaw bones can be caused by edentulism, chang-
es in masticatory loading, hormonal conditions,
and age. It has been observed that the mandible
and anterior maxilla show microstructural changes
that are more pronounced in patients of advanced
age, resulting in bone that is predominantly corti-
cal in composition. Furthermore, von Wowern and
Stoltze showed that mandibular cortical porosity
increases with age without interfering with trabec-
ular bone mass, which was not found to correlate
with aging.?®

BONE SHAPING AND REMODELING

Once the bone is formed, the new mineralized
tissue begins to be remodeled by resorption and
deposition processes. These phenomena of re-
sorption and tissue matrix deposition occur simul-
taneously and lead to the cyclic replacement and
regeneration of the biologic components of the
tissue, according to systemic and local functional
needs (dental load and eruptive phenomena). The
combination of these processes allows the bone to
change morphologically in accordance with phys-
ical stimulations and to reach configurations that
are appropriate for supporting the loads placed on

it.>* The metabolic mediation conducted by bone
tissue (ie, functioning as a calcium and phosphate
reserve) is controlled and connected to remodeling
phenomena, as well as being driven by hormonal
mechanisms.

Bone modeling is considered a distinct process
from bone remodeling.” Bone modeling is the
process of modifying/constituting the initial bone
architecture. It has been suggested that external
stimuli (ie, load variations) on the bone tissue trig-
ger neoapposition phenomena and subsequent
bone modeling in response to changes in the sup-
port required from the bone segment. Remode-
ling, on the other hand, refers to a change that oc-
curs within the mineralized bone structure, without
concomitant change in the architecture of the seg-
ment in which it occurs. Bone remodeling includes
bone matrix renewal processes, changes to meet
metabolic demands, and the replacement of im-
mature primary bone with lamellar bone during
bone formation. Bone remodeling is made possi-
ble by the constant presence of bone multicellular
units (BMUSs) in the tissue. A BMU is composed of
an osteoclastic front on the bone surface under-
going resorption (ie, the resorption front), a com-
partment containing blood vessels and pericytes,
and a layer of osteoblasts at the newly formed or-
ganic matrix (ie, the apposition front). Pericytes are
undifferentiated mesenchymal cells that partially
surround the endothelial cells of capillaries and
venules. They can differentiate into osteoblasts
given the appropriate stimulation by osteoinduc-
tive and/or osteopromoting growth factors.
Cutting cones are the main mechanism of bone
modeling in the healing phase, particularly following
fractures. They are characterized by an osteoclastic
resorption front followed by a string of osteoblas-
tic cells that lay down new bone matrix (Fig 9a).
The cutting cone passes through the fracture site,
which is healed by the formation of numerous sec-
ondary osteons (Figs 9b to 9d). This process is
very slow and can take months or years.?%%®
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Fig 9 (a) A cutting cone. The process of bone resorption sometimes takes place in channels dug longi-
tudinally into the tissue, which results in the formation of cavities called cutting cones. Toluidine blue and
Pyronin yellow staining, x600 magnification. (b to d) Stages of new matrix deposition by the osteoblast
chordae until the formation of a secondary osteon. Toluidine blue and Pyronin yellow staining; x400
magnification.
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Recent studies'® describe the viscoelastic prop-
erties of bone that vary as the tension to which
the tissue is subjected changes. Following an in-
crease in the load affecting it, Young’s modulus of
elasticity increases, expressing the propensity of a
tissue to lengthen or shorten as a result of a load-
ing force. To renew itself, repair itself, and adapt
to continuous functional demands, stimuli, and
loads, bone tissue undergoes constant remod-
eling, which enables it to preserve its strength or
increase its rigidity.

Biochemical aspects

The remodeling process is cyclic and involves a
complex series of phenomena that are finely reg-
ulated by systemic factors, such as hormones in-
volved in both the regulation of skeletal growth and
calcium metabolism (parathormone [PTH], growth
hormone, leptin, and calcitonin) and local factors,
such as cytokines, prostaglandins, and certain
proteins, that are responsible for the interaction
between osteoblasts and osteoclasts.'??"28 Com-
munication between osteoblasts and osteoclasts
can occur directly via cell-to-cell contacts through
ligand-receptor interactions or indirectly via the
secretion of soluble molecules such as cytokines,
hormones, and growth factors.?-2°

Biomechanical aspects

When microdamage accumulates in the interstitial
bone tissue, microfractures present as disconti-
nuities in the calcium-rich matrix, reflecting cracks
and fractures in the mineral component that can
evolve into a macrofracture due to continuous
cyclic fatigue.?® When microfractures occur at a
slow rate, the bone has the opportunity to repair
itself, a response that is referred to as targeted re-
modeling. Osteons can act as barriers to prevent
the coalescence of microfractures and prevent
breakage. In fact, dispersed microfractures have a

higher energy absorption potential than coalescing
ones. The mechanical behavior of compact bone
is related to its hierarchical microstructure in terms
of content, fiber direction, and the arrangement of
osteons along the load axis. The more mineralized
and less collagen-rich primary osteons develop
more dispersed microfractures than secondary
osteons derived from bone remodeling. Strength,
energy-absorbing capacity, and modulus of elasti-
city appear to decrease with increasing percentage
of the total bone surface occupied by osteons.®°
There are many physiologic, pathologic, and phar-
macologic systemic conditions that can affect cor-
tical/trabecular thickness, mineralization, collagen
content (bone tissue structure), and bone metab-
olism, thus modifying mechanical properties such
as strength, rigidity, and fragility. With aging, bone
trabeculae become thinner and are associated
with significantly more highly mineralized trabecu-
lae,®" ultimately resulting in osteoporosis, which is
characterized by reduced strength and increased
bone fragility due to reduced osteoblastic activity,
bone matrix formation, and mineralization.

FORMATION OF THE JAW BONES

Bone growth, function, and structure are biologi-
cally dependent on each other. The bone’s growth
program involves not only the bone tissue itself but
also the soft tissues that cover it, such as mus-
cles, the mucous membrane, and the vascular and
nerve formations. The bones of the skull develop
in relation to the central and peripheral nervous
system. In fact, during development and growth,
the dura mater regulates the sutures of the crani-
al vault and apparently also the synchondroses of
the base, thanks to the continuous expression of
regulatory genes.

When the encephalon expands, it compresses the
dura mater, which comes into direct contact with
the cranial bones, thus stimulating the pathway of
signals for the development of the skull.
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The bones of the splanchnocranium and some of
the neurocranium originate from the embryonic
connective tissue derived from the neural crests,
while the remainder of the neurocranium origi-
nates from the mesodermal connective tissue of
the somites in analogy to that of the long bones.
The embryonic derivation of the jaw bones is dif-
ferent than that of most bones of the skeleton, and
the results are reflected in differing osteoclasto-
genic potentials, meaning the bones are affected
differently by diseases of the skeletal system.®? For
example, the alteration of physiologic microarchi-
tecture and systemic bone loss observed in osteo-
porotic experimental animals are site-specific, with
the reduction in bone mineral density generally be-
ing lower in the cranial bones and jaw bones than
in the long bones, lumbar vertebrae, and ileum.*
The mode of ossification of the different skeletal
components of the skull also has some specifi-
cities. Bone formation in the skull occurs via two
main mechanisms: intramembranous (direct) os-
sification and endochondral (indirect) ossification.
Intramembranous ossification leads to bone
formation without intermediate processes. This is
accomplished through deposition from primitive
connective tissue mesenchymal cells with rich vas-
cular support at the site of future bone deposition.
After cellular differentiation, osteoblasts initiate the
interstitial deposition of collagen-rich osteoid ma-
trix, developing ossification centers characterized
by small bundles of packed collagen fibers that
gradually mineralize through the deposition of cal-
cium salts in the intercellular spaces and adjacent
osteoid (Fig 10). All the flat bones that make up
the vault of the skull and most of the maxillofacial
complex are membranous bones, as are some
parts of the bones that make up the base of the
skull, for example, the squama and tympanic por-
tion of the temporal bone. Intramembranous ossi-
fication genetically predetermines which bones will
be subject to growth by traction during embryonic
development.

HISTOLOGICAL FEATURES OF OSSEOUS TIiSSUE

A particular form of direct ossification is mantle os-
sification, typical of the mandible, which is charac-
terized by the direct deposition of bone within the
mesenchyme surrounding Meckel’s cartilage (first
pharyngeal arch) as a biomechanical scaffold. The
body of the mandible and most of the mandibular
ramus originate from this type of ossification. The
remaining part of the ramus, including the condylar
and coronoid processes, develop from secondary
cartilage cores that undergo indirect ossification.
At the end of ossification, Meckel's cartilage is
completely resorbed, while the connective tissue
that interposes at the median level between the
two cartilages (right and left) differentiates into chin
fiorocartilage (symphysis).34%

Endochondral (indirect) ossification leads to the
formation of bone from a primitive hyaline cartilage
model. From the cartilaginous template, there is
cell hypertrophy leading to calcification of the in-
tracellular matrix, with subsequent degeneration
of the chondrocytes. The cartilage matrix is then
invaded by blood vessels and osteoblasts, reab-
sorbed, and replaced with osteoid (Fig 11). This
mechanism is responsible for the formation of all
the long bones of the skeleton and can also be
found in some bones of the skull base, such as the
occipital bone (not intraparietal), temporal bone
(petrous and mastoid portions, hearing ossicles,
and styloid process), sphenoid (body, small wings,
large wings), and ethmoid.

The endochondral ossification genetically prede-
termines bones that will be subject to high pres-
sures during embryonic development.*®
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Fig 10 Process of intramembranous bone formation. In purple, mineralized islands surrounded by con-
nective matrix are observed. Toluidine blue and Pyronin yellow staining; x400 magnification. Fig 11 Pro-
cess of endochondral bone formation. Cartilage can be seen on the left of the image, which is progres-
sively replaced by bone tissue (right). Toluidine blue and Pyronin yellow staining; x400 magnification.
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INTRODUCTION

The purpose of this chapter is to provide clear
and concise information on the main anatomical
structures of interest to the oral surgeon.

The anatomical analysis is organized with the
oral cavity divided into four areas: the mandib-
ular symphysis, the posterior mandible (mandib-
ular body), the anterior maxilla, and the posterior
maxilla. Each area is further subdivided into the
lingual aspect, the bone plane, and the buccal
aspect.

This subdivision allows for easy and immediate
identification of the relevant anatomical structures
in each area where surgery is performed.

SURGICAL ANATOMY OF THE MAXIL\I;A\A\ND MANDIBLE

CHIN SYMPHYSIS
AND INTRAFORAMINAL AREA

The mandibular symphysis is the portion of the man-
dible that lies between the two mental foramina. It is
a strategically significant area because it is the site
of many implant-supported restorations. This area
encompasses several anatomical structures.

Buccal aspect

Mental nerve

The mental nerve is an anatomical structure of
great significance for oral surgeons because many
surgical procedures are performed in its proximity.

Successful implant therapy and the prevention of surgical complications de-
pend on a thorough knowledge of the topographic anatomy of the jaw bones

and surrounding anatomical structures.

Massimo Simion
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Fig 1 Course and branches of the neurovascular bundle and the mental artery from the mental foramen
to the submucosa of the lip. Fig 2 Evidence of the mental foramen in the body of the mandible, where
the neurovascular complex of the same name emerges. A: mental nerve; B: mental artery.

Together with the incisive nerve, it is one of the
terminal branches of the inferior alveolar nerve. It
exits the body of the mandible through the mental
foramen and branches out into the submucosa of
the lower lip. It normally divides into three branch-
es. One branch turns forward and downward to
innervate the skin of the chin, and the other two
turn anteriorly and upward to innervate the skin
and mucosa of the lower lip and the mucosa of
the inferior alveolar surface (Fig 1).

Mental artery

The mental artery is the most voluminous of the
terminal branches of the inferior alveolar artery. It
emerges from the bony compartment at the lev-
el of the mental foramen to perfuse the soft tis-
sues of the chin and lower lip. It anastomoses with
branches of the inferior labial artery.

Mental foramen

The mental foramen is an opening in the man-
dibular canal at the lateral surface of the body of
the mandible from which the mental neurovascu-
lar bundle emerges (Fig 2). The mental foramen
is frequently located between the first and se-
cond premolars or sometimes even inferior to the

second premolar. On average, it lies at the mid-
point between the inferior border of the mandible
and the upper alveolar margin. It is important to
note that the mandibular canal does not reach the
mental foramen perpendicularly. It frequently turns
externally upward and backward, forming a sort of
knee bend. It is very important to know this ana-
tomical feature to avoid damaging the neurovas-
cular bundle. In edentulous patients, the mental
foramen becomes more superficial occlusally with
advancing bone atrophy. Radiographic and clinical
identification of the mental foramen is fundamental
in all oral surgical procedures.

Bone plane

Incisive nerve

The incisive nerve is one of the two terminal
branches of the inferior alveolar nerve. It forms at
the level of the premolar region after the other ter-
minal branch (the mental nerve) leaves the body
of the mandible through the mental foramen. The
incisive nerve is smaller than the mental nerve and
runs inside the body of the mandibular symphy-
sis. It supplies dental, interdental, and interalveolar
branches to the mandibular anterior teeth and the
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Fig 3 The incisive nerve and its artery in the body
of the mandible running in the direction of the
mandibular symphysis.

corresponding periodontal complex. Clinical and
radiographic identification of the incisive nerve is
challenging.

Incisive artery

The incisive artery follows the course of the inci-
sive nerve to form a neurovascular bundle. It is the
terminal, smaller branch of the bifurcation of the
inferior alveolar artery. It runs inside the mandible
until reaching the midline and anastomosing with
the contralateral artery (Fig 3).

SURGICAL ANATOMY OF THE MAXILLA AND MAND!BLE

Lingual aspect

Sublingual artery

At the lingual aspect of the mandibular symphysis,
it is important to check for the presence of terminal
perforating branches of the anastomosis between
the sublingual artery (a branch of the lingual artery)
and the submental arteries (branches of the facial
artery). Careful analysis with CBCT can be used
to provide precise indications of the presence and
location of these vessels. In the event of incorrect
implant site preparation with perforation of the lin-
gual cortical, a lesion of this anastomosis can oc-
cur with consequent and potentially dangerous
extraosseous bleeding (Fig 4).

MANDIBULAR BODY

The posterior mandible is an area of enormous an-
atomical interest to the dentist and oral surgeon
because it is the site of numerous surgical proce-
dures, ranging from simple tooth extraction to ex-
tensive bone regeneration for implant placement
purposes. This area is characterized by the pres-
ence of many structures on its lingual and buccal
aspects, as well as structures inside the body of
the bone.

Fig 4 Image and corresponding CT sections of a perforating branch from an anastomosis between the
sublingual artery and submental artery at the lingual aspect of the mandibular symphysis.
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Fig 5 A: facial artery; B: submental artery; C: angle of the mandible. Fig 6 The buccal nerve running
buccal to the third molar along the external oblique line.

Buccal aspect

Facial artery

The facial artery is one of the anterior branches
of the external carotid artery. It may be of sig-
nificance for oral surgery in its course from the
submandibular triangle to the lateral margin of
the nose (Fig 5). In fact, this artery reaches the
inferior border of the mandible in front of the an-
terior limit of the masseter muscle to turn around
the mandibular body and thus pass into the facial
tissues in the direction of the labial commissure.
At the level of the mandibular molars, this vessel
can be reached from the oral cavity by incising the
buccal mucosa and the buccinator and passing
through the underlying adipose tissue.

It is possible to damage the facial artery in the
process of performing partial-thickness flap el-
evation. Therefore, whenever possible, it is im-
portant to perform a subperiosteal elevation and
prevent the flap from rotating and protect it from
sharp instruments.

Buccal nerve

The buccal nerve is a sensory nerve that is distrib-
uted to the mucosal surface of the cheek, the gin-
giva of the mandibular molars, and the skin near
the labial commissure. It is a branch of the man-
dibular nerve, which itself is the third branch of the

trigeminal nerve, and crosses the submucosa at
the level of the retromolar trigone (Fig 6).

Bone plane

Inferior alveolar nerve

Many oral surgical procedures are performed in
proximity to the inferior alveolar nerve. It is the in-
termediate branch of the mandibular nerve and
runs lateral to the lingual nerve between the ptery-
goid muscles. It is a sensory nerve that enters
the body of the mandible through the mandibular
foramen at the level of the lingula (ie, Spix spine)
and then runs entirely inside the mandibular canal
to end in its two final branches, the incisive and
mental nerves. Before entering the body of the
mandible, the inferior alveolar nerve first emits the
lingual nerve and then the mylohyoid nerve. During
its course through the canal, the inferior alveolar
nerve emits the lower dental branches destined
for the posterior mandibular teeth and the corre-
sponding periodontal complex.

Inferior alveolar artery

The inferior alveolar artery is a branch of the first
(mandibular) segment of the maxillary artery. It fol-
lows the same course as the nerve of the same
name in the mandibular canal, issuing dental and
alveolar branches.
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Mandibular canal

The endosseous mandibular canal represents a
very useful radiographic marker for dentists and
oral surgeons because it can be used to identify
the course of the inferior alveolar neurovascular
(plexus) bundle. It begins at the mandibular fora-
men, descends downward along the ramus, and
then folds forward with a horizontal course inferior
to the roots of the mandibular molars. At the pre-
molar region, it divides into two canals: the nar-
rower incisive canal, which continues the course
of the mandibular canal, and the mental canal,
which bends laterally upward and backward to
open into the mental foramen (Fig 7).

Lingual aspect

Mylohyoid nerve

The mylohyoid nerve is separated from the infer-
ior alveolar nerve before its entry into the body of
the mandible. It turns downward, running into the
mylohyoid line of the mandible, and then heads
toward the floor of the oral cavity (Fig 8). It sends
branches to the mylohyoid muscle and the anter-
ior belly of the digastric muscle. In 10% of cases, a
sensory branch of this nerve penetrates the man-
dible at the level of the mandibular symphysis and

SURGICAL ANATOMY OF THE MAXILLA AND MAND!BLE

participates in the innervation of the mandibuiar
incisors. This anatomical variant can be very im-
portant for providing local anesthesia.

Lingual nerve

The lingual nerve is a sensory branch of the man-
dibular nerve that carries fibers for general sen-
sitivity (touch, pressure, pain, temperature) to the
tongue and sublingual region. On its way, it also
receives visceral effector and gustatory fibers of
the facial nerve via the tympanic cord. It initially
runs close to the inferior alveolar nerve and then
passes more medial and anterior, running lateral to
the internal pterygoid muscle. In the posterior part
of the oral cavity, at the lingual surface of the man-
dible at the level of the second and third molars,
this nerve can be very superficial, just below the
mucosa, which is of importance when performing
surgery in the retromolar space, especially when
extracting mandibular third molars (Fig 9).

Mylohyoid artery

The mylohyoid artery originates from the inferior
alveolar artery before it enters the mandibular ca-
nal. It follows the course of the mylohyoid nerve
along the mylohyoid line (Fig 10). The mylohyoid
artery can be lacerated if implant site preparations

Fig 7 Evidence of the mandibular canal and the course of the inferior alveolar nerve bundle. Fig 8 Course
of the mylohyoid nerve on the lingual aspect of the mandibular body anterior to the mandibular lingula.

A: mylohyoid nerve; B: mandibular lingula.

CHAPTER 2 23



F. Fontana ¢ R. Pistilli

s
Fig 9 Course of the lingual nerve near the body of the mandible at the level of the molars. A: lin-
gual nerve. Fig 10 Origin and course of the mylohyoid artery on the lingual aspect of the mandible.

Fig 11 The infraorbital neurovascular bundle emerging from the homonymous foramen and the de-
scending palatine artery. A: infraorbital neurovascular bundle; B: descending palatine artery.

puncture the lingual cortical, which can result in sig-
DURATION: 27729 nificant bleeding. Special attention must be given
to the location of the mylohyoid artery in patients
VIDEO: 1 where the body of the mandible presents with an
undercut at the level of the molars. The anatomical
situation must be identified during surgical plan-
ning, both by palpating the lingual surface of the
mandible and by performing a CBCT examination.

(DR R. PISTILLI, A. NISI)

ANTERIOR MAXILLA

The anterior maxilla is delimited by the maxillary
canines and is the site of many dental surgeries,
many of which aim to improve esthetics.
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Buccal aspect

Infraorbital nerve

The infraorbital nerve is the intermediate branch
of the maxillary nerve, which is the second branch
of the trigeminal nerve. It enters the oral cavity
through the infraorbital foramen before fanning out
into its terminal segments. Its branches innervate
a very large area that encompasses the lower eye-
lid, the wing of the nose and nasal pyramid, and
the mucosa and skin of the upper lip. In its bony
course, it also emits alveolar branches directed to
the maxillary teeth and the corresponding perio-
dontium (Fig 11).

Infraorbital foramen

The infraorbital foramen is the opening of the in-
fraorbital canal and is located approximately 5 to
8 mm inferior to the midpoint of the inferior orbital
rim and 4 to 5 mm medial to a vertical line passing
through the center of the pupil. It is the exit point of
the infraorbital neurovascular bundle. The infraor-
bital foramen serves as an anatomical landmark of
clinical relevance in procedures involving extensive
bone regeneration or the insertion of zygomatic im-
plants, as well as when performing extractions or
the enucleation of cystic lesions in nearby teeth.

Bone plane

Nasal floor

The nasal cavities are located superior to the an-
terior maxilla.

The anterior portion of the nasal floor consists of
the maxillary palatine process, which is crossed
at the midline by the incisive or nasopalatine ca-
nal. Especially in cases of extensive resorption
of the anterior superior maxilla, it is possible to
identify the pyriform aperture (ie, the common an-
terior orifice of the nasal cavities) by elevating the
vestibular flap, which will give the perception that
the nasal floor is inferior to the pyriform aperture
(Fig 12).

Canalis sinuosus

The canalis sinuosus is a neurovascular canal
branching from the infraorbital canal. The anterior
alveolar nerve runs through the canalis sinuosus,
directed mesially in the canine region of the ante-
rior maxilla.

The canalis sinuosus runs between the nasal cav-
ity and the anterior margin of the sinus cavity. If this
canal is disturbed during an implant placement
procedure, discomfort and/or pain may result in
the anterior maxilla (Fig 13).
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Fig 14 The nasopalatine nerve emergence from the anterior palatine foramen. Fig 15 The incisive canal
at the level of the anterior maxilla is highlighted by the insertion of a wire. Fig 16 Bichat’s fat pad in the
vestibular flap.

Palatal aspect

Nasopalatine nerve

The nasopalatine nerve (Scarpa’s nerve) is a nerve
trunk that originates from the pterygopalatine
nerve, which is an internal branch of the maxillary
nerve (the second branch of the trigeminal nerve)
(Fig 14). The nasopalatine nerve is a particularly
long medial branch that runs along the nasal sep-
tum to enter the buccal cavity palatal to the max-
illary incisors via the incisive canal. It innervates
a small area of the anterior palatine mucosa. It is
important to identify this nerve during the surgical

phase, though injury to the nerve does not pose
problems for the patient. In some cases, intention-
al resection of this structure is performed for better
passivation of the palatal flap.

Anterior palatal foramen

The anterior palatal foramen is the opening of the
incisive canal at the level of the anterior maxilla
(Fig 15) through which the nasopalatine vascu-
lar bundle reaches the buccal cavity. It is located
on the midline posterior to the maxillary central
incisors. In the case of advanced anterior maxil-
lary atrophy, this foramen can be emptied of its
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neurovascular component and filled in for the pur-
pose of bone regeneration.

POSTERIOR MAXILLA

The posterior maxilla encompasses the entire area
posterior to the canines up to the pterygopalatine
fossae. It is affected by several neighboring ana-
tomical structures.

Vestibular aspect

Buccal fat bad

The buccal fat pad (Bichat’s fat pad) is a collection
of adipose tissue located in the cheek in the area
of the maxillary molars. It lies in the space between
the masseter and buccinator muscles and can be
reached, either intentionally or accidentally, when
incising the periosteum for the release of the ves-
tibular flap (Fig 16).

Bone plane

Maxillary sinus

The maxillary sinus is a structure of enormous
clinical interest to dental implantologists, both as
the upper limit for implant placement and in cases
involving bone grafting. The maxillary sinus is the
largest paranasal cavity and occupies a large part
of the posterior maxillary body. It has a triangu-
lar pyramid shape. The base is the vertical lateral
wall of the nasal cavity, and the apex is oriented in
the direction of the zygomatic process. The roof
or upper wall of the maxillary sinus forms the floor
of the orbit, the posterior wall is the tuberosity of
the maxilla, and the anterior wall is at the canine
fossa. This antrum communicates with the nasal
cavities via the semilunar hiatus, which is located
near the roof of the sinus. The size and extension
of this structure are very variable and influenced by
several factors. After tooth loss, this structure may
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extend into the alveolar process. The maxillary si-
nus is lined on the inside with a bilaminar sinus
membrane, also called Schneider’s membrane,
which is characterized by a ciliated epithelium.

Posterior superior alveolar artery

The posterior superior alveolar artery is a volu-
minous vessel that originates at the maxillary tu-
berosity. It is a branch of the maxillary segment
of the maxillary artery. In its course, it emits many
branches destined for the posterior superior den-
tal elements. The terminal part of this artery sup-
plies the buccal surface of the alveolar process. It
is of clinical interest to implantologists not so much
because of its area of origin, which is far from den-
tal surgical procedures, but because it contributes
to the formation of the alveolar antral artery, which
can be injured during sinus elevation procedures.

Alveolo antral artery

The alveolar antral artery originates from the anas-
tomosis of the posterior superior alveolar artery
with branches of the infraorbital artery. It normally
runs within the bony lateral sinus wall at variable
heights that sometimes coincide with the sites
chosen for the antrostomy during sinus floor el-
evation. The diameter of the alveolar antral artery
is also very variable, and in some cases, its size is
such that it represents a risk factor to be analyzed
during the presurgical planning phase.

Lacerating this vessel can result in intraoperative
hemorrhages, which although rarely severe, can
complicate the operation by interfering with visibil-
ity and lead to the appearance of diffuse hemato-
mas and potential pathologic syndromes like he-
mosinus (Fig 17).

Pterygo-palatine fossa

The pterygopalatine fossa is an anatomical space
posterior to the maxillary tuberosity that includes
some important anatomical structures, including
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the maxillary nerve, the internal maxillary artery,
and the pterygoid venous plexus. These anatomi-
cal structures are not usually affected by oral pro-
cedures, but they may be disturbed by careless
anesthetic maneuvers or during tooth extraction.

Palatal aspect

Greater palatine foramen
The greater palatine foramen is the exit of the pal-
atine canal at the level of the oral cavity through
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which the palatine neurovascular bundle passes.
It is located at the level of the hard palate at the
second and third maxillary molars, frequently at
the transition between the horizontal plane of the
hard palate and the vertical plane of the maxillary
alveolar process.

It is important to identify this anatomical landmark
to avoid injuring the neurovascular bundle during
palatal flap elevation or free/pedicle graft harvest-
ing procedures (Fig 18).

Greater palatine artery

The greater palatine artery is the main branch of
the descending palatine artery, which is a branch
of the maxillary artery. It enters the oral cavity
through the greater palatine foramen.

Emerging from the latter, it turns anteriorly and
runs within the submucosa of the palate, fre-
quently resting inside a groove between the
hard palate and the alveolar process. Its terminal
branch reaches the incisive foramen to anastomo-
se with the branches of the nasopalatine artery. It
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vascularizes the mucosa of the hard palate and
the gingiva on the palatal aspect.

Anterior palatine nerve

The anterior palatine nerve originates from the
pterygopalatine nerve, which is a branch of the
maxillary nerve. It runs in the palatine canal be-
tween the maxillary tuberosity and the pterygoid
process of the sphenoid bone, exiting through
the greater palatine foramen to enter the palate.
It follows the course of the greater palatine artery
to innervate a large portion of the ipsilateral palate

and the gingiva of the palatal aspect of the alveolar
process.
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