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Detailed Chapter Summary
Chapter 10, The Muscular System—Introduction
10.1 Muscle Types and Functions (p. 236)

1. Myology is the study of the muscular system. The term muscular system refers only to skeletal muscles. 

2. Skeletal muscle is voluntary striated muscle that is usually attached to bones. Its long slender cells are called muscle fibers. Cardiac muscle is involuntary striated muscle. Its cells are shaped like short logs with notched ends, and are called myocytes or cardiocytes. Smooth muscle is involuntary nonstriated muscle. Its cells, also called myocytes, are fusiform in shape.

3. Muscular tissue serves for movement, stability of the body, control of body passages and openings, heat production, and glycemic control.

4. Muscle cells have five properties that enable them to carry out their functions: excitability, conductivity, contractility, extensibility, and elasticity.

10.2 General Anatomy of Muscles (p. 237)

1. A skeletal muscle is composed of muscular tissue, connective tissue, nervous tissue, and blood vessels.

2. The connective tissues of a muscle include a thin endomysium around each muscle fiber, a thicker perimysium that binds fibers into bundles called fascicles, and an epimysium that surrounds the entire muscle. Connective tissue sheets called fasciae separate neighboring muscles from each other and from the skin, and separate muscles into functional groups or compartments.
3. The strength of a muscle and direction of its pull are determined partly by the orientation of its fascicles. Muscles are classified into categories according to fascicle orientation: fusiform, parallel, triangular, pennate, and circular.

4. Some muscles have an indirect attachment to bone in which a fibrous tendon spans the distance between the muscular tissue and bone. Some tendons are flat sheets called aponeuroses. Other muscles have a direct attachment in which the muscle fibers extend nearly to the bone surface and the connective tissues of the muscle are continuous with the periosteum. 

5. Most skeletal muscles attach to a different bone at each end, span at least one joint, and move one bone relative to another. The muscle attachment at the stationary end is called its origin, the attachment at the moving end is called the insertion, and the thicker midregion of the muscle is its belly. The moving and stationary ends, however, may be reversed in different actions of the same muscle.

6. Some muscle insertions are on the fascia or tendon of another muscle or on collagen fibers of the dermis rather than on bones.

7. The effect produced by a muscle is called its action. Muscles work in functional groups that act on a single joint with different effects. In a given joint movement, a prime mover is the muscle that produces most of the force; a synergist is a muscle that aids the prime mover by adding power, stabilizing a joint, or modifying the direction of joint movement; an antagonist is a muscle that opposes the prime mover (such as an extensor that opposes a flexor); and a fixator is a muscle that holds a bone still.

8. Intrinsic muscles have both their origin and insertion within a specified region such as the head or hand; extrinsic muscles have their origin outside of a specified region, and they or their tendons extend into that region, such as muscles of the forearm whose tendons extend into the hand.

9. Many bones, especially long bones, act as levers when moved by the muscles. An effort is applied at one point on a lever to overcome a load (resistance) located at some other point; the lever rotates around a fixed fulcrum. The part of the lever from the fulcrum to the point of effort is the effort arm, and the part from the fulcrum to the load or point of resistance is the resistance arm.
10. Levers produce a gain in the speed, distance, or force of a movement. The ratio of the length of the effort arm to the length of the resistance arm is called the mechanical advantage (MA) of a lever. If MA > 1, a lever produces more force, but less speed or distance, than the force applied to it. If MA < 1, it produces a gain in speed or distance but exerts less force than the effort applied to it. When two or more muscles span and move the same joint, they may differ in MA and therefore in the qualities of the movement they produce. 

11. A first-class lever has the effort at one end, resistance at the other end, and the fulcrum between the effort and resistance, as in a crowbar or the atlanto–occipital joint of the neck. A second-class lever has the fulcrum at one end, effort applied at the other end, and the load or resistance between the fulcrum and effort, as in a wheelbarrow or in the way the mandible behaves as the mouth is opened. A third-class lever is one with the fulcrum at one end, the resistance at the other end, and the effort applied between the fulcrum and resistance, as in a canoe paddle or the action of the biceps brachii muscle on the forearm.

10.3 Microscopic Anatomy of Skeletal Muscle (p. 244)

1. The key to understanding muscle contraction lies in the microscopic structure of individual skeletal muscle cells (muscle fibers). 

2. A muscle fiber is a long, slender cell with multiple nuclei just inside the plasma membrane (sarcolemma). The sarcolemma extends inward as tunnel-like transverse (T) tubules that cross the cell and open to the surface on both sides. The cytoplasm (sarcoplasm) is occupied mainly by myofibrils, which are threadlike bundles of protein filaments. Between the myofibrils, the muscle fiber has an abundance of mitochondria and smooth endoplasmic reticulum (ER); in muscle cells, the latter is called the sarcoplasmic reticulum. The cytoplasm also contains an abundance of glycogen (an energy-storage carbohydrate) and myoglobin (an oxygen-binding protein).

3. The sarcoplasmic reticulum, forms an extensive branching network amid the myofibrils and has dilated terminal cisternae flanking each T tubule. It is a reservoir of calcium ions and has gated channels that can release a flood of calcium into the cytosol.

4. Each myofibril is a bundle of protein myofilaments. There are three kinds of myofilaments: thick filaments composed of a motor protein called myosin; thin filaments composed mainly of actin, but also containing the regulatory proteins tropomyosin and troponin; and elastic filaments composed of the protein titin.

5. Elastic filaments keep the thick and thin filaments aligned with each other, resist overstretching of a muscle, and aid in recoil of a muscle to its resting length. The work of contraction is carried out by the thick and thin filaments.

6. Several accessory proteins play various roles in sarcomere organization and function. Dystrophin is particularly important in linking the thin filaments to the sarcolemma and, indirectly, to extracellular proteins, thus transferring the force of sarcomere shortening to a shortening of the entire cell and to a pull on the extracellular connective tissues.

7. In striated (skeletal and cardiac) muscle, myosin and actin are organized in such a way that they overlap and produce alternating dark A bands and light I bands that repeat at regular intervals along the length of the cell. These bands are called striations. The dark A bands consist of a midregion called the H band where only thick filaments occur, flanked by even darker regions where the thick and thin filaments overlap. The light A bands are bisected by a thin dark line called a Z disc. The thin filaments and elastic filaments are anchored to the Z discs. 

8. The region from one Z disc to the next is called a sarcomere. This is the functional unit of muscle contraction. When a muscle fiber contracts, the sarcomeres become shorter and the Z discs are pulled closer together.

9. Skeletal muscle contracts only when stimulated by a somatic motor neuron. The axon (somatic motor fiber) of one neuron branches at its tip and leads to typically a few hundred muscle fibers, but each muscle fiber receives only one nerve fiber. 

10. The nerve and muscle fiber meet at a complex of synapses called a neuromuscular junction. Each tip of the nerve fiber ends in a dilated bulb, the synaptic knob, nestled in a depression of the muscle fiber sarcolemma. A narrow gap, the synaptic cleft, separates the synaptic bulb from the sarcolemma.

11. The synaptic knob contains synaptic vesicles filled with the neurotransmitter acetylcholine (ACh), which stimulates a muscle fiber to contract. The sarcolemma across from the knob has proteins that act as ACh receptors. An enzyme called acetylcholinesterase (AChE), found in the synaptic cleft and as part of the sarcolemma, breaks down ACh to terminate stimulation of the muscle fiber.

12. One nerve fiber and all the muscle fibers innervated by it are called a motor unit, because stimulation by that nerve fiber causes all these muscle fibers to contract in unison. Small motor units have as few as 3 to 6 muscle fibers per nerve fiber and produce precise, finely controlled movements, as in the muscles of eye movement. Large motor units may have up to 1,000 muscle fibers per nerve fiber and produce strong but not finely controlled movements, as in the muscles of the thigh and leg. Motor units can “work in shifts” so that fresh units take over the contraction of a muscle when other units fatigue. Activation of a greater number of motor units produces a stronger muscle contraction.

13. The muscular system receives from one-quarter of the blood pumped by the heart at rest, to three-quarters of it during exercise. Blood capillaries penetrate into the endomysium to reach every muscle fiber.

10.4 Relating Structure to Function (p. 250)

1. Muscle contraction and relaxation occur in four steps: excitation, excitation–contraction coupling, contraction, and relaxation. 

2. In excitation, a signal in the motor nerve fiber triggers the release of acetylcholine (ACh) from the synaptic vesicles. ACh crosses the synaptic cleft and binds with receptors on the muscle fiber. These receptors are gated Na+–K+ channels that open to allow flow of these ions through the sarcolemma, producing a voltage change. This sets off a chain reaction of electrical excitation that spreads along the fiber and down the T tubules to the interior of the muscle fiber.

3. In excitation–contraction coupling, electrical signals in the T tubules indirectly open the Ca2+ channels of the sarcoplasmic reticulum, releasing Ca2+ into the cytosol. Ca2+ binds to the troponin molecules of the thin filaments. This induces tropomyosin to move away from the active sites on the actin, so these sites are exposed to the action of myosin. 

4. In contraction, the heads of the myosin molecules are activated by ATP, swing forward into an extended or “cocked” position, bind to the active sites of actin, then flex and pull the actin filament a short distance. Each myosin head then binds and hydrolyzes a new ATP, detaches from actin, recocks, and repeats the process. By repetition of this process, the thin filament slides across the thick filament, pulling the Z discs closer together. The thin filaments are linked to the sarcolemma, so their movement shortens the cell as a whole.

5. In relaxation, the nerve signal stops, ACh is no longer released, and the existing ACh in the synaptic cleft is degraded by AChE. Stimulation of the muscle fiber therefore ceases. The sarcoplasmic reticulum pumps Ca2+ back into its cisternae. As the Ca2+ level in the cytosol falls, tropomyosin moves back into its resting position, blocking the active sites of actin. Myosin can no longer bind actin, and the muscle relaxes.

6. Muscles grow in response to resistance exercise, not by the mitotic production of more muscle fibers but by the production of more myofilaments and thickening of the fibers that already exist. Well-exercised muscles also develop more mitochondria, myoglobin, glycogen, and blood capillaries.

7. Muscle shrinkage, or atrophy, occurs when the nerve connection to a muscle is severed (denervation atrophy), a muscle is not exercised (disuse atrophy), or simply as a result of aging (senescence atrophy). 
8. Slow oxidative (SO) muscle fibers employ aerobic respiration and are relatively fatigue-resistant, but have relatively long, slow twitches (contractions). Postural muscles of the back and the soleus muscle of the calf are composed predominantly of SO fibers.

9. Fast glycolytic (FG) muscle fibers employ anaerobic fermentation and fatigue relatively quickly, but produce quick twitches. The gastrocnemius muscle of the calf and the muscles of eye movement are composed predominantly of FG fibers.

10. Intermediate fibers are a type of FG fibers that combine fast twitches with aerobic fatigue-resistant metabolism. These are relatively rare except in some endurance-trained athletes.

10.5 Cardiac and Smooth Muscle (p. 254)

1. Cardiac muscle consists of short, thick cardiocytes connected to each other through electrical and mechanical junctions at their intercalated discs. 

2. Cardiac muscle contracts spontaneously without need of nervous stimulation, although the nervous system does modify the heart rate and contraction strength. 

3. Cardiac muscle has an abundance of myoglobin and glycogen and has numerous large mitochondria; thus, it is highly resistant to fatigue.

4. Smooth muscle cells contain myosin and actin like skeletal and cardiac muscle, but the myofilaments are not regularly aligned with each other, so there are no striations. Smooth muscle has no T tubules and has very little sarcoplasmic reticulum; the calcium needed to activate its contraction comes mainly from the extracellular fluid. Unlike skeletal and cardiac muscle, smooth muscle cells are capable of mitosis.

5. Multiunit smooth muscle is found in some blood vessels and pulmonary air passages, the iris, and piloerector muscles of the skin. In this type of muscle, each cell is innervated by a nerve fiber and contracts independently of other muscle cells.

6. Most smooth muscle is single-unit smooth muscle (visceral muscle), found in most blood vessels and in the digestive, respiratory, urinary, and reproductive tracts. 

7. In single-unit smooth muscle, nerve fibers do not synapse with individual muscle cells. Varicosities of the nerve fiber release neurotransmitters, which diffuse to nearby muscle cells and may stimulate them to contract. The muscle cells are connected through electrical gap junctions and contract in unison.

8. Smooth muscle contracts and relaxes slowly and is very fatigue-resistant. It maintains muscle tone in organs such as the uterus, bladder, and blood vessels, and produces waves of contraction called peristalsis in the digestive tract and other tubular organs.

10.6 Developmental and Clinical Perspectives (p. 256)

1. Most skeletal muscle develops from embryonic mesoderm. Mesenchymal cells differentiate into myoblasts, which fuse to form multinucleated myotubes. Myofilaments and striations appear in the myotubes as they mature into functional muscle fibers. New muscle fibers are added until perhaps as late as 1 year of age; after that, the growth of muscles is primarily by cellular enlargement (hypertrophy) rather than an increase in cell number.

2. Cardiac and smooth muscle also develop from myoblasts, but the myoblasts do not fuse as they do in skeletal muscle. In cardiac muscle, myoblasts remain attached to each other and develop intercalated discs at their points of adhesion. In single-unit smooth muscle, they form gap junctions.  

3. In old age, the skeletal muscles exhibit substantial atrophy and replacement of muscular tissue with fat and fibrous tissue. Aged muscle fibers exhibit fewer myofibrils and mitochondria, less glycogen and myoglobin, and more disorganized sarcomeres. Fewer motor neurons innervate the muscles, and those that do are less efficient at stimulating them. Reduced blood circulation to aged muscles also contributes to reduced endurance. Even in old age, however, moderate exercise can significantly enhance muscle performance.

4. Muscular dystrophy is a family of hereditary myopathies (muscle diseases) in which the skeletal muscles degenerate and are replaced by fat and scar tissue. Duchenne muscular dystrophy, the most common form, is a sex-linked trait affecting mostly boys. It results from the lack of the protein, dystrophin, that links actin to the sarcolemma. It is a crippling and incurable disease that usually claims the victim’s life by the age of 20.

5. Myasthenia gravis is an autoimmune disease most commonly affecting young women. It is caused by autoantibodies that destroy ACh receptors and render muscle unresponsive to ACh. The result is muscular weakness, often first seen in facial muscles. Some victims die of respiratory failure whereas some people live a normal life span with the aid of cholinesterase inhibitors and drugs to suppress the immune response.

