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In the previous chapter, we discussed the 80 bones of the axial skeleton. Appended to these bones are the remaining 60 percent of the bones that make up the skeletal system. The appendicular skeleton includes the bones of the limbs and the supporting ele ments, or girdles, that connect them to the trunk (Figure 8–1•). To appreciate the role that the appendicular skeleton plays in your life, make a mental list of all the things you have done with your arms or legs in the past day. Standing, walking, writing, turning pages, eating, dressing, shaking hands, waving—the list quickly becomes unwieldy. Your axial skeleton protects and supports in ternal organs and participates in vital functions, such as respiration. But it is your appendicular skeleton that lets you manipulate objects and move from place to place.

The appendicular skeleton is dominated by the long bones that support the limbs. lp. 180 Each long bone shares common features with other long bones. For example, one epiphysis is usually called the head, the diaphysis is called the shaft, and the head and shaft are normally separated by a neck. For simplicity, an illustration of a single bone will have labels that do not include the name of the bone. Thus, a photo of the humerus will have the label head rather than head of the humerus or humeral head. When more than one bone is shown, the label will use the complete name to avoid confusion. The descriptions in this chapter emphasize surface features that either have functional importance (such as the attachment sites for skeletal muscles and the paths of major nerves and blood vessels) or provide landmarks that define areas and locate structures of the body.

The Pectoral Girdle and Upper Limbs

Objectives

.
• Identify the bones that form the pectoral girdle, their functions, and their superficial features.

.
• Identify the bones of the upper limbs, their functions, and their superficial features.

Each arm articulates (that is, forms a joint) with the trunk at the pectoral girdle, or shoulder girdle (see Figure 8–1•). The pec

toral girdle consists of two S-shaped clavicles (KLAV-i-kulz; collarbones) and two broad, flat scapulae (SKAP-¯u-l¯e; singular, scapula, SKAP-¯u-luh; shoulder blades). The medial, anterior end of each clavicle articulates with the manubrium of the sternum. lp. 234

These articulations are the only direct connections between the pectoral girdle and the axial skeleton. Skeletal muscles support and position the scapulae, which have no direct bony or ligamentous connections to the thoracic cage. As a result, the shoulders are extremely mobile, but not very strong.

The Pectoral Girdle

Movements of the clavicles and scapulae position the shoulder joints and provide a base for arm movement. The shoulder joints are positioned and stabilized by skeletal muscles that extend between the axial skeleton and the pectoral girdle. Once the joints are in position, other skeletal muscles, including several that originate on the pectoral girdle, move the upper limbs.

The surfaces of the scapulae and clavicles are extremely important as sites for muscle attachment. The attachment sites of major muscles are marked by bony ridges and flanges. Other bone markings, such as sulci or foramina, indicate the positions of nerves that control the muscles, or the passage of blood vessels that nourish the muscles and bones.

The Clavicles

The clavicles are S-shaped bones that originate at the superior, lateral border of the manubrium of the sternum, lateral to the jugular notch (Figure 8–2a•). From the roughly pyramidal sternal end, each clavicle curves laterally and posteriorly for roughly half

its length. It then forms a smooth posterior curve to articulate with a process of the scapula, the acromion (a-KR¯O-m¯e-on). The flat, acromial end of the clavicle is broader than the sternal end (Figure 8–2b,c•).

The smooth, superior surface of the clavicle lies just beneath the skin. The acromial end has a rough inferior surface that bears prominent lines and tubercles (Figure 8–2c•). These surface features are attachment sites for muscles and ligaments of the shoulder. The combination of the direction of curvature and the differences between superior and inferior surfaces make it relatively easy to tell a left clavicle from a right clavicle.

You can explore the connection between the clavicles and sternum. With your fingers in your jugular notch, locate the clavicle on either side and find the sternoclavicular joints where the sternum articulates with the clavicles. These are the only articulations between the pectoral girdle and the axial skeleton. When you move your shoulders, you can feel the sternal ends of the clavicles change their positions.

The clavicles are relatively small and fragile, and therefore fractures of the clavicle are fairly common. For example, a simple fall can fracture a clavicle if you land on your hand with your arm outstretched. Fortunately, in view of the clavicle’s vulnerability, most clavicular fractures heal rapidly without a cast.

The Scapulae

The anterior surface of the body of each scapula forms a broad triangle (Figure 8–3a•). The three sides of the triangle are the superior border; the medial border, or vertebral border; and the lateral border, or axillary border (axilla, armpit). Muscles that position the scapula attach along these edges. The corners of the triangle are called the superior angle, the inferior angle, and the lateral angle. The lateral angle, or head of the scapula, forms a broad process that supports the cup-shaped glenoid cavity (Figure 8–3b•). At the glenoid cavity, the scapula articulates with the humerus, the proximal bone of the upper limb. This articulation is the shoulder joint, also known as the glenohumeral joint. The anterior surface of the body of the scapula is relatively smooth and concave. The depression in the anterior surface is called the subscapular fossa.

Two large scapular processes extend beyond the margin of the glenoid cavity (see Figure 8–3b•) superior to the head of the humerus. The smaller, anterior projection is the coracoid (KOR-uh-koyd) process. The acromion is the larger, posterior process. If you run your fingers along the superior surface of the shoulder joint, you will feel this process. The acromion articulates with the clavicle at the acromioclavicular joint. Both the coracoid process and the acromion are attached to ligaments and tendons associated with the shoulder joint.

The acromion is continuous with the scapular spine (Figure 8–3c•), a ridge that crosses the posterior surface of the scapular body before ending at the medial border. The scapular spine divides the convex posterior surface of the body into two regions. The area superior to this spine constitutes the supraspinous fossa (supra, above); the region inferior to the spine is the infraspinous fossa (infra, beneath). The entire posterior surface is marked by small ridges and lines where smaller muscles attach to the scapula.

Anatomy 360 | Review the anatomy of the pectoral girdle on the Anatomy 360 CD-ROM: Skeletal System/Appendicular Skeleton/Pectoral Girdle.

Concept Check

✓ Why would a broken clavicle affect the mobility of the scapula?

✓ Which bone articulates with the scapula at the glenoid cavity?

Answers begin on p. A–1

The Upper Limbs

The skeleton of the upper limbs consists of the bones of the arms, forearms, wrists, and hands. Notice that in anatomical descriptions, the term arm refers only to the proximal portion of the upper limb (from shoulder to elbow), not to the entire limb. We will examine the bones of the right upper limb. The arm, or brachium, contains one bone, the humerus, which extends from the scapula to the elbow.

The Humerus

At the proximal end of the humerus, the round head articulates with the scapula (Figure 8–4•). The prominent greater tubercle is a rounded projection on the lateral surface of the epiphysis, near the margin of the humeral head. The greater tubercle establishes the lateral contour of the shoulder. You can verify its position by feeling for a bump situated a few centimeters from the tip of the acromion. The lesser tubercle is a smaller projection that lies on the anterior, medial surface of the epiphysis, separated from the greater tubercle by the intertubercular groove, or intertubercular sulcus. Both tubercles are important sites for muscle attachment; a large tendon runs along the groove. Lying between the tubercles and the articular surface of the head, the anatomical neck marks the extent of the joint capsule. The narrower surgical neck corresponds to the metaphysis of the growing bone. The name reflects the fact that fractures typically occur at this site.

The proximal shaft of the humerus is round in section. The deltoid tuberosity is a large, rough elevation on the lateral surface of the shaft, approximately halfway along its length. It is named after the deltoid muscle, which attaches to it.

On the posterior surface, the deltoid tuberosity ends at the radial groove (Figure 8–4b•). This depression marks the path of the radial nerve, a large nerve that provides both sensory information from the posterior surface of the limb and motor control over the large muscles that straighten the elbow. Distal to the radial groove, the posterior surface of the humerus is relatively flat. Near the distal articulation with the bones of the forearm, the shaft expands to either side at the medial and lateral epicondyles. Epicondyles are processes that develop proximal to an articulation and provide additional surface area for muscle attachment. The ulnar nerve crosses the posterior surface of the medial epicondyle. A blow at the posteromedial surface of the elbow joint can strike this nerve and produce a temporary numbness and paralysis of muscles on the anterior surface of the forearm. Because of the odd sensation, this area is sometimes called the funny bone.

At the condyle, the humerus articulates with the radius and the ulna, the bones of the forearm (antebrachium). The condyle is divided into two articular regions: the trochlea and the capitulum (see Figure 8–4a•). The trochlea (trochlea, a pulley), the spool-shaped medial portion of the condyle, extends from the base of the coronoid (corona, crown) fossa on the anterior surface to the olecranon (o¯-LEK-ruh-non) fossa on the posterior surface (see Figure 8–4b•). These depressions accept projections from the ulnar surface as the elbow approaches the limits of its range of motion. The rounded capitulum forms the lateral surface of the condyle. A shallow radial fossa superior to the capitulum accommodates a portion of the radial head as the forearm approaches the humerus. The prominent lateral head and the differences between the lateral and medial condyles make it relatively easy to tell a left humerus from a right humerus.

The Ulna

The ulna and radius are parallel bones that support the forearm. In the anatomical position, the ulna lies medial to the radius. The olecranon, the superior end of the ulna, is the point of the elbow (Figure 8–5a•). On the anterior surface of the proximal epiphysis (Figure 8–5b•), the trochlear notch of the ulna articulates with the trochlea of the humerus at the elbow joint. (The fact that this notch forms a “U” in lateral view may help you to remember the name ulna.)

The olecranon forms the superior lip of the trochlear notch, and the coronoid process forms its inferior lip. At the limit of extension, with the forearm and arm forming a straight line, the olecranon swings into the olecranon fossa on the posterior surface of the humerus. At the limit of flexion, a movement that decreases the angle between the articulating bones, the arm and forearm form a tight V and the coronoid process projects into the coronoid fossa on the anterior humeral surface. Lateral to the coronoid process, a smooth radial notch accommodates the head of the radius at the proximal radioulnar joint.

Viewed in cross section, the shaft of the ulna is roughly triangular. The interosseous membrane, a fibrous sheet, connects the lateral margin of the ulna to the radius. Near the wrist, the shaft of the ulna narrows before ending at a disc-shaped ulnar head, or head of the ulna. The posterior, lateral surface of the ulnar head bears a short styloid process (styloid, long and pointed). A triangular articular disc attaches to the styloid process; this cartilage separates the ulnar head from the bones of the wrist. The lateral surface of the ulnar head articulates with the distal end of the radius to form the distal radioulnar joint.

The Radius

The radius is the lateral bone of the forearm (see Figure 8–5•). The disc-shaped radial head, or head of the radius, articulates with the capitulum of the humerus. During flexion, the radial head swings into the radial fossa of the humerus. A narrow neck extends from the radial head to the radial tuberosity, which marks the attachment site of the biceps brachii muscle, a large muscle on the anterior surface of the arm. The shaft of the radius curves along its length. It also enlarges, and the distal portion of the radius is considerably larger than the distal portion of the ulna. The ulnar notch on the medial surface of the distal end of the radius marks the site of articulation with the head of the ulna. The distal end of the radius articulates with the bones of the wrist. The styloid process on the lateral surface of the radius helps stabilize this joint. If you are looking at an isolated radius or ulna, you can quickly identify whether it is left or right by finding the radial notch (ulna) or ulnar notch (radius) and remembering that the radius lies lateral to the ulna.

The Carpal Bones

The carpus, or wrist, contains eight carpal bones. These bones form two rows, one with four proximal carpal bones and the other with four distal carpal bones.

The proximal carpal bones are the scaphoid bone, lunate bone, triquetrum, and pisiform bone (Figure 8–6a•).

.
•
The scaphoid bone is the proximal carpal bone on the lateral border of the wrist; it is the carpal bone closest to the styloid process of the radius.

.
•
The comma-shaped lunate (luna, moon) bone lies medial to the scaphoid bone and, like the scaphoid bone, articulates with the radius.

.
•
The triquetrum is a small pyramid-shaped bone medial to the lunate bone. The triquetrum articulates with the articular disc that separates the ulnar head from the wrist.


•
The small, pea-shaped pisiform (PIS-i-form) bone sits anterior to the triquetrum.


The distal carpal bones are the trapezium, trapezoid bone, capitate bone, and hamate bone (Figure 8–6b•).

.
•
The trapezium is the lateral bone of the distal row; its proximal surface articulates with the scaphoid bone.

.
•
The wedge-shaped trapezoid bone lies medial to the trapezium. Like the trapezium, it has a proximal articulation with the scaphoid bone.

.
•
The capitate bone, the largest carpal bone, sits between the trapezoid bone and the hamate bone.

.
•
The hamate (hamatum, hooked) bone is the medial distal carpal bone.

It may help you to identify the eight carpal bones if you remember the sentence “Sam Likes To Push The Toy Car Hard.” In lateral-to-medial order, the first four words stand for the proximal carpal bones (scaphoid, lunate, triquetrum, pisiform) and the last four for the distal carpal bones (trapezium, trapezoid, capitate, hamate).

The carpal bones articulate with one another at joints that permit limited sliding and twisting. Ligaments interconnect the carpal bones and help stabilize the wrist joint. The tendons of muscles that flex the fingers pass across the anterior surface of the wrist, sandwiched between the intercarpal ligaments and a broad, superficial transverse ligament called the flexor retinaculum. Inflammation of the connective tissues between the flexor retinaculum and the carpal bones can compress the tendons and adjacent sensory and motor nerves, producing pain and a loss of wrist mobility. This condition is called carpal tunnel syndrome.

The Metacarpal Bones and Phalanges

Five metacarpal (met-uh-KAR-pul; metacarpus, hand) bones articulate with the distal carpal bones and support the hand (see Figure 8–6•). Roman numerals I–V are used to identify the metacarpal bones, beginning with the lateral metacarpal bone, which articulates with the trapezium. Hence, metacarpal I articulates with the proximal bone of the thumb.

Distally, the metacarpal bones articulate with the proximal finger bones. Each hand has 14 finger bones, or phalanges (fa-LAN-j z; singular, phalanx). The first finger, known as the pollex (POL-eks), or thumb, has two phalanges (proximal and distal).

e¯Each of the other fingers has three phalanges (proximal, middle, and distal).

Anatomy 360 | Review the anatomy of the upper limb on the Anatomy 360 CD-ROM: Skeletal System/ Appendicular Skele-ton/Upper Limb.

Concept Check

✓ The rounded projections on either side of the elbow are parts of which bone?

✓ Which bone of the forearm is lateral in the anatomical position?

✓ Bill accidentally fractures his first distal phalanx with a hammer. Which finger is broken?

Answers begin on p. A–1

The Pelvic Girdle and Lower Limbs

Objectives

.
• Identify the bones that form the pelvic girdle, their functions, and their superficial features.

.
• Identify the bones of the lower limbs, their functions, and their superficial features.

.
• Discuss structural and functional differences between the pelvis of females and that of males.

Because they must withstand the stresses involved in weight bearing and locomotion, the bones of the pelvic girdle are more massive than those of the pectoral girdle. For similar reasons, the bones of the lower limbs are more massive than those of the upper limbs. The pelvic girdle consists of the two hipbones. The pelvis is a composite structure that includes the hipbones of the ap

pendicular skeleton and the sacrum and coccyx of the axial skeleton. lpp. 230–231

The Pelvic Girdle

The pelvic girdle consists of the paired hipbones, which are called the ossa coxae, or innominate bones. Each hipbone, or os coxae

¯e

(singular), forms by the fusion of three bones: an ilium (IL--um; plural, ilia), an ischium (IS-k -um; plural, ischia), and a pubis (P¯e¯U-bis) (Figure 8–7•). The ilia have a sturdy articulation with the auricular surfaces of the sacrum, attaching the pelvic girdle to

the axial skeleton. lp. 231 Anteriorly, the medial surfaces of the hipbones are interconnected by a pad of fibrocartilage at a joint called the pubic symphysis. On the lateral surface of each hipbone, the acetabulum (as-e-TAB-¯u-lum; acetabulum, vinegar cup), a concave socket, articulates with the head of the femur (Figure 8–7a•). A ridge of bone forms the lateral and superior margins of the acetabulum, which has a diameter of about 5 cm (2 in.). The anterior and inferior portion of the ridge is incomplete; the gap is called the acetabular notch. The smooth, C-shaped articular surface of the acetabulum is the lunate surface.

The ilium, ischium, and pubis meet inside the acetabulum, as though it were a pie sliced into three pieces. Superior to the acetabulum, the ilium forms a broad, curved surface that provides an extensive area for the attachment of muscles, tendons, and ligaments (Figure 8–7a•). Landmarks along the margin of the ilium include the iliac spines, which mark the attachment sites of important muscles and ligaments; the gluteal lines, which mark the attachment of large hip muscles; and the greater sciatic (s -AT-ik) ı notch, through which a major nerve (the sciatic nerve) reaches the lower limb.

The ischium forms the posterior, inferior portion of the acetabulum. Posterior to the acetabulum, the prominent ischial spine projects superior to the lesser sciatic notch, through which blood vessels, nerves, and a small muscle pass. The ischial tuberosity, a roughened projection, is located at the posterior and lateral edge of the ischium. When you are seated, the ischial tuberosities bear your body’s weight.

The narrow ischial ramus (branch) continues until it meets the inferior ramus of the pubis. The inferior pubic ramus extends between the ischial ramus and the pubic tubercle, a small, elevated area anterior and lateral to the pubic symphysis. There the inferior pubic ramus meets the superior ramus of the pubis, which originates near the acetabulum. The anterior, superior surface of the superior ramus bears the pectineal line, a ridge that ends at the pubic tubercle. The pubic and ischial rami encircle the obturator (OB-t¯u-r¯a-tor) foramen, a space that is closed by a sheet of collagen fibers whose inner and outer surfaces provide a

firm base for the attachment of muscles of the hip.

The broadest part of the ilium extends between the arcuate line, which is continuous with the pectineal line, and the iliac crest (Figure 8–7b•). These prominent ridges mark the attachments of ligaments and muscles. The area between the arcuate line and the iliac crest forms a shallow depression known as the iliac fossa. The concave surface of the iliac fossa helps support the abdominal organs and provides additional area for muscle attachment.

In medial view, the anterior and medial surface of the pubis contains a roughened area that marks the site of articulation with the pubis of the opposite side (see Figure 8–7b•). At this articulation—the pubic symphysis—the two pubic bones are attached to a median fibrocartilage pad. Posteriorly, the auricular surface of the ilium articulates with the auricular surface of the sacrum at the sacroiliac joint. lp. 231 Ligaments arising at the iliac tuberosity, a roughened area superior to the auricular surface, stabilize this joint.

The Pelvis

Figure 8–8• shows anterior and posterior views of the pelvis, which consists of the two ossa coxae, the sacrum, and the coccyx. An extensive network of ligaments connects the lateral borders of the sacrum with the iliac crest, the ischial tuberosity, the ischial spine, and the arcuate line. Other ligaments tie the ilia to the posterior lumbar vertebrae. These interconnections increase the stability of the pelvis.

The pelvis may be divided into the true (lesser) pelvis and the false (greater) pelvis (Figure 8–9a,b•). The true pelvis encloses the pelvic cavity, a subdivision of the abdominopelvic cavity. lp. 21 The superior limit of the true pelvis is a line that extends from either side of the base of the sacrum, along the arcuate line and pectineal line to the pubic symphysis. The bony edge of the true pelvis is called the pelvic brim, or linea terminalis, and the enclosed space is the pelvic inlet. The false pelvis consists of the expanded, bladelike portions of each ilium superior to the pelvic brim.

The pelvic outlet is the opening bounded by the coccyx, the ischial tuberosities, and the inferior border of the pubic symphysis (Figure 8–9b,c•). The region bounded by the inferior edges of the pelvis is called the perineum (per-i-NE¯-um). Perineal muscles form the floor of the pelvic cavity and support the organs in the true pelvis.

The shape of the pelvis of a female is somewhat different from that of a male (Figure 8–10•). Some of the differences are the result of variations in body size and muscle mass. For example, in females, the pelvis is generally smoother and lighter and has less-prominent markings. Females have other skeletal adaptations for childbearing, including:

.
• An enlarged pelvic outlet.

.
• A broader pubic angle (the inferior angle between the pubic bones), greater than 100°.

.
• Less curvature on the sacrum and coccyx, which, in males, arc into the pelvic outlet.

.
• A wider, more circular pelvic inlet.

.
• A relatively broad pelvis that does not extend as far superiorly (a “low pelvis”).

.
• Ilia that project farther laterally, but do not extend as far superior to the sacrum.

These adaptations are related to the support of the weight of the developing fetus and uterus, and the passage of the newborn through the pelvic outlet during delivery. In addition, the hormone relaxin, produced during pregnancy, loosens the pubic symphysis, allowing relative movement between the hipbones that can further increase the size of the pelvic inlet and outlet.

Concept Check

✓ Which three bones make up the os coxae?

✓ How is the pelvis of females adapted for childbearing?

✓ When you are seated, which part of the pelvis bears your body’s weight?

Answers begin on p. A–1

The Lower Limbs

The skeleton of each lower limb consists of a femur (thigh), a patella (kneecap), a tibia and a fibula (leg), and the tarsal bones, metatarsal bones, and phalanges of the foot. Once again, anatomical terminology differs from common usage. In anatomical terms, leg refers only to the distal portion of the limb, not to the entire lower limb. Thus, we will use thigh and leg, rather than upper leg and lower leg.

The functional anatomy of the lower limbs differs from that of the upper limbs, primarily because the lower limbs transfer the body weight to the ground. We now examine the bones of the right lower limb.

The Femur

The femur is the longest and heaviest bone in the body (Figure 8–11•). It articulates with the os coxae at the hip joint and with the tibia of the leg at the knee joint. The rounded epiphysis, or femoral head, articulates with the pelvis at the acetabulum. A ligament attaches the acetabulum to the femur at the fovea capitis, a small pit in the center of the femoral head. The neck of the femur joins the shaft at an angle of about 125°. The greater and lesser trochanters are large, rough projections that originate at the junction of the neck and shaft. The greater trochanter projects laterally; the lesser trochanter projects posteriorly and medially. These trochanters develop where large tendons attach to the femur. On the anterior surface of the femur, the raised intertrochanteric (in-ter-tro¯-kan-TER-ik) line marks the edge of the articular capsule. This line continues around to the posterior surface as the intertrochanteric crest.

The linea aspera (aspera, rough), a prominent elevation, runs along the center of the posterior surface of the femur, marking the attachment site of powerful hip muscles (Figure 8–11b•). As it approaches the knee joint, the linea aspera divides into a pair of ridges that continue to the medial and lateral epicondyles. These smoothly rounded projections form superior to the medial and lateral condyles, which participate in the knee joint. The two condyles are separated by a deep intercondylar fossa.

The medial and lateral condyles extend across the inferior surface of the femur, but the intercondylar fossa does not reach the anterior surface (see Figure 8–11a•). The anterior and inferior surfaces of the two condyles are separated by the patellar surface, a smooth articular surface over which the patella glides.

The Patella

The patella is a large sesamoid bone that forms within the tendon of the quadriceps femoris, a group of muscles that extend (straighten) the knee. The patella has a rough, convex anterior surface and a broad base (Figure 8–12a•). The roughened surface reflects the attachment of the quadriceps tendon (anterior and superior surfaces) and the patellar ligament (anterior and inferior surfaces). The patellar ligament connects the apex of the patella to the tibia. The posterior patellar surface (Figure 8–12b•) presents two concave facets for articulation with the medial and lateral condyles of the femur. The patellae are cartilaginous at birth, but start to ossify after the individual begins walking, as thigh and leg movements become more powerful. Ossification usually begins at age 2 or 3 and ends at roughly the time of puberty.

Normally, the patella glides across the patellar surface of the femur. Its direction of movement is superior–inferior (up and down), not medial–lateral (side to side). Runner’s knee, or patellofemoral stress syndrome, develops from improper tracking of the patella across the patellar surface. In this syndrome, the patella is forced outside its normal track, so that it shifts laterally; the movement is often associated with increased compression forces or with lateral muscles in the quadriceps group overpowering the medial muscles. Running on hard or slanted surfaces (such as the intertidal area of a beach or the shoulder of a road) and inadequate arch support are often responsible. The misalignment puts lateral pressure on the knee, resulting in swelling and tenderness after exercise.

The Tibia

The tibia (TIB--uh), or shinbone, is the large medial bone of the leg (Figure 8–13a•). The medial and lateral condyles of the femur articulate with the medial and lateral tibial condyles at the proximal end of the tibia. The intercondylar eminence is a ridge that separates the condyles (Figure 8–13b•). The anterior surface of the tibia near the condyles bears a prominent, rough tibial tuberosity, which you can feel through the skin. This tuberosity marks the attachment of the patellar ligament.

The anterior margin is a ridge that begins at the tibial tuberosity and extends distally along the anterior tibial surface. You can also easily feel the anterior margin of the tibia through the skin. As it approaches the ankle joint, the tibia broadens, and the medial border ends in the medial malleolus (ma-LE¯-o-lus; malleolus, hammer), a large process familiar to you as the medial projection at the ankle. The inferior surface of the tibia articulates with the proximal bone of the ankle; the medial malleolus provides medial support for this joint.

The Fibula

¯e

The slender fibula (FIB-¯u-luh) parallels the lateral border of the tibia (see Figure 8–13a,b•). The head of the fibula articulates with the tibia. The articular facet is located on the anterior, inferior surface of the lateral tibial condyle. The medial border of the thin shaft is bound to the tibia by the interosseous membrane, which extends to the lateral margin of the tibia. This membrane helps stabilize the positions of the two bones and provides additional surface area for muscle attachment.

As its relatively small diameter suggests, the fibula does not help transfer weight to the ankle and foot. In fact, it does not even articulate with the femur. However, the fibula is important as a site for the attachment of muscles that move the foot and toes. In addition, the distal tip of the fibula extends lateral to the ankle joint. This fibular process, the lateral malleolus, provides lateral stability to the ankle. However, forceful movement of the foot outward and backward can dislocate the ankle, breaking both the lateral malleolus of the fibula and the medial malleolus of the tibia. This injury is called a Pott’s fracture. lp. 200

The Tarsal Bones

The ankle, or tarsus, consists of seven tarsal bones (Figure 8–14•). The large talus transmits the weight of the body from the tibia toward the toes. The articulation between the talus and the tibia occurs across the superior and medial surfaces of the trochlea, a pulley-shaped articular process. The lateral surface of the trochlea articulates with the lateral malleolus of the fibula.

The calcaneus (kal-KA¯-n¯e-us), or heel bone, is the largest of the tarsal bones. When you stand normally, most of your weight is transmitted from the tibia, to the talus, to the calcaneus and then to the ground. The posterior portion of the calcaneus is a rough, knob-shaped projection. This is the attachment site for the calcaneal tendon (Achilles tendon or calcanean tendon), which arises at strong calf muscles. If you are standing, these muscles can lift the heel off the ground so that you stand on tiptoes. The superior and anterior surfaces of the calcaneus bear smooth facets for articulation with other tarsal bones.

The cuboid bone articulates with the anterior surface of the calcaneus. The navicular bone is anterior to the talus, on the medial side of the ankle. It articulates with the talus and with the three cuneiform bones (k¯u-N¯E-i-form). These are wedge-shaped bones arranged in a row, with articulations between them. They are named according to their position: medial cuneiform, intermediate cuneiform, and lateral cuneiform. Proximally, the cuneiform bones articulate with the anterior surface of the navicular bone. The lateral cuneiform bone also articulates with the medial surface of the cuboid bone. The distal surfaces of the cuboid bone and the cuneiform bones articulate with the metatarsal bones of the foot. To remember the names of the tarsal bones in the order presented, try the memory aid “Tom Can Control Not Much In Life.”

The Metarsal Bones and Phalanges

The metatarsal bones are five long bones that form the distal portion of the foot, or metatarsus (see Figure 8–14•). The metatarsal bones are identified by Roman numerals I–V, proceeding from medial to lateral across the sole. Proximally, metatarsal bones I–III articulate with the three cuneiform bones, and metatarsal bones IV and V articulate with the cuboid bone. Distally, each metatarsal bone articulates with a different proximal phalanx. The phalanges, or toe bones (see Figure 8–14•), have the same anatomical organization as the fingers. The toes contain 14 phalanges. The hallux, or great toe, has two phalanges (proximal and distal), and the other four toes have three phalanges apiece (proximal, middle, and distal).

Running, while beneficial to overall health, places the foot bones under more stress than does walking. Stress fractures are hairline fractures that develop in bones subjected to repeated shocks or impacts. Stress fractures of the foot usually involve one of the metatarsal bones. These fractures are caused either by improper placement of the foot while running or by poor arch support. In a fitness regime that includes street running, it is essential to provide proper support for the bones of the foot. An entire running-shoe market has arisen around the amateur runner’s need for good arch support.

Arches of the Foot Weight transfer occurs along the longitudinal arch of the foot (see Figure 8–14b•). Ligaments and tendons maintain this arch by tying the calcaneus to the distal portions of the metatarsal bones. However, the lateral, or calcaneal, portion of the longitudinal arch has much less curvature than the medial, talar portion, in part because the talar portion has considerably more elasticity. As a result, the medial plantar surface of the foot remains elevated, so that the muscles, nerves, and blood vessels that supply the inferior surface are not squeezed between the metatarsal bones and the ground. In the condition known as flatfeet, normal arches are lost (“fall”) or never form. Individuals with this condition cannot walk long distances without discomfort; hence, they are not allowed to enlist in the U.S. Army.

The elasticity of the talar portion of the longitudinal arch absorbs the shocks from sudden changes in weight loading. For example, the stresses that running or ballet dancing places on the toes are cushioned by the elasticity of this portion of the arch. The degree of curvature changes from the medial to the lateral borders of the foot, so a transverse arch also exists.

When you stand normally, your body weight is distributed evenly between the calcaneus and the distal ends of the metatarsal bones. The amount of weight transferred forward depends on the position of the foot and the placement of one’s body weight. During flexion at the ankle, a movement also called dorsiflexion, all your body weight rests on the calcaneus—as when you “dig in your heels.” During extension at the ankle, also known as plantar flexion, the talus and calcaneus transfer your weight to the metatarsal bones and phalanges through the more anterior tarsal bones; this occurs when you stand on tiptoe.

Clinical Note

The arches of the foot are usually present at birth. Sometimes, however, they fail to develop properly. In congenital talipes equinovarus (clubfoot ), abnormal muscle development distorts growing bones and joints. One or both feet may be involved, and the condition can be mild, moderate, or severe. In most cases, the tibia, ankle, and foot are affected; the longitudinal arch is exaggerated, and the feet are turned medially and inverted. If both feet are involved, the soles face one another. This condition, which affects 2 in 1000 births, is roughly twice as common in boys as girls. Prompt treatment with casts or other supports in infancy helps alleviate the problem, and fewer than half the cases require surgery. Kristi Yamaguchi, an Olympic gold medalist in figure skating, was born with clubfeet. AM: Problems with the Ankle and Foot

100 Keys | The pectoral girdle is highly mobile and stabilized primarily by muscles; the pelvic girdle is more massive, stronger, and far less mobile.

Concept Check

✓ The fibula neither participates in the knee joint nor bears weight. When it is fractured, however, walking becomes difficult. Why? ✓ While jumping off the back steps at his house, 10-year-old Joey lands on his right heel and breaks his foot. Which foot bone is most likely broken? ✓ Which foot bone transmits the weight of the body from the tibia toward the toes?

Answers begin on p. A–1

Individual Variation in the Skeletal System

Objectives

.
• Explain how study of the skeleton can reveal significant information about an individual.

.
• Summarize the skeletal differences between males and females.

.
• Describe briefly how the aging process affects the skeletal system.

A comprehensive study of a human skeleton can reveal important information about the individual. We can estimate a person’s muscular development and muscle mass from the appearance of various ridges and from the general bone mass. Details such as the condition of the teeth or the presence of healed fractures give an indication of the individual’s medical history. Two important details, sex and age, can be determined or closely estimated on the basis of measurements indicated in Tables 8–1 and 8–2. In some cases, the skeleton may provide clues about the individual’s nutritional state, handedness, and even occupation.

ATLAS: Embryology Summary 8: The Development of the Appendicular Skeleton

Table 8–1 identifies characteristic differences between the skeletons of males and females, but not every skeleton shows every feature in classic detail. Many differences, including markings on the skull, cranial capacity, and general skeletal features, reflect differences in average body size, muscle mass, and muscular strength. The general changes in the skeletal system that take place with age are summarized in Table 8–2. Note that these changes begin at age 3 months and continue throughout life. The epiphyseal cartilages, for example, begin to fuse at about age 3, and degenerative changes in the normal skeletal system, such as a reduction in mineral content in the bony matrix, typically do not begin until age 30–45. The timing of epiphyseal closure is a key factor determining adult body size. Young people whose long bones are still growing should avoid very heavy weight training, because they risk crushing the epiphyseal cartilages and thus shortening their stature.

Chapter Review

Selected Clinical Terminology

carpal tunnel syndrome: An inflammation of the tissues at the anterior wrist, causing compression of adjacent tendons and nerves. Symptoms are pain and a loss of wrist mobility. (p. 245) congenital talipes equinovarus (clubfoot): A congenital deformity affecting one or both feet. It develops secondary to abnormalities in muscular development. (p. 253) flatfeet: The loss or absence of a longitudinal arch. (p. 253)

Study Outline

1.
The appendicular skeleton includes the bones of the upper and lower limbs and the pectoral and pelvic girdles, which connect the limbs to the trunk. (Figure 8–1)

The Pectoral Girdle and Upper Limbs p. 240

1.
Each upper limb articulates with the trunk via the pectoral girdle, or shoulder girdle, which consists of two scapulae and two clavicles.

The Pectoral Girdle p. 240

1.
2.
On each side, a clavicle and scapula position the shoulder joint, help move the upper limb, and provide a base for muscle attachment. (Figures 8–2, 8–3)

2.
3.
Both the coracoid process and the acromion of the scapula are attached to ligaments and tendons associated with the shoulder joint.

(Figure 8–3)
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The Upper Limbs p. 242

1.
4.
The scapula articulates with the humerus at the shoulder (glenohumeral) joint. The greater and lesser tubercles of the humerus are important sites of muscle attachment. (Figure 8–4)

2.
5.
The humerus articulates with the radius and ulna, the bones of the forearm, at the elbow joint. (Figure 8–5)

3.
6.
The carpal bones of the wrist, or carpus, form two rows. The distal row articulates with the five metacarpal bones. Four of the fingers contain three phalanges; the pollex (thumb) has only two phalanges. (Figure 8–6)
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The Pelvic Girdle and Lower Limbs p. 245

1.
The bones of the pelvic girdle are more massive than those of the pectoral girdle.

The Pelvic Girdle p. 245

2.
The pelvic girdle consists of two ossa coxae. Each os coxae forms through the fusion of an ilium, an ischium, and a pubis.

(Figure 8–7)

1.
3.
The ilium is the largest hipbone. Inside the acetabulum, the ilium is fused to the ischium (posteriorly) and the pubis (anteriorly). The pubic symphysis limits movement between the pubic bones of the left and right hipbones. (Figures 8–7, 8–8)

2.
4.
The pelvis consists of the hipbones, the sacrum, and the coccyx. It is subdivided into the false (greater) pelvis and the true (lesser) pelvis. (Figures 8–8 to 8–10)

The Lower Limbs p. 249

1.
5.
The femur is the longest and heaviest bone in the body. It articulates with the tibia at the knee joint. (Figures 8–11, 8–13)

2.
6.
The patella is a large sesamoid bone. (Figure 8–12)

3.
7.
The fibula parallels the tibia laterally. (Figure 8–13)

4.
8.
The tarsus, or ankle, has seven tarsal bones. (Figure 8–14)

5.
9.
The basic organizational pattern of the metatarsal bones and phalanges of the foot resembles that of the hand. All the toes have three phalanges, except for the hallux, which has two. (Figure 8–14)

6.
10. When a person stands normally, most of the body weight is transferred to the calcaneus, and the rest is passed on to the five metatarsal bones. Weight transfer occurs along the longitudinal arch; there is also a transverse arch. (Figure 8–14)
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Individual Variation in the Skeletal System p. 253

1.
Studying a human skeleton can reveal important information, such as the person’s weight, sex, body size, muscle mass, and age.

(Tables 8–1, 8–2)

2.
Age-related changes and events take place in the skeletal system. These changes begin at about age 1 and continue throughout life.

(Table 8–2)

Review Questions

MyA&P | Access more review material online at MyA&P. There you’ll find learning activities, case studies, quizzes, Interactive Physiology exercises, and more to help you succeed. To access the site, go to www.myaandp.com.

Answers to the Review Questions begin on page A-1.

LEVEL 1 Reviewing Facts and Terms

.
1. Which of the following is primarly responsible for stabilizing, positioning, and bracing the pectoral girdle?

.
(a) tendons (b) ligaments

.
(c) the joint shape (d) muscles

.
(e) the shape of the bones within the joint

.
2. In anatomical position, the ulna lies

.
(a) medial to the radius

.
(b) lateral to the radius

.
(c) inferior to the radius

.
(d) superior to the radius

.
3. The point of the elbow is actually the _____ of the ulna.

.
(a) styloid process (b) olecranon

.
(c) coronoid process (d) trochlear notch

.
4. The bones of the hand articulate distally with the

.
(a) carpal bones (b) ulna and radius

.
(c) metacarpal bones (d) phalanges

.
5. The epiphysis of the femur articulates with the pelvis at the

.
(a) pubic symphysis (b) acetabulum

.
(c) sciatic notch (d) obturator foramen

2.
6. Which two movements are associated with the proximal radioulnar articulation?

3.
7. Name the components of each os coxae.

4.
8. Which seven bones make up the ankle (tarsus)?

LEVEL 2 Reviewing Concepts

.
9. The presence of tubercles on bones indicates the positions of

.
(a) tendons and ligaments

.
(b) muscle attachment

.
(c) ridges and flanges

.
(d) a and b are correct

.
10. At the glenoid cavity, the scapula articulates with the proximal end of the

.
(a) humerus

.
(b) radius

.
(c) ulna

.
(d) femur

.
11. All of the following structural characteristics of the pelvic girdle adapt it to the role of bearing the weight of the body, except

.
(a) heavy bones

.
(b) strong and stable articulating surfaces

.
(c) the arrangement of bursae around the joints

.
(d) limited range of movement at some of the joints within the pelvic girdle

.
(e) the arrangement of ligaments surrounding the joints

.
12. The large foramen between the pubic and ischial rami is the

.
(a) foramen magnum

.
(b) suborbital foramen

.
(c) acetabulum

.
(d) obturator foramen

.
13. Which of the following is an adaption for childbearing?

.
(a) inferior angle of 100° or more between the pubic bones

.
(b) a relatively broad, low pelvis

.
(c) less curvature of the sacrum and coccyx

.
(d) a, b, and c are correct

.
14. The fibula

.
(a) forms an important part of the knee joint

.
(b) articulates with the femur

.
(c) helps to bear the weight of the body

.
(d) provides lateral stability to the ankle

.
(e) both (a) and (c)

.
15. The tarsal bone that accepts weight and distributes it to the heel or toes is the

.
(a) cuneiform

.
(b) calcaneus

.
(c) talus

.
(d) navicular

2.
16. What is the difference in skeletal structure between the pelvic girdle and the pelvis?

.
17. Jack injures himself playing hockey, and the physician who examines him informs him that he has dislocated his pollex. What part of Jack’s body did he injure?

.
(a) his arm (b) his leg

.
(c) his hip (d) his thumb

.
(e) his shoulder

3.
18. Why would an instructor teaching self-defense advise a student to strike an assailant’s clavicle in an attack?

.
19. The pelvis

.
(a) protects the upper abdominal organs

.
(b) contains bones from both the axial and appendicular skeleton

.
(c) is composed of the ossa coxae, sacrum, and coccyx

.
(d) all of the above

.
(e) (b) and (c) only

4.
20. Why is the tibia, but not the fibula, involved in the transfer of weight to the ankle and foot?

.
21. In determining the age of a skeleton, all of the following pieces of information would be helpful except

.
(a) the number of cranial sutures

.
(b) the size and roughness of the markings of the bones

.
(c) the presence or absence of fontanels

.
(d) the presence or absence of epiphyseal cartilages

.
(e) the types of minerals deposited in the bones

LEVEL 3 Critical Thinking and Clinical Applications

1.
22. Why would a person suffering from osteoporosis be more likely to suffer a broken hip than a broken shoulder?

2.
23. While Fred, a fireman, is fighting a fire in a building, part of the ceiling collapses, and a beam strikes him on his left shoulder. He is rescued, but has a great deal of pain in his shoulder. He cannot move his arm properly, especially in the anterior direction. His clavicle is not broken, and his humerus is intact. What is the probable nature of Fred’s injury?

3.
24. Archaeologists find the pelvis of a primitive human and are able to tell the sex, relative age, and some physical characteristics of the individual. How is this possible from only the pelvis?

TABLE 8–1 
Sex Differences in the Human Skeleton

Region and Feature 
Male (compared with female) 
Female (compared with male)

SKULL 



General appearance 
Heavier, rougher 
Lighter, smoother

Forehead 
More sloping 
More vertical

Sinuses 
Larger 
Smaller

Cranium 
About 10% larger (average) 
About 10% smaller

Mandible 
Larger, more robust 
Smaller, lighter

Teeth 
Larger 
Smaller

PELVIS 



General appearance 
Narrower, more robust, rougher 

Broader, lighter, smoother

Pelvic inlet 
Heart shaped 

Oval to round

Iliac fossa 
Deeper 

Shallower

Ilium 
More vertical; extends farther superior 
Less vertical; less extension superior to sacral articulation


to sacroiliac joint 

Angle inferior to pubic symphysis 
Under 90° 

100° or more (see Figure 8–10, p. 248)

Acetabulum 
Directed laterally 

Faces slightly anteriorly as well as laterally

Obturator foramen 
Oval 

Triangular

Ischial spine 
Points medially 

Points posteriorly

Sacrum 
Long, narrow triangle with pronounced 
Broad, short triangle with less curvature


sacral curvature 

Coccyx 
Points anteriorly 
Points inferiorly

OTHER SKELETAL ELEMENTS 



Bone weight 
Heavier 
Lighter

Bone markings 
More prominent 
Less prominent

TABLE 8–2 
Age-Related Changes in the Skeleton 

Region and Feature 
Event(s) 
Age (Years)

GENERAL SKELETON 



Bony matrix 
Reduction in mineral content; 
Begins at age 30–45; values differ for males versus


increased risk of osteoporosis 
females between ages 45 and 65; similar



reductions occur in both sexes after age 65

Markings 
Reduction in size, roughness 
Gradual reduction with increasing age and

decreasing muscular strength and mass

SKULL

Fontanels 
Closure 
Completed by age 2

Metopic suture 
Fusion 
2–8

Occipital bone 
Fusion of ossification centers 
1–4

Styloid process 
Fusion with temporal bone 
12–16

Hyoid bone 
Complete ossification and fusion 
25–30

Teeth 
Loss of “baby teeth”; appearance of secondary 
Detailed in Chapter 24 (digestive system)


dentition; eruption of permanent molars 

Mandible 
Loss of teeth; reduction in bone mass; change 
Accelerates in later years (60 )+


in angle at mandibular notch 

VERTEBRAE 



Curvature 
Development of major curves 
3 months–10 years

Intervertebral discs 
Reduction in size, percentage contribution 
Accelerates in later years (60 )+


to height 

LONG BONES 



Epiphyseal cartilages 
Fusion 
Begins about age 3; ranges vary, but general analysis



permits determination of approximate age

PECTORAL AND PELVIC GIRDLES 



Epiphyses 
Fusion 
Relatively narrow ranges of ages (e.g., 14–16, 16–18, 22–25)



increase accuracy of age estimates

.
• FIGURE 8–1 The Appendicular Skeleton. An anterior view of the skeleton, detailing the appendicular components. The numbers in the boxes indicate the total number of bones of each type or within each category. ATLAS: Plates 1a,b

.
• FIGURE 8–2 The Clavicle. (a) The position of the clavicle within the pectoral girdle, anterior view. (b) Superior and (c) inferior views of the right clavicle. Stabilizing ligaments attach to the conoid tubercle and the costal tuberosity. ATLAS: Plate 26a,b

.
• FIGURE 8–3 The Scapula. (a) Anterior, (b) lateral, and (c) posterior views of the right scapula. ATLAS: Plate 26a,b

.
• FIGURE 8–4 The Humerus. (a) The anterior and (b) posterior surfaces of the right humerus. ATLAS: Plates 31; 34a–d

.
• FIGURE 8–5 The Radius and Ulna. The right radius and ulna in (a) posterior and (b) anterior views. ATLAS: Plates 31; 35f; 36a,b

.
• FIGURE 8–6 Bones of the Wrist and Hand. (a) Anterior and (b) posterior views of the right hand. ATLAS: Plates 38a,b

.
• FIGURE 8–7 The Right Os Coxae. The left and right ossa coxae constitute the pelvic girdle.

.
• FIGURE 8–8 The Pelvis. The pelvis of an adult male. (See Figure 7–21, p. 231, for a detailed view of the sacrum and coccyx.)

.
• FIGURE 8–9 Divisions of the Pelvis. (a) The pelvic brim, pelvic inlet, and pelvic outlet. (b) The boundaries of the true (lesser) pelvis and the false (greater) pelvis. (c) The limits of the pelvic outlet.

.
• FIGURE 8–10 Anatomical Differences in the Pelvis of a Male and a Female. Representative pelvises of a male (a) and a female (b) in anterior view. Notice the much sharper pubic angle (indicated by the black arrows) and the smaller pelvic outlet (red arrows) in the pelvis of a male as compared with that of a female.

.
• FIGURE 8–11 The Femur. Bone markings on the right femur as seen from the (a) anterior and (b) posterior surfaces. ATLAS: Plates 32; 75a–d; 77

.
• FIGURE 8–12 The Right Patella

.
• FIGURE 8–13 The Tibia and Fibula. (a) Anterior and (b) posterior views of the right tibia and fibula. ATLAS: Plates 32; 80a,b; 83a,b

• FIGURE 8–14 Bones of the Ankle and Foot. ATLAS: Plates 32; 85a; 86a,c; 87a–c; 88
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