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Preface


As we completed the manuscript that was to become the first edition of Atlas of Clinical Gross Anatomy, released in 2005, we were pleased with the features of this atlas. We were able to produce the original intended objectives, such as outstanding dissections and superb photographs, the general presentation of the sections from the head down to the foot, and the consistent organization within each chapter from superficial structures to deeper structures. These all came together nicely. The rewards for this endeavor came the next year with our atlas being awarded the R. R. Hawkins Award from the Professional and Scholarly Division of the Association of American Publishers in February 2006, and then winning the Richard Asher Prize in October 2006, from the Royal Society of Medicine and the Society of Authors. As exciting as these accolades were, we readily saw, as an author team and from comments and suggestions we received (especially from our students, who found this volume of great help), several ideas and changes that would greatly improve the usefulness of this atlas in the classroom as well as in the lab. Utilizing the time given us and the opportunity to collaborate physically at key moments over the past couple of years, we accomplished several notable changes to produce this second edition of Atlas of Clinical Gross Anatomy.

We feel that the most significant change in the second edition of our atlas has come in the form of 20 new dissections. We completely reworked the chapters on the heart (Chapter 30) and the lungs (Chapter 31). Additionally, the chapter on the vertebral column (Chapter 26) received three new and much-needed dissections featuring ligaments of the vertebral column and the costovertebral joints. The remaining new dissections were also within Section 3, with Chapter 33 now including a key dissection of the arteries of the celiac trunk and Chapter 34, the classic presentation of the branches of the abdominal aorta. Chapters 36 to 38 on the pelvic girdle and viscera and the perineum were enriched with dissections of the iliac vessels, the female recto-uterine pouch, and the male perineal neurovascular structures.

A second significant change in this edition is in the titling and labeling of all the dissection images. First, each page of topography and dissection received a more accurate title within the color bar at the top of each page, giving the reader a quicker and clearer orientation of the image. The descriptive legend below each photograph was revisited for greater clarity. Key structures of each image were bolded for emphasis. The bolding of key structures helps to illustrate the main components of each dissection. We also made a few title changes in the Head and Neck section, which are now more accurate and all-inclusive.

Finally, another change worth mentioning is the reorganized sequence of Chapters 32 to 35, placing these chapters in a more logical progression. In this new edition, we begin with the anterolateral abdominal wall (Chapter 32) and proceed through the abdominal organs (Chapters 33 and 34), ending in Chapter 35 with the posterior abdominal wall.

It will be apparent to the reader that the major changes are to be found in the Trunk section of this book. We feel very pleased with the changes we made to improve the quality of this second edition of Atlas of Clinical Gross Anatomy, and we hope that this book will be useful in your study of human anatomy.

Kenneth Prakash Moses

John C. Banks Jr.

Pedro B. Nava

Darrell K. Petersen
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	1
Introduction to Anatomy





Anatomy is the study of the structure of the body. Like any other discipline, it has its own language to enable clear and precise communication. Anatomists base all descriptions of the body and its structures on the “anatomical position.” In this position the body is erect, arms at the sides, palms of the hands facing forward, and feet together. The anatomical position is used by anatomists and clinicians as a frame of reference to place anatomy in a three-dimensional context and to standardize the terms for anatomical structures and their functions.

Anatomical planes pass through the body in the anatomical position and are used for reference. The three main descriptive planes (Fig. 1.1) are


	
the median plane—a vertical plane that divides the body into left and right halves (strictly speaking, this is called the median sagittal plane)

	
sagittal planes—any vertical plane parallel to the median plane, for example, midway between the median plane and the shoulder

	
the frontal (or coronal) plane—a vertical plane oriented at 90° to the median plane that divides the body into front (anterior) and back (posterior) sections

	
the horizontal (transverse or axial) plane, which divides the body into upper (superior) and lower (inferior) sections and in some situations is referred to as a “cross section”



[image: image]

FIGURE 1.1 Anatomical planes and orientation.

Specific terms of description and comparison, based on the anatomical position, describe how one part of the body relates to another:


	
anterior (ventral)—toward the front of the body

	
posterior (dorsal)—toward the back of the body

	
superior (cranial)—toward the head

	
inferior (caudal)—toward the feet

	
medial—toward the midline of the body

	
lateral—away from the midline of the body

	
proximal—toward the point of origin, root, or attachment of the structure

	
distal—away from the point of origin, root, or attachment of the structure

	
superficial (external)—toward the surface of the body

	
deep (internal)—away from the surface of the body

	
dorsum—superior surface of the foot and posterior surface of the hand

	
plantar—inferior aspect of the foot

	
palmar (volar)—anterior aspect of the hand



There are also terms for movement. Movements take place at joints, where bone or cartilage articulates. Most movements occur in pairs, with the movements opposing each other:


	
Flexion decreases the angle between body parts, and extension increases the angle.

	
Adduction is movement toward the median plane of the body, whereas abduction is movement away from the median plane.

	
Medial rotation turns the anterior surface medially or inward.

	
Lateral rotation turns the anterior surface laterally or outward.

	
Supination is lateral rotation of the forearm, for example, such that the palm starts the movement facing down and ends the movement facing up, whereas pronation is medial rotation of the forearm, for example, such that the palm starts the movement facing up and ends the movement facing down.

	
Inversion is movement of the foot so that the sole faces medially, and eversion is movement of the foot so that the sole faces laterally.

	
Opposition is action whereby the thumb abducts, rotates medially, and flexes so that it can meet the tip of any other flexed finger.

	
Circumduction is circular movement of the limbs that combines adduction, abduction, extension, and flexion (e.g., “swinging the arm around in a circle”).

	
Elevation lifts or moves a part superiorly, whereas depression lowers or moves a part inferiorly.

	
Protrusion (protraction) is to move the jaw anteriorly, and retrusion (retraction) is to move the jaw posteriorly.



Structures may be unilateral or bilateral. The heart is an example of a unilateral structure: it exists on only one side of the body. Bilateral structures, such as the vessels of the arm, are present on both (bi-) sides of the body. Two similar adjectives—ipsilateral, meaning on the same side of a structure, and contralateral, meaning on the opposite side—are often used in anatomical descriptions.


Body Systems

A body system is a combination of organs with a similar or related function that work together as a unit. Body systems work together to maintain the functional integrity of the body as a whole.


MUSCULOSKELETAL SYSTEM


Skeleton


The human skeleton of 206 bones comprises


	
the axial skeleton—the skull, vertebrae, ribs, sternum, and hyoid bones

	
the appendicular skeleton—shoulder girdles with the upper limbs and hip girdles with the lower limbs




Muscles


Muscle cells contract. Movement is produced when the contraction occurs in a muscle that is attached to a rigid structure, such as a bone.

There are three types of muscle that differ in location, histologic appearance, and how they are controlled (voluntary versus involuntary control).


	
Skeletal muscles are mainly under voluntary—conscious—control and are the muscles of most interest in gross anatomy. They are attached at each end—either to bone or to connective tissue—via tendons and aponeuroses. They usually span a single joint such that contraction causes the joint to move in a specific direction.

	
Smooth muscle is found in the digestive, respiratory, and cardiovascular systems and is under involuntary control. It helps maintain and change the lumen of the gut, bronchi, and blood vessels. In the gut, rhythmic contractions of smooth muscles generate the peristaltic waves that push food through the gastrointestinal tract.

	
Cardiac muscle is present only in the heart and is under involuntary control. Contractions of cardiac muscle are the driving force behind the circulation of blood.




Muscle Names


Muscles generally have descriptive names that give an indication of their shape, number of origins, location, number of bellies, function, origin, or insertion. Muscles are classified according to the arrangement of their bundles of muscle fibers (fasciculi), which affects the degree and type of movement of an individual muscle. The fiber arrangements may be


	
strap-like (parallel)

	
fusiform (spindle-like)

	
fan shaped


	
pennate (feather-like)

	
bipennate


	
multipennate


	
sphincteric (circular)



The attachment of a muscle that moves the least is the origin; the more mobile attachment is the insertion. In some instances these roles are reversed.


Connective Tissue


Individual muscle cells are covered by specialized connective tissue (endomysium). Because each cell is extremely long, the term fiber is used more often than cell. A bundle of several fibers (a fascicle) is surrounded by a sheet of connective tissue (perimysium). In addition, the entire muscle is surrounded by a sheath of connective tissue (epimysium). These three levels of connective tissue (also known as investments) are interconnected and provide a route for nerves and blood vessels to supply the individual muscle cells. They also transmit the collective pull of individual muscle cells, fascicles, and entire muscles to the points of muscle attachment.


Muscle Groups


Muscles combine in groups to perform complex or powerful movements. Groups of muscles that initiate a movement are prime movers; those that oppose the movement are antagonists. Muscles that contract to support a primary movement are synergists. Paradoxical muscles are muscles that relax against the pull of gravity.


NERVOUS SYSTEM

The nervous system, which consists of the brain, spinal cord, and all peripheral nerves (Fig. 1.2), is the main control center for the body’s numerous functions; it processes all external and internal stimuli and responds appropriately. Its main structural and functional subdivisions are


	
the central nervous system (CNS), comprising the brain, brainstem, and spinal cord

	
the peripheral nervous system (PNS), composed of 12 pairs of cranial nerves arising from the brain and 31 pairs of spinal nerves arising from the spinal cord

	
the autonomic division (see later), composed of elements from both the CNS and PNS



[image: image]

FIGURE 1.2 Nervous system.

A neuron (nerve cell) comprises a cell body, an axon, and dendrites. The axon is the long fiber-like part of the nerve between the cell body and the target organ. In special circumstances, for example, in the autonomic division (autonomic part of the PNS, see later) when two neurons meet, the axon of one neuron meets the dendrites of another at a junction called the synapse.

Motor nerves (efferent nerves) carry impulses from the CNS to the PNS and innervate muscles. Sensory nerves (afferent nerves) receive information from sense receptors throughout the body and relay it back to the CNS for processing and interpretation.


Autonomic Division


The autonomic division is subdivided into two parts—the sympathetic and parasympathetic nervous systems—and allows the body to respond appropriately to any given set of circumstances with very little conscious control.

Axons from neurons in the CNS (preganglionic fibers) run to autonomic ganglia outside the CNS. The preganglionic fiber from a central neuron synapses with a second neuron within the ganglion. Nerve fibers (postganglionic fibers) then travel from this second neuron to the target organ or cell. A ganglion is therefore a collection of neuron bodies outside the CNS that acts as a point of transfer for stimulation of neurons. Both the sympathetic and parasympathetic subdivisions of the autonomic division contain ganglia. Most organs receive input from both subdivisions of the autonomic division; however, the body wall does not receive parasympathetic nerve fibers.

Sensory (e.g., pain) fibers from the viscera reach the CNS via either or both of the autonomic pathways, but there is no peripheral synapse for visceral sensory nerves. Their cell bodies are located in either the spinal ganglion (dorsal root ganglion) or the sensory ganglion of certain cranial nerves.

The sympathetic nervous system sends signals from the CNS to prepare the body for action—dilating the pupils, increasing the heart and respiratory rates, and causing sweating, vasoconstriction, cessation of gastrointestinal movements, and constriction of urinary and anal sphincter muscles.

Parasympathetic nerve fibers do the opposite—they relax the body, constrict the pupils, slow the heart rate, promote salivary secretion, increase peristalsis (gastrointestinal tract stimulation), and relax the urinary and anal sphincters.


CARDIOVASCULAR SYSTEM

The heart is in the middle mediastinum between the lungs. It has four chambers that pump blood throughout the body. The right side of the heart receives deoxygenated blood from the body and pumps it to the lungs: pulmonary circulation. The left side receives oxygenated blood from the lungs and sends it to the body: systemic circulation, with arteries carrying blood from the heart to tissues and organs and veins returning blood to the heart.


Arteries


The aorta is the largest artery in the body. It carries oxygenated blood from the left ventricle of the heart to the rest of the body. Ascending from the heart, the aorta forms an arch that curves toward the left side of the body and then descends in the chest toward the abdomen. The first arteries that branch from the aorta are the relatively small coronary arteries, which supply blood to the heart itself. The first large branch from the aorta is the brachiocephalic trunk, which gives rise to the right common carotid and right subclavian arteries. These vessels supply blood to the head, neck, and right upper limb, respectively (Fig. 1.3). The left common carotid and left subclavian arteries are the next arterial branches and supply blood to the left side of the head and neck and to the left upper limb, respectively. After these branches, the aorta turns inferiorly toward the abdomen. Branches of the descending thoracic aorta supply the viscera within the thorax and the chest wall, mediastinum, and diaphragm.
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FIGURE 1.3 Arterial system.

The thoracic aorta pierces the diaphragm at the level of the thoracic vertebra TXII to become the abdominal aorta. The abdominal aorta gives rise to three main unpaired arteries:


	
the celiac trunk (at vertebral level TXII)

	
the superior mesenteric artery (at vertebral level TXII/LI)

	
the inferior mesenteric artery (at vertebral level LIII)



These three arteries supply blood to the abdominal viscera and are derivatives of the embryonic foregut, midgut, and hindgut, respectively. The abdominal aorta also supplies blood to the body wall via paired lumbar segmental arteries. The renal arteries (at the LI level), suprarenal arteries, and gonadal arteries (at the LII/LIII vertebral level) are paired arteries that supply the viscera of the posterior abdominal wall. Inferiorly, the abdominal aorta divides into the left and right common iliac arteries at the level of the LIV vertebra. As the common iliac arteries descend into the pelvis, they subdivide into vessels that supply the pelvis and both lower limbs.


Veins


Veins transport deoxygenated blood from tissues and organs back to the heart (Fig. 1.4). Systemic veins direct blood from the body to the superior and inferior venae cavae, which drain to the right atrium of the heart. The pulmonary vein, unlike the rest of the veins, transports oxygenated blood from the lungs to the left atrium of the heart.
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FIGURE 1.4 Venous system.

The superior vena cava receives blood from the head and neck, chest wall, and upper limbs via the internal jugular, azygos, subclavian, and brachiocephalic veins. The inferior vena cava receives blood from the pelvis, abdomen, and lower limbs.

The portal system is a special set of veins that drains blood from the intestines and supporting organs. Its venous blood is rich in nutrients absorbed from the digestive tract. The hepatic portal vein is formed by the union of the splenic and superior mesenteric veins. Blood flows from the hepatic portal vein to the liver. From the liver, hepatic veins drain into the inferior vena cava.


LYMPHATIC SYSTEM

The lymphatic system is composed of a series of lymphatic vessels and lymph nodes (filters) that transport excess tissue fluid (lymph) from the tissue spaces to the venous system (Fig. 1.5). Lymphatic vessels also transport nutrient-rich lymph from the intestines to the blood and play a role in immunity.
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FIGURE 1.5 Lymphatic system.

Lymph flow through the body is slow. In many areas it is unidirectional because of the presence of one-way valves in the vessels. Flow is promoted by the massaging of lymph vessels by adjacent arteries and—in the limbs—by skeletal muscle and vessels and by differences in pressure between the abdominal and thoracic cavities.

Lymphatic vessels begin as blind-ended capillaries within the tissue spaces. Excess tissue fluid enters these vessels and becomes a colorless, clear fluid—lymph—which then passes through a series of lymph nodes as they convey the lymph toward the venous system:


	
The jugular trunks lie beside the internal jugular vein and receive lymph from each side of the head and neck.

	
The subclavian trunks drain the upper limbs and chest.

	
The bronchomediastinal trunks drain the organs of the thorax.



In the abdomen, the thoracic duct drains lymph from the lower limbs, pelvis, and abdomen. Lymph from the thoracic duct drains to the junction of the left subclavian and left internal jugular veins. The thoracic duct receives the left jugular lymph trunk, the left subclavian lymph trunk, and the left bronchomediastinal lymph trunks. Essentially, the thoracic duct drains the lower part of the body, the left upper limb, and the left side of the head and neck. Lymph from the right upper limb and the right side of the head and neck drains to the right jugular lymph trunk via reciprocal vessels, which enter the venous system at the union of the right internal jugular and right subclavian veins.






	
SECTION 1

Head and Neck
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	2
Introduction to the Head and Neck





The head and neck are two distinct anatomical regions of the body, but they have a related nerve and blood supply.


Head

The head is a highly modified structure with several important functions. It houses and protects the special sense organs—the eyes, ears, nose, tongue, and related structures. The skull is specially adapted to enclose, support, and protect the brain (Fig. 2.1). It has numerous foramina for cranial nerves and vascular structures to pass into and out of the cranium, contains cavities that carry out some of the functions of the upper gastrointestinal and respiratory tracts (e.g., oral and nasal cavities), and provides a foundation for the face. Anatomically, the skull is divided into two main parts:


	
The neurocranium houses the brain, forms the base of the skull and cranial vault, and is composed of eight bones—the occipital, sphenoid, frontal, and ethmoid bones; a pair of parietal bones; and a pair of temporal bones.

	
The viscerocranium (facial skeleton) contributes to the structure of the orbits and the nasal and oral cavities and provides a foundation for the face; it comprises the mandible and vomer and a pair each of the maxillary, palatine, nasal, zygomatic, lacrimal, and inferior nasal concha bones.
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FIGURE 2.1 Bones of the head and neck.

The paranasal sinuses are cavities within the maxillary, ethmoid, frontal, and sphenoid bones that communicate with the nasal cavity through small ostia (openings).


Neck

The head is mobile because the skull is balanced on the flexible bony spine. The neck extends from the base of the skull (a circular line joining the superior nuchal line, mastoid process, and lower border of the mandible) to the chest (sternum, clavicles, spine of the scapula, and spinous process of cervical vertebra CVII). It is a flexible conduit for blood vessels, the spinal cord, and cranial and spinal nerves passing between the head, thorax, and upper limb.

The neck is supported by muscles, ligaments, and the cervical vertebrae, which provide a strong, flexible skeletal framework without sacrificing stability. The seven cervical vertebrae have vertebral foramina (for the vertebral arteries to pass through) within their transverse processes (see Chapter 26). The cervical segment of the vertebral column is strongly supported by numerous ligaments and muscles (both extrinsic and intrinsic). Intermediate parts of the respiratory tract (larynx and trachea), digestive tract (pharynx and esophagus), and endocrine glands (thyroid and parathyroid glands) are located within the neck.

For descriptive purposes the neck is subdivided into anterior and posterior triangles. These two large triangles are further subdivided into minor triangles: submandibular, submental, carotid, muscular, occipital, and omoclavicular (subclavian) triangles (see Chapter 12).

The fascia of the neck is multilayered and encloses the muscles, glands, and neurovascular structures. The relationships between the different fascial layers determine how infection and cancer spread in the neck. The deep cervical fascia subdivides the neck into vascular, vertebral, and visceral compartments. This arrangement allows movement between adjacent structures and compartments and facilitates the surgical approach to specific areas. The investing layer of cervical fascia encircles all structures of the neck by investing the sternocleidomastoid and trapezius muscles, the fascial roofs of the anterior and posterior cervical triangles, and the parotid and submandibular salivary glands. Deep to the investing fascia and surrounding the visceral compartment is the pretracheal layer of cervical fascia; this layer invests the trachea, thyroid and parathyroid glands, and the buccopharyngeal fascia, which extends from the base of the skull and envelops the buccinator muscle and pharyngeal constrictors.

The cervical part of the vertebral column and its contents form the vertebral compartment of the neck and are surrounded by the prevertebral layer of fascia. The brachial plexus passes between the anterior and middle scalene muscles and is enclosed in a prolongation of the prevertebral fascia—the axillary sheath. The suprapleural membrane, which covers the apex of the lungs, is continuous with the prevertebral fascia and continues into the thorax as the endothoracic fascia.

Two special fascial units—the carotid sheaths—extend from the base of the skull to the superior mediastinum. These sheaths enclose the common and internal carotid arteries, the internal jugular vein, and the vagus nerve [X] and are surrounded by the deep cervical lymph nodes (see p. 11).


Muscles

The major muscles of the head and neck are derived embryologically from two major sources:


	
pharyngeal arches

	
somites



Mesoderm from the first, second, third, fourth, and sixth pharyngeal arches gives rise to muscles of mastication and facial expression, the stylopharyngeus, and muscles of the larynx and pharynx, respectively. These muscle groups are innervated by the trigeminal [V], facial [VII], and glossopharyngeal [IX] nerves and the cranial root of the accessory nerve, respectively.

The extraocular muscles are derived from preotic somites and are innervated by the oculomotor [III], trochlear [IV], and abducent [VI] cranial nerves.

The intrinsic and extrinsic muscles of the tongue are derived from postotic somites and are innervated by the hypoglossal nerve [XII].


Nerves

The head is innervated by the cranial and spinal nerves, which contain sensory, motor, and autonomic components. The 12 pairs of cranial nerves [I to XII] emerge from the brain and brainstem to innervate the head and neck (Table 2.1).

TABLE 2.1 Cranial Nerves and Their Functions



	Number

	Name

	Function




	I

	Olfactory

	Sense of smell




	II

	Optic

	Vision




	III

	Oculomotor

	Eye movements




	IV

	Trochlear

	Eye movements




	V

	Trigeminal

	Motor to muscles of mastication and sensation from the head and neck




	VI

	Abducent

	Eye movements




	VII

	Facial

	Motor to muscles of facial expression and taste




	VIII

	Vestibulocochlear (auditory)

	Sense of hearing and sense of balance




	IX

	Glossopharyngeal

	Motor to the stylopharyngeus muscle, sensory (taste and general sensation from the tongue), and mucosa of the nasopharynx and middle ear




	X

	Vagus

	Motor to the vocal muscles: sensory from the pharynx, larynx, and lateral aspect of the face; parasympathetic innervation to the gastrointestinal tract




	XI

	Accessory

	Motor to some muscles of the pharynx, larynx, and palatal musculature and some muscles of the neck




	XII

	Hypoglossal

	Motor to most tongue muscles





Spinal nerves originate from the spinal cord and enter the neck through intervertebral foramina between the cervical vertebrae. They provide general sensation to the occipital region (see Chapter 27), posterior and anterior portions of the neck, and part of the lateral aspect of the face.

Autonomic nerves to the head (both sympathetic and parasympathetic) regulate the size of the pupil and lens of the eye, secretion by the salivary and lacrimal glands and glands in the upper respiratory and gastrointestinal tracts, and the diameter of extracranial and intracranial vessels in the head.


	
Preganglionic parasympathetic nerve fibers in the brainstem follow the same pathway as the oculomotor [III], facial [VII], glossopharyngeal [IX], and vagus [X] nerves and synapse with postganglionic neurons in the autonomic ganglia. These ganglia provide postganglionic nerve fibers for the target organs (see Chapter 1).

	
Preganglionic sympathetic nerve fibers to the head and neck arise from the upper part of the thoracic spinal cord and synapse in the superior cervical ganglia (see Chapter 13).



Postganglionic fibers emerging from the superior cervical ganglion form periarterial plexi, which run with blood vessels to target organs in the head and neck and provide their autonomic supply.

Nerve control of the neck overlaps with that of the head because cranial nerves also innervate this area. In addition, spinal nerves supply the neck segmentally. Several cranial nerves—the glossopharyngeal [IX], vagus [X], accessory [XI], and hypoglossal [XII] nerves—pass through foramina in the base of the skull and into the neck and beyond.

Sensory innervation of the head and neck arises from all three divisions of the trigeminal nerve [V1, V2, V3] and from the ventral and dorsal rami of the cervical spinal nerves (Fig. 2.2).
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FIGURE 2.2 Sensory innervation of the head and neck.


Arteries

The blood supply to the head and neck (Fig. 2.3) is from


	
the common carotid artery, which arises from the aorta

	
the vertebral arteries, which arise from the subclavian arteries
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FIGURE 2.3 Arteries of the head and neck.

The common carotid arteries ascend from the arch of the aorta on the left and from the brachiocephalic artery on the right and divide into the internal and external carotid arteries. The internal carotid artery ascends to the skull, where it branches to supply intracranial structures. Branches of the external carotid artery are the superior thyroid artery (supplying the thyroid gland), lingual artery (supplying the tongue), facial artery (supplying the face), ascending pharyngeal artery (supplying the pharyngeal structures), occipital artery (supplying the upper posterior aspect of the neck), and posterior auricular artery (supplying the ear and surrounding area). The two terminal branches of the external carotid artery are the maxillary artery (supplying the temporal, infratemporal, and pterygopalatine fossae, see Chapter 5) and the superficial temporal artery (supplying the scalp and lateral portion of the face, see Chapter 3).

Multiple anastomoses between branches of the internal and external carotid arteries ensure that the head and its structures have a rich blood supply.

The vertebral artery is a branch of the subclavian artery. It ascends in the neck and segmentally supplies the cervical spinal cord, adjacent neck structures, and the brain. Other branches of the subclavian artery—the thyrocervical trunk, costocervical trunk, and dorsal scapular arteries—also provide blood to the neck.


	
The branches of the thyrocervical trunk supply blood to the region after which they are named: the suprascapular artery supplies the base of the neck and the scapula, the transverse cervical artery supplies the scalene and deep neck muscles, and the inferior thyroid artery supplies the inferior portion of the thyroid gland.

	
The costocervical trunk branches to form the supreme intercostal artery (which supplies the first intercostal space) and the deep cervical artery (which supplies muscles of the deep posterior aspect of the neck).

	
The dorsal scapular artery primarily supplies the muscles of the scapula.




Veins

Venous blood from within the cranial cavity drains into venous dural sinuses, which are formed by a splitting of the dura mater. Subsequently, the venous blood drains into the large internal jugular vein, which commences at the jugular foramen of the skull and into which drain vessels from the neck that correspond to branches of the carotid arterial system.

The veins of the head are numerous and are named after the associated arteries. They contain very few valves; this permits venous flow in either direction (Fig. 2.4) and allows extracranial drainage to the intracranial vessels.
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FIGURE 2.4 Veins of the head and neck.


Lymphatics

The exterior surface of the head and neck is richly supplied with lymphatic vessels, lymph nodes, and tissue (Fig. 2.5). In contrast, the central nervous system lacks a lymphatic drainage system; instead, cerebrospinal fluid serves this function.
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FIGURE 2.5 Lymphatic drainage of the head and neck.

The face and scalp drain along unnamed lymphatic vessels to a superficial horizontal ring of nodes at the junction of the head and neck. The corresponding deep horizontal ring of nodes is located deep to the superficial tissues in the visceral compartment of the neck. These nodes drain the oral cavity, pharynx, and larynx. From here, lymph flows to the deep cervical lymph nodes on the carotid sheath (see Chapter 12).

On each side of the neck, vessels from the deep cervical nodes join to form a jugular trunk that enters the venous system at the junction of the internal jugular and subclavian veins. The jugular trunks also receive lymphatic flow from the chest, limbs, abdomen, and pelvis.
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	3
Skull





The skull (Figs. 3.1 and 3.2) is formed by bones that protect the brain and areas associated with the special senses of sight, hearing, taste, and smell. The skull also houses entrances for the respiratory and digestive systems—the nose and mouth, respectively. Numerous other openings (canals, fissures, and foramina) in the skull serve as conduits for the spinal cord, cranial nerves, and blood vessels (Table 3.1). The muscles of facial expression and mastication also attach to the skull.
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FIGURE 3.1 Lateral view of the bones of the skull.
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FIGURE 3.2 Posterolateral view of the bones of the skull.

TABLE 3.1 Openings in the Skull
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The bones of the skull are divided into three groups (Table 3.2):


	
8 cranial bones form the neurocranium, which protects the brain

	
14 facial bones form the viscerocranium, which provides the substructure for the face

	
6 auditory ossicles (malleus, incus, and stapes), three in each ear



TABLE 3.2 Bones of the Skull

[image: image]

The total number of bones in the skull is therefore 28.

All bones of the skull, except the mandible and ear ossicles, articulate at serrated immovable sutures. They are separated by a thin layer of fibrous connective tissue that is continuous with the periosteum. The sutures between the skull bones fuse and become less distinct with age. The plate-like bones of the neurocranium (also known as the calvarium) consist of external and internal tables of compact bone, with diploë (cancellous bone) between.

Treatment of skull fractures varies, depending on whether the external or internal table is damaged (see p. 14).


Nerves

Sensory innervation of the skull is provided by the meningeal branches of several of the cranial and cervical spinal nerves:


	
The anterior cranial fossa is innervated by the ophthalmic nerve [V1]—the first division of the trigeminal nerve [V]—which originates at the trigeminal ganglion. Ethmoidal nerves branch off the ophthalmic nerve [V1] and, in turn, branch into the meningeal branches that innervate the anterior cranial fossa.

	
Meningeal branches of the other two branches of the trigeminal nerve [V], the maxillary [V2] and mandibular [V3] nerves, innervate the middle cranial fossa.

	
Nerve fibers from cervical spinal nerves C2 and C3 follow the hypoglossal nerve [XII] to the oral region and upper part of the neck, where they innervate muscles and other structures.

	
C2 fibers carried by the vagus nerve [X] supply the posterior cranial fossa.



Extracranial sensory innervation of the skull is provided by periosteal branches of the three divisions of the trigeminal nerve [V]—the ophthalmic nerve [V1], maxillary nerve [V2], and mandibular nerve [V3]. These branches supply the upper, middle, and lower thirds of the face, respectively. The posterior aspect of the skull is innervated by posterior rami of the greater occipital nerve (C2) and the third occipital nerve (C3).


Brain and Cranial Nerves


CRANIAL NERVES

Cranial nerves arise from the brain and brainstem and are paired and numbered in a craniocaudal sequence. They innervate structures in the head and neck. The vagus nerve [X] also innervates structures in the thorax and abdomen (see Table 3.4).


BRAIN

The brain has three primary regions: cerebrum, cerebellum, and brainstem (Figs. 3.3 and 3.4). The cerebrum is made up of four lobes. The frontal lobe is responsible for higher mental functions such as decision making. The parietal lobe plays a role in receiving sensory information, initiating movement, and perception of objects. The temporal lobe is involved in memory, hearing, and speech. The occipital lobe is responsible for vision. The left and right hemispheres of the cerebrum are joined in the midline by the corpus callosum, a series of densely arranged nerve fibers that facilitate communication between hemispheres.
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FIGURE 3.3 Lateral view of the brain (left side).
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FIGURE 3.4 Inferior view of the arteries at the base of the brain.

The cerebellum, a multigrooved structure of the posteroinferior region of the brain with somewhat smaller hemispheres, is responsible for maintenance of balance, posture, and coordinated movements.

The brainstem is composed of the midbrain, pons, and medulla oblongata. The midbrain is involved in coordination of eye movements, hearing, and body movements. Axons from the cerebrum pass through it as they travel to areas of the body. The pons is anterior to the midbrain and regulates consciousness, sensory analysis, and control of motor movements via the cerebellum. The most inferior part of the brainstem, the medulla oblongata, has a role in maintenance of vital functions such as breathing and heart rate.


Arteries

Blood is supplied to the meninges and bones of the neurocranium by small vessels originating from the anterior, middle, and posterior meningeal arteries:


	
The anterior meningeal artery (see Fig. 3.4) is a branch of the ophthalmic artery, which is itself a branch of the internal carotid artery.

	
The middle meningeal artery is a branch of the maxillary artery that supplies the middle cranial fossa and lateral wall of the neurocranium; the anterior branch of the middle meningeal artery runs deep to the pterion (the meeting point of the parietal, temporal, sphenoid, and frontal bones), which is the thinnest part of the skull and the area most susceptible to trauma.

	
The posterior meningeal arteries are derived from the occipital, ascending pharyngeal, and vertebral arteries.



The brain is supplied with blood by the two internal carotid arteries and two vertebral arteries. Within the cranial cavity, these vessels join to form the cerebral arterial circle (circle of Willis). The vertebral arteries contribute to the circle by ascending within the transverse foramina of the cervical vertebrae, entering the skull through the foramen magnum, and uniting to form the basilar artery. The basilar artery divides to form two posterior cerebral arteries (see Fig. 3.4).

The internal carotid arteries ascend through the neck, enter the skull through the carotid canal, and join with the posterior cerebral arteries through the posterior communicating artery. Each internal carotid artery then gives off its terminal branches—the middle cerebral and anterior cerebral arteries—which form an anastomosis between the two anterior cerebral arteries through the anterior communicating artery, thus creating the circle of Willis (see Fig. 3.4). This arterial circle provides collateral circulation to the brain if one vessel becomes blocked.


Veins and Lymphatics

Venous drainage of the skull is provided by the diploic, emissary, and meningeal veins, which communicate with the venous dural sinuses within the cranium. These veins have no valves and can therefore conduct blood into or out of the cranial cavity, depending on pressure within the venous sinuses of the skull. Most venous blood from the skull is returned to the internal jugular vein.

All lymph nodes and lymphatic vessels of the head and neck are extracranial; none are present within the cranial cavity.


[image: image] Clinical Correlations


SKULL FRACTURE

A skull fracture may result from direct trauma to the head. If a skull fracture is diagnosed, an associated brain injury must be suspected. The patient should remain still to prevent further disruption of the cranium and brain.

The first step in treating head trauma is to evaluate the patient’s ABC’s:


	
Airway—examine and treat the patient to ensure that the airway is open.

	
Breathing—examine the patient to ensure that breathing is stable.

	
Circulation—check that the patient’s pulses and peripheral circulation are stable.



When evaluating and treating a patient with head trauma, a brief neurologic examination such as the Glasgow Coma Scale (GCS; Table 3.3) is used to determine the level of consciousness and provide a measure of the overall extent of brain injury. This is followed by a full neurologic examination.

TABLE 3.3 Glasgow Coma Scale
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TABLE 3.4 Cranial Nerves and the Skull Openings through Which They Pass
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GLASGOW COMA SCALE

The lowest GCS score (severe injury) is 3 and the highest score (light injury) is 15. Patients with head trauma must be evaluated frequently because head and brain injuries are often unstable and the full extent of the injury does not fully develop until a few days after the initial trauma. A patient with an initial GCS score of 15 may nevertheless have significant brain injury, and subsequent GCS scores may become lower as the injury develops further.

Full examination of a patient with a suspected skull fracture includes frequent neurologic examination, including GCS evaluation, and a computed tomography scan of the head to evaluate the soft (brain) and hard (bone) tissues.


TYPES OF SKULL FRACTURES

Two relatively common types of skull fractures can result from direct trauma.

Depressed skull fractures usually involve the parietal or temporal regions (neurocranium). During the trauma a piece of the internal table of bone is depressed. The edges of the fractured bone can lacerate the meninges, arteries, veins, and brain. Treatment is usually surgical and involves elevating the depressed flap of bone.

Basilar skull fractures are linear fractures at the base of the skull. Small tears may develop in the dura mater and cause the clear cerebrospinal fluid (CSF) to leak through the ears (CSF otorrhea) or nose (CSF rhinorrhea). Bleeding can also occur into the middle ear and nose. Additional clinical characteristics of basilar skull fractures include periorbital ecchymosis (raccoon sign), retroauricular hematomas (Battle’s sign), and cranial nerve deficits. Basilar skull fractures are usually stable in that the fracture fragments are not depressed.

Treatment is generally nonsurgical with close neurologic observation. Basilar skull fractures are associated with many permanent sequelae, such as deafness and anosmia (inability to smell), because of damage to the cranial nerves.

[image: image]

FIGURE 3.5 Skull—surface anatomy. Lateral view of the head and neck of a young male showing the relevant anatomical landmarks.
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FIGURE 3.6 Skull—anterior view. Anterior view of the skull (norma frontalis) showing the bony relationships and relevant features. Note the worn appearance of the teeth, which resulted from grinding of the teeth and the advanced age of the individual at the time of death.
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FIGURE 3.7 Skull—lateral view. Lateral view of the skull (norma lateralis) from the right side showing individual bones and their features. The skull bones are not completely fused, thus suggesting age at the time of death to be approximately 40 to 60 years. Also note the presence of the third molar (wisdom tooth).
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FIGURE 3.8 Skull—superior view of calvarium. Superior view of the calvarium showing the major sutures of the skull. The corrugated sutures help interlock the bones of the skull and increase the strength of the entire neurocranium.
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FIGURE 3.9 Skull—inferior view with mandible. Inferior view of the skull (norma basalis) with the mandible shown in its normal articulated position. The right styloid process is partially broken off as a result of trauma.
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FIGURE 3.10 Skull—floor. Floor of the cranial cavity. The calvarium (upper bones of the skull that cover the brain) has been removed. Note the anterior, middle, and posterior cranial fossae, which support the brain, and absence of the left frontal sinus.
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FIGURE 3.11 Skull—inferior view without mandible. The mandible has been removed. Observe the size of the foramen magnum, which permits passage of the spinal cord, and also the curved zygomatic bones (cheek bones).
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FIGURE 3.12 Skull—lateral plain film radiograph. Bone landmarks, including those in the midline, are seen. Soft tissues are not well visualized on skull radiographs. In this view the bones of the calvarium are seen as having an inner and outer layer separated by the diploë.
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FIGURE 3.13 Skull—sagittal MRI. Note the excellent visualization of the detail of midline structures of the brain. The bones of the skull appear black, as do the sinuses.
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FIGURE 3.14 Skull—CT scan (axial view). Note the clarity of many of the foramina at the skull base. The largest is the foramen magnum, through which the spinal cord passes.
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	4
Scalp and Face





The scalp and face are two interconnected regions on the superior, lateral, and anterior surfaces of the skull. The strong, layered structure of the scalp, which includes hair-bearing skin, helps protect the skull and brain.

The face is positioned on the anterior surface of the skull. It contains openings for sight, smell, respiration, and intake of nutrients through the orbits, nose, and mouth. Small changes in the muscles of facial expression convey different emotions and expressions.

The scalp is supported by the bones of the neurocranium (see Chapter 3), and the face is supported by some of the smaller, more complex bones of the viscerocranium (see Chapter 3).


Scalp

The scalp extends from the supra-orbital margin of the frontal bone (superciliary arch) on the anterior aspect of the skull (see Chapter 3) to the superior nuchal line on the posterior aspect of the skull (see Chapter 27). Laterally, it extends to the level of the zygomatic arches. The five layers of the scalp can be remembered by the acronym SCALP:


	
Skin—containing the hair follicles, sebaceous glands, and sweat glands.

	
Connective tissue—a layer of strong collagen fibers mixed with small amounts of fatty tissue and containing blood vessels and superficial nerves.

	
Aponeurosis—a thick sheet of collagen fibers that extends between the frontalis and occipitalis muscles. These two muscles are responsible for the voluntary ability to slide the scalp back and forth across the skull and to wrinkle the forehead.

	
Loose connective tissue (“danger zone”)—a layer of collagen fibers mixed with large amounts of fatty tissue. It contains the emissary veins, which are special valveless veins that transport blood from within the skull to the veins of the scalp, thus providing some of the venous drainage for the brain and potentially allowing spread of infection.

	
Pericranium (periosteum)—a richly innervated covering composed of dense, interweaving collagen fibers. It is loosely attached to the surface of the skull, except at the suture lines, where it passes between the skull bones and contributes to their joints. The periosteum is continuous with the periosteal layer of the dura mater within the skull.




NERVES

Motor innervation to the scalp muscles is provided by branches of the facial nerve [VII], which emerges from the stylomastoid foramen. At the level of the ear, the sensory innervation to the scalp divides into anterior cutaneous innervation and posterior cutaneous innervation (Fig. 4.1). Anterior to the ear, the scalp is innervated mostly by branches of the divisions of the trigeminal nerve [V]:


	
supratrochlear and supra-orbital nerves (from the ophthalmic nerve [V1])

	
zygomaticotemporal nerve (from the maxillary nerve [V2])

	
auriculotemporal nerve (from the mandibular nerve [V3])



[image: image]

FIGURE 4.1 Nerves of the scalp and face (lateral view).

Posterior to the ear, the scalp receives cutaneous innervation from the spinal cutaneous nerves that originate in the neck (C2, C3):


	
greater occipital nerve (C2)

	
lesser occipital nerve (C2, C3)

	
third occipital nerve (C3)




ARTERIES

Blood is supplied to the scalp by four small arteries—the supratrochlear and supra-orbital arteries, which are branches of the ophthalmic artery (itself a branch of the internal carotid artery), and the superficial temporal artery and occipital arteries, branches of the external carotid artery.


VEINS AND LYMPHATICS

Venous drainage is along the venae comitantes of the arteries:


	
The supra-orbital and supratrochlear veins unite at the medial canthus of the eye to form the facial vein.

	
The superficial temporal vein joins the maxillary vein to create the retromandibular vein just posterior to the neck of the mandible.

	
The posterior auricular vein originates behind the ear and channels venous blood from the posterior of the scalp toward the external jugular vein.



Lymph drains from the scalp to the superficial horizontal ring of superficial lymph nodes at the junction between the head and neck. Some lymph also drains directly to the deep cervical lymph nodes (see Chapter 12).


Face


MUSCLES AND NERVES

The face extends laterally from ear to ear and from the chin to the hairline on the forehead. The skin of the face is thick and vascular. Beneath the skin is the subcutaneous fascia, which contains the muscles of facial expression, blood vessels, and nerves (Fig. 4.2). The face contains the organs of sight—the eyes—and the proximal portions of the respiratory and digestive systems—the nose and mouth, respectively.

[image: image]

FIGURE 4.2 Sensory innervation of the face: trigeminal nerve [V].

The muscles of the face insert into the skin (Fig. 4.3), which allows them to move the skin of the face in complex ways. The facial nerve [VII] innervates the muscles of facial expression (Fig. 4.4). It has five main branches. From superior to inferior these branches are the


	
temporal

	
zygomatic

	
buccal

	
marginal mandibular

	
cervical



[image: image]

FIGURE 4.3 Facial muscles (anterior view).

[image: image]

FIGURE 4.4 Lateral view of the face showing the branches of the facial nerve [VII].

The temporal branches extend toward the muscles around the temporal bone, the zygomatic branches extend toward the cheek bones and cheek area, the buccal branches extend to the muscles around the mouth, and the cervical branches extend to the upper part of the neck (the platysma muscle).

Sensory innervation to the face is from the trigeminal nerve [V] (see Fig. 4.2), which has three major divisions:


	
The ophthalmic nerve [V1] supplies the structures around the eye and orbit through its five branches (the supratrochlear, supra-orbital, lacrimal, infratrochlear, and external nasal nerves).

	
The maxillary nerve [V2] provides sensation to the central part of the face through its infra-orbital, zygomaticofacial, and zygomaticotemporal nerve branches.

	
The mandibular nerve [V3] provides sensation to all structures in and around the mandible through the auriculotemporal, mental, and buccal nerves.




ARTERIES

Blood is supplied to the face by branches of the internal and external carotid arteries (Fig. 4.5). The facial artery is a branch of the external carotid artery. It ascends across the face—laterally to medially—and ends at the medial canthus of the eye as the angular artery, which anastomoses with small vessels from the orbit. The second primary source of blood flow to the face is from the superficial temporal artery, which is one of the terminal branches of the external carotid artery. When the superficial temporal artery is still within the mass of the parotid gland, it gives off the transverse facial artery, which travels toward the middle of the face just inferior to the zygomatic arches (cheek bones). The maxillary artery (see Fig. 2.2), the second terminal branch of the external carotid artery, supplies the structures associated with the upper and lower jaws.

[image: image]

FIGURE 4.5 Anterolateral view of the arterial supply of the scalp and face.


VEINS AND LYMPHATICS

Venous drainage of the face is through the facial vein (see Fig. 2.3), which runs alongside the facial artery, and the transverse facial vein, which likewise follows the course of its associated artery. Some small veins also communicate with the cavernous sinus within the skull. This connection of facial venous drainage with intracranial venous drainage accounts for the spread of some infections from the face to the brain.

Lymphatic drainage of the upper part of the face and forehead is to the submandibular nodes along the inferior margin of the mandible. Lymph from the lower part of the face and mandible also flows toward the submandibular nodes and submental nodes (see Fig. 2.2), from where it usually drains to the deep cervical nodes on the carotid sheath in the neck (see Chapter 12).


[image: image] Clinical Correlations


SCALP LACERATION

Because the scalp has five layers, lacerations can vary in depth (Fig. 4.6). The arteries of the scalp in layer 2 (the connective tissue layer) are adherent to the surrounding tissues. When a scalp artery is lacerated, the cut end of the artery cannot retract into the scalp because of its strong attachment to the surrounding connective tissue, thereby resulting in continuous bleeding until direct pressure is applied to the wound. (In other soft tissues, such as the anterior aspect of the forearm, lacerated arteries retract into the surrounding muscle tissue and contract, thereby causing bleeding to stop.)

[image: image]

FIGURE 4.6 Laceration of the scalp.

If significant bleeding is suspected, a complete blood count will reveal whether the patient has anemia secondary to blood loss. In more serious cases the patient appears pale and lethargic (very tired) and has low blood pressure. Intravenous fluids are then needed to replace the blood lost. If the complete blood count shows significant anemia, blood transfusion may be necessary. After direct pressure has been applied to the wound and any blood loss–related deficiencies have been treated (with either intravenous fluids or blood transfusion), the wound is sutured. The important clinical principles are to


	
prevent further bleeding

	
then stabilize intravascular volume

	
then treat the laceration




FACIAL NERVE [VII] PARESIS

Facial nerve [VII] paresis (weakness) is usually one sided and can involve just the upper or lower part of the face or the entire side of the face. The many causes can be grouped into three major categories—trauma, infection, and neoplasm (tumors and cancer).

The facial nerve [VII] provides motor innervation to all muscles of facial expression and the scalp muscles and sensory innervation to the anterior two thirds of the tongue (including taste) and a small portion about the external acoustic meatus (of the ear). It originates from the brain and travels through the temporal bone, enters the internal acoustic meatus, and lies close to the vestibulocochlear nerve [VIII]. From there the facial nerve [VII] travels inferiorly and leaves the skull through the stylomastoid foramen of the temporal bone.

Facial nerve [VII] paresis usually causes difficulty in activities such as eating. Some patients report drooling and an inability to close the eye before noticing the facial asymmetry. Other symptoms include dry eyes or increased tear secretion, blurry vision, pain around the ear, impaired taste, decreased or increased hearing ability, and difficulty swallowing.

On examination the patient will have some visible facial asymmetry, manifested by drooping of the corner of the mouth, sagging eyebrows and inferior eyelid, and an inability to close the affected eye. Sensation will be intact because it is provided by the trigeminal nerve [V]. Blood tests may be carried out to determine whether an infection is causing the paresis. If an intracranial cause of facial paresis is suspected, computed tomography (CT) or magnetic resonance imaging (MRI) scans are obtained. Head CT is routine for facial nerve [VII] paresis secondary to trauma.

Traumatic facial nerve [VII] paresis is not common but is easily diagnosed during the clinical evaluation of a patient with a head injury. The facial nerve [VII], which has a circuitous route in the skull, is easily injured with temporal bone fractures. Treatment of facial nerve [VII] paresis involves surgery only if the clinician has good reason to believe that the nerve has been transected.

Bell’s palsy is an idiopathic (unknown) facial nerve [VII] paralysis that is thought to have a viral cause. An illness, usually respiratory, precedes the paralysis. Facial nerve [VII] inflammation within the inflexible skull is thought to be the cause. Therefore, treatment, usually with corticosteroids, aims to decrease the inflammation. Neoplasms (tumors) within or adjacent to the facial nerve [VII] can cause paresis (weakness) or paralysis. Patients are sent to the oncologist for assessment and possible surgical removal of the tumor.

In some cases of facial nerve [VII] paresis, whether caused by trauma, infection, or neoplasm, nerve function does not return.



	MNEMONICS




	Facial Nerve Branches

	Two Zebras Bit My Calf




	(Temporal, Zygomatic, Buccal, Mandibular, Cervical)




	Layers of the Scalp

	SCALP




	(Skin, Cutaneous tissue, Aponeurosis, Loose connective tissue, Pericranium)
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FIGURE 4.7 Face—surface anatomy. Anterior view of the face of a woman (25 years of age). Observe the border between the facial skin and the upper lip, known as Cupid’s bow.

[image: image]

FIGURE 4.8 Face—superficial structures. Anterior view of the facial muscles of an individual approximately 40 to 50 years old. Observe the path of the facial artery and vein in relation to the location of the parotid gland.

[image: image]

FIGURE 4.9 Face—branches of the facial nerve. A portion of the parotid gland has been removed to show the branches of the facial nerve.

[image: image]

FIGURE 4.10 Face—parotid gland and duct. The parotid duct is visible between the buccal fat pad and the zygomaticus major muscle. Also observe the relationship of the facial artery and vein to the parotid duct.

[image: image]

FIGURE 4.11 Face—facial muscles. This anterolateral view highlights the muscles of facial expression.

[image: image]

FIGURE 4.12 Face—osteology. The zygomatic (cheek) bones are prominent in this individual. Observe the location of the sphenoid bone deep within the nasal region.

TABLE 4.1 Muscles of Facial Expression
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FIGURE 4.13 Scalp—surface anatomy, posterolateral view. The superior nuchal line and coronal suture are visible.

[image: image]

FIGURE 4.14 Scalp—layers of the scalp (superior view). Observe the five layers of the scalp, which have been dissected via a rectangular layered method: skin, cutaneous tissue, aponeurosis, loose connective tissue, pericranium (periosteum).

[image: image]

FIGURE 4.15 Scalp—deep layers. The layers of the meninges, as they cover the brain (dura, arachnoid, and pia mater), are shown in relation to the scalp, skull, and brain.

[image: image]

FIGURE 4.16 Scalp—osteology. The pterion, which is where the temporal, frontal, parietal, and sphenoid bones intersect, is the thinnest part of the lateral portion of the skull.
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