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Preface

The first printed atlases were editions of the text of Claudius Ptolemy, an Alexandrian geographer working circa 150 AD. These were illustrated with a set of 27 maps constructed from Ptolemy's calculations. From this first collection, the concept of the atlas was developed: a bound collection of maps covering the current knowledge of a specific geographic region or world. We initially developed this atlas independently with Elsevier. The similarities in our individual concepts led us to combine our efforts in producing this book. Like Ptolemy, we have aimed our collaborative efforts to produce a landmark publication to define the world of our specialty.

Significant geographic differences in the scope of surgical practice from one country to another continue to exist in oral and maxillofacial surgery. These differences often are based on local educational requirements and training standards. Much of the evolution of our specialty is also balanced with the development of complementary specialties in otorhinolaryngology, head and neck surgery, and plastic and reconstructive surgery. Although our foundations are intimately associated with a comprehensive understanding of oral and craniomaxillofacial disease and function and are based in dentistry, the specialty of oral and maxillofacial surgery has evolved to include both a medical and a dental basis of training. This early and comprehensive focus on oral and craniomaxillofacial disease and function creates several distinct advantages: first, a body of knowledge for dealing with the structural anatomy and function of the oral and craniomaxillofacial complex; second, an in-depth familiarity with histopathology and the progression of diseases of the head and neck; and third, an emphasis on the importance of precise surgical reconstruction to ensure that the demands of oral and facial function are met. This atlas was written to take advantage of these unifying strengths of our specialty. It provides a navigational aid that can guide both experienced surgeons and surgeons in training through new operations and provide a basis for refinements of already established operations in their repertoire. Each chapter is organized in a similar fashion, guiding surgeons through the complex anatomy, instrumentation, technical operative surgery, and modifications. Our aim is that this Atlas will define and capture the global perspective of oral and maxillofacial surgery.

Within the past few decades, we have seen the specialty of oral and maxillofacial surgery grow and expand. Although many books cover this expanded practice of the discipline, we observed that a comprehensive and detailed atlas covering operative technique was absent in the literature. This book is written to provide practicing surgeons, residents, and students the most up-to-date reference for the technical performance and reasoning behind the many types of operations used in our specialty. From the basic to the most complex, readers will find that each chapter is sequentially organized to provide a comprehensive, concise, and practical description of the operative details needed for contemporary surgical delivery of oral and maxillofacial surgery. A formal section on relevant surgical anatomy has been incorporated to further assist the reader. This section is a new idea in a surgical text, and we believe it will enhance the value of this Atlas. Each chapter has been written by an expert surgeon and author who has a specific area of expertise. We would like to express our gratitude to all the section editors and authors for lending their time and expertise to the development of this Atlas.

It is our hope that the information presented here will form the basis of defining the scope of practice of oral and maxillofacial surgery and will provide a basis for education and training for surgeons in the future, with the ultimate goal of improving the quality of patient care across the world.





Foreword

When Paul Tiwana requested a foreword to accompany the Atlas of Oral and Maxillofacial Surgery, I was glad to accommodate him. Paul is not just a dedicated and skilled surgeon, but also an educator who has made research contributions to the field. Early on, Paul developed an interest in the surgical management of cleft and craniofacial malformations. His residency training was followed by a formal fellowship in pediatric craniofacial surgery under my direction in Washington, DC, and he now serves as graduate program director, Division of Oral and Maxillofacial Surgery, at the University of Texas Southwestern Medical Center in Dallas. His clinical practice includes the management of cleft and craniofacial anomalies.

Tiwana's and Kademani's intention in the writing and editing of this atlas is to define and capture the global perspective of oral and maxillofacial surgery. Although the education, training, and scope of practice of the specialty vary widely from country to country, the future direction of oral and maxillofacial surgery should be clear. This atlas serves as a beacon by which the specialty can navigate as it continues to define itself.

The atlas is divided into 11 sections with specific surgical procedures. Dividing the atlas into these 11 sections makes sense, based on surgical anatomy and disease considerations. Each section editor was well selected by Paul and Deepak for his or her expertise and past scientific contributions. The detailed surgical procedures covered in the atlas are relevant and, as a group, are comprehensive for the practice of oral and maxillofacial surgery.

An atlas of this depth and breadth rightfully requires the contributions of many authors from around the world. The task of the editors and publisher is to establish and then demand a consistent, readable format; high-quality contributions by each author; and then meticulous editing to avoid the repetition so commonly seen in texts with multiple authors. By definition, an atlas also must have consistently high-quality and accurate illustrations. This atlas achieves all of these objectives, which is a tribute to the joint efforts of each and every author, the illustrator, the editors, and the publisher.

Through the Atlas of Oral and Maxillofacial Surgery, Paul and Deepak have made a significant contribution to the specialty and, more important, to the care of children and adults with craniofacial and maxillofacial deformities of all kinds.

Jeffrey C. Posnick DMD, MD, FRCS, (C), FACS     Director, Posnick Center for Facial Plastic Surgery Clinical Professor of Surgery and Pediatrics Georgetown University, Washington, DC Clinical Professor of Orthodontics University of Maryland, School of Dentistry Baltimore, Maryland Adjunct Professor of Oral and Maxillofacial Surgery Howard University College of Dentistry, Washington, DC






Foreword

Two widely recognized, midcareer, academic oral and maxillofacial surgeons independently approached Elsevier several years ago with remarkably similar proposals for book projects. Each of these well-established leaders was the product of a contemporary advanced training pathway that was not available in the specialty of oral and maxillofacial surgery during the era of Fred Henny and R.V. Walker—fellowships. These aspiring authors had each completed fellowships with different foci: Paul Tiwana in craniofacial surgery and Deepak Kademani in head and neck oncologic surgery. The directors of each of their fellowships were themselves the products of dual training: Posnick in oral and maxillofacial surgery (OMFS) in addition to plastic surgery, and myself in oral and maxillofacial surgery as well as otolaryngology. Kathy Falk and John Dolan at Elsevier quickly saw the wisdom of combining the talents of Tiwana and Kademani. Once united, the co-editors assembled a core group of 11 section editors, who represent acknowledged subspecialty experts in American OMFS. They reviewed multiple proposals from medical illustrators and immediately grasped the talent of Joe Chovan as the artist to uniquely convey the visual message that defines an outstanding surgical atlas and that differentiates the best from the rest. The result—this book—will come to be recognized as the definitive surgical atlas of the OMFS specialty and will have broad appeal to other specialties.

This Atlas represents the contributions of many thought leaders of our specialty, often in collaboration with younger, rising academic stars. This work will serve as a resource to many and at multiple levels. To OMFS residents in training, it will provide a fecund seed for the development of their surgical fund of knowledge. To fellows in OMFS and other related disciplines, this atlas will help refine their skills and perhaps stimulate their own future contributions. Contemporary broad-scope practitioners will readily find a place on their shelves for this thorough reference. It is a distinct pleasure to have been involved in the creation of this atlas.

Eric Dierks DMD, MD, FACS     Affiliate Professor Director, Associated Fellowship Program in Head and Neck Oncologic Surgery Oral and Maxillofacial Surgery Oregon Health & Science University Portland, Oregon
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Chapter 1

The Neurocranium

Laurence D. Pfeiffer, John N. Phelan




The Neurocranium1


The oft-heard maxim “anatomy is destiny” was coined by Sigmund Freud in summary of his assertion that gender is the primary determinant of personality traits. For surgeons, the same quote may be applied to the importance of mastering the intricate construction of the portion of the human body for which they are responsible. Thorough comprehension of anatomy allows the surgeon to work safely and precisely, thereby optimizing restoration of health and minimizing morbidity. In this chapter, the structure of the neurocranium and how it relates to oral and maxillofacial surgery are examined.

The skull consists of the cranium (Figure 1-1) and the mandible (Figure 1-2). The cranium is divisible into the neurocranium and the splanchnocranium (see Figure 1-1). The neurocranium encases the brain and is found above the orbits. Below the orbits, the viscerocranium, alternately called the splanchnocranium or midface, supports the nasal passages and the oral cavity and makes up the face.

[image: image]
Figure 1-1 The cranium and its divisions. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





[image: image]
Figure 1-2 The mandible. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





The neurocranium may be considered in two parts: the roof, or cranial vault (also called by its Latin name, the calvaria), and the floor, or cranial base. The space within the neurocranium occupied by the brain is the cranial cavity. The calvaria is formed anteriorly by the frontal bone, posteriorly by part of the occipital bone, and laterally by the paired parietal bones and squamous portions of the temporal bones (Figure 1-3). Although most bones develop by endochondral ossification, which involves formation of a cartilaginous template that is gradually replaced by bone, the bones of the calvaria develop through intramembranous ossification, whereby mesenchymal cells forming a membrane over the brain condense into a collection of nodes and differentiate directly into osteoblasts. The osteoblasts secrete a matrix that becomes calcified, resulting in the formation of flattened bone within the membrane. The nodes or islands of bone enlarge radially, but at birth the bones of the calvaria are still separated from each other by the mesenchymal membrane.2-4 The largest areas of noncalcified membrane, which are called fontanelles, are found where the frontal and occipital bones meet the parietal bones on the superior aspect of the calvaria (see Figure 1-3). The failure of the calvarial bones to fuse prior to infancy allows the cranium to deform during passage through the birth canal and also allows the volume of the neurocranium to continue to expand after birth to accommodate enlargement of the brain. Intramembranous ossification continues through infancy until the bones of the calvaria meet and form fibrous suture joints, which usually fuse during adulthood.

[image: image]
Figure 1-3 Superior view of the skull. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





One or more of the sutures between the bones of the calvaria may prematurely fuse during fetal development. Virchow's Law states that this event, which is called craniosynostosis, results in imbalanced development of the skull; enlargement perpendicular to the fused suture is limited, and enlargement of the area where the sutures remain open is correspondingly increased. The resulting malformation has the potential to cause compression of a portion of the brain, which may result in neurologic abnormalities.5

After fusion, the sutures remain visible on the external and internal surfaces of the calvaria (see Figure 1-3). Along the midline, the sagittal suture is located between the left and right parietal bones. The vertex, a conceptual point indicating the apex of the skull, would be located on the sagittal suture on a perfect skull. On the internal surface of the calvaria, an indentation is normally visible along the midline that corresponds to the superior sagittal sinus, a venous sinus within the dura mater (this is discussed in more detail with the cranial base). The coronal suture runs between the frontal bone and parietal bones, and the lambdoid suture is found between the occipital bone and the parietal bones. The sagittal suture intersects the coronal suture at the bregma and the lambdoid suture at the lambda (Figure 1-4).

[image: image]
Figure 1-4 Posterior view of the skull. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





Bilaterally on the calvaria, the squamosal suture is visible between the parietal bone and the squamous portion of the temporal bone. The area where the parietal, temporal, and occipital bones meet is called the asterion, which serves as a neurosurgical landmark. More anteriorly, the frontal, parietal, and temporal bones intersect with a bone involved in the formation of the cranial base, the sphenoid bone, to form an H-shaped suture called the pterion (Figure 1-5). The middle meningeal artery, which arises from a branch of the external carotid artery called the maxillary artery, runs along the inside of the neurocranium and crosses the pterion. Trauma to the skull at the pterion can rupture the underlying middle meningeal artery, leading to a potentially fatal epidural hematoma.

[image: image]
Figure 1-5 Lateral view of the skull. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





The floor of the neurocranium is formed by the occipital, temporal, sphenoid, ethmoid, and frontal bones. The internal surface of the floor of the neurocranium, upon which the brain rests, may be divided into the anterior, middle, and posterior cranial fossae (Figure 1-6).

[image: image]
Figure 1-6 Divisions of the neurocranium. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





The majority of the anterior cranial fossa consists of the orbital plates of the frontal bone, which form the roofs of the orbits. The orbital roofs bear impressions that mirror the undulating sulci and gyri of the overlying cerebrum. An explanation of how the gelatinous brain might influence the structure of rigid bone is found in Melvin Moss's functional matrix hypothesis, which states that development of bone sequentially follows, and is thus dependent on, structural changes in collections of developing soft tissues called functional matrices. The cerebrum would thus be a component of the functional matrix for which the associated bone is the frontal bone, or more specifically, the orbital plates of the frontal bone. Likewise, the superior sagittal sinus is a component of the functional matrix associated with the parietal bones; hence, the impression along the internal surface of the sagittal suture described earlier.

Part of the ethmoid bone is found between the orbital plates of the frontal bone (Figure 1-7). The vertical ridge at the midline is the crista galli, named for its resemblance to a rooster's crest. The cerebral falx, a vertical sheet of dura mater separating the cerebral hemispheres, attaches to the crista galli. On either side of the crista galli are the cribriform plates, which have numerous perforations. Branches of the first cranial nerve, the olfactory nerve, pass through these perforations to reach the nasal cavity.

[image: image]
Figure 1-7 The anterior cranial fossa. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





Posterior to the frontal and ethmoid bones are the lesser wings of the sphenoid bone, which form the posterior edge of the anterior cranial fossa. Extending posteriorly from the medial ends of the lesser wings are the anterior clinoid processes, to which attaches the cerebellar tentorium, a horizontal sheet of dura mater that separates the cerebrum from the cerebellum. The jugum, which is the flattened area between the anterior clinoid processes, supports the olfactory tracts.

The middle cranial fossa is formed by the greater wings and body of the sphenoid bone anteriorly and by the temporal bone posteriorly. The temporal lobes of the brain rest in the lateral recesses of this fossa. At the center of the middle cranial fossa is a part of the body of the sphenoid bone called the sella turcica, which is named for its resemblance to a Turkish saddle. The pituitary gland hangs down from the brain and “sits” in this “saddle.” The depression for the gland in the center of the sella turcica is the hypophyseal fossa. On either side of the hypophyseal fossa is a concavity occupied by the cavernous sinus, another venous sinus in the dura mater. The internal carotid artery and the abducens nerve (cranial nerve VI) pass through this sinus, and the oculomotor nerve (cranial nerve III), the trochlear nerve (cranial nerve IV), and the first and second divisions of the trigeminal nerve (cranial nerve V) are embedded in the dura mater, forming the lateral wall of this sinus. The posterior portion of the sella turcica is the dorsum sellae, from which extend the posterior clinoid processes. These processes are another site of attachment for the cerebellar tentorium (Figure 1-8).

[image: image]
Figure 1-8 The middle cranial fossa. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





There are several paired openings in the middle cranial fossa that allow passage of structures into and out of the cranial cavity. Just inferior to the overhanging portion of the lesser wing of the sphenoid are the optic canal and the superior orbital fissure. The optic canal passes through the lesser wing of the sphenoid bone and allows passage of the optic nerve (cranial nerve II), which is responsible for vision, and the ophthalmic artery, a branch of the internal carotid artery. The superior orbital fissure is a gap between the greater and lesser wings of the sphenoid. Three nerves supplying motor innervation to the extraocular muscles, the oculomotor nerve (cranial nerve III), the trochlear nerve (cranial nerve IV), and the abducens nerve (cranial nerve VI), and one sensory nerve, the ophthalmic division of the trigeminal nerve (cranial nerve V), pass through the superior orbital fissure to reach the orbit. The superior ophthalmic vein also passes through this fissure to drain blood from the orbit into the cavernous sinus.

Three pairs of foramina in the middle cranial fossa pass through the greater wing of the sphenoid bone. From anterior to posterior, they are the foramen rotundum, foramen ovale, and foramen spinosum. The second division, or maxillary division, of the trigeminal nerve passes through the foramen rotundum to reach the pterygopalatine fossa. The foramen ovale serves as the passageway that the third division, or mandibular division, of the trigeminal nerve, and often the lesser petrosal nerve, a branch of the glossopharyngeal nerve (cranial nerve IX), use to reach the infratemporal fossa. The middle meningeal artery travels from the infratemporal fossa to the middle cranial fossa by passing through the foramen spinosum. A series of grooves representing the paths of the branches of the middle meningeal artery, which supply the bone and dura mater between which they run, radiate laterally from the foramen spinosum across the middle cranial fossa and superiorly along the lateral aspect of the calvaria. The foramen spinosum also transmits one or more of the meningeal branches of the trigeminal nerve, which provide sensory innervation to the dura mater lining the middle cranial fossa.

Medial to the foramen ovale and foramen spinosum lies the foramen lacerum, which is a gap between the temporal and sphenoid bones that may be thought of as a very short vertical tunnel. The inferior end of this tunnel is completely blocked off by cartilage, and the only structures traversing the entire length of the foramen lacerum from its inferior to its superior opening are a few small blood vessels. Two structures of note travel part of the way through the foramen lacerum, however. The internal carotid artery enters the foramen lacerum from an opening in its wall that connects it to the carotid canal, which is described below. The artery then turns to access the cavernous sinus. A branch of the facial nerve (cranial nerve VII), the greater petrosal nerve, passes through the superior opening of the foramen lacerum, joins with the deep petrosal nerve, and leaves the foramen lacerum through an opening in its wall that leads to the pterygoid canal.

The occipital, sphenoid, and paired temporal and parietal bones contribute to the posterior cranial fossa, where the cerebellum and part of the brainstem are located. The foramen magnum is the large opening in the occipital bone that transmits the spinal cord and the vertebral arteries. The flat surface of the occipital and sphenoid bones anterior to the foramen magnum and posterior to the dorsum sellae is the clivus. The clivus is adjacent to the anterior surface of the pons, the middle portion of the brain stem. Superior to the foramen magnum and lateral to the clivus are the jugular tubercles, inferior to which are found the hypoglossal canals. In addition to the hypoglossal nerve (cranial nerve XII), the hypoglossal canal transmits branches of the upper cervical spinal nerves that provide part of the sensory innervation to the dura mater lining the posterior cranial fossa (Figure 1-9).

[image: image]
Figure 1-9 The posterior cranial fossa. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





The hypoglossal nerve supplies motor innervation to the muscles of the tongue. Damage to the hypoglossal may result in unilateral paralysis of the tongue. To test for hypoglossal nerve damage, the patient is asked to protrude (i.e., stick out) the tongue. Normally the tongue protrudes along the midline without deviating to either side; if motor innervation is lost to one side of the tongue, it deviates to the affected side.

Located superolateral to the jugular tubercle is a large gap between the temporal and occipital bones; this is the jugular foramen, which is named for the large vein it transmits, the internal jugular vein. The glossopharyngeal nerve (cranial nerve IX), the vagus nerve (cranial nerve X), and the accessory nerve (cranial nerve XI) pass through the jugular foramen. The glossopharyngeal nerve provides sensory and motor innervation to the pharynx and the tongue. The vagus nerve, in addition to carrying the majority of the body's parasympathetic innervation, sends motor and sensory branches to the pharynx and a branch to the posterior cranial fossa that is responsible for the remainder of the sensation to the dura mater in this area. The accessory nerve provides motor innervation to the sternocleidomastoid muscle of the neck and the trapezius muscle of the posterior neck and upper back.

Superior to the jugular foramen and inferior to the peak of the petrous portion of the temporal bone is the internal acoustic meatus, which is also called the internal auditory meatus or canal. The facial nerve (cranial nerve VII) and the vestibulocochlear nerve (cranial nerve VIII) enter this foramen. The facial nerve provides motor innervation to muscles that include those of facial expression; parasympathetic innervation to the lacrimal gland, glands of the nasal and oral mucosa, and two salivary glands; and the sensation of taste to the front of the tongue. The vestibulocochlear nerve is responsible for the sensations of hearing and balance.

Impressions for two of the dural venous sinuses, the superior sagittal and cavernous sinuses, have already been noted. The posterior cranial fossa also bears impressions corresponding to some of the dural sinuses, notably the bilateral sigmoid and transverse sinuses, and the centrally located confluence of sinuses. The dura mater is a bilaminar membrane; it has an external periosteal layer adherent to the internal surface of the cranial cavity and an internal meningeal layer continuous with the dura mater of the spinal cord. The periosteal and meningeal layers of the dura mater are fused except at the dural infoldings and at the dural venous sinuses. The infoldings are extensions of the meningeal layer of the dura that pass between parts of the brain to lend it structural support. Examples of the dural infoldings are the cerebral falx and the cerebellar tentorium mentioned earlier. The dural sinuses are channels between the two dural layers through which venous blood flows. The veins of the brain drain into the dural sinuses, which in turn drain into the internal jugular vein via the jugular foramen in the posterior cranial fossa.

Most of the dural venous sinuses lie within the margins of the dural infoldings. Running through the superior and inferior margins of the cerebral falx are the superior and inferior sagittal sinuses. The superior sagittal sinus begins anteriorly near the crista galli at the foramen cecum, an opening in the anterior cranial fossa where the frontal bone and the ethmoid bone meet. A vein from the nasal cavity enters the sinus through this foramen. The superior sagittal sinus runs posteriorly along the midline of the calvaria to the confluence of sinuses, a dilation that leaves an impression in the midline of the occipital bone.

Blood in the confluence of sinuses may drain laterally through the horizontally oriented left and right transverse sinuses, which run along the posterior and lateral margins of the cerebellar tentorium. At the base of the petrous portion of the temporal bones, the transverse sinuses are continuous with the sigmoid sinuses. These S-shaped sinuses continue inferiorly as the internal jugular veins at the level of the jugular foramina.

Blood from the orbit may pass through the superior orbital fissure via the superior ophthalmic vein and drain into the cavernous sinus. The cavernous sinus also receives blood from the brain via the superficial middle cerebral vein. Blood in the cavernous sinus may then pass posteriorly through the superior and inferior petrosal sinuses. The superior petrosal sinus runs along the margin of the cerebellar tentorium across the crest of the petrous portion of the temporal bone and empties into the junction of the transverse and sigmoid sinuses. The inferior petrosal sinus runs posteriorly in a very subtle groove between the petrous portion of the temporal bone and the occipital bone and drains directly into the origin of the internal jugular vein at the jugular foramen (Figures 1-10 and 1-11).

[image: image]
Figure 1-10 Grooves for the dural sinuses. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





[image: image]
Figure 1-11 Underside of the calvaria. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





Some of the foramina in the interior of the neurocranium lead directly to the viscerocranium and are not visible on the underside of an intact skull (Figure 1-12). These include the openings in the cribriform plate, which lead to the nasal cavity; the optic canal and orbital fissures, which lead to the orbit; and the foramen rotundum, which leads to the pterygopalatine fossa. All but one of the remaining openings in the internal surface of the floor of the neurocranium are visible on its external surface. The foramen ovale and foramen spinosum open into the infratemporal fossa, which is a space between the neurocranium and the viscerocranium. The foramen lacerum is located medial to the ovale and the spinosum; the jugular foramen, which transmits the internal jugular vein into the neck, is posterior to the spinosum. Between the lacerum and the spinosum is the carotid canal, which allows the internal carotid artery to enter the skull from the neck. The carotid canal is not visible on the internal surface of the floor of the neurocranium because it opens into the wall of the foramen lacerum.

[image: image]
Figure 1-12 Underside of the cranium. (From Abrahams PH, Spratt JD, Loukas M, van Schoor AN: McMinn and Abrahams' clinical atlas of human anatomy, ed 7, St Louis, 2013, Mosby.)





The internal acoustic meatus is not visible externally on the neurocranium. After passing through the meatus from the posterior cranial fossa, the vestibulocochlear nerve ends in the sensory apparatus of the inner ear within the temporal bone. The facial nerve proceeds through the facial canal in the temporal bone and ultimately exits the skull through the stylomastoid foramen, located between the styloid and mastoid processes of the temporal bone on the base of the neurocranium.

The external surface of the occipital bone bears several notable structures. Lateral to the foramen magnum are two prominences, the occipital condyles, superior to which are the openings of the hypoglossal canals. The occipital condyles articulate with the first cervical vertebra to form the atlanto-occipital joint. The foramen magnum opens into the vertebral foramen of this vertebra; the sum of all of the vertebral foramina is the vertebral canal, which transmits the spinal cord. The level of the foramen magnum is where the brain stem ends and the spinal cord begins.

Just anterior to the foramen magnum is the pharyngeal tubercle. The superior constrictor muscle, one of the muscles of the pharynx, attaches here.

The superior and inferior nuchal lines, two horizontal ridges that run parallel to each other, are found posterior to the foramen magnum. At the center of the superior nuchal line is the external occipital protuberance, or the inion. Muscles of the upper back and neck attach to these elevations.

Table 1-1 lists the structures passing through the foramina on the base of the neurocranium, and Table 1-2 presents the cranial nerves and their associated functions.


Table 1-1

Structures Passing Through the Foramina on the Base of the Neurocranium



	Foramen
	Structure




	Cribriform plate
	Cranial nerve (CN) I



	Optic canal
	CN II, ophthalmic artery, postganglionic sympathetic fibers



	Superior orbital fissure
	CN III, CN IV, CN V division 1, CN VI, ophthalmic veins, postganglionic sympathetic fibers



	Foramen rotundum
	CN V division 2



	Foramen ovale
	CN V division 3, lesser petrosal nerve



	Foramen spinosum
	Middle meningeal artery



	Foramen lacerum
	Greater petrosal nerve



	Internal auditory meatus
	CN VII, VIII



	Jugular foramen
	CN IX, X, XI, internal jugular vein



	Hypoglossal canal
	CN XII



	Foramen magnum
	Spinal cord, vertebral arteries, spinal component of CN XI, anterior and posterior spinal arteries.








Table 1-2

Cranial Nerves and Function6



	Nerve
	Cranial Nerve
	Somatic Motor
	Branchial Motor
	Visceral Motor
	Visceral Sensory
	General Sensory
	Special Sensory
	Function




	Olfactory
	I
	
	
	
	
	
	✓
	Smell



	Optic
	II
	
	
	
	
	
	✓
	Sight



	Oculomotor
	III
	✓
	
	✓
	
	
	
	Moves pupil up (elevation) via superior rectus muscle, down (depression) via inferior rectus muscle, and in (adduction) via medial rectus muscle. Constricts pupil via constrictor pupillae muscle. Allows accommodation via medial rectus and constrictor pupillae muscles and ciliary body. Raises eyelid via levator palpebrae superioris muscle.



	Trochlear
	IV
	✓
	
	
	
	
	
	Moves pupil down (depression) and out (abduction) via superior oblique muscle.



	Trigeminal
	V
	
	✓
	
	
	✓
	
	Motor to eight muscles, including muscles of mastication. Sensory to skin of face, oral mucosa, mandibular teeth, and dura mater.



	Abducens
	VI
	✓
	
	
	
	
	
	Moves pupil out (abduction) via lateral rectus muscle.



	Facial
	VII
	
	✓
	✓
	
	✓
	✓
	Closes eye via orbicularis oculi muscle, motor to all other muscles of facial expression plus stapedius muscle, stylohyoid muscle, and posterior belly of digastric muscle. Parasympathetic influence on production of saliva (submandibular and sublingual glands) and tears (lacrimal gland). Provides taste to anterior two thirds of tongue.



	Vestibulocochlear
	VIII
	
	
	
	
	
	✓
	Hearing, balance



	Glossopharyngeal
	IX
	
	✓
	✓
	✓
	✓
	✓
	Motor to stylopharyngeus muscle and other pharyngeal muscles. Sensory to middle ear. Parasympathetic influence on production of saliva (parotid gland). Provides taste to posterior one third of tongue. Innervates carotid body and carotid sinus.



	Vagus
	X
	
	✓
	✓
	✓
	✓
	
	Motor involvement in swallowing (pharyngeal muscles), elevation of palate (levator veli palatini muscle), and talking (laryngeal muscles). Sensory to skin around external ear. Parasympathetic innervation to viscera in thorax and abdomen. Provides taste to area of epiglottis.



	Accessory
	XI
	
	✓
	
	
	
	
	Elevates and rotates scapula via trapezius muscle. Turns head and flexes neck via sternocleidomastoid muscle.



	Hypoglossal
	XII
	✓
	
	
	
	
	
	Motor to all tongue muscles except palatoglossus (IX and X).






[image: image]








References

1. Garlick JA, Pfeiffer LD. The clinical skull manual. AuthorHouse: Bloomington, Ind; 2009.

2. Sonick M, Hwang D, Saadoun AP. Implant site development. Wiley-Blackwell: Chichester, West Sussex, UK; 2012.

3. Ranly DM. Craniofacial growth. Dent Clin North Am. 2000;44:457.

4. Rice DP. Craniofacial sutures: development, disease and treatment. Karger: Basel; 2008.

5. Pattisapu JV, Gegg CA, Olavarria G, et al. Craniosynostosis: diagnosis and surgical management. Atlas Oral Maxillofac Surg Clin. 2010;18:77.

6. Wilson-Pauwels L, Akesson EJ, Stewart PA. Cranial nerves. Decker: N.p.; 1988.






Chapter 2

The Orbit and Eye

Alan S. Herford, Trevor E. Treasure, Rahul Tandon


Orbital surgery can be indicated for a variety of traumatic or pathologic conditions and for esthetic concerns in the contemporary practice of oral and maxillofacial surgery (OMS). OMS surgeons must be familiar with the complex anatomy of the orbital region, both for proper diagnosis and for subsequent treatment of these conditions. This chapter reviews the pertinent orbital anatomy for surgeons who perform orbital surgery. Unfamiliarity with orbital anatomy can have devastating consequences for the patient and the surgeon. Blindness, the most feared iatrogenic complication after internal orbital reconstruction, is fortunately rare. Frequently, deep orbital exploration is required to properly treat the patient's condition. Deep orbital exploration is safe provided that the anatomy and physiology of the orbit are considered before treatment. Clinically, this includes good visualization with proper lighting, gentle retraction of the globe/muscle cone, and careful subperiosteal dissection.


The Hard Tissue Anatomy


Bony Orbit

The bony orbit is not a straight, four-walled pyramid as depicted in many textbooks (Figure 2-1, A). This simplistic view of the anatomy leads directly to inadequate orbital fracture repair and secondary deformities. Three of the four orbital walls have both concave and/or convex portions that should be reproduced when reconstruction is performed. Only the thick lateral wall of the orbit should be considered straight from anterior to posterior. More conical in shape, the orbit consists of a proximal apex and a distal base, both of which have thicker bone than any of the walls. The base of the cone is rotated laterally such that the visual axis diverges from the orbital axis by 23 degrees.1
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Figure 2-1 A, Bony orbit depicting the seven bones that form it: frontal, ethmoid, zygomatic, maxillary, lacrimal, palatine, and sphenoid. Also depicted are the associated fissures and canals. B, Sagittal view of the orbit demonstrating the volume, which is approximately 30 mL, with the globe comprising 7 mL of it. C, Frontal view of both orbits in which the angle formed by each lateral wall with its corresponding medial wall is approximately 45 degrees. The lateral walls themselves are nearly perpendicular to each other. D, Using Wescott scissors, the clinician can isolate the posterior lacrimal crest with careful dissection.





The orbital entrance measures approximately 4 cm wide by 3.5 cm high.1,2 The orbital rim is an important landmark for the structural dimension of the orbit: the orbit's maximum area is approximately 1 cm behind the rim; the apex is approximately 44 to 55 mm from the medial rim.2 The lateral walls are approximately 90 degrees to each other; the medial walls are roughly parallel to each other and have a slight convexity proximal to distal. The total volume of the orbit is approximately 30 mL, with the globe comprising about 7 mL of the total (Figure 2-1, B).1,2 Seven bones form the internal orbit: the frontal, ethmoid, zygomatic, maxillary, lacrimal, palatine, and sphenoid bones (Figure 2-1, A). Some of the bony walls are thick and resist fracture, whereas others are quite thin and fracture with regularity. Thin walls also allow easy transmission of infection and invasion by tumors from the paranasal sinuses.1-3


Orbital Floor

Three bones form the floor of the orbit: the orbital process of the maxilla, the zygomatic bone, and the orbital plate of the palatine bone.1-3 The orbital plate of the palatine bone is a crucial consideration in the treatment of deep fractures of the orbital floor. In most low-energy injuries of the orbital floor, this bone does not fracture and can be used to provide a sound ledge for orbital plates or mesh. It should be identified as a small, triangular-shaped bone posterior to the orbital plate of the maxilla and medial to the infraorbital/maxillary nerve.4,5 Immediately behind the inferior rim, a concavity in the floor of about 15 mm extends past the inferior orbital fissure. This concavity becomes convex proximally as it approaches the orbital apex. Knowledge of this post-bulbar convexity aids in the reconstruction of the normal floor anatomy and helps to prevent late secondary enophthalmos.4,6,7 Some surgeons routinely obliterate the inferior orbital fissure during fracture repair to prevent extraconal fat from herniating into the infratemporal fossa and thus contributing to secondary enophthalmos (Figure 2-2).

[image: image]
Figure 2-2 Sagittal CT scan of the orbital floor showing the post-bulbar bulge/convexity, which must be reproduced during reconstruction to prevent enophthalmos.





The floor is also the roof of the maxillary sinus. The maxillary division of the trigeminal nerve (cranial nerve [CN] V-2) leaves the foramen rotundum in the middle cranial fossa and enters the orbit in a confluence between the superior and inferior orbital fissures (see Figure 2-1, A). It continues anteriorly to enter the infraorbital canal in the orbital plate of the maxilla. The canal contains the infraorbital nerve, infraorbital branch of the maxillary artery, infraorbital veins, and postganglionic autonomic fibers from the pterygopalatine ganglion.2,3

The orbital floor and the medial wall are the most commonly fractured areas in orbital trauma. This high incidence can be attributed to the thinness of the orbital floor, which may measure only 0.5 mm thick. Inadequately treated posterior floor fractures can play a significant role in the etiology of post-traumatic enophthalmos.4,6-9





Orbital Roof

The orbital roof is composed of three bones. The frontal bone forms the major portion, and a small anterolateral portion of the zygoma and part of the lesser wing of the sphenoid bone posteriorly constitute the remainder.1,3 The orbital roof has a concavity immediately behind the superior rim. Once past the concavity, the roof is mainly straight back to the orbital apex. Two important landmarks are found within the anterior roof: the lacrimal fossa anterolaterally and the trochlear fossa medially. Other important landmarks, situated at the junction with the lateral wall, are the superior orbital fissure and the frontosphenoidal suture. The superior rim contains the supraorbital notch/foramen, found at the junction of the medial one third and the lateral two thirds. Injury through trauma or iatrogenic damage to the supraorbital neurovascular bundle may produce altered sensation of the forehead and brow.1-3,10 The supratrochlear vessels are located medial to the supra­orbital bundle. The supratrochlear artery is a branch of the ophthalmic artery, and the supratrochlear nerve is a terminal branch of the frontal nerve (CN V-1).1-3




Lateral Wall

The lateral wall of the orbit is fairly straight from rim to apex and owes its strength to the two bones that form it: the greater wing of the sphenoid (GWS) and the zygomatic bone. Posteriorly, the lateral wall begins at the superior orbital fissure and is composed primarily of the straight, thick greater wing of the sphenoid. Anteriorly, the GWS articulates with the orbital surface of the zygoma at the zygomaticosphenoidal suture. The zygoma contains two foramina and accompanying neurovascular bundles. The zygomaticofacial nerve is a purely sensory supply to the skin over the body of the zygoma. The zygomaticotemporal nerve carries sensory axons to the temporal fossa and postganglionic parasympathetic fibers of the pterygopalatine ganglion to the lacrimal gland. This is by way of an anastomotic branch that connects V-2 with the lacrimal nerve (a branch of CN V-1).1,2 Whitnall's tubercle is a small, bony promontory inside the lateral orbital rim of the zygoma that serves as an attachment for several soft tissue structures.

The lateral walls should form a 45-degree angle at the orbital apex with the medial orbital walls and a 90-degree angle with each other in the axial plane (see Figure 2-1, C).1 The recurrent meningeal branch of the ophthalmic artery exits the orbit near the posterior aspect of the frontosphenoidal suture at the meningeal foramen, which lies between the roof and lateral wall within the GWS. This artery then anastomoses with the middle meningeal artery, a branch off the first part of the maxillary artery, to supply the dura inside the skull.2,10,11




Medial Wall

The medial wall is bounded from anterior to posterior by four bones: the maxillary, lacrimal, and ethmoid bones and the lesser wing of the sphenoid. The lamina papyracea of the ethmoid bone is the thinnest bone in the medial wall, often fracturing in blow-out fractures. The medial wall contains two foramina: the anterior ethmoidal foramen and the posterior ethmoidal foramen. The posterior ethmoidal neurovascular bundle is an important landmark for deep orbital dissection. As the surgeon dissects posteriorly, the posterior ethmoidal foramen is located 5 to 10 mm anterior to the optic canal.1-3

These foramina are located at the junction between the medial wall and the orbital roof at the frontoethmoidal suture,12 which denotes the level of the cribriform plate. Both ethmoidal neurovascular bundles leave the orbit at the level of this suture to enter the roof of the nasal cavity.

The lacrimal sac fossa lies anteriorly between the anterior and posterior lacrimal crests (see Figure 2-1, D). The anterior lacrimal crest is within the frontal process of the maxilla, blending with the inferior orbital rim. The posterior lacrimal crest lies within the lacrimal bone. The medial wall displays a slight convexity in the axial plane from front to back, and this should be reproduced in a medial wall plate or mesh during fracture treatment.1-3,5,6,13,14




Orbital Apex

The orbital apex is a complex anatomic region that the surgeon must completely understand. All important nerves and blood vessels traverse this area. A complete review of the sphenoid bone anatomy is required to understand the orbital apex.1 The two most important features of the orbital apex are the superior orbital fissure and the optic canal (see Figure 2-1, A). The optic canal lies between the roof and the end of the medial wall at the orbital apex in the vertical dimension. The optic canal is entirely within the lesser wing of the sphenoid and is oriented laterally in the axial plane. The superior orbital fissure (SOF) is between the lesser and greater wings of the sphenoid and houses several important cranial nerves: the oculomotor nerve (CN III), the trochlear nerve (CN IV), the ophthalmic division of the trigeminal nerve (CN V-1), and the abducens nerve (CN VI). Cranial nerves III and VI enter the orbit inside the annulus of Zinn to run within the muscle cone (Figure 2-3). The tendinous origin of the lateral rectus muscle divides the SOF into two compartments, one superior and one inferior. The area of the SOF encircled by the annulus of Zinn is called the oculomotor foramen. The ophthalmic nerve (CN V-1) enters the orbit outside the annulus/muscle cone in the superior compartment to proceed forward as the frontal and lacrimal nerves. The trochlear nerve (CN IV) lies in the superior compartment, just outside the annulus of Zinn, in close proximity to the superior ophthalmic veins.*
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Figure 2-3 The annulus of Zinn encircles the superior orbital fissure, housing the oculomotor and abducens nerves within it. Note the trochlear nerve's position superior to the annulus.





The ophthalmic artery is the first branch off the internal carotid artery (ICA) after it enters the skull (Figure 2-4). The artery lies below the optic nerve and runs forward in the dural-arachnoid sheath, eventually piercing and then emerging outside the sheath as it exits the optic canal lateral and inferior to the optic nerve. The central retinal artery (CRA) branches off the ophthalmic artery near the lateral rectus muscle origin and reenters the optic nerve sheath on the way to the retina. Because the CRA is an “end artery,” the retina has no collateral arterial supply. The ophthalmic artery supplies the muscle cone, globe, and all superior orbital structures. The external carotid artery (ECA) contributes to the lower orbit through the maxillary, infraorbital, zygomaticofacial, and zygomaticotemporal arteries. Thus, the orbit has a dual blood supply from the ICA superiorly and the ECA inferiorly.1,3,17-19

[image: image]
Figure 2-4 Horizontal section through the orbits shows branches of the ophthalmic artery (left) and the ophthalmic nerve (right).





The superior ophthalmic veins pass through the SOF outside the muscle cone in the superior compartment and drain to the cavernous sinus. The inferior ophthalmic veins pass through the inferior orbital fissure to communicate with the pterygoid plexus and anastomose with the superior ophthalmic veins posteriorly to drain to the cavernous sinus.1,3,17,19-23 Anteriorly, the superior and inferior ophthalmic veins can communicate with the angular vein on the face, creating the so-called danger triangle. The supposed lack of valves within the angular and ophthalmic veins would allow easy passage of bacterial emboli to the cavernous sinus.1,3 In 2010, Zhang and Stringer23 reported finding valves in cadavers using stereomicroscopy. The angular vein was found to drain to the facial vein or to the superior ophthalmic vein in this study.







The Soft Tissue Anatomy


Eyelid Anatomy

The eyelids represent composite structures that cover the anterior globe and form the palpebral fissure (Figure 2-5, A). The three layers of the lids are called lamellae (a single layer is a lamella). There are three lamellae of the upper lids and three lamellae of the lower lids. In the upper lid, the anterior lamella consists of the skin and orbicularis oculi muscle; the middle lamella is composed of the orbital septum and levator aponeurosis; and the posterior lamella consists of the tarsal plate, Müller's muscle, and palpebral conjunctivae. In the lower lid, the anterior lamella is composed of the skin and orbicularis oculi muscle; the middle layer consists of the orbital septum; and the posterior lamella consists of the palpebral conjunctiva, capsulopalpebral fascia (i.e., lower lid retractor), and tarsal plate. The medial and lateral locations where the two eyelids meet are referred to as the canthi (singular, canthus).1,3,14,24
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Figure 2-5 The upper and lower eyelids, which are both composed of three distinct layers: the external, middle, and internal layers.





Clinically the orbital septum is an important, multilaminated structure. The septum of the upper lid is continuous with the lower, thereby surrounding the orbit 360 degrees.1 The orbital septum restricts the extraconal fat within the internal orbit. With age, thinning of the orbital septum can occur, leading to anterior herniation of extraconal orbital fat, which may be corrected in cosmetic blepharoplasty. The septum meets the facial periosteum at the arcus marginalis, which closely follows the orbital rim except at the inferolateral region (Figure 2-5, B). On the zygoma, the arcus marginalis dips down onto the face below the orbital rim at Eisler's recess. This variation is important when performing preseptal approaches to the orbital floor. The periosteal incision must dip down laterally on the zygoma below the arcus marginalis in this area.1 Violation of the orbital septum in this location may result in vertical scar contracture, producing lateral scleral show. Medially, the orbital septum runs in front of the trochlea and inserts into the posterior lacrimal crest.1,14,25-30

The dense, fibroelastic connective tissue known as the tarsal plate helps stabilize and support the lids. The upper and lower tarsal plates are different sizes in the vertical plane. The upper tarsal plate varies between 9 and 11 mm in height, and the lower tarsal plate is usually 4 to 5 mm in height. The superior tarsal fold in the upper lid is an important landmark for blepharoplasty and trauma approaches. This fold is normally at the junction of the superior border of the upper tarsal plate and the confluence of the orbital septum and levator aponeurosis. Oriented vertically, within the tarsal plates, are usually 20 meibomian glands, which secrete an oil/sebaceous secretion onto the cornea. This lipid secretion stabilizes the tear film and prevents evaporation of the underlying aqueous layer.1


Medial and Lateral Canthal Tendons

In the medial and lateral canthal regions, thin skin overlies the anterior limbs of the tendons. The medial attachment of the upper and lower lids inserts at the anterior and posterior lacrimal crests, resulting in the medial canthus. The anterior limb of the medial canthal tendon (MCT) is more pronounced than its posterior counterpart. The anterior limb inserts into the anterior lacrimal crest of the frontal process of the maxilla. This thick anterior limb protects the common canaliculus and lacrimal sac, which lie below. The thinner posterior limb inserts into the posterior lacrimal crest, which is part of the lacrimal bone. A third vertical limb may be observed where the fascia thickens above the horizontal canthal tendons.1 Between the anterior and posterior lacrimal crests lies the lacrimal sac fossa; this houses the lacrimal sac, which drains to the nose through the nasolacrimal duct. The vertical limb of the MCT protects the upper portion of the lacrimal sac. A deep head of pretarsal orbicularis oculi inserts onto the posterior lacrimal crest (PLC) and is called Horner's muscle (Figure 2-6). Identification of the anterior limb of the medial canthal tendon is crucial in performing canthopexy.1,6
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Figure 2-6 Sagittal section through the eyelids; note the attachment of the orbicularis oculi to the posterior lacrimal crest (Horner's muscle).





The lateral canthus anatomy is less complex than its medial counterpart. The lateral canthal tendon (LCT) has two limbs: the thicker posterior limb and the thinner anterior limb. The posterior limb inserts 4 to 5 mm inside the lateral rim of the zygoma at Whitnall's tubercle, which is 10 mm inferior to the frontozygomatic suture. The majority of the anterior limb is posterior to the orbital septum as it leaves the tarsal plate. Laterally, the anterior limb, periosteum, and orbital septum all blend together at the rim. Between the orbital septum and the anterior limb is a small collection of fat called Eisler's fat pocket. The posterior limb of the LCT is part of the structure known as the lateral retinaculum. This is a composite structure, and the components are known as the 4 Ls: the lateral canthal tendon, the lateral horn of the levator aponeurosis, the inferior suspensory ligament of Lockwood, and the check ligament of the lateral rectus muscle.1,31 The lateral retinaculum inserts directly into Whitnall's tubercle of the zygoma.1,6,14,24,31 In northern European Caucasians, the lateral canthus is approximately 2 mm higher than the medial canthus. In Asians, the lateral canthus is 3 mm or more higher than the medial canthus.32-35




Nasolacrimal System and Lacrimal Glands

The almond-shaped, paired lacrimal glands help to lubricate the eyes by producing reflex-induced tears. These exocrine glands are housed within the lacrimal fossa of the frontal bone in the lateral orbital roof. The blood supply is primarily from the lacrimal artery, a branch of the ophthalmic artery. Venous drainage from the gland is by the superior ophthalmic vein. Tears are produced by the main gland and accessory lacrimal glands.1 The lacrimal gland secretes reflex-stimulated tears through postganglionic parasympathetic fibers that arise in the pterygopalatine ganglion. The movement of the eyelids distributes tears over the surface of the eye from lateral to medial.1 Nonreflex tear secretion (i.e., basic secretion) comes from three sets of small mucin-secreting, goblet-type glands. The main lacrimal gland has an orbital lobe and a palpebral lobe. This division of the gland is produced by the lateral horn of the levator palpebrae muscle. Tear ducts (usually 6 to 12) empty into the superolateral fornix.1,6,12,14,31

Movement of tears to the nose occurs through a pump mechanism; the different heads of the orbicularis oculi milk tears to the lacrimal lake and puncta in the medial canthal region. The closing movements of the orbicularis oculi can produce a negative pressure within the lacrimal sac, thereby collecting tears at the puncta. The two puncta drain to the superior and inferior canaliculi, which either join together as a common canaliculus or empty directly into the lacrimal sac. Opening of the lids creates a positive pressure within the lacrimal sac, propelling tears into the nasolacrimal duct. The mucosal folds in the nasolacrimal duct form superior and inferior valvelike structures. The superior fold is known as the valve of Rosenmuller; the inferior fold is called the valve of Hasner.1,3 Damage to the lacrimal drainage system, as can occur with nasoorbitoethmoid (NOE) fractures and lacerations, interferes with tear drainage and can produce epiphora. The nasolacrimal duct is continuous above with the lacrimal sac fossa, which houses the lacrimal sac, and below with the inferior meatus of the lateral nasal wall.





Intraconal and Extraconal Orbital Fat

The orbital fat can be divided into two compartments by the muscle cone. Extraconal fat surrounds the muscle cone and is present within the bony orbit confined by the periorbita and orbital septum. In fractures of the orbit walls, this fat may herniate into the paranasal sinuses, infratemporal fossa, and possibly the anterior cranial fossa with blow-out fractures of the orbital roof. During fracture treatment, this fat should be reduced into the bony orbit before reconstruction of the walls.6,31

The intraconal fat surrounds the optic nerve, blood vessels, and other sensory and motor nerves within the muscle cone. The intraconal fat is maintained by an intermuscular fascial system (i.e., intermuscular septa) that envelops the four rectus muscles, producing the cone shape.1,27,28




Orbital and Periorbital Muscles

The orbital muscles may be classified as intrinsic or extrinsic. There are seven skeletal muscles internally (intrinsic) within the bony orbit, six extraocular muscles, and the lone levator palpebrae muscle of the upper lid. All of the extraocular muscles originate at or near the annulus of Zinn, except the inferior oblique muscle (IOM). Thus, the four rectus, superior oblique, and levator palpebrae muscles all originate proximally and insert distally onto the globe or in the upper lid. The levator palpebrae muscle inserts into the tarsal plate of the upper lid through an aponeurosis that begins at the vertical equator of the globe.1,3,31 The IOM originates in the anteromedial orbit, immediately lateral to the nasolacrimal duct behind the orbital rim. It travels obliquely below the inferior rectus and is encircled by Lockwood's ligament to insert on the globe. This places the muscle origin in jeopardy during orbital floor dissections. Subperiosteal dissection must be performed in the anteromedial orbit to avoid damage to this orbital muscle.1,3,31

The levator palpebrae muscle works in concert with a small, smooth muscle (i.e., the superior tarsal muscle, or Müller's muscle) to elevate the upper eyelid.1,3 The levator palpebrae muscle is a voluntary skeletal muscle, innervated by the superior division of the oculomotor nerve (CN III). Damage from trauma or iatrogenic injury produces a severe ptosis of the upper lid. In the lower lid, the capsulopalpebral fascia is considered to be the retractor of the lid. This fascial extension from the inferior rectus travels forward to split and envelop the IOM. When the two limbs reunite, the resulting component is considered the transverse-oriented Lockwood's ligament. The capsulopalpebral fascia then inserts into the inferior border of the lower tarsus. Some fibers may also travel forward to insert into the subcutaneous tissue below the tarsus to create a lower eyelid crease.1

Müller's muscle is an involuntary smooth muscle that originates from the levator palpebrae muscle, inserts into the superior edge of the tarsus, and is innervated by the sympathetic nervous system. The postganglionic sympathetic fibers travel from the superior cervical ganglion of the cervical trunk to the orbit by the ICA plexus and finally to the smooth muscle through the oculomotor nerve (CN III) and branches of the ophthalmic nerve (CN V-1).31 Interruption of these fibers produces Horner's syndrome, with the characteristic ipsilateral mild ptosis, facial anhidrosis, miosis of the pupil, and pseudoenophthalmos. The inferior tarsal muscle of the lower eyelid arises from the capsulopalpebral fascia to insert into the lower tarsus.1 However, in certain patients (or cadavers), it cannot be identified as easily as the superior Müller's muscle.

The extrinsic muscles that constitute the majority of the eyelids are the fibers of the orbicularis oculi. The orbicularis oculi is innervated by the temporal and zygomatic branches of the facial nerve. The orbicularis oculi constitutes part of the anterior lamellae of the upper and lower lids and forms a sphincter around the palpebral fissure. The orbicularis oculi is divided into an orbital portion and a palpebral portion. The palpebral portion is further divided into pretarsal (PT) and preseptal (PS) portions.1 Blinking or voluntary winking occurs through contraction of the palpebral portions, whereas forced closure occurs through contraction of the orbital portion.

The blood supply to the eyelids is through terminal vessels (arcades) of the ICA and ECA. The orbicularis oculi is an antagonist to the levator palpebrae and lower lid retractors (LLRs) and acts to close the eyelids/palpebral fissure. In the upper lid, the orbital portion of the orbicularis covers the corrugator and supercilii muscles. In the lower lid, the orbital portion of the orbicularis oculi covers the zygomaticus major, zygomaticus minor, levator anguli oris, levator labii superioris, and levator of the nasal alae muscles. The orbicularis oculi has its origins medially along the superomedial orbital rim and medial canthal tendon and inferiorly along the inferomedial rim and frontal process of the maxilla. As with other muscles of facial expression, it is enveloped by the superficial musculoaponeurotic system (SMAS). The SMAS then inserts into the dermis of the facial skin.1,3,14,31







Summary

Familiarity with the orbital anatomy is of paramount importance for the surgeon performing orbital surgery. This knowledge reduces the possibility of complications, which can be devastating.
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Chapter 3

The Paranasal Sinuses

Shyam Prasad Aravindaksha


The literature on the anatomy and physiology of the paranasal sinuses goes back to Galen (AD 130-201), who referred to the “porosity” of the bones of the head.1 Leonardo da Vinci (1452-1519), whose classical sections of the head illustrate the maxillary antrum and the frontal sinus, apparently recognized the existence of these cavities as separate functional entities.1 He also referred to the maxillary sinus as “the cavity of the bone which supports the cheek.” In 1651 Highmore2 was the first to give a detailed description of the maxillary antrum (antrum of Highmore). However, it was only in the late nineteenth century that the first detailed and systematic anatomic and pathologic descriptions of the paranasal sinuses were published by Zuckerkandl. These descriptions became even more valuable because they could be applied directly to patients and their problems.

The invention of the x-ray technique did not add much to the anatomic knowledge of the sinuses. However, computed tomography (CT), available since the mid-1970s, made the relationship between the largest sinuses and the ethmoids very clear, applying the knowledge that had been developed more than 100 years earlier. Comparisons of CT images with the drawings of Onodi, Grunwald, and Zuckerkandl demonstrate the incredible accuracy of these pioneers' knowledge.3

The paranasal sinuses form a complex unit of four paired air-filled cavities at the entrance of the upper airway: the ethmoidal, sphenoidal, maxillary, and frontal sinuses (Figure 3-1). Each of the sinuses is named according to the bone in which it is found. The paranasal sinuses develop as outgrowths from the nasal cavities and erode into the surrounding bones. All these cavities are lined by respiratory mucosa, which is ciliated and secretes mucus. All the paranasal sinuses open into the nasal cavity (Figure 3-2). These sinuses are innervated by the branches of the trigeminal nerve (Figure 3-3).
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Figure 3-1 Paramedian view of the right nasal cavity, with coronal section through the maxillary sinus.
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Figure 3-2 Lateral wall of the nasal cavity, illustrating the communication of the paranasal sinuses with the nasal cavity.
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Figure 3-3 Nerve supply of the paranasal sinuses.





The paranasal sinuses start developing from ridges and furrows in the lateral nasal wall as early as the eighth week of embryogenesis, and they continue pneumatization until early adulthood.4 As mentioned, each one is named after the skull bone in which it is located.5,6 However, during the development of a sinus, pneumatization may involve adjacent bones; for example, the ethmoid sinus develops into the frontal, maxillary, or sphenoid bone, and the maxillary sinus extends into the zygomatic bone.

All sinuses are lined by a respiratory pseudostratified epithelium composed of four major types of cells:


• Ciliated columnar cells

• Nonciliated columnar cells

• Goblet-type mucous cells

• Basal cells



This mucosa is directly attached to bone and is referred to as the mucoperiosteum. Although it is somewhat thinner, the mucoperiosteum of the sinuses is continuous with that of the nasal cavity through the various ostia of the sinuses.7 The ostium is a natural opening through which the sinus cavity drains into the airway, either directly into the nasal cavity (sphenoid ostium) or indirectly by means of more complex anatomic structures (frontal recess).


Ethmoidal Sinus

The ethmoid sinus begins forming in the third to fourth month of fetal life as evaginations of the lateral nasal wall. At birth the anterior ethmoid cells are aerated, whereas the posterior ethmoid cells are fluid filled. The posterior ethmoid air cells pneumatize with advancing age, and air replaces the fluid in these cells. The last air cells to finish forming are the anterior-most agger nasi and bulla cells.8 When pneumatization is complete, the average size of the anterior ethmoid cells is 20-24 × 20-24 × 10-12 mm, and the average size of the posterior ethmoid cells is 20-21 × 20-22 × 10-12 mm.3


Ethmoid Air Cells

Within the labyrinth lie the ethmoid air cells, which are lined by pseudostratified ciliated columnar epithelium. The ethmoid air cells are bordered medially by the nasal cavity, laterally by the lamina papyracea, and superiorly by the fovea ethmoidalis. The basal lamina of the middle turbinate divides he ethmoid cells into anterior and posterior divisions.9 The anterior cells empty into the middle meatus, and the posterior cells drain into the superior meatus.

Hajek10 presented a simplified scheme to describe the location of the ethmoid air cells. Hajek's scheme depicted the air cells as existing in three sets of grooves, which form as valleys between four lamellar projections of bone. Anteriorly the unciform groove (hiatus semilunaris) is formed by the unciform process anteriorly and the ethmoid bulla posteriorly; the hiatus semilunaris is the site of orifices to the frontal sinus, maxillary sinus, and anterior ethmoidal cells. The second groove is the middle meatus, which lies between the ethmoid bulla anteriorly and the middle turbinate posteriorly; the ethmoid bulla located in this lamella is often involved in nasofrontal duct obstruction. The third groove is the superior meatus that is formed between the middle and superior turbinates (Figure 3-4).5 The numbers of ethmoid cells vary by individual; however, seven smaller anterior cells and four larger posterior cells are typically present. The posterior air cells occasionally present as two very large air cells.8 The uncinate groove is the most anterior and has three to four air cells at its superior border. At the middle meatus are one to two agger nasi cells, and posterior to the agger nasi is the ethmoid bulla that contains a superior and inferior cell.11 The posterior ethmoid air cells drain via the superior meatus. The anterior ethmoid air cells drain via the middle meatus. Arterial supply to the ethmoid air cells is via the ethmoidal arteries that are branches from the ophthalmic artery. The anterior ethmoidal artery enters the anterior ethmoid foramen 24 mm posterior to the anterior lacrimal crest and supplies the anterior ethmoid air cells. The posterior ethmoidal artery enters the posterior ethmoid foramen 36 mm posterior to the anterior lacrimal crest and supplies the posterior ethmoidal air cells.12 Venous drainage is via the named veins accompanying the arteries to the superior ophthalmic vein or pterygopalatine plexus. Lymphatic drainage from the anterior ethmoid cells is via the submandibular nodes, and the posterior ethmoid cells drain via the retropharyngeal nodes. Innervation is via anterior and posterior ethmoid nerves of the ophthalmic nerve (V1) and the posterior nasal branch of the maxillary nerve (V2).3
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Figure 3-4 Diagram of the anatomy of an ethmoid air cell.











Maxillary Sinus

The maxillary sinus begins developing in the third week of gestation. In the twelfth week of gestation, the maxillary sinus forms as an ectodermal invagination from the middle meatal groove and grows internally to a size that at birth is approximately 7 × 4 × 4 mm and has a volume of 6 to 8 mL.13 In utero the maxillary sinus is fluid filled; however, after birth the maxillary sinus pneumatizes in relation with biphasic rapid growth: during the first 3 years of life and then again from ages 7 to 12 years. By 12 years of age, the sinus is level with the floor of the nasal cavity12; however, as further pneumatization occurs into adulthood, with the eruption of the adult molars, the floor of the sinus descends to approximately 1 cm below the floor of the nasal cavity.14

The maxillary sinuses are paired paranasal sinuses that develop around the adult dentition to a volume of 15 mL, although the volume is smaller in children and enlarges with the sinus pneumatization that occurs with advancing age. The span of these sinuses is from the region of the third molar posteriorly to the premolar teeth anteriorly. The dimensions of the sinus vary and range from 25 to 35 mm mesiodistal width, 36 to 45 mm vertical height, and 38 to 45 mm deep anteroposteriorly.15 Mesiodistal width differences are usually attributed to growth toward the zygomatic arch posteriorly rather than toward the canine teeth anteriorly.8

The maxillary sinus is shaped like a quadrangular pyramid, with the base facing the lateral nasal wall and the apex oriented at the zygomatic arch. The roof of the sinus contributes to the floor of the orbit, the floor faces the alveolar process, and the sinus proceeds deep and adjacent to the palate. The schneiderian membrane lines the maxillary sinus and is composed of pseudostratified ciliated columnar epithelium. The concentration of cilia increases with proximity to the sinus ostium. The thickness of this membrane is 0.8 mm. Compared with the nasal mucosa, the antral mucosa is thinner and less vascular.16 At birth, the maxillary sinus begins medial to the orbit, and its dimensions are largest anteroposteriorly. At 2 years of age, the sinus continues inferiorly below the medial orbit and continues to pneumatize laterally. By 4 years of age, the sinus reaches the infraorbital canal and continues laterally. By 9 years of age, inferior growth reaches the region of the hard palate. Pneumatization continues as the permanent teeth erupt.17

The roof of the maxillary sinus contributes to the floor of the orbit. The roof contains the infraorbital neurovascular bundle. The infraorbital foramen opens approximately 1 cm below the infraorbital rim.18 The floor of the maxillary sinus abuts the alveolar process of the maxilla, frequently approximating the apices of the molar teeth (see the next section). The inferior extent of the sinus floor is 1 cm inferior to the floor of the nasal cavity. The medial wall of the maxillary sinus houses the sinus ostium at its superomedial aspect and the nasolacrimal duct, through which drainage of the lacrimal apparatus occurs. The maxillary sinus ostium empties into the posterior aspect of the semilunar hiatus. The nasolacrimal duct runs 4 to 9 mm anterior to the sinus ostium and empties at the anterior portion of the inferior meatus.15

Sinus development follows a three-compartment model described by Underwood19 in which these compartments, frequently separated by septa, are associated with three different dental milestones. The anterior compartment forms around the primary molars between 8 months and 2 years of age. The middle compartment forms around the adult first and second molars from 5 to 12 years of age. The posterior compartment forms around the third molars from 16 to 30 years of age.19,20 The most inferior portion of the maxillary sinus is in the region of the first molar.8 The distance from the sinus floor to the root tips of the teeth is longest for the first premolar and shortest for the second molar distobuccal root tip.21 The roots of the maxillary first and second molars communicate with the floor of the maxillary sinus with an incidence of 40%.22 The palatine roots of these teeth are 50% closer to the antral floor than to the palate, and in 20% of cases apical communication is present between the palatal roots of the maxillary first and second molars with the maxillary sinus (Figure 3-5 and Table 3-1).23
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Figure 3-5 Sagittal view of the maxillary sinus anatomy.






Table 3-1

Distance from the Roots of the Maxillary Teeth to the Maxillary Sinus Floor



	Root
	Distance (mm)
	SD




	Buccal first premolar
	6.18
	1.60



	Lingual first premolar
	7.05
	1.92



	Second premolar
	2.86
	0.60



	Mesiobuccal first molar
	2.82
	0.59



	Palatal first molar
	1.56
	0.77



	Distobuccal first molar
	2.79
	1.13



	Mesiobuccal second molar
	0.83
	0.49



	Palatal second molar
	2.04
	1.19



	Distobuccal second molar
	1.97
	1.21





Data from Eberhardt JA, Torabinejad M, Christiansen EL: A computed tomographic study of the distances between the maxillary sinus floor and the apices of the maxillary posterior teeth, Oral Surg Oral Med Oral Pathol 73:345, 1992.





Maxillary Septum

A septum is defined as a strut of bone that is at least 2.5 mm in height. Septa within the maxillary sinus are of two varieties. The primary septa are formed as part of the three-compartment model of sinus development and act as dividers of the anterior, middle, and posterior components; they are found between the roots of the second premolar and the first molar and the roots of the first and second molars, and distal to the roots of the third molar. Septa extrinsic to those of maxillary development are called secondary septa and occur as a result of pneumatization after dental extraction. The overall prevalence of septa present in any given maxillary sinus is 35%.19 Septa in edentulous regions tend to be larger than those in partially edentulous regions, which are larger still than dentate regions of the alveolus.8 The presence of septae is pertinent for sinus lift procedures because they complicate the process of luxating the bony window to expose the sinus and increase the likelihood of sinus membrane perforation.

The size and number of maxillary sinus ostia are variable. Simon23 found that the sinus ostium existed as a canal greater than 3 mm in mesiodistal width from the infundibulum to the antral opening in 82.7% of individuals, in contrast to the 13.7% in whom the ostium existed as just an opening. The average length of the sinus ostium is 5.55 mm, and it is oriented inferolaterally from the infundibulum to the antrum to drain the maxillary sinus into the hiatus semilunaris. Approximately 16% of individuals have an accessory ostium (i.e., an ostium opening outside the infundibulum and semilunar hiatus). The accessory ostium typically exists only as an opening and not as a canal, with an average length of 1.5 mm. The clinical significance of the ostium existing as a canal is an appreciation for how readily a canal obstruction can occur (Figure 3-6).
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Figure 3-6 Coronal view of the osteomeatal complex.





Harrison24 presented the anatomic location of the superior alveolar nerves described in this section. The superior alveolar nerves are in intimate relationship to the maxillary sinus. The anterior superior alveolar nerve (ASA) arises 15 mm behind the infraorbital foramen and runs inferiorly in the anterior wall of the maxilla. Occasionally the ASA forms an elevation at the anterior part of the sinus cavity approximately 6 mm inferior to the infraorbital foramen on its way to supply the lateral nasal wall and septum and the anterior maxillary teeth. The middle superior alveolar nerve (MSA) often arises off the infraorbital nerve and courses along the posterolateral or anterior wall of the sinus to supply the premolar teeth. The posterior superior alveolar nerve (PSA) is a branch of the infraorbital nerve given off at the posterior end of the infraorbital canal. Two branches of this nerve are usually present: a smaller superior branch and the larger inferior branch. The superior branch of the PSA passes through the antrum and runs posteriorly along the maxillary tuberosity. The inferior branch supplies the molar teeth and joins the MSA and ASA to form the alveolar plexus. The significance of this presentation of the superior alveolar nerves is to point out an area at the anterior region of the maxilla where bone can be safely removed (e.g., Caldwell-Luc procedure), with minimal risk of damage to the superior alveolar nerves.

The maxillary sinus has rich anastomoses and receives its arterial supply from the infraorbital, sphenopalatine, posterior lateral nasal, facial, pterygopalatine, greater palatine, and posterior superior alveolar arteries. Venous return from the maxillary sinus occurs anteriorly via the cavernous plexus that drains into the facial vein and posteriorly via the pterygoid plexus and to the internal jugular vein. Innervation of the maxillary sinus is via the anterior superior, middle superior, and posterior superior alveolar nerves. Lymphatic drainage occurs through the infraorbital foramen via the ostium to the submandibular lymphatic system.14







Frontal Sinus

The frontal sinuses are the most superior of the anterior sinuses. They are situated in the frontal bone between inner and outer plates. The inner plate, or posterior wall (separates the frontal sinus from the anterior cranial fossa), is much thinner than the outer wall and may be penetrated accidentally during surgery.24 The septum between right and left is almost always asymmetrically placed and divides the frontal sinuses into two unequal sinuses. The larger sinus may pass across the midline and overlap the other. The sinuses often have incompletely separated recesses, which make the anatomy highly variable. Superficial surgical landmarks for the frontal sinus were described by Tubbs et al.25 from adult cadaveric frontal sinus dissections. In their study of 70 adult cadavers, these investigators reported that the lateral wall of the frontal sinus never extended more than 5 mm lateral to a midpupillary line. At this same line and at a plane drawn through the supraorbital ridges, the roof of the frontal sinus was never higher than 12 mm, and in the midline, the roof of the frontal sinus never reached more than 4 cm above the nasion. The frontal sinus is separated from the orbit by a thin triangular plate.

Regarding the lateral extension of the frontal sinuses, the authors have observed several cases in which the lateral extension of the frontal sinuses extended more lateral than described by Tubbs and colleagues.25 Further, Maves26 states that the degree of pneumatization of the frontal sinuses varies and that it may extend laterally as far as the sphenoid wing.

The ostium of the frontal sinus lies in the posteromedial aspect of the sinus floor. The front nasal duct opens into the anterior part of the middle meatus and the frontal recess or directly into the anterior end of the infundibulum (Figure 3-7).

[image: image]
Figure 3-7 Frontonasal duct in situ (arrow).





This relationship to the infundibulum and middle meatus serves to protect the frontal sinus from the spread of disease in the osteomeatal complex. The agger nasi is intimately involved, in that the posterior wall of the agger nasi forms the anterior border of the frontal recess, which then passes posteromedially to the agger nasi and supraorbital cells. This recess is present in 77% of patients. In the other 23%, drainage occurs via a frontal sinus ostium.27 There are also two patterns to the frontal sinus outflow tract: those that drain medial to the uncinate process and those that drain lateral to the uncinate process. Those that drain medially are more common and are significantly related to the presence of frontal sinusitis. The borders of the frontonasal duct are (1) the anterior border, which is the superior portion of the uncinate process; (2) the posterior border, which is the superior portion of the bulla ethmoidalis; (3) the medial border, which is formed by the conchal plate; and (4) the lateral border, which is the suprainfundibular plate.18 The nasofrontal duct can safely be widened by removing the upper portion of the ground lamella of the ethmoid bulla at the posterior boundary of the nasofrontal duct with cutting forceps.28

Besides the different anterior ethmoid cell groups that could be related to the frontal infundibulum, other cells can originate from the frontal recess and, when present, are called the frontal infundibular cells. Bent and Kuhn29 classified the frontal cells into four types:


• Type 1 is a single air cell above the agger nasi.

• Type 2 is a group of small cells above the agger nasi but below the orbital roof.

• Type 3 is a single cell extending from the agger nasi into the frontal sinus.

• Type 4 is an isolated cell within the frontal sinus not contiguous with the agger nasi.



The supraorbital and supratrochlear arteries, which branch off the ophthalmic artery, form the arterial supply of the frontal sinus. The superior ophthalmic vein provides venous drainage. Actual venous drainage for the inner table, however, is through the dura mater and the cranial periosteum for the outer table. These veins are in addition to the diploic veins and all venous structures that communicate in the venous plexuses of the inner table, periorbita, and cranial periosteum.




Sphenoid Sinus

The sphenoid sinuses are located at the skull base at the junction of the anterior and middle cerebral fossae. Their growth starts between the third and fourth months of fetal development, as an invagination of the nasal mucosa into the posterior portion of the cartilaginous nasal capsule.

Between birth and 3 years of age, the sphenoid is primarily a pit in the sphenoethmoid recess. Pneumatization of the sphenoid bone starts at age 3, extends toward the sella turcica by age 7, and reaches its final form in adolescence.2 The two sinuses generally develop asymmetrically, separated by the intersinus bony septum. In some cases, because of this asymmetry, the intersinus septum goes off the midline and can have a posterior insertion on the bony carotid canal, in the lateral wall of the sphenoid.30 For this reason, caution must be observed when removing the septum in these cases because a brisk avulsion may result in carotid rupture.

Pneumatization of the sphenoid can invade the anterior and posterior clinoid processes, the posterior part of the nasal septum, and the Vomer. The sphenoid sinus drains through a single ostium into the sphenoethmoid recess. This ostium is classically situated 7 cm from the base of the columella at an angle of 30 degrees to the floor of the nose in a parasagittal plane; this usually corresponds to a location halfway up the anterior wall of the sinus. The superior wall of the sphenoid sinus usually represents the floor of the sella turcica.

Depending on the extent of pneumatization, the sphenoid sinus can be classified into three types2:


1. Conchal: The area below the sella is a solid block of bone without pneumatization.

2. Presellar: The sphenoid is pneumatized to the level of the frontal plane of the sella and not beyond.

3. Sellar: The most common type, in which pneumatization extends into the body of the sphenoid beyond the floor of the sella, sometimes reaching the clivus.



The lateral wall of the sphenoid sinus can show various prominences, the most important being the carotid canal and the optic canal. The internal carotid artery, the most medial structure in the cavernous sinus, rests against the lateral surface of the sphenoid bone. Its prominence within the sphenoid varies from a focal bulge to a serpiginous elevation marking the full course of the intracavernous portion of the carotid artery from posteroinferior to posterosuperior (Figure 3-8).2 In some cases, even without advanced sinus disease, dehiscence in the bony margin can be present, and this should be particularly looked for on the computed tomography (CT) scan.30

[image: image]
Figure 3-8 Simplified drawing of a lateral wall of the left sphenoid sinus. The optic canal (A) runs from anterolateral to posteromedial in the most superior aspect of the lateral wall. The carotid prominence (B) is usually seen at the junction of the posterior and lateral walls. Note the supraoptic recess (above A) and the infraoptic or opticocarotid recess (between A and B). The canals for the second branch of the trigeminal nerve (C) and the vidian nerve (D) can sometimes be endoscopically identified and define the superior and inferior boundaries of the lateral recess (between C and D) in a very pneumatized sphenoid.





The optic canal is found in the posterosuperior angle between the lateral, posterior, and superior walls of the sinus, horizontally crossing the carotid canal from lateral to medial (see Figure 3-8). Pneumatization of the sphenoid above and below the optic canal can result, respectively, in a supraoptic recess and an infraoptic recess (the opticocarotid recess). The infraoptic recess lies between the optic nerve superiorly and the carotid canal inferiorly and can sometimes pneumatize the anterior clinoid process.2

The canals of two other nerves may be encountered in the lateral wall of the sphenoid sinus, below the level of the carotid canal: the second branch of the trigeminal nerve superiorly through the foramen rotundum and the vidian nerve in the pterygoid canal inferiorly (see Figure 3-8).2
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Chapter 4

The Auditory System

Kyle P. Allen, Peter S. Roland


Given the intimate association of the external auditory canal and middle ear space with the temporomandibular joint, it is necessary for oral and maxillofacial surgeons (OMS) to understand the auditory system. Disorders of the temporomandibular joint may sometimes present with primarily aural symptoms such as otalgia or aural fullness. This chapter describes the anatomy of the auditory system with an emphasis on information of interest to the OMS.

The peripheral components of the auditory system are housed within or attached to the temporal bone. The auditory system can generally be broken down into several smaller components, including the external ear, the middle ear and mastoid, the inner ear, and the central auditory system. Also important is the course of the facial nerve within the fallopian canal of the temporal bone. The OMS will also be interested in the adjacent sphenoid bone, the mandibular nerve as it enters the skull base at the foramen ovale, and the middle meningeal artery coursing through the foramen spinosum.


Temporal Bone

The temporal bones, which compose a portion of the lateral skull and skull base, have several components: the squamosa, petrous, mastoid, and tympanic portions, as well as the styloid process. These will be discussed briefly, with a focus on landmarks identified during surgical procedures.

The squamosa (Figure 4-1) is the lateral, parasagittally oriented, flat bone that composes a portion of the lateral skull. The temporalis muscle attaches on its lateral surface, and the middle meningeal artery runs in a groove on its medial surface. On the anterior, inferior surface of the lateral squama, the zygomatic process extends laterally and anteriorly to make up the posterior portion of the zygomatic arch. The zygomatic process is contiguous with a horizontally oriented structure known as the suprameatal crest or temporal line, which runs superior to the external auditory canal. The temporal line is a surgical landmark roughly approximating the level of the floor of the middle cranial fossa. The squamosa forms the superior and anterior aspects of the mandibular or glenoid fossa of the temporomandibular joint. The inferior articular tubercle forms the superior boundary of the mandibular fossa and is lined with a thin layer of cartilage.

[image: image]
Figure 4-1 Inferolateral view of temporal bone.





The mastoid comprises the posterior temporal bone and is the site of attachment of the sternocleidomastoid, splenius capitis, longissimus capitis, and digastric muscles. The mastoid process is typically aerated with numerous bony air cells. These air cells communicate anteriorly with the mastoid antrum. A groove in the medial mastoid houses the dural sigmoid sinus. The superior border of the mastoid is the bony plate that separates the mastoid from the middle cranial fossa, known as the tegmen mastoideum. During a mastoidectomy (Figure 4-2), the bone overlying the sigmoid sinus and the tegmen are used as landmarks to indicate the posterior and superior limits of dissection. Medially, dissection can be continued until the lateral semicircular canal is visualized through the mastoid antrum.

[image: image]
Figure 4-2 Lateral view of temporal bone, portion of mastoid cortex removed.





The petrous portion is a pyramidal-shaped bone with its apex pointing medially toward the clivus. During procedures within the middle cranial fossa, working on the superior surface, important structures can be identified as surgical landmarks. The arcuate eminence indicates the position of the underlying superior semicircular canal. Medial and anterior to the superior canal is the facial hiatus, where the greater superficial petrosal nerve exits the temporal bone to travel on the superior surface of the petrous bone.1 The posterior, medial (Figure 4-3) surface of the petrous portion of the temporal bone forms the anterior boundary of the posterior cranial fossa. The internal auditory canal is located in this region and contains the seventh and eight cranial nerves as they travel laterally. The complicated inferior surface of the petrous bone (see Figure 4-1) includes the carotid canal and jugular bulb. The petrous apex is the most medial portion of the petrous bone, lying medial to the labyrinth. It is pneumatized in a minority of patients and otherwise composed of bone and marrow.

[image: image]
Figure 4-3 Medial view of temporal bone.





The styloid process is an elongated, narrow bony process arising from the undersurface of the temporal bone and extending inferiorly. It emanates just anterior to the stylomastoid foramen, where the facial nerve exits the fallopian canal.

The tympanic bone composes the bone of the external auditory canal, the structure of which is discussed in more detail later in the chapter. The anterior tympanic bone forms the posterior boundary of the glenoid fossa.





External Ear


Auricle

The auricle, or pinna, is the visible portion of the auditory system, made up of a cartilaginous framework. This complex, three-dimensional structure collects sound energy and directs it to the conducting system of the middle ear.

The auricle begins to form during the sixth week of development, derived from the first and second branchial arch. Condensations of mesoderm form the six hillocks of His, which develop into identifiable portions of the auricle. The first through third hillocks form the tragus, crus helicis, and helix; the fourth through sixth form the antihelix, antitragus, and lobule.2

The adult auricle (Figure 4-4) has a vertical height of 5 to 6 cm, and the helix sits 15 to 20 mm from the skin overlying the mastoid process.3 The helix comprises the smooth superior and posterior margin of the auricle and terminates anteriorly in the crus helicis or root of the helix. The crus helicis divides the conchal bowl into the superiorly located concha cymba and the more inferiorly located concha cavum. The antihelix is a vertically oriented structure that separates the helix from the conchal bowl. Superiorly, the antihelix divides to form the superior and inferior crura. The depression found between the superior and inferior crura is known as the fossa triangularis. The tragus is a triangular structure anterior to the meatus of the external auditory canal. Positioned opposite the conchal bowl, posterior and inferior to the tragus, sits the antitragus. The lobule is the inferior-most portion of the auricle and is devoid of cartilage.

[image: image]
Figure 4-4 Auricle.





A number of rudimentary muscles attach to the auricle, which are of little clinical significance in humans. The extrinsic muscles reposition the auricle in relationship to the head and include the anterior and posterior auricular muscles. The posterior auricular muscles are routinely encountered while making a postauricular incision, and their disruption leads to no significant clinical deficit. The intrinsic muscles include the transverse, oblique auricular, tragal, antitragal, as well as minor and major helical muscles.

Arterial supply to the auricle is via branches from the external carotid system and includes contributions from the superficial temporal, posterior auricular, and occipital arteries. The venous drainage corresponds with the feeding arterial supply.

Sensory innervation of the auricle involves multiple cranial and cervical nerves. Sensation is provided by the auriculotemporal nerve (CN V), sensory components of the facial nerve, Arnold nerve (CN X), and the greater auricular nerve (C2, 3).

The auricle is a valuable source of cartilaginous grafting materials for procedures in which semirigid grafting material is desired. A large, flat graft can be harvested from the tragus without cosmetic deformity if the lateral tragal framework is preserved. The entirety of the concha cavum and cymba can be harvested if the crus helicis, antihelix, and antitragus are preserved to maintain the structural framework of the auricle.


External Auditory Canal

The external auditory canal (Figure 4-5) is a structure made up of an osseous and cartilaginous portion, extending from the conchal bowl to the tympanic membrane. From the concha, the external auditory canal is 2.5 cm in length, one third of which is cartilaginous and two thirds of which is osseous. The medial external auditory canal forms a groove known as the tympanic notch, which houses the tympanic annulus of the tympanic membrane. The anterior wall of the osseous canal makes up the posterior wall of the glenoid fossa of the temporomandibular joint.
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Figure 4-5 Anterior view of the auditory system with coronal section through level of external auditory canal.





The external auditory canal begins to form during the ninth week of embryogenesis and arises from the first branchial groove. The meatal plate, a solid core of ectoderm, extends toward the tympanic cavity. An intervening layer of mesoderm between the meatal plate and tympanic cavity persists at the fibrous layer of the tympanic membrane. The tympanic ring is ossified by the 15th week, leaving a superior defect in the ring known as the notch of Rivinus. Canalization of the ectoderm of the meatal plate begins at 21 weeks with canalization of the external auditory canal, a process that terminates at the 28th week of gestation. Developmental defects in this process can lead to canal stenosis or atresia.4

The external auditory canal reaches adult morphology at approximately 9 years of age. The neonatal external auditory canal is a short and relatively straight structure with a nearly horizontal positioned tympanic membrane. During growth, the canal lengthens, becomes more tortuous for protection of the tympanic membrane, and the tympanic membrane assumes an oblique, anteromedial orientation with the posterior tympanic membrane situated lateral to the anterior portion. The skin overlying the lateral, cartilaginous canal is thicker than the skin of the osseous canal. This thicker skin contains the adnexal structures such as hair, sebaceous glands, and modified apocrine sweat glands, sometimes known as ceruminous glands.5 The transition from hair-bearing to non-hair-bearing skin within the external auditory canal is a good surgical landmark for the transition from the cartilaginous to osseous canal. The skin of the osseous canal is thin and firmly adherent to the bone of the canal. Two suture lines are readily identified during surgery involving the external auditory canal. The tympanosquamous suture is located along the anterosuperior canal, and the tympanomastoid suture is located posteroinferiorly. The skin is more firmly attached at these sutures and can be difficult to elevate due to fibrous attachments.

Two commonly described natural dehiscences of the external auditory canal allow infection or neoplasm to spread from within the canal. The fissures of Santorini are defects of the cartilaginous canal due to natural cleavage planes within the cartilage of the anterior canal. This dehiscence allows neoplastic and infectious processes to spread to the anteriorly located parotid gland. The foramen of Huschke is an anteriorly located dehiscence formed due to incomplete ossification of the tympanic ring. This can likewise facilitate the spread of neoplasm or infection, but it has also been a source of spontaneous sialorrhea.6 Furthermore, this defect of bone can allow for inadvertent entry into the external auditory canal, tympanic membrane perforation, and even ossicular injury during temporomandibular joint arthroscopy.7

Multiple cranial nerves provide sensory innervation of the external auditory canal, which can explain pain referred to the ear canal. The auriculotemporal branch of the mandibular nerve innervates the anterior aspect of the canal, whereas the auricular branch of the vagus nerve innervates the posterior canal. Branches of the facial and glossopharyngeal nerves also mediate sensory input. The contribution of the facial nerve, which also innervates a portion of the auricular concha, explains the vesicular eruption seen with facial paralysis due to viral reactivation in Ramsay Hunt syndrome.







Tympanic Membrane

The tympanic membrane is a three-layered structure separating the external auditory canal from the tympanic cavity of the middle ear. It measures roughly 1 cm in diameter. The tympanic membrane conveys sound energy to the ossicles within the middle ear and thereby to the inner ear at the oval window. The tympanic membrane firmly adheres to the malleus at the lateral process and the umbo. The membrane has a slight conical shape and is most depressed at the inferior tip of the malleus at the umbo (Figure 4-6).
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Figure 4-6 Right tympanic membrane.





Most of the tympanic membrane is composed of three layers: an external layer of keratinizing squamous epithelium, a middle fibrous layer, and the mucosal medial layer within the tympanic cavity. This three-layered portion of the tympanic membrane is known as the pars tensa. The portion of the tympanic membrane between the lateral process of the malleus and the notch of Rivinus lacks a central fibrous layer and is known as the pars flaccida. Due to the lack of a fibrous layer, the pars flaccida is more compliant and is more susceptible to retraction due to the negative middle ear pressure created due to eustachian tube dysfunction.8

The auriculotemporal branch of the mandibular nerve provides predominant sensation to the tympanic membrane. The auricular branch of the vagus and the tympanic branch of the glossopharyngeal nerve also provide sensory contributions.




Middle Ear and Mastoid

The middle ear is an air-filled space medial to the tympanic membrane (Figure 4-7). It houses the ossicles, which convey the vibratory motion of the tympanic membrane to the oval window of the inner ear, thereby transmitting sound energy. The middle ear is lined with a modified respiratory epithelium containing ciliated and secreting cells. The volume of the tympanic cavity of the middle ear ranges from 0.5 cm3 to 1 cm3.9 The tympanic cavity communicates posterosuperiorly with the mastoid antrum via the aditus ad antrum, and thereby to the mastoid air cells. The total air volume of the middle ear and mastoid ranges from 1 cm3 to 21 cm3.10
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Figure 4-7 Middle ear, ossicles, and facial nerve.







Eustachian Tube

The middle ear communicates with the nasopharynx via the eustachian tube (see Figure 4-5). With occasional opening, the eustachian tube allows middle ear air pressure to equalize with that of the environment. The eustachian tube is 3.5 cm long and is composed of an osseous and cartilaginous portion. The eustachian tube orifice within the middle ear is located in the anterior tympanic cavity, originating inferior to the semicanal of the tensor tympani muscle. The proximal one third of the eustachian tube is osseous, while the two-thirds portion in continuity with the nasopharynx is composed of cartilage. The orifice of the eustachian tube is seen in the nasopharynx as a raised structure named the torus tubarius. The four muscles associated with eustachian tube are the tensor veli palatini, tensor tympani, levator veli palatini, and salpingopharyngeus. The primary muscle associated with opening of the eustachian tube is the levator veli palatini.




Ossicles and Middle Ear Musculature

The three ossicles of the middle ear include the malleus, incus, and stapes (see Figure 4-7). The malleus is composed of the head, neck, lateral process, and manubrium. The head articulates with the body of the incus at the incudomalleolar joint, thereby transmitting vibrations from the tympanic membrane to the incus. The tensor tympani muscle attaches to the medial surface of the neck of the malleus. The incus is composed of the body, short process, long process, and lenticular process. The body articulates with the malleus head, and the lenticular process meets the stapes at the incudostapedial joint. The stapes is the smaller, stirrup-shaped ossicle that transmits mechanical energy to the inner ear fluids. The stapes superstructure is composed of an anterior and posterior crus, neck, and capitulum, which articulates with the lenticular process of the incus. The stapedius muscle tension attaches to the neck of the stapes. The crura of the stapes are fused to the footplate, which sits in the oval window of the vestibule. The footplate is supported within the oval window by the surrounding annular ligament.

Briefly described earlier, two skeletal muscles are present within the middle ear. The stapedius muscle body runs vertically, medial to the mastoid segment of the facial nerve. The tendon is transmitted to the middle ear space through the pyramidal eminence. The stapedius muscle is innervated by the adjacent facial nerve. The stapedius muscle is activated by the stapedial reflex. Loud sound from either the contralateral or ipsilateral ear triggers muscle contraction, dampening mechanical vibration at the level of the stapes. The stapedial reflex requires an intact facial and cochlear nerve and can be used for site-of-lesion testing. The tensor tympani muscle body runs adjacent to the eustachian tube, anterior the middle ear space. The tendon enters the middle ear at the cochleariform process and attaches to the medial neck of the malleus. Activation of this nerve decreases the movement of the malleus and, thereby, the tympanic membrane. The muscle is innervated by a branch from the mandibular division of the trigeminal nerve.




Chorda Tympani Nerve

The chorda tympani nerve travels through the middle ear space. The nerve is unique in that it does not travel in a bony canal and is not surrounded by soft tissue. After branching from the mastoid segment of the facial nerve, the chorda tympani nerve enters the tympanic cavity at the posterior iter. The nerve travels anterosuperiorly, passing lateral to the long process of the incus and medial to the handle of the malleus. The nerve then exits the tympanic cavity at the anterior iter and travels to join the lingual nerve.







Inner Ear

The inner ear is a sensory organ that is responsible for sound perception and the sensation of movement. The anatomy and physiology of the inner ear are extremely complex.

The osseous labyrinth is composed of three main components: the vestibule, semicircular canals, and cochlea. The osseous labyrinth is lined with endosteum and filled with perilymph. The membranous labyrinth is housed within the perilymph of the osseous labyrinth. The membranous labyrinth contains endolymph and the sensory epithelium critical to its function.


Vestibule

The vestibule is an ovoid structure centrally located within the labyrinth. It is located medial to the middle ear, posterior to the cochlea, and anterior the semicircular canals. The lateral wall of the vestibule contains the oval window, which abuts the middle ear space and is filled by the stapes footplate and annular ligament. The vestibule contains the two otolithic organs: the utricle and saccule. These otolithic organs sense gravitational and translational acceleration.




Semicircular Canals

The three semicircular canals sense rotational acceleration and communicate with the vestibule via five orifices. The lateral semicircular canal has two isolated openings into the vestibule, whereas the posterior and superior canals join to form the crus communis and join the vestibule as a unit at their posterior ends. The endolymphatic duct enters the labyrinth in the crus communi and communicates with the endolymphatic sac in the dura of the posterior cranial fossa. Each semicircular canal has an ampullated end that contains its sensory apparatus. The lateral and superior canals have ampullated ends in close proximity at their anterior end and join the vestibule at its anterior and superior aspect. The ampullated end of the posterior canal is located on its inferior end and enters the vestibule inferiorly.




Cochlea

The cochlea is a snail-shaped structure with [image: image] turns that is responsible for sound perception. The turns of the cochlea are coiled around the modiolus through which filaments of the cochlear nerve travel to innervate the cochlea (Figure 4-8). Cross-sectional analysis of the lumen of the cochlea demonstrates three fluid spaces: the scala tympani, scala media, and scala vestibuli. On the inner wall of the cochlea, the osseous spiral lamina extends laterally to separate the scala vestibuli from scala tympani. At the cochlear apex, the osseous spiral lamina is deficient at the helicotrema, where the scala tympani and vestibuli join. The scala media is separated from the inferiorly located scala tympani by the basal membrane, and from the superiorly located scala vestibuli by Reissner's membrane. The scala tympani and vestibuli are filled with perilymph, whereas the centrally located scala media is filled with endolymph. The scala media also contains the organ of Corti and the auditory hair cells, responsible for audition. The scala tympani, in the basal turn of the cochlea, has an osseous deficiency known as the round window, in which the round window membrane is situated. The round window membrane sits 2 mm inferior to the oval window of the vestibule and separates the scala tympani from the tympanic cavity. Joining the basal turn of the cochlea near the round window in the scala tympani, the cochlear aqueduct allows communication with the subarachnoid space.
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Figure 4-8 Cochlea and cochlear nerve.











Internal Auditory Canal

The internal auditory canal transmits the facial and vestibulocochlear nerves from the brain stem to the periphery. The labyrinthine artery, a branch of the anterior inferior cerebellar artery, also courses through the internal auditory canal. The canal is, on average, 12 mm in length. The orifice of the canal communicating with the posterior fossa is known as the porus acusticus, and the most lateral aspect of the canal is designated the fundus. A cross section through the canal near the fundus demonstrates four distinct nerves within the lumen. The facial nerve is anterior and superior, the cochlear nerve is anterior and inferior, and the superior and inferior vestibular nerves are posteriorly situated within the canal. At the fundus, two osseous crests are present. The vertical crest, or Bill's bar separates the anterior from posterior contents, and the transverse crest separates the superior from inferior contents.




Facial Nerve and Fallopian Canal

Although not a part of the auditory system, the facial nerve has a close association with the nerves and peripheral components of the organs of hearing and balance. The facial nerve runs within the fallopian canal, which is the longest osseous channel for any nerve in the body. The facial nerve can be subdivided into multiple segments: cisternal, intracanalicular, labyrinthine, tympanic, vertical, and extratemporal. When undertaking surgery of the temporal bone and lateral skull base, surgeons must have a detailed understanding of the facial nerve's course in order to avoid the devastating complication of facial nerve paralysis.

The facial nerve has a motor and sensory component, and the sensory component is derived from the nervus intermedius at the brain stem. The nerve provides motor innervation to the mimetic musculature of the face, posterior belly of the digastric, stylohyoid muscle, stapedius muscle, and auricular muscles. The nerve provides sensory input including taste sensation to the anterior two thirds of the tongue and somatic sensation in the periauricular region. The nerve also carries preganglionic parasympathetic fibers destined for the lacrimal, submandibular, and sublingual glands.

The facial nerve leaves the brain stem at the pontomedullary junction, where it exits just anterior to the vestibulocochlear nerve. The cisternal segment of the nerve is 15 mm in length and travels within the cerebellopontine cistern to the internal auditory canal. The nerve enters the internal auditory canal at the porus acusticus, and the intracanalicular segment of the facial nerve is 12 mm in length. The nerve travels within the anterior superior portion of the internal auditory canal and is separated from the superior vestibular nerve by Bill's bar (vertical crest). The nerve exits the internal auditory canal at the meatal foramen and becomes the labyrinthine facial nerve. The meatal foramen is the narrowest portion of the fallopian canal with an average diameter of 0.7 mm.11 The labyrinthine facial nerve is 3 to 4 mm in length and joins the geniculate ganglion. At the geniculate ganglion, the nerve makes its first turn, or genu, and becomes the tympanic facial nerve. With this first genu, the nerve makes a sharp turn from the anterosuperiorly directed labyrinthine segment to the posteroinferiorly oriented tympanic segment. The 8- to 11-mm tympanic segment of the facial nerve travels within the tympanic cavity of the middle ear and passes posterior superior to the oval window. The nerve courses superior to the cochleariform process along the inferior surface of the lateral semicircular canal. At the inferior margin of the lateral semicircular canal, it makes another turn (the second genu) and becomes the inferiorly directed vertical segment. The vertical segment travels 10 to 14 mm, as the longest segment of the intratemporal facial nerve, and exits the temporal bone at the stylomastoid foramen.

Within the temporal bone, there are three branches of the facial nerve. The first is the greater superficial petrosal nerve (GSPN). The GSPN arises from the geniculate ganglion and travels anteriorly to the exit the temporal bone at the facial hiatus. The nerve then travels on the superior surface of the temporal bone, passes under V3, and enters foramen lacerum. There, the GSPN joins the deep petrosal nerve and becomes the vidian nerve. The GSPN carries preganglionic parasympathetic fibers to the sphenopalatine ganglion and ultimately provides parasympathetic innervation to the lacrimal gland and mucous membranes of the nose and palate. The next intratemporal branch of the facial nerve is the nerve to the stapedius muscle within the vertical segment. The last intratemporal branch is the chorda tympani nerve. This nerve arises from the distal portion of the vertical facial nerve, courses superiorly and anteriorly, and enters the middle ear space. The nerve provides taste sensation to the lateral two thirds of the tongue and provides preganglionic parasympathetic fibers, ultimately providing parasympathetic innervation to the submandibular and sublingual glands.




Summary

The auditory system has a complex anatomic and physiologic anatomic makeup. Though discussed with brevity in this chapter, there is a vast wealth of knowledge worth additional study for those interested. When operating in the vicinity of the temporal bone, detailed anatomic knowledge is required to avoid potentially devastating complications such as facial paralysis, hearing loss, and vertigo. This knowledge is gained via the study of anatomic treatises as well as cadaveric dissection prior to tackling surgical procedures in this region.
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Chapter 5

The Anatomy of the Face, Mouth, and Jaws

Christopher Morris


The oral and maxillofacial surgeon must have a firm grasp of facial anatomy and the surgical implications of the location and orientation of anatomic structures. This knowledge guides the surgeon in the planning of surgical approaches and in reconstruction of traumatic or surgical defects.

The visceral cranium is the lower portion of the head that facilitates the visceral functions, including breathing, smelling, speaking, tasting, and swallowing. In this discussion, the anatomy of the region is addressed in a manner similar to a surgical approach, from superficial to deep, with assessment of clinical points of interest as they relate to surgical access to the face.


The Skin

The skin is a complex organ, composed of superficial epidermis and underlying dermis, that provides sensation and protection. The anatomic and physiologic properties of the skin play an important role in the final esthetics of any facial surgical procedure (Figure 5-1).

[image: image]
Figure 5-1 Schematic cross-section of the skin containing layers of epidermis, dermis, and subcutaneous connective tissue. The position of the vascular supply is emphasized for reconstructive purposes. The superficial vascular plexus lies between the papillary and reticular dermal layers. The subdermal plexus lies between the reticular dermis and the subcutaneous layer. The musculocutaneous arteries provide blood supply deep to the subcutaneous tissue.





Gonzalez-Ulloa et al.1 first described 14 distinct facial esthetic units where the skin throughout has a uniform color, texture, thickness, and mobility. Burget and Menick2,3 expounded upon this concept. The relaxed skin tension lines (RSTLs) of the face generally provide excellent camouflage of incisions placed within or parallel to them. The lines of maximum extensibility are generally perpendicular to the relaxed skin tension lines. Surgical approaches to the face should attempt to place incisions at the borders of facial subunits and parallel to relaxed skin tension lines to minimize the effect of the final scar (Figure 5-2).

[image: image]
Figure 5-2 A, Facial esthetic subunits. Forehead subunits: 1A, Central; 1B, Lateral; 1C, Eyebrow. Nasal subunits: 2A, Tip; 2B, Columellar; 2C, Dorsal; 2D, Right and left dorsal side wall; 2E, Right and left alar base; 2F, Right and left alar side wall. Periorbital subunits: 3A, Lower eyelid; 3B, Upper eyelid; 3C, Lateral canthal; 3D, Medial canthal. Cheek subunits: 4A, Medial; 4B, Zygomatic; 4C, Lateral; 4D, Buccal. Upper lip subunits: 5A, Central; 5B, Mucosal. Lower lip subunits: 6A, Central; 6B, Mucosal. 7, Mental. Auricular subunits: 8A, Helical; 8B, Antihelical; 8C, Triangular fossa; 8D, Conchal; 8E, Lobe. 9, Neck. B, Relaxed skin tension lines.





The thickness and character of facial skin is also important when considering skin matches for reconstruction. For example, the skin of the nasal dorsum is nearly 3.3 times the thickness of the upper eyelid skin.4 The skin of the face is also densely populated with pilosebaceous units, particularly in the forehead, nose, and chin (an area sometimes referred to as the T-zone), with a progressive decrease toward the lateral edges of the face.5 This should be taken into consideration when planning skin resurfacing procedures that rely on the pilosebaceous units for reepithelialization.




The Fat Pads of the Face

The malar fat pad is a triangular structure superficial to the superficial musculoaponeurotic system (SMAS) and mimetic muscles. It is oriented with its base along the nasolabial fold and its apex at the zygomatic prominence. This structure descends and loses volume with age, resulting in the descent of the facial soft tissues associated with aging.6

The buccal fat pad is an important structure within the cheek. It has a central body and four processes: the buccal, pterygoid, pterygopalatine, and temporal (superficial and deep) processes.7 The zygomatic and buccal branches of the facial nerve lie superficial to the buccal process, with the parotid duct running within it. Care should be taken when excising a portion of the buccal fat pad for cosmetic purposes or when using a pedicled buccal fat flap for oral-antral fistula closure.

Multiple other distinct fat pads have been described and should be taken into account, particularly when fat is injected as an adjunct to cosmetic surgery.8




The Superficial Musculoaponeurotic System

An understanding of the superficial musculoaponeurotic system (SMAS) is fundamental to the facial surgeon because of the orientation of the SMAS and the neurovascular structures of the face.9 The territorial distribution and details of the SMAS continue to be controversial; however, an understanding of the general principles and anatomic descriptions allows surgeons to draw their own conclusions.

The SMAS is a fanlike fibromuscular layer that encases the muscles of facial expression, similar to the superficial cervical fascia of the neck that encases the platysma in the neck. The SMAS connects the dermis to the underlying facial muscles by a three-dimensional architecture of collagen, elastic fibers, fat cells, and muscle fibers (Figure 5-3).
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Figure 5-3 Fascial layers and superficial musculoaponeurotic system. The regional position of the facial nerve is shown in relation to surgically important anatomic layers.





The SMAS is continuous with the superficial temporal (temporoparietal) fascia superiorly and with the superficial cervical fascia of the platysma inferiorly. It lies superficial to the parotidomasseteric fascia. Anteriorly the SMAS can be extended to the approximate point of the facial artery and vein; however, it is of primary surgical relevance in the region overlying the parotid.9 Anterior to the nasolabial fold, the innervation of the perioral musculature becomes more susceptible to injury as the SMAS becomes more fibrous and divides to form an investing fascia of the zygomaticus muscles.10




The Facial Layers of the Face: Regional Considerations

In the upper face, when elevating a coronal or forehead flap, dissection in the avascular plane between the periosteum and temporoparietal fascia protects the temporal branch of the facial nerve. During this dissection, it is important to note that the vessels and sensory nerves exit the bone via their various foramina and penetrate the layer being elevated; therefore, care must be taken in these areas.

In the temporal region, dissection should proceed deep to the superficial layer of the deep temporal fascia, within the temporal fat pad, to ensure that the temporal branch is sufficiently protected and elevated within the superficial temporal (temporoparietal) fascia.




The Facial Musculature

Six major muscle groups in the head assist with visceral functions: orbital muscles, masticatory muscles, muscles of facial expression, tongue muscles, pharynx muscles, and larynx muscles. This chapter focuses on the masticatory muscles, mimetic muscles (muscles of facial expression), and tongue muscles.


Masticatory Muscles

The muscles of mastication are derived from the first branchial arch and are innervated by the mandibular division of cranial nerve (CN) V (Figure 5-4 and Table 5-1).

[image: image]
Figure 5-4 Muscles of mastication. A, Temporalis. B, Medial and lateral pterygoid. The pterygomandibular space between the mandible and the medial pterygoid is where local anesthetic is injected for a block of the inferior alveolar nerve. C, Masseter muscles.






Table 5-1

Muscles of Mastication



	Muscle
	Action
	Innervation: CN V-3




	Masseter
	Bilateral: Elevates and protrudes the mandible
	Masseteric nerve



	Temporalis
	Bilateral: Elevates the mandible (vertical fibers)
Bilateral: Retracts protruded mandible (horizontal fibers)
	Deep temporal nerves



	Medial pterygoid
	Bilateral: Elevates the mandible
	Medial pterygoid nerve



	Lateral pterygoid
	Bilateral: Initiates mouth opening, protrudes mandible, and moves articular disk forward
Unilateral: Lateral movement while chewing
	Lateral pterygoid nerve










Superficial Facial Musculature

The muscles of facial expression are superficial muscles that are innervated by branches of the facial nerve (CN VII); they are composed of the orbicularis oris and 23 paired muscles. Some have suggested that there are four layers of facial muscles; layer four is unique because these muscles are innervated from their superficial surface, whereas the muscles in layers one through three receive innervation from their deep surfaces (Table 5-2).11


Table 5-2

Layers of Facial Musculature



	Layer 1
	Depressor anguli oris, zygomaticus minor, orbicularis oculi



	Layer 2
	Depressor labii inferioris, risorius, platysma, zygomaticus major, levator labii superioris alaeque nasi



	Layer 3
	Orbicularis oris, levator labii superioris



	Layer 4
	Mentalis, levator anguli oris, buccinator






Table 5-3 lists the muscles of facial expression with their general actions. An understanding of the general and more specific actions of the facial musculature can be helpful in the diagnosis of facial nerve deficits and in selective chemical denervation for esthetic purposes.


Table 5-3

Muscles of Facial Expression



	Muscle
	Innervation
	General Action




	Occipitofrontalis
	Temporal
	Elevates eyebrows, wrinkles forehead



	Corrugator supercilii
	Temporal
	Eyebrows medial and down, squint



	Procerus
	Temporal/zygomatic
	Eyebrows medial and down, frown



	Orbicularis oculi
	Temporal/zygomatic
	Closes eyelid, contracts skin around eye



	Zygomaticus major
	Zygomatic/buccal
	Elevates corner of mouth



	Zygomaticus minor
	Zygomatic/buccal
	Elevates upper lip



	Levator labii superioris
	Zygomatic/buccal
	Elevates upper lip and nasolabial fold



	Levator labii superioris alaeque nasi
	Zygomatic/buccal
	Elevates upper lip, flares nostril



	Risorius
	Buccal
	Pulls corner of mouth laterally, smile



	Buccinator
	Buccal
	Pulls cheek against teeth, pulls cheeks from side to side



	Levator anguli oris
	Buccal
	Pulls angle of mouth up and medially, deepens nasolabial fold



	Orbicularis oris
	Buccal
	Closes and compresses lips



	Nasalis
	Buccal
	Transverse: Compresses nostril
Alar: Flares nostril



	Depressor anguli oris
	Buccal/marginal mandibular
	Pulls corner of mouth down



	Depressor labii inferioris
	Marginal mandibular
	Pulls down lower lip



	Mentalis
	Marginal mandibular
	Elevates and protrudes lower lip, drinking



	Platysma
	Cervical
	Depresses and wrinkles skin of lower face, mouth, and neck







The buccinator muscle plays an important role in bolus formation and bolus control by pressing the cheek against the teeth during mastication.




Musculature of the Tongue

The musculature of the tongue is composed of four intrinsic and four extrinsic muscles (Figure 5-5).
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Figure 5-5 The muscles of facial expression.





The intrinsic muscles of the tongue are the superior and inferior longitudinal muscles, the transverse muscles, and the vertical muscles. These muscles and the buccinators, innervated by CN VII, are responsible for bolus control during chewing. The extrinsic muscles are the genioglossus, hyoglossus, styloglossus, and palatoglossus muscles. All are innervated by the hypoglossal nerve (CN XII) with the exception of the palatoglossus muscles, which are innervated by the vagus nerve via the pharyngeal plexus. These muscles function to close the oropharyngeal opening via contraction of the palatoglossal arch during swallowing.

Deficit of the hypoglossal nerve results in a protruded tongue pointing toward the injury or lesion. This is due to the fan-shaped insertion of the bilateral genioglossus muscles that cross the midline anteriorly.







The Facial Nerve

The trajectory of the facial nerve (CN VII) within the human face varies markedly from person to person. This makes an understanding of the anatomic literature and recognition of landmarks critical for a surgical approach to the face for any purpose. The trunk of the facial nerve leaves the stylomastoid foramen between 6 and 8 mm medial to the tympanomastoid suture and just lateral to the styloid process.12 The trunk then enters the body of the parotid gland; at this point, the distribution and branching pattern of the facial nerve become quite variable.

The variability of the facial nerve has been well documented. Davis et al.13 and Baker and Conley14 described the six most common nerve branching patterns. The following is a description of the most commonly accepted pattern, representing around 24% of individuals.

A general concept of facial nerve distribution is a division of the trunk into a superior temporofacial and an inferior cervicofacial division, separated into five rami. The five branches, or rami, of the facial nerve are the temporal (or frontal), zygomatic, buccal, marginal mandibular, and cervical rami. There are commonly anastomoses between the buccal and zygomatic branches, but the temporal and mandibular branches are typically terminal branches without anastomoses and are therefore more affected by insult or injury. Because of the degree of morbidity associated with damage to these branches, this chapter focuses on characterizing the location of the facial nerve and its branches.

The temporal branch of the facial nerve requires additional consideration due to its complex anatomy. The temporal branch leaves the parotid and runs within the superficial temporal fascia (temporoparietal fascia/continuous with the SMAS) over the zygomatic arch to innervate the frontalis from its undersurface. The nerve passes over the arch between 8 and 35 cm anterior to the external auditory canal.15

More specifically, the temporal branch has between three and five rami; the most posterior ramus may be anterior or posterior to the superficial temporal vessels.16 The most anterior branch is 2 cm posterior to the anterior extent of the zygomatic arch.17 The plane of dissection in this area should be very superficial in relation to the superficial temporal fascia (temporoparietal fascia/SMAS), deep to the SMAS on the temporalis fascia, or within the temporal fat pad between the superficial and deep divisions of the temporalis fascia.

Several landmarks are available in the temporal region. Estimation of the temporal branch distribution can be made by drawing a triangle from the earlobe to the lateral brow and lateral extent of the highest forehead crease18 or from a point 0.5 cm below the tragus to the lateral brow and 1.5 cm above the lateral brow.19,20

When approaching this area using a preauricular approach, it is prudent to incise through the superficial layer of the temporalis fascia and periosteum posterior to a point 8 mm anterior to the external auditory canal; if an anterior extension is required, it should be made superiorly, within the temporal hairline (Figure 5-6).
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Figure 5-6 Temporal danger zone.





In the lower face, the branches of the facial nerve are deep to the SMAS and become superficial anterior to the masseter muscle. The distribution of the marginal mandibular nerve must be discussed with regard to surgical approaches to the lower face, because injury to this nerve results in paralysis of the lip and chin, producing a notable deformity; in addition, anastomoses with other branches are relatively rare (only 15% in one study14). The marginal mandibular nerve exits the parotid and travels anteriorly. Dingman and Grabb,21 in their classic dissection study, identified the majority of marginal mandibular branches above the mandibular border; 19% exhibited a nerve up to 1 cm below the mandibular border posterior to the facial vessels. Anterior to the facial vessels, the nerve is above the mandibular border 100% of the time. The number of branches varies from one to four, but two branches are most common (67%).

The marginal mandibular nerve is protected throughout the majority of its course by the platysma muscle. About 2 cm lateral to the corner of the mouth, the nerve becomes more superficial. This is particularly important in relation to the deep muscles of facial expression (e.g., the mentalis and levator anguli oris), which are superficially innervated.22

In general, it is considered safe to make a submandibular incision a minimum of 1.5 cm below the inferior border of the mandible, ideally in a natural neck crease.23 The marginal mandibular nerve can be protected by making an incision through the platysma and the superficial layer of the deep cervical fascia investing the submandibular gland, ligating the facial vessels, and superiolaterally reflecting the nerve. Another approach, although somewhat more technique-sensitive, is to reflect the platysma superiorly and visually identify and protect the marginal branch of the facial nerve (Figure 5-7).

[image: image]
Figure 5-7 Surgical anatomy of submandibular access.









The Ligaments and Adhesions of the Face

The retaining ligaments of the face are responsible for anchoring the overlying dermis to the facial skeleton and for maintenance of facial shape. The ligaments have been described as fasciocutaneous or osteocutaneous. The fasciocutaneous ligaments sequentially attach the dermis to the underlying fascia. These attachments are particularly strong in the central face, around the eyes, nose, lips, and chin. They are of intermediate strength over the lateral cheek and neck and looser over the temple and midcheek. Osteocutaneous ligaments are much stronger attachments that extend directly from the periosteum to the dermis. These are present as the zygomatic osteocutaneous ligaments, also referred to as McGregor's patch, and the mandibular cutaneous ligaments extending from the parasymphyseal region.24

These ligaments are functionally significant because weakening of these ligamentous systems results in the general pattern of descent in the aging face.




The Trigeminal Nerve: Cranial Nerve V

Sensation of the face is supplied by the trigeminal nerve, otherwise known as cranial nerve V. The technical aspects of local anesthesia are a fundamental prerequisite to facial surgery and are beyond the scope of this chapter.25 In general, the three main branches of CN V provide sensation to the following.


CN V-1: Cutaneous sensation to the eye, upper eyelid, forehead, nasal dorsum, anterior scalp to the vertex superiorly, and dura mater of the anterior cranial fossa. The ophthalmic and ciliary nerves provide sensation to the skin and conjunctiva of the upper eyelid and cornea, respectively. CN V-1 also provides sensation to the upper nasal mucosa, the septal mucosa, and the mucosa of the frontal, ethmoidal, and sphenoidal sinuses.

CN V-2: Cutaneous sensation to the cheek, side of the face, lower eyelid, side of the nose, and upper lip. Sensation to the maxillary dentition and mucosal sensation of the maxillary sinus are via the anterior, middle, and posterior superior alveolar nerves.

CN V-3: Sensation to the lower lip, cheek, temple, anterior two thirds of the tongue, floor of mouth, and mandibular dentition. The trunk of CN V-3 has a large area of dural innervation in both the middle and posterior cranial fossa. The symptomology of temporomandibular joint dysfunction (TMD) headache is directly related to this sensory distribution.



Knowledge of the location of the foramina of sensory nerves can limit the possibility of inadvertent neurosensory damage during dissection.

Other nerves that provide sensory innervation of the face include the great auricular nerve (C2-C3) and the lesser occipital nerve, which provide sensation to the skin of the ear (Figure 5-8).

[image: image]
Figure 5-8 Sensory distribution of the trigeminal nerve.








The Vascular Supply of the Face

The arterial supply of the face arises primarily from the external carotid systems. The central face, including the periorbital region, upper two thirds of the nose, and central forehead, receive some anastomotic arterial supply via the ophthalmic division of the internal carotid artery.

The anterior face is densely populated with musculocutaneous perforating arteries, such as the facial and infraorbital arteries. Laterally, the face is supplied by larger, more anatomically consistent fasciocutaneous perforators, including the transverse facial, submental, and zygomatico-orbital arteries.26 An understanding of the vascular supply of a given region is important when treatment planning involves the use of facial flaps for various facial defects, such as when the blood supply for a facelift depends on medially based musculocutaneous perforators.

The cutaneous angiosome concept provides some opportunity for surgical treatment planning, particularly when designing facial cutaneous flaps. Generally, the concept is that regional segments of bone, muscle, nerve, and overlying skin are supplied by a common vessel.27

Venous drainage of the face is primarily through the internal jugular vein. The facial vein and anterior division of the retromandibular vein join to become the facial vein that empties into the internal jugular vein. The internal jugular additionally receives venous return from the lingual, superior thyroid, and middle thyroid veins. The external jugular vein receives blood from the posterior division of the retromandibular vein and the posterior auricular vein.

Of clinical importance is the complex and extensive communication between extracranial veins and intracerebral veins. Many of these venous anastomoses may allow retrograde bacterial contamination and result in thrombosis of the cavernous sinus or devastating infections. The dangerous area of the face is a triangle formed by the corners of the mouth to the bridge of the nose; this area contains the angular vein that connects with the superior ophthalmic vein and cavernous sinus. The veins of the palatine tonsil also may be a conduit for infection because they connect with the pterygoid plexus and inferior ophthalmic vein and the cavernous sinus. Historically this process was thought to be due to an anatomic deficiency of valves in the these veins; however, it is more likely due to relative proximity and the possibility of retrograde flow that allows for passage of bacteria into these vital areas (Figures 5-9 and 5-10).28,29
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Figure 5-9 Arteries of the head and neck.
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Figure 5-10 Veins of the head and neck.






Special Considerations


Maxilla and Mandible

The vascular supply to the maxilla and mandible are of particular importance to the facial surgeon in orthognathic and trauma surgery. Blood supply to the mandible after fracture or osteotomy is by a combination of centripetal blood flow from the periosteum and centrifugal flow from the inferior alveolar arteries. In an intact mandible, the blood supply is almost exclusively from the inferior alveolar artery; however, after traumatic or surgical insult, centripetal flow from the periosteum provides a sustaining arterial supply.30,31

In the maxilla the vascular supply is somewhat more complex. Arterial anastomosis of the nasopalatine, descending palatine, and palatal vascular supply from the ascending pharyngeal artery and the ascending palatine branch of the facial artery supplies the intact maxilla. After down-fracture of the maxilla for orthognathic surgery, the blood supply of the ascending pharyngeal artery and the ascending palatine branch of the facial artery provide sustaining arterial supply.32


Temporomandibular Joint

The arterial supply to the temporomandibular joint (TMJ) is from the superficial temporal artery and from the maxillary artery posteriorly and the masseteric, posterior deep temporal, and lateral pterygoid arteries anteriorly. Venous drainage is via a plexus around the capsule and venous channels in the retrodiscal tissue.







Blood Supply to the Nose

The proximal vascular supply to the nose is from the ophthalmic artery via the anterior ethmoidal artery and the dorsal nasal and external nasal arteries. The facial artery supplies the nasal tip via the superior labial and angular arteries. Disruption of the lateral nasal branch of the facial artery off the angular artery may result in loss of vascular supply to the nasal tip; this has implications in revision rhinoplasty.33

Kesselbach's plexus is the rich vascular network of the nasal septum and is responsible for 90% of nosebleeds. Four arteries anastomose at this site: the nasopalatine branch of the descending palatine artery anastomoses with the septal branches of the sphenopalatine artery, the anterior ethmoidal artery, and the superior lateral branches of the superior labial branch of the facial artery (see Figure 5-10).








The Oral Cavity

The oral cavity extends from the oral aperture to the palatoglossal fold. It contains the tongue and 20 deciduous (then 32 permanent) teeth. The musculature of the tongue was discussed earlier in this chapter.

The parotid duct (Stensen's duct) is approximately 7 cm long; it exits the parotid gland and passes superficial to the masseter, then turns medially and passes through the buccinator to exit into the oral cavity at the level of the maxillary second molar. The approximate position of the duct can be estimated by drawing an imaginary line from the tragus to a midpoint between the upper lip and columella.34

In the floor of the mouth, the bilateral submandibular ducts empty on either side of the lingual frenum. Wharton's duct, which is approximately 5 cm in length, runs medial to the mylohyoid and lateral to the hyoglossus and genioglossus muscles. The lingual nerve descends laterally and, between the second and third molars, loops inferiorly to the duct, traveling superiorly and medially to innervate the muscles of the tongue; this makes almost a complete loop around the submandibular duct.

The sublingual glands drain inconspicuously into the floor of the mouth (Figure 5-11).

[image: image]
Figure 5-11 Anatomy of the floor of the mouth. The lingual nerve passes from lateral to medial inferior to the submandibular duct.








The Temporomandibular Joint

The TMJ has been described as a ginglymoarthrodial joint because functionally it is composed of four articulating surfaces and two compartments (Figure 5-12). The sliding, or arthrodial, upper compartment comprises the glenoid fossa, articular eminence of the temporal bone, and superior articular disk surface. The rotational, or ginglymoid, lower compartment is made up of the inferior articular disk surface and the condyle. The joint is surrounded by a fibrous capsule and has a synovial lining.

[image: image][image: image]
Figure 5-12 A, Lateral view of the temporomandibular joint. B, Anteroposterior view of the temporomandibular joint. Expanded view also shows the position of the facial nerve when in the temporal danger zone. Note that superior to the zygomatic arch, the temporalis fascia splits into superficial and deep with an intervening temporal fat pad.





The articular disk is made up of dense, fibrous connective tissue, or fibrocartilage, and anatomically has three zones: the thick anterior zone, the thicker posterior zone, and the thin (avascular/aneural) intermediate zone.35

The disk is attached anteriorly to the articular eminence, condylar head, and joint capsule. The disk is attached posteriorly to the highly vascularized retrodiscal tissue. Medial and laterally the disk is attached to the capsule and neck of the condyle with attachment of the superior division of the lateral pterygoid muscle. There are three functional supporting ligaments of the TMJ: the collateral ligaments, the capsular ligaments, and the temporomandibular ligaments. The mandibular condyle is 15 to 20 mm wide (mediolaterally) and 8 to 10 mm long (anteroposteriorly). The vascular supply to the TMJ is discussed elsewhere in this chapter.




The Maxilla and Mandible

The osteology of the maxilla and mandible has been well described. However, understanding the anatomic positions of key structures aids in surgical treatment planning.

Design of a maxillary osteotomy should take into account the position of the infraorbital nerves bilaterally and the nasolacrimal canal. The infraorbital nerves are visualized during a standard dissection. The nasolacrimal canal orifice lies 10 to 21 mm from a horizontal line at the level of the piriform.36

In the mandible the inferior alveolar nerve travels within the mandibular canal. This canal begins on the medial surface of the mandible posterior and behind the lingula. The neurovascular bundle descends inferiorly to its most inferior position at the first molar and then again ascends. Lateromedially, the canal is closest to the cortical plate in the third molar, with the greatest distance buccal to the first molar. Anteriorly, the nerve exits the mental foramen on the external surface of the mandible near the apex of the first and second premolar.37




The Nose

The surface anatomy of the nose is generally broken up into thirds. The upper third, also referred to as the nasion or bony vault, is made up of the paired nasal bones and the frontal process of the maxilla. Inferiorly, the nasal bones overlap with the upper lateral cartilages caudally for 6 to 8 mm; this is known as the keystone area and is the widest aspect of the nasal dorsum. This portion makes up the middle third, also referred to as the upper cartilaginous vault. The junction of the upper and lower lateral cartilages forms the scroll area. The lower one third, also referred to as the lobule or lower cartilaginous vault, contains the lower lateral cartilages and their three subdivisions, the medial, middle, and lateral crura.

The nasal septum is composed of the septal cartilage, the perpendicular plate of the ethmoid, and the vomer. The junction of the nasal septum and upper lateral cartilages forms the internal nasal valve; a normal angle is 10 to 15 degrees.38 The external nasal valve is formed by the membranous septum, the caudal edge of the lateral crus of the lower lateral cartilage, and the soft tissue ala.39

Skin thickness is variable over the surface of the nose, and the thinnest skin is at the rhinion (0.6 mm). The skin is generally more mobile in the upper two thirds of the nose and thicker and more adherent inferiorly.

Tip support mechanisms will be discussed more specifically in other parts of this text. The basic underlying anatomy as well as understanding the anatomic major and minor tip support mechanisms should guide approach to the nasal skeleton. Vascular supply of the nose is discussed elsewhere in this chapter.





Summary

A comprehensive understanding of the anatomy of the face, mouth, and jaws is fundamental to facial surgery. Review of the anatomic features of a particular region before surgical access allows the surgeon to optimize cosmetic and functional results and limit iatrogenic injury.
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Chapter 6

The Salivary Glands

Melvyn Yeoh, Andrew Meram


The human salivary gland system is composed of glands that are found in and around the mouth and throat. They can be divided into two distinct exocrine groups, the major salivary glands and the minor salivary glands. Collectively, the paired parotid, submandibular, and sublingual glands are referred to as the major salivary glands (Figure 6-1). They all secrete saliva into the mouth through tubes called salivary ducts. The parotid duct, or Stensen's duct, is located in the buccal mucosa adjacent to the upper molars; the submandibular duct, or Wharton's duct, is found under the tongue in the anterior floor of the mouth; and the sublingual glands open through multiple small ducts in the floor of the mouth. In addition to these glands, many tiny glands, called minor salivary glands, are located in the lips, inner cheek area (buccal mucosa), and extensively in other linings of the mouth and throat. As a whole, salivary glands produce the saliva used to moisten the mouth, initiate digestion, and help protect teeth from decay.
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Figure 6-1 Sagittal illustration of the head showing the three major salivary glands: the parotid gland, the submandibular gland, and the sublingual gland.






General Anatomic Considerations

Histologically the glands are all divided into lobules.1 Specific blood vessels and nerves supplying the glands enter at the hilum and subsequently branch out into the lobules. The ducts follow the same general anatomic considerations applicable to all exocrine glands (Figure 6-2). The acinus is the secretory end piece of the salivary gland. Acini produce and secrete the saliva into lumina formed by intercalated ducts.1 The intercalated ducts then join each other to form striated ducts, finally draining into ducts located between the lobes of the gland. Cuboidal epithelial cells form the ductal epithelium and are partially covered by myoepithelial cells. The acinus unit is composed of excretory/secretory cells and surrounding myoepithelial cells. Human salivary gland acinar secretory cells can be broken down into two major types, serous and mucous types; these are differentiated from one another by the chemical composition and morphologic profiles of the secretory granules within them.2 Mucous secretory granules contain appreciable amounts of mucin and glycoconjugates. The distal ends of the mucous acinar units are surrounded by serous demilunes in the submandibular and sublingual glands. These serous demilunes secrete small amounts of serous saliva that mixes with the mucous saliva secreted by the majority of mucous cells in the mucous acinus.3 In general, serous secretory granules contain little glycoconjugates and a large amount of water and ions, but some serous granules contain acidic glycoconjugates (these are termed seromucous).4

[image: image]
Figure 6-2 Histologic picture of a salivon.








Parotid Gland


Anatomy

The parotid gland is the largest of the paired major salivary glands. The average gland weighs between 14 and 28 grams. In men the gland averages 5.8 cm in the craniocaudal dimension and 3.4 cm in the ventrodorsal axis (it tends to be slightly smaller in women).5-8 The intercalated ducts are long and thin.6 The parotid gland has an abundance of fatty tissue in its parenchyma, with a ratio of adipose to acinar tissue of about 1 : 1.1

Although commonly mentioned as having distinct superficial and deep lobes, the parotid gland itself is actually not divided in this way anatomically. This nomenclature is based on using the facial nerve and its associated interstitial structures as a reference plane within the gland. The superficial portion is the region that overlies the lateral surface of the ramus of the mandible and masseter muscle, lateral to the facial nerve.5 The deep portion refers to the smaller region behind and deep to the mandibular ramus, medial to the facial nerve, located between the mastoid process of the temporal bone and the ramus of the mandible.5 Nearly 80% of the gland lies on the outer surface of the masseter muscle and the ascending ramus and angle of the mandible, lying caudal to and ventral to the external auditory canal and mastoid tip.6 The remaining approximately 20% of the gland extends medially through an area known as the stylomandibular tunnel. This area is bounded ventrally by the posterior edge of the mandibular ramus, dorsally by the anterior borders of the sternocleidomastoid muscle and posterior belly of the digastric muscle, and more deeply and dorsally by the stylomandibular ligament, which extends from the tip of the styloid process to the angle and posterior edge of the mandible.6 With these anatomic relationships in mind, it can be noted that the deep portion of the gland lies anterior to the styloid process, its musculature, and the carotid sheath, thereby placing this portion in the prestyloid compartment of the parapharyngeal space.7,8

The deep lobe portion of the parotid gland is located behind the lower jaw and base of the cranium and cannot be palpated under normal conditions. However, the superficial portion can be palpated as it overlies the ramus of the mandible. The parotid gland is irregular in shape, resembling a wedge that envelops the posterior border of the ascending ramus of the mandible (Figure 6-3).5 If viewed from its superficial surface, it extends medially to cover a portion of the masseter muscle. The body of the gland fills the space between the mandible and the surface bounded by the external auditory meatus and mastoid process. Deep to the ascending ramus, the gland extends forward variably to lie in contact with the medial pterygoid muscle.5 Just below the condylar neck, above the medial pterygoid attachment, the gland extends between the two. Near the condyle, the gland lies between the capsule of the temporomandibular joint and external acoustic meatus. Laterally, at the junction of the mastoid process and sternocleidomastoid muscle, the gland lies directly on the posterior belly of the digastric muscle, styloid process, and stylohyoid muscle. These structures separate the gland from the internal carotid artery, internal jugular vein, and cranial nerves (CN) IX to CN XII.5 A histologically distinct accessory parotid gland with both mucinous and serous acinar cells may also be seen lying anteriorly over the masseter muscle between the parotid duct and zygoma; its ducts empty directly into the parotid duct through one tributary.9
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Figure 6-3 Lateral oblique illustration of the parotid gland and submandibular gland. The intimate relationship of the branches of the facial nerve and the parotid gland is illustrated.






Fascia

The parotid gland is fixed by fibrous attachments at several important anatomic landmarks, including the external acoustic meatus, mastoid process, and fibrous sheath of the sternocleidomastoid.10 The parotid fascia proper is an extension of the deep cervical fascia as it continues superiorly. This fascia splits into superficial and deep layers that completely enclose the gland, forming a dense, inelastic capsule that also covers the masseter muscle on the deep aspect of the parotid gland; this capsule often is referred to as the parotid masseteric fascia.10 The superficial fascia is thicker, extending from the masseter and sternocleidomastoid muscles superiorly to the zygomatic arch. The thinner deep layer extends to the stylomandibular ligament, which separates the superficial and deep lobes of the parotid gland. Important as a surgical landmark, the stylomandibular ligament passes deep to the gland from the styloid process to the posterior border of the ascending ramus just above the angle, thereby also separating the parotid and submandibular glands.10 The stylomandibular ligament and the mandibular ramus combine to form a tunnel through which a process of the gland can extend into the parapharyngeal space.




Stensen's Duct

The parotid duct (Stensen's duct) is 4 to 6 cm in length, 5 mm in diameter, and runs 13 mm inferior and parallel to the zygomatic arch.10 Following a line from the floor of the external auditory meatus to just above the commissure of the lips, the duct exits the gland from its anteromedial surface and courses superficially over the masseter muscle and buccal fat pad.5 It then turns medially at the anterior border of the muscle, at a near right angle, to pierce the buccinator muscle to empty into the oral cavity. The orifice into the oral cavity, known as the parotid papilla, typically can be found buccal to the upper second molars. In 20% of people, as the duct passes over the masseter, it may receive the duct of an accessory parotid gland that is usually slightly cranial to Stensen's duct.11




Neural Anatomy

The facial nerve is intimately associated with the gland and has often been used to divide the parotid gland into a larger superficial lobe and a smaller deep lobe (Figure 6-3). The main trunk is always located in the triangle formed by the mastoid, angle of the mandible, and cartilaginous ear canal. Within this triangle the main trunk can be found medial to the mastoid, almost at a point between the mandible and the cartilaginous ear canal.10 The facial nerve is a mixed nerve carrying motor, sensory, and parasympathetic fibers; it has five intracranial segments and one extracranial segment.

The motor fibers originate from the facial nucleus of the pons. These fibers are joined by the nervus intermedius before entering the temporal bone through the internal acoustic meatus.5 The nerve takes a tortuous course anteriorly toward the geniculate ganglion and then travels posteriorly along the medial wall of the tympanic cavity toward the second genu at the oval window.5 The facial nerve gives rise to three small branches just before it exits the skull: (1) the posterior auricular, (2) the posterior digastric, and (3) the stylohyoid nerves. As it exits the skull through the stylomastoid foramen, the facial nerve provides motor innervations for the muscles of facial expression.12 After exiting the skull through the stylomastoid foramen, it courses anterolaterally around the styloid process, following the lateral surface of the posterior belly of the digastric muscle approximately 1 cm before piercing the posterior capsule of the parotid gland, where it splits into two main branches. This area of the facial nerve before it splits is an important surgical and anatomic landmark known as the pes anserinus (Latin for “goose's foot”).10 The upper temporofacial branch takes a vertical course, and the lower cervicofacial branch takes an anterior course. The two main branches continue within the gland, lateral to the posterior facial vein and external carotid artery. These two main branches eventually divide into five smaller branches: the temporal, zygomatic, buccal, marginal mandibular, and cervical branches.13

Six different branching anatomic patterns have been described, with rami often communicating between the branches, sometimes within the parotid gland but more often anterior to it.14 The upper temporal and zygomatic branches are branches of the upper division, sharing the motor supply of the orbicularis oculi; the temporal branch alone supplies the forehead musculature. The marginal mandibular and cervical branches are branches of the lower division; the cervical branch supplies the platysma, and the remaining buccal and mandibular branches share the supply of the remaining facial muscles. The buccal branch demonstrates the most anatomic variability and cross-innervation, with the highest number of cross-innervations occurring between the zygomatic and buccal branches.15 All muscles of facial expression receive motor innervations from the facial nerve on their deep surface except for the mentalis, buccinator, and levator anguli oris muscles.




Autonomic Nerve Innervation

The parotid gland is innervated by sympathetic and parasympathetic fibers (Figure 6-4). The function of the sympathetic fibers is most likely vasoconstriction, whereas the function of the parasympathetic fibers (CN IX) is most likely secretory. The secretory parasympathetic innervation originates from the inferior salivatory nucleus in the medulla carrying preganglionic parasympathetic fibers through the jugular foramen.5 The efferent fibers travel through the glossopharyngeal nerve. Jacobsen's nerve, a branch of the glossopharyngeal nerve found distal to the inferior ganglion, reenters the skull through the inferior tympanic canaliculus and proceeds into the middle ear, forming the tympanic plexus.5 These fibers then continue into the middle cranial fossa as the lesser petrosal nerve, exiting through the foramen ovale to synapse in the otic ganglion.10 The postganglionic parasympathetic fibers leave the otic ganglion at a level below the mandibular nerve and join the auriculotemporal nerve in the infratemporal fossa. These fibers are responsible for parotid gland salivary secretion. The superior cervical ganglion supplies the sympathetic innervation via postganglionic fibers that innervate the salivary and sweat glands and cutaneous blood vessels. Acetylcholine is the neurotransmitter for both postganglionic sympathetic and parasympathetic fibers.16
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Figure 6-4 Illustration of the parasympathetic supply of the major salivary glands.








Arterial Supply

The transverse facial artery, a terminal branch of the external carotid artery, provides the gland's main arterial blood supply.5 The external carotid artery enters the inferior surface of the gland and divides into two branches, the maxillary and superficial temporal arteries, at the junction between the middle and upper thirds of the gland. The superficial temporal artery gives off the transverse facial artery, which courses anteriorly between the zygoma and parotid duct to supply the parotid gland, parotid duct, and masseter muscle.17 The maxillary artery courses in a forward and upward direction behind the condylar neck in the part of the parotid gland lying deep to it initially and subsequently emerges coursing into the infratemporal fossa.




Venous Drainage

The venous return is via the retromandibular vein, which is formed by the union of the maxillary and superficial temporal veins.5 This vein courses through the gland to drain into both the external and internal jugular veins. The facial nerve lies superficial to the vessels, the artery is deeper, and the veins lie between them. The anatomy of the retromandibular vein varies, often bifurcating into anterior and posterior branches.17 The superficial temporal vein typically enters the superior surface of the parotid gland and receives the internal maxillary vein to become the retromandibular vein, lying immediately deep to the marginal mandibular branch of the facial nerve.17 Within the gland, it divides into anterior and posterior branches. The posterior branch joins the posterior auricular vein above the sternocleidomastoid muscle to form the external jugular vein. The anterior branch emerges from the gland to join the posterior facial vein to form the common facial vein.




Lymphatic Drainage

The lymphatic drainage of the parotid glands is rich and complex. It is the only salivary gland with two nodal layers. Intraparenchymal lymph nodes, located within the parotid substance, receive drainage from the gland itself, external auditory canal, middle ear, soft palate, and posterior nasopharynx.18 Periparotid lymph nodes, located in the superficial fascia between the glandular tissue and its capsule, serve as lymphatic basins for the scalp, auricle, eyelids, lacrimal glands, and temporal region.5 Approximately 90% of the nodes are located in this superficial layer of nodes. Both of these systems drain into the superficial and deep cervical lymphatic chains.11







Submandibular Gland


Anatomy

The submandibular gland is the second largest salivary gland, about half the weight of the parotid gland, approximately 7 to 16 g.5 It occupies most of the submandibular triangle of the neck, formed by the mandible and the anterior and posterior bellies of the digastric muscle (Figure 6-5). The gland is often referred to as being folded around the dorsal free edge of the mylohyoid muscle.5 Despite there being no separate lobes to the gland, it is often referred to as being divided by the mylohyoid muscle into a smaller anterior part and larger posterior part connected at the posterior free edge of the muscle. The larger posterior superficial lobe lies superficial and caudal to the mylohyoid muscle, whereas the smaller anterior deep portion lies above the mylohyoid muscle. It is a mixed serous and mucous gland, with about 10% of the acini being mucinous. In contrast to the parotid gland, the intercalated ducts are shorter and wider, and adipose tissue is not a significant component of the glandular parenchyma.6 Often the gland sends a continuation of tissue with the submandibular duct under the mylohyoid muscle.19
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Figure 6-5 Posterior anterior view of the sublingual and submandibular glands.






Fascia

The submandibular gland is enclosed by the middle layer of the deep cervical fascia.5




Wharton's Duct

The submandibular duct, also known as Wharton's duct, originates from the anterior surface of the deep portion of the gland, found between the hyoglossus and mylohyoid muscles on the genioglossus muscle. The duct travels 5 cm anteriorly toward the anterior floor of the mouth running superior to the hypoglossal nerve, deep to the lingual nerve and medial to the sublingual gland. It makes an almost 45-degree angle in both the sagittal and axial planes and exits in a papilla lateral to the lingual frenum in the anterior floor of the mouth.




Neural Anatomy

Lying superficial to the submandibular gland are the lingual nerve and the submandibular ganglion, whereas deep to the gland is the hypoglossal nerve. The lingual nerve carries sensory innervations to the anterior two thirds of the tongue and parasympathetic fibers to the gland itself from the superior salivatory nucleus in the pons, by way of the chorda tympani nerve.5 The lingual nerve is found under the border of the mandible on the hyoglossus muscle above the hypoglossal nerve. It is attached to the submandibular gland by the submandibular ganglion and courses deep to the mylohyoid muscle to reach the tongue. The lingual nerve runs in a lateral to medial direction toward the tongue, double-crossing Wharton's duct first by passing below the nerve and then by crossing it medially.6

The motor function of the tongue is controlled by the hypoglossal nerve, which is inferior and medial to the posterior third of the gland just below the posterior belly of the digastric muscle.20 It descends between the internal jugular vein and internal carotid artery, giving branches to the thyrohyoid and geniohyoid muscles while supplying the superior limb of the ansa cervicalis.5 It lies on the surface of the hyoglossus muscle and courses deep to the mylohyoid muscle to supply the tongue.

The marginal branch of the facial nerve runs in a subplatysmal plane within the superficial layer of the deep cervical fascia, continuous with the submandibular gland capsule.21 The course of the nerve varies, and it commonly has multiple branches. Some studies have reported the nerve to be located above the mandibular border and outside of the submandibular triangle about 50% of the time.22-24 It courses over the facial vessels as it travels upward to supply the depressor anguli oris and the depressor labii inferioris muscles.




Arterial Supply

The gland is supplied by the submental and sublingual arteries, branches of the lingual and facial arteries, with the facial artery serving as its main arterial blood supply.21 The facial artery enters the triangle under the posterior belly of the digastric and stylohyoid muscles, running medially, and then hooks over to course superiorly deep to the gland.21 It ascends to emerge above or through the upper border of the gland, running superiorly and adjacent to the inferior branches of the facial nerve into the face. The lingual artery runs deep to the digastric muscle along the lateral surface of the middle constrictor muscle, coursing anterior and medial to the hyoglossus muscle.21




Venous Drainage

The submandibular gland is drained mostly by the anterior facial vein as it courses inferiorly and posteriorly from the face to the inferior aspect of the mandible.21 Superficial to the gland, the facial vein crosses the submandibular triangle to reach the anterior border of the mandible. It forms extensive anastomoses with the infraorbital and superior ophthalmic veins. Over the middle aspect of the gland, the anterior and posterior facial veins combine to form the common facial vein, which then courses lateral to the gland, exiting the submandibular triangle as it joins the internal jugular vein.21




Lymphatic Drainage

The submandibular gland's lymphatic drainage is into the submandibular nodes. These nodes can be classified into five subgroups: (1) preglandular, (2) postglandular, (3) prevascular, (4) postvascular, and (5) intracapsular.25 Located between the gland and its fascia, but not within the glandular tissue itself, are the prevascular and postvascular lymph nodes, which drain the submandibular gland. They are closely approximated to the facial artery and vein at the gland's superior aspect and ultimately drain into the deep cervical and jugular chains.26,27







Sublingual Gland


Anatomy

The sublingual glands are the smallest pair of the major salivary glands, weighing only about 2 grams.5 They are almond-shaped and located above the mylohyoid muscle in the space between the mandible and genioglossus muscles, just below the oral mucosa deep to the sublingual folds opposite the lingual frenum.28 The sublingual gland's medial contour is separated from the genioglossus muscle by the lingual nerve and Wharton's duct (Figure 6-6). Unlike the other major salivary glands, it lacks a true fascial capsule and instead is covered by oral mucosa superiorly. It drains into the oral cavity through approximately 10 ducts, known as the ducts of Rivinus, from the gland's superior aspect.6 Occasionally some of the anterior ducts may collect into a larger common duct, known as Bartholin's duct, which empties into Wharton's duct.7,26
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Figure 6-6 The positioning of the submandibular gland in relation to the mylohyoid muscle is illustrated in this sagittal view.






Neural Anatomy

The sublingual gland is supplied by both the sympathetic and parasympathetic nervous systems. The sympathetic innervation to the gland is derived from paravascular nerves from the cervical ganglion along the facial artery.5 The presynaptic parasympathetic fibers of the facial nerve are carried by the chorda tympani to synapse in the submandibular ganglion, which then exits as postganglionic fibers to join the lingual nerve to supply the gland.14




Arterial Supply

The sublingual gland is supplied arterially via the sublingual and submental arteries, branches of the lingual and facial arteries, respectively.6




Venous Drainage

The venous drainage reflects the corresponding arterial supply.6




Lymphatic Drainage

The lymphatic drainage of the sublingual gland is through the submental and submandibular lymph nodes, the majority being through the submandibular nodes.5







Minor Salivary Glands

The minor salivary glands are situated beneath the mucosa of the oral cavity, palate, paranasal sinuses, pharynx, larynx, trachea, and bronchi. They are most numerous in the buccal, labial, palatal, and lingual regions.5 Relatively few minor salivary glands are found in the gingiva, the anterior aspect of the hard palate, and the true vocal cords. They have the same basic structure as the major salivary glands but are either entirely mucous glands (on the hard palate), or mixed seromucous glands (sinonasal and oral cavities). It has been estimated that there are more than 750 minor salivary glands, ranging in size from 1 to 5 mm.6 The majority of postganglionic parasympathetic innervation arises from the lingual nerve. The superior palatal glands, however, are innervated by the palatine nerves as they exit the sphenopalatine ganglion.6 The blood supply and venous and lymphatic drainage of the minor salivary glands follow the supply of the oral cavity region in which they are located.28
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Chapter 7

The Neck

Jeffrey S. Dean, Rahul Tandon, Trevor Griffitts


Although most oral and maxillofacial surgeons spend a great deal of time in the oral cavity and the associated maxillofacial region, the importance of understanding complete head and neck anatomy cannot be ignored. Trauma, superficial pathologic lesions, and infection are just a few of the reasons a maxillofacial surgeon requires a sound understanding of the anatomy of the neck. Malignant tumors in the maxillofacial region can spread through the lymphatic system to adjacent lymph nodes; therefore, a neck dissection is used to remove any suspicious lymph nodes. There are currently four classifications of neck dissection: radical, modified radical, selective, and extended.1 This chapter focuses on the surgical anatomy of the neck and its relevance for the practicing oral and maxillofacial surgeon. Although many of the key anatomic sites have been identified and established, room remains for growth in both our knowledge of and approaches to this complex area.


Lymphatics (Figure 7-1)

Before the importance of lymphatics in the organization of the neck is discussed, a brief overview of the main lymphatic duct, the thoracic duct, is imperative. The thoracic duct conveys lymph from the entire body back to the blood; however, the right side of the head and neck, right upper extremity, right lung, right side of the heart, and a portion of the liver all follow a different path. The path originates at the cisterna chili and enters the posterior mediastinum between the azygous vein and thoracic aorta. From there it courses to the left into the neck, anterior to the vertebral artery and vein, eventually entering the junction of the left subclavian and internal jugular veins.
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Figure 7-1 A, Levels of the neck as defined by the Memorial Sloan-Kettering Cancer Center. These six levels span the submental and submandibular triangles toward the chest and are important in organizing the neck anatomy for surgical procedures. B, Lymph nodes of the neck.





Over the past three decades, advances have been made in our understanding of cervical fascial planes, lymphatic drainage patterns, preoperative staging, and extracapsular spread. Maximizing control and minimizing morbidity are concerns that have prompted modifications to the classic neck dissection. One modification, in particular, is the preservation of one or more nonlymphatic structures (e.g., spinal accessory nerve, internal jugular vein, and sternocleidomastoid muscle).2 Further observations have indicated that the pattern of nodal disease depends on the primary site. These findings led to another neck dissection modification, the selective preservation of one or several lymph node groups.

Memorial Sloan-Kettering Cancer Center developed the lymph node regional definitions that are most widely used today. There are approximately 600 lymph nodes in the body, 200 of which are located in the neck. It is important to note that lymphatic flow is well organized and moves in a predictable path in the cervical region.2 The neck is divided into six areas, or levels, ranging from submental and submandibular triangles toward the chest. These levels are identified by the Roman numerals I through VI. Oral cavity tumors have been found to metastasize to Levels I through III,3 whereas tumors of the lower neck (e.g., laryngeal cancer) tend to spread to lower levels (e.g., Level III or IV). Level VII, which represented the lymph node groups in the superior mediastinum, is no longer used. Lymph nodes in nonneck regions are referred to by the name of their specific nodal groups.


Level I

Level I includes the submental and submandibular triangles. This level is itself subdivided. Level Ia is the submental triangle, bounded by the anterior bellies of the digastric and the mylohyoid muscles; Level Ib is the triangle formed by the anterior and posterior bellies of the digastric and body of mandible.




Levels II, III, and IV

Levels II, III, and IV include nodes associated with the internal jugular vein (IJV), in addition to fibroadipose tissue located medial to the posterior border of the sternocleidomastoid (SCM) and lateral to the border of the sternohyoid.


Level II

Level II refers to the upper third nodes, including the upper jugular, jugulodigastric, and upper posterior cervical nodes. It is bounded by the digastric muscle superiorly and the hyoid bone (clinical landmark) or the carotid bifurcation (surgical landmark) inferiorly. Level IIa contains nodes in the region anterior to the spinal accessory nerve, whereas Level IIb contains those posterior to the nerve.





Level III

Level III includes the middle third jugular nodes, extending from the carotid bifurcation superiorly to the cricothyroid notch (clinical landmark), the inferior edge of the cricoid cartilage (radiologic landmark), or the omohyoid muscle (surgical landmark).




Level IV

Level IV contains the lower jugular nodes, extending from the omohyoid muscle superiorly to the clavicle inferiorly.







Level V

Level V refers to the posterior triangle group of lymph nodes located along the lower half of the spinal accessory nerve and the transverse cervical artery. The supraclavicular nodes are also included in this group. The posterior boundary is the anterior border of the trapezius muscle; the anterior boundary is the posterior border of the sternocleidomastoid muscle; and the inferior border is the clavicle.





Level VI

Level VI comprises the anterior compartment lymph nodes surrounding the midline visceral structures of the neck, extending from the level of the hyoid bone superiorly to the suprasternal notch inferiorly. On each side the lateral boundary is the medial border of the carotid sheath. Within this compartment are the perithyroidal lymph nodes, paratracheal lymph nodes, lymph nodes along the recurrent laryngeal nerves, and precricoid lymph nodes.

If all the nodes are removed (Levels I through V) and three structures are also removed (internal jugular vein, accessory nerve, and sternocleidomastoid muscle), a radical neck dissection has been performed. (The term radical is misleading; it simply refers to the fact that a complete neck dissection has been performed.) This procedure is indicated only if tumor spread to the neck is rather extensive. If the nodes from Levels I through V are removed and one of the three structures is preserved, the procedure is called a modified radical neck dissection. If the operation does not involve all five levels, it is called a selective neck dissection.







Anatomic Triangles of the Neck (Figure 7-2)

The side of the neck presents a somewhat quadrilateral outline limited by the lower border of the body of the mandible from above, an imaginary line extending from the angle of the mandible to the mastoid process and the anterior margin of the trapezius posteriorly, by the upper border of the clavicle from below, and by the midline of the neck anteriorly. This space is subdivided into two large triangles by the sternocleidomastoid muscle, which passes obliquely across the neck, from the sternum and clavicle below, to the mastoid process and occipital bone above. The triangular space in front of this muscle is called the anterior triangle and that behind it, the posterior triangle.
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Figure 7-2 Anatomic triangles of the neck and their muscular borders. Also shown are both the arterial and venous supplies of the triangles.






Anterior Triangle

The anterior triangle is bounded in front by the midline of the neck and behind by the anterior margin of the sternocleidomastoid. Its base, which is directed upward, is formed by the lower border of the body of the mandible and a line extending from the angle of the mandible to the mastoid process; its apex is below, at the sternum. This space is subdivided into four smaller triangles by the digastric above and the superior belly of the omohyoid below. These smaller triangles are named the inferior carotid (muscular) triangle, the superior carotid (carotid) triangle, the submaxillary (digastric) triangle, and the suprahyoid triangle. The anterior triangle is covered by integument, superficial fascia, platysma, and deep fascia.


Inferior Carotid (Muscular) Triangle

The inferior carotid, or muscular, triangle is limited in the front by the median line of the neck from the hyoid bone to the sternum and behind by the anterior margin of the sternocleidomastoid. The upper border is the superior belly of the omohyoid. The deep fascia contains branches of the supraclavicular nerves. Beneath these superficial structures are the sternohyoid and sternothyroid muscles, which together with the sternocleidomastoid conceal the lower part of the common carotid artery. This vessel, along with the internal jugular vein and vagus nerve, is enclosed within its sheath. The vein lies laterally to the artery on the right side of the neck but overlaps it below on the left side; the nerve lies between the artery and vein on a plane posterior to both. In front of the sheath are a few descending filaments from the ansa hypoglossi, and behind the sheath are the inferior thyroid artery, the recurrent nerve, and the sympathetic trunk. On its medial side are the esophagus, trachea, thyroid gland, and lower part of the larynx. By cutting into the upper part of this space and slightly displacing the sternocleidomastoid, the surgeon may tie the common carotid artery below the omohyoid.




Superior Carotid (Carotid) Triangle

The superior carotid, or carotid, triangle is bounded from behind by the sternocleidomastoid, below by the superior belly of the omohyoid, and above by the stylohyoid and the posterior belly of the digastric. Within the deep fascia are branches of the facial and cutaneous cervical nerves. The floor of the superior carotid triangle is formed by parts of the thyrohyoid muscle, hyoglossus muscle, and the inferior and medial pharyngeal constrictor muscles. When dissected, this area contains the upper part of the common carotid artery, which bifurcates opposite the upper border of the thyroid cartilage into the external and internal carotid. These vessels are somewhat concealed from view by the anterior margin of the sternocleidomastoid, which overlaps them. The external and internal carotids lie side by side, and the external carotid is the more anterior of the two. The following branches of the external carotid are also met within this space: the superior thyroid, running forward and downward; the lingual, directly forward; the external maxillary, forward and upward; the occipital, backward; and the ascending pharyngeal, directly upward on the medial side of the internal carotid. The associated veins are the internal jugular, which lies on the lateral side of the common and internal carotid arteries, and veins corresponding to the above-mentioned branches of the external carotid (the superior thyroid and the lingual, common facial, ascending pharyngeal, and sometimes the occipital), all of which end in the internal jugular.

The nerves in this space should also be taken into consideration by the surgeon. In front of the sheath of the common carotid is the ramus descendens hypoglossi. The hypoglossal nerve crosses both the internal and external carotids above, curving around the origin of the occipital artery. Within the sheath, between the artery and vein and behind both, is the vagus nerve; behind the sheath is the sympathetic trunk. On the lateral sides of the vessels, the accessory nerve runs for a short distance before it pierces the sternocleidomastoid; on the medial side of the external carotid, just below the hyoid bone, the internal branch of the superior laryngeal nerve is found. More inferior is the external branch of the same nerve. The upper portion of the larynx and lower portion of the pharynx are also found in the front part of this space.




Submaxillary (Digastric) Triangle

The submaxillary, or digastric, triangle corresponds to the region of the neck immediately beneath the body of the mandible. It is bounded above by the lower border of the body of the mandible and a line drawn from its angle to the mastoid process, and below by the posterior belly of the digastric and the stylohyoid. It is bordered in front by the anterior belly of the digastric. Within the deep fascia are branches of the facial nerve and ascending filaments of the cutaneous cervical nerve. The floor consists of the following muscles: mylohyoid, hyoglossus, and superior constrictor pharyngeal muscles; it is divided into an anterior and a posterior part by the stylomandibular ligament. The anterior part contains the submaxillary gland, superficial to which is the anterior facial vein; embedded in the gland is the external maxillary artery and its glandular branches. Beneath the gland, on the surface of the mylohyoid, are the submental artery and the mylohyoid artery and nerve. The posterior part of this triangle contains the external carotid artery, ascending deeply in the substance of the parotid gland; this vessel lies in front of and superficial to the internal carotid; it is crossed by the facial nerve and, during its course, gives off the posterior auricular, superficial temporal, and internal maxillary branches. More deeply are the internal carotid, the internal jugular vein, and the vagus nerve. These structures are separated from the external carotid by the styloglossus and stylopharyngeus muscles and the glossopharyngeal nerve.




Suprahyoid Triangle

The suprahyoid triangle is limited from behind by the anterior belly of the digastric, in front of the midline of the neck between the mandible and the hyoid bone, and below by the body of the hyoid bone. The mylohyoid muscle helps to form the floor. It contains one or two lymph glands and some small veins, which unite to form the anterior jugular vein.







Posterior Triangle

The posterior triangle is bounded in front by the sternocleidomastoid and from behind by the anterior margin of the trapezius. Its base is formed by the middle third of the clavicle, and its apex is formed by the occipital bone. The space is crossed 2.5 cm above the clavicle by the inferior belly of the omohyoid, which divides it into two triangles, an upper (or occipital) triangle and a lower (or subclavian) triangle. Covering this triangle are the overlying skin, superficial and deep fascia, and platysma.


Occipital Triangle

The larger division of the posterior triangle is bounded in front by the sternocleidomastoid and from behind, by the trapezius; it is limited inferiorly by the omohyoid. The floor is formed from above and downward by the splenius capitis, levator scapulae, and the medial and posterior scalene. The accessory nerve is directed obliquely across the space from the sternocleidomastoid, which it pierces, to the inferior surface of the trapezius; below, the supraclavicular nerves and the transverse cervical vessels and the upper part of the brachial plexus cross the space. A chain of lymph glands is also found running along the posterior border of the sternocleidomastoid, from the mastoid process to the root of the neck.




Subclavian Triangle

The smaller division of the posterior triangle is bounded above by the inferior belly of the omohyoid and below by the clavicle; its base is formed by the posterior border of the sternocleidomastoid. The floor consists of the first rib with the first digitation of the serratus anterior. The size of the subclavian triangle varies with the extent of attachment of the clavicular portions of the sternocleidomastoid and trapezius and also with the height at which the omohyoid crosses the neck. Its height also varies according to the position of the arm; it is diminished when the arm is raised because of the ascent of the clavicle, and it is increased when the arm is drawn downward, when the bone is depressed. Just above the level of the clavicle, the third portion of the subclavian artery curves laterally and downward from the lateral margin of the anterior scalene, across the first rib, to the axilla; this is the portion most commonly chosen for ligature of the vessel. Sometimes this vessel rises as high as 4 cm above the clavicle; occasionally, it passes in front of the anterior scalene or pierces the fibers of that muscle. The subclavian vein lies behind the clavicle and is not usually seen in this space; in some cases it rises as high as the artery, and it has even been seen to pass with that vessel behind the anterior scalene. The brachial plexus of nerves lies above the artery, in close contact with it. Passing transversely behind the clavicle are the transverse scapular vessels; and traversing its upper angle in the same direction, the transverse cervical artery and vein. The external jugular vein runs vertically downward behind the posterior border of the sternocleidomastoid, terminating in the subclavian vein; it receives the transverse cervical and transverse scapular veins, which form a plexus in front of the artery; occasionally a small vein crosses the clavicle from the cephalic. The small nerve to the subclavius crosses this triangle in the middle, and lymph glands are also found in this space.










Fascial Layers of the Neck (Figure 7-3)

The superficial cervical fascia is a subcutaneous layer containing varying amounts of fat, superficial lymph nodes, and other vessels, which supply the surrounding cutaneous and muscular layers. Just deep to this layer is an intricate layer of deep cervical fascia, which wraps around the neck in a collarlike fashion. Fascia helps to organize and compartmentalize the anatomic structures of the neck. Between these compartments are spaces containing loose areolar tissue, through which potential routes exist for infections to spread from one site to another.
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Figure 7-3 Fascial layers of the neck. These layers are important because they help compartmentalize the various anatomic structures of the neck.





The platysma, discussed shortly, lies within the superficial fascia, and the sternocleidomastoid and trapezius are encircled and split by the deep investing fascia. The visceral (pretracheal) fascia lies deep to the deep investing fascia and forms a sheath around several structures within the neck (i.e., the pharynx, esophagus, trachea, and thyroid gland). The prevertebral fascia, which forms a fascial aspect over the floor of the posterior triangle, surrounds the cervical vertebral unit, which includes the cervical vertebrae, cervical portion of the spinal cord, anterior and posterior vertebral muscles, and the eight pairs of spinal nerves (including the phrenic nerve). The prevertebral fascia extends laterally on both sides to surround the brachial plexus and subclavian vessels, forming the axillary sheath.

The retropharyngeal space is located between the visceral fascia and the prevertebral fascia, extending from the base of the skull to the superior mediastinum. The loose connective tissue found within it allows a certain amount of up and down movement during swallowing. One subdivision of this space, called the alar space, is termed the “danger space” due to its potential to carry infective material or air from one compartment to another.




Muscles (Figure 7-4)


Platysma

The platysma originates from the fascia overlying the pectoralis major and deltoid muscle and inserts into the depression muscles of the corner of the mouth, the mandible, and the superficial muscular aponeurotic system (SMAS) layer of the face. It is innervated by the facial nerve (CN VII), more specifically its cervical branch. Its blood supply is from branches of the submental and suprascapular arteries. The main function is to wrinkle the neck, depress the corner of the mouth, increase the diameter of the neck, and assist in venous return. The surgeon must keep in mind several important considerations when operating on or near the platysma: the muscle increases blood supply to skin flaps, and it is absent in the midline. Additionally, the fibers of this muscle run in the opposite direction to that of the sternocleidomastoid.

[image: image]
Figure 7-4 A, Muscles of the neck. B, Nerves and veins of the neck.






Sternocleidomastoid

The SCM originates from the medial third of the clavicle (clavicular head) and the manubrium (sternal head). It inserts into the mastoid process and is innervated by the spinal accessory nerve (CN XI). It receives its blood supply from the occipital artery or directly from the external carotid artery (ECA) and from the superior thyroid and transverse cervical arteries. Its primary function is to turn the head towards the opposite side and tilt the head toward the ipsilateral shoulder. During surgery, it is important to leave the overlying fascia (superficial layer of deep cervical fascia); lateral retraction also exposes the submuscular recess.




Omohyoid

The omohyoid muscle is actually divided into two parts (superior and inferior bellies); nevertheless, the whole muscle originates at the upper border of the scapula and inserts into the intermediate tendon onto the clavicle and first rib and hyoid bone lateral to the sternohyoid muscle. It is innervated by the ansa cervicalis (anterior primary rami [APR] of C1, C2, and C3) and its vascular supply is from the inferior thyroid artery. It functions to depress the hyoid and tense the deep cervical fibers. It should be noted that it is absent in 10% of individuals. When present, though, it can act as a landmark, demarcating Level III from Level IV. The inferior belly lies superficial to the brachial plexus, phrenic nerve, and transverse cervical vessels. The superior belly lies superficial to the internal jugular vein.




Trapezius

The trapezius originates from the medial one third of the superior nuchal line, external occipital protuberance, ligamentum nuchae, and the spinous process of C7 and T1-T12 (see Figure 7-4, B). It inserts into the lateral one third of the clavicle, acromion process and spine of the scapula and is innervated by the spinal accessory nerve (CN XI), in addition to the APR of C3 and C4. Its blood supply is from the transverse cervical artery or superficial cervical artery. It functions to elevate and rotate the scapula and stabilize the shoulder. Surgically, it delineates the posterior limit of Level V neck dissections. Denervation of this muscle may result in shoulder drop and a winged scapula.




Digastric

The digastric muscle, much like the omohyoid, consists of two muscles, an anterior belly and a posterior belly. They originate at the digastric fossa of the mandible at the symphyseal border and insert at the hyoid bone via the intermediate tendon and mastoid process. The posterior belly is innervated by the facial nerve, and the anterior belly is innervated by the nerve to the mylohyoid. The posterior belly receives its blood supply from the occipital artery, whereas the anterior belly receives its blood supply from the submental branch of the facial artery. This muscle elevates the hyoid bone and depresses the mandible (assisting the lateral pterygoid). The posterior belly is superficial to the following: ECA, hypoglossal nerve, internal carotid artery, and internal jugular vein. The anterior belly is the landmark for identification of the mylohyoid for dissection of the submandibular triangle.







Blood Vessels (see Figure 7-2)

Blood supply to the neck can be divided according to the regional supply: anterior triangle, posterior triangle, and root of the neck.

The arteries of the anterior triangle are all derived from the common carotid artery, which ascends through the neck within the carotid sheath (Figure 7-5). It does not give off any branches until it reaches the level of the hyoid bone, at which point it divides into the internal carotid and external carotid arteries. The internal carotid artery gives off no branches as it moves upward to the base of the skull. The external carotid, however, extends upward toward the parotid region, giving off six collateral branches: the superior thyroid, lingual, facial, ascending pharyngeal, occipital, and posterior auricular arteries (see Figure 7-4). The external artery ultimately terminates within the parotid region as two terminal branches: the superficial temporal artery and the maxillary artery. All veins of the anterior triangle, except the anterior jugular vein, drain to the internal jugular vein (Figure 7-4). The internal jugular vein travels within the carotid sheath, picking up the following tributaries as it descends: veins of the pharyngeal plexus, facial vein, lingual vein, superior thyroid vein, and the middle thyroid vein. After picking up these tributaries, the internal jugular vein passes under the sternocleidomastoid muscle, exiting the anterior triangle and entering the root of the neck. Here it meets with the subclavian vein to form the brachiocephalic vein.
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Figure 7-5 Arterial origins of the neck.





Within the posterior triangle of the neck, the subclavian artery supplies the majority of the arterial blood. Two cervical branches, the transverse cervical and suprascapular, pass anteriorly to the anterior scalene muscle and pin down the phrenic nerve to the muscle (see Figure 7-4). The external jugular vein moves obliquely and inferiorly over the SCM to enter the posterior triangle, where it picks up venous blood from three sources: the transverse cervical vein, suprascapular vein, and anterior jugular vein. The external jugular vein then joins with the subclavian vein and internal jugular vein to form the brachiocephalic vein.

The root of the neck also contains the source of many of the vessels that eventually supply the majority of the vascular supply of the neck. The subclavian artery arches superiorly over the first rib, becoming the axillary artery and giving off several branches: vertebral artery, which ascends in the root of the neck to the transverse foramen of the vertebrae C6 and enters the foramen magnum, internal thoracic artery, thyrocervical trunk, and costocervical trunk.




Nerves


Marginal Mandibular Nerve (see Figure 7-2)

The marginal mandibular nerve is an important landmark, and care should be taken to ensure its preservation during neck dissections. It is most often injured during dissections at Level Ib. It is located 1 cm anterior and inferior to the angle of the mandible at the mandibular notch, deep to the fascia of the submandibular gland (superficial layer of deep cervical fascia) and superficial to the adventitia of the facial vein. It is important to note that more than one branch is often present, and during surgical procedures, the sensory branches associated with it are often sacrificed.


Spinal Accessory Nerve (see Figure 7-2)

The spinal accessory nerve originates in the spinal nucleus and may extend to the fifth cervical segment. The motor neurons of this branch pass through two foramina, the foramen magnum and jugular foramen. From the foramen magnum it enters the skull posterior to the vertebral artery, and from the jugular foramen it exits the skull with CN IX and CN X, along with the internal jugular vein, which it subsequently crosses.




Phrenic Nerve (see Figure 7-2)

The phrenic nerve (C3, C4, and C5) is the sole nerve supply to the diaphragm. It runs obliquely toward the midline on the anterior surface of the anterior scalene and is covered by prevertebral fascia. It also lies posterior and lateral to the carotid sheath. Both the suprascapular and transverse cervical arteries also pass anteriorly to the anterior scalene, clamping the phrenic nerve to that muscle.




Hypoglossal Nerve

The hypoglossal nucleus originates from the medulla oblongata, and the hypoglossal nerve arises from the cell bodies of the hypoglossal nucleus. The hypoglossal nerve exits the hypoglossal canal, lying deep to several important structures: the internal jugular vein, internal carotid artery, and CN IX, CN X, and CN XI. The path of this nerve is also important because it curves 90 degrees and passes between the IJV and the internal carotid artery (ICA). During its course, it is surrounded by the venous plexus called ranine veins. It ends as it extends upward along the hyoglossus muscle and into the genioglossus, finally reaching the tip of the tongue.

Although metastatic neck disease is one of the most important factors in the spread of head and neck squamous cell carcinoma from primary sites, it is not encountered as frequently as some of the other potential pathologies associated with the neck. Trauma and infection are much more common in the typical maxillofacial practice, and as such it is important to understand the key anatomic landmarks in the neck. Control of the neck is one of the most important aspects of the successful management of these particular pathologies. In addition, communication with surgical colleagues regarding treatment and patient management mandates an understanding of important anatomic sites.
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Chapter 8

Fascial Spaces of the Head and Neck

Joseph E. Cillo Jr.


The fascia of the head and neck is composed of loose fibrous connective tissue envelopes and may be divided into the superficial and deep fascia. Between the fibers of the matrix are interstices that are filled with tissue fluid or ground substance that can readily break down when invaded by infection. The loose fibrous connective tissue that makes up the fascia of the head and neck is found in varying degrees of density with a tensile strength somewhat less than dense fibrous connective tissue located elsewhere in the body. There are 16 fascial spaces of the head and neck region divided into four subtypes. These four subtypes are the fascial spaces of the face, suprahyoid fascial spaces, infrahyoid fascial spaces, and the fascial spaces of the neck.




	Fascial Space Subtype
	Fascial Space Subtype Components




	Fascial spaces of the face
	
Canine, buccal, parotid, infratemporal, masticatory spaces

— Masseteric

— Pterygomandibular

— Temporal






	Suprahyoid fascial spaces
	Sublingual, submental, submandibular, lateral pharyngeal, peritonsillar



	Infrahyoid fascial spaces
	Pretracheal



	Fascial spaces of the neck
	Retropharyngeal, danger, carotid sheath
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Superficial Fascia

The superficial fascia of the head and neck lies just under the skin, as it does in the entire body, invests the superficially situated mimetic muscles (platysma, orbicularis oculi, and zygomaticus major and minor), and is located in distinct anatomic areas. It is composed of two layers, an outer fatty (areolar cleavage plane) layer and a thin inner membrane with a large number of elastic fibers (superficial musculoaponeurotic system [SMAS]).1 The superficial fascia attaches the skin to the deep fascia, which covers and invests the structures lying deep to the skin while maintaining the movability of the skin, with the two layers allowing for separation during blunt dissection. The areolar cleavage plane overlies the lower masseter, is rhomboidal in shape, and is important in cosmetic surgery (such as lower [cervicofacial] facelifts), because dissection is bloodless and provides safety for all facial nerve branches, as they are located outside this plane.2

The SMAS is a fibromuscular fanlike fascial extension of the platysma muscle that arises superiorly from the fascia over the zygomatic arch. The facial nerve lies deep to the SMAS and innervates the mimetic muscles of the forehead and midface from the ventral aspect of the muscles. The SMAS is continuous with the platysma muscle inferiorly and the superficial temporal fascia superiorly, superficial to the parotideomasseteric fascia, and it connects to the fascial musculature in the nasolabial, perioral, and periorbital regions. Location and anatomic identification of this layer are important in surgical manipulation for both reconstructive3 and cosmetic4 procedures.


Deep Fascia

The deep fascia begins at the anterior border of the masseter muscle, attaches to the superior temporal and nuchal lines, and posterior and inferior to these margins it continues cranially as the pericranium. The deep facial fascia represents a continuation of the deep cervical fascia cephalad into the face and, more posterior, invests the muscles of mastication, the surgical importance of which lies in the fact that the facial nerve branches within the cheek lie deep to this fascial layer.1







Fascial Spaces of the Face

The fascial spaces of the face are subdivided into five spaces: the canine space, the buccal space, the masticatory space (further divided into the masseteric, pterygomandibular, and temporal spaces), the parotid space, and the infratemporal space (Figure 8-1, A).
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Figure 8-1 A, Fascial space anatomy of the face. B, Suprahyoid fascial spaces. C, Fascial spaces of the neck.






Canine Space

The canine space is located between the levator anguli oris and the levator labii superioris muscles. Infection spreads to this space through the root apices of the maxillary teeth, usually the canine. Direct surgical access is achieved through incision through the maxillary vestibular mucosa above the mucogingival junction (Figure 8-1, B).





Buccal Space

The buccal space is bounded anterior to the masticatory space and lateral to the buccinator muscle, with no true superior or inferior boundary, and consists of adipose tissue (the buccal fat pad that fills the greater part of the space), Stensen's duct, the facial artery and vein, lymphatic vessels, minor salivary glands, and branches of cranial nerves VII and IX. The buccal space frequently communicates posteriorly with the masticatory space because the parotideomasseteric fascia is sometimes incomplete along its medial course where it joins the buccopharyngeal fascia.5 The parotid duct separates the buccal space into two equal-sized anterior and posterior compartments, with the facial vein located along the lateral margin of the buccinator muscle just anterior to transversely coursing Stensen's duct.5

The buccal space may serve as a conduit as there is a lack of fascial compartmentalization in the superior, inferior, and posterior directions, which permits the spread of pathology both to and from the buccal space.6 Surgical access to the buccal space infections may be easily accomplished through the intraoral approach. However, more complicated infections or masses, directed by location within the buccal space and suspicion of malignancy, may require a preauricular or submandibular approach.




Parotid Space

The parotid space is formed by splitting fascia of the investing layer of the deep cervical fascia and contains the parotid gland with associated extraglandular and intraglandular lymph gland, the parotid portion of cranial nerve VII, the external carotid, internal maxillary, and superficial temporal arteries, and the retromandibular vein. Infection in this space may spread to the lateral pharyngeal spaces, as they communicate posteriorly and the fascia of the deep parotid space is thin and easily breached. However, primary infection in this is rare and is generally blood-borne or retrograde through the parotid duct.




Masticatory Spaces


Masseteric Space (and Submasseteric Space)

The fascia that forms the borders of the masseteric space is a well-defined fibrous tissue that surrounds the muscles of mastication and contains the internal maxillary artery and the inferior alveolar nerve. It is bounded anteriorly by the mandible, posteriorly by the parotid gland, medially by the lateral pharyngeal space, and superiorly by the temporal space.

Most masseteric space infections are of odontogenic origin (e.g., molar teeth),7 with trismus being the most pronounced clinical feature, and often preclude intraoral examination. Computed tomography (CT) or magnetic resonance imaging (MRI) may be an invaluable resource in the assessment of masseteric space infections, as it can often influence the surgical approach and distinguish abscess from cellulitis.7 The submasseteric space is bounded laterally by the masseter muscle, medially by the mandible ramus, and posteriorly by the parotid gland. Infections are mostly of odontogenic origin (usually a mandibular third molar) and are often misdiagnosed as a parotid abscesses or parotitis.8 Intraoral surgical access to this space for simple, isolated abscesses is generally adequate to allow for drainage, but with extension into adjacent spaces, an extraoral submandibular approach may be required (Figure 8-1, C).


Pterygomandibular Space

The pterygomandibular space is bounded by the mandible laterally and medially and inferiorly by the medial pterygoid muscle. The posterior border is formed by the parotid gland as it curves medially around the posterior mandibular ramus and anteriorly by the pterygomandibular raphe, the fibrous junction of the buccinator and superior constrictor muscles. The inferior alveolar and lingual nerves, other structures in this space, are of particular importance in the administration of local anesthesia, including the inferior alveolar vessels, the sphenomandibular ligament, and the interpterygoid fascia.9 Surgical access to this space may be achieved intraorally in the case of simple infections, but may require extraoral access when multiple adjacent spaces are involved.10




Temporal Space

The temporal fascia surrounds the temporalis muscle in a strong fibrous sheet that is divided into clearly distinguishable superficial and deep layers that originate from the same region with the muscle fibers of the two layers intermingled in the superior part of the muscle.11 It attaches to the superior temporal line and passes inferiorly to the zygomatic arch. Superiorly, the temporal fascia and fibers of origin of the temporalis muscle blend into a firm aponeurosis, a flat fan of extremely dense and firm fibrous connective tissue. Communicating facial-zygomaticotemporal nerve branches piercing through the fascial and muscular planes of the intermingled superficial and deep layers of the temporal fascia in the superior part of the muscle are important from a surgical perspective to prevent temporal hollowing that may occur due to surgical access procedures.12










Suprahyoid Fascial Spaces


Sublingual Space

The sublingual space is bounded between the mylohyoid muscle and the geniohyoid and genioglossus muscles. This space contains the lingual artery and nerve, the hypoglossal nerve, the glossopharyngeal nerve, Wharton's duct, and the sublingual salivary gland, which drains into the oral cavity through several small excretory ducts in the floor of the mouth and a major duct known as Bartholin's duct. Periapical molar infections may perforate the lingual mandible cortex above the mylohyoid line and spread to this space. Surgical access is easily achieved through an intraoral approach, but when other spaces are involved extraoral access may be utilized, usually through a submandibular approach.


Submental Space

The submental space is bounded anteriorly by the symphysis of the mandible, laterally by the anterior bellies of digastric muscles, superiorly by the mylohyoid muscle, and inferiorly by the superficial fascia of the platysma muscle. No vital structures traverse the submental space. This space is usually involved in odontogenic infections from the anterior mandibular teeth, as benign or malignant lesions in this area are rare.13

To drain these infections, the surgeon generally gains access through an extraoral incision below the chin. When infection has spread to this space, it represents one of the components (along with bilateral submandibular and sublingual space involvement) of Ludwig's angina.





Submandibular Space

The submandibular space extends from the hyoid bone to the mucosa of the floor of the mouth and is bound anteriorly and laterally by the mandible and inferiorly by the superficial layer of the deep cervical fascia. The mylohyoid muscle separates it superiorly from the sublingual space, which communicates with it freely around the posterior border of the mylohyoid. The mylohyoid muscle also plays a key role in determining the direction of the spread of dental infections. It attaches to the mandible at an angle, leaving the apices of the second and third molars below the mylohyoid line and the apex of the first molar above. Periapical molar infections may perforate the lingual mandible cortex below the mylohyoid line and spread to the submandibular space.

The buccopharyngeal gap is a potentially dangerous connection between the submandibular and lateral pharyngeal spaces that is created by the styloglossus muscle as it passes between the middle and superior constrictors, which may allow infection to spread directly to the lateral pharyngeal space. Surgical access for drainage may be either intraoral or extraoral. When infection has spread to the bilateral submandibular spaces, it represents one of the components (along with submental and bilateral sublingual space involvement) of Ludwig's angina. Surgical drainage in these situations is almost always through multiple extraoral incisions.





Lateral Pharyngeal Space

The lateral pharyngeal space (also called the parapharyngeal space) is an inverted cone with its base at the base of skull and its apex at the hyoid bone, and it is bounded posteriorly by the prevertebral fascia, anteriorly by the raphe of the buccinator and superior constrictors muscles, and laterally by the mandible and parotid fascia. The lateral pharyngeal space can be divided into anterior (prestyloid) and posterior (retrostyloid) compartments by the styloid process. The anterior compartment contains only fat, lymph nodes, and muscle, whereas the posterior compartment contains the carotid artery, the internal jugular vein, and cranial nerves IX through XII.

Odontogenic infections of the anterior space may present with pain, fever, neck swelling below the angle of the mandible, and trismus. Rotation of the neck away from the side of swelling causes severe pain from tension on the ipsilateral sternocleidomastoid muscle. As this space communicates with the other fascia spaces, spread of infection may also arise from numerous sources, including the tonsils, parotid, and submandibular, peritonsillar, masticator, or retropharyngeal spaces. Posterior space involvement may have more ominous signs. Lemierre syndrome may result from pharyngitis or tonsillitis with bacterial spread to the lateral pharyngeal space that may involve internal jugular vein thrombosis with septic emboli and metastatic infections that most frequently involve the lungs.14 Warning signs of posterior involvement may include Horner syndrome, CN IX through XII palsies, and may lead to complications that include septic jugular thrombophlebitis and carotid artery erosion or thrombosis.15 Airway impingement due to medial bulging of the pharyngeal wall and supraglottic edema may occasionally occur, which may require the procurement of a stable airway by either tracheotomy or intubation.16 The treatment of lateral pharyngeal space infections requires surgical drainage through either a transoral or an extraoral approach.17 The intraoral approach may reach the anterior compartment but may be inadequate to completely access the posterior compartment. Extraoral access through a submandibular approach allows for adequate access to both compartments.




Peritonsillar Space

The peritonsillar space is a potential space of loose areolar tissue that surrounds the tonsil and is bounded laterally by the superior constrictors. Most abscesses occur in younger patients who present with fever, sore throat, and dysphagia. Local transoral incision and drainage is generally the method of choice for treatment, but treatment may include serial aspiration or surgical drainage with tonsillectomy. Peritonsillar abscess is a complication of acute tonsillitis that is rarely life-threatening in itself but that may spread to involve the lateral pharyngeal space. Lemierre syndrome may result from tonsillitis with bacterial spread to the lateral pharyngeal space that may involve internal jugular vein thrombosis with septic emboli.14







Infrahyoid Fascial Spaces


Pretracheal Space

The pretracheal space is bounded anteriorly by the investing cervical fascia, posteriorly by the visceral cervical fascia, superiorly by the attachments of the infrahyoid muscles and their fascia to the thyroids cartilage and to the hyoid bone, and continues into the anterior portion of the superior mediastinum bounded inferiorly by the sternum and scalene fascia. This space contains the infrahyoid strap muscles. Spread of infection to this space may occur directly by anterior perforations or rupture of the esophagus or indirectly by spread from the retrovisceral portion, around the sides of the esophagus and thyroid gland between the levels of the inferior thyroid artery and the oblique line of the thyroid cartilage. This space may allow infection to spread into the superior mediastinum, as these spaces communicate.




Fascial Spaces of the Neck

The fascial spaces of the neck all lie between the deep cervical fascia surrounding the pharynx anteriorly and the spine posteriorly. The retrovisceral space is divided into the retropharyngeal and danger spaces by the alar fascia and serves as a main route that oropharyngeal infections may use to descend into the mediastinum. The other fascial spaces of the neck include the prevertebral and carotid sheath spaces.


Retropharyngeal Space

The retropharyngeal space is bounded anteriorly by the constrictor muscles, posteriorly by the alar layer of the deep cervical fascia, and connects posteriorly to the danger space. Due to its deep location within the neck, pathologic lesions involving this space may be difficult or impossible to evaluate clinically, warranting the use of CT or MRI scans.18 Infections in this space may present with symptoms of fever, stiff neck, drooling, dysphagia, and bulging of the posterior pharyngeal wall. They may be complicated by the development of supraglottic edema with airway obstruction, aspiration pneumonia due to rupture of the abscess, and acute mediastinitis that may lead to empyema or pericardial effusions. Proximity to the danger space may allow infection to spread to the mediastinum to the level of the diaphragm and possibly posteriorly to the prevertebral space. Surgical drainage should be performed in the operating room via a transoral approach with the head down to prevent rupture during intubation and septic aspiration.




Danger Space

The danger space is bounded superiorly by the skull base, anteriorly by the alar fascia, posteriorly by the prevertebral fascia, and ends at the level of the diaphragm. Danger space infections may track from the anteriorly located retropharyngeal space between the buccopharyngeal fascia and alar fascia and pass inferiorly to the mediastinum and the pericardium, and they may result in conditions such as purulent pericarditis.19




Prevertebral Space

The prevertebral space is bounded by the anterior part of the cervical spine and the deep layer of the deep cervical fascia running between the transverse processes of the spine. It extends from the base of the skull into the mediastinum and ends at the level of the fourth thoracic vertebra. The prevertebral space contains the prevertebral muscles (longus colli and longus capitis), vertebral artery, vertebral vein, scalene muscles, phrenic nerve, and the proximal portion of the brachial plexus. When viewed on a lateral cephalometric radiograph, the normal dimensions of the prevertebral space in an adult are 4 mm at the C3 level, with a greater than 7 mm value indicating an abnormality such as pathology or infection.




Carotid Sheath Space

The carotid sheath space is composed of the conjoining of three cervical fascias—the investing layer deep to the sternocleidomastoid muscle, the pretracheal layers, and the prevertebral layer of cervical fascia—and extends from the base of the skull to the root of the neck. It lies posterior to the parapharyngeal space, lateral to the retropharyngeal space, anterolateral to the prevertebral spaces, and medial to the parotid space and styloid process. It contains the common and internal carotid arteries, internal jugular vein, vagus nerve (CN X), deep cervical lymph nodes, carotid sinus nerve, and sympathetic fibers. Infections that usually arise from thrombosis of the internal jugular vein or from infection deep cervical lymph nodes that lie within the sheath tend to be localized within the cervical region between the hyoid and root of the neck, as the sheath closely adheres to the major vessels in this space.20 Thrombosis of the jugular vein from a deep infection of the neck is probably not due to direct infection of the carotid sheath but rather to the fact that infectious material follows tributaries of the internal jugular vein to reach the sheath.21
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Chapter 9

Embryology of the Head and Neck

Janine Prange-Kiel


In the human embryo, all organs—including the structures of the head and neck—develop from three germ layers: the ectoderm, mesoderm, and endoderm. These germ layers form during gastrulation, a differentiation process occurring at the beginning of week 3. (Note: All given time specifications refer to the gestational age of the embryo.) Once gastrulation has been completed, the formation of primordia, the earliest recognizable stages of organs, starts. By the end of week 8, organogenesis is completed, and during the remaining time of pregnancy (the fetal period) the organs continue to grow and mature.


Time Line of Head and Neck Development

In week 4, the brain develops at the cranial pole of the embryo by neurulation (discussed later). By the end of week 4, optic vesicles, which will substantially contribute to the formation of the eyes, have protruded from the developing brain. Together with the stomodeum, the primordium of the mouth, the optic vesicles are among the first discernible facial structures in the future head region. In week 3, five pharyngeal arches begin to form and subsequently, in weeks 5 and 6, further differentiate into important structures in the head and neck region. At the same time, mesenchymal tissue around the developing brain starts to form the skull. In weeks 7 and 8, the facial structures, such as jaw, nose, eyes, and ears, become more defined. During this late phase of organogenesis and in the following fetal period, the face takes on its characteristic human contours mostly by differential growth of its various structures. For example, early in organogenesis, the eyes are located at the lateral aspect of the developing head. During development, they appear to move closer to the midline because the portions of the face lateral to the eyes grow faster than the portion between the eyes.1

Not only do the proportions of facial structures change during prenatal development, but the head-to-body ratio also changes. In the early fetus (week 12), the head constitutes about one third of the body length; this relation decreases to about one quarter of the body length at the time of birth and continues to decrease during postnatal development.




Neurulation and Formation of Neural Crest Cells as a Prerequisite for Head and Neck Development (Figure 9-1)

The formation of the head and neck strongly depends on the successful completion of neurulation (i.e., the formation of the central nervous system [CNS]). Early in week 4, parts of the most dorsal germ layer, the ectoderm, transform into the neural plate. The thickened epithelial cells, which form the neural plate, are located at and adjacent to the embryo's craniocaudal axis. The neuronal plate invaginates along this axis, and the resulting neuronal folds separate from the ectoderm and fuse to form the neural tube, which in turn will develop into the CNS. The free edges of the remaining surface ectoderm fuse over the neural tube and thereby build a continuous layer, which later will differentiate into epidermis. In humans, the fusion of the neural folds starts at least at two discrete points along the craniocaudal axis and proceeds in cranial and caudal directions. The cranial portion of the neural tube, the future brain, closes completely on day 25.2 Failure of this fusion results in anencephaly and is incompatible with postnatal life. Anencephaly occurs with an incidence of approximately 1 in 4800 live births3 and is always accompanied by acrania, the partial or complete absence of the cranial vault (Figure 9-2).

[image: image]
Figure 9-1 Neuroregulation (transverse section through embryonic disc). A, B, Neural folds and neural groove form from ectodermal tissue along the craniocaudal axis of the embryo. C, Merging of the neural folds results in the neural tube; the ectodermal tissue re-fuses over the neural tube. Neural crest cells separate from the neural fold, undergo epithelial-mesenchymal transition, and migrate into various regions of the embryo.
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Figure 9-2 Newborn infant with acrania and meroencephaly. Failure of fusion of the cranial portion of the neural tube results in severe brain anomalies accompanied by faulty development of the cranial vault. (Courtesy of A.E. Chudley, M.D., Section of Genetics and Metabolism, Department of Pediatrics and Child Health, University of Manitoba, Children's Hospital, Winnipeg, Manitoba, Canada. As seen in Moore KL, Persaud PVR, Torchia NG: The developing human, ed 9, Philadelphia, 2013, Saunders.)





During the fusion of the neural folds into the neural tube, cells at the edge of the neural fold separate and form streaks of neural crest cells (NCCs) along the entire neural tube. NCCs undergo an epithelial-mesenchymal transition as they detach from the neural tube and migrate to various locations in the body. They form a vast array of structures, such as the ganglia of the autonomic nervous system, the enteric nervous system, and the adrenal medulla. In the head and neck region, NCCs give rise to much of the connective tissue in the craniofacial complex (skull, face, pharyngeal arches4-6). Therefore, neurocristopathies (i.e., the abnormal development of neural crest cells) often cause developmental defects that involve the craniofacial system (e.g., DiGeorge syndrome, Treacher Collins syndrome, and cleft formation).7




Skull Development


Neurocranium and Viscerocranium (Figure 9-3)

Functionally, the cranium (skull) is composed of two parts: the neurocranium and the viscerocranium. The neurocranium surrounds and protects the brain and can be subdivided into the cranial base and the cranial vault. The viscerocranium comprises the facial skeleton and facilitates respiration and ingestion. The mesenchyme that forms the bones of the viscerocranium solely originates from NCCs, which migrate into the pharyngeal arches, whereas the material for bone formation in the neurocranium derives from both indigenous cephalic mesoderm and NCCs.

[image: image]
Figure 9-3 Skull development. Bones of the neurocranium and viscerocranium develop by endochondral and intramembranous ossification.






Intramembranous and Endochondral Ossification

In general, two forms of bone formation can be distinguished, both of which are found in skull development. In intramembranous ossification, mesenchymal tissue condenses and forms a highly vascularized membranous sheath. Osteoblasts differentiate from mesenchymal precursor cells and deposit osteoid (unmineralized bone matrix), which subsequently is calcified. In endochondral ossification, chondrocytes, which also differentiate from mesenchyme, initially form a cartilaginous model of the future bone. Starting at primary centers of ossification, osteoblasts then gradually replace the cartilage with bone tissue.

The bones that constitute the cranial base (i.e., the base of the occipital bone, the body of the sphenoid bone, petrous and mastoid parts of the temporal bone, and the ethmoid bone) are formed by endochondral ossification. This also holds true for several bones of the viscerocranium, such as the bones of the middle ear, the styloid process of the temporal bone, and the hyoid bone. The remaining bones of the viscerocranium—such as the mandible, the maxillary and zygomatic bones, and the squamous part of the temporal bone—are formed by intramembranous ossification. Similarly, the bones that shape the cranial vault (frontal and parietal bones, parts of the occipital bone) derive from intramembranous ossification.

The development of the temporomandibular joint starts at week 9 with the formation of the condylar process of the mandible, which is followed by the formation of the temporal portion of the joint (week 10). By week 14, the interarticular disc and the joint spaces have been formed.




Sutures and Fontanelles (Figure 9-4)

The bones of the cranial vault are joined by syndesmoses. These sutures widen into larger fibrous areas, the fontanelles, whenever more than two bones meet. Sutures and fontanelles allow for molding of the head while passing through the birth canal. Moreover, the sutures are the sides of pre- and postnatal growth of the cranial bones, and whereas the fontanelles usually close within the first 2 years of prenatal life, most of the sutures only close completely later in adulthood. Coordinated growth of the central nervous system and its surrounding tissues (meninges, bones, and connective tissue) is essential for normal head development.8,9

[image: image]
Figure 9-4 Development of the cranial vault. Sutures and fontanelles between the developing bones of the skull permit shifting of these bones during birth and provide space for additional growth of the bones.





Craniosynostosis (Figure 9-5), the premature fusion of one or more cranial sutures, results in restriction of the growing brain and craniofacial deformities due to compensatory growth in unaffected areas. The incidence for craniosynostosis is 1 in 2500 births and the defect can occur as an isolated event or as one component of various syndromes. Depending on which of the sutures fuse prematurely, the shape of the skull is altered. For example, scaphocephaly, a long and narrow skull, is the result of early fusion of the sagittal suture, whereas brachycephaly, a skull shortened in anteroposterior direction, is caused by premature fusion of both coronary sutures. Crouzon and Apert syndromes are two examples of syndromes associated with craniosynostosis of the coronary sutures. Mutations in a gene encoding for a fibroblast growth factor receptor cause both syndromes, which also feature deformation of other craniofacial structures, such as shallow orbits, hypertelorism, a hypoplastic midface region and maxilla, and mandibular prognathism.

[image: image]
Figure 9-5 Craniosynostosis in an infant with Apert syndrome. Brachycephaly (skull shortened in anteroposterior direction) is caused by premature fusion of the coronary sutures. (From Cote C, Anderson B: A practice of anesthesia for infants and children, ed 5, Philadelphia, 2014, Saunders.)











Special Sense Organs

A detailed description of the development of the special sense organs goes well beyond the scope of this text. In general, focal thickenings of the cranial surface ectoderm of the embryo, ectodermal placodes, appear around week 4 and form parts of the sense organs. The lens (or optic) placode develops into the lens of the eye, the nasal (or olfactory) placode produces the olfactory neurons, and the otic (or auditory) placode forms the otic vesicle, which develops into the membranous labyrinth of the inner ear, including the sensory cells for hearing and movement. The relationship between the placodes and the surrounding tissue is complex: On one hand, the surrounding tissue induces the development and further differentiation of the placodes; on the other hand, the placodes are essential for the development of the surrounding structures.10




Pharyngeal Arches


Overview (Figure 9-6)

In phylogenetic terms, the pharyngeal arches derive from the gills of jawless fish. In humans, five pairs of pharyngeal arches (numbered 1 to 4 and 6) are located at the lateroventral aspects of the primitive oral cavity and the pharyngeal portion of the foregut. The first pharyngeal arch forms in week 3 and is located just caudal to the primitive oral cavity. Subsequently, arches 2 through 4 and 6 develop in a craniocaudal sequence. The mesenchymal core of each arch is covered with ectoderm on the outside and with endoderm on the inside. The arches are separated from each other by pharyngeal membranes, double layers of endodermal and ectodermal tissue. The resulting indentations are called pharyngeal pouches and pharyngeal grooves (or clefts) on the inside and outside of the embryo, respectively. While the pouches and their endoderm develop into various important organs of the head and neck region, most of the grooves obliterate; only the first groove persists as the external acoustic meatus (discussed later). Pharyngeal cysts and fistulas occur when the grooves do not completely obliterate.11 Fistulas of the second pharyngeal groove are the most common type of pharyngeal fistulas; they usually open near the anterior border of the sternocleidomastoid muscle.

[image: image]
Figure 9-6 Pharyngeal arches. Five pharyngeal arches develop in a craniocaudal sequence. Each arch contains tissue that will differentiate into muscle, cartilage, blood vessels, and nerves.






Components of Each Arch: Muscle, Cartilage, Blood Vessel, and Nerve

The mesenchymal core of each arch, which receives contributions from the indigenous mesoderm as well as from NCCs, differentiates into connective tissue, musculature, and skeletal elements. Each pharyngeal arch also develops an aortic arch artery; these arteries are connected to each other and eventually differentiate into the definite aortic arch and its branches, which provide blood supply to the head and neck region. Furthermore, each pharyngeal arch contains a cranial nerve, which originates from the primitive brain. Each of these cranial nerves innervates muscles (motor innervation) and mucosa (sensory innervation) derived from the corresponding arch. Table 9-1 provides an overview of the skeletal elements, muscles, arteries and nerves that are associated with each of the pharyngeal arches.


Table 9-1

Structures Derived from the Pharyngeal Arches



	Pharyngeal Arch
	Arch Artery
	Skeletal Elements
	Muscles
	Cranial Nerve




	1
	Terminal branch of maxillary artery
	Endochondral ossification: incus, malleus, part of the sphenoid
Intramembranous ossification: maxillary and zygomatic bone, squamous portion of temporal bone, mandible
	Muscles of mastication, mylohyoid, anterior belly of digastric, tensor tympani, tensor veli palatini
	Maxillary and mandibular division of trigeminal nerve (V2 and V3)



	2
	Stapedial artery (in the embryo), corticotympanic artery (in the adult)
	Endochondral ossification: stapes, styloid process, parts of the hyoid
	Muscles of facial expression, posterior belly of digastric, stylohyoid, stapedius
	Facial nerve (VII)



	3
	Common carotid artery, root of internal carotid artery
	Endochondral ossification: parts of the hyoid
	Stylopharyngeus
	Glossopharyngeal nerve (IX)



	4
	Arch of aorta (left), right subclavian artery (right), original sprouts of pulmonary artery
	Laryngeal cartilages
	Constrictors of pharynx, levator palatine, cricothyroid
	Superior laryngeal branch of vagus nerve (X)



	6
	Ductus arteriousus, roots of definitve pulmonary arteries
	Laryngeal cartilages
	Intrinsic muscles of larynx
	Recurrent laryngeal branch of vagus nerve (X)
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Pharyngeal Pouches

The inside of the pharyngeal pouches is lined with endodermal epithelium, which gives rise to organs of the head and neck.

The first pharyngeal pouch extends to become the tympanic cavity and the pharyngotympanic tube. The first pharyngeal membrane differentiates into the tympanic membrane, and the first pharyngeal groove, which opposes the pouch, develops into the external acoustic meatus.

The second pharyngeal pouch develops into the palatine tonsil; its endoderm invaginates into the surrounding mesenchyme and forms tonsillar crypts. Later, the tissue is infiltrated by lymphocytes, forming the lymphatic nodules of the tonsil.

Starting at week 6, the caudal portion of the third pharyngeal pouch extends ventrally. The pouches from both sides merge in the ventral midline and form the bilobed thymus. The endoderm of the pouches becomes the epithelial tissue of the thymus. Later, lymphocytes, which derive from hematopoietic stem cells, infiltrate the space between the epithelial cells. The cranial part of the third pouch extends caudoventrally toward the thyroid gland and develops into the inferior parathyroid gland.

Parts of the fourth pouch extend into the direction of the developing thyroid gland as well and thereby form the superior parathyroid gland. The caudal portion of the fourth pouch develops into the ultimobranchial body, which fuses with the thyroid gland and gives rise to calcitonin-producing parafollicular cells (C cells).




Thyroid Gland

In week 3, an endodermal thickening, the thyroid diverticulum, appears medially on the floor of the pharynx. The thyroid diverticulum migrates caudally into the mesenchyme of the neck through an opening in the dorsum of the developing tongue (foramen cecum). During its descent, the developing thyroid remains connected to the pharynx via the thyroglossal duct and stays ventrally to the hyoid bone and the laryngeal structures. By week 7, the formation of the thyroid gland is completed, and the thyroglossal duct degenerates, leaving only the foramen cecum as a visible pit at the dorsum of the tongue. The endoderm of the thyroid diverticulum forms epithelial cords, which intermingle with mesenchyme to form the thyroid follicles. The pyramidal lobe, which can be seen in about 50% of all people, is a remnant of the descending thyroid tissue.

Failure of normal descent of thymus, thyroid, or parathyroid tissue during embryonic development results in ectopic glandular tissue, which should not be mistaken for pathologic masses.11,12 Ectopic thyroid tissue is the most common cause of congenital neck masses encountered in children. Although the masses often present asymptomatically, surgical removal is usually the treatment of choice to prevent infections.




Tongue

The tongue develops at the floor of the pharynx from material provided by pharyngeal arches 1 to 4. By the end of week 4, a median tongue bud is formed by the first pharyngeal arch; very soon distal tongue buds appear on each side of the median bud, overgrow the median tongue bud, and fuse to form the anterior two thirds of the tongue. The line of fusion between the distal tongue buds forms the median sulcus of the tongue. The posterior one third of the tongue is formed from swellings of the pharyngeal arches 2 to 4. The terminal sulcus marks the line of fusion between the anterior two thirds and the posterior one third of the tongue. The foramen cecum, through which the thyroid gland descends, is located at the junction of median and terminal sulcus.

The mesenchyme of the pharyngeal arches provides the connective tissue and the vasculature of the tongue. Based on its origin from the first pharyngeal arch, the anterior two thirds of the tongue receive their sensory innervation from the mandibular division of the trigeminal nerve. The posterior one third of the tongue mostly derives from the third pharyngeal arch, and its sensory innervation is therefore provided by the glossopharyngeal nerve. Most extrinsic and intrinsic muscles of the tongue derive from myoblasts that migrate from the occipital mesenchyme into the tongue. These muscles are innervated by the hypoglossal nerve, which, like the myoblasts, migrates toward the tongue.

A branch of the facial nerve, namely the chorda tympani, and fibers from the glossopharyngeal and vagus nerves migrate into the tongue and innervate taste buds, which are formed by epithelial cells.

In general, congenital anomalies of the tongue are rare, and most of the time they are part of a syndrome or sequence (e.g., macroglossia in Down syndrome, glossoptosis in Pierre Robin sequence). Ankyloglossia (Figure 9-7), however, is a fairly frequent birth defect (incidence: 0.04% to 0.1%13) that may require surgical correction, depending on its effect on feeding and speech development.14

[image: image]
Figure 9-7 Ankyloglossia. A short frenulum ties the tongue to the floor of the mouth. (From Zitelli BJ, Davis HW: Atlas of pediatric physical diagnosis, ed 6, St. Louis, 2012.)











Major Salivary Glands

Each salivary gland develops from a single epithelial bud through repetitive branching, eventually resulting in a secretory organ that stays connected with the oral cavity via its proximal duct.15 The parotid salivary glands develop from oral ectoderm near the stomodeum and extend toward the ears, whereas the submandibular and sublingual salivary glands derive from invaginations of pharyngeal endoderm.




Facial Development

In week 4, the stomodeum is delineated by five prominences, which constitute the facial primordia: a single frontonasal prominence surrounds the ventrolateral portion of the forebrain above the stomodeum, paired maxillary prominences frame the lateral parts of the stomodeum, and paired mandibular prominences delineate the lower border of the stomodeum. The maxillary and mandibular prominences are parts of the first pharyngeal arch.


Surface Structures (Figure 9-8)

At the end of week 4, the nasal placodes develop on the inferolateral part of the frontolateral prominences. The mesenchymal tissue around the placodes starts to proliferate and forms medial and lateral nasal processes, while the placodes sink deeper into the tissue, causing the nasal pits to form. The lateral nasal processes later develop into the alae of the nose; the medial nasal processes merge to form not only the nasal septum, but also parts of the ethmoid bone, the cribriform plate, and the intermaxillary segment. The latter will form the philtrum and the premaxilla, which develops into the primary palate and becomes a part of the alveolar process of the maxilla. The frontonasal prominence also develops into the dorsum and apex of the nose and into the forehead.

[image: image]
Figure 9-8 Facial development. A, A total of five prominences surround the stomodeum: a frontonasal prominence, from which the medial and lateral nasal processes derive, two maxillary prominences, and two mandibular prominences. B, Differential growth of these prominences results in the formation of the face.





The lateral nasal prominences are separated from the maxillary prominences by nasolacrimal grooves. Thickened ectoderm at the bottom of these grooves will descend into the underlying mesoderm and become hollow, thereby forming the nasolacrimal duct and the lacrimal sacs of the eye, which become functional during the fetal period.

Starting in week 5, all prominences begin to fuse and shape the borders of the mouth and the nares. The maxillary prominences of both sides fuse with the premaxilla and with the caudal parts of the lateral nasal processes, thus closing the floor of the nasal pits and forming the maxilla and the upper lip. Laterally, the maxillary prominences merge with the mandibular prominences to form the cheeks. The lower lips and the mandible are formed by the mandibular prominences entirely.

Mesenchymal cells from the second pharyngeal arch migrate into the facial region and develop into the musculature of facial expression; the muscles of mastication derive from the first pharyngeal arch.

By week 6, a linear thickening of ectoderm appears on the surfaces of the mandibular and maxillary prominences, and by invagination labiogingival grooves are formed between the lips and the anterior gums. A small area of ectoderm persists in the midline as a frenulum, which attaches the lips to the gingiva.

The auricle of the external ear develops from six auricular hillocks, which are formed from mesenchymal tissue of the first and second pharyngeal arch and are arranged on both sides of the first pharyngeal groove. The hillocks grow and coalesce to form the auricle. Due to its origin, the external ear is initially positioned at the base of the neck; it reaches its definite position only during the course of normal development of the derivatives of the pharyngeal arches. Therefore, many congenital syndromes associated with abnormal development of the pharyngeal arches, such as DiGeorge and Treacher Collins syndrome, also feature low-set ears.




Development of the Nasal Cavities (Figure 9-9)

The nasal pits deepen and form primordial nasal sacs, which are separated from the oral portion of the pharynx by an oronasal (nasobuccal) membrane. This membrane dissipates and thereby establishes a connection, the primitive choana, between the primary nasal cavities and the oral cavity. The nasal placode becomes situated at the roof of the nasal cavity and differentiates into the olfactory epithelium, which gets connected to the olfactory bulbs via olfactory nerves.

[image: image]
Figure 9-9 Development of the nasal cavity. A, The oronasal membrane separates the nasal sac and the oral cavity early in development. B, After rupture of the oronasal membrane, both cavities are connected. C, Formation of the secondary palate results in the re-separation of the nasal cavity and the oral cavity. The nasal conchae develop on the lateral wall late during organogenesis.





The superior, middle, and inferior conchae develop from elevations on the lateral walls of the nasal cavity late during organogenesis, whereas the paranasal sinuses only start to develop at the end of the fetal period. These extensions of the nasal cavities into the maxillary, frontal, sphenoid, and ethmoid bones start as diverticula of the lateral wall of the nasal cavities. The development of the paranasal sinuses continues into adolescence.16

The secondary nasal cavity becomes separated from the oral cavity again during formation of the palate, when the palatal shelves fuse with each other, with the premaxilla, and with the nasal septum (discussed later).







Development of the Palate (Figure 9-10)

The palate separates the oral and nasal cavities and can be subdivided into the anterior hard palate and the posterior soft palate. Palate development is a two-step process. First, the primary palate derives from the frontonasal prominence; later the fusion of the palatal shelves, which derive from the maxillary prominences, completes the secondary palate.

[image: image]
Figure 9-10 Development of the palate. A, Early in week 6, the medial nasal processes begin to fuse to form the primary palate. B, Palatal shelves extend from the lateral walls of the maxillary prominences and grow vertically during week 7 and 8 (shown in purple). Within a few hours the palatine shelves ascend into a horizontal position (shown in light pink, motion of the shelves indicated by the arrows). C, The palatine shelves fuse with themselves and with the nasal septum to form the secondary palate. The secondary and primary palate are fused as well.





The primary palate is formed early in week 6 by fusion of the medial nasal processes. It persists as a part of the maxilla and comprises the small portion of the adult hard palate anterior to the incisive foramen. Starting late in week 6, the secondary palate forms from lateral palatine processes (palatal shelves), which extend medially from the internal walls of the maxillary prominences and project downward on either side of the tongue. During weeks 7 and 8, the palatal shelves first grow further vertically, then—within a few hours—ascend into a horizontal position above the tongue. Eventually, the two shelves meet in the midline, where they first form an epithelial seam. Upon degeneration of the epithelial tissue, the mesenchyme from both sides becomes continuous and the formation of the secondary palate is completed. Subsequently, the secondary palate fuses with the primary palate; together they compose the definite palate. During weeks 9 to 12, the nasal septum, which is formed by the fused medial nasal processes (as discussed previously), fuses with the definite palate and thereby completely separates the two nasal cavities from each other.

Bone tissue builds in the primary palate and the anterior portions of the palatal shelves to form the hard palate. The posterior portions of the shelves do not ossify but form the soft palate and the uvula. Its muscles (as well as the faucial muscles) are formed by myogenic mesenchymal tissue of pharyngeal arches 1, 2, and 4 at the end of organogenesis and during early fetal life.


Cleft Lip and Palate (Figure 9-11)

The formation of the upper lip and the palate is a complex series of events, during which the migration, growth, differentiation, and apoptosis of cells of various origin need to be coordinated.17,18 Clefts of the lip or palate result from disruption of these events and can affect appearance, speech, feeding, hearing, and socialization. Cleft lip and palate are among the most common birth defects, occurring in approximately 1 in 700 live births.18

[image: image]
Figure 9-11 Cleft lip and palate. A, Anterior cleft without cleft palate. B, Anterior cleft with cleft anterior palate. C, Isolated posterior cleft (bilateral).





As the upper lip and primary palate differ in their origin from the secondary palate, two forms of cleft formations can be distinguished: anterior and posterior anomalies, with anterior and posterior referring to the position of the cleft relative to the incisive foramen.

Anterior cleft anomalies are often referred to as cleft lip with or without cleft palate. As mentioned earlier, the primary palate and the philtrum of the upper lip originate from fusion of the medial nasal processes. Fusion of these two structures with the maxillary prominences on both sides completes the formation of the upper lip and the alveolar portion of the maxilla. A partial or complete failure of the merged nasal processes to unite with the maxillary prominences results in an anterior cleft anomaly, which affects the lip or the lip and the alveolar portion of the maxilla, respectively. Depending on whether only one or both maxillary prominences fail to fuse with the merged medial nasal processes, the cleft is unilateral or bilateral. Median cleft lip, which results from a failure of the medial nasal processes to fuse, is rare and usually associated with abnormal brain development and cognitive impairment.

Posterior cleft anomalies are often referred to as isolated cleft palate. The posterior portions of the hard palate and the soft palate derive from the palatal shelves, which fuse in the midline. Partial or complete failure of this fusion results in clefts of the secondary palate posterior to the incisive foramen, which can affect either the soft palate only or both the soft and the hard palate.

Although anterior and posterior cleft anomalies often occur together, in principle, they differ in their etiology as well as in their distribution with respect to sex, familial association, race, and geography.19 For example, anterior cleft anomalies are observed more frequently in males, whereas posterior cleft anomalies are more prevalent in female newborns.20 In a large portion (70%) of cases, the cleft lip and palate anomaly is an isolated occurrence (i.e., it is not associated with any other craniofacial anomaly). However, many syndromes, such as Stickler, Van der Woude, Crouzon, and Apert, feature cleft lip and palate. The etiology of cleft lip and palate is extremely complex, with contributions from both genetic and environmental factors.17 A large number of genes have been identified to play a role in both syndromic and isolated forms of cleft lip and palate.20 Maternal smoking and alcohol consumption as well as malnutrition are a few of the environmental influences associated with the induction of cleft anomalies.18,20







Anomalies Associated with the Development of the Pharyngeal Arches

Many complex craniofacial birth defects are associated with the development of the pharyngeal arches, of which only a small selection will be mentioned here.

Treacher Collins syndrome (Figure 9-12) is a genetic disorder, in which migration of NCCs into the first pharyngeal arch is inhibited. Clinical features of the syndrome include hypoplasia of the mandible, maxilla, and zygomatic bones; cleft palate; abnormalities of the middle and external ear (including hearing loss due to atresia of the external ear canal); and lower eyelid abnormalities.7

[image: image]
Figure 9-12 Child with Treacher Collins syndrome. Inhibited migration of NCCs into the first pharyngeal arch results in hypoplasia of the mandible, maxilla, and zygomatic bones, and in abnormalities of the lower eyelids. (From Kaban LB, Troulis MJ: Pediatric oral and maxillofacial surgery, St. Louis, 2004, Saunders.)





The 22q11.2 deletion syndrome (also known as DiGeorge syndrome) is caused by deletions in the long arm of chromosome 22 and is associated with numerous phenotypes, including failure of pharyngeal pouches 3 and 4 to differentiate. This developmental deficit causes, among other symptoms, hypoparathyroidism with hypocalcemia, absence of the thymus with immune defects, and an interrupted aortic arch (narrowing of the aorta at the level of the ductus arteriosus).21

The underlying causes of Pierre Robin sequence are poorly understood. It is characterized by micrognathia, which hinders normal tongue development and results in glossoptosis and consequential airway obstruction. Abnormal tongue development most likely also interferes with palate development, often causing cleft palate. Pierre Robin sequence is often observed in conjunction with craniofacial syndromes, such as Stickler syndrome and 22q11.2 deletion syndrome.22,23
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Chapter 10

Routine Extraction of Teeth

Kevin P. Hall, Carrie A. Klene



Armamentarium


	
#9 Periosteal elevator

#23 Cowhorn mandibular forceps

#40 Elevator

#74 Ash mandibular forceps

#77R Back action elevator

#99C Maxillary forceps

#150 Maxillary universal forceps

#151 Mandibular universal forceps

#301 Elevator

4 × 4 Gauze

Bite block/mouth prop

Cryer/east-west elevator

Double-ended curette

Hemostat

Local anesthetic with vasoconstrictor

Minnesota retractor

Pharyngeal curtain

Rasp bone file

Rongeurs

Saline irrigation

Suction
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History of the Procedure

Simple extractions are a mainstay of oral and maxillofacial surgery. The first mention of tooth extraction was found in the writings of Hippocrates, and the procedure was described by the Roman Celsus in the first century AD. Tooth extractions were performed by tooth-drawers and lower barber-surgeons. In the eighteenth century, the first description of extraction instruments was published.1 In modern times, advanced dental techniques allow the maintenance of teeth. Preventive dentistry has given dental patients the knowledge and tools to better care for their teeth and retain them longer. Still, many patients require routine extractions and preservation of bone for dental implants. Basic exodontia includes the use of instruments to perform simple luxation techniques, bone expansion, and forceps delivery of the tooth. This chapter presents the basic instruments used for simple extractions, the surgical techniques for extracting teeth in different areas of the mouth, and the preservation of bone for future restoration.




Indications for the Use of the Procedure

It is important to consider the patient's overall health during the interview at the initial consult appointment. In addition to understanding the mechanics of tooth removal, the oral and maxillofacial surgeon must be aware of the patient's psychological, physiologic, and pathologic status. No aspect of simple tooth extraction is more important than the careful preoperative examination of the patient. This includes an updated medical history, any indicated laboratory tests, physical exam, oral exam, and dental radiographs. Box 10-1 presents conditions that warrant extraction. It is important first to attempt to save the tooth through restorative, endodontic, and periodontic treatment.2 Only if the initial therapy fails should the tooth be extracted.3,4


Box 10-1

Indications for Tooth Extraction


• Carious and nonrestorable teeth

• Failed endodontic treatment

• Poor periodontal prognosis

• Impacted teeth and periapical pathology

• Necrotic teeth

• Supernumerary teeth

• Crowding/nonfunctional teeth

• Orthodontic considerations

• Deciduous teeth interfering with eruption of permanent teeth

• Root fracture

• Dental pain and unwillingness to undergo necessary treatment

• Interference with prosthodontic needs



Data from McCaul LK, Jenkins WM, Kay EJ: The reasons for the extraction of various tooth types in Scotland: a 15-year follow up, J Dent 29:401, 2001.






Limitations and Contraindications

After a complete history and review of systems, the surgeon may ask the patient about certain medical conditions that may make the patient unsuitable for a routine dental extraction under local anesthesia. Some examples are bleeding dyscrasias, liver disease, immunocompromised conditions, cardiac disease, and coronary artery disease. A thorough history of radiation and bisphosphonate therapy should be determined and appropriate measures taken.5

During the clinical and radiographic assessments, certain key findings should alert the surgeon that a routine dental extraction may need to be converted to a surgical approach. Such findings include teeth with gross amounts of decay through the furcation or below the level of the alveolus, bony pathology, tooth impaction, root dilacerations, and a previous history of endodontic therapy. Certain anatomic barriers may require additional skill and expertise, such as for extraction of a maxillary molar in the presence of a pneumatized maxillary sinus or extraction of a mandibular molar with roots that approximate the inferior alveolar nerve canal.




Technique: Instrumentation for Routine Extractions


Dental Extraction Forceps

A wide variety of forceps has been developed for specific surgical applications, but the basic principle has remained constant. The majority of dental extractions can be performed using a limited number of instruments.6 Dental extraction forceps are principally used to grasp a tooth and apply a force that gives the surgeon leverage impossible to achieve without the use of such an instrument. Forceps are designed with two blades and handles joined by a hinge. The blades of extraction forceps are designed to grasp the buccal and lingual surfaces of the tooth. The concave shape of the blades allows the surgeon to apply the maximum surface area of the blades on the tooth, distributing the forces evenly and thus giving a greater degree of control. When holding the forceps, the further the distance from the hinge, the more force between the beaks. This results in better control of the tooth, and the forceps is less likely to slip. The beaks of the forceps are aimed in an apical direction toward the long axis of the tooth. All extraction forceps can be seen as modifications of this basic design. An assortment of forceps with blades and handles has been designed for specific teeth in the dental arch, to enable the surgeon to achieve the most appropriate adaptation and to facilitate control of the forces applied to the tooth.


Maxillary Forceps

Extraction forceps for the six anterior maxillary teeth include maxillary universal forceps (#150) and maxillary straight forceps (#99C). The beaks of the forceps are applied labially and palatally and directed in an apical direction parallel to the roots of the anterior maxillary teeth. The maxillary straight forceps offers an advantage for maxillary anterior teeth, allowing easy forces applied apically, palatally, labially, and especially rotationally. The further posterior the extraction, the more difficult it is to use the straight forceps due to obstruction of the lower lip and mandibular teeth; in addition, the contour of the posterior maxillary teeth makes it difficult to adapt the beaks to the tooth surface. The maxillary universal forceps can be used in a similar fashion, but it has a curved beak and handle, which keeps them above the lip while still directing the beaks in an apical direction parallel to the roots of the teeth, avoiding iatrogenic injury. Additionally, these forceps can be used to extract maxillary posterior teeth (Figure 10-1, A and B).
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Figure 10-1 A, Left, Maxillary straight (#99C) extraction forceps; right, Maxillary universal (#150) extraction forceps. B1, Traditional way to hold maxillary universal (#150) extraction forceps when approaching extractions from the front of the patient. B2, Backhanded technique for holding the maxillary universal (#150) forceps when approaching extractions from behind the patient. C, Mandibular extraction forceps: top, Cowhorn (#23) forceps; middle, mandibular universal (#151) forceps; bottom, Ash (#77) forceps. D, Correct way to hold mandibular universal (#151) extraction forceps. E, Correct way to hold a straight elevator; the index finger is placed near the blade.





Extraction forceps for the maxillary posterior teeth include the maxillary universal forceps mentioned previously and forceps with beaks specifically designed to fit more complex root forms, such as #89 and #90 forceps. These forceps have a concave palatal beak that can adapt to the palatal root surface and a pointed buccal beak that adapts to the buccal root bifurcation. The #53R and #53L are similar but with a more pointed palatal beak and a straight handle. These forceps can apply an excessive amount of force and fracture the maxillary tuberosity if used improperly.7




Mandibular Forceps

As with maxillary extraction forceps, multiple types of forceps have been designed specifically for the extraction of anterior and posterior teeth. These allow adaptation to root forms and tooth location in the dental arch. The forceps most often used for extraction of anterior mandibular teeth include the mandibular universal (#151) forceps and the Ash (#77) forceps. The Ash forceps have beaks angled at 90 degrees so that the handles extend directly out of the mouth parallel to the plane of occlusion. This allows for labial and lingual adaptation of the beaks without the handles interfering with the maxillary teeth, upper lip, and nose. These forceps can be used for the majority of mandibular teeth from second bicuspid to second bicuspid. The mandibular universal forceps have angulated beaks and handles that allow for adaptation for all mandibular teeth. Additionally, the cowhorn (#23) forceps can be used efficiently for extraction of mandibular molars. The cowhorn forceps have pointed buccal and lingual beaks that can be placed in the furcation of the mandibular molars, allowing for vertical luxation as the handles are squeezed. Similar types of mandibular molar forceps have sharp beaks to fracture multirooted teeth so that the roots may be removed separately (Figure 10-1, C and D).





Elevators

Many different types of elevators have specific applications for the extraction of teeth and tooth roots. The most common elevator is the straight elevator. The straight elevator is a single-bladed instrument that is placed between the tooth and the alveolar bone and used as a mobilizer for teeth and roots. The concave blade of the elevator is placed against the tooth or root to be extracted; the convex side is in contact with the alveolar bone. Care must be taken not to place the convex side of the elevator against an adjacent tooth. Because the elevator acts as a lever, the fulcrum must be against bone so as not to dislodge an adjacent tooth. The instrument is held in the palm of the hand with the index finger extended along the shaft of the elevator to control the forces applied to the tooth. Without the use of this technique, the elevator may slip and damage adjacent tissues. Rotation around the long axis of the instrument can achieve subluxation and mobilization of teeth and roots for extraction. As the tooth or root begins to mobilize, applying a more apical and interproximal position can optimize further mobilization (Figure 10-1, E).

Specialized elevators are available for delivering fractured roots and root tips. One such elevator is the Cryer elevator. This is particularly useful when a single retained root from an extraction of a mandibular molar remains in the alveolar bone. A Cryer elevator is placed apically into the empty root socket, and the point of the blade is rotated toward the residual root. This action removes the intraradicular bone and often forces the remaining root vertically out of the socket.

The above-mentioned techniques are important for surgeons performing basic exodontia, but it must be emphasized that elevators should not be used in all situations. Caution must be exercised in the use of elevators when working with a fractured maxillary molar. Apical force applied with an elevator may push the root into the maxillary sinus. Instead, the root should be retrieved surgically, with removal of intraradicular bone for better access while limiting apical pressure.







Technique: Basic Principles for Simple Extractions

The surgeon must exercise skill and surgical technique to perform simple exodontia. The process involves the use of controlled force to expand the alveolus, separate the periodontal ligament, and deliver the tooth. Some factors attributing to the success of a simple tooth extraction include a sound knowledge of oral and dental anatomy, an understanding of the surgical techniques applied and, above all, surgical experience.


Surgeon-Patient Positioning

For optimal control of the procedure, the surgeon and patient must be in a proper chair position. This allows for ideal visibility, lighting, and access. For best visibility and access for mandibular extractions, the patient's mandible should parallel the floor and should be at the level of the surgeon's elbow. For working on the patient's maxillary teeth, the patient's maxillary occlusal plane should be at 60 to 90 degrees with the floor. If the surgeon is left-handed, he or she should work in the 1 to 5 o'clock position. If the surgeon is right-handed, he or she should work in the 7 to 11 o'clock position.








Technique: Perioperative Management



Simple Dental Extraction

After a local anesthetic has been administered and allowed to take effect, the surgeon usually begins by relieving the superior portion of the attached gingiva from the tooth, typically with a #9 periosteal elevator. At this point, a cotton gauze oral pharyngeal drape is placed to prevent displacement of the tooth into the oral pharynx and potential aspiration. As discussed earlier, the elevator is then used to mobilize or luxate the tooth to facilitate the ease of extraction with the dental forceps. It is suggested that the dentist place the elevator between the alveolus and the tooth and direct it apically, like a wedge, facilitating the coronal movement of the tooth or tooth root.8 Effective elevation prevents injury to the adjacent teeth, maintains the integrity of the alveolar bony structure, and makes the forceps delivery extremely simple.9 Over time, the surgeon may develop the skill to deliver the tooth with the elevators in certain situations, avoiding the use of the extraction forceps.

The techniques for extracting teeth using dental extraction forceps differ, depending on the location in the dental arch. When extracting teeth, the right-handed surgeon is positioned in front and to the right of the patient; a left-handed surgeon is positioned in front and to the left. The index finger of the nondominant hand is placed labially, and the thumb palatally/lingually, firmly holding the alveolar process next to the tooth to be extracted. The beaks of the forceps are adapted to the buccal and lingual surfaces of the tooth with the beaks pointed apically, parallel to the long axis of the tooth.




Extraction of Maxillary Anterior Teeth

Extraction movements consist of applying gentle, controlled force apically. The alveolus is then expanded with repeated labial and then palatal movements, gradually increasing the force applied to the tooth (Figure 10-2, A and B). Because the roots of the anterior maxillary teeth are somewhat conical, rotational movements with the dental extractions forceps can be applied, further severing the periodontal ligament and facilitating the delivery of the tooth. The tooth is then delivered with gentle traction, with care taken not to apply excessive force, because an abrupt delivery can result in the forceps injuring teeth in the opposing arch. The maxillary anterior teeth tend to be delivered buccally because the relative density of the buccal alveolar bone is less than that of the palatal alveolar bone, which results in a greater expansion of the buccal alveolus.
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Figure 10-2 A, Extraction of a maxillary anterior tooth (central incisor). Forceps grasp the tooth, and fingers of the nondominant hand support the alveolar process. B, Extraction movements for maxillary anterior extractions: apply apical pressure, labial pressure, palatal pressure, and rotational movements to sever the periodontal ligament; delivery of the tooth is usually labial. C, Correct way to hold mandibular Ash (#74) extraction forceps. D, Extraction movements for mandibular anterior and premolar extractions: apply apical pressure, buccal pressure, lingual pressure, and rotational movements to sever the periodontal ligament; delivery of the tooth is to the buccal. E, Extraction of maxillary left first premolar using the backhanded technique from the 11 o'clock position. F, Extraction movements. A, Apical; B, palatal; C, buccal; D, final extraction movement. Abbreviations: B, Buccal; P, palatal. G, Universal (#150) extraction forceps engaging the bifurcation of the two buccal roots and palatal root of a maxillary molar. H, Extraction movement for mandibular molars: Cowhorn seated into furcation, buccal-lingual movement and pumping motion displacing coronally. I, Cowhorn (# 23) extraction forceps engaging the bifurcation of a mandibular molar.








Extraction of Mandibular Anterior Teeth and Premolars

The mandibular anterior teeth and premolars are extracted in a similar fashion with the use of the Ash extraction forceps. Continuous apical pressure is applied with the Ash forceps while buccal and lingual movements are gradually increased. Rotational movements are also used, considering that the roots of these teeth are usually single and conical in shape (Figure 10-2, C and D).11





Extraction of Maxillary Premolars

Maxillary premolars are extracted with continuous apical pressure while buccolingual movements are applied. Approximately half of maxillary first premolars have two thin roots, so rotational movements should be avoided to prevent the fracture of the apical portion of the root. Occasionally, maxillary second premolars have two roots and are readily removed in a fashion similar to that for maxillary first molars (Figure 10-2, E and F).




Extraction of Maxillary First and Second Molars

The anatomy of maxillary molars differs from that of other teeth because they have three roots (two buccal roots and one large palatal root). The buccal and palatal roots are typically divergent, making what may look like a simple extraction more complex, with an increased likelihood of root fractures.12 Additionally, these teeth are in close proximity to the maxillary sinus, and careful radiographic interpretation can prevent possible antral involvement.13 Because of these potential complications, in addition to the potential to fracture the buccal plate or the maxillary tuberosity, large initial forces should be avoided. Apical forces should be applied first; then slow, deliberate forces should be applied in the buccal and palatal directions, allowing the initial expansion of the surrounding alveolar bone. The buccal and lingual movements should slowly increase, facilitating the buccal delivery of the maxillary molars (Figure 10-2, G).





Extraction of Mandibular First and Second Molars

Extraction of mandibular molars is often considered to be the most difficult due to the increased density of the posterior mandibular bone, the root form, and the proximity to the inferior alveolar nerve.14 The extraction can be carried out with the use of a mandibular universal extraction forceps (#151) or cowhorn (#23) extraction forceps. The initial step involves seating the beak as apically as possible while applying heavy apical pressure to expand the alveolar bone. Because of the unique root anatomy and bifurcation of the mandibular molars, cowhorn (#23) extraction forceps are often utilized to facilitate the extraction of these teeth. The pointed beaks are placed into the buccal and lingual furcation and a pumping motion is used while squeezing the forceps to displace the tooth coronally. Buccal and lingual rocking movements, in addition to figure-eight movements, can facilitate the expansion of the dense alveolar bone for delivery of the mandibular molar (Figure 10-2, H and I ).











Alternative Technique: Atraumatic Extraction

Preservation of alveolar bone is the key to success in future restoration of the missing tooth with either a pontic of a bridge or endosseous implant.15,16 The tooth extraction should be atraumatic, accomplished with the use of periotomes and small periosteal elevators, along with the techniques discussed earlier in the chapter.17 The instruments mentioned at the beginning of the chapter are often adequate to extract the majority of teeth atraumatically. However, a root fractured off below the alveolar crest may prove very difficult to remove from the socket with elevators.18 An interesting technique involves using the “root extractor” or an endodontic broach or file.

First the canal of the fractured tooth is widened with a bur. Then the canal is engaged by the endodontic file. Finally, the root fragment is luxated coronally with the “root extractor” without excessive enlargement of the socket. Using an innovative method in which an endodontic file is used to engage the canal wall, the tooth fragment is slowly luxated and pulled out of the socket with practically no trauma to the alveolar bone or surrounding tissues.




Avoidance and Management of Intraoperative Complications

After extraction of the tooth has been completed, attention must be given to clearing the extraction site of any debris, loose or sharp pieces of bone, granulation tissue, or other pathology. Postoperative infections, bleeding, and edema are rare but possible.19 A common cause of postoperative infection is the foreign body reaction to bone fragments or debris left in the extraction site or displaced underneath the gingival tissue.20 It has been shown that a perioperative dose of antibiotics may reduce postoperative infection, pain, and dry socket after third molar extraction (although this has not been proven for routine dental extractions).21 Chlorhexidine mouth rinse also has decreased the incidence of postoperative dry socket.22 Residual granulation tissue is another reason for minor postoperative bleeding.23 Curetting and irrigating of the extraction socket are performed to eliminate such potential complications. Appropriate use of bite blocks and mandibular support can limit jaw dislocations. As stated previously, the use of an oropharyngeal curtain can prevent aspiration of a tooth. If aspiration is suspected, a prompt chest radiograph should be ordered. If an oral-antral communication is encountered at the time of a maxillary molar extraction, an attempt should be made to primarily approximate the soft tissue of the dental extraction site and put the patient on antibiotics and sinus precautions.




Postoperative Considerations

Postoperative considerations should be discussed with all patients (Box 10-2). The patient's quality of life can be disrupted with regard to diet modification, opening of the mouth, and speech, even with nonsurgical extractions.24 Most providers recommend a softer consistency diet after these procedures. Head elevation can reduce discomfort associated with swelling. The application of ice initially postoperatively has not been proven effective at reducing swelling.25 Most patients require some form of prescribed medication for pain. The possibility of nausea, along with these medications, should be discussed. Hemostasis should be obtained before dismissal of the patient; additional information about hemostatic measures is routinely provided to the patient in written discharge instructions. A further medical workup should be initiated in patients with persistent bleeding.


Box 10-2

Postoperative Considerations



	Bleeding
	Pain



	Swelling
	Bruising



	Infection
	Nausea



	Hygiene
	Diet
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Chapter 11

Impacted Teeth

Benjaman R. Brown, Mary Ann Sabino



Armamentarium


	
Each surgeon establishes an armamentarium for his or her individual surgical technique. However, most extractions of impacted teeth include instruments from the following list.1 Alternative techniques that require specialized equipment are discussed in those sections in the chapter text.

#1 Periosteal elevator

#9 Periosteal elevator

#15 Scalpel blade

#150/151 Forceps

#190/191 Elevators

Appropriate sutures

Bone file

Cryer elevators

Dental curette

Fissure/round bur

Gilmore probe

Hemostat

Irrigation syringe/sterile saline

Local anesthetic with vasoconstrictor

Minnesota cheek retractor

Molt curettes

Needle holder

Rongeurs

Small and large luxators

Small and large straight elevators

Surgical handpiece

Suture scissors
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Indications for Removal of Impacted Third Molars

The parameters of care published by the American Association of Oral and Maxillofacial Surgeons have established criteria for the extraction of impacted third molars. The indications for removal of impacted third molars include:


1. Pain

2. Pathology associated with tooth follicle (e.g., cysts, tumors)

3. Abnormalities of tooth size or shape that preclude normal function

4. Facilitation of the management or limitation of progression of periodontal disease2

5. Resorption of third molar or adjacent tooth

6. Facilitation of orthodontic tooth movement and promotion of stability of the dental occlusion

7. Facilitation of prosthetic rehabilitation

8. Tooth impeding the normal eruption of an adjacent tooth

9. Tooth in the line of fracture

10. Tooth involved in tumor resection

11. Tooth interfering with orthognathic and/or reconstructive jaw surgery

12. Preventive or prophylactic tooth removal, when indicated, for patients with medical or surgical conditions or treatments (e.g., organ transplants, alloplastic implants, antiresorptive therapy, chemotherapy, radiation therapy)

13. Clinical findings of fractured tooth or teeth

14. Facilitation of harvesting of autologous graft

15. Impacted tooth (as defined previously)

16. Anatomic position causing potential damage to adjacent teeth

17. Patient's informed refusal of nonsurgical treatment options




Diagnostic Imaging

A panoramic radiograph is recommended for management of third molars, although periapical, maxillary, and/or mandibular radiographs and computed tomography may also be used. The goals of impacted tooth removal are to:


• Prevent pathology

• Preserve the periodontal health of adjacent teeth

• Optimize prosthetic rehabilitation

• Optimize management and/or healing of jaw fractures

• Optimize orthodontic results

• Aid in tumor resection

• Provide a healthy oral and maxillofacial environment for patients undergoing radiation therapy, chemotherapy, organ transplantation, or placement of alloplastic implants

• Prevent complications in orthognathic surgery










Contraindications to Removal of Impacted Third Molars

The surgeon should consider three important clinical factors in deciding whether to extract an impacted third molar3,4:


• Patient of older age

• Compromised medical status

• Increased risk of damage to anatomic structures



Many classification systems correlate descriptive features of the tooth to the degree of difficulty in surgical extraction. The most common system, the Pell and Gregory classification (Figure 11-1), incorporates the following features:


1. The relationship of the impacted tooth to the anterior border of the ramus and the second molar

2. The depth of the impaction and the type of tissue overlying the impacted tooth



[image: image]
Figure 11-1 Pell and Gregory classification of impacted teeth. Class I/II/III describes the horizontal or anteroposterior (AP) position of the impacted third molar relative to the anterior border of the ascending ramus (blue lines). Class A/B/C describes the vertical position of the impacted third molar relative to the mandibular occlusal plane (red lines).





A third and more commonly used description is the angulation of the impacted tooth (horizontal, vertical, mesioangular, or distoangular).





Technique: Surgical Removal of Impacted Third Molars

Addressing the surgical removal of impacted teeth begins with access. Before a tooth can be extracted, clinically visualizing the surgical site is crucial. An envelope flap is most commonly used by surgeons in both the maxilla and mandible. The following considerations should be addressed when designing a surgical flap:


• Allow for complete visualization of the operative field.

• Prevent unnecessary trauma to the adjacent soft tissue when removing bone or teeth.

• Provide an adequate working area that allows for full removal of intrabony pathologic conditions when present.

• Place incisions over bone not planned for removal.

• Make sure the incision is long enough to allow for a flap that gives clear and adequate hard tissue visualization and permits easy retraction without tearing.

• Make sure the base of the flap is wider than the reflected free margin to ensure a proper blood supply to the reflected soft tissue.4




Step 1A:


Mandibular Incision

A sulcular incision is made from the distal of the first molar posteriorly with a distobuccal release in the mandible with an option to include a possible mesial vertical release for increased access (Figure 11-2, A).
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Figure 11-2 A, Incision design for surgical removal of impacted mandibular third molars. A mucoperiosteal flap using a crevicular incision with distobuccal release (dashed line) is created (A1) and the flap is elevated with a periosteal elevator (A2). An alternative design is an anterior vertical release with elevation of the flap. B, Incision design for surgical removal of impacted maxillary third molars. A mucoperiosteal flap using a crevicular incision with distobuccal release is created using a sharp #15 blade (B1). The flap is then elevated to uncover the clinical crown (B2). An alternative technique is raising a mesial vertical releasing incision and elevation with a periosteal elevator. C, Uncovering a clinical crown. A fissure bur is used to uncover the clinical crown and create a buccal trough in vertical (C1), horizontal (C2), mesioangular (C3), and distoangular (C4) impactions using copious irrigation. In horizontal impactions, it may be difficult to uncover the crown in its entirety. D, Sectioning of an impacted clinical crown and/or roots. In vertical impactions (D1), a fissure bur is used to section the clinical crown and roots into mesial and distal halves. The crown is sectioned separately from the roots in horizontal impactions (D2). Mesial and distal roots may require sectioning before retrieval. A distal coronectomy is performed in mesioangular impactions to allow elevation of roots in a distal/posterior direction (D3). In distoangular impactions (D4), the clinical crown must be sectioned to allow retrieval of roots. In some cases, roots may need to be sectioned before retrieval. E, Delivery of impacted roots: vertical and horizontal impactions. After sectioning, a small perforation is created on the distal crown and a Cryer elevator may be used to retrieve the distal half superiorly (E1), followed by elevation of the mesial root (E2). For horizontal impactions, a Cryer elevator may be used to elevate distal (E3) and mesial (E4) roots separately. Alternatively, a small luxator may be used to elevate roots. F, Delivery of roots: mesioangular and distoangular impactions. After a distal coronectomy, a small elevator or luxator may be used to elevate the mesioangular impaction in a posterior direction (F1). If the clinical crown is lodged under the distal cusp of the adjacent molar, the crown may be sectioned and the root elevated separately. In distoangular impactions, a Cryer elevator may be used to elevate both roots together (F2). Alternatively, the roots may be sectioned and delivered separately using a Cryer elevator or small luxator.









Step 1B:


Maxillary Incision

In the maxilla, the same sulcular incision is created with a sharp #15 blade with a distobuccal release and an option of including a mesial vertical releasing incision for improved access (Figure 11-2, B).

Once the site has been visualized, the surgical plan can commence including the following routine steps, adjusted to the individual tooth and location.




Step 2:


Uncovering the Clinical Crown

After elevation of the mucoperiosteal flap, bone covering the tooth is removed using a surgical handpiece and bur so that the impacted tooth can be visualized.

After the uncovering, a buccal trough is created to fully visualize the clinical crown. In some instances, as with horizontally impacted teeth, complete uncovering of the clinical crown is not possible (see Figure 11-4, B). Alternatively, for superficially impacted teeth and teeth in the maxilla, buccal bone may be removed with a Molt curette to expose the crown to the level of the cementoenamel junction (CEJ) (Figure 11-2, C).





Step 3:


Sectioning the Clinical Crown and/or Roots

Once the crown has been uncovered, attempt elevation. If unable to elevate, consider sectioning the tooth. The surgical sectioning of impacted teeth varies, depending on the tooth's angulation, the number of roots, and the direction of root growth. Figures 11-2, D1 to D4 represent the most common techniques, which are modified for each type of impaction. When possible, align the surgical bur parallel to the buccal groove but along the mesiobuccal (MB) cusp. This helps reduce the potential for a distal coronectomy. Section the clinical crown up to three fourths of its buccal-lingual distance. Do not section the crown completely because of the potential for lingual cortical perforation and lingual nerve injury (see Figure 11-3).

After the clinical crown and roots have been sectioned, a small or large elevator is used to complete the section (Figure 11-2, D).





Step 4:


Elevation and Retrieval of Tooth Roots

A small/large elevator, small/large luxator, or Cryer elevators may be used to elevate retained roots. The root direction and number of roots dictate the degree of difficulty in removing tooth roots. Figure 11-2, E and F, demonstrates common techniques and instruments used to elevate impacted retained roots. Remove any residual follicle with a dental curette and hemostat. If pathology is suspected, place the specimen in an appropriate container for transport and histopathologic analysis. Do not use excessive force during elevation or luxation of roots, especially in retrieving root tips, because this may force root tips apically and into potential spaces, such as the inferior alveolar nerve (IAN) canal and maxillary sinus (see Displacement of Root Tips, later in the chapter).

If no mobility of the roots is noted, troughing of alveolar bone may be necessary to create a purchase point for the elevator.




Step 5:


Closure

After retrieval of all root tips, the area is copiously irrigated (including subperiosteal irrigation) and inspected for cortical perforation, damage to adjacent dentition, and encroachment of the IAN canal. Ensure adequate hemostasis and place hemostatic agents if necessary.

If necessary, place sutures to reapproximate flap margins.








Alternative Technique 1: Elevation of a Lingual Flap

Elevation of a lingual flap has been described in the literature. This technique is more commonly used in the U.K. than in the U.S.5-15 It is commonly used to increase exposure of the clinical crown for sectioning and to protect the lingual nerve during sectioning and possible perforation of the lingual cortex. The lingual nerve has been shown to vary greatly in its position relative to the alveolar crest and lingual plate in the third molar site, based on anatomic and radiologic studies.8,9 Therefore, it is at great risk for damage during third molar surgery.

Elevation of a lingual flap has been shown to cause nerve injury, albeit transient. It is controversial whether the type of retractor used influences the onset of nerve paresthesias.10,11 What is agreed upon is that most retractor-induced injuries are neurapraxic in nature and are transient. Permanent nerve damage is more commonly seen in direct injury to the lingual nerve due to cortical perforation, but it is also relatively uncommon.11-15 This technique is discouraged because of the increased risk of damage to the lingual nerve in the region of the mandibular third molar. If lingual tissue must be elevated, it is important to use an appropriate retractor, to insert it carefully, and to contact the lingual plate (Figure 11-3).

[image: image]
Figure 11-3 Position of lingual nerve. Mean distances of the lingual nerve from alveolar crest and lingual cortex based on cadaveric studies.









Alternative Technique 2: Partial Odontectomy/Coronectomy

The coronectomy technique was developed for cases in which roots of the mandibular third molar closely approximate the IAN canal and the risk exists of nerve damage.16,17 This risk is commonly assessed by panoramic radiograph evaluation. The advent of cone beam technology has improved the ability to assess for the risk of nerve damage and allows the clinician to determine the exact position of the IAN canal in all three dimensions.

The most common technique has been described by Pogrel et al.16 Surgical principles include the following:


• The tooth should not be mobile.

• There should be no infection involving the roots.

• The tooth should be vital

• The crown and coronal portion of roots should be removed until they are 2 to 3 mm below the level of the alveolar crest (Figure 11-4, A).

[image: image]
Figure 11-4 Coronectomy. Description of surgical technique. Note protection of the lingual nerve using a retractor. Bur is angled at 45 degrees, and remaining root surface has been removed such that it is 2 to 3 mm inferior to the alveolar crest (shaded areas).





• Retained root should not be mobilized.

• Endodontic therapy is not required and has been associated with an increased risk of infection.18





Surgical Technique


Preoperative prophylactic antibiotics and preoperative chlorhexidine or povidone-iodine rinse is used.

A conventional buccal flap is raised and lingual tissues are retracted with a Walter's lingual retractor to protect the lingual nerve.

A 701 fissure bur is directed at a 45° to transect the clinical crown in its entirety such that it could be removed with a tissue forceps to minimize mobilization of retained root.

Use of a lingual retractor is important due to potential for cortical perforation and lingual nerve damage.

A fissure bur is used to reduce remaining roots so that the roots are 2-3 mm INFERIOR to the crest of the buccal and lingual plates. This allows for soft tissue healing over the coronectomy site.

Do not attempt root canal treatment.

Primary closure must be performed with 1 or more vertical mattress sutures.

Radiographs should be taken immediately postoperatively as in 30% of cases, retained roots have been shown to migrate superiorly (Figure 11-4).










Management of Intraoperative Complications


Bleeding

A thorough consultation that addresses a patient's past medical history, medications, and any history of bleeding problems can prepare the surgeon for potential bleeding complications intra- and postoperatively. If appropriate, coordinating with the patient's primary physician may be required before safe dentoalveolar surgery is performed in an anticoagulated/coagulopathic patient. Proper surgical technique should be exercised to avoid tearing flaps or excessive soft tissue injury.4 Most intraoperative bleeding can be controlled with local measures, which may include oversuturing, application of topical thrombin, or use of a packing medium, such as Gelfoam or oxidized cellulose or Surgicel.20


Nerve Damage

The two nerves most commonly put at risk during impacted mandibular third molar surgery are the lingual nerve and the inferior alveolar nerve. Retraction of a lingual flap has been previously discussed. IAN injury is most likely to occur in specific situations. The first and most commonly reported predisposing factor is complete bony impaction of mandibular third molars. The angulation classifications most commonly involved are mesioangular and vertical impaction. In some cases, nerve proximity to the root is indicated by an apparent narrowing of the IAN canal as it crosses the root or severe root dilaceration adjacent to the canal. Other well-documented radiographic signs are diversion of the path of the canal by the tooth; darkening of the apical end of the root, indicating that it is included within the canal; and interruption of the radiopaque white line of the canal.4 Direct injuries include those that occur from anesthetic injections, crush injuries, injuries sustained during the extraction process or soft tissue management, and damage caused by the use of instruments. Indirect injuries to nerves can be the result of physiologic phenomena, including root infections, pressure from hematomas, and postsurgical edema.20 When an injury to the lingual or inferior alveolar nerve is diagnosed in the postoperative period, the surgeon should begin long-term planning for its management, including consideration of referral to a neurologist and/or microneurosurgeon.4




Retained Roots

Fracture of root tips is a common occurrence during extractions. Roots can be dilacerated or divergent. If the root tip is small (less than a few millimeters) and near vital structures or if the removal of bone to retrieve the root tip would be excessive, the risks and benefits must be considered. Usually a small root remnant is of no consequence if it is not grossly infected. If the decision is made to leave it, the patient should be informed, radiographs taken, and complete documentation of the circumstances placed in the patient's record. The patient should be followed periodically to ensure uneventful healing.1




Displacement of Root Tips

Displacement of root tips is a rare occurrence. The most common areas of displacement are those that correspond to related anatomy; that is, the thin bone bordering the maxillary sinus and a thin lingual plate in the posterior aspect of the mandible. The third circumstance that must be considered is displacement of the maxillary third molar into the infratemporal fossa.1 Immediate local retrieval should be attempted in all circumstances with the use of palpation, manipulation, and suction. Three-dimensional localization of the displaced tooth or root should be used for appropriate planning. For details on further surgical techniques and treatment, the reader is referred to the literature.




Sinus Perforation

Exposure of the maxillary sinus can occur during extraction of maxillary molars. Proper radiographic evaluation usually alerts the clinician to the possibility of this occurrence. Widely divergent roots and superiorly impacted roots increase the chance that the sinus floor may be removed or violated along with removal of the tooth. If the tooth roots are in close proximity to the sinus floor, less force should be used, and sectioning of the roots should be considered. The size of the communication determines the treatment:


• Small perforations (less than 2 mm) often can be treated with medical management and careful observation alone.

• Perforations 2 to 6 mm may require a collagen plug that is kept in place with figure-eight sutures.

• Perforations larger than 6 mm require a buccal or palatal advancement flap in addition to placement of a collagen plug.



All these treatments should be accompanied by antibiotics directed toward sinus microorganisms (Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis) and sinus precautions (i.e., the patient should be advised to avoid nose blowing, sucking through straws, smoking, and forceful sneezing). Sequelae associated with this complication include maxillary sinusitis and formation of a chronic oro­antral fistula.1,20







Postoperative Complications Related to Removal of Impacted Third Molars

During the informed consent process, common complications related to surgical removal of impacted teeth should be discussed. The prevention and management of complications shall only be briefly discussed in this chapter; readers are directed elsewhere20,21 for excellent in-depth reviews. Common complications may include:


• Pain

• Bleeding

• Swelling

• Infection

• Damage to adjacent teeth or structures

• Nerve damage with resultant paresthesia

• Fracture

• Alveolar osteitis

• Oral-antral communication






References

1. Saker M, Ogle OE, Dym H. Basic and complex exodontia and surgical management of impacted teeth. ed 2. Saunders: St Louis; 2009. Fonseca RJ, Barber HD, Matheson JD. Oral and maxillofacial surgery. volume 1.

2. White RP Jr, Fisher EL, Phillips C, et al. Visible third molars as risk indicator for increased periodontal probing depth. J Oral Maxillofac Surg. 2011;69:92.

3. Lieblich SE, Kleiman MA, Zak MJ. Dentoalveolar surgery: AAOMS parameters of care 2012. J Oral Maxillofac Surg. 2012;70(Suppl 3):e1.

4. Peterson LJ, Ness GM. Impacted teeth. Miloro M. Peterson's principles of oral and maxillofacial surgery. ed 2. Decker: Hamilton, Ontario; 2004.

5. Behnia H, Kheradvar A, Shahrokhi M. An anatomic study of the lingual nerve in the third molar region. J Oral Maxillofac Surg. 2000;58:649.

6. Pogrel MA, Goldman KE. Lingual flap retraction for third molar removal. J Oral Maxillofac Surg. 2004;62(2):1447.

7. Assael LA. Indications for elective therapeutic third molar removal: the evidence is in. J Oral Maxillofac Surg. 2005;63:16912.

8. Kiesselbach JE, Chamberlain JG. Clinical and anatomic observations on the relationship of the lingual nerve to the mandibular third molar region. J Oral Maxillofac Surg. 1984;42:565.

9. Miloro M, Halkias LE, Slone HW, et al. Assessment of the lingual nerve in the third molar region using magnetic resonance imaging. J Oral Maxillofac Surg. 1997;55:134.

10. Pogrel MA, Goldman KE. Lingual flap retraction for third molar removal. J Oral Maxillofac Surg. 2004;62:11250.

11. Greenwood M, Langton SG, Rood JP. A comparison of broad and narrow retractors for lingual nerve protection during lower third molar surgery. Br J Oral Maxillofac Surg. 1994;32:114.

12. Rood JP. Permanent damage to inferior alveolar and lingual nerve during removal of impacted mandibular third molars: comparison of two methods of bone removal. Br Dent J. 1992;72:108.

13. Gomes A, Vasconcelos B. Lingual nerve damage after mandibular third molar surgery: a randomized clinical trial. J Oral Maxillofac Surg. 2005;63:14436.

14. Pichler JW, Beirne OR. Lingual flap retraction and prevention of lingual nerve damage associated with third molar surgery: a systematic review of the literature. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2001;91:395.

15. Gargallo-Albiol J, Buenechea-Imaz R, Gay-Escoda C. Lingual nerve protection during surgical removal of lower third molars: a prospective randomized study. Int J Oral Maxillofac Surg. 2000;29:268.

16. Pogrel MA, Lee JS, Muff DF. Coronectomy: a technique to protect the inferior alveolar nerve. J Oral Maxillofac Surg. 2004;52:14472.

17. Renton T, Hankins M, Sproate C, et al. A randomized controlled clinical trial to compare the incidence of injury to the inferior alveolar nerve as a result of coronectomy and removal of mandibular third molars. Br J Oral Maxillofac Surg. 2005;43:7.

18. Sensimen M, Ortakoglu K, Aydin C, et al. Is endodontic treatment necessary during coronectomy procedure? J Oral Maxillofac Surg. 2010;68:23850.

19. Tolsunov L, Javid B, Keyes L, et al. Pericoronal ostectomy: an alternative surgical technique for management of mandibular third molars in close proximity to the inferior alveolar nerve. J Oral Maxillofac Surg. 2011;69(7):1858.

20. Susarla SM, Blaeser BF, Magalnik D. Third molar surgery and associated complications. Oral Maxillofac Surg Clin North Am. 2003;15:177.

21. Bui CH, Seldin E, Dodson TB. Types, frequencies, and risk factors for complications after third molar extraction. J Oral Maxillofac Surg. 2003;61:13799.





OEBPS/images/c00001_f001-004-9781455753284.jpg
Vertex

Sagittal suture

Parietal bone Parietal bone

Lambda

Lambdoid suture

Temporal bone J_ External occipital protuberance

Mastoid process

Lambdoid suture

-

Temporal bone

Superior nuchal line

Inferior nuchal line





OEBPS/images/c00001_f001-005-9781455753284.jpg
Coronal suture

Sphenosquamosal suture Baratalbore Frontosphenoid suture

Squamosal suture Pterion

Sphenoid bone

Zygomatic bone
Lambdoid suture iy

Occmua\mne_L -
Asterion— RS |

Occipitomastoid suture

Mastoid process

External  Styloid Zygomatic process of
auditory  process temporal bone
meatus





OEBPS/images/c00001_f001-002-9781455753284.jpg





OEBPS/images/c00001_f001-003-9781455753284.jpg
Posterior

Parietal bone

Bregma

Sagittal suture

Frontal bone

Coronal suture

Anterior





OEBPS/images/c00001_f001-008-9781455753284.jpg
Sphenoid bone,
greaterwing  Optic canal

Foramen Foramen
rotundum  lacerum

Hypophyseal fossa
Foramen ovale

Posterior clinoid process

Dorsum sellae

Foramen spinosum J Grooves for middle
meningeal artery

Not shown: Superior orbital fissure





OEBPS/images/c00001_f001-009-9781455753284.jpg
Clivus

Temporal bone
Internal auditory meatus

Jugular foramen Jugular tubercle

Hypoglossal canal

Foramen magnum

Occipital bone






OEBPS/images/c00001_f001-006-9781455753284.jpg
Anterior cranial fossa

Middle cranial fossa
N\,

Posterior cranial fossa






OEBPS/images/c00001_f001-007-9781455753284.jpg
Orbital plate

Crista galli

Cribriform plate

Jugum

Anterior clinoid process





OEBPS/images/c00001_f001-010-9781455753284.jpg
Groove for inferior petrosal sinus

Depression for

Groove for superior petrosal sinus
oove periorpelro cavernous sinus

Jugular foramen

Groove for sigmoid sinus

Groove for transverse sinus

Depression for confluence of sinuses

Groove for superior sagittal sinus






OEBPS/images/c00001_f001-001-9781455753284.jpg
Neurocranium

Splanchnocranium






OEBPS/nav.xhtml
Table of Contents


		Cover image



		Title page



		Table of Contents



		Copyright



		Dedication



		Dedications



		Preface



		Foreword



		Foreword



		Acknowledgments



		Section Editors



		Contributors



		Part I Surgical Anatomy of the Head and Neck

		Chapter 1 The Neurocranium

		The Neurocranium1



		References









		Chapter 2 The Orbit and Eye

		The Hard Tissue Anatomy



		The Soft Tissue Anatomy



		Summary



		References









		Chapter 3 The Paranasal Sinuses

		Ethmoidal Sinus



		Maxillary Sinus



		Frontal Sinus



		Sphenoid Sinus



		References









		Chapter 4 The Auditory System

		Temporal Bone



		External Ear



		Tympanic Membrane



		Middle Ear and Mastoid



		Inner Ear



		Internal Auditory Canal



		Facial Nerve and Fallopian Canal



		Summary



		References









		Chapter 5 The Anatomy of the Face, Mouth, and Jaws

		The Skin



		The Fat Pads of the Face



		The Superficial Musculoaponeurotic System



		The Facial Layers of the Face: Regional Considerations



		The Facial Musculature



		The Facial Nerve



		The Ligaments and Adhesions of the Face



		The Trigeminal Nerve: Cranial Nerve V



		The Vascular Supply of the Face



		The Oral Cavity



		The Temporomandibular Joint



		The Maxilla and Mandible



		The Nose



		Summary



		References









		Chapter 6 The Salivary Glands

		General Anatomic Considerations



		Parotid Gland



		Submandibular Gland



		Sublingual Gland



		Minor Salivary Glands



		References









		Chapter 7 The Neck

		Lymphatics (Figure 7-1)



		Anatomic Triangles of the Neck (Figure 7-2)



		Fascial Layers of the Neck (Figure 7-3)



		Muscles (Figure 7-4)



		Blood Vessels (see Figure 7-2)



		Nerves



		References









		Chapter 8 Fascial Spaces of the Head and Neck

		Superficial Fascia



		Fascial Spaces of the Face



		Suprahyoid Fascial Spaces



		Infrahyoid Fascial Spaces



		Fascial Spaces of the Neck



		References









		Chapter 9 Embryology of the Head and Neck

		Time Line of Head and Neck Development



		Neurulation and Formation of Neural Crest Cells as a Prerequisite for Head and Neck Development (Figure 9-1)



		Skull Development



		Special Sense Organs



		Pharyngeal Arches



		Major Salivary Glands



		Facial Development



		Development of the Palate (Figure 9-10)



		Anomalies Associated with the Development of the Pharyngeal Arches



		References















		Part II Oral Surgery

		Chapter 10 Routine Extraction of Teeth

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Instrumentation for Routine Extractions



		Technique: Basic Principles for Simple Extractions



		Technique: Perioperative Management



		Alternative Technique: Atraumatic Extraction



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 11 Impacted Teeth

		Armamentarium



		Indications for Removal of Impacted Third Molars



		Contraindications to Removal of Impacted Third Molars



		Technique: Surgical Removal of Impacted Third Molars



		Alternative Technique 1: Elevation of a Lingual Flap



		Alternative Technique 2: Partial Odontectomy/Coronectomy



		Management of Intraoperative Complications



		Postoperative Complications Related to Removal of Impacted Third Molars



		References









		Chapter 12 Canine Exposure

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Selection of the Treatment Procedure



		Limitations and Contraindications



		Technique: Surgical Exposure of an Impacted Maxillary Canine



		Alternative Technique 1: Closed Technique



		Alternative Technique 2: Gingivectomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 13 Alveoloplasty

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Compression of the Alveolar Ridges



		Technique: Simple Alveoloplasty



		Complex Maxillary Alveoloplasty/Alveolectomy



		Technique: Soft Tissue Tuberosity Reduction



		Technique: Bony Tuberosity Reduction



		Alternative Technique 1: Osteotomy with or without Repositioning



		Alternative Technique 2: Mandibular Techniques



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 14 Palatal and Lingual Torus Removal

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Palatal Torus Removal



		Alternative Technique 1: Reduction of Small Palatal Tori



		Alternative Technique 2: Palatal Splint for Postoperative Care



		Technique: Lingual Torus Removal



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 15 Apicoectomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Apicoectomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 16 Inferior Alveolar Nerve and Lingual Nerve Repair

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Inferior Alveolar Nerve Repair



		Technique: Lingual Nerve Repair



		Alternative Techniques and Modifications



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 17 Odontogenic Infection

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Incision and Drainage of Fascial Space Infection of Odontogenic Origin



		Alternative Technique 1: Incision and Drainage of Vestibular, Canine, and Palatal Space Abscess



		Alternative Technique 2: Incision and Drainage of Lateral Pharyngeal and Retropharyngeal Space Abscess6,7



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 18 Vestibuloplasty

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Graft Donor Sites



		Technique: Stents



		Technique: Vestibular Skin Grafting and Lowering of Floor of Mouth



		Alternative Technique 1: Maxillary Submucous Vestibuloplasty



		Alternative Technique 2: Maxillary Secondary Epithelialization



		Alternative Technique 3: Crestally Pedicled Mucosal Graft (Lip Switch Myotomy) of the Mandible



		Alternative Technique 4: Soft Tissue Drape Optimization in Osseous Reconstructed Jaws



		Alternative Technique 5: Implant Related Vestibuloplasty Procedures



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References















		Part III Implant Surgery

		Chapter 19 Endosseous Dental Implants

		Armamentarium (Figure 19-1)



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Implant Placement in Edentulous (Healed) Alveolar Sites



		Alternative Technique 1: Extraction of Teeth and Immediate Implant Placement



		Alternative Technique 2: All on 4 Method



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 20 Site Preservation and Ridge Augmentation

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Socket Augmentation



		Technique: Guided Bone Regeneration for Horizontal Defects



		Alternative Technique 1: Guided Bone Regeneration for Vertical Defects



		Alternative Technique 2: Guided Bone Regeneration with Implant Placement



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 21 Distraction Osteogenesis for Height and Width of the Alveolar Crest

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Alveolar Width Distraction



		Modified Technique: Bidimensional Distraction



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 22 The Maxillary Sinus Lift

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Sinus Lift—Lateral Approach



		Alternative Technique 1: Sinus Lift—Transalveolar Approach



		Alternative Technique 2: Ridge-Split Transalveolar Approach



		Alternative Technique 3: Graftless Sinus Elevation



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 23 Endosseous Craniofacial Implants

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Endosseous Craniofacial Implants



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 24 Implant Rehabilitation and Maxillomandibular Free Flap Reconstruction

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Mandible Reconstruction



		Technique: Palatomaxillary Reconstruction



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 25 Implant Salvage Procedures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Implant Salvage



		Alternative Technique 1: Regenerative Approach in a One-Wall Defect—Graft Containment via Membrane



		Alternative Technique 2: Débridement with Soft Tissue Grafting



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 26 Prosthodontic Temporization Procedures in Implant Dentistry

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Procedure Performed Directly on Implant at the Time of Implant Placement (Immediate Provisional)



		Alternative Technique 1: Implant Index at the Time of Surgery: Placement of Provisional After Integration



		Alternative Technique 2: Placement of Provisional at Time of Implant Placement, Fabricated Indirectly



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 27 Soft Tissue Augmentation Surgery for Dental Implants

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Subepithelial Connective Tissue Graft (SCTG)



		Alternative Technique: Modified Second-Stage Pedicle Flap Technique



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References















		Part IV Orthognathic and Craniofacial Surgery

		Chapter 28 Computer Planning for Orthognathic Surgery

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Registration of Centric Relation (CR) and Digital Face-Bow



		Alternative Technique: Digital Model Process



		Technique: Digital Model Surgery: 12 Steps of the Virtual Planning Session



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 29 Genioplasty

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Advancement Sliding Osteotomy



		Alternative Technique 1: Vertical Alteration



		Alternative Technique 2: Alloplastic Implant Augmentation



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 30 Mandibular Subapical Osteotomies

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Anterior Subapical Osteotomy



		Technique: Total Subapical Osteotomy



		Technique: Posterior Subapical Osteotomy



		Alternative Technique: Combined Sagittal Split Osteotomy and Reduction Genioplasty



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 31 Intraoral Vertical Ramus Osteotomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Intraoral Vertical Ramus Osteotomy



		Alternative Technique 1: Simultaneous Coronoidectomy



		Alternative Technique 2: Modification of the Distal Segment for Superior Interference



		Alternative Technique 3: Modification of the Distal Segment for Inferior Interference



		Alternative Technique 4: Internal Fixation



		Alternative Technique 5: Extraoral Approach



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 32 Inverted L Mandibular Osteotomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Extraoral Inverted L Osteotomy



		Alternative Technique 1: Intraoral Inverted L Osteotomy



		Alternative Technique 2: Positioning Plates Used with the Inverted L Osteotomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 33 Bilateral Sagittal Split Osteotomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Bilateral Sagittal Split to Advance the Mandible



		Alternative Technique 1: Bilateral Sagittal Split Setback



		Alternative Technique 2: Bilateral Sagittal Split with Third Molars



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 34 Mandibular Distraction in Infancy for Airway Obstruction

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Posterior Body Osteotomy for Mandibular Distraction



		Alternative Technique: Vertical Ramus Osteotomy for Mandibular Distraction



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 35 Mandibular Distraction Osteogenesis in Craniofacial Deformities

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Mandibular Widening



		Technique: Bilateral Mandibular Lengthening



		Alternative Technique 1: Parasymphyseal Osteotomy



		Alternative Technique 2: Unilateral Mandibular Lengthening



		Technique: Ramus Lengthening Procedure



		Technique: Ramus Procedure with a Functional Condyle



		Technique: Condylar Bone Transport to Lengthen the Ramus and Close the Gap



		Technique: Ramus Lengthening in TMJ Ankylosis



		Technique: Ramus Lengthening in an Ankylosed TMJ Procedure



		Postoperative Considerations



		References









		Chapter 36 The Anterior Segmental Maxillary Osteotomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Anterior Segmental Maxillary Osteotomy



		Avoidance and Management of Intraoperative Complications



		References









		Chapter 37 Surgically Assisted Rapid Palatal Expansion

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Surgically Assisted Rapid Palatal Expansion



		AlternatIVe Technique: Pterygoid Disjunction and Unilateral SARPE



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 38 The Le Fort I Osteotomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Le Fort I Osteotomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 39 Le Fort I Segmental Osteotomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Le Fort I Segmental Osteotomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 40 Maxillary Intraoral Distraction Osteogenesis

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Maxillary Le Fort I Level Advancement



		Technique: Maxillary Le Fort I Level Advancement in Clefts



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 41 Model Surgery Planning

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Model Surgery Planning



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		Acknowledgments



		References









		Chapter 42 Bimaxillary Orthognathic Surgery

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Bimaxillary Orthognathic Surgery



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 43 Fronto-Orbital Advancement and Anterior Cranial Vault Reconstruction

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Technique: Fronto-Orbital Advancement and Anterior Cranial Vault Reshaping



		Alternative Technique 1: Hemi-bandeau



		Alternative Technique 2: Modified Lateral Canthal Advancement



		Alternative Technique 3: Endoscopic or Limited Access



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 44 Posterior Cranial Vault Remodeling

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Posterior Cranial Vault Remodeling



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 45 Total Cranial Vault Remodeling

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Total Calvarial Remodeling-Scaphocephaly



		Alternative Technique: Release of Constrictive Force of Fused Suture



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 46 The Le Fort III Osteotomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Le Fort III Osteotomy



		Alternative Technique 1: Modifications of Le Fort III



		Alternative Technique 2: Simultaneous Le Fort III/I



		Alternative Technique 3: Internal/External Distraction Osteogenesis of Le Fort III



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 47 Orbital Box Osteotomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Orbital Box Osteotomy



		Alternative Technique: Orbital Osteotomy with Frontal Bandeau



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 48 Monobloc and Facial Bipartition Osteotomies for the Reconstruction of Craniosynostosis Syndromes

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations, Contraindications, and Alternatives



		Technique: Monobloc and Facial Bipartition Osteotomies



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 49 Techniques for Skull Base and Cervical Spine Access

		Transfrontal Approach: Access to the Anterior Cranial Fossa, Orbit, Cribriform Plate, and Accessory Sinuses



		Orbital/Zygomatic Approach: Access to the Orbit, Infratemporal Fossa, Pterygoid Space, and Middle Cranial Fossa



		Transoral/Facial Approach: Access to the Anterior Skull Base, Pharynx, and Upper Cervical Spine



		References















		Part V Cleft Lip and Palate

		Chapter 50 Unilateral Cheilorhinoplasty

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Functional Cheilorhinoplasty of Delaire



		Alternative Technique 1: Right Complete Unilateral Cheilorhinoplasty



		Alternative Technique 2: Incomplete Unilateral Cheilorhinoplasty



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 51 Bilateral Cheilorhinoplasty

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Modified Millard for Bilateral Cleft Lip Repair



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 52 Cleft Palate

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Two-Flap Palatoplasty



		Alternative Technique 1: Vomer Flap



		Alternative Technique 2: Furlow Technique



		Avoidance and Management of Intraoperative Complications



		Postoperative Complications



		References









		Chapter 53 Techniques in Bone Grafting the Cleft Maxilla

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Bone Grafting of the Cleft Maxilla



		Alternative Techniques



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 54 Pharyngoplasty for Velopharyngeal Incompetence

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Superiorly Based Pharyngeal Flap



		Alternative Technique 1: Pharyngoplasty



		Alternative Technique 2: Revision Palatoplasty



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 55 Cleft (Secondary) Rhinoplasty in the Adult Patient

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Secondary Cleft Rhinoplasty



		Alternative Technique: Costochondral Cantilever Graft



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 56 Cleft Le Fort Osteotomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Le Fort I Osteotomy—Unilateral Cleft Lip and Palate (UCLP) Ungrafted Alveolar Cleft



		Technique: Le Fort I Osteotomy—Bilateral Cleft Lip and Palate (BCLP) Ungrafted Alveolar Clefts



		Technique: Le Fort II Osteotomy—UCLP or BCLP Grafted Alveolar Clefts



		Alternative Technique 1: Modified Le Fort I for UCLP



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 57 Secondary Surgery in Cleft Patients

		Armamentarium



		Indications, Limitations, and Contraindications to Use of the Procedure



		Techniques



		Postoperative Considerations



		References















		Part VI Craniomaxillofacial Trauma

		Chapter 58 Facial Laceration Repair

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Wound Closure



		Alternative Technique: Tissue Glues



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 59 Techniques for Maxillomandibular Fixation

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Application of Erich Arch Bars



		Alternative Technique 1: Ivy Loops



		Alternative Technique 2: Intermaxillary Fixation (IMF) Screws



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 60 Surgical Correction of Injuries of the Nasolacrimal System

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Technique: Dacryocystorhinostomy (DCR)2,23



		Alternative Technique: Endoscopic DCR



		Limitations and Contraindications



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		Acknowledgments:



		References









		Chapter 61 Control of Facial Hemorrhage

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: External Carotid Artery Ligation



		Alternative Technique 1: Nasal Packing



		Alternative Technique 2: Ligation of the Anterior Ethmoidal Artery



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 62 Principles and Biomechanics of Rigid Internal Fixation of the Mandible

		Armamentarium



		History of the Procedure



		Instrumentation



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Standard Plate Fixation



		Alternative Technique 1: Lag Screw Fixation



		Alternative Technique 2: Locking Reconstruction Plate Fixation



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 63 Dentoalveolar Trauma

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Closed Reduction of Dentoalveolar Fractures



		Alternative Technique 1: Erich Arch Bars



		Alternative Technique 2: Plating/Fixation



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 64 Anterior Mandibular Fractures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Open Reduction with Internal Fixation of Anterior Mandibular Fractures



		Alternative Technique: Lag Screw Fixation of Anterior Mandibular Fractures



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 65 Mandibular Body Fractures

		Armamentarium



		History of the Procedure



		Mandibular Body Fractures



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Extraoral Approach



		Alternative Technique 1: Single-Plate Fixation



		Alternative Technique 2: Two-Plate Fixation



		Alternative Technique 3: Reconstruction Plate



		Alternative Technique 4: Transoral Approach



		Possible Complications



		Postoperative Considerations



		References









		Chapter 66 Mandibular Angle and Ramus Fractures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique 1: Intraoral Approach, Champy Technique



		Alternative Technique 1: Intraoral Approach, Superior and Inferior Border Plating Technique



		Alternative Technique 2: Submandibular/Transcervical (Risdon) Approach



		Alternative Technique 3: Closed Reduction



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 67 Mandibular Condyle Fractures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Retromandibular (Transparotid) Approach



		Alternative Techniques



		Alternative Endoscopic Techniques



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 68 Atrophic Edentulous Mandibular Fractures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Transcervical Approach to the Atrophic Mandible



		Alternative Technique 1: Plating Inferior Border



		Avoidance and Management of Intraoperative Complications



		Postoperative Complications



		References









		Chapter 69 Comminuted Mandibular Fractures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Surgical Treatment of the Comminuted Mandibular Fracture



		Alternative Technique 1: External Fixator



		Alternative Technique 2: Maxillomandibular Fixation



		Avoidance and Management of Intraoperative Complications



		Postoperative Complications



		References









		Chapter 70 Pediatric Mandibular Fractures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Closed Reduction with or without Maxillomandibular Fixation



		Alternative Technique 1: Open Reduction with or without Internal Fixation



		Alternative Technique 2: Treatment of Mandibular Condylar/Subcondylar Fractures



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 71 Principles and Biomechanics of Rigid Internal Fixation (RIF) of the Midface and Upper Face

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Rigid Internal Fixation of the Midface and Upper Face



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 72 Nasal Fractures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Closed Reduction of Nasal Fractures



		Alternative Techniques



		Alternative Technique 1: Conventional Intubation: Submental Intubation



		Alternative Technique 2: Bone Reduction: Internal Approach Incisions and Access



		Alternative Technique 3: Bone Reduction: Use of an Osteotome



		Alternative Technique 4: Septal Reduction: Septoplasty



		Alternative Technique 5: Delayed Rhinoplasty



		Alternative Technique 6: Multiplane Lateral Osteotomy



		Alternative Technique 7: Extracorporeal Septoplasty



		Alternative Technique 8: Camouflage Grafts



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 73 Zygoma Fractures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Maxillary Vestibular, Transconjunctival, and Lateral Canthotomy Approach



		Alternative Technique 1: Maxillary Vestibular, Transconjunctival, and Upper Blepharoplasty Approach



		Alternative Technique 2: Hemicoronal Approach for Severely Comminuted Zygomatic Fractures



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 74 Orbital Fractures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Isolated Orbital Wall Fractures



		Alternative Technique 1: Infraorbital Rim Involvement



		Alternative Technique 2: Lateral Orbital Canthotomy and Transcaruncular Extension



		Technique: Transantral Endoscopic Repair of Orbital Wall Fractures



		Alternative Technique 3: Emergency Lateral Canthotomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 75 The Naso-Orbito-Ethmoid Fracture

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: NOE Fixation with Canthal Barb Suspension



		Alternative Technique: Transnasal Canthopexy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 76 Le Fort Injuries

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Open Reduction and Internal Fixation of Le Fort Fracture



		Alternative Technique 1: Combination (Open and Closed Reduction) of Le Fort Fracture



		Alternative Technique 2: Sequencing Alternatives for Le Fort Fractures



		Avoidance and Management of Intraoperative Complications



		Postoperative Complications



		References









		Chapter 77 Pediatric Midface Trauma

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Zygomaticomaxillary Complex (ZMC) Fractures



		Technique: Orbital Floor Fractures



		Technique: Maxillary Fractures



		Technique: Naso-Orbito-Ethmoid (NOE) Fractures



		Alternative Technique: Nasal Fractures



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 78 Management of Frontal Sinus Fractures*

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Anterior Table Reconstruction and Cranialization



		Alternative Technique 1: Obliteration



		Alternative Technique 2: Endoscopic Approaches



		Alternative Technique 3: Nonoperative Observation



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 79 Panfacial Fractures

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Technique: Surgical Approaches



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References















		Part VII Benign Pathology

		Chapter 80 Biopsy Techniques

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Biopsy



		Alternative Technique 1: Punch Biopsy



		Alternative Technique 2: Shave Biopsy



		Alternative Technique 3: Fine-Needle Aspiration Biopsy



		Alternative Technique 4: Direct Immunofluorescent Biopsy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		Conclusion



		References









		Chapter 81 Enucleation and Curettage of Benign Oral and Maxillofacial Pathology

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Enucleation and Curettage



		Alternative Technique 1: Extraoral Approach



		Alternative Technique 2: Endoscopic Approach



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 82 Marsupialization

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Marsupialization



		Alternative Technique: Catheter Utilization



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 83 Marginal Mandibulectomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Marginal Mandibulectomy



		Alternative Technique 1: Transbuccal Technique



		Alternative Technique 2: Cheek-Splitting Transbuccal Approach



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 84 Maxillectomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Maxillectomy for Benign Disease



		Alternative Technique: Maxillectomy with Weber-Ferguson Incision



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 85 Segmental Resection of the Mandible

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Lateral Mandibular Resection



		Alternative Technique 1: Crossing the Midline



		Alternative Technique 2: Condylar Resections



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 86 Sublingual Gland Excision and Ductal Surgery

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Sublingual Gland Excision



		Alternative Technique 1: Lateral Approach to the Sublingual Gland



		Alternative Technique 2: Sialodochoplasty



		Alternative Technique 3: Repositioning/Transposition of the Submandibular Duct



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations and Complications



		References









		Chapter 87 Submandibular Gland Excision

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Submandibular Gland Excision for Sialadenitis



		Alternative Technique 1: Submandibular Gland Excision for Sialolithiasis



		Alternative Technique 2: Submandibular Gland Excision for Benign Tumor



		Alternative Technique 3: Transoral Excision of the Submandibular Gland



		Alternative Technique 4: Endoscopic Excision of the Submandibular Gland



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 88 Superficial Parotidectomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Superficial Parotidectomy



		Alternative Technique 1: Partial Superficial Parotidectomy (PSP)



		Alternative Technique 2: Extracapsular Dissection (ECD)



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 89 Thyroidectomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Total Thyroidectomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Complications



		References









		Chapter 90 Parathyroid Gland Surgery for Hyperparathyroidism

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Parathyroid Exploration and Gland Excision



		Alternative Technique 1: Four-Gland Exploration



		Alternative Technique 2: Parathyroid Reimplantation



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 91 Thyroglossal Duct Cysts

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Sistrunk Procedure



		Alternative Technique 1: Transcervical Approach



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 92 Management of Branchial Cleft Cysts, Sinuses, and Fistulae

		Armamentarium



		History of the Procedure



		Limitations and Contraindications



		Technique: Excision of Branchial Cyst, Sinus, and Fistula



		Alternative Technique: Excision of Second Branchial Cleft Cysts via Retroauricular Approach



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 93 Carotid Body Tumor

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Resection of a Carotid Body Tumor



		Alternative Technique: Mandibular Osteotomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References















		Part VIII Malignant Pathology

		Chapter 94 Excision of Facial Skin Malignancy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Excision of Facial Skin Malignancy



		Alternative Technique 1: Primary Closure of Excised Skin Malignancy



		Alternative Technique 2: Special Considerations for Melanoma



		Alternative Technique 3: Cryotherapy



		Alternative Technique 4: Curettage and Electrodesiccation



		Alternative Technique 5: Mohs Micrographic Surgery



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 95 Local Flaps for Facial Reconstruction

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Technique: Basic Concepts in Local Flap Design



		Postoperative Complications



		References









		Chapter 96 Panendoscopy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Direct Laryngoscopy (Direct Laryngoscopy with Rigid Laryngoscope)



		Alternative Technique 1: Flexible Fiberoptic Nasopharyngoscopy/Laryngopharyngoscopy (Nasoendoscopy)



		Alternative Technique 2: Bronchoscopy (Flexible Bronchoscopy)



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 97 Cricothyroidotomy and Tracheostomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Tracheostomy



		Alternative Technique: Cricothyroidotomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 98 Local Excision of Oral Malignancy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Site-Specific Surgical Management and Local Reconstruction Options



		ALternative Technique 1: Mandibular Gingiva/Alveolus/Retromolar Trigone



		Alternative Technique 2: Maxillary Gingiva/Alveolus/Palate



		Alternative Technique 3: Tongue/Floor of the Mouth



		Alternative Technique 4: Lip/Labial Mucosa



		Intraoperative Complications and Postoperative Considerations



		References









		Chapter 99 Glossectomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Partial Glossectomy of the Oral Tongue



		Alternative Technique 1: Access to the Base of the Tongue via a Suprahyoid Pharyngotomy



		Alternative Technique 2: Access to the Base of the Tongue via a Lateral Pharyngotomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 100 Composite Resection

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Technique: Composite Marginal Mandibular Resection16



		Technique: Composite Segmental Mandibular Resection



		Alternative Technique 1: Resection of the Overlying Skin



		Alternative Technique 2: Resection of the Condyle and Masticatory Muscles16



		Alternative Technique 3: Composite Resection of the Anterior Mandible



		Avoidance and Management of Intraoperative Complications



		Postoperative Complications



		References









		Chapter 101 Maxillectomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Total Ipsilateral Maxillectomy with Orbital Preservation via Weber-Ferguson Approach



		Alternative Technique 1: Mandibulotomy Approach to Posterior Maxillectomy



		Alternative Technique 2: Transoral Approach



		Alternative Technique 3: Midfacial Degloving Approach



		Alternative Technique 4: Medial Maxillectomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 102 Orbital Resection

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Total Orbital Exenteration



		Alternative Technique 1: Subtotal Orbital Exenteration with Eyelid Skin Preservation



		Alternative Technique 2: Extended Orbital Exenteration with Resection of the Orbital Walls



		Postoperative Complications



		References









		Chapter 103 Neck Dissection

		Armamentarium



		History of the Procedure



		Anatomic Classification of the Zones of the Neck



		Classification of Neck Dissection



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Selective Neck Dissection



		Alternative Technique 1: Modified Radical Neck Dissection



		Alternative Technique 2: Radical Neck Dissection



		Avoidance and Management of Intraoperative Complications



		Special Considerations



		References









		Chapter 104 Sentinel Node Biopsy for Oral Squamous Cell Carcinoma

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Sentinel Node Biopsy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 105 Laryngectomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Total Laryngectomy



		Alternative Technique 1: Inset of a Free Microvascular Flap or a Pedicled Pectoralis Myocutaneous Flap into the Pharyngeal Closure



		Alternative Technique 2: Buttressing the Pharyngoesophageal Closure Using a Pectoralis Major Flap or Other Microvascular Flap



		Alternative Technique 3: Tracheoesophageal Puncture (TEP) at the Time of Laryngectomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 106 Pharyngectomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Total Laryngectomy with Partial Pharyngectomy



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Total Laryngopharyngectomy



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References















		Part IX Reconstructive Surgery

		Chapter 107 Buccal Fat Pad Flap

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Buccal Fat Pad Flap



		Alternative Technique 1: Temporomandibular Joint (TMJ) Reconstruction



		Alternative Technique 2: Skull Base Reconstruction



		Avoidance and Management of Complications



		Postoperative Considerations



		References









		Chapter 108 Tongue Flap

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Tongue Flap



		Alternative Technique 1: Posterior-Based Flap



		Alternative Technique 2: Transit Flap



		Alternative Technique 3: Lateral-Based Flap



		Alternative Technique 4: Parachuting and Anchoring



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 109 The Palatal Flap

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Palatal Rotation Flap



		Alternative Technique 1: Modification of the Palatal Rotation Flap Using an Extended Palatal Incision



		Alternative Technique 2: Nasal Mucosal Closure with Vomerine Flaps in Combination with a Palatal Rotation Flap



		Alternative Technique 3: Layered Closure of Oroantral Communication with a Buccal Flat Pad Flap and a Palatal Rotation Flap



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 110 Temporalis Axial Flap

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Temporalis Flap for Intraoral Defects



		Alternative Technique 1: Temporalis Flap for TMJ Reconstruction



		Alternative Technique 2: Temporalis Flap for Orbital Reconstruction



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 111 Pectoralis Major Myocutaneous Flap

		Armamentarium



		History of the Procedure



		Limitations and Contraindications



		Technique: Pectoralis Major Myocutaneous Flap



		Avoidance and Management of Intraoperative Complications



		Alternative Technique: Deltopectoral Flap



		References









		Chapter 112 Submental Island Flap for Reconstruction of Head and Neck Defects

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Reconstruction with a Submental Island Flap



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 113 Latissimus Dorsi Flap

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Free Vascularized Latissimus Dorsi Flap



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 114 Radial Forearm Flap

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Radial Forearm Flap Harvest



		Alternative Technique 1: Harvesting with the Palmaris Longus Tendon



		Alternative Technique 2: Radial Forearm Osteocutaneous Flap



		Alternative Technique 3: Harvesting the Ulnar Flap



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 115 Fibula

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Technique: Osteocutaneous Fibula Harvest



		Alternative Techniques



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 116 Scapular Free Flap

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Scapular Flap Harvest (Figure 116-2, A)



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 117 Rectus Abdominis Free Flap

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: The Myocutaneous Rectus Abdominis Free Flap Harvest



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 118 Deep Circumflex Iliac Artery Free Flap

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: DCIA with Internal Oblique Muscle



		Alternative Technique: DCIA with Skin Paddle



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 119 Anterolateral Thigh (ALT) Free Flap

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: ALT Harvest Technique



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 120 Skin Grafting

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Split-Thickness Skin Grafting



		Alternative Technique 1: Full-Thickness Skin Graft Harvest



		Alternative Technique 2: Recipient Site Preparation and Skin Substitutes



		Alternative Technique 3: Cultured Autologous Epidermal Replacements



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 121 Anterior Iliac Crest Bone Grafting (AICBG)

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Medial Approach



		Alternative Technique 1: Pediatric Anterior Iliac Crest Bone Harvest



		Alternative Technique 2: Optional Crest Preservation



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 122 Posterior Iliac Crest Bone Grafting

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Posterior Iliac Crest Bone Graft Harvest



		Avoidance and Management of Intraoperative Complications6



		Postoperative Considerations



		References









		Chapter 123 Tibial Bone Graft

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Tibial Bone Graft



		Alternative Technique: Proximal Tibial Bone Graft



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 124 Costochondral Graft

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Costochondral Graft Harvesting



		Alternative Technique 1: Pediatric Patients



		Alternative Technique 2: Virtual Surgical Planning



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 125 Calvarial Bone Graft

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Split-Thickness Cranial Bone Graft



		Alternative Technique 1: Full-Thickness Cranial Bone Graft



		Alternative Technique 2: Myo-osseous Pedicled Cranial Bone Graft



		Alternative Technique 3: Cranial Bone Shavings



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 126 Intraoral Bone Harvesting Techniques

		Symphysis Armamentarium



		Body-Ramus Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Technique: Symphysis Harvest



		Technique: Vestibular Incision



		Technique: Body/Ramus Harvest



		Alternative Technique: Sulcular Incision



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 127 Auricular Cartilage Graft Harvest

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Auricular Conchal Cartilage Harvest



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References















		Part X TMJ Surgery

		Chapter 128 TMJ Arthroscopy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Primary TMJ Arthroscopy (Single-Puncture Arthroscopy)



		Technique: Operative TMJ Arthroscopy (Double-Puncture Arthroscopy)



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 129 Arthroplasty and Eminectomy

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Arthroplasty



		Technique: Eminectomy



		Alternative Technique 1: Surgical Techniques for Internal Derangement—Disk Imbrication, Plication, Mitek Implant, and Meniscectomy



		Alternative Technique 2: Interpositional Grafting



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 130 Total Temporomandibular Joint Replacement (Custom)

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Custom TMJ Total Joint Replacement



		Avoidance and Management of Intraoperative Complications13



		Postoperative Considerations



		References









		Chapter 131 Total Temporomandibular Joint Replacement (Stock)

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Alloplastic Temporomandibular Joint Reconstruction



		Alternative Technique 1: Ankylosis



		ALTERNATIVE TECHNIQUE 2: Correction of Facial Asymmetry



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 132 TMJ Ankylosis

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Ankylosis Release



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 133 Combined TMJ and Orthognathic Surgery

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Mitek Anchor Procedure



		Technique: High Condylectomy



		Technique: Low Condylectomy



		Technique: Mandibular Ramus Sagittal Split Osteotomy



		Technique: Maxillary Osteotomies



		Technique: Total Joint Prosthesis



		Technique: Ankylosis



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References















		Part XI Esthetic Facial Surgery

		Chapter 134 Brow Lifting

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Endoscopic Brow Lift



		Alternative Technique: Pretrichial/Trichophytic Forehead Lift



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 135 Facelift

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Facelift



		Alternative Technique 1: Deep Plane Facelift



		Alternative Technique 2: Neck Lift



		Alternative Technique 3: Minituck



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 136 Blepharoplasty

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Upper Lid Blepharoplasty



		Technique: Lower Lid Transconjunctival Blepharoplasty



		Technique: Lower Lid Pinch Blepharoplasty



		Alternative Technique: Lower Lid Skin Flap



		Avoidance and Management of Intraoperative



		Postoperative Considerations



		References









		Chapter 137 Nasal Septorhinoplasty

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Open Rhinoplasty with Septoplasty



		Alternative Technique: Endonasal Approach



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References









		Chapter 138 Otoplasty

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Cartilage-Sparing Otoplasty



		Alternative Technique 1: Cartilage-Cutting Otoplasty for Hypertrophic Conchal Bowl



		Alternative Technique 2: Cartilage-Scoring Otoplasty for Prominent Helix



		Technique: Surgical Correction of the Protruding Earlobe



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations and Complications



		References









		Chapter 139 Laser Skin Resurfacing

		Armamentarium



		History of the Procedure



		Indications for the Use of the Procedure



		Limitations and Contraindications



		Technique: Facial Laser Skin Resurfacing



		Avoidance and Management of Intraoperative Complications



		Postoperative Considerations



		References















		Index







List of tables



		Tables in Chapter 1
		Table 1-1


		Table 1-2







		Tables in Chapter 3
		Table 3-1







		Tables in Chapter 5
		Table 5-1


		Table 5-2


		Table 5-3







		Tables in Chapter 9
		Table 9-1







		Tables in Chapter 17
		Table 17-1







		Tables in Chapter 24
		Table 24-1







		Tables in Chapter 60
		Table 60-1







		Tables in Chapter 63
		Table 63-1







		Tables in Chapter 72
		Table 72-1







		Tables in Chapter 77
		Table 77-1







		Tables in Chapter 78
		Table 78-1


		Table 78-2







		Tables in Chapter 81
		Table 81-1







		Tables in Chapter 98
		Table 98-1







		Tables in Chapter 106
		Table 106-1







		Tables in Chapter 120
		Table 120-1







		Tables in Chapter 126
		Table 126-1


		Table 126-2


		Table 126-3







		Tables in Chapter 127
		Table 127-1







		Tables in Chapter 129
		Table 129-1







		Tables in Chapter 131
		Table 131-1







		Tables in Chapter 135
		Table 135-1







		Tables in Chapter 136
		Table 136-1







		Tables in Chapter 139
		Table 139-1











List of figures



		Figures in Chapter 1
		Figure 1-1


		Figure 1-2


		Figure 1-3


		Figure 1-4


		Figure 1-5


		Figure 1-6


		Figure 1-7


		Figure 1-8


		Figure 1-9


		Figure 1-10


		Figure 1-11


		Figure 1-12







		Figures in Chapter 2
		Figure 2-1


		Figure 2-2


		Figure 2-3


		Figure 2-4


		Figure 2-5


		Figure 2-6







		Figures in Chapter 3
		Figure 3-1


		Figure 3-2


		Figure 3-3


		Figure 3-4


		Figure 3-5


		Figure 3-6


		Figure 3-7


		Figure 3-8







		Figures in Chapter 4
		Figure 4-1


		Figure 4-2


		Figure 4-3


		Figure 4-4


		Figure 4-5


		Figure 4-6


		Figure 4-7


		Figure 4-8







		Figures in Chapter 5
		Figure 5-1


		Figure 5-2


		Figure 5-3


		Figure 5-4


		Figure 5-5


		Figure 5-6


		Figure 5-7


		Figure 5-8


		Figure 5-9


		Figure 5-10


		Figure 5-11


		Figure 5-12







		Figures in Chapter 6
		Figure 6-1


		Figure 6-2


		Figure 6-3


		Figure 6-4


		Figure 6-5


		Figure 6-6







		Figures in Chapter 7
		Figure 7-1


		Figure 7-2


		Figure 7-3


		Figure 7-4


		Figure 7-5







		Figures in Chapter 8
		Figure 8-1







		Figures in Chapter 9
		Figure 9-1


		Figure 9-2


		Figure 9-3


		Figure 9-4


		Figure 9-5


		Figure 9-6


		Figure 9-7


		Figure 9-8


		Figure 9-9


		Figure 9-10


		Figure 9-11


		Figure 9-12







		Figures in Chapter 10
		Figure 10-1


		Figure 10-2







		Figures in Chapter 11
		Figure 11-1


		Figure 11-2


		Figure 11-3


		Figure 11-4







		Figures in Chapter 12
		Figure 12-1


		Figure 12-2


		Figure 12-3







		Figures in Chapter 13
		Figure 13-1


		Figure 13-2


		Figure 13-3







		Figures in Chapter 14
		Figure 14-1


		Figure 14-2


		Figure 14-3







		Figures in Chapter 15
		Figure 15-1


		Figure 15-2


		Figure 15-3


		Figure 15-4


		Figure 15-5


		Figure 15-6


		Figure 15-7


		Figure 15-8







		Figures in Chapter 16
		Figure 16-1


		Figure 16-2


		Figure 16-3


		Figure 16-4


		Figure 16-5







		Figures in Chapter 17
		Figure 17-1


		Figure 17-2


		Figure 17-3







		Figures in Chapter 18
		Figure 18-1


		Figure 18-2


		Figure 18-3


		Figure 18-4


		Figure 18-5


		Figure 18-6


		Figure 18-7







		Figures in Chapter 19
		Figure 19-1


		Figure 19-2


		Figure 19-3


		Figure 19-4


		Figure 19-5







		Figures in Chapter 20
		Figure 20-1


		Figure 20-2


		Figure 20-3


		Figure 20-4







		Figures in Chapter 21
		Figure 21-1


		Figure 21-2







		Figures in Chapter 22
		Figure 22-1


		Figure 22-2


		Figure 22-3


		Figure 22-4


		Figure 22-5







		Figures in Chapter 23
		Figure 23-1


		Figure 23-2


		Figure 23-3







		Figures in Chapter 24
		Figure 24-1


		Figure 24-2


		Figure 24-3







		Figures in Chapter 25
		Figure 25-1


		Figure 25-2


		Figure 25-3


		Figure 25-4


		Figure 25-5


		Figure 25-6


		Figure 25-7







		Figures in Chapter 26
		Figure 26-1


		Figure 26-2


		Figure 26-3


		Figure 26-4


		Figure 26-5


		Figure 26-6


		Figure 26-7


		Figure 26-8


		Figure 26-9







		Figures in Chapter 27
		Figure 27-1


		Figure 27-2


		Figure 27-3


		Figure 27-4







		Figures in Chapter 28
		Figure 28-1


		Figure 28-2


		Figure 28-3


		Figure 28-4


		Figure 28-5


		Figure 28-6







		Figures in Chapter 29
		Figure 29-1


		Figure 29-2


		Figure 29-3


		Figure 29-4


		Figure 29-5


		Figure 29-6


		Figure 29-7


		Figure 29-8







		Figures in Chapter 30
		Figure 30-1


		Figure 30-2


		Figure 30-3


		Figure 30-4







		Figures in Chapter 31
		Figure 31-1


		Figure 31-2


		Figure 31-3


		Figure 31-4







		Figures in Chapter 32
		Figure 32-1


		Figure 32-2


		Figure 32-3







		Figures in Chapter 33
		Figure 33-1


		Figure 33-2


		Figure 33-3







		Figures in Chapter 34
		Figure 34-1


		Figure 34-2


		Figure 34-3


		Figure 34-4


		Figure 34-5







		Figures in Chapter 35
		Figure 35-1


		Figure 35-2


		Figure 35-3


		Figure 35-4


		Figure 35-5







		Figures in Chapter 36
		Figure 36-1


		Figure 36-2


		Figure 36-3


		Figure 36-4







		Figures in Chapter 37
		Figure 37-1


		Figure 37-2


		Figure 37-3


		Figure 37-4







		Figures in Chapter 38
		Figure 38-1


		Figure 38-2


		Figure 38-3


		Figure 38-4


		Figure 38-5


		Figure 38-6


		Figure 38-7


		Figure 38-8


		Figure 38-9







		Figures in Chapter 39
		Figure 39-1







		Figures in Chapter 40
		Figure 40-1


		Figure 40-2







		Figures in Chapter 41
		Figure 41-1







		Figures in Chapter 42
		Figure 42-1


		Figure 42-2


		Figure 42-3


		Figure 42-4







		Figures in Chapter 43
		Figure 43-1


		Figure 43-2







		Figures in Chapter 44
		Figure 44-1


		Figure 44-2


		Figure 44-3


		Figure 44-4







		Figures in Chapter 45
		Figure 45-1


		Figure 45-2


		Figure 45-3


		Figure 45-4


		Figure 45-5







		Figures in Chapter 46
		Figure 46-1


		Figure 46-2


		Figure 46-3


		Figure 46-4


		Figure 46-5







		Figures in Chapter 47
		Figure 47-1


		Figure 47-2


		Figure 47-3


		Figure 47-4


		Figure 47-5


		Figure 47-6


		Figure 47-7







		Figures in Chapter 48
		Figure 48-1


		Figure 48-2


		Figure 48-3


		Figure 48-4







		Figures in Chapter 49
		Figure 49-1


		Figure 49-2


		Figure 49-3


		Figure 49-4


		Figure 49-5


		Figure 49-6


		Figure 49-7


		Figure 49-8







		Figures in Chapter 50
		Figure 50-1


		Figure 50-2


		Figure 50-3







		Figures in Chapter 51
		Figure 51-1







		Figures in Chapter 52
		Figure 52-1







		Figures in Chapter 53
		Figure 53-1


		Figure 53-2







		Figures in Chapter 54
		Figure 54-1


		Figure 54-2


		Figure 54-3







		Figures in Chapter 55
		Figure 55-1


		Figure 55-2


		Figure 55-5


		Figure 55-3


		Figure 55-4


		Figure 55-6







		Figures in Chapter 56
		Figure 56-1


		Figure 56-2


		Figure 56-3


		Figure 56-4







		Figures in Chapter 57
		Figure 57-1







		Figures in Chapter 58
		Figure 58-1


		Figure 58-2


		Figure 58-3


		Figure 58-4


		Figure 58-5







		Figures in Chapter 59
		Figure 59-1


		Figure 59-2


		Figure 59-3


		Figure 59-4


		Figure 59-5







		Figures in Chapter 60
		Figure 60-1


		Figure 60-2


		Figure 60-3


		Figure 60-4







		Figures in Chapter 61
		Figure 61-1


		Figure 61-2


		Figure 61-3







		Figures in Chapter 62
		Figure 62-1


		Figure 62-2


		Figure 62-3


		Figure 62-4


		Figure 62-5


		Figure 62-6


		Figure 62-7







		Figures in Chapter 63
		Figure 63-1


		Figure 63-2


		Figure 63-3


		Figure 63-4


		Figure 63-5







		Figures in Chapter 64
		Figure 64-1


		Figure 64-2







		Figures in Chapter 65
		Figure 65-1


		Figure 65-2


		Figure 65-3


		Figure 65-4


		Figure 65-5


		Figure 65-6


		Figure 65-7


		Figure 65-8







		Figures in Chapter 66
		Figure 66-1


		Figure 66-2


		Figure 66-3


		Figure 66-4


		Figure 66-5


		Figure 66-6


		Figure 66-7







		Figures in Chapter 67
		Figure 67-1


		Figure 67-2


		Figure 67-3


		Figure 67-4


		Figure 67-5


		Figure 67-6


		Figure 67-7


		Figure 67-8


		Figure 67-9







		Figures in Chapter 68
		Figure 68-1


		Figure 68-2


		Figure 68-3


		Figure 68-4


		Figure 68-5


		Figure 68-6


		Figure 68-7


		Figure 68-8


		Figure 68-9


		Figure 68-10


		Figure 68-11







		Figures in Chapter 69
		Figure 69-1


		Figure 69-2


		Figure 69-3


		Figure 69-4







		Figures in Chapter 70
		Figure 70-1


		Figure 70-2







		Figures in Chapter 71
		Figure 71-1







		Figures in Chapter 72
		Figure 72-1


		Figure 72-2


		Figure 72-3


		Figure 72-4


		Figure 72-5







		Figures in Chapter 73
		Figure 73-1


		Figure 73-2


		Figure 73-3







		Figures in Chapter 74
		Figure 74-1


		Figure 74-2


		Figure 74-3


		Figure 74-4


		Figure 74-5


		Figure 74-6







		Figures in Chapter 75
		Figure 75-1


		Figure 75-2


		Figure 75-3







		Figures in Chapter 76
		Figure 76-1


		Figure 76-2


		Figure 76-3







		Figures in Chapter 77
		Figure 77-1


		Figure 77-2


		Figure 77-3


		Figure 77-4







		Figures in Chapter 78
		Figure 78-1


		Figure 78-2


		Figure 78-3


		Figure 78-4


		Figure 78-5


		Figure 78-6


		Figure 78-7


		Figure 78-8


		Figure 78-9


		Figure 78-10







		Figures in Chapter 79
		Figure 79-1


		Figure 79-2


		Figure 79-3







		Figures in Chapter 80
		Figure 80-1


		Figure 80-2


		Figure 80-3


		Figure 80-4


		Figure 80-5


		Figure 80-6


		Figure 80-7


		Figure 80-8







		Figures in Chapter 81
		Figure 81-1


		Figure 81-2


		Figure 81-3







		Figures in Chapter 82
		Figure 82-1


		Figure 82-2







		Figures in Chapter 83
		Figure 83-1


		Figure 83-2


		Figure 83-3


		Figure 83-4


		Figure 83-5







		Figures in Chapter 84
		Figure 84-1


		Figure 84-2


		Figure 84-3


		Figure 84-4


		Figure 84-5


		Figure 84-6







		Figures in Chapter 85
		Figure 85-1







		Figures in Chapter 86
		Figure 86-1


		Figure 86-2


		Figure 86-3


		Figure 86-4


		Figure 86-5


		Figure 86-6







		Figures in Chapter 87
		Figure 87-1


		Figure 87-2


		Figure 87-3


		Figure 87-4


		Figure 87-5


		Figure 87-6


		Figure 87-7


		Figure 87-8







		Figures in Chapter 88
		Figure 88-1


		Figure 88-2


		Figure 88-3


		Figure 88-4







		Figures in Chapter 89
		Figure 89-1


		Figure 89-2







		Figures in Chapter 90
		Figure 90-1


		Figure 90-2


		Figure 90-3


		Figure 90-4







		Figures in Chapter 91
		Figure 91-1


		Figure 91-2


		Figure 91-3







		Figures in Chapter 92
		Figure 92-1


		Figure 92-2


		Figure 92-3


		Figure 92-4


		Figure 92-5


		Figure 92-6


		Figure 92-7


		Figure 92-8


		Figure 92-9







		Figures in Chapter 93
		Figure 93-1


		Figure 93-2


		Figure 93-3


		Figure 93-4


		Figure 93-5


		Figure 93-6







		Figures in Chapter 94
		Figure 94-1


		Figure 94-2


		Figure 94-3


		Figure 94-4


		Figure 94-5


		Figure 94-6







		Figures in Chapter 95
		Figure 95-1


		Figure 95-2


		Figure 95-3


		Figure 95-4


		Figure 95-5







		Figures in Chapter 96
		Figure 96-1


		Figure 96-2


		Figure 96-3


		Figure 96-4


		Figure 96-5


		Figure 96-6


		Figure 96-7







		Figures in Chapter 97
		Figure 97-1


		Figure 97-2


		Figure 97-3







		Figures in Chapter 98
		Figure 98-1


		Figure 98-2


		Figure 98-3


		Figure 98-4


		Figure 98-5







		Figures in Chapter 99
		Figure 99-1


		Figure 99-2







		Figures in Chapter 100
		Figure 100-1


		Figure 100-2


		Figure 100-3


		Figure 100-4


		Figure 100-5


		Figure 100-6







		Figures in Chapter 101
		Figure 101-1


		Figure 101-2


		Figure 101-3


		Figure 101-4


		Figure 101-5


		Figure 101-6







		Figures in Chapter 102
		Figure 102-1


		Figure 102-2


		Figure 102-3


		Figure 102-4


		Figure 102-5


		Figure 102-6


		Figure 102-7


		Figure 102-8


		Figure 102-9


		Figure 102-10


		Figure 102-11







		Figures in Chapter 103
		Figure 103-1


		Figure 103-2







		Figures in Chapter 104
		Figure 104-1


		Figure 104-2







		Figures in Chapter 105
		Figure 105-1


		Figure 105-2


		Figure 105-3


		Figure 105-4


		Figure 105-5







		Figures in Chapter 106
		Figure 106-1


		Figure 106-2







		Figures in Chapter 107
		Figure 107-1


		Figure 107-2


		Figure 107-3







		Figures in Chapter 108
		Figure 108-1


		Figure 108-2


		Figure 108-3


		Figure 108-4


		Figure 108-5


		Figure 108-6







		Figures in Chapter 109
		Figure 109-1


		Figure 109-2


		Figure 109-3


		Figure 109-4


		Figure 109-5







		Figures in Chapter 110
		Figure 110-1


		Figure 110-2


		Figure 110-3







		Figures in Chapter 111
		Figure 111-1


		Figure 111-2







		Figures in Chapter 112
		Figure 112-1


		Figure 112-2







		Figures in Chapter 113
		Figure 113-1


		Figure 113-2


		Figure 113-3


		Figure 113-4


		Figure 113-5


		Figure 113-6


		Figure 113-7


		Figure 113-8







		Figures in Chapter 114
		Figure 114-1


		Figure 114-2


		Figure 114-3


		Figure 114-4


		Figure 114-5


		Figure 114-6


		Figure 114-7


		Figure 114-8


		Figure 114-9


		Figure 114-10


		Figure 114-11







		Figures in Chapter 115
		Figure 115-1


		Figure 115-2







		Figures in Chapter 116
		Figure 116-1


		Figure 116-2







		Figures in Chapter 117
		Figure 117-1


		Figure 117-2







		Figures in Chapter 118
		Figure 118-1


		Figure 118-2


		Figure 118-3







		Figures in Chapter 119
		Figure 119-1


		Figure 119-2


		Figure 119-3


		Figure 119-4







		Figures in Chapter 120
		Figure 120-1


		Figure 120-2


		Figure 120-3


		Figure 120-4


		Figure 120-5


		Figure 120-6


		Figure 120-7


		Figure 120-8


		Figure 120-9







		Figures in Chapter 121
		Figure 121-1


		Figure 121-2


		Figure 121-3


		Figure 121-4







		Figures in Chapter 122
		Figure 122-1







		Figures in Chapter 123
		Figure 123-1


		Figure 123-2


		Figure 123-3


		Figure 123-4


		Figure 123-5







		Figures in Chapter 124
		Figure 124-1


		Figure 124-2







		Figures in Chapter 125
		Figure 125-1


		Figure 125-2


		Figure 125-3


		Figure 125-4


		Figure 125-5


		Figure 125-6


		Figure 125-7


		Figure 125-8


		Figure 125-9







		Figures in Chapter 126
		Figure 126-1


		Figure 126-2







		Figures in Chapter 127
		Figure 127-1







		Figures in Chapter 128
		Figure 128-1


		Figure 128-2







		Figures in Chapter 129
		Figure 129-1


		Figure 129-2


		Figure 129-3


		Figure 129-4


		Figure 129-5







		Figures in Chapter 130
		Figure 130-1


		Figure 130-2


		Figure 130-3


		Figure 130-4


		Figure 130-5


		Figure 130-6







		Figures in Chapter 131
		Figure 131-1


		Figure 131-2


		Figure 131-3







		Figures in Chapter 132
		Figure 132-1







		Figures in Chapter 133
		Figure 133-1


		Figure 133-2


		Figure 133-3


		Figure 133-4


		Figure 133-5


		Figure 133-6


		Figure 133-7







		Figures in Chapter 134
		Figure 134-1


		Figure 134-2


		Figure 134-3







		Figures in Chapter 135
		Figure 135-1


		Figure 135-2


		Figure 135-3


		Figure 135-4







		Figures in Chapter 136
		Figure 136-1


		Figure 136-2


		Figure 136-3


		Figure 136-4


		Figure 136-5







		Figures in Chapter 137
		Figure 137-1


		Figure 137-2


		Figure 137-3







		Figures in Chapter 138
		Figure 138-1


		Figure 138-2







		Figures in Chapter 139
		Figure 139-1


		Figure 139-2


		Figure 139-3


		Figure 139-4


		Figure 139-5


		Figure 139-6


		Figure 139-7


		Figure 139-8


		Figure 139-9


		Figure 139-10


		Figure 139-11


		Figure 139-12


		Figure 139-13


		Figure 139-14


		Figure 139-15












Landmarks

		Cover Image

		Title Page

		Table of Contents






		i


		i


		iv


		v


		vi


		vii


		viii


		ix


		x


		xi


		xii


		xiii


		xiv


		xv


		xvi


		xvii


		xviii


		xix


		xx


		xxi


		xxii


		xxiii


		xxiv


		xxv


		xxvi


		xxvii


		xxviii


		xxix


		1


		1


		2


		3


		4


		5


		6


		7


		8


		9


		10


		11


		12


		13


		14


		15


		16


		17


		18


		19


		20


		21


		22


		23


		24


		25


		26


		27


		28


		29


		30


		31


		32


		33


		34


		35


		36


		37


		38


		39


		40


		41


		42


		43


		44


		45


		46


		47


		48


		49


		50


		51


		52


		53


		54


		55


		56


		57


		58


		59


		60


		61


		62


		63


		64


		65


		66


		67


		68


		69


		70


		71


		72


		73


		74


		75


		76


		77


		78


		79


		80


		81


		82


		83


		83


		84


		85


		86


		87


		88


		89


		90


		91


		92


		93


		94


		95


		96


		97


		98


		99


		100


		101


		102


		103


		104


		105


		106


		107


		108


		109


		110


		111


		112


		113


		114


		115


		116


		117


		118


		119


		120


		121


		122


		123


		124


		125


		126


		127


		128


		129


		130


		131


		132


		133


		134


		135


		136


		137


		138


		139


		140


		141


		142


		143


		144


		145


		146


		147


		148


		149


		150


		151


		152


		153


		154


		155


		156


		157


		158


		159


		160


		161


		162


		163


		164


		165


		166


		167


		168


		169


		170


		170


		171


		172


		173


		174


		175


		176


		177


		178


		179


		180


		181


		182


		183


		184


		185


		186


		187


		188


		189


		190


		191


		192


		193


		194


		195


		196


		197


		198


		199


		200


		201


		202


		203


		204


		205


		206


		207


		208


		209


		210


		211


		212


		213


		214


		215


		216


		217


		218


		219


		220


		221


		222


		223


		224


		225


		226


		227


		228


		229


		230


		231


		232


		233


		234


		235


		236


		237


		238


		239


		240


		241


		242


		243


		244


		245


		246


		247


		248


		249


		250


		251


		252


		253


		254


		255


		256


		257


		258


		259


		260


		261


		262


		263


		263


		264


		265


		266


		267


		268


		269


		270


		271


		272


		273


		274


		275


		276


		277


		278


		279


		280


		281


		282


		283


		284


		285


		286


		287


		288


		289


		290


		291


		292


		293


		294


		295


		296


		297


		298


		299


		300


		301


		302


		303


		304


		305


		306


		307


		308


		309


		310


		311


		312


		313


		314


		315


		316


		317


		318


		319


		320


		321


		322


		323


		324


		325


		326


		327


		328


		329


		330


		331


		332


		333


		334


		335


		336


		337


		338


		339


		340


		341


		342


		343


		344


		345


		346


		347


		348


		349


		350


		351


		352


		353


		354


		355


		356


		357


		358


		359


		360


		361


		362


		363


		364


		365


		366


		367


		368


		369


		370


		371


		372


		373


		374


		375


		376


		377


		378


		379


		380


		381


		382


		383


		384


		385


		386


		387


		388


		389


		390


		391


		392


		393


		394


		395


		396


		397


		398


		399


		400


		401


		402


		403


		404


		405


		406


		407


		408


		409


		410


		411


		412


		413


		414


		415


		416


		417


		418


		419


		420


		421


		422


		423


		424


		425


		426


		427


		428


		429


		430


		431


		432


		433


		434


		435


		436


		437


		438


		439


		440


		441


		442


		443


		444


		445


		446


		447


		448


		449


		450


		451


		452


		453


		454


		455


		456


		457


		458


		459


		460


		461


		462


		463


		464


		465


		466


		467


		468


		469


		470


		471


		472


		473


		474


		475


		476


		477


		478


		479


		480


		481


		482


		483


		484


		485


		486


		487


		488


		489


		490


		491


		492


		493


		494


		495


		496


		497


		498


		499


		500


		501


		502


		503


		504


		505


		506


		507


		508


		509


		510


		511


		512


		513


		514


		515


		516


		517


		518


		519


		520


		521


		522


		523


		524


		525


		526


		527


		528


		529


		530


		531


		532


		533


		534


		535


		536


		537


		538


		539


		540


		541


		542


		543


		544


		545


		546


		547


		547


		548


		549


		550


		551


		552


		553


		554


		555


		556


		557


		558


		559


		560


		561


		562


		563


		564


		565


		566


		567


		568


		569


		570


		571


		572


		573


		574


		575


		576


		577


		578


		579


		580


		581


		582


		583


		584


		585


		586


		587


		588


		589


		590


		591


		592


		593


		594


		595


		596


		597


		598


		599


		600


		601


		602


		603


		604


		605


		606


		607


		608


		609


		610


		611


		612


		613


		614


		615


		616


		617


		618


		619


		620


		621


		622


		623


		624


		625


		626


		627


		627


		628


		629


		630


		631


		632


		633


		634


		635


		636


		637


		638


		639


		640


		641


		642


		643


		644


		645


		646


		647


		648


		649


		650


		651


		652


		653


		654


		655


		656


		657


		658


		659


		660


		661


		662


		663


		664


		665


		666


		667


		668


		669


		670


		671


		672


		673


		674


		675


		676


		677


		678


		679


		680


		681


		682


		683


		684


		685


		686


		687


		688


		689


		690


		691


		692


		693


		694


		695


		696


		697


		698


		699


		700


		701


		702


		703


		704


		705


		706


		707


		708


		709


		710


		711


		712


		713


		714


		715


		716


		717


		718


		719


		720


		721


		722


		723


		724


		725


		726


		727


		728


		729


		730


		731


		732


		733


		734


		735


		736


		737


		738


		739


		740


		741


		742


		743


		744


		745


		746


		747


		748


		749


		750


		751


		752


		753


		754


		755


		756


		757


		758


		759


		760


		761


		762


		763


		764


		765


		766


		767


		768


		769


		770


		771


		772


		773


		774


		775


		776


		777


		778


		779


		780


		781


		782


		783


		784


		785


		786


		787


		788


		789


		790


		791


		792


		793


		794


		795


		796


		797


		798


		799


		800


		801


		802


		803


		804


		805


		806


		807


		808


		809


		810


		811


		812


		813


		814


		815


		816


		817


		818


		819


		820


		821


		822


		823


		824


		825


		826


		827


		828


		829


		830


		831


		832


		833


		834


		835


		836


		837


		838


		839


		840


		840


		841


		842


		843


		844


		845


		846


		847


		848


		849


		850


		851


		852


		853


		854


		855


		856


		857


		858


		859


		860


		861


		862


		863


		864


		865


		866


		867


		868


		869


		870


		871


		872


		873


		874


		875


		876


		877


		878


		879


		880


		881


		882


		883


		884


		885


		886


		887


		888


		889


		890


		891


		892


		893


		894


		895


		896


		897


		898


		899


		900


		901


		902


		903


		904


		905


		906


		907


		908


		909


		910


		911


		912


		913


		914


		915


		916


		917


		918


		919


		920


		921


		922


		923


		924


		925


		926


		927


		928


		929


		930


		931


		932


		933


		934


		935


		936


		937


		938


		939


		940


		941


		942


		943


		944


		945


		946


		947


		948


		949


		950


		951


		952


		953


		954


		955


		956


		957


		958


		959


		960


		961


		962


		963


		964


		965


		966


		967


		968


		969


		970


		970


		971


		972


		973


		974


		975


		976


		977


		978


		979


		980


		981


		982


		983


		984


		985


		986


		987


		988


		989


		990


		991


		992


		993


		994


		995


		996


		997


		998


		999


		1000


		1001


		1002


		1003


		1004


		1005


		1006


		1007


		1008


		1009


		1010


		1011


		1012


		1013


		1014


		1015


		1016


		1017


		1018


		1019


		1020


		1021


		1022


		1023


		1024


		1025


		1026


		1027


		1028


		1029


		1030


		1031


		1032


		1033


		1034


		1035


		1036


		1037


		1038


		1039


		1040


		1041


		1042


		1043


		1044


		1045


		1046


		1047


		1048


		1049


		1050


		1051


		1052


		1053


		1054


		1055


		1056


		1057


		1058


		1059


		1060


		1061


		1062


		1063


		1064


		1065


		1066


		1067


		1068


		1069


		1070


		1071


		1072


		1073


		1074


		1075


		1076


		1077


		1078


		1079


		1080


		1081


		1082


		1083


		1084


		1085


		1086


		1087


		1088


		1089


		1090


		1091


		1092


		1093


		1094


		1095


		1096


		1097


		1098


		1099


		1100


		1101


		1102


		1103


		1104


		1105


		1106


		1107


		1108


		1109


		1110


		1111


		1112


		1113


		1114


		1115


		1116


		1117


		1118


		1119


		1120


		1121


		1122


		1124


		1125


		1123


		1126


		1127


		1128


		1129


		1130


		1131


		1132


		1133


		1134


		1134


		1135


		1136


		1137


		1138


		1139


		1140


		1141


		1142


		1143


		1144


		1145


		1146


		1147


		1148


		1149


		1150


		1151


		1152


		1153


		1154


		1155


		1156


		1157


		1158


		1159


		1160


		1161


		1162


		1163


		1164


		1165


		1166


		1167


		1168


		1169


		1170


		1171


		1172


		1173


		1174


		1175


		1176


		1177


		1178


		1179


		1180


		1181


		1182


		1183


		1184


		1185


		1186


		1187


		1188


		1189


		1190


		1191


		1192


		1193


		1194


		1195


		1196


		1197


		1198


		1199


		1200


		1201


		1202


		1203


		1204


		1205


		1206


		1207


		1208


		1209


		1210


		1211


		1212


		1213


		1214


		1215


		1216


		1217


		1218


		1219


		1220


		1221


		1222


		1223


		1224


		1225


		1226


		1227


		1228


		1229


		1230


		1231


		1232


		1233


		1234


		1235


		1236


		1237


		1238


		1239


		1240


		1241


		1242


		1243


		1244


		1245


		1246


		1247


		1248


		1249


		1250


		1251


		1252


		1253


		1254


		1255


		1256


		1257


		1258


		1259


		1260


		1261


		1262


		1263


		1264


		1265


		1266


		1267


		1268


		1269


		1270


		1271


		1272


		1273


		1274


		1275


		1276


		1277


		1278


		1279


		1280


		1281


		1282


		1283


		1284


		1285


		1286


		1287


		1288


		1289


		1290


		1291


		1292


		1293


		1294


		1295


		1296


		1297


		1298


		1299


		1300


		1301


		1302


		1303


		1304


		1305


		1306


		1307


		1308


		1309


		1310


		1310


		1311


		1312


		1313


		1314


		1315


		1316


		1317


		1318


		1319


		1320


		1321


		1322


		1323


		1324


		1325


		1326


		1327


		1328


		1329


		1330


		1331


		1332


		1333


		1334


		1335


		1336


		1337


		1338


		1339


		1340


		1341


		1342


		1343


		1344


		1345


		1346


		1347


		1348


		1349


		1350


		1351


		1352


		1353


		1354


		1355


		1356


		1357


		1358


		1359


		1360


		1361


		1362


		1363


		1364


		1365


		1366


		1367


		1368


		1369


		1370


		1371


		1372


		1373


		1374


		1375


		1376


		1377


		1378


		1378


		1379


		1380


		1381


		1382


		1383


		1384


		1385


		1386


		1387


		1388


		1389


		1390


		1391


		1392


		1393


		1394


		1395


		1396


		1397


		1398


		1399


		1400


		1401


		1402


		1403


		1404


		1405


		1406


		1407


		1408


		1409


		1410


		1411


		1412


		1413


		1414


		1415


		1416


		1417


		1418


		1419


		1420


		1421


		1422


		1423


		1424


		1425


		1426


		1427


		1428


		1429


		1430


		1431


		1432


		1433


		1434


		1435


		1436


		1437


		1438


		1439


		1440


		1441


		1442


		1443


		1444


		1445


		1446


		1447


		1448


		1449


		1450


		1451


		1452


		1453


		1454


		1455


		1456


		1457


		1458


		1459


		1460


		1461


		1462


		1463


		1464


		1465


		1466


		1467


		1468


		1469


		1470


		1471


		1472


		1473


		1474


		1475


		1476


		1477


		1478


		1479


		1480


		1481


		1482


		1483


		1484


		1485








OEBPS/images/c00003_f003-005-9781455753284.jpg
Development of the
maxillary sinus

0 - 3 years
@ 7-12 years
Adulthood





OEBPS/images/c00003_f003-006-9781455753284.jpg
Middle turbinate






OEBPS/images/c00003_f003-003-9781455753284.jpg
Septal branch of
anterior ethmoid n.

lateral nasal ni

Posterior inferior
lateral nasal nn.






OEBPS/images/c00003_f003-004-9781455753284.jpg





OEBPS/images/c00004_f004-001-9781455753284.jpg
Squamous part of
temporal bone

Zygomatic process

Articular tubercle

Mastoid process Mandibular fossa

External acoustic meatus
Petrotympanic fissure

Styloid process.

Carotid canal





OEBPS/images/c00008_f008-001a-9781455753284.jpg
Internal jugular
Nerves IX, X, XII

Internal carotid cranial nerves
Zygomatic arch (cut) Vil and IX

Styloid

process. Temporalis muscle Temporalis muscle Maxillary sinus

and o
associated
muscles

Posterior!
belly of
digastric

SCM.|

External [§
carotid
Retro-

mandibular
vein

Inferior
alveolar
nerve and
vessels

Mandibular
ramus

Branches of
facial nerve Parotid
gland

Arrows indicate
common

communication
between spaces

@ Buccal space and
Masticatory spaces

@ Masticatory spaces
and Temporal spaces

Fascial Spaces of the Face

Canine
space
Branches of infection

Lateral plate of
pterygoid process

% Lateral pterygoid

Temporal
\ space
[ Supefrficial 3

[ Deep . Facial artery
Buccinator iy A7 / and vein
Medial
pervaais \\ a Levator abii
Spheno: \ superioris
mandibular 3 /

ligament
Stensen’s

(parotid) duct \ x =%\ Root apice of
X canine tooth

Orbicularis oculi

Levator angul
oris

Masseter
BB Pterygomandibular space
[E=1] Masseteric space
BN Submasseteric space

Buccal fat pad
Oral mucosa
Buccinator

Mandible body (cut)

I Buccal
space

[ | Parotid space

ey %

Masseteric space infection





OEBPS/images/c00008_f008-001b-9781455753284.jpg
White arrows indicate
common communication
between spaces

© Lateral Pharyngeal and
Anterior spaces
@ Submandibular and . )
Sublingual spaces Suprahyoid Fascial Spaces
© Lateral Pharyngeal
and Retropharyngeal
spaces
@ Lateral Pharyngeal and
Masticatory and
Temporal spaces

[ Peritonsillar
space

Temporalis muscle " & % = Lingual vessels
Internal carotid . | . X 7 and nerve

Nerves IX, X, XII
Wharton’s duct

Internal jugular

Styloid process

and associated Sublingual

muscles space
Posterior belly.
of digastric
Anterior (prestyloid) and 7 | £ ) )
posterior (retrostyloid) space y V4 Sublingual salivary gland

Posterior parotid gland . | Genioglossus
W Lateral Pharyngeal ) ' Geniohyoid
space 7 i - Mylohyoid
Mandibular ramus / \ —+4] Submandibular salivary gland

Medial pterygoid \ Sy A& /- =1 submandibular
Buccinator raphe 3 ~(oX > < space

Symphysis of the mandible

Posterior border of 7Ll " . =1 Submental space
mylohyoid muscle 3§
Anterior belly of digastric

Hyoid bone

3
3
)

-

B Lateral Pharyngeal and Submandibular space infection

Submental space infection





OEBPS/images/c00003_f003-007-9781455753284.jpg





OEBPS/images/c00007_f007-004-9781455753284.jpg
Muscles of the Neck

1 Sternohyoid 10 Levator scapulae {
2 Thyrohyoid 11 Splenius cervicis/capitis
3a Omohyoid (superior belly) 12 Semispinalis
3b Omohyoid (inferior belly) 13 Multifidus
4 Sternothyroid 14 Spinalis
5 Platysma 15 Trapezius
6 Sternocleidomastoid (SCM) 16 Digastric (anterior belly)
7 Anterior scalene 17 Digastric (posterior belly)
8 Longus coll 18 Stylohyoid

A 9 Middle scalene 19 Mylohyoid

Retromandibular vein
Nerves and

Veins
of the Neck

Lingual vein

Posterior
auricular vein

Superior thyroid vein
Y Carotid artery
(retracted medially)
External jugular vein

Hypoglossal nerve (XIl)
Marginal mandibular
nerve

Facial vein

Greater auricular nerve
Mylohyoid nerve

Internal jugular vein
Thyrohyoid nerve

Superior laryngeal nerve
Sympathetic chain

Vagus nerve (X)
Thyroid gland
Middle thyroid vein

Ansa cervicalis

’/*A\ L Transverse cervical nerve
A\ \ \ Spinal accessory nerve (XI)
N

Descendens hypoglossi

E==_ supraclavioular
nerves

7/,// J Phrenic nerve

‘Transverse cervical vein

Anterior jugular vein

External jugular vein
External jugular (shadow)

B Brachiocephalic vein (shadow) A Subclavian vein (shadow)





OEBPS/images/c00003_f003-008-9781455753284.jpg
C. Foramen rotundum prominence’

D. Pterygoid canal prominence






OEBPS/images/c00007_f007-005-9781455753284.jpg
Arteries of the Neck

Digastric (posterior belly)

Superficial temporal artery
Maxillary artery.

Posterior auricular artery.

Sternocleidomastoid (SCM)
Occipital artery

Ascending pharyngeal artery 1 Facial artery
Vertebral artery
External carotid artery
Internal carotid artery.
‘Common carotid artery.
Ascending cervical artery.
Deep cervical artery.
Phrenic nerve
Middle scalene muscle

Digastric (anterior belly)

Lingual artery
‘Omohyoid (superior belly—cut)

Transverse cervical artery. 2 \ Thyroid gland
Thyrocervical artery.

Inferior thyroid artery
Costocervical artery:

Recurrent laryngeal
Suprascapular artery.

Axillary artery-
Strap muscles
Anterior scalene muscle - (cut)
Intercostal artery
Subclavian artery

Internal thoracic artery
Aortic arch

Brachiocephalic trunk





OEBPS/images/c00009_f009-002-9781455753284.jpg





OEBPS/images/c00009_f009-003-9781455753284.jpg
Frontal bones
Parietal bone
Petrous part of
temporal bone

Greater wing of
'sphenoid bone

Occipital bone

Squamous part of
temporal bone

Mandible Zygomatic bone
Hyoid bone Stapes

Thyroid cartilage — Incus
4 Malleus

Nasal bone

Maxilla

@ Neurocranium, endochondral ossification

@ Neurocranium, intramembranous ossification
@ Viscerocranium, endochondral ossification

@ Viscerocranium, intramembranous ossification





OEBPS/images/c00008_f008-001c-9781455753284.jpg
Retropharyngeal space
at skull base

Temporalis muscle

Middle and inferior
constrictor muscles,

Vertebral column

Fascial Spaces
of the Neck

Retropharyngeal
space

Buccopharyngeal @
fascial layer

Danger space Infrahyoid strap muscles (cut)

Alar fascial layer 1 |sﬂ|r:c|'4e};o|d Fascial
Prevertebral B
space [0 Pretracheal
space
Prevertebral ]
fascial layer

Carotid
space

Carotid artery
Internal jugular vein
Vagus nerve (CN X)

Tl \ id cartilage

To superior mediastinum oid gland
Sternum

Infrahyoid strap muscles (cut)





OEBPS/images/c00009_f009-001-9781455753284.jpg
Neural fold X Neural crest
Neural groove S ) cells

Notocord —&== 2 j—Sonte

Neural crest
cells

Developing
epidermis

Neural tube Neural crest

cells





OEBPS/images/B9781455753284000090_t0010_group0.png
[Praryngea
Arch

Arch Artery

Sieletal Elements

[ Mascles

Crariat Nerwe

Temminal barchof menilay arery

Endichordal owibcaort s, mlleus, pat
of e sphocnid
trmorrbranos ossificaion: mlay and
2ygommtic bone, e oron ol
emporal bone, mondibe

Noncles of mesbeation, myloby o,
oo belly of
tympen, ersor vel puain

Ny and rercibular
diviion of gerinal
ponve (V2 V3)

Stapedilarry (inhe entryo),

coricorympeic acery (it
adl)

Endchorsdl oihcabors sapes, oy loid
process, s of e hyoid

Noncles offacialexpresion, posierior
belly ofdigastr, stylobyoid
sopodius

Facialnerve (VI)

Common cared anery, rootof
inomal caroid arery

Encchorsdl owihcabiort s of e hyoid

Erp—

Glossoparygeal erve
)

Asch ofaor (lf), g subclavim
anery (dghy, ofgislsprous of
pulmnary ey

Laryngealcartla

Consicorsof parye, levator pline,
cicotyrid

Superio ryngeal bt
of vagus nerve (X)

[ ———

defitve puborary aneris

Laryrgealcarlagos

[,

‘Recurten yngeal branch

ofvgus nerve (X)






OEBPS/images/B9781455753284000107_t0010_group0.png
# Periosteal elevator
23 Coom st forceps
40 Elevator

474 Ash i rceps

7R Back stionclevator

£99C My forcepe

150 Ml riveral Brceps
4151 Nl cniversal rceps
4301 Eevator

44 Gaze

Bie bockimou prop
Cryerfeastwostlovitor
Doubleendid curtic

Hemosat

Localanesthetc it vasocorsttor
Nimnesota mictor

Friyngeal cutsin

Raspbore e

Rongeurs

Salioe irgaton

Sucton.






OEBPS/images/B9781455753284000016_t0015_group0.png
Nerve

|craniat [somatic

[Branchiat
Notar

[Viscerat

[Viscerat
Semory.

Gereral
Semsary|

speciat
Sersory

Function

Olicory

Sl

optc

Sight

Octomonr

Nioves pupil p (clevatio) v superior et muscle, dove
(deprosion) via inferio rectus muscle,and in (ckicton) via
medin rects mscle, Constrics pupil vin corniricor ppllae
muscle Allones accorrenoditon via modialrectus snd corstrictor
Pupil musclos and cllry body. R eyelid via kvator
Popebrac suporors e

Trochlear

Nioves pupil dovn (@sprossion) and ot biction) viasuperor
obiique musche

Trgeminal

Niotor i cight ncles, inchiding csclos ofemdcation. Sersory
1o sin of e, ool mucoss mundiar oty and dira o

Abhicens

v |~

Nioves pupil ut (i) vi bferl et scle

Focil

v

‘Closes ey vinorbiculrs el muscle, ot o all o muscles
of fcil expresion pls sapecis moscl, Sy lohyoid muscle,
posterior belly of dgastic mscle, Parseymysthetc influence on
Productionf sliva (ssbmsedibubrand sublicgusl ghnds) e
e lcrirs gl Provides st anerior o thids of
ongue.

[—

Vi

[

[E—

x

Niotor o sylopbaryngons moscle e ot phasyngeal muncks
Sensory to micl cas. Py gt inflnnce on prochcton
fsoliva (purosd gland). Providos s o postetiorore il of
g, Innervstos caroid body and carotid s

Vogus

Niotor nvolvement in swalowing (aryngeal mosclos), clevaion
of e levatorvelpoin s, e ke (ayngeal
muscles). Sereory o skin rourd exiemalcar. Parsyerpaotc
iemevasion o viscorain thora s sbbmen, Provides taste o
ama ofepiglts

Accessory

Elovatos s ottesscopubs v opezs el T el and
oses neck vi stemo chidormestod msck

Typoglossl

[

Niotor o all g mscles except plainglossis (X ),






OEBPS/images/c00009_f009-004-9781455753284.jpg
Nasal bones

Frontal bones

Anterior fontanelle

Coronal suture

Parietal bones

Sagittal suture

Posterior fontanelle

Lambdoid suture
Occipital bone





OEBPS/images/B9781455753284000089_t0010_group0.png
[Fascial Space Subtype  |Fascial Space Subtype Components

Fascal spacos of e ace | Caniw, buceal, poroid, infternporal, mastcstony spaces
~ Mserorc

i ———

— Temporsl

Saprahyoid fcial soces | Subiingal sabmerss, subendinar, Wera pary gl pesiorsilr

niahyoid il saces_| Potrcheal

Fascinl space of e nock| Retophrynges, dinger,coroid shesks






OEBPS/images/c00009_f009-005-9781455753284.jpg





OEBPS/images/B9781455753284000119_t0010_group0.png
Each surgeon establshes an amramentarium for his or her individual surgical technique. However, mostextractions of impacted teeth include instruents from the
following It Alkmative techeicass tho e spocialized ceiprert e dieussedin hose sectins n s chapter .

#1 Perostlclvitor

# Perostalchvstor

413 Scalpl blade

150151 Forceps

1901191 Eevator

Approprise s

Bone e

Cryerclevitons

Dol curcte

[re———

Gilmore probe

Hemosit

ergton syinge/sede saline

Local aresthotc with vasocorsticior

Nimnesotacheck etmctor

Mol cuntes

Neadie holder

Rongeurs

Sorl e brge hsaors

Sovl v g g clevitons

Surgical Fandpiece

St scissors






OEBPS/images/c00003_f003-001-9781455753284.jpg
Anterior cells e - .
Frontal sinus.

Posterior cells
Agger nasi

Sphenoid sinus Nasolacrimal duct

Superior meatus

5 Ethmoid bulla
Basal lamina, MT

Middle meatus

Middle turbinate
Maxillary sinus

Unciform groove
(semilunar hiatus)

Uncinate process

Inferior turbinate





OEBPS/images/c00003_f003-002-9781455753284.jpg
Drainage pathways

Posterior ethmoid === Ethmoid sinus

== Sphenoid sinus

Sphenoid sinus. . . = Maxillary sinus

e Frontal sinus
Lacrimal gland

Middle turbinate

Ethmoid bulla:

Uncinate process

Inferior turbinate

Opening of nasolacrimal
duct





OEBPS/images/c00002_f002-006-9781455753284.jpg





OEBPS/images/c00002_f002-001c-9781455753284.jpg





OEBPS/images/c00002_f002-001d-9781455753284.jpg
Lacrimal sac

Medial palpebral ligament
Caruncle

Horner's muscle

Conjunctiva

Nasolacrimal duct






OEBPS/images/c00002_f002-001a-9781455753284.jpg
Frontal bone
Optic canal

Sphenoid bone Ethmoid bone
(lesser wing)
Sphenoid bone — Palghne bone
(greater wing) . | Lacrimal bone
Zygomatic bone
Inferior orbital fissure

Maxillary bone





OEBPS/images/c00002_f002-001b-9781455753284.jpg





OEBPS/images/c00002_f002-004-9781455753284.jpg
Levator palpebrae superioris
Superior oblique

Anterior ethmoidal a./n. Medial rectus
Superior rectus
Posterior ethmoidal a./n.. — \ Lateral rectus
Lacrimal a. AR \ . Optic n.
Short ciliary a. ) E W Frontal n.
Long ciliary aa. - | - Lacrimal n.
: Trochlear n.
Ophthalmic a.

Mandibular n.
Trigeminal ganglion





OEBPS/images/c00006_f006-001-9781455753284.jpg
Mandible

Sublingual gland
Mylohyoid m..

Parotid gland
(superficial lobe)
Parotid gland
(deep lobe)

Submandibular gland
Hyoid bone





OEBPS/images/c00002_f002-005-9781455753284.jpg
Levator palpebrae superioris_

Superior rectus.

- Conjunctiva
Lateral rectus Orbicularis oculi m.





OEBPS/images/c00006_f006-002-9781455753284.jpg
Excretory duct

Acinus

Mucous cell & "“‘"
Serous cell a@‘b& ==





OEBPS/images/c00002_f002-002-9781455753284.jpg





OEBPS/images/c00002_f002-003-9781455753284.jpg
Superior rectus.
Superior ophthalmic v._
Lacrimal branch, ophthalmic n

branch, ophthalmic n.

Superior branch, oculor
Nasociliary branch, ophthal _i——

Common tendinous ring
Inferior rectus
iperior branch, oculomotor n.





OEBPS/images/c00005_f005-012b-9781455753284.jpg
Deep temporal fascia

Superficial temporal fascia

Superior extension of
buccal fat pad

Temporal fat pad
Superior joint cavity

SMAS
Articular disc

Anterior branch of
superior temporal artery

Vil 3 5, 2088%8 ) ~— Capsular
2 ligament

Capsular ligament
Medial discal
Lateral discal ligament ligament

Inferior joint cavity





OEBPS/images/c00006_f006-005-9781455753284.jpg
Submandibular duct

Sublingual gland

Lingual n.

Submandibular gland
Mylohyoid m.





OEBPS/images/c00006_f006-006-9781455753284.jpg
Inferior
alveolar n.

Lingual n..

Small ducts of
sublingual gland

Submandibular duct
Submandibular gland





OEBPS/images/c00006_f006-003-9781455753284.jpg
Zygomatic

branches

Marginal
mandibular

branch
rand branch





OEBPS/images/c00006_f006-004-9781455753284.jpg
Trigeminal ganglion Auriculotemporal n.

Mandibular n.
Otic ganglion
Chorda tympani n.

Lesser petrosal n.

Lingual n. Glossopharyngeal n.

-Submandibular
ganglion

Mylohyoid m.





OEBPS/images/c00007_f007-003-9781455753284.jpg
Fascial Layers of the Neck

Deep cervical fascia
= Investing layer

— l\\/llviddle Ilayer
— e Visceral Thyroid cartilage
(pretracheal) layer. ) Trachea

Esophagus

====e Carotid sheath

Superficial fascia
Sternocleidomastoid

Internal jugular vein

Common carotid artery

Base of skull
Buccopharyngeal fascia
Retropharyngeal space
Alar fascia
Danger space
Prevertebral fascia

Pharyngeal constrictor muscles
Pharyngeal mucosa
Pharynx

Pretracheal space

To mediastinum





OEBPS/images/c00007_f007-001-9781455753284.jpg
Anatomic Classification
of the Zones of the Neck _
(o
@ Level la: Submental group
@ Level Ib: Submandibular group
@ Level lla: Upper jugular group
@ Level llb: Upper jugular group
@ Level lll: Middle jugular group
@ Level IVa: Lower jugular group
@ Level IVb: Lower jugular group
@ Level Va: Posterior triangle group
@ Level Vb: Posterior triangle group
Level VI: Anterior compartment group
@ Level VII: Upper mediastinal group
12 2 )Supraclavicular zone or fossa

Posterior belly
of digastric muscle

Hyoid bone,

Body of

mandible

Anterior belly

of digastric muscle Sternocleidomastoid muscle (SCM)

3 (cut)
Mylohyoid muscle—== L\ N Carotid artery bifurcation
Sternohyoid muscle (cut) Spinal accessory nerve
Superior belly of omohyoid muscle \ \\ Transverse cervical artery

Cricothyroid notch Trapezius muscle
Anterior jugular vein: Inferior belly of omohyoid muscle

Cordiliiony External jugular vein (cut)

Thoracic duct

Internal jugular vein Left subclavian vein

Suprasternal notch Clavicular head of SCM (cut)
Superior vena cava Sternal head of SCM (cut)

Aortic arch
Thoracic aorta





OEBPS/images/c00007_f007-002-9781455753284.jpg
Anatomical Triangles of the Neck

Submandibular Triangle
Suprahyoid Triangle .
Carotid Triangle £

Muscular Triangle

Occipital Triangle Body of the mandible

Subclavian Triangle

Anterior belly of digastric
Stylohyoid

Anterior belly of omohyoid Posterior belly of digastric
Thyroid cartilage
Mastoid process
Median line of the neck

Internal jugular vein

Carotid artery
Splenius capitis
Levator scapulae

Accessory nerve
Thyroid gland

Scalenes

-Anterior margin of trapezius
Sternum

’l Posterior belly of omohyoid

Trapezius

Clavicle

Sternocleidomastoid muscle (SCM)





OEBPS/images/c00001_f001-011-9781455753284.jpg
Impressions for foveolae granulares
Groove for superior sagittal sinus






OEBPS/images/c00001_f001-012-9781455753284.jpg
Incisive canal

Mid-palatal suture

Horizontal plate of palatine bone Palatine process of maxillary bone

Alveolar process of maxillary bone
Posterior nasal spine

Zygomatic bone 7 Greater palatine foramen

Lesser palatine foramen
Zygomatic process of temporal bone

Foramen ovale

Foramen lacerum

Foramen spinosum 5 ¥ Articular fossa for TMJ
~

Styloid process 3 Carotid canal

Mastoid process Occipital condyle

Stylomastoid foramen Foramen magnum

Jugular foramen





OEBPS/images/c00005_f005-010-9781455753284.jpg
s 2 Parietal branch of
uperiorcersbraf.vains superficial temporal vein

Inferior anastomotic vein
(of Labbe)

Superior sagittal sinus

Frontal branch of
superficial temporal vein

Inferior sagittal sinus

N 5 Superficial temporal vein
‘Sphenoparietal sinus

Frontal emissary vein Straight sinus

Supratrochlear vein i " "
Occipital emissary vein

Supraorbital vein i
Cavernous sinus i

CXSR

A1
""d;\ ».ﬂ ‘,“‘ ;

- .4“ =
/‘/ 't /E/

Superior ophthalmic vein Transverse sinus (cut)
Nasofrontal vein
External nasal vein
Angular vein

Transverse facial vein

Venous plexus of
foramen ovale mem

Maxillary veins

Sigmoid sinus
Infraorbital vein

Mastoid emissary vein

Pterygoid

o plexus Occipital vein

Deep cervical vein
Posterior auricular vein
Pharyngeal vein

Facial vein

Superior labial vein

Retromandibular vein
Inferior labial vein Inferior alveolar vein
Internal jugular vein
(behind SCM)

Common trunk for:

Mental vein

: ; « Facial vein

Sublingual vein « Retromandibular vein
Submental vein + Lingual vein
Deep lingual vein Mylohyoid vein

Vena comitans of hypoglossal nerve

7 i Palatine vein
Lingual vein

Facial vein External jugular vein
Superior laryngeal vein

Superior thyroid vein
Middle thyroid vein





OEBPS/images/c00010_f010-001c-9781455753284.jpg





OEBPS/images/c00005_f005-011-9781455753284.jpg
Lingual frenum
Oral mucosa

Sublingual caruncle and
.opening of submandibular duct

Sublingual gland fold and duct
openings

Tongue muscles Genioglossus muscle (cut)

Sublingual gland
Lingual nerve
Geniohyoid muscle
Wharton’s duct

(submandibular duct)
Lingual artery

Venae comitantes
Mylohyoid muscle
Submandibular gland
(intraoral lobe)
Submandibular gland
(extraoral lobe)
Intermediate tendon of
digastric muscle
Inferior alveolar nerve
Lingual nerve

Hyoglossus muscle

Fungiform papillae Mandibular nerve

Hyoid bone = osterior division)
Vallate papillae y (P )

Lingual tonsil

Digastric muscle





OEBPS/images/c00010_f010-001d-9781455753284.jpg





OEBPS/images/c00005_f005-008-9781455753284.jpg
Sensation Zones for
Divisions of Trigeminal Nerve (V)

Supraorbital nerve

Ophthalmic nerve (V1) (] branches
Maxillary nerve (V2) 21 Supratrochlear nerve Y
Mandibular nerve (V3) Lacrimal nerve Vi
Ophthalmic

Infratrochlear nerve

Anterior and posterior
ethmoidal nerves £/

External 7 A
nasal nerve (g
-

Ciliary ganglion

nerve

Supraorbital Frontal nerve
foramen

(notch)

T

Infraorbital

foramen Zygomatico-

temporal nerve

Mental
foramen Zygomatico-

facial nerve 7 Maxillary

Infraorbital nerve.

Other Contiguous =
Sensation Zones b Palpebral branches

Greater occipital and o Nasal branches
third occipital nerves 4

Lesser occipital and —
greater auricular nerves

Transverse cervical nerve ]

Pterygopalatine
ganglion

Greater and lesser
palatine nerves

‘Middle J»Superlcr alveolar
“Anterior nerves
Dental and gingival branches

Y

Deep temporal nerves
Auriculotemporal nerve

Buccal nerve
Chordae tympani nerve

Lingual nerve
Mylohyoid nerve
Inferior alveolar nerve
Submandibular ganglion

Mental nerve

Inferior dental branches





OEBPS/images/c00005_f005-009-9781455753284.jpg
Emmm— External Carotid Artery
mmm—Internal Carotid Artery
o———— Labels for Maxillary Artery Branches

‘o——— Labels for Internal Carotid Artery Branches
‘&——— Labels for External Carotid Artery Branches

Superficial temporal artery (exohuding maiflary artery)

Parietal branch

Frontal branch

Posterior deep

Supraorbital artery temporal artery

Ophthalmic artery

Supratrochlear artery / A
o

A temporal artery
Posterior ethmoidal artery / X ’
! { Middle
lh W . Y temporal artery

Superior marginal arcade artery
Infratrochlear artery

Dorsal nasal artery N\ Y R & Suncici
Anterior ethmoidal artery \\ h;\“; lerr‘:poral artery
=N\
Inferior marginal arcade artery. N\
Infraorbital artery__ /%) MUZN|
NEAL ¥
Sphenopalatine artery /'!““‘5' l!‘
Posterior superior FNASZATY), 7
alveolar artery /2 age fl!&%i Occipital artery
Kiesselbach’s plexus - ""'lj’ 7

Anterior superior er 15
alveolar artery V- 3
Widdle superior ~ )y A 3 | Transverse facial artery

alveolar artery
Angular artery’

Dental and alveolar branches Maxillary artery
Lingual artery Occipital artery
Inferior labial artery’

Mental artery
Sublingual artery

Dental and alveolar branches
Submental artery
Inferior alveolar artery

Facial artery
Mylohyoid artery
Ascending palatine artery
Superior thyroid artery

Masseteric artery
Buccal artery
Descending palatine artery
External carotid artery

Internal carotid artery

‘Common carotid artery





OEBPS/images/c00010_f010-002b-9781455753284.jpg





OEBPS/images/c00010_f010-002c-9781455753284.jpg





OEBPS/images/c00005_f005-012a-9781455753284.jpg
Superior joint cavity Superior retrodiscal
Articular surface lamina

Superior lateral
pterygoid muscle

Retrodiscal
tissues

Inferior
retrodiscal
lamina

Inferior
joint cavity

Inferior lateral
perygoid muscle

Anterior capsular
ligament





OEBPS/images/c00010_f010-001e-9781455753284.jpg





OEBPS/images/c00010_f010-002a-9781455753284.jpg





OEBPS/images/c00010_f010-002f-9781455753284.jpg





OEBPS/images/c00010_f010-002g-9781455753284.jpg





OEBPS/images/c00010_f010-002d-9781455753284.jpg





OEBPS/images/c00010_f010-002e-9781455753284.jpg





OEBPS/oebps-page-map.xml
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



OEBPS/images/c00005_f005-003-9781455753284.jpg
Temporal
branch

Buccal
branch





OEBPS/images/c00005_f005-006-9781455753284.jpg
Temporal
Danger Zone

______ Highest forehead crease

= = - 1.5 cm above eyebrow

Superficial temporal
artery and vein \ Lateral eyebrow

0.5 cm below tragus = = =

Rami of temporal branch
Bottom of earlobe of facial nerve





OEBPS/images/c00005_f005-007-9781455753284.jpg
Superolateral reflection of
ligated facial vein protecting
marginal mandibular nerve

Marginal mandibular

branches of facial nerve
Platysma muscle

Masseter muscle (cut edge)

Superficial layer of
deep cervical fascia
(cut edge)

Submandibular

gland Facial artery
y (cut)
Facial vein et

Parotid gland Facial vein
(cut)

Platysma muscle Mylohyoid

muscle
‘Submandibular
gland
Skin incision / Masseter muscle

Facial vein

“\ Marginal mandibular
branches of facial nerve

Facial artery





OEBPS/images/c00005_f005-004-9781455753284.jpg
Temporalis muscle

Insertion on both sides of coronoid
process of mandible:

Anterior
Superior lateral  Fosterior
pterygoid muscle

Anterior capsular

Medial pterygoid muscle

Inferior lateral B
pterygoid muscle

Masseter muscle:

Deep part
Superficial part





OEBPS/images/c00005_f005-005-9781455753284.jpg
Layers of Facial Musculature

Layer 1wl
Layer 2
Layer 3
Layer 4

Note: Layer 4 is uniquely
innervated from the
superficial surface

Procerus muscle
Occipitofrontalis muscle |

Corrugator supercilli muscle
Temporoparietalis muscle

Occipitofrontalis muscle (cut)

Orbicularis oculi muscle

Orbicularis oculi muscle (cut)

Levator labii superioris
alaeque nasi muscle (cut)
Levator labii superioris

/ Levator labii superioris

alaeque nasi muscle muscle (cut)

L - Zygomaticus minor
Levator labii superioris muscle (cut)
muscle
Zygomaticus major muscle (cut)

Zygomaticus minor muscle — \ I - Levator anguli oris muscle (cut)

Zygomaticus major muscle - Parotid gland

Levator anguli oris muscle 3
Parotid fascia N Buccal fat pad

Masseteric fascia- \
Orbicularis oris muscle

Parotid duct

Buccinator muscle
Z Masseter muscle
Risorious muscle Zygomaticus major muscle (cut)

Mental foramen
Platysma muscle

Depressor labii inferioris muscle (cut)
Depressor anguli oris muscle

Depressor anguli oris muscle (cut)
Depressor labii inferioris muscle

Platysma muscle (cut)
Mentalis muscles

o’





OEBPS/images/c00004_f004-008-9781455753284.jpg
Cochlear n.

Scala tympani

Organ of Corti

Scala media

Reissner's membrane
Scala vestibuli






OEBPS/images/c00004_if004-001-9781455753284.jpg





OEBPS/images/c00009_f009-006-9781455753284.jpg
Neural canal
of brain

Pharyngeal groove
Pharyngeal ” —=- Artery

arches
Nerve





OEBPS/images/c00004_f004-006-9781455753284.jpg
Pars flaccida

Lateral malleolar process
Posterior malleolar fold

Anterior malleolar fold
Manubrium of malleus

Umbo

y - . Cone of light
Fibrocartilaginous ring





OEBPS/images/c00004_f004-007-9781455753284.jpg
Incus Head of malleus

Facial n.

Anterior process of malleus
Chorda tympani n.

Manubrium of malleus

Umbo
Tensor tympani muscle

Tympanic n.





OEBPS/images/c00009_f009-009-9781455753284.jpg
‘Wall of brain

Nasal sac Oronasal membrane
Primary palate

Oral cavity
A y

Tongue

Olfactory nerve

Olfactory

Primary palate epithelium

Nasal conchae

Secondary
palate

Tongue

Mandible





OEBPS/images/c00009_f009-010-9781455753284.jpg
6th week
Medial nasal process

Primary palate

Maxillary prominence

A

7th - 8th week

Primary palate

Palatal shelf Nasal septum

Palatal shelf

Tongue

10th week

Superior nasal concha
Primary palate

(fused) Middle nasal concha

Inferior nasal concha

Secondary palate
(fused)

Secondary palate (fused)
Tongue

(o3






OEBPS/images/c00005_f005-001-9781455753284.jpg
Meissner’s corpuscle

Merkel’s discs

Epidermis
Papillary dermis

<«—— Superficial
vascular plexus

Sebaceous gland
Arrector pili muscle Reticular dermis
Hair follicle-
< Subdermal

Perforator
vascular plexus

vessels
Subcutaneous tissue
Adipose tissue ) \
\ - e eletal muscle
Nerve —

Musculocutaneous
vessels

Pacinian corpuscle

Sweat gland





OEBPS/images/c00009_f009-007-9781455753284.jpg





OEBPS/images/c00005_f005-002-9781455753284.jpg
RELAXED SKIN TENSION LINES

FACIAL SUBUNITS





OEBPS/images/c00009_f009-008-9781455753284.jpg
Medial nasal process
Lateral nasal process
Maxillary prominence

Mandibular prominence





OEBPS/images/c00010_f010-001a-9781455753284.jpg





OEBPS/images/9780323291323_FC.jpg
ATLAS OF @H /A\|L
& MAXILLOFACIAL
SURGERY DEEPAK KADEMANI & PAUL TIWANA






OEBPS/images/c00010_f010-001b1-9781455753284.jpg





OEBPS/images/c00009_f009-011-9781455753284.jpg
Unilateral cleft lip and Bilateral cleft
Unilateral cleft lip cleft primary palate secondary palate






OEBPS/images/c00009_f009-012-9781455753284.jpg





OEBPS/images/c00010_f010-001b2-9781455753284.jpg





OEBPS/images/c00004_f004-004-9781455753284.jpg
Helix.
Scaphoid fossa

Triangular fossa
Cymba conchae

Crus of antihelix
Crus of helix

Tragus

Intertragic incisure





OEBPS/images/c00004_f004-005-9781455753284.jpg
Genu of facial nerve

Cochlear labyrinth
Greater supefficial petrosal .

Carotid a.
Tensor tympani muscle

Eustachian tube

Tympanic membrane





OEBPS/images/c00004_f004-002-9781455753284.jpg
Lateral semicircular canal Superior semicircular canal

Sigmoid sinus

Mastoid cells

Styloid process

W





OEBPS/images/c00004_f004-003-9781455753284.jpg
Petrous part of
temporal bone o
P 5- Groove for

Internal auditory canal ( sigmoid sinus






OEBPS/images/c00011_f011-004-9781455753284.jpg
Protected
lingual nerve






OEBPS/images/c00010_f010-002i-9781455753284.jpg






OEBPS/images/c00011_f011-001-9781455753284.jpg
8
a3
o







OEBPS/images/c00010_f010-002h-9781455753284.jpg






OEBPS/images/c00011_f011-002c-9781455753284.jpg
Buccal trough creation

Uncovering of bone
from clinical crown

Mucoperiosteal

Impacted mandibular
third molar

C1

Horizontal

C3

Mesioangular Distoangular





OEBPS/images/c00011_f011-002d-9781455753284.jpg
Sectioning of crown

D1

D3

Vertical

Distal coronectomy

Mesioangular

Sectioning
of crown

D2 Horizontal

Sectioning of crown

D4  Distoangular





OEBPS/images/c00011_f011-002a-9781455753284.jpg
Impacted third molar

Distobuccal release .
Lingual nerve

Al

Crevicular incision

Bone covering
impacted third molar

Mucoperiosteal flap





OEBPS/images/c00011_f011-002b-9781455753284.jpg
Crevicular incision

Mucoperiosteal flap

-

I

Impacted maxillary Bone-covered clinical
third molar crown






OEBPS/images/c00011_f011-003-9781455753284.jpg
Alveolar crest

2.28-2.75 mm

Lingual nerve





OEBPS/images/c00011_f011-002e-9781455753284.jpg
Delivery of impacted roots
(vertical and horizontal)

E1

E3  Horizontal E4  Horizontal





OEBPS/images/c00011_f011-002f-9781455753284.jpg
Mesioangular

Delivery of impacted roots
(mesioangular and distoangular)

F2  Distoangular

T









OEBPS/images/cop00141_ifcopy-001-9781455753284.jpg
SAUNDERS.





OEBPS/images/cop00141_ifcopy-002-9781455753284.jpg
Working together
to grow libraries in

#55 BookAd developing countries

wwiw.elsevier.com » www.bookaid.org





OEBPS/images/title_iftit-001-9781455753284.jpg





OEBPS/styles/math.js
function mathmlImg() {
	var ps = document.getElementsByTagName('p');
	var divs = document.getElementsByTagName('div');
		for(var i =0; i < ps.length; i++) {
		    var p1 = ps[i];
		    if(p1.className === 'hiddenClass') {
		        p1.className = 'showClass';	            
		    }
		}
		 for(var i=0; i < divs.length; i++) {
		    var s1 = divs[i];
		    if(s1.className === 'showClass') {
		            s1.className = 'hiddenClass';            
		    }
		}
}



