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In the last two chapters, you have become familiar with the individual bones of the skeleton. These bones provide strength, support, and protection for softer tissues of the body. However, your daily life demands more of the skeleton—it must also facilitate and adapt to body movements. Think of your activities in a typical day: You breathe, talk, walk, sit, stand, and change positions innumerable times. In each case, your skeleton is directly involved. Because the bones of the skeleton are relatively inflexible, movements can occur only at articulations, or joints, where two bones interconnect. The characteristic structure of a joint determines the type and amount of movement that may occur. Each joint reflects a compromise between the need for strength and the need for mobility.

This chapter compares the relationships between articular form and function. We will use several examples that range from the relatively immobile but very strong (the intervertebral articulations) to the highly mobile but relatively weak (the shoulder).

The Classification of Joints

Objectives

.
• Contrast the major categories of joints, and explain the relationship between structure and function for each category.

.
• Describe the basic structure of a synovial joint, and describe common accessory structures and their functions.

Two classification methods are used to categorize joints. The first—the one we will use in this chapter—is based on the amount of movement possible, a property known as the range of motion. Each functional group is further subdivided primarily on the basis of the anatomical structure of the joint (Table 9–1):

1. An immovable joint is a synarthrosis (sin-ar-THR¯O-sis; syn, together + arthros, joint). A synarthrosis can be fibrous or cartilaginous, depending on the nature of the connection. Over time, the two bones may fuse.

2. A slightly movable joint is an amphiarthrosis (am-f¯e-ar-THR¯O-sis; amphi, on both sides). An amphiarthrosis is either fibrous or cartilaginous, depending on the nature of the connection between the opposing bones.

3. A freely movable joint is a diarthrosis (dı-ar-THR -sis; dia, through), or synovial joint. Diarthroses are subdivided according to the nature of the movement permitted.

The second classification scheme relies solely on the anatomical organization of the joint, without regard to the degree of movement permitted. In this framework, joints are classified as bony fibrous cartilaginous ssynovial (Table 9–2)., or, ,

The two classifications are loosely correlated. Many anatomical patterns are seen among immovable or slightly movable joints, but there is only one type of freely movable joint—synovial joints—and all synovial joints are diarthroses. We will use the functional classification rather than the anatomical one because our primary interest is how joints work.

Synarthroses (Immovable Joints)

At a synarthrosis, the bony edges are quite close together and may even interlock. These extremely strong joints are located where movement between the bones must be prevented. There are four major types of synarthrotic joints:

1. Sutures. A suture (sutura, a sewing together) is a synarthrotic joint located only between the bones of the skull. The edges of the bones are interlocked and bound together at the suture by dense fibrous connective tissue.

2. Gomphoses. A gomphosis (gom-F¯O-sis; gomphosis, a bolting together) is a synarthrosis that binds the teeth to bony sockets in the maxillary bone and mandible. The fibrous connection between a tooth and its socket is a periodontal (per-¯e-¯o-DON-tal) ligament (peri, around + odontos, tooth).

3. Synchondroses. A synchondrosis (sin-kon-DR¯O-sis; syn, together + chondros, cartilage) is a rigid, cartilaginous bridge between two articulating bones. The cartilaginous connection between the ends of the first pair of vertebrosternal ribs and the sternum is a synchondrosis. Another example is the epiphyseal cartilage, which in a growing long bone connects the diaphysis to the epiphysis. lp. 189

4. Synostoses. A synostosis (sin-os-T¯O-sis) is a totally rigid, immovable joint created when two bones fuse and the boundary between them disappears. The metopic suture of the frontal bone and the epiphyseal lines of mature long bones are synostoses.

lpp. 213, 190

Amphiarthroses (Slightly Movable Joints)

An amphiarthrosis permits more movement than a synarthrosis, but is much stronger than a freely movable joint. The articulating bones are connected by collagen fibers or cartilage. There are two major types of amphiarthrotic joints:

1. At a syndesmosis (sin-dez-M¯O-sis; desmos, a band or ligament), bones are connected by a ligament. One example is the distal articulation between the tibia and fibula (see Figure 8–13•). lp. 251

2. At a symphysis, or symphyseal joint, the articulating bones are separated by a wedge or pad of fibrocartilage. The articulation between the bodies of vertebrae (at the intervertebral disc) and the connection between the two pubic bones (the pubic symphysis) are examples of symphyses.

Diarthroses (Freely Movable Joints)

¯

Diarthroses, or synovial (si-NO-ve¯-ul) joints, permit a wider range of motion than do other types of joints. They are typically located at the ends of long bones, such as those of the upper and lower limbs. A synovial joint (Figure 9–1•) is surrounded by a fibrous articular capsule, and a synovial membrane lines the walls of the articular cavity. This membrane does not cover the articulating surfaces within the joint. Recall that a synovial membrane consists of areolar tissue covered by an incomplete epithelial layer. The synovial fluid that fills the joint cavity originates in the areolar tissue of the synovial membrane. lp. 131 We will now consider the major features of synovial joints.

Articular Cartilages

Under normal conditions, the bony surfaces at a synovial joint cannot contact one another, because the articulating surfaces are covered by special articular cartilages. Articular cartilages resemble hyaline cartilages elsewhere in the body. lp. 126 However, articular cartilages have no perichondrium (the fibrous sheath described in Chapter 4), and the matrix contains more water than that of other cartilages.

The surfaces of the articular cartilages are slick and smooth. This feature alone can reduce friction during movement at the joint. However, even when pressure is applied across a joint, the smooth articular cartilages do not touch one another, because they are separated by a thin film of synovial fluid within the joint cavity (Figure 9–1a•). This fluid acts as a lubricant, minimizing friction.

Normal synovial joint function cannot continue if the articular cartilages are damaged. When such damage occurs, the matrix may begin to break down. The exposed surface will then change from a slick, smooth-gliding surface to a rough feltwork of bristly collagen fibers. This feltwork drastically increases friction at the joint.

Synovial Fluid

Synovial fluid resembles interstitial fluid, but contains a high concentration of proteoglycans secreted by fibroblasts of the synovial membrane. Even in a large joint such as the knee, the total quantity of synovial fluid in a joint is normally less than 3 ml. A clear, viscous solution with the consistency of heavy molasses, the synovial fluid within a joint has three primary functions:

1.
1. Lubrication. The articular cartilages behave like sponges filled with synovial fluid. When part of an articular cartilage is compressed, some of the synovial fluid is squeezed out of the cartilage and into the space between the opposing surfaces. This thin layer of fluid markedly reduces friction between moving surfaces, just as a thin film of water reduces friction between a car’s tires and a highway. When the compression stops, synovial fluid is sucked back into the articular cartilages.

2.
2. Nutrient Distribution. The synovial fluid in a joint must circulate continuously to provide nutrients and a waste-disposal route for the chondrocytes of the articular cartilages. It circulates whenever the joint moves, and the compression and reexpansion of the articular cartilages pump synovial fluid into and out of the cartilage matrix. As the synovial fluid flows through the areolar tissue of the synovial membrane, waste products are absorbed and additional nutrients are obtained by diffusion across capillary walls.

3.
3. Shock Absorption. Synovial fluid cushions shocks in joints that are subjected to compression. For example, your hip, knee, and ankle joints are compressed as you walk and are more severely compressed when you jog or run. When the pressure across a joint suddenly increases, the synovial fluid lessens the shock by distributing it evenly across the articular surfaces and outward to the articular capsule.

Accessory Structures

Synovial joints may have a variety of accessory structures, including pads of cartilage or fat, ligaments, tendons, and bursae (Figure 9–1b•).

Cartilages and Fat Pads In several joints, including the knee (see Figure 9–1b•), menisci and fat pads may lie between the opposing articular surfaces. A meniscus (me-NIS-kus; a crescent; plural, menisci) is a pad of fibrocartilage situated between opposing bones within a synovial joint. Menisci, or articular discs, may subdivide a synovial cavity, channel the flow of synovial fluid, or allow for variations in the shapes of the articular surfaces.

Fat pads are localized masses of adipose tissue covered by a layer of synovial membrane. They are commonly superficial to the joint capsule (see Figure 9–1b•). Fat pads protect the articular cartilages and act as packing material for the joint. When the bones move, the fat pads fill in the spaces created as the joint cavity changes shape.

Ligaments The capsule that surrounds the entire joint is continuous with the periostea of the articulating bones. Accessory ligaments support, strengthen, and reinforce synovial joints. Intrinsic ligaments, or capsular ligaments, are localized thickenings of the joint capsule. Extrinsic ligaments are separate from the joint capsule. These ligaments may be located either inside or outside the joint capsule, and are called intracapsular or extracapsular ligaments, respectively.

Ligaments are very strong. In a sprain, a ligament is stretched to the point at which some of the collagen fibers are torn, but the ligament as a whole survives and the joint is not damaged. With excessive force, one of the attached bones usually breaks before the ligament tears. In general, a broken bone heals much more quickly and effectively than does a torn ligament.

Tendons Although not part of the articulation itself, tendons passing across or around a joint may limit the joint’s range of motion and provide mechanical support for it. For example, tendons associated with the muscles of the arm provide much of the bracing for the shoulder joint.

Bursae

Bursae (BUR-s ; singular, bursa, a pouch) are small, fluid-filled pockets in connective tissue. They contain synovial fluid and are lined by a synovial membrane. Bursae may be connected to the joint cavity or separate from it. They form where a tendon or ligament rubs against other tissues. Located around most synovial joints, including the shoulder joint, bursae reduce friction and act as shock absorbers. Synovial tendon sheaths are tubular bursae that surround tendons where they cross bony surfaces. Bursae may also appear deep to the skin, covering a bone or lying within other connective tissues exposed to friction or pressure. Bursae that develop in abnormal locations, or because of abnormal stresses, are called adventitious bursae.

¯e
The pattern of stabilizing structures varies among joints. For example, the hip joint is stabilized by the shapes of the bones

Clinical Note

When bursae become inflamed, causing pain in the affected area whenever the tendon or ligament moves, the condition is called bursitis. Inflammation can result from the friction due to repetitive motion, pressure over the joint, irritation by chemical stimuli, infection, or trauma. Bursitis associated with repetitive motion typically occurs at the shoulder; musicians, golfers, baseball pitchers, and tennis players may develop bursitis there. The most common pressure-related bursitis is a bunion. Bunions form over the base of the great toe as a result of friction and distortion of the first metatarsophalangeal joint by tight shoes,

especially narrow shoes with pointed toes.

We have special names for bursitis at other locations, indicating the occupations most often associated with them. In “house-maid’s knee,” which accompanies prolonged kneeling, the affected bursa lies between the patella and the skin. The condition of “stu-dent’s elbow” is a form of bursitis that can result from propping your head up with your arm on a desk while you read your anatomy and physiology textbook.

Factors That Stabilize Joints

A joint cannot be both highly mobile and very strong. The greater the range of motion at a joint, the weaker it becomes. A synarthrosis, the strongest type of joint, permits no movement, whereas a diarthrosis, such as the shoulder, is far weaker but permits a broad range of movement. Any mobile diarthrosis will be damaged by movement beyond its normal range of motion. Several factors are responsible for limiting the range of motion, stabilizing the joint, and reducing the chance of injury:

.
•
The collagen fibers of the joint capsule and any accessory, extracapsular, or intracapsular ligaments.

.
•
The shapes of the articulating surfaces and menisci, which may prevent movement in specific directions.

.
•
The presence of other bones, skeletal muscles, or fat pads around the joint.

.
•
Tension in tendons attached to the articulating bones. When a skeletal muscle contracts and pulls on a tendon, movement in a specific direction may be either encouraged or opposed.

(the head of the femur projects into the acetabulum), a heavy capsule, intracapsular and extracapsular ligaments, tendons, and massive muscles. It is therefore very strong and stable. In contrast, the elbow, another stable joint, gains its stability primarily from the interlocking of the articulating bones; the capsule and associated ligaments provide additional support. In general, the more stable the joint, the more restricted is its range of motion. The shoulder joint, the most mobile synovial joint, relies only on the surrounding ligaments, muscles, and tendons for stability. It is thus fairly weak.

When reinforcing structures cannot protect a joint from extreme stresses, a dislocation, or luxation (luk-S¯A-shun), results. 
In a dislocation, the articulating surfaces are forced out of position. The displacement can damage the articular cartilages, tear ligaments, or distort the joint capsule. Although the inside of a joint has no pain receptors, nerves that monitor the capsule, ligaments, and tendons are quite sensitive, so dislocations are very painful. The damage accompanying a partial dislocation, or subluxation (sub-luk-S¯A-shun), is less severe. People who are “double jointed” have joints that are weakly stabilized. Although their joints permit a greater range of motion than do those of other individuals, they are more likely to suffer partial or complete dislocations.

Concept Check

✓ What common characteristics do typical synarthrotic and amphiarthrotic joints share? ✓ In a newborn infant, the large bones of the skull are joined by fibrous connective tissue. Which type of joints are these? The bones later grow, interlock, and form immovable joints. Which type of joints are these? ✓ Why would improper circulation of synovial fluid lead to the degeneration of articular cartilages in the affected joint?

Answers begin on p. A–1

Form and Function of Synovial Joints

Objectives

.
• Describe the dynamic movements of the skeleton.

.
• List the types of synovial joints, and discuss how the characteristic motions of each type are related to its anatomical structure.

To understand human movement, you must be aware of the relationship between structure and function at each articulation. To describe human movement, you need a frame of reference that enables accurate and precise communication. We can classify the synovial joints according to their anatomical and functional properties. To demonstrate the basis for that classification, we will use a simple model to describe the movements that occur at a typical synovial joint.

Describing Dynamic Motion

Take a pencil (or a pen) as your model, and stand it upright on the surface of a desk or table (Figure 9–2a•). The pencil represents a bone, and the desktop represents an articular surface. A little imagination and a lot of twisting, pushing, and pulling will demonstrate that there are only three ways to move the model. Considering them one at a time will provide a frame of reference for us to analyze complex movements:

Possible Movement 1: The pencil point can move. If you hold the pencil upright, without securing the point, you can push the pencil point across the surface. This kind of motion, gliding (Figure 9–2b•), is an example of linear motion. You could slide the point forward or backward, from side to side, or diagonally. However you move the pencil, the motion can be described by using two lines of reference (axes). One line represents forward–backward motion, the other left–right movement. For example, a simple movement along one axis could be described as “forward 1 cm” or “left 2 cm.” A diagonal movement could be described with both axes, as in “backward 1 cm and to the right 2.5 cm.”

Possible Movement 2: The pencil shaft can change its angle with the surface. With the tip held in position, you can move the free (eraser) end of the pencil forward and backward, from side to side, or at some intermediate angle. These movements, which change the angle between the shaft and the desktop, are examples of angular motion (Figure 9–2c•). We can describe such motion by the angle the pencil shaft makes with the surface.

Any angular movement can be described with reference to the same two axes (forward–backward, left–right) and the angular change (in degrees). In one instance, however, a special term is used to describe a complex angular movement. Grasp the pencil eraser and move the pencil in any direction until it is no longer vertical. Now swing the eraser through a complete circle (Figure 9–2d•). This movement, which corresponds to the path of your arm when you draw a large circle on a chalkboard, is very difficult to describe. Anatomists avoid the problem by using a special term, circumduction (sir-kum-DUK-shun; circum, around), for this type of angular motion.

Possible Movement 3: The pencil shaft can rotate. If you keep the shaft vertical and the point at one location, you can still spin the pencil around its longitudinal axis. This movement is called rotation (Figure 9–2e•). Several articulations permit partial rotation, but none can rotate freely. Such a movement would hopelessly tangle the blood vessels, nerves, and muscles that cross the joint.

¯e

An articulation that permits movement along only one axis is called monaxial (mon-AKS--ul). In the pencil model, if an articulation permits only angular movement in the forward–backward plane or prevents any movement other than rotation around its longitudinal axis, it is monaxial. If movement can occur along two axes, the articulation is biaxial (b -AKS--ul). If the pencil could undergo angular motion in the forward– backward and left–right planes, but not rotation, it would be biaxial. The most mobile joints permit a combination of angular movement and rotation. These joints are said to be triaxial (tr -AKS--ul).

ı Joints that permit gliding allow only small amounts of movement. These joints may be called nonaxial, because they permit only small sliding movements, or multiaxial, because sliding may occur in any direction.

Types of Movements at Synovial Joints

In descriptions of motion at synovial joints, phrases such as “bend the leg” or “raise the arm” are not sufficiently precise. Anatomists use descriptive terms that have specific meanings. We will consider these motions with reference to the basic categories of movement discussed previously: gliding, angular motion, and rotation.

Linear Motion (Gliding)

In gliding, two opposing surfaces slide past one another, as in possible movement 1. Gliding occurs between the surfaces of articulating carpal bones, between tarsal bones, and between the clavicles and the sternum. The movement can occur in almost any direction, but the amount of movement is slight, and rotation is generally prevented by the capsule and associated ligaments.

Angular Motion

Examples of angular motion include flexion, extension, abduction, adduction, and circumduction (Figure 9–3•). Descriptions of these movements are based on reference to an individual in the anatomical position. lp. 16

Flexion and Extension Flexion (FLEK-shun) is movement in the anterior–posterior plane that reduces the angle between the articulating elements. Extension occurs in the same plane, but it increases the angle between articulating elements (Figure 9–3a•).

These terms are usually applied to the movements of the long bones of the limbs, but they are also used to describe movements of the axial skeleton. For example, when you bring your head toward your chest, you flex the intervertebral joints of the neck. When you bend down to touch your toes, you flex the intervertebral joints of the spine. Extension reverses these movements, returning you to the anatomical position. When a person is in the anatomical position, all of the major joints of the axial and appendicular skeletons (except the ankle) are at full extension. (Special terms used to describe movements of the ankle joint are introduced shortly.)

Flexion of the shoulder joint or hip joint moves the limbs anteriorly, whereas extension moves them posteriorly. Flexion of the wrist joint moves the hand anteriorly, and extension moves it posteriorly. In each of these examples, extension can be continued past the anatomical position. Extension past the anatomical position is called hyperextension (see Figure 9–3a•). When you hyperextend your neck, you can gaze at the ceiling. Hyperextension of many joints, such as the elbow or the knee, is prevented by ligaments, bony processes, or soft tissues.

Abduction and Adduction Abduction (ab, from) is movement away from the longitudinal axis of the body in the frontal plane (Figure 9–3b•). For example, swinging the upper limb to the side is abduction of the limb. Moving it back to the anatomical position constitutes adduction (ad, to). Adduction of the wrist moves the heel of the hand and fingers toward the body, whereas abduction moves them farther away. Spreading the fingers or toes apart abducts them, because they move away from a central digit (Figure 9–3c•). Bringing them together constitutes adduction. (Fingers move toward or away from the middle finger; toes move toward or away from the second toe.) Abduction and adduction always refer to movements of the appendicular skeleton, not to those of the axial skeleton.

Circumduction We introduced a special type of angular motion, circumduction, in our model. Moving your arm in a loop is circumduction (Figure 9–3d•), as when you draw a large circle on a chalkboard. Your hand moves in a circle, but your arm does not rotate.

Rotation

Rotational movements are also described with reference to a figure in the anatomical position. Rotation of the head may involve left rotation or right rotation (Figure 9–4a•). Limb rotation may be described by reference to the longitudinal axis of the trunk. During medial rotation, also known as internal rotation or inward rotation, the anterior surface of a limb turns toward the long axis of the trunk (see Figure 9–4a•). The reverse movement is called lateral rotation, external rotation, or outward rotation.

The proximal articulation between the radius and the ulna permits rotation of the radial head. As the shaft of the radius rotates, the distal epiphysis of the radius rolls across the anterior surface of the ulna. This movement, called pronation (pr¯o-N¯A-shun), turns the wrist and hand from palm facing front to palm facing back (Figure 9–4b•). The opposing movement, in which the palm is turned anteriorly, is supination (soo-pi-N¯A-shun). The forearm is supinated in the anatomical position. This view makes it easier to follow the path of the blood vessels, nerves, and tendons, which rotate with the radius during pronation.

Special Movements

Several special terms apply to specific articulations or unusual types of movement (Figure 9–5•):

•
Inversion (in, into + vertere, to turn) is a twisting motion of the foot that turns the sole inward, elevating the medial edge of the sole. The opposite movement is called eversion (¯e-VER-zhun; e, out).

.
•
Dorsiflexion is flexion at the ankle joint and elevation of the sole, as when you dig in your heel. Plantar flexion (planta, sole), the opposite movement, extends the ankle joint and elevates the heel, as when you stand on tiptoe. However, it is also acceptable (and simpler) to use “flexion and extension at the ankle,” rather than “dorsiflexion and plantar flexion.”

.
•
Opposition is movement of the thumb toward the surface of the palm or the pads of other fingers. Opposition enables you to grasp and hold objects between your thumb and palm. It involves movement at the first carpometacarpal and metacarpophalangeal joints. Flexion at the fifth metacarpophalangeal joint can assist this movement.

.
•
Protraction entails moving a part of the body anteriorly in the horizontal plane. Retraction is the reverse movement. You protract your jaw when you grasp your upper lip with your lower teeth, and you protract your clavicles when you cross your arms.

.
•
Elevation and depression occur when a structure moves in a superior or an inferior direction, respectively. You depress your mandible when you open your mouth; you elevate your mandible as you close your mouth. Another familiar elevation occurs when you shrug your shoulders.

.
•
Lateral flexion occurs when your vertebral column bends to the side. This movement is most pronounced in the cervical and thoracic regions.

A Structural Classification of Synovial Joints

Synovial joints are described as gliding, hinge, pivot, ellipsoidal, saddle, or ball-and-socket joints on the basis of the shapes of the articulating surfaces. Each type of joint permits a different type and range of motion. Figure 9–6• lists the structural categories and the types of movement each permits.

.
•
Gliding joints, also called planar joints, have flattened or slightly curved faces. The relatively flat articular surfaces slide across one another, but the amount of movement is very slight. Although rotation is theoretically possible at such a joint, ligaments usually prevent or restrict such movement.

.
•
Hinge joints permit angular motion in a single plane, like the opening and closing of a door.

.
•
Pivot joints also are monaxial, but they permit only rotation.

.
•
In an ellipsoidal joint, or condyloid joint, an oval articular face nestles within a depression in the opposing surface. With such an arrangement, angular motion occurs in two planes: along or across the length of the oval.

.
•
Saddle joints, or sellaris joints, fit together like a rider in a saddle. Each articular face is concave along one axis and convex along the other. This arrangement permits angular motion, including circumduction, but prevents rotation.

.
•
In a ball-and-socket joint, the round head of one bone rests within a cup-shaped depression in another. All combinations of angular and rotational movements, including circumduction, can be performed at ball-and-socket joints.

100 Keys | A joint cannot be both highly mobile and very strong. The greater the mobility, the weaker the joint, because mobile joints rely on muscular and ligamentous support rather than solid bone-to-bone connections.

Concept Check

✓ When you do jumping jacks, which lower limb movements are necessary?

✓ Which movements are associated with hinge joints?

Answers begin on p. A–1

Representative Articulations

Objectives

.
• Describe the articulations between the vertebrae of the vertebral column.

.
• Describe the structure and function of the shoulder, elbow, hip, and knee joints.

.
• Explain the relationship between joint strength and mobility, using specific examples.

In this section, we consider representative articulations that demonstrate important functional principles.

Intervertebral Articulations

The articulations between the superior and inferior articular processes of adjacent vertebrae are gliding joints that permit small movements associated with flexion and rotation of the vertebral column (Figure 9–7•). Little gliding occurs between adjacent vertebral bodies. From axis to sacrum, the vertebrae are separated and cushioned by pads of fibrocartilage called intervertebral discs. Thus, the bodies of vertebrae form symphyseal joints. Intervertebral discs and symphyseal joints are found neither in the sacrum or coccyx, where vertebrae have fused, nor between the first and second cervical vertebrae. The first cervical vertebra has no vertebral body and no intervertebral disc; the only articulation between the first two cervical vertebrae is a pivot joint that permits much more rotation than do the symphyseal joints between other cervical vertebrae.

The Intervertebral Discs

Each intervertebral disc has a tough outer layer of fibrocartilage, the anulus fibrosus (AN¯

¯u -lus f -BR¯O-sus), a soft, elastic, gelatinous core (see Figure 9–7•). The nucleus pulposus gives the disc resiliency and enables it to absorb shocks.

ı The collagen fibers of this layer attach the disc to the bodies of adjacent vertebrae. The anulus fibrosus surrounds the nucleus pulposus (pul-P¯O-sus). 
Movement of the vertebral column compresses the nucleus pulposus and displaces it in the opposite direction. This displacement permits smooth gliding movements between vertebrae while maintaining their alignment. The discs make a significant contribution to an individual’s height: They account for roughly one-quarter the length of the vertebral column superior to the sacrum. As we grow older, the water content of the nucleus pulposus in each disc decreases. The discs gradually become less effective as cushions, and the chances of vertebral injury increase. Water loss from the discs also causes shortening of the vertebral column, accounting for the characteristic decrease in height with advancing age.

Intervertebral Ligaments

Numerous ligaments are attached to the bodies and processes of all vertebrae, binding them together and stabilizing the vertebral column (see Figure 9–7•). Ligaments interconnecting adjacent vertebrae include the following:

.
•
The anterior longitudinal ligament, which connects the anterior surfaces of adjacent vertebral bodies.

.
•
The posterior longitudinal ligament, which parallels the anterior longitudinal ligament and connects the posterior surfaces of adjacent vertebral bodies.

.
•
The ligamentum flavum (plural, ligamenta flava), which connects the laminae of adjacent vertebrae.

.
•
The interspinous ligament, which connects the spinous processes of adjacent vertebrae.

.
•
The supraspinous ligament, which interconnects the tips of the spinous processes from C7 to the sacrum. The ligamentum nuchae, which extends from vertebra C7 to the base of the skull, is continuous with the supraspinous ligament. lp. 228

If the posterior longitudinal ligaments are weakened, as often occurs with advancing age, the compressed nucleus pulposus may distort the anulus fibrosus, forcing it partway into the vertebral canal. This condition is called a slipped disc (Figure 9–8a•), although the disc does not actually slip. If the nucleus pulposus breaks through the anulus fibrosus, it too may protrude into the vertebral canal. This condition is called a herniated disc (Figure 9–8b•). When a disc herniates, sensory nerves are distorted, and the protruding mass can also compress the nerves passing through the adjacent intervertebral foramen. AM: Diagnosing and Treating Intervertebral Disc Problems

Vertebral Movements

The following movements can occur across the intervertebral joints of the vertebral column: (1) flexion, or bending anteriorly;

(2) extension, or bending posteriorly; (3) lateral flexion, or bending laterally; and (4) rotation. Table 9–3 summarizes information about intervertebral and other articulations of the axial skeleton.

Concept Check

✓ Which regions of the vertebral column do not contain intervertebral discs? Why is the absence of discs significant?

✓ Which vertebral movements are involved in (a) bending forward, (b) bending to the side, and (c) moving the head to signify “no”?

Answers begin on p. A–1

The Shoulder Joint

The shoulder joint, or glenohumeral joint, permits the greatest range of motion of any joint. Because it is also the most frequently dislocated joint, it provides an excellent demonstration of the principle that stability must be sacrificed to obtain mobility.

This joint is a ball-and-socket diarthrosis formed by the articulation of the head of the humerus with the glenoid cavity of the scapula (Figure 9–9a•). The extent of the glenoid cavity is increased by a fibrocartilaginous glenoid labrum (labrum, lip or edge), which continues beyond the bony rim and deepens the socket (Figure 9–9b•). The relatively loose articular capsule extends from the scapula, proximal to the glenoid labrum, to the anatomical neck of the humerus. Somewhat oversized, the articular capsule permits an extensive range of motion. The bones of the pectoral girdle provide some stability to the superior surface, because the acromion and coracoid process project laterally superior to the head of the humerus. However, most of the stability at this joint is provided by the surrounding skeletal muscles, with help from their associated tendons and various ligaments. Bursae reduce friction between the tendons and other tissues at the joint.

The major ligaments that help stabilize the shoulder joint are the glenohumeral, coracohumeral, coracoacromial, coracoclavicular, and acromioclavicular ligaments. The acromioclavicular ligament reinforces the capsule of the acromioclavicular joint and supports the superior surface of the shoulder. A shoulder separation is a relatively common injury involving partial or complete dislocation of the acromioclavicular joint. This injury can result from a blow to the superior surface of the shoulder. The acromion is forcibly depressed while the clavicle is held back by strong muscles.

The muscles that move the humerus do more to stabilize the shoulder joint than do all the ligaments and capsular fibers combined. Muscles originating on the trunk, pectoral girdle, and humerus cover the anterior, superior, and posterior surfaces of the capsule. The tendons of the supraspinatus, infraspinatus, subscapularis, and teres minor muscles reinforce the joint capsule and limit range of movement. These muscles, known as the muscles of the rotator cuff, are the primary mechanism for supporting the shoulder joint and limiting its range of movement. Damage to the rotator cuff typically occurs when individuals are engaged in sports that place severe strains on the shoulder. White-water kayakers, baseball pitchers, and quarterbacks are all at high risk for rotator cuff injuries.

The anterior, superior, and posterior surfaces of the shoulder joint are reinforced by ligaments, muscles, and tendons, but the inferior capsule is poorly reinforced. As a result, a dislocation caused by an impact or a violent muscle contraction is most likely to occur at this site. Such a dislocation can tear the inferior capsular wall and the glenoid labrum. The healing process typically leaves a weakness that increases the chances for future dislocations.

As at other joints, bursae at the shoulder reduce friction where large muscles and tendons pass across the joint capsule. The shoulder has a relatively large number of important bursae, such as the subacromial bursa, the subdeltoid bursa, the subcoracoid bursa, and the subscapular bursa (see Figure 9–9a,b•). A tendon of the biceps brachii muscle runs through the shoulder joint.

lp. 242 As it passes through the articular capsule, it is surrounded by a tubular bursa that is continuous with the joint cavity. Inflammation of any of these extracapsular bursae can restrict motion and produce the painful symptoms of bursitis (p. 262).

Anatomy 360 | Review the anatomy and function of the shoulder joint on the Anatomy 360 CD-ROM: Skeletal System/Syn-ovial Joints/Shoulder.

The Elbow Joint

The elbow joint is a complex hinge joint that involves the humerus, radius, and ulna (Figure 9–10•). The largest and strongest articulation at the elbow is the humeroulnar joint, where the trochlea of the humerus articulates with the trochlear notch of the ulna. This joint works like a door hinge, with physical limitations imposed on the range of motion. In the case of the elbow, the shape of the trochlear notch of the ulna determines the plane of movement, and the combination of the notch and the olecranon limits the degree of extension permitted. lp. 243 At the smaller humeroradial joint, the capitulum of the humerus articulates with the head of the radius.

Muscles that extend the elbow attach to the rough surface of the olecranon. These muscles are primarily under the control of the radial nerve, which passes along the radial groove of the humerus. lp. 242 The large biceps brachii muscle covers the anterior surface of the arm. Its tendon is attached to the radius at the radial tuberosity. Contraction of this muscle produces supination of the forearm and flexion at the elbow.

The elbow joint is extremely stable because (1) the bony surfaces of the humerus and ulna interlock, (2) a single, thick articular capsule surrounds both the humeroulnar and proximal radioulnar joints, and (3) the articular capsule is reinforced by strong ligaments. The radial collateral ligament stabilizes the lateral surface of the elbow joint (Figure 9–10b•). It extends between the lateral epicondyle of the humerus and the annular ligament, which binds the head of the radius to the ulna. The medial surface of the elbow joint is stabilized by the ulnar collateral ligament, which extends from the medial epicondyle of the humerus anteriorly to the coronoid process of the ulna and posteriorly to the olecranon (Figure 9–10a•).

Despite the strength of the capsule and ligaments, the elbow can be damaged by severe impacts or unusual stresses. For example, if you fall on your hand with a partially flexed elbow, contractions of muscles that extend the elbow may break the ulna at the center of the trochlear notch. Less violent stresses can produce dislocations or other injuries to the elbow, especially if epiphyseal growth has not been completed. For example, parents in a rush may drag a toddler along behind them exerting an upward, twisting pull on the elbow joint that can result in a partial dislocation known as nursemaid’s elbow.

Anatomy 360 | Review the anatomy and function of the elbow joint on the Anatomy 360 CD-ROM: Skeletal System/Syn-ovial Joints/Elbow.

Concept Check

✓ Which tissues or structures provide most of the stability for the shoulder joint?

✓ Would a tennis player or a jogger be more likely to develop inflammation of the subscapular bursa? Why?

✓ A football player received a blow to the upper surface of his shoulder, causing a shoulder separation. What does this mean?

✓ Terry suffers an injury to his forearm and elbow. After the injury, he notices an unusually large degree of motion between the radius and the ulna at the elbow. Which ligament did Terry most likely damage?

Answers begin on p. A–1

The Hip Joint

Table 9–4 summarizes information about the articulations of the appendicular skeleton.

The hip joint, or coxal joint, is a sturdy ball-and-socket diarthrosis that permits flexion and extension, adduction and abduction, circumduction, and rotation. Figure 9–11• introduces the structure of the hip joint. The acetabulum, a deep fossa, accommodates the head of the femur. lp. 249 Within the acetabulum, a fibrocartilage pad extends like a horseshoe to either side of the acetabular notch (Figure 9–11a•). The acetabular labrum, a projecting rim of fibrocartilage, increases the depth of the joint cavity.

The articular capsule of the hip joint is extremely dense and strong. It extends from the lateral and inferior surfaces of the pelvic girdle to the intertrochanteric line and intertrochanteric crest of the femur, enclosing both the head and neck of the femur. lp. 249 This arrangement helps keep the femoral head from moving too far from the acetabulum.

Four broad ligaments reinforce the articular capsule (see Figure 9–11•). Three of them—the iliofemoral, pubofemoral, and ischiofemoral ligaments—are regional thickenings of the capsule. The transverse acetabular ligament crosses the acetabular notch, filling in the gap in the inferior border of the acetabulum. A fifth ligament, the ligament of the femoral head, or ligamentum teres (teres, long and round), originates along the transverse acetabular ligament (see Figure 9–11a•) and attaches to the fovea capitis, a small pit at the center of the femoral head. lp. 249 This ligament tenses only when the hip is flexed and the thigh is undergoing lateral rotation. Much more important stabilization is provided by the bulk of the surrounding muscles, aided by ligaments and capsular fibers.

The combination of an almost complete bony socket, a strong articular capsule, supporting ligaments, and muscular padding makes the hip joint an extremely stable joint. The head of the femur is well supported, but the ball-and-socket joint is not directly aligned with the weight distribution along the shaft. Stress must be transferred at an angle from the joint, along the relatively thin femoral neck to the length of the femur. lp. 187 Fractures of the femoral neck or between the greater and lesser trochanters of the femur are more common than hip dislocations. As we noted in Chapter 6, however, hip fractures are relatively common in elderly individuals with severe osteoporosis. lp. 201

The Knee Joint

The hip joint passes weight to the femur, and the knee joint transfers the weight from the femur to the tibia. The shoulder is mobile; the hip, stable; and the knee. . .? If you had to choose one word, it would probably be “complicated.” Although the knee joint functions as a hinge, the articulation is far more complex than the elbow or even the ankle. The rounded condyles of the femur roll across the superior surface of the tibia, so the points of contact are constantly changing. The joint permits flexion, extension, and very limited rotation.

The knee joint contains three separate articulations: two between the femur and tibia (medial condyle to medial condyle, and lateral condyle to lateral condyle) and one between the patella and the patellar surface of the femur (Figure 9–12•).

The Articular Capsule and Joint Cavity

The articular capsule at the knee joint is thin and in some areas incomplete, but it is strengthened by various ligaments and the tendons of associated muscles. A pair of fibrocartilage pads, the medial and lateral menisci, lie between the femoral and tibial surfaces (Figures 9–1b•, p. 261, and 9–12c,d•). The menisci (1) act as cushions, (2) conform to the shape of the articulating surfaces as the femur changes position, and (3) provide lateral stability to the joint. Prominent fat pads cushion the margins of the joint and assist the many bursae in reducing friction between the patella and other tissues. AM: Knee Injuries

Supporting Ligaments

A complete dislocation of the knee is very rare, largely because seven major ligaments stabilize the knee joint:

1.
The tendon from the muscles responsible for extending the knee passes over the anterior surface of the joint (Figure 9–12a•). The patella is embedded in this tendon, and the patellar ligament continues to its attachment on the anterior surface of the tibia. The patellar ligament and two ligamentous bands known as the patellar retinaculae support the anterior surface of the knee joint.

2, 3. Two popliteal ligaments extend between the femur and the heads of the tibia and fibula (Figure 9–12b•). These ligaments reinforce the knee joint’s posterior surface.

4, 5. Inside the joint capsule, the anterior cruciate ligament (ACL) and posterior cruciate ligament (PCL) attach the intercondylar area of the tibia to the condyles of the femur (see Figure 9–12c,d•). Anterior and posterior refer to the sites of origin of these ligaments on the tibia. They cross one another as they proceed to their destinations on the femur. (The term cruciate is derived from the Latin word crucialis, meaning a cross.) The ACL and the PCL limit the anterior and posterior movement of the femur and maintain the alignment of the femoral and tibial condyles.

6, 7. The tibial collateral ligament reinforces the medial surface of the knee joint, and the fibular collateral ligament reinforces the lateral surface (see Figure 9–12•). These ligaments tighten only at full extension, the position in which they stabilize the joint.

At full extension, a slight lateral rotation of the tibia tightens the anterior cruciate ligament and jams the lateral meniscus between the tibia and femur. The knee joint is essentially locked in the extended position. With the joint locked, a person can stand for prolonged periods without using (and tiring) the muscles that extend the knee. Unlocking the knee joint requires muscular contractions that medially rotate the tibia or laterally rotate the femur. If the locked knee is struck from the side, the lateral meniscus can tear and the supporting ligaments can be seriously damaged.

The knee joint is structurally complex and is subjected to severe stresses in the course of normal activities. Painful knee injuries are all too familiar to both amateur and professional athletes. Treatment is often costly and prolonged, and repairs seldom make the joint “good as new.” AM: Arthroscopy and Joint Injuries

Anatomy 360 | Review the anatomy and function of the knee joint on the Anatomy 360 CD-ROM: Skeletal System/Syn-ovial Joints/Knee.

Concept Check

✓ Where would you find the following ligaments: iliofemoral ligament, pubofemoral ligament, and ischiofemoral ligament?

✓ What symptoms would you expect to see in an individual who has damaged the menisci of the knee joint?

✓ Why is “clergyman’s knee” (a type of bursitis) common among carpet layers and roofers?

Answers begin on p. A–1

Aging and Articulations

Objective

• Describe the effects of aging on articulations, and discuss the most common clinical problems that develop as a result.

Joints are subjected to heavy wear and tear throughout our lifetimes, and problems with joint function are relatively common, especially in older individuals. Rheumatism (ROO-muh-tizum) is a general term that indicates pain and stiffness affecting the skeletal system, the muscular system, or both. Several major forms of rheumatism exist. Arthritis (ar-THR -tis) encompasses all the rheumatic diseases that affect synovial joints. Arthritis always involves damage to the articular cartilages, but the specific cause can vary. For example, arthritis can result from bacterial or viral infection, injury to the joint, metabolic problems, or severe physical stresses.

¯I

Osteoarthritis (os-t¯e-¯o-ar-THR -tis), also known as degenerative arthritis or degenerative joint disease (DJD), generally affects individuals age 60 or older. Osteoarthritis can result from cumulative wear and tear at the joint surfaces or from genetic factors affecting collagen formation. In the U.S. population, 25 percent of women and 15 percent of men over age 60 show signs of this disease.

Rheumatoid arthritis is an inflammatory condition that affects roughly 2.5 percent of the adult population. At least some cases occur when the immune response mistakenly attacks the joint tissues. Such a condition, in which the body attacks its own tissues, is called an autoimmune disease. Allergies, bacteria, viruses, and genetic factors have all been proposed as contributing to or triggering the destructive inflammation.

In gouty arthritis, crystals of uric acid form within the synovial fluid of joints. The accumulation of crystals of uric acid over time eventually interferes with normal movement. This form of arthritis is named after the metabolic disorder known as gout, discussed further in Chapter 25. In gout, the crystals are derived from uric acid (a metabolic waste product), and the joint most often affected is the metatarsal–phalangeal joint of the great toe. Gout is relatively rare, but other forms of gouty arthritis are much more common—some degree of calcium salt deposition occurs in the joints in 30–60 percent of those over age 85. The cause is unknown, but the condition appears to be linked to age-related changes in the articular cartilages.

Regular exercise, physical therapy, and drugs that reduce inflammation (such as aspirin) can often slow the progress of osteoarthritis. Surgical procedures can realign or redesign the affected joint. In extreme cases involving the hip, knee, elbow, or shoulder, the defective joint can be replaced by an artificial one. AM: Rheumatism, Arthritis, and Synovial Function

Degenerative changes comparable to those seen in arthritis may result from joint immobilization. When motion ceases, so does the circulation of synovial fluid, and the cartilages begin to degenerate. Continuous passive motion (CPM) of any injured joint appears to encourage the repair process by improving the circulation of synovial fluid. The movement is often performed by a physical therapist or a machine during the recovery process.

With age, bone mass decreases and bones become weaker, so the risk of fractures increases. lp. 201 If osteoporosis develops, the bones may weaken to the point at which fractures occur in response to stresses that could easily be tolerated by normal bones. Hip fractures are among the most dangerous fractures seen in elderly people, with or without osteoporosis. These fractures, most often involving individuals over age 60, may be accompanied by hip dislocation or by pelvic fractures.

Although severe hip fractures are most common among those over age 60, in recent years the frequency of hip fractures has increased dramatically among young, healthy professional athletes. AM: Hip Fractures, Aging, and Arthritis

Integration with Other Systems

Although the bones you study in the lab may seem to be rigid and unchanging structures, the living skeleton is dynamic and undergoes continuous remodeling. The balance between osteoblast and osteoclast activity is delicate and subject to change at a mo-ment’s notice. When osteoblast activity predominates, bones thicken and strengthen; when osteoclast activity predominates, bones get thinner and weaker. The balance between bone formation and bone recycling varies with (1) the age of the individual, (2) the physical stresses applied to the bone, (3) circulating hormone levels, (4) rates of calcium and phosphorus absorption and excretion, and (5) genetic or environmental factors. Most of these variables involve some interaction between the skeletal system and other systems.

In fact, the skeletal system is intimately associated with other systems. For instance, the bones of the skeleton are attached to the muscular system, extensively connected to the cardiovascular and lymphatic systems, and largely under the physiological control of the endocrine system. The digestive and urinary systems also play important roles in providing the calcium and phosphate minerals needed for bone growth. In return, the skeleton represents a reserve of calcium, phosphate, and other minerals that can compensate for reductions in the dietary supply of those ions. Figure 9–13• reviews the components and functions of the skeletal system, and diagrams the major functional relationships between that system and other systems.

Clinical Patterns

Because the skeletal system is dependent on other systems, skeletal system disorders can reflect problems originating within the

skeletal system itself (such as bone tumors or inherited conditions affecting bone formation), or secondary problems that reflect changes in other systems. Rickets, a condition characterized by inadequate bone mineralization lp. 161, is an example of a skeletal problem that develops when other systems—especially the integumentary system and the digestive system—fail to function normally.

The Applications Manual considers the diagnosis and treatment of major conditions affecting the skeletal system.

Chapter Review Selected Clinical Terminology

arthritis: A group of rheumatic diseases that affect synovial joints. Arthritis always involves damage to the articular cartilages, but the specific cause can vary. The diseases of arthritis are usually classified as either degenerative or inflammatory. (p. 278 and [AM])

bunion: The most common pressure-related bursitis, involving a tender nodule formed around bursae over the base of the great toe.

(p. 262) bursitis: An inflammation of a bursa, causing pain whenever the associated tendon or ligament moves. (p. 262) continuous passive motion (CPM): A therapeutic procedure involving the passive movement of an injured joint to stimulate the circulation of synovial fluid. The goal is to prevent degeneration of the articular cartilages. (p. 278 and [AM])

herniated disc: A condition caused by intervertebral compression severe enough to rupture the anulus fibrosus and release the nucleus pulposus, which may protrude beyond the intervertebral space. (p. 270)

luxation: A dislocation; a condition in which the articulating surfaces are forced out of position. (p. 262)

osteoarthritis (degenerative arthritis or degenerative joint disease, DJD): An arthritic condition resulting from either cumulative wear and tear on joint surfaces or a genetic predisposition. In the U.S. population, 25 percent of women and 15 percent of men over age 60 show signs of this disease. (p. 278 and [AM])

rheumatism: A general term that indicates pain and stiffness affecting the skeletal system, the muscular system, or both. (p. 278 and [AM])

rheumatoid arthritis: An inflammatory arthritis that affects roughly 2.5 percent of the adult U.S. population. The cause is uncertain, although allergies, bacteria, viruses, and genetic factors have all been proposed. The primary symptom is synovitis—swelling and inflammation of the synovial membrane. (p. 278 and [AM])

shoulder separation: The partial or complete dislocation of the acromioclavicular joint. (p. 272) slipped disc: A common name for a condition caused by the distortion of an intervertebral disc. The distortion applies pressure to spinal nerves, causing pain and limiting range of motion. (p. 270) sprain: A condition in which a ligament is stretched to the point at which some of the collagen fibers are torn. The ligament remains functional, and the structure of the joint is not affected. (p. 262) subluxation: A partial dislocation; the displacement of articulating surfaces sufficient to cause discomfort, but resulting in less physical damage to the joint than occurs during a dislocation. (p. 262)

Study Outline

The Classification of Joints p. 259

1.
1.
Articulations (joints) exist wherever two bones interconnect.

2.
2.
Immovable joints are synarthroses; slightly movable joints are amphiarthroses; and joints that are freely movable are called diarthroses or synovial joints. (Table 9–1)

3.
3.
Alternatively, joints are classified structurally, as bony, fibrous, cartilaginous, or synovial. (Table 9–2)

Synarthroses (Immovable Joints) p. 260

4.
The four major types of synarthroses are a suture (skull bones bound together by dense connective tissue), a gomphosis (teeth bound to bony sockets by periodontal ligaments), a synchondrosis (two bones joined by a rigid cartilaginous bridge), and a synostosis (two bones completely fused).

Amphiarthroses (Slightly Movable Joints) p. 260

5.
The two major types of amphiarthroses are a syndesmosis (bones connected by a ligament) and a symphysis (bones separated by fibrocartilage).

Diarthroses (Freely Movable Joints) p. 260

1.
6.
The bony surfaces at diarthroses are enclosed within an articular capsule, covered by articular cartilages, and lubricated by synovial fluid.

2.
7.
Other synovial structures include menisci, or articular discs; fat pads; accessory ligaments; and bursae. (Figure 9–1)

3.
8.
A dislocation occurs when articulating surfaces are forced out of position.

Form and Function of Synovial Joints p. 263 Describing Dynamic Motion p. 263

1.
1.
The possible types of articular movements are linear motion (gliding), angular motion, and rotation. (Figure 9–2)

2.
2.
Joints are called monaxial, biaxial, or triaxial, depending on the planes of movement they allow.

Types of Movements at Synovial Joints p. 264

1.
3.
In gliding, two opposing surfaces slide past one another.

2.
4.
Important terms that describe angular motion are flexion, extension, hyperextension, abduction, adduction, and circumduction.

(Figure 9–3)

1.
5.
Rotational movement can be left or right, medial (internal) or lateral (external), or, in the bones of the forearm, pronation or supination. (Figure 9–4)

2.
6.
Movements of the foot include inversion and eversion. The ankle undergoes flexion and extension, also known as dorsiflexion and plantar flexion, respectively. (Figure 9–5)

3.
7.
Opposition is the thumb movement that enables us to grasp objects. (Figure 9–5)

4.
8.
Protraction involves moving something anteriorly; retraction involves moving it posteriorly. Depression and elevation occur when we move a structure inferiorly and superiorly, respectively. Lateral flexion occurs when the vertebral column bends to one side.

(Figure 9–5)

A Structural Classification of Synovial Joints p. 267

1.
9.
Gliding joints permit limited movement, generally in a single plane. (Figure 9–6)

2.
10. Hinge joints are monaxial joints that permit only angular movement in one plane. (Figure 9–6)

3.
11. Pivot joints are monaxial joints that permit only rotation. (Figure 9–6)

4.
12. Ellipsoidal joints are biaxial joints with an oval articular face that nestles within a depression in the opposing articular surface.

(Figure 9–6)

1.
13. Saddle joints are biaxial joints with articular faces that are concave on one axis and convex on the other. (Figure 9–6)

2.
14. Ball-and-socket joints are triaxial joints that permit rotation as well as other movements. (Figure 9–6)

100 Keys | p. 267

Representative Articulations p. 269 Intervertebral Articulations p. 269

1.
The articular processes of vertebrae form gliding joints with those of adjacent vertebrae. The bodies form symphyseal joints that are separated and cushioned by intervertebral discs, which contain an outer anulus fibrosus and an inner nucleus pulposus. Several ligaments stabilize the vertebral column. (Figures 9–7, 9–8; Summary Table 9–3)

The Shoulder Joint p. 272

2.
The shoulder joint, or glenohumeral joint, is formed by the glenoid cavity and the head of the humerus. This articulation permits the greatest range of motion of any joint. It is a ball-and-socket diarthrosis with various stabilizing ligaments. Strength and stability are sacrificed in favor of mobility. (Figure 9–9; Summary Table 9–4)

Anatomy 360 | Skeletal System/Synovial Joints/Shoulder

The Elbow Joint p. 273

3.
The elbow joint permits only flexion–extension. It is a hinge diarthrosis whose capsule is reinforced by strong ligaments. (Figure 9–10; Summary Table 9–4)

Anatomy 360 | Skeletal System/Synovial Joints/Elbow

The Hip Joint p. 274

4.
The hip joint is a ball-and-socket diarthrosis formed by the union of the acetabulum with the head of the femur. The joint permits flexion–extension, adduction–abduction, circumduction, and rotation; it is stabilized by numerous ligaments. (Figure 9–11; Summary Table 9–4)

The Knee Joint p. 276

5.
The knee joint is a hinge joint formed by the union of the condyles of the femur with the superior condylar surfaces of the tibia. The joint permits flexion–extension and limited rotation, and it has various supporting ligaments. (Figure 9–12; Summary Table 9–4)

Anatomy 360 | Skeletal System/Synovial Joints/Knee

Aging and Articulations p. 278

1.
Problems with joint function are relatively common, especially in older individuals. Rheumatism is a general term for pain and stiffness affecting the skeletal system, the muscular system, or both; several major forms exist. Arthritis encompasses all the rheumatic diseases that affect synovial joints. Both conditions become increasingly common with age.

Integration with Other Systems p. 278

1.
The skeletal system interacts extensively with the muscular, cardiovascular, lymphatic, digestive, urinary, and endocrine systems.

(Figure 9–13)

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.
A synarthrosis located between the bones of the skull is a

.
(a) symphysis (b) syndesmosis

.
(c) synchondrosis (d) suture

2.
The articulation between adjacent vertebral bodies is a

.
(a) syndesmosis (b) symphysis

.
(c) synchondrosis (d) synostosis

3.
The anterior articulation between the two pubic bones is a

.
(a) synchondrosis (b) synostosis

.
(c) symphysis (d) synarthrosis

4. Joints typically located between the ends of adjacent long bones are

.
(a) synarthroses (b) amphiarthroses

.
(c) diarthroses (d) symphyses

5. The function of the articular cartilage is

.
(a) to reduce friction

.
(b) to prevent bony surfaces from contacting one another

.
(c) to provide lubrication

.
(d) a and b are correct

6. Which of the following is not a function of synovial fluid?

.
(a) shock absorption

.
(b) nutrient distribution

.
(c) maintenance of ionic balance

.
(d) lubrication of the articular surfaces

.
(e) waste disposal

7. The structures that limit the range of motion of a joint and provide mechanical support across or around the joint are

.
(a) bursae (b) tendons

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

8. A partial dislocation of an articulating surface is a

.
(a) circumduction (b) hyperextension

.
(c) subluxation (d) supination

9. Abduction and adduction always refer to movements of the

.
(a) axial skeleton (b) appendicular skeleton

.
(c) skull (d) vertebral column

10. Rotation of the forearm that makes the palm face posteriorly is

.
(a) supination (b) pronation

.
(c) proliferation (d) projection

11. A saddle joint permits _____ movement but prevents _____ movement.

.
(a) rotational, gliding (b) angular, linear

.
(c) linear, rotational (d) angular, rotational

12. Standing on tiptoe is an example of _____ at the ankle.

.
(a) elevation (b) flexion

.
(c) extension (d) retraction

13. Examples of monaxial joints, which permit angular movement in a single plane, are the

.
(a) intercarpal and intertarsal joints

.
(b) shoulder and hip joints

.
(c) elbow and knee joints

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

14. Decreasing the angle between bones is termed

.
(a) flexion (b) extension

.
(c) abduction (d) adduction

.
(e) hyperextension

15. Movements that occur at the shoulder and the hip represent the actions that occur at a _____ joint.

.
(a) hinge (b) ball-and-socket

.
(c) pivot (d) gliding

16. The anulus fibrosus and nucleus pulposus are structures associated with the

.
(a) intervertebral discs (b) knee and elbow

.
(c) shoulder and hip (d) carpal and tarsal bones

17. Subacromial, subcoracoid, and subscapular bursae reduce friction in the _____ joint.

.
(a) hip (b) knee

.
(c) elbow (d) shoulder

18. Although the knee joint is only one joint, it resembles _____ separate joints

(a) 2 (b) 3 (c) 4 (d) 5 (e) 6

LEVEL 2 Reviewing Concepts

19. The hip is an extremely stable joint because it has

.
(a) a complete bony socket

.
(b) a strong articular capsule

.
(c) supporting ligaments

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

20. Dislocations involving synovial joints are usually prevented by all of the following except

.
(a) structures such as a ligaments that stabilize

and support the joint

.
(b) the position of bursae that limits the degree

of movement

.
(c) the presence of other bones that prevent certain movements

.
(d) the position of muscles and fat pads that limit the degree of movement

.
(e) the shape of the articular surface

1.
21. How does a meniscus (articular disc) function in a joint?

2.
22. Partial or complete dislocation of the acromioclavicular joint is called a(n) _____.

3.
23. How do articular cartilages differ from other cartilages in the body?

4.
24. Differentiate between a slipped disc and a herniated disc.

5.
25. How would you explain to your grandmother the characteristic decrease in height with advancing age?

6.
26. The abnormal fusion of bones in a joint as the result of disease or damage is termed _____.

7.
27. List the six different types of diarthroses and give an example of each.

LEVEL 3 Critical Thinking and Clinical Applications

1.
28. While playing tennis, Dave “overturns” his ankle. He experiences swelling and pain. After being examined, he is told that he has no torn ligaments and that the structure of the ankle is not affected. On the basis of the symptoms and the examination results, what happened to Dave’s ankle?

2.
29. Joe injures his knee during a football practice such that the synovial fluid in the knee joint no longer circulates. The physician who examines him tells him that they have to reestablish circulation of the synovial fluid before the articular cartilages become damaged. Why?

3.
30. When playing a contact sport, which injury would you expect to occur more frequently, a dislocated shoulder or a dislocated hip? Why?

TABLE 9–1 A Functional Classification of Articulations

Functional Category 
Structural Category and Type 
Description 
Example(s)

Synarthrosis 
Fibrous 



(no movement) 

Suture 
Fibrous connections plus 
Between the bones of the skull



interlocking projections 

Gomphosis 
Fibrous connections plus 
Between the teeth and jaws



insertion in alveolar process 


Cartilaginous 



Synchondrosis 
Interposition of cartilage plate 
Epiphyseal cartilages


Bony fusion 



Synostosis 
Conversion of other articular 
Portions of the skull, epiphyseal lines



form to a solid mass of bone 

Amphiarthrosis Fibrous (little movement) Syndesmosis Ligamentous connection Between the tibia and fibula

Cartilaginous

Symphysis Connection by a fibrocartilage pad Between right and left pubic bones of pelvis; between adjacent vertebral bodies along vertebral column

Diarthrosis Synovial Complex joint bounded by joint Numerous; subdivided by range (free movement) capsule and containing of movement (see Figure 9–6)

synovial fluid Monaxial Permits movement in one plane Elbow, ankle Biaxial Permits movement in two planes Ribs, wrist Triaxial Permits movement in all three planes Shoulder, hip

TABLE 9–2 A Structural Classification of Articulations

Structural Category
Structural Type Functional Category

Bony fusion
Synostosis Synarthrosis

Fibrous joint
Suture Synarthrosis Gomphosis Synarthrosis Syndesmosis Amphiarthrosis

Cartilaginous joint
Synchondrosis Synarthrosis Symphysis Amphiarthrosis

Monaxial Synovial joint Biaxial r Diarthroses Triaxial

| SUMMARY TABLE 9–3 | ARTICULATIONS OF THE AXIAL SKELETON

Element Joint
Type of Articulation Movement(s)

SKULL

Cranial and facial Various

bones of skull

Maxillary bone/teeth Alveolar

and mandible/teeth

Temporal bone/mandible Temporomandibular

VERTEBRAL COLUMN Occipital bone/atlas Atlanto-occipital

Atlas/axis Atlanto-axial

Other vertebral elements Intervertebral (between vertebral bodies)

Intervertebral (between articular processes)

L5/sacrum Between L5 body and sacral body

Between inferior articular processes of L5 and articular processes

of sacrum

Sacrum/os coxae Sacroiliac

Sacrum/coccyx Sacrococcygeal

Coccygeal bones

THORACIC CAGE

Bodies of T1–T12 Costovertebral

and heads of ribs

Transverse processes Costovertebral

of T1–T10

Ribs and costal

cartilages

Sternum and first Sternocostal (1st) costal cartilage

Sternum and costal Sternocostal

cartilages 2–7 (2nd–7th)

* Commonly converts to synchondrosis in elderly individuals.

| SUMMARY TABLE 9–4 | ARTICULATIONS OF THE APPENDICULAR SKELETON

Element Joint ARTICULATIONS OF THE PECTORAL GIRDLE AND UPPER LIMB

Synarthroses (suture None

or synostosis)

Synarthrosis (gomphosis) None

Combined gliding joint Elevation, depression, and hinge diarthrosis and lateral gliding

Ellipsoidal diarthrosis Flexion/extension

Pivot diarthrosis Rotation

Amphiarthrosis Slight movement (symphysis)

Gliding diarthrosis Slight rotation and flexion/extension

Amphiarthrosis Slight movement (symphysis) Gliding diarthrosis Slight flexion/extension

Gliding diarthrosis Slight movement

Gliding diarthrosis Slight movement (may become fused)

Synarthrosis (synostosis) No movement

Gliding diarthrosis Slight movement

Gliding diarthrosis Slight movement

Synarthrosis No movement (synchondrosis)

Synarthrosis No movement (synchondrosis)

Gliding diarthrosis* Slight movement

Type of Articulation Movements

Sternum/clavicle 
Sternoclavicular 
Gliding diarthrosis* 
Protraction/retraction, elevation/depression,



slight rotation

Scapula/clavicle 
Acromioclavicular 
Gliding diarthrosis 
Slight movement

Scapula/humerus 
Shoulder, 
Ball-and-socket 
Flexion/extension, adduction/abduction,


or glenohumeral 
diarthrosis 
circumduction, rotation

Humerus/ulna 
Elbow (humeroulnar 
Hinge diarthrosis 
Flexion/extension

and humerus/radius 
and humeroradial) 



Radius/ulna 
Proximal radioulnar 
Pivot diarthrosis 
Rotation


Distal radioulnar 
Pivot diarthrosis 
Pronation/supination

Radius/carpal bones 
Radiocarpal 
Ellipsoidal diarthrosis 
Flexion/extension, adduction/abduction,



circumduction

Carpal bone 
Intercarpal 
Gliding diarthrosis 
Slight movement

to carpal bone 



Carpal bone to 
Carpometacarpal 
Saddle diarthrosis 
Flexion/extension, 
adduction/abduction,

metacarpal bone (I) 
of thumb 

circumduction, opposition

Carpal bone to 
Carpometacarpal 
Gliding diarthrosis 
Slight flexion/extension,

metacarpal bone (II–V) 


adduction/abduction

Metacarpal bone 
Metacarpophalangeal 
Ellipsoidal diarthrosis 
Flexion/extension, adduction/abduction,

to phalanx 


circumduction

Phalanx/phalanx 
Interphalangeal 
Hinge diarthrosis 
Flexion/extension

ARTICULATIONS OF THE PELVIC GIRDLE AND LOWER LIMB 



Sacrum/ilium of os coxae 
Sacroiliac 
Gliding diarthrosis 
Slight movement

Os coxae/os coxae 
Pubic symphysis 
Amphiarthrosis 
None†


(symphysis) 


Os coxae/femur 
Hip 
Ball-and-socket 
Flexion/extension, adduction/abduction,




diarthrosis 
circumduction, rotation

Femur/tibia 
Knee 
Complex, functions 
Flexion/extension, 



as hinge 
limited rotation 


Tibia/fibula 
Tibiofibular (proximal) 
Gliding diarthrosis 
Slight movement



Tibiofibular (distal) 
Gliding diarthrosis 
Slight movement


and amphiarthrotic 


syndesmosis 

Tibia and fibula with talus 
Ankle, or talocrural 
Hinge diarthrosis 
Flexion/extension



(dorsiflexion/plantar



flexion)

Tarsal bone to tarsal bone 
Intertarsal 
Gliding diarthrosis 
Slight movement

Tarsal bone to metatarsal 
Tarsometatarsal 
Gliding diarthrosis 
Slight movement

bone 



Metatarsal bone to phalanx 
Metatarsophalangeal 
Ellipsoidal diarthrosis 
Flexion/extension, adduction/abduction

Phalanx/phalanx 
Interphalangeal 
Hinge diarthrosis 
Flexion/extension

* A “double gliding joint,” with two joint cavities separated by an articular cartilage. 



† During pregnancy, hormones weaken the symphysis and permit movement important to childbirth; see Chapter 29.

.
• FIGURE 9–1 The Structure of a Synovial Joint. (a) A diagrammatic view of a simple articulation. (b) A simplified sectional view of the knee joint.

.
• FIGURE 9–2 A Simple Model of Articular Motion

.
• FIGURE 9–3 Angular Movements. The red dots indicate the locations of the joints involved in the movements illustrated.

.
• FIGURE 9–4 Rotational Movements

.
• FIGURE 9–5 Special Movements

.
• FIGURE 9–6 A Functional Classification of Synovial Joints

.
• FIGURE 9–7 Intervertebral Articulations. ATLAS: Plates 20b; 23c

.
• FIGURE 9–8 Damage to the Intervertebral Discs. (a) A lateral view of the lumbar region of the spinal column, showing a distorted intervertebral disc (a “slipped” disc). (b) A sectional view through a herniated disc, showing the release of the nucleus pulposus and its effect on the spinal cord and adjacent spinal nerves.

.
• FIGURE 9–9 The Shoulder Joint. (a) A sectional view showing major structural features. (b) A lateral view of the shoulder joint with the humerus removed. ATLAS: Plate 27d

.
• FIGURE 9–10 The Elbow Joint. The right elbow joint. (a) A medial view, showing ligaments that stabilize the joint. (b) A lateral view. ATLAS: Plates 35a–g

.
• FIGURE 9–11 The Hip Joint. The right hip joint.

(a) A lateral view with the femur removed. (b) An anterior view. (c) A posterior view, showing additional ligaments that add strength to the capsule. ATLAS: Plates 71a,b; 72a

.
• FIGURE 9–12 The Knee Joint. The right knee. Superficial anterior (a) and posterior (b) views of the extended knee joint. (c) A deep posterior view, at full extension. (d) An anterior view, at full flexion. ATLAS: Plates 78a–i; 79a,b; 80a,b

.
• FIGURE 9–13 Functional Relationships between the Skeletal System and Other Systems

CH09.doc  41

