
    
Muscle Tissue
Muscle tissue can shorten and this ability provides the body with movement. Smooth, skeletal and cardiac muscle differ significantly in morphology and physiology. They are used for different tasks in the body.

    
    There are three types of muscle in animal bodies: smooth, skeletal, and cardiac. They differ by the presence or absence of striations or bands, the number and location of nuclei, whether they are voluntarily or involuntarily controlled, and their location within the body. 

    
    
          
            	Types of Muscles
          

        
          
            	Type of Muscle
            	Striations
            	Nuclei
            	Control
            	Location
          

          
            	smooth
            	no
            	single, in center
            	involuntary
            	visceral organs
          

          
            	skeletal
            	yes
            	many, at periphery
            	voluntary
            	skeletal muscles
          

          
            	cardiac
            	yes
            	single, in center
            	involuntary
            	heart
          

        
Smooth Muscle

      Smooth muscle does not have striations in its cells. It has a single, centrally located nucleus. Constriction of smooth muscle occurs under involuntary, autonomic nervous control and in response to local conditions in the tissues. Smooth muscle tissue is also called non-striated as it lacks the banded appearance of skeletal and cardiac muscle. The walls of blood vessels, the tubes of the digestive system, and the tubes of the reproductive systems are composed of mostly smooth muscle.

      Smooth muscle cells do not have striations, while skeletal muscle cells do. Cardiac muscle cells have striations, but, unlike the multinucleate skeletal cells, they have only one nucleus. Cardiac muscle tissue also has intercalated discs, specialized regions running along the plasma membrane that join adjacent cardiac muscle cells and assist in passing an electrical impulse from cell to cell. More details.
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      Smooth muscle (so-named because the cells do not have striations) is present in the walls of hollow organs like the urinary bladder, uterus, stomach, intestines, and in the walls of passageways, such as the arteries and veins of the circulatory system, and the tracts of the respiratory, urinary, and reproductive systems. Smooth muscle is also present in the eyes, where it functions to change the size of the iris and alter the shape of the lens; and in the skin where it causes hair to stand erect in response to cold temperature or fear.

      Smooth muscle tissue. More details.
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      Smooth muscle fibers are spindle-shaped (wide in the middle and tapered at both ends, somewhat like a football) and have a single nucleus; they range from about 30 to 200 μm (thousands of times shorter than skeletal muscle fibers), and they produce their own connective tissue, endomysium. Although they do not have striations and sarcomeres, smooth muscle fibers do have actin and myosin contractile proteins, and thick and thin filaments. These thin filaments are anchored by dense bodies. A dense body is analogous to the Z-discs of skeletal and cardiac muscle fibers and is fastened to the sarcolemma.  When the thin filaments slide past the thick filaments, they pull on the dense bodies, structures tethered to the sarcolemma, which then pull on the intermediate filaments networks throughout the sarcoplasm. This arrangement causes the entire muscle fiber to contract in a manner whereby the ends are pulled toward the center, causing the midsection to bulge in a corkscrew motion.

      Contraction mechanism in smooth muscle. More details.
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      Because most smooth muscles must function for long periods without rest, their power output is relatively low, but contractions can continue without using large amounts of energy. Some smooth muscle can also maintain contractions even as Ca++ is removed and myosin kinase is inactivated/dephosphorylated. This can happen as a subset of cross-bridges between myosin heads and actin, called latch-bridges, keep the thick and thin filaments linked together for a prolonged period, and without the need for ATP. This allows for the maintaining of muscle “tone” in smooth muscle that lines arterioles and other visceral organs with very little energy expenditure.

      Smooth muscle is not under voluntary control; thus, it is called involuntary muscle. The triggers for smooth muscle contraction include hormones, neural stimulation by the ANS, and local factors. In certain locations, such as the walls of visceral organs, stretching the muscle can trigger its contraction (the stress-relaxation response).

      Axons of neurons in the ANS do not form the highly organized NMJs with smooth muscle, as seen between motor neurons and skeletal muscle fibers. Instead, there is a series of neurotransmitter-filled bulges called varicosities as an axon courses through smooth muscle, loosely forming motor units (Figure). A varicosity releases neurotransmitters into the synaptic cleft. Also, visceral muscle in the walls of the hollow organs (except the heart) contains pacesetter cells. A pacesetter cell can spontaneously trigger action potentials and contractions in the muscle.

      Neural stimulation of smooth muscles through varicosities. More details.
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      Smooth muscle is organized in two ways: as single-unit smooth muscle, which is much more common; and as multiunit smooth muscle. The two types have different locations in the body and have different characteristics. Single-unit muscle has its muscle fibers joined by gap junctions so that the muscle contracts as a single unit. This type of smooth muscle is found in the walls of all visceral organs except the heart (which has cardiac muscle in its walls), and so it is commonly called visceral muscle. Because the muscle fibers are not constrained by the organization and stretchability limits of sarcomeres, visceral smooth muscle has a stress-relaxation response. This means that as the muscle of a hollow organ is stretched when it fills, the mechanical stress of the stretching will trigger contraction, but this is immediately followed by relaxation so that the organ does not empty its contents prematurely. This is important for hollow organs, such as the stomach or urinary bladder, which continuously expand as they fill. The smooth muscle around these organs also can maintain a muscle tone when the organ empties and shrinks, a feature that prevents “flabbiness” in the empty organ. In general, visceral smooth muscle produces slow, steady contractions that allow substances, such as food in the digestive tract, to move through the body.

      Multiunit smooth muscle cells rarely possess gap junctions, and thus are not electrically coupled. As a result, contraction does not spread from one cell to the next, but is instead confined to the cell that was originally stimulated. Stimuli for multiunit smooth muscles come from autonomic nerves or hormones but not from stretching. This type of tissue is found around large blood vessels, in the respiratory airways, and in the eyes.

    
    
    Skeletal Muscle

      Skeletal muscle has striations across its cells caused by the arrangement of the contractile proteins actin and myosin. These muscle cells are relatively long and have multiple nuclei along the edge of the cell. Skeletal muscle is under voluntary, somatic nervous system control and is found in the muscles that move bones. 

      The best-known feature of skeletal muscle is its ability to contract and cause movement. Skeletal muscles act not only to produce movement but also to stop movement, such as resisting gravity to maintain posture. Small, constant adjustments of the skeletal muscles are needed to hold a body upright or balanced in any position. Muscles also prevent excess movement of the bones and joints, maintaining skeletal stability and preventing skeletal structure damage or deformation. Joints can become misaligned or dislocated entirely by pulling on the associated bones; muscles work to keep joints stable. Skeletal muscles are located throughout the body at the openings of internal tracts to control the movement of various substances. These muscles allow functions, such as swallowing, urination, and defecation, to be under voluntary control. Skeletal muscles also protect internal organs (particularly abdominal and pelvic organs) by acting as an external barrier or shield to external trauma and by supporting the weight of the organs.

      Skeletal muscles contribute to the maintenance of homeostasis in the body by generating heat. Muscle contraction requires energy, and when ATP is broken down, heat is produced. This heat is very noticeable during exercise, when sustained muscle movement causes body temperature to rise, and in cases of extreme cold, when shivering produces random skeletal muscle contractions to generate heat.

      Each skeletal muscle is an organ that consists of various integrated tissues. These tissues include the skeletal muscle fibers, blood vessels, nerve fibers, and connective tissue. Each skeletal muscle has three layers of connective tissue (called “mysia”) that enclose it and provide structure to the muscle as a whole, and also compartmentalize the muscle fibers within the muscle. Each muscle is wrapped in a sheath of dense, irregular connective tissue called the epimysium, which allows a muscle to contract and move powerfully while maintaining its structural integrity. The epimysium also separates muscle from other tissues and organs in the area, allowing the muscle to move independently.

      The three layers of connective tissue in the framework of skeletal muscles. More details.
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      Inside each skeletal muscle, muscle fibers are organized into individual bundles, each called a fascicle, by a middle layer of connective tissue called the perimysium. This fascicular organization is common in muscles of the limbs; it allows the nervous system to trigger a specific movement of a muscle by activating a subset of muscle fibers within a bundle, or fascicle of the muscle. Inside each fascicle, each muscle fiber is encased in a thin connective tissue layer of collagen and reticular fibers called the endomysium. The endomysium contains the extracellular fluid and nutrients to support the muscle fiber. These nutrients are supplied via blood to the muscle tissue.

      In skeletal muscles that work with tendons to pull on bones, the collagen in the three tissue layers (the mysia) intertwines with the collagen of a tendon. At the other end of the tendon, it fuses with the periosteum coating the bone. The tension created by contraction of the muscle fibers is then transferred though the mysia, to the tendon, and then to the periosteum to pull on the bone for movement of the skeleton. In other places, the mysia may fuse with a broad, tendon-like sheet called an aponeurosis, or to fascia, the connective tissue between skin and bones. The broad sheet of connective tissue in the lower back that the latissimus dorsi muscles (the “lats”) fuse into is an example of an aponeurosis.

      Every skeletal muscle is also richly supplied by blood vessels for nourishment, oxygen delivery, and waste removal. In addition, every muscle fiber in a skeletal muscle is supplied by the axon branch of a somatic motor neuron, which signals the fiber to contract. Unlike cardiac and smooth muscle, the only way to functionally contract a skeletal muscle is through signaling from the nervous system.

    
    
    Cardiac Muscle

      Cardiac muscle is found only in the heart. Like skeletal muscle, it has cross striations in its cells, but cardiac muscle has a single, centrally located nucleus. Cardiac muscle is not under voluntary control but can be influenced by the autonomic nervous system to speed up or slow down. An added feature to cardiac muscle cells is a line than extends along the end of the cell as it abuts the next cardiac cell in the row. This line is called an intercalated disc: it assists in passing electrical impulse efficiently from one cell to the next and maintains the strong connection between neighboring cardiac cells.
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Cranial Bones
The cranium is formed by eight bones: two pairs and four single bones. The paired bones are the parietal and temporal bones. The single bones are the occipital, frontal sphenoid and ethmoid bones. All of these bones form part of the braincase which surrounds and protects the brain.

    
    Bones of the Brain Case

      The brain case contains and protects the brain. The interior space that is almost completely occupied by the brain is called the cranial cavity. This cavity is bounded superiorly by the rounded top of the skull, which is called the calvaria (skullcap), and the lateral and posterior sides of the skull. The bones that form the top and sides of the brain case are usually referred to as the “flat” bones of the skull.

      The floor of the brain case is referred to as the base of the skull. This is a complex area that varies in depth and has numerous openings for the passage of cranial nerves, blood vessels, and the spinal cord. Inside the skull, the base is subdivided into three large spaces, called the anterior cranial fossa, middle cranial fossa, and posterior cranial fossa (fossa = “trench or ditch”). From anterior to posterior, the fossae increase in depth. The shape and depth of each fossa corresponds to the shape and size of the brain region that each houses. The boundaries and openings of the cranial fossae (singular = fossa) will be described in a later section.

      The bones of the brain case surround and protect the brain, which occupies the cranial cavity. The base of the brain case, which forms the floor of cranial cavity, is subdivided into the shallow anterior cranial fossa, the middle cranial fossa, and the deep posterior cranial fossa. More details.
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      The brain case consists of eight bones. These include the paired parietal and temporal bones, plus the unpaired frontal, occipital, sphenoid, and ethmoid bones.

      Parietal Bone

        The parietal bone forms most of the upper lateral side of the skull. These are paired bones, with the right and left parietal bones joining together at the top of the skull. Each parietal bone is also bounded anteriorly by the frontal bone, inferiorly by the temporal bone, and posteriorly by the occipital bone.

      
      Temporal Bone

        The temporal bone forms the lower lateral side of the skull. Common wisdom has it that the temporal bone (temporal = “time”) is so named because this area of the head (the temple) is where hair typically first turns gray, indicating the passage of time.

        The temporal bone is subdivided into several regions. The flattened, upper portion is the squamous portion of the temporal bone. Below this area and projecting anteriorly is the zygomatic process of the temporal bone, which forms the posterior portion of the zygomatic arch. Posteriorly is the mastoid portion of the temporal bone. Projecting inferiorly from this region is a large prominence, the mastoid process, which serves as a muscle attachment site. The mastoid process can easily be felt on the side of the head just behind your earlobe. On the interior of the skull, the petrous portion of each temporal bone forms the prominent, diagonally oriented petrous ridge in the floor of the cranial cavity. Located inside each petrous ridge are small cavities that house the structures of the middle and inner ears.

        A lateral view of the isolated temporal bone shows the squamous, mastoid, and zygomatic portions of the temporal bone. More details.
            [image: ]
          

        Important landmarks of the temporal bone, include the following:

        
          	External acoustic meatus (ear canal)—This is the large opening on the lateral side of the skull that is associated with the ear. 

          	Internal acoustic meatus—This opening is located inside the cranial cavity, on the medial side of the petrous ridge. It connects to the middle and inner ear cavities of the temporal bone. 

          	Mandibular fossa—This is the deep, oval-shaped depression located on the external base of the skull, just in front of the external acoustic meatus. The mandible (lower jaw) joins with the skull at this site as part of the temporomandibular joint, which allows for movements of the mandible during opening and closing of the mouth. 

          	Articular tubercle—The smooth ridge located immediately anterior to the mandibular fossa. Both the articular tubercle and mandibular fossa contribute to the temporomandibular joint, the joint that provides for movements between the temporal bone of the skull and the mandible. 

          	Styloid process—Posterior to the mandibular fossa on the external base of the skull is an elongated, downward bony projection called the styloid process, so named because of its resemblance to a stylus (a pen or writing tool). This structure serves as an attachment site for several small muscles and for a ligament that supports the hyoid bone of the neck.  

          	Stylomastoid foramen—This small opening is located between the styloid process and mastoid process. This is the point of exit for the cranial nerve that supplies the facial muscles. 

          	Carotid canal—The carotid canal is a zig-zag shaped tunnel that provides passage through the base of the skull for one of the major arteries that supplies the brain. Its entrance is located on the outside base of the skull, anteromedial to the styloid process. The canal then runs anteromedially within the bony base of the skull, and then turns upward to its exit in the floor of the middle cranial cavity, above the foramen lacerum. 

        

        (a) The hard palate is formed anteriorly by the palatine processes of the maxilla bones and posteriorly by the horizontal plate of the palatine bones. (b) The complex floor of the cranial cavity is formed by the frontal, ethmoid, sphenoid, temporal, and occipital bones. The lesser wing of the sphenoid bone separates the anterior and middle cranial fossae. The petrous ridge (petrous portion of temporal bone) separates the middle and posterior cranial fossae. More details.
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      Frontal Bone

        The frontal bone is the single bone that forms the forehead. At its anterior midline, between the eyebrows, there is a slight depression called the glabella. The frontal bone also forms the supraorbital margin of the orbit. Near the middle of this margin, is the supraorbital foramen, the opening that provides passage for a sensory nerve to the forehead. The frontal bone is thickened just above each supraorbital margin, forming rounded brow ridges. These are located just behind your eyebrows and vary in size among individuals, although they are generally larger in males. Inside the cranial cavity, the frontal bone extends posteriorly. This flattened region forms both the roof of the orbit below and the floor of the anterior cranial cavity above.

      
      Occipital Bone

        The occipital bone is the single bone that forms the posterior skull and posterior base of the cranial cavity. On its outside surface, at the posterior midline, is a small protrusion called the external occipital protuberance, which serves as an attachment site for a ligament of the posterior neck. Lateral to either side of this bump is a superior nuchal line (nuchal = “nape” or “posterior neck”). The nuchal lines represent the most superior point at which muscles of the neck attach to the skull, with only the scalp covering the skull above these lines. On the base of the skull, the occipital bone contains the large opening of the foramen magnum, which allows for passage of the spinal cord as it exits the skull. On either side of the foramen magnum is an oval-shaped occipital condyle. These condyles form joints with the first cervical vertebra and thus support the skull on top of the vertebral column.

        This view of the posterior skull shows attachment sites for muscles and joints that support the skull. More details.
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      Sphenoid Bone

        The sphenoid bone is a single, complex bone of the central skull. It serves as a “keystone” bone, because it joins with almost every other bone of the skull. The sphenoid forms much of the base of the central skull and also extends laterally to contribute to the sides of the skull. Inside the cranial cavity, the right and left lesser wings of the sphenoid bone, which resemble the wings of a flying bird, form the lip of a prominent ridge that marks the boundary between the anterior and middle cranial fossae. The sella turcica (“Turkish saddle”) is located at the midline of the middle cranial fossa. This bony region of the sphenoid bone is named for its resemblance to the horse saddles used by the Ottoman Turks, with a high back and a tall front. The rounded depression in the floor of the sella turcica is the hypophyseal (pituitary) fossa, which houses the pea-sized pituitary (hypophyseal) gland. The greater wings of the sphenoid bone extend laterally to either side away from the sella turcica, where they form the anterior floor of the middle cranial fossa. The greater wing is best seen on the outside of the lateral skull, where it forms a rectangular area immediately anterior to the squamous portion of the temporal bone.

        On the inferior aspect of the skull, each half of the sphenoid bone forms two thin, vertically oriented bony plates. These are the medial pterygoid plate and lateral pterygoid plate (pterygoid = “wing-shaped”). The right and left medial pterygoid plates form the posterior, lateral walls of the nasal cavity. The somewhat larger lateral pterygoid plates serve as attachment sites for chewing muscles that fill the infratemporal space and act on the mandible.

        Shown in isolation in (a) superior and (b) posterior views, the sphenoid bone is a single midline bone that forms the anterior walls and floor of the middle cranial fossa. It has a pair of lesser wings and a pair of greater wings. The sella turcica surrounds the hypophyseal fossa. Projecting downward are the medial and lateral pterygoid plates. The sphenoid has multiple openings for the passage of nerves and blood vessels, including the optic canal, superior orbital fissure, foramen rotundum, foramen ovale, and foramen spinosum. More details.
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      Ethmoid Bone

        The ethmoid bone is a single, midline bone that forms the roof and lateral walls of the upper nasal cavity, the upper portion of the nasal septum, and contributes to the medial wall of the orbit. On the interior of the skull, the ethmoid also forms a portion of the floor of the anterior cranial cavity.

        Within the nasal cavity, the perpendicular plate of the ethmoid bone forms the upper portion of the nasal septum. The ethmoid bone also forms the lateral walls of the upper nasal cavity. Extending from each lateral wall are the superior nasal concha and middle nasal concha, which are thin, curved projections that extend into the nasal cavity.

        In the cranial cavity, the ethmoid bone forms a small area at the midline in the floor of the anterior cranial fossa. This region also forms the narrow roof of the underlying nasal cavity. This portion of the ethmoid bone consists of two parts, the crista galli and cribriform plates. The crista galli (“rooster’s comb or crest”) is a small upward bony projection located at the midline. It functions as an anterior attachment point for one of the covering layers of the brain. To either side of the crista galli is the cribriform plate (cribrum = “sieve”), a small, flattened area with numerous small openings termed olfactory foramina. Small nerve branches from the olfactory areas of the nasal cavity pass through these openings to enter the brain.

        The lateral portions of the ethmoid bone are located between the orbit and upper nasal cavity, and thus form the lateral nasal cavity wall and a portion of the medial orbit wall. Located inside this portion of the ethmoid bone are several small, air-filled spaces that are part of the paranasal sinus system of the skull.

        This midline view of the sagittally sectioned skull shows the nasal septum. More details.
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        The unpaired ethmoid bone is located at the midline within the central skull. It has an upward projection, the crista galli, and a downward projection, the perpendicular plate, which forms the upper nasal septum. The cribriform plates form both the roof of the nasal cavity and a portion of the anterior cranial fossa floor. The lateral sides of the ethmoid bone form the lateral walls of the upper nasal cavity, part of the medial orbit wall, and give rise to the superior and middle nasal conchae. The ethmoid bone also contains the ethmoid air cells. More details.
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        The three nasal conchae are curved bones that project from the lateral walls of the nasal cavity. The superior nasal concha and middle nasal concha are parts of the ethmoid bone. The inferior nasal concha is an independent bone of the skull. More details.
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    Sutures of the Skull

      A suture is an immobile joint between adjacent bones of the skull. The narrow gap between the bones is filled with dense, fibrous connective tissue that unites the bones. The long sutures located between the bones of the brain case are not straight, but instead follow irregular, tightly twisting paths. These twisting lines serve to tightly interlock the adjacent bones, thus adding strength to the skull for brain protection.

      The two suture lines seen on the top of the skull are the coronal and sagittal sutures. The coronal suture runs from side to side across the skull, within the coronal plane of section. It joins the frontal bone to the right and left parietal bones. The sagittal suture extends posteriorly from the coronal suture, running along the midline at the top of the skull in the sagittal plane of section. It unites the right and left parietal bones. On the posterior skull, the sagittal suture terminates by joining the lambdoid suture. The lambdoid suture extends downward and laterally to either side away from its junction with the sagittal suture. The lambdoid suture joins the occipital bone to the right and left parietal and temporal bones. This suture is named for its upside-down "V" shape, which resembles the capital letter version of the Greek letter lambda (Λ). The squamous suture is located on the lateral skull. It unites the squamous portion of the temporal bone with the parietal bone. At the intersection of four bones is the pterion, a small, capital-H-shaped suture line region that unites the frontal bone, parietal bone, squamous portion of the temporal bone, and greater wing of the sphenoid bone. It is the weakest part of the skull. The pterion is located approximately two finger widths above the zygomatic arch and a thumb’s width posterior to the upward portion of the zygomatic bone.

    
    
    Cranial Fossae

      Inside the skull, the floor of the cranial cavity is subdivided into three cranial fossae (spaces), which increase in depth from anterior to posterior. Since the brain occupies these areas, the shape of each conforms to the shape of the brain regions that it contains. Each cranial fossa has anterior and posterior boundaries and is divided at the midline into right and left areas by a significant bony structure or opening.

      Anterior Cranial Fossa

        The anterior cranial fossa is the most anterior and the shallowest of the three cranial fossae. It overlies the orbits and contains the frontal lobes of the brain. Anteriorly, the anterior fossa is bounded by the frontal bone, which also forms the majority of the floor for this space. The lesser wings of the sphenoid bone form the prominent ledge that marks the boundary between the anterior and middle cranial fossae. Located in the floor of the anterior cranial fossa at the midline is a portion of the ethmoid bone, consisting of the upward projecting crista galli and to either side of this, the cribriform plates.

      
      Middle Cranial Fossa

        The middle cranial fossa is deeper and situated posterior to the anterior fossa. It extends from the lesser wings of the sphenoid bone anteriorly, to the petrous ridges (petrous portion of the temporal bones) posteriorly. The large, diagonally positioned petrous ridges give the middle cranial fossa a butterfly shape, making it narrow at the midline and broad laterally. The temporal lobes of the brain occupy this fossa. The middle cranial fossa is divided at the midline by the upward bony prominence of the sella turcica, a part of the sphenoid bone. The middle cranial fossa has several openings for the passage of blood vessels and cranial nerves.

        Openings in the middle cranial fossa are as follows:

        
          	Optic canal—This opening is located at the anterior lateral corner of the sella turcica. It provides for passage of the optic nerve into the orbit. 

          	Superior orbital fissure—This large, irregular opening into the posterior orbit is located on the anterior wall of the middle cranial fossa, lateral to the optic canal and under the projecting margin of the lesser wing of the sphenoid bone. Nerves to the eyeball and associated muscles, and sensory nerves to the forehead pass through this opening. 

          	Foramen rotundum—This rounded opening (rotundum = “round”) is located in the floor of the middle cranial fossa, just inferior to the superior orbital fissure. It is the exit point for a major sensory nerve that supplies the cheek, nose, and upper teeth. 

          	Foramen ovale of the middle cranial fossa—This large, oval-shaped opening in the floor of the middle cranial fossa provides passage for a major sensory nerve to the lateral head, cheek, chin, and lower teeth. 

          	Foramen spinosum—This small opening, located posterior-lateral to the foramen ovale, is the entry point for an important artery that supplies the covering layers surrounding the brain. The branching pattern of this artery forms readily visible grooves on the internal surface of the skull and these grooves can be traced back to their origin at the foramen spinosum. 

          	Carotid canal—This is the zig-zag passageway through which a major artery to the brain enters the skull. The entrance to the carotid canal is located on the inferior aspect of the skull, anteromedial to the styloid process. From here, the canal runs anteromedially within the bony base of the skull. Just above the foramen lacerum, the carotid canal opens into the middle cranial cavity, near the posterior-lateral base of the sella turcica. 

          	Foramen lacerum—This irregular opening is located in the base of the skull, immediately inferior to the exit of the carotid canal. This opening is an artifact of the dry skull, because in life it is completely filled with cartilage. All the openings of the skull that provide for passage of nerves or blood vessels have smooth margins; the word lacerum (“ragged” or “torn”) tells us that this opening has ragged edges and thus nothing passes through it.

        

      
      Posterior Cranial Fossa

        The posterior cranial fossa is the most posterior and deepest portion of the cranial cavity. It contains the cerebellum of the brain. The posterior fossa is bounded anteriorly by the petrous ridges, while the occipital bone forms the floor and posterior wall. It is divided at the midline by the large foramen magnum (“great aperture”), the opening that provides for passage of the spinal cord.

        Located on the medial wall of the petrous ridge in the posterior cranial fossa is the internal acoustic meatus. This opening provides for passage of the nerve from the hearing and equilibrium organs of the inner ear, and the nerve that supplies the muscles of the face. Located at the anterior-lateral margin of the foramen magnum is the hypoglossal canal. These emerge on the inferior aspect of the skull at the base of the occipital condyle and provide passage for an important nerve to the tongue.

        Immediately inferior to the internal acoustic meatus is the large, irregularly shaped jugular foramen. Several cranial nerves from the brain exit the skull via this opening. It is also the exit point through the base of the skull for all the venous return blood leaving the brain. The venous structures that carry blood inside the skull form large, curved grooves on the inner walls of the posterior cranial fossa, which terminate at each jugular foramen.
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Joint Types of the Head
Joints are classified by the amount of movement that they permit between the bones and by their structure. A synarthrosis allows for no movement, an amphiarthrosis allows for reduced movement and a diarthrosis allows for extensive movement. Structurally, joints can be based on fibers, cartilage or bone. At the head, the most relevant articulations are the fibrous sutures (synarthrosis) between the bones of the cranium, the fibrous gomphosis (synarthrosis) between the teeth and the jaw bones, and the synovial join (diarthrosis) between the mandible and the temporal bone.

    
    A joint, also called an articulation, is any place where adjacent bones or bone and cartilage come together (articulate with each other) to form a connection. Joints are classified both structurally and functionally. Structural classifications of joints take into account whether the adjacent bones are strongly anchored to each other by fibrous connective tissue or cartilage, or whether the adjacent bones articulate with each other within a fluid-filled space called a joint cavity. Functional classifications describe the degree of movement available between the bones, ranging from immobile, to slightly mobile, to freely moveable joints. The amount of movement available at a particular joint of the body is related to the functional requirements for that joint. Thus immobile or slightly moveable joints serve to protect internal organs, give stability to the body, and allow for limited body movement. In contrast, freely moveable joints allow for much more extensive movements of the body and limbs.

    
    Structural Classification of Joints

      The structural classification of joints is based on whether the articulating surfaces of the adjacent bones are directly connected by fibrous connective tissue or cartilage, or whether the articulating surfaces contact each other within a fluid-filled joint cavity. These differences serve to divide the joints of the body into three structural classifications. A fibrous joint is where the adjacent bones are united by fibrous connective tissue. At a cartilaginous joint, the bones are joined by hyaline cartilage or fibrocartilage. At a synovial joint, the articulating surfaces of the bones are not directly connected, but instead come into contact with each other within a joint cavity that is filled with a lubricating fluid. Synovial joints allow for free movement between the bones and are the most common joints of the body.

    
    
    Functional Classification of Joints

      The functional classification of joints is determined by the amount of mobility found between the adjacent bones. Joints are thus functionally classified as a synarthrosis or immobile joint, an amphiarthrosis or slightly moveable joint, or as a diarthrosis, which is a freely moveable joint (arthroun = “to fasten by a joint”). Depending on their location, fibrous joints may be functionally classified as a synarthrosis (immobile joint) or an amphiarthrosis (slightly mobile joint). Cartilaginous joints are also functionally classified as either a synarthrosis or an amphiarthrosis joint. All synovial joints are functionally classified as a diarthrosis joint.

      Synarthrosis

        An immobile or nearly immobile joint is called a synarthrosis. The immobile nature of these joints provide for a strong union between the articulating bones. This is important at locations where the bones provide protection for internal organs. Examples include sutures, the fibrous joints between the bones of the skull that surround and protect the brain, and the manubriosternal joint, the cartilaginous joint that unites the manubrium and body of the sternum for protection of the heart.

        The suture joints of the skull are an example of a synarthrosis, an essentially immobile joint. More details.
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      Amphiarthrosis

        An amphiarthrosis is a joint that has limited mobility. Examples of this type of joint include the pubic symphysis and the cartilaginous joint that unites the bodies of adjacent vertebrae through an invertervertebral disc.

      
      Diarthrosis

        A freely mobile joint is classified as a diarthrosis. These types of joints include all synovial joints of the body, which provide the majority of body movements. Most diarthrotic joints are found in the appendicular skeleton and thus give the limbs a wide range of motion. In the head, the joint between the mandible and the temporal bone is a diarthrosis and it allows for extensive movement of the lower jaw. 

        Diarthroses are divided into three categories, based on the number of axes of motion provided by each. An axis in anatomy is described as the movements in reference to the three anatomical planes: transverse, frontal, and sagittal. Thus, diarthroses are classified as uniaxial (for movement in one plane), biaxial (for movement in two planes), or multiaxial joints (for movement in all three anatomical planes).

        A uniaxial joint only allows for a motion in a single plane (around a single axis). The elbow joint, which only allows for bending or straightening, is an example of a uniaxial joint. A biaxial joint allows for motions within two planes. An example of a biaxial joint is a metacarpophalangeal joint (knuckle joint) of the hand. The joint allows for movement along one axis to produce bending or straightening of the finger, and movement along a second axis, which allows for spreading of the fingers away from each other and bringing them together. A joint that allows for the several directions of movement is called a multiaxial joint (polyaxial or triaxial joint). This type of diarthrotic joint allows for movement along three axes. The shoulder and hip joints are multiaxial joints. They allow the upper or lower limb to move in an anterior-posterior direction and a medial-lateral direction. In addition, the limb can also be rotated around its long axis. This third movement results in rotation of the limb so that its anterior surface is moved either toward or away from the midline of the body.

        A multiaxial joint, such as the hip joint, allows for three types of movement: anterior-posterior, medial-lateral, and rotational. More details.
            [image: ]
          

        At a fibrous joint, the adjacent bones are directly connected to each other by fibrous connective tissue, and thus the bones do not have a joint cavity between them. The gap between the bones may be narrow or wide. There are three types of fibrous joints. A suture is the narrow fibrous joint found between most bones of the skull. At a syndesmosis joint, the bones are more widely separated but are held together by a narrow band of fibrous connective tissue called a ligament or a wide sheet of connective tissue called an interosseous membrane. This type of fibrous joint is found between the shaft regions of the long bones in the forearm and in the leg. Lastly, a gomphosis is the narrow fibrous joint between the roots of a tooth and the bony socket in the jaw into which the tooth fits.

      
    
    
    Main joint types found in the head

      Fibrous joints form strong connections between bones. (a) Sutures join most bones of the skull. (b) An interosseous membrane forms a syndesmosis between the radius and ulna bones of the forearm. (c) A gomphosis is a specialized fibrous joint that anchors a tooth to its socket in the jaw. More details.
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      Suture

        All the bones of the skull, except for the mandible, are joined to each other by a fibrous joint called a suture. The fibrous connective tissue found at a suture (“to bind or sew”) strongly unites the adjacent skull bones and thus helps to protect the brain and form the face. In adults, the skull bones are closely opposed and fibrous connective tissue fills the narrow gap between the bones. The suture is frequently convoluted, forming a tight union that prevents most movement between the bones. Thus, skull sutures are functionally classified as a synarthrosis, although some sutures may allow for slight movements between the cranial bones.

        In newborns and infants, the areas of connective tissue between the bones are much wider, especially in those areas on the top and sides of the skull that will become the sagittal, coronal, squamous, and lambdoid sutures. These broad areas of connective tissue are called fontanelles. During birth, the fontanelles provide flexibility to the skull, allowing the bones to push closer together or to overlap slightly, thus aiding movement of the infant’s head through the birth canal. After birth, these expanded regions of connective tissue allow for rapid growth of the skull and enlargement of the brain. The fontanelles greatly decrease in width during the first year after birth as the skull bones enlarge. When the connective tissue between the adjacent bones is reduced to a narrow layer, these fibrous joints are now called sutures. At some sutures, the connective tissue will ossify and be converted into bone, causing the adjacent bones to fuse to each other. This fusion between bones is called a synostosis (“joined by bone”). Examples of synostosis fusions between cranial bones are found both early and late in life. At the time of birth, the frontal and maxillary bones consist of right and left halves joined together by sutures, which disappear by the eighth year as the halves fuse together to form a single bone. Late in life, the sagittal, coronal, and lambdoid sutures of the skull will begin to ossify and fuse, causing the suture line to gradually disappear.

        The fontanelles of a newborn’s skull are broad areas of fibrous connective tissue that form fibrous joints between the bones of the skull. More details.
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      Gomphosis

        A gomphosis (“fastened with bolts”) is the specialized fibrous joint that anchors the root of a tooth into its bony socket within the maxillary bone (upper jaw) or mandible bone (lower jaw) of the skull. A gomphosis is also known as a peg-and-socket joint. Spanning between the bony walls of the socket and the root of the tooth are numerous short bands of dense connective tissue, each of which is called a periodontal ligament. Due to the immobility of a gomphosis, this type of joint is functionally classified as a synarthrosis.

        Synovial joint

          Synovial joints are the only type of diarthrosis and they form the most common type of joint in the body. A key structural characteristic for a synovial joint that is not seen at fibrous or cartilaginous joints is the presence of a joint cavity. This fluid-filled space is the site at which the articulating surfaces of the bones contact each other. Also unlike fibrous or cartilaginous joints, the articulating bone surfaces at a synovial joint are not directly connected to each other with fibrous connective tissue or cartilage. This gives the bones of a synovial joint the ability to move smoothly against each other, allowing for increased joint mobility.

          Synovial joints allow for smooth movements between the adjacent bones. The joint is surrounded by an articular capsule that defines a joint cavity filled with synovial fluid. The articulating surfaces of the bones are covered by a thin layer of articular cartilage. Ligaments support the joint by holding the bones together and resisting excess or abnormal joint motions. More details.
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    Structural Features of Synovial Joints

      Synovial joints are characterized by the presence of a joint cavity. The walls of this space are formed by the articular capsule, a fibrous connective tissue structure that is attached to each bone just outside the area of the bone’s articulating surface. The bones of the joint articulate with each other within the joint cavity.

      Friction between the bones at a synovial joint is prevented by the presence of the articular cartilage, a thin layer of hyaline cartilage that covers the entire articulating surface of each bone. However, unlike at a cartilaginous joint, the articular cartilages of each bone are not continuous with each other. Instead, the articular cartilage acts like a Teflon® coating over the bone surface, allowing the articulating bones to move smoothly against each other without damaging the underlying bone tissue. Lining the inner surface of the articular capsule is a thin synovial membrane. The cells of this membrane secrete synovial fluid (synovia = “a thick fluid”), a thick, slimy fluid that provides lubrication to further reduce friction between the bones of the joint. This fluid also provides nourishment to the articular cartilage, which does not contain blood vessels. The ability of the bones to move smoothly against each other within the joint cavity, and the freedom of joint movement this provides, means that each synovial joint is functionally classified as a diarthrosis.

      Outside of their articulating surfaces, the bones are connected together by ligaments, which are strong bands of fibrous connective tissue. These strengthen and support the joint by anchoring the bones together and preventing their separation. Ligaments allow for normal movements at a joint, but limit the range of these motions, thus preventing excessive or abnormal joint movements. Ligaments are classified based on their relationship to the fibrous articular capsule. An extrinsic ligament is located outside of the articular capsule, an intrinsic ligament is fused to or incorporated into the wall of the articular capsule, and an intracapsular ligament is located inside of the articular capsule.

      At many synovial joints, additional support is provided by the muscles and their tendons that act across the joint. A tendon is the dense connective tissue structure that attaches a muscle to bone. As forces acting on a joint increase, the body will automatically increase the overall strength of contraction of the muscles crossing that joint, thus allowing the muscle and its tendon to serve as a “dynamic ligament” to resist forces and support the joint. This type of indirect support by muscles is very important at the shoulder joint, for example, where the ligaments are relatively weak.

    
    
    Additional Structures Associated with Synovial Joints

      A few synovial joints of the body have a fibrocartilage structure located between the articulating bones. This is called an articular disc, which is generally small and oval-shaped, or a meniscus, which is larger and C-shaped. These structures can serve several functions, depending on the specific joint. In some places, an articular disc may act to strongly unite the bones of the joint to each other. Examples of this include the articular discs found at the sternoclavicular joint or between the distal ends of the radius and ulna bones. At other synovial joints, the disc can provide shock absorption and cushioning between the bones, which is the function of each meniscus within the knee joint. Finally, an articular disc can serve to smooth the movements between the articulating bones, as seen at the temporomandibular joint. Some synovial joints also have a fat pad, which can serve as a cushion between the bones.

      Additional structures located outside of a synovial joint serve to prevent friction between the bones of the joint and the overlying muscle tendons or skin. A bursa (plural = bursae) is a thin connective tissue sac filled with lubricating liquid. They are located in regions where skin, ligaments, muscles, or muscle tendons can rub against each other, usually near a body joint. Bursae reduce friction by separating the adjacent structures, preventing them from rubbing directly against each other. 

      Bursae are fluid-filled sacs that serve to prevent friction between skin, muscle, or tendon and an underlying bone. Three major bursae and a fat pad are part of the complex joint that unites the femur and tibia of the leg. More details.
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      A tendon sheath is similar in structure to a bursa, but smaller. It is a connective tissue sac that surrounds a muscle tendon at places where the tendon crosses a joint. It contains a lubricating fluid that allows for smooth motions of the tendon during muscle contraction and joint movements.
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The Salivary Glands
Saliva has many important roles such as lubricating the mouth, hydrating, lubricating and digesting the food before swallowing, washing away and digesting food particles from the teeth and supporting some remineralization of the enamel. Saliva is produced by major and minor salivary glands. The major glands are the parotid, submandibular and sublingual salivary glands. Minor salivary glands are very small but very numerous and distributed over the entire oral mucosa. Salivary glands vary in the composition of their product, ranging from highly serous to highly mucous. Saliva has some special uses in animals, forming the venom of vipers, being used as glue for nest building by swifts or as a defense by camels.

    
    Saliva is a watery substance formed in the mouths of animals, secreted by the salivary glands. Human saliva is motly water with   electrolytes, mucus, white blood cells, epithelial cells, glycoproteins, enzymes (such as amylase and lipase), antimicrobial agents such as secretory IgA and lysozyme. Saliva keeps the oral mucosa wet, protecting the tissues and facilitating gustation. It also hydrates and lubricates the food with mucus, to facilitate swallowing. The enzymes found in saliva begin the digestion of starches and fats in the mouth. This helps breaking down food particles entrapped within dental crevices and protects the teeth from bacterial decay. 

    
    Estimates of daily production range from 0.75 to 1.5 liters but salivation nearly stops during sleep. In humans, the submandibular gland secretes 70–75% of the saliva while the parotid gland secretes about 20–25% and small amounts are secreted by the other salivary glands.

    
    The major salivary glands are located outside the oral mucosa and deliver saliva into the mouth through ducts. More details.
        [image: ]
      

    Various animals have special uses for saliva. Some swifts use a gummy saliva to build nests on the walls of caves. Many snakes hunt with venomous saliva injected by fangs. Some caterpillars secrete  silk from their salivary glands.

    
    Anatomy of mammalian salivary glands

      Salivary glands are  divided into lobules containing acini and ducts. Secretory cells are found in a group, or acinus (plural acini). Each acinus is located at the terminal part of the gland connected to the ductal system, with many acini within each lobule of the gland. Each acinus consists of a single layer of cuboidal epithelial cells surrounding a lumen, a central opening where the saliva is deposited after being produced by the secretory cells. The three forms of acini are classified in terms of the type of epithelial cell present and the secretory product being produced: serous, mucoserous and mucous.

      Histological section of the parotid gland, showing acini and ducts. More details.
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      Secretions from the acini are drained by intercalated ducts which join to form striated ducts. These drain into ducts situated between the lobes of the gland (called interlobar ducts or secretory ducts). All of the human salivary glands terminate in the mouth. 

      Parotid gland

        A pair of mainly serous salivary glands located below and in front of each ear canal, draining their secretions into the vestibule of the mouth through the parotid duct. Each gland lies posterior to the mandibular ramus and anterior to the mastoid process of the temporal bone. It has four surfaces: superficial or lateral, superior, anteromedial, and posteromedial. It also has three borders: anterior, medial, and posterior. The gland can be easily palpated as it rests immediately deep to the skin.

        Lateral view of the major salivary glands. More details.
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        The parotid duct, a long excretory duct, emerges from the anterior surface of each gland, superficial to the masseter muscle. The duct pierces the buccinator muscle and opens into the mouth on the inner surface of the cheek, usually opposite the maxillary second molar. The parotid papilla is a small elevation of tissue that marks the opening of the parotid duct on the inner surface of the cheek.

        The papilla of the parotid duct drains saliva from the parotid gland into the mouth. More details.
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        The superficial temporal and the maxillary artery are the branches of the external carotid artery that supply the parotid gland. Venous return is to the retromandibular veins.

      
      Submandibular gland

        The paired submandibular gland is located next to the lower jaw, superior to the digastric muscle. It is divided into superficial (most of the gland) and deep lobes, which are separated by the mylohyoid muscle. Its products are drained by the submandibular duct or duct of Wharton. This is a 5 cm long duct drains saliva into the mouth through the sublingual caruncles on each side of the lingual frenulum on the ventral surface of the tongue.

        Location of the sublingual caruncle where the submandibular duct empties the saliva produced by the submandibular gland. More details.
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        The secretion produced is a mixture of both serous fluid (rich in salivary amylase) and mucus. Approximately 65-70% of saliva in the oral cavity is produced by the submandibular glands, even though they are much smaller than the parotid glands. This gland can be palpated at a position inferior and medial to the angle of the mandible .

        Within each lobule, the acini (also called alveoli) of the submandibular glands are grouped in adenomeres. The acini within an adenomere are all composed of serous or mucous cells. The gland is classified as tubuloacinar. It has long striated ducts and short intercalated ducts.

        The submandibular gland receives its blood supply from the facial and lingual arteries. The gland is supplied by sublingual and submental arteries and drained by common facial and lingual veins.

      
      Sublingual gland

        Location of the major salivary glands. 1. Parotid gland, 2. Submandibular gland. 3.  Sublingual gland. More details.
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        The sublingual glands are a pair of major salivary glands located inferior to the tongue, anterior to the submandibular glands. They are the smallest, most diffuse, and the only unencapsulated major salivary glands. The secretion produced is mainly mucous in nature, however, it is categorized as a mucoserous (mixed) gland. Saliva is secreted through  8-20 excretory ducts known as the Rivinus ducts. The largest of all, the sublingual duct (of Bartholin) joins the submandibular duct to drain through the sublingual caruncle. Approximately 5% of saliva entering the oral cavity comes from these glands. The gland receives its blood supply from the sublingual and submental arteries. 

      
      Minor salivary glands

        There are 800 to 1,000 minor salivary glands located throughout the oral cavity within the submucosa of the oral mucosa in the tissue of the buccal, labial, and lingual mucosa, the soft palate, the lateral parts of the hard palate, and the floor of the mouth. They are 1 to 2 mm in diameter and unlike the major glands, they are not encapsulated by connective tissue, only surrounded by it. The gland has usually a number of acini connected in a tiny lobule. A minor salivary gland may have a common excretory duct with another gland, or may have its own excretory duct. Its secretion is mainly mucous and the innervation is provided by the facial cranial nerve (CN VII).

      
      Von Ebner's glands

        Von Ebner's glands are seroussalivary glands which reside adjacent to the fossae of  the circumvallate and foliate papillae just anterior to the terminal sulcus. These glands secrete many enzymes including lingual lipase and begin lipidhydrolysis in the mouth. They empty their serous secretion into the fossae of the foliate and circumvallate papillae. This secretion presumably flushes material from the moat to enable the taste buds to respond rapidly to changing stimuli.

        Von Ebner's glands are innervated by cranial nerve IX, the glossopharyngeal nerve.

        Human Von Ebner's gland. More details.
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    Innervation

      Salivary glands are innervated by the parasympathetic and sympathetic divisions of the autonomic nervous system. Parasympathetic stimulation evokes a copious flow of saliva. In contrast, sympathetic stimulation produces either a small flow rich in protein or no flow at all.

      
        	Parasympathetic innervation to the salivary glands is carried via cranial nerves. The parotid gland receives its parasympathetic input from the glossopharyngeal nerve (CN IX) via the otic ganglion, while the submandibular and sublingual glands receive their parasympathetic input from the facial nerve (CN VII) via the submandibular ganglion.  

        	Sympathetic innervation of the salivary glands takes place via spinal nerves in the thoracic segments T1-T3. The pre-ganglionic neurons synapse in the superior cervical ganglion. The postganglionic neurons release norepinephrine which binds β-adrenergic receptors on the acinar and ductal cells of the salivary glands and leads to increased salivation. 

      

      In the absence of food, parasympathetic stimulation keeps saliva flowing at appropriate  levels for speech, swallowing, rest and sleep. Salivation increases when  you smell, see, taste or think about food, even if you do not eat it. Drooling is an extreme instance of overproduction of saliva. During times of stress, such as before speaking in public, sympathetic stimulation takes over inhibiting parasympathetic stimulation thus  reducing salivation. This results in the symptom of dry mouth that we associate with anxiety. If you dehydrate, salivation is reduced causing the mouth to feel dry and prompting you to drink water.

      While you are eating, food chemicals stimulate taste receptors on the tongue. These send neural signals  to the superior and inferior salivatory nuclei in the brain stem. These two nuclei then send back parasympathetic stimuli through the glossopharyngeal and facial nerves to stimulate salivation. Even after you swallow food, salivation is increased to cleanse the mouth and to water down and neutralize any irritating chemical remnants, such as that hot sauce in your burrito. Most saliva is swallowed along with food and is reabsorbed, so that fluid is not lost.

    
    
    Development

      The salivary glands arise as epithelial buds in the oral cavity between week 6 to 7 and extend into the underlying mesenchyme. The first sign is a thickening of the epithelium on the side of the tongue, outside the dental lamina in the labiogingival sulcus.

      The parotid salivary glands are the first major salivary glands formed. The epithelial buds of these glands are located on the inner part of the cheek. These buds grow posteriorly toward the developing ears and branch to form solid cords with rounded terminal ends near the developing facial nerve. Later, at around 10 weeks of prenatal development, these cords are canalized and form ducts, with the largest becoming the parotid duct for the parotid gland. The rounded terminal ends of the cords form the acini of the glands. Secretion by the parotid glands via the parotid duct begins at about 18 weeks of gestation. 

      The submandibular salivary glands appear late in the sixth week of prenatal development. They develop from epithelial buds in the sulcus surrounding the sublingual folds on the floor of the primitive mouth. Solid cords branch from the buds and grow posteriorly, lateral to the developing tongue. The cords of the submandibular gland later branch further and then become canalized to form the ductal part. The submandibular gland acini develop from the cords’ rounded terminal ends at 12 weeks, and secretory activity via the submandibular duct begins at 16 weeks. Growth of the submandibular gland continues after birth with the formation of more acini. Lateral to both sides of the tongue, a linear groove develops and closes over to form the submandibular duct.

      The sublingual salivary glands are the last major salivary glands to develop. They appear in the eighth week of prenatal development. They originate from epithelial buds in the sulcus surrounding the sublingual folds on the floor of the mouth, lateral to the developing submandibular gland. These buds branch and form into cords that canalize to form the sublingual ducts associated with the gland. The rounded terminal ends of the cords form acini.

    
    
    Composition of saliva

      Saliva is essentially (98 to 99.5 percent) water. The remaining 4.5 percent is a complex mixture of ions, glycoproteins, enzymes, growth factors, and waste products. The most important ingredient in saliva is likely the enzyme salivary amylase for initiating the breakdown of carbohydrates. Food does not spend enough time in the mouth to allow all the carbohydrates to break down, but pancreatic amylase can continue the job in the intestines. Bicarbonate and phosphate ions function as chemical buffers, maintaining saliva at pH 6.35 to 6.85. Salivary mucus helps lubricate food, facilitating movement in the mouth, bolus formation, and swallowing. Saliva contains immunoglobulin A, which prevents microbes from penetrating the epithelium, and lysozyme, which makes saliva antimicrobial. Saliva also contains epidermal growth factor (EGF), which maintains and renovates the epithelium of the digestive tube.

      Each of the major salivary glands secretes a unique formulation of saliva according to its cellular makeup. For example, the parotid glands secrete a watery solution that contains salivary amylase. The submandibular glands have cells similar to those of the parotid glands, as well as mucus-secreting cells. Their saliva also contains amylase but in a liquid thickened with mucus. The sublingual glands contain mostly mucous cells, and they secrete the thickest saliva with the least amount of salivary amylase.

      Saliva sampled in the mouth contains water, electrolytes, mucus, antibacterial compounds and various enzymes.

      
        	Water: 99.5% 

        	Electrolytes: 	2–21 mmol/L sodium (lower than blood plasma) 
	10–36 mmol/L potassium (higher than plasma) 
	1.2–2.8 mmol/L calcium (similar to plasma) 
	0.08–0.5 mmol/L magnesium
	5–40 mmol/L chloride (lower than plasma) 
	25 mmol/L bicarbonate (higher than plasma) 
	1.4–39 mmol/L phosphate (higher than plasma)  
	Iodine (concentration is usually higher than plasma but varies with diet) 



        	Mucus (mucopolysaccharides and glycoproteins) 

        	Antibacterial compounds (thiocyanate, hydrogen peroxide, and secretory immunoglobulin A) 

        	Epidermal growth factor (EGF): regenerates spithelium.

        	Various enzymes	α-amylase, or ptyalin, secreted by the acinar cells of the parotid and submandibular glands. Starts the digestion of starch in the mouth at neutral pH.
	Lingual lipase, which is secreted by the acinar cells of the sublingual gland. It has a pH optimum around 4.0 so it is not activated until entering the acidic environment of the stomach.
	Kallikrein, an enzyme that catalyzes the production of bradykinin, a vasodilator. It is secreted by the acinar cells of all three major salivary glands 
	Antimicrobial enzymes	Lysozyme
	Salivary lactoperoxidase
	Lactoferrin
	Immunoglobulin A


	Proline-rich proteins (function in enamel formation, Ca2+-binding, microbe killing and lubrication)[5]
	Minor enzymes include salivary acid phosphatases A+B, N-acetylmuramoyl-L-alanine amidase, NAD(P)H dehydrogenase (quinone), superoxide dismutase, glutathione transferase, class 3 aldehyde dehydrogenase, and  glucose-6-phosphate isomerase.



        	Cells: some white blood cells and many bacterial cells 

        	Opiorphin, a pain-killing substance found in human saliva.

        	Haptocorrin, a protein which binds to Vitamin B12 to protect it against degradation in the stomach.

      

    
    
    Clinical issues

      Sialolithiasis is the development of a salivary calculus or stone which may block the duct causing pain and swelling of the gland.  Symptoms occur in 0.5% of the population, most commonly in the submandibular duct of men. The stones can grow to several millimeters in diameter and their removal may involve hydration, massage, shock waves or surgery.

      A white salivary stone (arrow) seen in the right submandibular (Wharton’s) duct. More details.
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      Dysfunctions of the s alivary gland usually present as hypofunction (reduced production of saliva) which causes xerostomia (dry mouth). Salivary gland dysfunction is a predictable side-effect of radiotherapy in the head and neck region. Chemotherapy may also impair salivary flow. Both treatments tend to injury the epithelial cells of the salivary glands due to their high metabolism.

      Lack of saliva increases the risk of dental caries. Saliva has antimicrobial agents as well as ions that promote the remineralization of tooth enamel. Conditions that cause salivary gland hypofunction as well as conditions that lead the patient to sleep with the mouth open tend to be correlated with increased occurrence of cavities.

      Mumps is a viral infection of the nasal passages and pharynx by the paramyxovirus and it most commonly attacks the  parotid glands. Enlargement and inflammation of the parotid glands is typical, causing a characteristic swelling between the ears and the jaw. Symptoms include fever and throat pain, which can be severe when swallowing acidic substances such as orange juice. Mumps vaccines have greatly reduced the incidence of mumps, however. According to the U.S. Centers for Disease Control and Prevention (CDC), only 11 cases were reported in the US in 2011.

    
    
    Diversity

      The salivary glands of many species produce amylase, but in some species they are modified to produce other proteins. The venom glands of venomous snakes, Gila monsters, and some shrews are modified salivary glands. In insects, salivary glands can be used to produce silk or glues. In the  salivary glands of flies, the high demand for gene transcription is met by polytene chromosomes that have thousands of DNA strands (copies) in them.

      Glue to construct bird nests

        Birds in the swift family, Apodidae, generally build nests on very exposed surfaces of rocks to avoid predators. They produce a viscous saliva during the nesting season to glue together materials to construct a nest. As an extreme, two species of swifts in the genus Aerodramus build nests on the walls of caves  using only their saliva.

      
      Spitting

        Camels and llamas may  spit at a threat as a defensive behavior . They can use it against wolves or people. In addition to a considerable volume of saliva, some stomach contents may also be added to the spit.

      
      Wound licking

        It is an instinctive response of many vertebrates to lick an injury. Dogs, cats, small rodents, horses, and primates are commonly observed licking their wounds. Saliva contains tissue factor which promotes blood clotting, and  lysozymes that  attack bacteria. Wound liking may increase the risk of bringing an  infection into the mouth and digestive tract and it is not recommended to humans with access to clean water and medication for treating wounds. The behavior is understandable in animals living in the wild where the the benefits of sanitizing a wound with saliva may overcome the risks of infecting the mouth.
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  Homodont animals
Homodont animals have all teeth of a same type. A great diversity of tooth structures is found among species, however. Diet and feeding habit are the main driving forces shaping the evolution of teeth. Specializations are found for cutting meet, seizing prey, crushing seeds, dealing with abrasion by grass, and injecting venom.

    
    Tooth types

      Most toothed vertebrates exhibit repetitions of a single type of tooth (homodont) that varies in size across the dentition. Diet and feeding habit can cause natural selection to gradually mold tooth shape producing remarkably specialized teeth. Carnivory in fishes favors the evolution of flat teeth with a sharp edges for cutting meat. They tend to be triangular with a pointy tip to facilitate penetration. Piranhas are South American freshwater fish with carnivorous habit. They are famous for having very sharp teeth and quickly aggregating and dismantling large animals at the first sign of blood in the water.

      Dry-preserved piranha showing relatively large and flat triangular teeth used for biting into the flesh of prey. More details.
          [image: ]
        

      Other morphological adaptations observed in carnivore fish include serrated teeth, commonly found in sharks. A serrated cutting edge has many small points of contact with the material being cut. By having less contact area than a smooth blade or other edge, the applied pressure at each point of contact is greater and the points of contact are at a sharper angle to the material being cut. The tooth produces many small splits in the surface of the material being cut and merges them as it moves.

      The serrated edges of tiger shark teeth. More details.
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      Some herbivore fish, on the other hand, specialize in eating seeds and have broad and flat teeth designed for crushing hard items. The pacu (order Characiformes) is a relative of the piranha with very different teeth that grossly resemble human molars. Pacus can reach large body sizes (> 80 cm) and they mostly feed on nuts that fall from the trees into the rivers that they inhabit.

      Pacus are neotropical freshwater fish that can deliver powerful bites and have teeth with flat crowns designed for crushing nuts. More details.
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      Living amphibians typically have small teeth, or none at all, since they commonly feed only on soft foods. These pedicellate teeth are flexible due to connective tissue and uncalcified dentine that separates the crown from the base of the tooth. In addition to the tiny denticles found along the jaws, some frogs have vomerine teeth, found on the roof of the mouth. These tend to be sharp and inclined posteriorly to help prevent the loss of food items in the mouth.

      An alligator has conical teeth designed to retain prey. More details.
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      Reptile teeth are generally simple and conical in shape. Most lizards and crocodilians have large numbers of conical teeth designed to perforate and retain live food items. They mostly ingest their prey whole as opposed to biting pieces off such as carnivore fishes with blade-like teeth do. An interesting variation can be seen in snakes, in which some of the teeth are specialized into venom-injecting fangs. 

      The anterior teeth of the Gaboon viper (Bitis gabonica) are specialized for the injection of venom. More details.
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      The position and size of the fangs and the associated venom glands is highly variable in snakes. Their teeth also vary in the presence and position of groves on the teeth, which serve the role of transporting venom from the base to the tip of the tooth. Most snakes can be placed into one of four groups, based on their teeth, and this grouping correlates strongly with lineage and venom type. 

      Aglyphous (lacking groves) snakes have no specialized teeth. All teeth are similar in shape and often size. Most aglyphous snakes, including boas and pythons are non-venomous. Some are considered mildly venomous, but they are generally not harmful to humans.

      Snakes classified by fang type. Left: Dentition of an aglyphous snake. A Burmese python skull (Python bivittatus). More details. Right: Dentition of an opisthoglyphous snake. A hognose snake skull (Heterodon nasicus). More details.
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      Opisthoglyphous (rearward grooves) snakes use a pair of enlarged teeth at the back of the maxillae to inject venom. These bones normally angle backward and are grooved to channel venom into the puncture. Since these fangs are not located at the front of the mouth the snake must move the prey into the rear of the mouth and then penetrate it with its fangs. Opisthoglyphous snakes such as garter snakes are found in family Colubridae.

      Snakes classified by fang type. Left: Proteroglyphous  king cobra skull (Ophiophagus hannah). More details. Right: Solenoglyphous  rattlesnake skull (Crotalus sp.). More details.
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      Proteroglyphous (forward grooved) snakes have shortened maxillae bearing few teeth except for a substantially enlarged fang pointing downwards and completely folded around the venom channel, forming a hollow needle. Because the fangs are only a fraction of an inch long in even the largest species these snakes must hang on, at least momentarily, as they inject their venom. Some spitting cobras have modified fang tips that allow them to spray venom at an attacker's eyes. Proteroglyphous dentition is unique to elapids such as coral snakes and cobras.

      Solenoglyphous (pipe grooved) snakes have the most derived venom delivery method of any snake. Each maxilla is reduced to a nub supporting a single hollow fang and it can rotate over its articulation with the skull. The fangs, which can be as long as half the length of the head, are folded against the roof of the mouth, pointing posteriorly. The fangs rotate erecting anteriorly when the jaws open. Solenoglyphous snakes open their mouths almost 180 degrees allowing their fangs to penetrate deep into the prey. Solenoglyphus dentition is unique to vipers.

      Most dinosaurs had conical teeth like those of lizards and crocodilians. As notable exceptions, several carnivore species had flattened triangular teeth, some of them with serrated edges. Large herbivore species faced accelerated wearing of the teeth through abrasion produced by the silicon crystals contained in the grass that they consumed. Hadrosaurs exhibited ‘tooth batteries’ with rows of teeth densely packed side by side on the jaw and also over each other forming vertical layers.

      Dental batteries from an adult and juvenile hadrosaur. Both Batteries are part of the lower jaw. More details.
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Vocal Systems
The human larynx is protects the entrance of the trachea and produces voice. It is structured by three large unpaired cartilages (thyroid, cricoid and epiglottis) and three paired cartilages (arytenoid, corniculate and cuneiform). Internally it contains a pair of true vocal folds and a second, more superior pair false vocal folds with protective role. The intrinsic laryngeal muscles control the abduction of the vocal folds for respiration and adduction for voice or for protection during swallowing. These muscles are innervated by the superior and recurrent laryngeal nerves, which are branches of the vagus nerve (CN X). The vocal folds are formed by cover of mucus, epithelium and connective tissue, a vocal ligament rich in elastin and collagen and a body formed by the thyroarytenoid muscle.

    
    The Human Larynx

      The larynx is a cartilaginous structure inferior to the laryngopharynx that connects the pharynx to the trachea and helps regulate the volume of air that enters and leaves the lungs. The structure of the larynx is formed by several pieces of cartilage. Three large cartilage pieces—the thyroid cartilage (anterior), epiglottis (superior), and cricoid cartilage (inferior)—form the major structure of the larynx. The thyroid cartilage is the largest piece of cartilage that makes up the larynx. The thyroid cartilage consists of the laryngeal prominence, or “Adam’s apple,” which tends to be more prominent in males. The thick cricoid cartilage forms a ring, with a wide posterior region and a thinner anterior region. Three smaller, paired cartilages—the arytenoids, corniculates, and cuneiforms—attach to the epiglottis and the vocal cords and muscle that help move the vocal cords to produce speech.

      Cartilaginous structure of the human larynx. More details.
          [image: ]
        

      The epiglottis, attached to the thyroid cartilage, is a very flexible piece of elastic cartilage that covers the opening of the trachea. When in the “closed” position, the unattached end of the epiglottis rests on the glottis. The glottis is composed of the vestibular folds, the true vocal cords, and the space between these folds. A vestibular fold, or false vocal cord, is one of a pair of folded sections of mucous membrane. A true vocal cord is one of the white, membranous folds attached by muscle to the thyroid and arytenoid cartilages of the larynx on their outer edges. The inner edges of the true vocal cords are free, allowing oscillation to produce sound. The size of the membranous folds of the true vocal cords differs between individuals, producing voices with different pitch ranges. Folds in males tend to be larger than those in females, which create a deeper voice. The act of swallowing causes the pharynx and larynx to lift upward, allowing the pharynx to expand and the epiglottis of the larynx to swing downward, closing the opening to the trachea. These movements produce a larger area for food to pass through, while preventing food and beverages from entering the trachea.

      Muscles

        The muscles of the larynx are divided into intrinsic and extrinsic muscles.

        The intrinsic muscles are divided into respiratory and the phonatory muscles (the muscles of phonation). The respiratory muscles move the vocal cords apart and serve breathing. The phonatory muscles move the vocal cords together and serve the production of voice. The extrinsic, passing between the larynx and parts around; and intrinsic, confined entirely. The main respiratory muscles are the posterior cricoarytenoid muscles. The phonatory muscles are divided into adductors (lateral cricoarytenoid muscles, arytenoid muscles) and tensors (cricothyroid muscles, thyroarytenoid muscles).

        Intrinsic

          The intrinsic laryngeal muscles are responsible for controlling sound production.

          
            	Cricothyroid muscle lengthen and tense the vocal folds. 

            	Posterior cricoarytenoid muscles abduct and externally rotate the arytenoid cartilages, resulting in abducted vocal folds. 

            	Lateral cricoarytenoid muscles adduct and internally rotate the arytenoid cartilages, increase medial compression. 

            	Transverse arytenoid muscle adduct the arytenoid cartilages, resulting in adducted vocal folds.

            	Oblique arytenoid muscles narrow the laryngeal inlet by constricting the distance between the arytenoid cartilages. 

            	Thyroarytenoid muscles – sphincter of vestibule, narrowing the laryngeal inlet, shortening the vocal folds, and lowering voice pitch. The internal thyroarytenoid is the portion of the thyroarytenoid that vibrates to produce sound. 

          

          Intrinsic muscles of the larynx. Left. Posterior view of the larynx showing the posterior cricoarytenoid muscle, the transverse and the oblique arytenoid muscles (labeled arytaenoideus). Right. Medial view of sagittal cut through the larynx, showing the muscles that control the glottis and the vocal folds. More details (left, right).
              [image: ]
            

          Notably the only muscle capable of separating the vocal cords for normal breathing is the posterior cricoarytenoid. If this muscle is incapacitated on both sides, the inability to pull the vocal folds apart (abduct) will cause difficulty breathing. Bilateral injury to the recurrent laryngeal nerve would cause this condition. It is also worth noting that all muscles are innervated by the recurrent laryngeal branch of the vagus except the cricothyroid muscle, which is innervated by the external laryngeal branch of the superior laryngeal nerve (a branch of the vagus).

          Movement of the vocal folds by pivoting of the arytenoid cartilages under the action of the intrinsic muscles of the larynx. More details.
              [image: ]
            

          
        Extrinsic

          Extrinsic laryngeal muscles position the larynx in relation to the hyoid, mandible, skull and thorax. More details.
              [image: ]
            

          The extrinsic laryngeal muscles support and position the larynx within the trachea.

          
            	Sternothyroid muscles depress the larynx. 

            	Omohyoid muscles depress the larynx. 

            	Sternohyoid muscles depress the larynx. 

            	Thyrohyoid muscles elevates the larynx. 

            	Digastric elevates the larynx. 

            	Stylohyoid elevates the larynx. 

            	Mylohyoid elevates the larynx. 

            	Geniohyoid elevates the larynx. 

            	Hyoglossus elevates the larynx. 

            	Genioglossus elevates the larynx 

          

        
      
      Vocal folds 

        Endoscopic view of the larynx showing the vocal folds in open position for unimpeded respiration. More details.
            [image: ]
          

        Continuous with the laryngopharynx, the superior portion of the larynx is lined with stratified squamous epithelium transitioning into pseudostratified ciliated columnar epithelium that contains goblet cells. Similar to the nasal cavity and nasopharynx, this specialized epithelium produces mucus to trap debris and pathogens as they enter the trachea. The cilia beat the mucus upward towards the laryngopharynx, where it can be swallowed down the esophagus.

        The main components of the human glottis. More details.
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        The vocal folds are located within the larynx at the top of the trachea. They are attached posteriorly to the arytenoid cartilages and anteriorly to the thyroid cartilage. They are part of the glottis which is the point at which the airflow is normally interrupted. Their outer edges are attached to muscle in the larynx while their inner edges, or margins, are free forming the opening called the rima glottidis.

        The three layers of the human vocal fold. More details.
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        The tissues of the vocal folds have three major layers: cover, vocal ligament and body.

        
          	The cover is a mucosa formed by stratified squamous epithelium bordered by ciliated pseudostratified epithelium with goblet cells. It is covered with two layers of mucus: a mucinous layer and serous layer. Both mucus layers provide viscous and watery environment for cilia beating posteriorally and superiorly. The mucociliary clearance keeps the vocal folds essentially moist, clean and lubricated. The epidermis layer is secured to the deeper connective tissue by basement membrane. The mucosa layer vibrates at a frequency range of 100–1000 Hz and displacements of about 1mm.

          	The vocal ligament is enclosed within the vocal folds and is responsible for strain during  phonation. It is a band of yellow elastic tissue attached anteriorly to the angle of the thyroid cartilage and posteriorly to the vocal process of the arytenoid cartilage. Within the vocal ligament, fibrous proteins such as elastin and collagen are key in maintaining the proper elasticity while  collagen is responsible for the resistance and resilience of the vocal fold to tensile strength. The normal strain level of vocal ligament ranges from 0–15% during phonation (voicing).

          	The body of the vocal fold contains the thyroarytenoid (vocalis) muscle. This muscle shortens the vocal ligament letting the vocal fold relax and lower the pitch of voice. This muscle is a  flat triangular band and is pearly white in color. It is actually divided into bundles with different attachments and secondary roles have been proposed for them.

        

      
      False vocal folds

        The vocal folds are sometimes called 'true vocal folds' to distinguish them from the 'false vocal folds' known as vestibular folds or ventricular folds. These are a pair of thick folds of mucous membrane that protect and sit slightly superior to the more delicate true folds. They have a minimal role in normal phonation, but are often used to produce deep sonorous tones in Tibetan chant and Tuvan throat singing, as well as in musical screaming and the death growl vocal style.

      
      Innervation

        The larynx is innervated by two branches of the vagus nerve (CN X): the superior and recurrent laryngeal nerves.

        The superior laryngeal nerve consists of two branches: the internal laryngeal nerve (sensory), which supplies sensory fibers to the laryngeal mucosa, and the external laryngeal nerve (motor), which innervates the cricothyroid muscle.

        The recurrent laryngeal nerves (RLN) branch from the vagus nerve. As the name indicates, they run down into the thorax and back up to the larynx. The vagus nerves exit the skull at the jugular foramen and travel alongside the carotid arteries through the neck. The left RLN branches off the vagus at the aortic arch and the right at the right subclavian artery. The left RLN passes in front of the arch and then wraps underneath and behind it. The right RLN does the same around the right subclavian artery. Both nerves then typically ascend in a groove at the junction of the trachea and esophagus. They extend behind the posterior lobes of the thyroid gland and enter the larynx deep to the inferior constrictor muscle, just posterior to the cricothyroid joint. The terminal branch is called the inferior laryngeal nerve.

        The vagus nerve extends down from the brain to the thorax, the left recurrent laryngeal nerve branches off of the vagus nerve next to the heart and then it extends back up the neck to innervate the laryngeal muscles. More details.
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        The recurrent laryngeal nerves control all intrinsic muscles of the larynx except for the cricothyroid muscle. These muscles act to open, close, and adjust the tension of the vocal cords, and include the posterior cricoarytenoid muscles, the only muscle to open the vocal cords. These nerves also carry sensory information from the mucous membranes of the larynx below the lower surface of the vocal fold, as well as sensory, secretory and motor fibers to the cervical segments of the esophagus and the trachea.

        The dinosaur  Supersaurus vivianae had one of the longest necks in history. Based on the anatomy of live reptiles, its vagus and recurrent nerves would run 28 m to deliver motor commands from the brain to the laryngeal nerves. Human profile in light blue for scale. More details.
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        The extreme detour of the recurrent laryngeal nerves, about 4.6 m in the case of giraffes, became famous as evidence of evolution, as opposed to Intelligent Design. The nerve's route would have been direct in the fish-like ancestors of modern tetrapods, traveling from the brain, past the heart, to the gills, as it does in modern fishes. Over the course of evolution, as the neck extended and the heart became lower in the body, the laryngeal nerve was caught on the wrong side of the heart’s main vessels. Natural selection gradually lengthened the nerve by tiny increments to accommodate, resulting in the circuitous route now observed. Sauropod dinosaurs were the vertebrates with the longest necks in record. The total length of the vagus nerve and recurrent laryngeal nerve (brain to larynx) would have been up to 28 m in Supersaurus.

      
      Development

        In all other mammals and in newborn infants, the larynx is initially at the level of the C2–C3 vertebrae, and is further forward and higher relative to its position in the adult body. The epiglotis rests against the soft palate, forcing food to press the epiglottis closed during swallowing and therefore preventing choking. The larynx descends later as the child grows, especially in males with the rise of testosterone levels during puberty.
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Facial Bones
The human face has 14 bones. Three pairs are found in the nasal region: the inferior conchae, lacrimal, and nasal bones. Three more pairs are found above the mouth: the maxillary, palatine and zygomatic bones. Two single bones complete the face: the mandible and vomer bones.

    
    Bones of the Human Face

      The facial bones of the skull form the upper and lower jaws, the nose, nasal cavity and nasal septum, and the orbit. The facial bones include 14 bones, with six paired bones and two unpaired bones. The paired bones are the maxilla, palatine, zygomatic, nasal, lacrimal, and inferior nasal conchae bones. The unpaired bones are the vomer and mandible bones. Although classified with the brain-case bones, the ethmoid bone also contributes to the nasal septum and the walls of the nasal cavity and orbit.

      Maxillary Bone

        The maxillary bone, often referred to simply as the maxilla (plural = maxillae), is one of a pair that together form the upper jaw, much of the hard palate, the medial floor of the orbit, and the lateral base of the nose. The curved, inferior margin of the maxillary bone that forms the upper jaw and contains the upper teeth is the alveolar process of the maxilla. Each tooth is anchored into a deep socket called an alveolus. On the anterior maxilla, just below the orbit, is the infraorbital foramen. This is the point of exit for a sensory nerve that supplies the nose, upper lip, and anterior cheek. On the inferior skull, the palatine process from each maxillary bone can be seen joining together at the midline to form the anterior three-quarters of the hard palate. The hard palate is the bony plate that forms the roof of the mouth and floor of the nasal cavity, separating the oral and nasal cavities.

        The maxillary bone forms the upper jaw and supports the upper teeth. Each maxilla also forms the lateral floor of each orbit and the majority of the hard palate. More details.
            [image: ]
          

        
      Palatine Bone

        The palatine bone is one of a pair of irregularly shaped bones that contribute small areas to the lateral walls of the nasal cavity and the medial wall of each orbit. The largest region of each of the palatine bone is the horizontal plate. The plates from the right and left palatine bones join together at the midline to form the posterior quarter of the hard palate. Thus, the palatine bones are best seen in an inferior view of the skull and hard palate.

      
      Zygomatic Bone

        The zygomatic bone is also known as the cheekbone. Each of the paired zygomatic bones forms much of the lateral wall of the orbit and the lateral-inferior margins of the anterior orbital opening. The short temporal process of the zygomatic bone projects posteriorly, where it forms the anterior portion of the zygomatic arch.

      
      Nasal Bone

        The nasal bone is one of two small bones that articulate (join) with each other to form the bony base (bridge) of the nose. They also support the cartilages that form the lateral walls of the nose. These are the bones that are damaged when the nose is broken.

      
      Lacrimal Bone

        Each lacrimal bone is a small, rectangular bone that forms the anterior, medial wall of the orbit. The anterior portion of the lacrimal bone forms a shallow depression called the lacrimal fossa, and extending inferiorly from this is the nasolacrimal canal. The lacrimal fluid (tears of the eye), which serves to maintain the moist surface of the eye, drains at the medial corner of the eye into the nasolacrimal canal. This duct then extends downward to open into the nasal cavity, behind the inferior nasal concha. In the nasal cavity, the lacrimal fluid normally drains posteriorly, but with an increased flow of tears due to crying or eye irritation, some fluid will also drain anteriorly, thus causing a runny nose.

      
      Inferior Nasal Conchae

        The right and left inferior nasal conchae form a curved bony plate that projects into the nasal cavity space from the lower lateral wall. The inferior concha is the largest of the nasal conchae and can easily be seen when looking into the anterior opening of the nasal cavity.

      
      Vomer Bone

        The unpaired vomer bone, often referred to simply as the vomer, is triangular-shaped and forms the posterior-inferior part of the nasal septum. The vomer is best seen when looking from behind into the posterior openings of the nasal cavity. In this view, the vomer is seen to form the entire height of the nasal septum. A much smaller portion of the vomer can also be seen when looking into the anterior opening of the nasal cavity.

      
      Mandible

        The mandible forms the lower jaw and is the only moveable bone of the skull. At the time of birth, the mandible consists of paired right and left bones, but these fuse together during the first year to form the single U-shaped mandible of the adult skull. Each side of the mandible consists of a horizontal body and posteriorly, a vertically oriented ramus of the mandible (ramus = “branch”). The outside margin of the mandible, where the body and ramus come together is called the angle of the mandible.

        The ramus on each side of the mandible has two upward-going bony projections. The more anterior projection is the flattened coronoid process of the mandible, which provides attachment for one of the biting muscles. The posterior projection is the condylar process of the mandible, which is topped by the oval-shaped condyle. The condyle of the mandible articulates (joins) with the mandibular fossa and articular tubercle of the temporal bone. Together these articulations form the temporomandibular joint, which allows for opening and closing of the mouth. The broad U-shaped curve located between the coronoid and condylar processes is the mandibular notch.

        Important landmarks for the mandible include the following:

        
          	Alveolar process of the mandible—This is the upper border of the mandibular body and serves to anchor the lower teeth. 

          	Mental protuberance—The forward projection from the inferior margin of the anterior mandible that forms the chin (mental = “chin”). 

          	Mental foramen—The opening located on each side of the anterior-lateral mandible, which is the exit site for a sensory nerve that supplies the chin. 

          	Mylohyoid line—This bony ridge extends along the inner aspect of the mandibular body. The muscle that forms the floor of the oral cavity attaches to the mylohyoid lines on both sides of the mandible. 

          	Mandibular foramen—This opening is located on the medial side of the ramus of the mandible. The opening leads into a tunnel that runs down the length of the mandibular body. The sensory nerve and blood vessels that supply the lower teeth enter the mandibular foramen and then follow this tunnel. Thus, to numb the lower teeth prior to dental work, the dentist must inject anesthesia into the lateral wall of the oral cavity at a point prior to where this sensory nerve enters the mandibular foramen. 

          	Lingula—This small flap of bone is named for its shape (lingula = “little tongue”). It is located immediately next to the mandibular foramen, on the medial side of the ramus. A ligament that anchors the mandible during opening and closing of the mouth extends down from the base of the skull and attaches to the lingula. 

        

        The mandible is the only movable bone of the skull. More details.
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    The Orbit

      The orbit is the bony socket that houses the eyeball and contains the muscles that move the eyeball or open the upper eyelid. Each orbit is cone-shaped, with a narrow posterior region that widens toward the large anterior opening. To help protect the eye, the bony margins of the anterior opening are thickened and somewhat constricted. The medial walls of the two orbits are parallel to each other but each lateral wall diverges away from the midline at a 45° angle. This divergence provides greater lateral peripheral vision.

      The walls of each orbit include contributions from seven skull bones. The frontal bone forms the roof and the zygomatic bone forms the lateral wall and lateral floor. The medial floor is primarily formed by the maxilla, with a small contribution from the palatine bone. The ethmoid bone and lacrimal bone make up much of the medial wall and the sphenoid bone forms the posterior orbit.

      At the posterior apex of the orbit is the opening of the optic canal, which allows for passage of the optic nerve from the retina to the brain. Lateral to this is the elongated and irregularly shaped superior orbital fissure, which provides passage for the artery that supplies the eyeball, sensory nerves, and the nerves that supply the muscles involved in eye movements.

      Seven skull bones contribute to the walls of the orbit. Opening into the posterior orbit from the cranial cavity are the optic canal and superior orbital fissure. More details.
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    The Nasal Septum and Nasal Conchae

      The nasal septum consists of both bone and cartilage components. The upper portion of the septum is formed by the perpendicular plate of the ethmoid bone. The lower and posterior parts of the septum are formed by the triangular-shaped vomer bone. In an anterior view of the skull, the perpendicular plate of the ethmoid bone is easily seen inside the nasal opening as the upper nasal septum, but only a small portion of the vomer is seen as the inferior septum. A better view of the vomer bone is seen when looking into the posterior nasal cavity with an inferior view of the skull, where the vomer forms the full height of the nasal septum. The anterior nasal septum is formed by the septal cartilage, a flexible plate that fills in the gap between the perpendicular plate of the ethmoid and vomer bones. This cartilage also extends outward into the nose where it separates the right and left nostrils. The septal cartilage is not found in the dry skull.

      Attached to the lateral wall on each side of the nasal cavity are the superior, middle, and inferior nasal conchae (singular = concha), which are named for their positions. These are bony plates that curve downward as they project into the space of the nasal cavity. They serve to swirl the incoming air, which helps to warm and moisturize it before the air moves into the delicate air sacs of the lungs. This also allows mucus, secreted by the tissue lining the nasal cavity, to trap incoming dust, pollen, bacteria, and viruses. The largest of the conchae is the inferior nasal concha, which is an independent bone of the skull. The middle concha and the superior conchae, which is the smallest, are both formed by the ethmoid bone. When looking into the anterior nasal opening of the skull, only the inferior and middle conchae can be seen. The small superior nasal concha is well hidden above and behind the middle concha.

      The nasal septum is formed by the perpendicular plate of the ethmoid bone and the vomer bone. The septal cartilage fills the gap between these bones and extends into the nose.  More details.
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    Paranasal Sinuses

      The paranasal sinuses are hollow, air-filled spaces located within certain bones of the skull. All of the sinuses communicate with the nasal cavity (paranasal = “next to nasal cavity”) and are lined with nasal mucosa. They serve to reduce bone mass and thus lighten the skull, and they also add resonance to the voice. This second feature is most obvious when you have a cold or sinus congestion. These produce swelling of the mucosa and excess mucus production, which can obstruct the narrow passageways between the sinuses and the nasal cavity, causing your voice to sound different to yourself and others. This blockage can also allow the sinuses to fill with fluid, with the resulting pressure producing pain and discomfort.

      The paranasal sinuses are named for the skull bone that each occupies. The frontal sinus is located just above the eyebrows, within the frontal bone. This irregular space may be divided at the midline into bilateral spaces, or these may be fused into a single sinus space. The frontal sinus is the most anterior of the paranasal sinuses. The largest sinus is the maxillary sinus. These are paired and located within the right and left maxillary bones, where they occupy the area just below the orbits. The maxillary sinuses are most commonly involved during sinus infections. Because their connection to the nasal cavity is located high on their medial wall, they are difficult to drain. The sphenoid sinus is a single, midline sinus. It is located within the body of the sphenoid bone, just anterior and inferior to the sella turcica, thus making it the most posterior of the paranasal sinuses. The lateral aspects of the ethmoid bone contain multiple small spaces separated by very thin bony walls. Each of these spaces is called an ethmoid air cell. These are located on both sides of the ethmoid bone, between the upper nasal cavity and medial orbit, just behind the superior nasal conchae.

      The paranasal sinuses are hollow, air-filled spaces named for the skull bone that each occupies. The most anterior is the frontal sinus, located in the frontal bone above the eyebrows. The largest are the maxillary sinuses, located in the right and left maxillary bones below the orbits. The most posterior is the sphenoid sinus, located in the body of the sphenoid bone, under the sella turcica. The ethmoid air cells are multiple small spaces located in the right and left sides of the ethmoid bone, between the medial wall of the orbit and lateral wall of the upper nasal cavity. More details.
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