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Detailed Chapter Summary
Chapter 7, The Axial Skeleton
7.1 Overview of the Skeleton (p. 150)

1. The skeleton is divided into the axial skeleton (skull, vertebral column, and thoracic cage) and appendicular skeleton (limbs, pectoral girdle, and pelvic girdle).
2. There are typically about 270 bones at birth. Additional bones form during childhood, but then certain bones begin to fuse and the number drops to an average of 206 by adulthood.
3. The number of adult bones varies, especially the number of sesamoid and sutural bones.
4. Bones have a variety of surface features that provide muscle attachments, articular surfaces, and passages for nerves and blood vessels. The terminology of these features (table 7.2) is important in skeletal anatomy. 

7.2 The Skull (p. 153)

1. The skull consists of 22 bones (and sometimes additional sutural bones), most of which are rigidly joined by sutures.

2. Cavities in the skull include the cranial cavity, orbits, nasal cavity, paranasal sinuses (frontal, sphenoid, ethmoid, and maxillary sinuses), oral cavity, and middle- and inner-ear cavities.
3. The skull has numerous foramina (holes) that provide passage for nerves and blood  vessels.

4. Eight of the skull bones are called cranial bones because they form the cranial cavity: the frontal, parietal, temporal, occipital, sphenoid, and ethmoid bones. The parietal and temporal bones are paired and the others are single.

5. The brain is separated from these bones by membranes called meninges. One of these, the dura mater, is the periosteum of the cranial bones.

6. The roof of the cranial cavity is called the calvaria and its floor is the base. The base exhibits anterior, middle, and posterior cranial fossae that conform to the contours of the base of the brain.

7. The frontal bone extends from the orbits to the coronal suture at the top of the head; it features the supraorbital margin and foramina, glabella, and frontal sinus.

8. The parietal bones cover most of the roof and lateral walls of the cranium. They extend from the coronal suture anteriorly to the lambdoid suture posteriorly and squamous sutures laterally, and are separated medially by the sagittal suture. They are marked by the temporal lines and sometimes parietal foramina.

9. The temporal bones encircle the ears laterally and are delimited by the squamous sutures.  The four parts of the temporal bone and their main features are the squamous part (with the zygomatic process and mandibular fossa), tympanic part (with the external acoustic meatus and styloid process), mastoid part (with the mastoid process, mastoid notch, and mastoid and stylomastoid foramina), and petrous part (with the middle- and inner-ear cavities, internal acoustic meatus, carotid canal, and jugular foramen).

10. The occipital bone is at the rear of the head and posterior base of the skull. It features the foramen magnum, occipital condyles, hypoglossal and condylar canals, external occipital protuberance, superior and inferior nuchal lines, and basilar part.

11. The sphenoid bone lies just behind the forehead and has a median body and lateral greater and lesser wings; the sella turcica; anterior clinoid processes; superior orbital fissure; optic foramen; posterior nasal apertures; medial and lateral pterygoid plates; and foramen rotundum, ovale, spinosum, and lacerum.
12. The ethmoid bone lies between the eyes and features a perpendicular plate (part of the nasal septum), cribriform plate (with a crista galli and cribriform foramina), and labyrinth (with ethmoidal cells, an orbital plate, and superior and middle nasal conchae).

13. Fourteen of the skull bones are called facial bones; they do not contribute to the cranial cavity but are located anteriorly on the skull and shape the face. These are the maxillae, inferior nasal conchae, vomer, mandible, and the palatine, zygomatic, lacrimal, and nasal bones. The vomer and mandible are single and the others are paired.

14. The maxilla is the upper jaw and features alveoli (tooth sockets); alveolar processes between the teeth; and the infraorbital foramen, inferior orbital fissure, palatine processes, and incisive foramina. The two maxillae are separated by the intermaxillary suture seen frontally and in the hard palate.

15. The palatine bones have a horizontal plate that forms the posterior one-third of the hard palate and a perpendicular plate that forms part of the wall of the orbit and nasal cavity.

16. The zygomatic bones of the cheek are shaped like an inverted T, feature a zygomaticofacial foramen, and articulate with the maxilla and temporal bone to form the zygomatic arch (“cheekbone”).

17. The lacrimal bones are small bones in the medial wall of each orbit, with a lacrimal fossa that houses the tear-collecting lacrimal sac.

18. The nasal bones form the bridge of the nose.

19. The inferior nasal concha is a fold on the lateral wall of each nasal cavity, below the middle nasal concha.

20. The vomer is a wedge-shaped bone of the lower nasal septum.

21. The mandible is the lower jaw and features a body, angle, and ramus; alveoli and alveolar processes, like those of  the maxilla, in the body; mandibular and mental foramina; a condylar process (with condyle), coronoid process, and mandibular notch between them; and the mental protuberance, the point of the chin.

22. Seven other bones are closely associated with the skull: three auditory ossicles (malleus, incus, and stapes) in each middle ear and a single hyoid bone just below the chin. The auditory ossicles transfer sound to the inner ear, and the hyoid bone provides attachment for muscles of the mandible, tongue, and larynx. 

23. The inferior location of the foramen magnum and relative flatness of the face reflect adaptations of the human skull for bipedal locomotion.

7.3 The Vertebral Column and Thoracic Cage (p. 166)

1. The vertebral column supports the body, protects the spinal cord, supports the ribs, and allows for flexibility of the trunk.

2. It normally consists of 33 vertebrae and 23 cartilaginous intervertebral discs. The vertebrae are divided into five groups: 7 cervical vertebrae in the neck; 12 thoracic vertebrae in the chest, with ribs attached to them; 5 lumbar vertebrae in the lower back; 5 sacral vertebrae fused in a single adult bone, the sacrum; and a “tailbone” (coccyx) of 4 fused coccygeal vertebrae. The numbers differ in about 5% of adults, especially in the lumbar to sacral area.

3. The vertebral column is C-shaped at birth. Beyond the age of 3 years, it has four bends called the cervical, thoracic, lumbar, and pelvic curvatures.

4. Some major features of a vertebra are the body or centrum; a vertebral arch composed of two pedicles and two laminae; a posterior spinous process arising where the two laminae meet; and a pair of lateral transverse processes. 

5. The vertebral arch encloses a space called the vertebral foramen; collectively, the vertebral foramina form the vertebral canal, which houses the spinal cord.

6. Each vertebra joins the one above it through its superior articular processes and the one below it through its inferior articular processes. 

7. Between two adjacent vertebrae, there is a gap called the intervertebral foramen, which allows for the passage of a spinal nerve.

8. An intervertebral disc consists of a fibrous ring, the anulus fibrosus, enclosing a gelatinous center, the nucleus pulposus. The discs bind adjacent vertebrae together, add flexibility to the spinal column, support the body weight, and absorb shock.

9. Cervical vertebrae (C1​–C7) are relatively small. All are characterized by a transverse foramen in each transverse process, through which the vertebral arteries and veins travel. C2 through C6 typically exhibit a forked spinous process. C1, the atlas, is a relatively simple ring of bone with a pair of lateral masses joined by an anterior and posterior arch, but with no body. It has concave superior articular facets to accommodate the occipital condyles of the skull, which rock in these facets when one tilts the head as in gesturing “yes.” C2, the axis, has a unique superior process called the dens on which the head and C1 rotate in gesturing “no.” The joint between the skull and C1 is the atlanto-occipital joint; the joint between C1 and C2 is the atlantoaxial joint and is the site of the first intervertebral disc.

10. Thoracic vertebrae (T1–T12) are specialized for rib attachment. They all exhibit costal facets on the body, and T1 through T10 also have transverse costal facets at the ends of the transverse processes. Ribs 1 through 10 attach to their respective vertebrae at two points, the vertebral body and transverse process; ribs 11 and 12 attach to the body only.

11. The lumbar vertebrae (L1–L5) have no unique features, but have especially heavy bodies and stout, squarish spinous processes. Their articular facets meet each other in a lateral-to-medial direction (instead of anterior-to-posterior like those of other vertebrae), except at the T12-L1 joint and the L5-S1 joint. 

12. The adult sacrum is a triangular plate of bone formed by the fusion of five sacral vertebrae (S1-S5). Fusion of their spinous processes forms a posterior median sacral crest, and fusion of their transverse processes produces a lateral sacral crest on each side. The intervertebral foramina are represented by the anterior and posterior sacral foramina. The sacrum and hip bone have complementary auricular surfaces where they meet at the sacroiliac joint. The last intervertebral disc occurs between L5 and S1.

13. The coccyx is a small pointed “tailbone” formed by the fusion of usually four coccygeal vertebrae (Co1–Co4).

14. The thoracic cage is a bony enclosure for the lungs and heart, and is composed of the thoracic vertebrae, ribs, and sternum. 

15. The sternum (breastbone) consists of a superior manubrium, a long middle body, and a small, pointed xiphoid process at the inferior end. Its margins are scalloped where they receive the costal cartilages of the ribs, and the superolateral corners of the manubrium exhibit clavicular notches for articulation with the clavicles.

16. There are 12 pairs of ribs. Most of them exhibit a head where they articulate with the body of a vertebra; a narrow neck; a rough tubercle where they articulate with the transverse process of a vertebra; and a flat bladelike shaft. In most, the shaft has a squared end where it meets a costal cartilage, which connects the rib to the sternum.  

17. Ribs 1 through 7 are called true ribs because they each connect to the sternum by their own costal cartilage. Ribs 8 through 12 are called false ribs because they do not have independent attachments to the sternum. The costal cartilages of ribs 8 through 10 connect to the cartilage of rib 7. Ribs 11 and 12 have no costal cartilages and do not attach to the sternum at all; thus they are also called floating ribs. They attach only to the bodies of vertebrae T11 and T12, and have no tubercles. 

7.4 Developmental and Clinical Perspectives (p. 175)

1. Parts of the skull develop by intramembranous ossification. The rest of the skull and most of the rest of the skeleton develop by endochondral ossification. In the latter case, bone development begins when mesenchyme condenses and differentiates into hyaline cartilage, a process called chondrification. The cartilage is then replaced by bone in the process of endochondral ossification. 

2. The base of the skull develops primarily by the endochondral ossification of several cartilaginous plates inferior to the brain. The calvaria develops mainly by intramembranous ossification. The base and calvaria are collectively called the neurocranium because they enclose the cranial cavity and surround the brain. The portion of the neurocranium arising by endochondral ossification is also called the chondrocranium. 
3. The facial skeleton is called the viscerocranium because it develops from the pharyngeal (visceral) arches. The facial bones form primarily by intramembranous ossification. 

4. The infant skull exhibits gaps (fontanels) between the cranial bones where the bones have not yet fused; the anterior and posterior fontanels are located at the anterior and posterior ends of the sagittal suture. The sphenoid and mastoid fontanels are paired and laterally situated anterior and posterior to the temporal bone on each side. 

5. The frontal bone and mandible are each represented by separate right and left bones in the newborn infant. The halves fuse in early childhood. The skull reaches nearly adult size by 8 or 9 years of age.

6. The vertebral column is preceded by a dorsal rod, the notochord, formed around day 22 to 24. Most of the notochord later degenerates as the sclerotomes of mesoderm produce the vertebral bodies and intervertebral discs, but notochordal tissue persists as the nucleus pulposus of the intervertebral discs.

7. The vertebral column develops at first by chondrification of the mesenchyme of the sclerotomes, creating a cartilaginous fetal vertebral column. Vertebral ossification begins during the embryonic period but is not completed until 25 years after birth. The vertebral column acquires its cervical and lumbar curvatures in infancy and early childhood, in association with lifting of the head and walking.

8. The ribs develop as lateral extensions of the vertebrae called costal processes. The processes chondrify and then ossify and separate from the vertebral body. Secondary ossification centers do not appear in the ribs until adolescence. 

9. The sternum begins as a pair of longitudinal sternal bars of mesenchyme. These migrate medially and fuse as the ribs attach to them. Ossification is by the endochondral method, beginning in month 5 and concluding soon after birth.

10. Skull fractures may be linear (elongated cracks) or depressed (indentations of the bone). They can damage cranial nerves, meningeal blood vessels, and brain tissue, and may result in hematomas (blood clots) that fatally compress the brain. Blows to the face may produce Le Fort fractures along lines of weakness that separate regions of the face from the rest of the skull.

11. The cervical vertebrae are often fractured, displaced, or both by violent blows to the head or extreme flexion or extension of the neck. Such injuries can cause irreparable damage to the spinal cord. Fractures lower in the vertebral column are most often at vertebra T11 or T12.

12. A herniated disc is the cracking of the anulus fibrosus and oozing of the nucleus pulposus through the crack. This triggers inflammation and puts pressure on the spinal cord and spinal nerves, causing back pain. Some cases require a laminectomy to relieve pressure on the spinal cord.

