Week 8+9- Chapter 6 

 The Muscular System
CHAPTER SUMMARY

The muscular system presents challenges similar to those in the skeletal system in that this system requires both the conceptualization of complex mechanisms and the memorization of numerous terms. Providing students with a list of criteria used in the naming of muscles helps them overcome their anxieties and helps them view the task as manageable. 

This chapter begins with an overview of muscle types. Skeletal, smooth, and cardiac muscle are discussed, and their differences as well as similarities in microscopic appearance and level of conscious control are emphasized. The applied anatomy of a muscle is presented, from the endomysium that covers a single muscle fiber to the epimysium that covers an entire muscle. The functions of muscle are explored, including movement, maintenance of posture, joint stabilization, and heat generation.

The next section of the chapter discusses the microscopic anatomy of skeletal muscle, followed by an overview of the mechanism of muscle contraction. The sliding filament mechanism is often confusing to students, but the explanation of muscle responses to various levels of stimulation, muscle fatigue and its relationship to available oxygen, and the types of muscle contractions help to clarify this concept.

In the final sections of the chapter, the “5 Golden Rules” of skeletal muscle activity are presented to help students comprehend muscle movements and their related interactions. First, the types of body movements generated by muscles are explained. Then a basic list of criteria for naming muscles is provided to ensure that students understand the logic involved in the naming of most muscles. Finally, the most important of the more than 600 muscles of the human body are presented, along with their points of origin and insertion as well as function.

Suggested Lecture Outline


I.
OVERVIEW OF MUSCLE TISSUES (pp. 183–187)


A.
Muscle Types (pp. 183–186)


1.
Skeletal Muscle


2.
Smooth Muscles


3.
Cardiac Muscle


B.
Skeletal Muscle Functions (p. 187)


1.
Producing Movement


2.
Maintaining Posture


3.
Stabilizing Joints


4.
Generating Heat


II.
MICROSCOPIC ANATOMY OF SKELETAL MUSCLE (pp. 187–189)


III.
SKELETAL MUSCLE ACTIVITY (pp. 189–198)


A.
Stimulation and Contraction of Single Skeletal Muscle Cells (pp. 189–194)


1.
The Nerve Stimulus and the Action Potential


2.
Mechanism of Muscle Contraction: The Sliding Filament Theory


B.
Contraction of a Skeletal Muscle as a Whole (pp. 194–198)


1.
Graded Responses


a.
Muscle Response to Increasingly Rapid Stimulation


i.
Muscle Twitches


ii.
Complete Tetanus


iii.
Incomplete Tetanus


b.
Muscle Response to Stronger Stimuli


2.
Providing Energy for Muscle Contraction


a.
Direct Phosphorylation of ADP by Creatine Phosphate


b.
Aerobic Respiration


c.
Anaerobic Glycolysis and Lactic Acid Formation


3.
Muscle Fatigue and Oxygen Debt


4.
Types of Muscle Contractions—Isotonic and Isometric


5.
Muscle Tone


6.
Effect of Exercise on Muscles


IV.
MUSCLE MOVEMENTS, TYPES, AND NAMES (pp. 198–206)


A.
Five Golden Rules of Muscle Activity (p. 198)


B.
Types of Body Movements (pp. 198–202)


1.
Common Movements


a.
Flexion


b.
Extension


c.
Rotation


d.
Abduction


e.
Adduction


f.
Circumduction


2.
Special Movements


a.
Dorsiflexion and Plantar Flexion


b.
Inversion and Eversion


c.
Supination and Pronation


d.
Opposition


C.
Interactions of Skeletal Muscles in the Body (p. 202)


D.
Naming Skeletal Muscles (pp. 202 and 204)


1.
Direction of the Muscle Fibers


2.
Relative Size of the Muscle


3.
Location of the Muscle


4.
Number of Origins


5.
Location of the Muscle’s Origin and Insertion


6.
Shape of the Muscle


7.
Action of the Muscle


E.
Arrangement of Fascicles (pp. 204–206)


V.
GROSS ANATOMY OF SKELETAL MUSCLES (pp. 206–219; Figures 6.21–6.22; Tables 6.3–6.4)


A.
Head and Neck Muscles (pp. 206–207)


1.
Facial Muscles


a.
Frontalis


b.
Orbicularis Oculi


c.
Orbicularis Oris


d.
Buccinator


e.
Zygomaticus


2.
Chewing Muscles


a.
Masseter


b.
Temporalis


3.
Neck Muscles


a.
Platysma


b.
Sternocleidomastoid


B.
Trunk Muscles (pp. 207–210)


1.
Anterior Muscles


a.
Pectoralis Major


b.
Intercostal Muscles


c.
Muscles of the Abdominal Girdle


i.
Rectus Abdominis


ii.
External Oblique


iii.
Internal Oblique


iv.
Transversus Abdominis


2.
Posterior Muscles


a.
Trapezius


b.
Latissimus Dorsi


c.
Erector Spinae


d.
Quadratus Lumborum


d.
Deltoid


C.
Muscles of the Upper Limb (pp. 210–211)


1.
Muscles of the Humerus That Act on the Forearm


a.
Biceps Brachii


b.
Brachialis


c.
Brachioradialis


d.
Triceps Brachii


D.
Muscles of the Lower Limb (pp. 211–215)


1.
Muscles Causing Movement at the Hip Joint


a.
Gluteus Maximus


b.
Gluteus Medius


c.
Iliopsoas


d.
Adductor Muscles


2.
Muscles Causing Movement at the Knee Joint


a.
Hamstring Group


i.
Biceps Femoris


ii.
Semimembranosus


iii.
Semitendinosus


b.
Sartorius


c.
Quadriceps Group


i.
Rectus Femoris


ii.
Vastus Muscles


3.
Muscles Causing Movement at the Ankle and Foot


a.
Tibialis Anterior


b.
Extensor Digitorum Longus


c.
Fibularis Muscles


d.
Gastrocnemius


e.
Soleus


VI.
DEVELOPMENTAL ASPECTS OF THE MUSCULAR SYSTEM (p. 221)


A.
Embryonic Development


B.
Aging Effects


1.
Hypertrophy


2.
Atrophy


C.
Homeostatic Imbalances


1.
Muscular Dystrophy


2.
Myasthenia Gravis

Key Terms

abduction

acetylcholine (ACh)

actin 

action potential

adduction

adductor muscles

aerobic

aerobic respiration

all-or-none

antagonists

aponeuroses

axon

axon terminals

biceps brachii

biceps femoris

brachialis

brachioradialis

brevis

cardiac muscle

circular

circumduction

convergent

creatine phosphate (CP)

cross bridges

dark (A) bands

deltoid

dorsiflexion/plantar flexion

endomysium

endurance

epimysium

erector spine

eversion

extension

extensor digitorum longus

external oblique

fascicle

fibularis muscles

fixators

flexion

fusiform

gastrocnemius

gluteus maximus

gluteus medius

graded responses

hamstring group

iliopsoas

insertion

internal oblique

inversion

involuntary

isometric contractions

isotonic contractions

latissimus dorsi

light (I) bands

longus

motor unit

muscle fatigue

muscle fibers

muscle tone

muscle twitches

myofibers

myofibrils

myofilaments

myosin

neuromuscular junctions

neurotransmitter

occipitalis

opposition

origin

oxygen deficit

parallel

pennate

perimysium

prime mover

pronation

quadratus lumborum

quadriceps group

rectusabdominis

rectus femoris

resistance exercises

rotation

sarcolemma

sarcomeres

sarcoplasmic reticulum (SR)

sartorius

semimembranosus

semitendinosus

skeletal muscle fibers

sliding filament mechanism

smooth muscle

soleus

striated muscle

supination

synaptic cleft

synergists

tendons

tertius

tetanus (fused/complete)

tetanus (unfused/incomplete)

thick filaments

thin filaments

tibialis anterior

triceps brachii

transversus abdominis

trapezius

unfused (incomplete) tetanus

vastus muscles

voluntary muscle

Lecture Hints


1.
Emphasize the increasing levels of organization that lead to a complete muscle. At the sub-cellular level, discuss the organelles, such as the myofibrils that are in turn composed of even smaller myofilaments. At the cellular level, discuss the multinucleated structure of a single muscle cell (a myofiber) which is wrapped in its protective sheath, the endomysium. At the next level, describe the fascicle, which is composed of several sheathed muscle fibers wrapped in their own protective covering, the perimysium. And finally, point out that a bundle of fascicles are wrapped by another protective covering, the epimysium, to form the compete muscle.



Key point: This increasing level of organization follows the concepts we have been discussing since Chapter 1 and helps students understand the consistency of the pattern.


2.
Use transparencies and/or slides and microscopes to have students look at each of the muscle types (cardiac, smooth, and skeletal) while discussing their similarities and differences.



Key point: It is important for students to understand that each muscle type has a structure relevant to its function, and that, for example, cardiac muscle is different from the other two types because of its specific role as a continuously contracting circulatory pump.


3.
Spend extra time on the sliding filament mechanism, first discussing the new terminology relevant to the process, then applying that terminology to the way the mechanism works. Use the example of a rowboat moving through water, with the oars pulling the boat along with each stroke, to help clarify the concept. Note that Huxley’s Sliding Filament Theory is very unique in that other scientists have not improved his explanation of muscle contraction even after seven decades of research.



Key point: This topic is often one of the most confusing aspects of the muscular system for students to understand, and spending the extra time helps in clarification.


4.
Another difficult concept for students is the action between a neuron and all the skeletal muscle cells it stimulates. Discuss a motor unit and the activity at the neuromuscular junction. Be sure that students understand the interplay between the nervous system and the muscular system, which results in muscle activity. 



Key point: Clarifying this interplay now will help greatly as students begin to study the nervous system in greater detail in the following chapter. Note that a skeletal muscle cannot contract unless it is stimulated by a motor nerve (even if you beat it with a hammer).


5.
Explain that the “all-or-none” law of muscle physiology can be likened to a light switch. It is either on or off, nothing in between. Point out that this law applies to an individual muscle cell and not the whole muscle, thus providing a muscle with the ability to generate a graded response. 



Key point: This is often difficult for students to visualize until it is explained that a muscle is made up of thousands of muscle cells, and if only few of them contract to their full capacity, the overall response is still going to be minimal.


6.
Discuss disorders of the neuromuscular junction, such as the effects of botulism and snake venom.



Key point: These are real-world examples that help consolidate the concepts of synaptic imbalance for the students.


7.
Discuss the use of botulinum toxin in botox injections. Explain why this toxin can be injected but not ingested.



Key point: Many students are familiar with this procedure and enjoy learning the science behind it.


8.
Students enjoy learning about muscle fatigue and oxygen debt. Nearly everyone has experienced the short-lived muscle fatigue that follows a new exercise routine, and this presents a good opportunity to explain the mechanism involved. Students appreciate learning that the soreness will last until the oxygen debt has been “paid back” and the accumulated lactic acid has been converted into ATP and creatine phosphate reserves. Note that delayed muscle soreness after prolonged endurance events such as a marathon is not due to lactic acid accumulation as blood lactate levels return to normal a few minutes after finishing the race.



Key point: This is a great opportunity for students to apply some of their newly gained knowledge to an everyday occurrence. 


9.
Provide students with several examples of the muscle movement of prime movers and their opposing movements by antagonists. Also discuss the role of synergists and fixators in each of the movements.



Key point: This helps students see that for every muscle action there is a counterbalancing reaction. It also clarifies the point that muscles can only pull and that the opposing action requires pull from another muscle. Diseases of the neuromuscular system become evident when an agonist muscle is not appropriately balanced by its antagonist.


10.
While discussing each specific muscle, point out the word parts in the muscle name to emphasize why it was named that way. For example, the sternocleidomastoid originates on the sternum and clavicle (cleido) and inserts on the mastoid process of the temporal bone. The sartorius is named for the Latin sartor, or tailor, and is the muscle used for the cross-legged sitting position once used by tailors.



Key point: There is a logical basis for the naming of most muscles. The name often provides clues to location, shape, size, origin, insertion, and/or action, which will help students tremendously in the memorization process.


11.
Point out to students that although there are more than 600 muscles in the human body, they will only be asked to memorize a select group of the most important ones. Provide them with a list of the muscles that they are responsible for memorizing.



Key point: A one-semester course is simply not long enough for students to learn all of the muscles of the human body. For students choosing to go on into a field such as medicine, an upper level anatomy and physiology course series will be part of their future curriculum.


12.
Discuss disorders of the muscular system such as muscular dystrophy, fibromyalgia, and myasthenia gravis. 



Key point: Students have usually heard about these conditions and appreciate learning about their underlying pathology.


13.
Have a physical therapist speak to the class about rehabilitation to muscles after surgery, an illness, an injury, or a disease condition.



Key point: Students can learn the application of muscle movements in the medical field.

Answers to End of Chapter Review Questions

Questions appear on pp. 224–226

Multiple Choice


1.
c, e (pp. 192–193; Figure 6.7)


2.
a (p. 190; Figure 6.5)


3.
c (p. 198)


4.
b (p. 199)


5.
a, b, c, d (p. 204)


6.
a, b (pp. 209 and 214)


7.
a, b, d (pp. 211–214; Figure 6.19)


8.
a, b, d (pp. 210–211; Tables 6.3 and 6.4)

Short Answer Essay


9.
To contract or shorten. To cause movement. (p. 183)


10.
Skeletal muscle: Long, cylindrical, banded (striated), multinucleate cells; attached to bones and crossing joints; forms the “flesh” of the body and is responsible for all voluntary movement. Cardiac muscle: Branching, striated cells containing a single nucleus; interdigitate with one another at tight junctions called intercalated disks; found only in the heart, arranged in spiral bundles; contraction of the heart propels blood into the blood vessels. Smooth muscle: Fusiform, uninucleate cells; generally found in cell layers (or sheets) arranged at right angles to one another (one running longitudinally and the other circularly) within the walls of hollow organs; causes substances to move through internal body tracts (digestive, urinary, reproductive, and the like). (pp. 183–186; Table 6.1)


11.
Skeletal and cardiac muscle. (Table 6.1)


12.
They protect, reinforce, and strengthen the delicate muscle tissue. Endomysium, perimysium, and epimysium. (p. 185)


13.
Tendons attach muscle to bone. (p. 185)


14.
Neuromuscular junction: The junction of a motor neuron’s axon terminals and the sarcolemma of a muscle cell. (p. 189)



Motor unit: One motor neuron and all the muscle cells it stimulates. (p. 189)



Tetanus: The smooth, sustained contractions of a muscle with no evidence of relaxation. (p. 194)



Graded response: Different degrees of contraction in response to different levels of stimulation (changes in both the rate and strength of stimuli). (p. 194)



Aerobic respiration: Metabolic pathways that use O2 to generate ATP. (p. 195)



Anaerobic glycolysis: Metabolic pathway that breaks down glucose into pyruvic acid (without using O2) to generate ATP.  (p. 195)



Muscle fatigue: The inability of a muscle to contract even though it is still being stimulated; usually a result of a lack of oxygen and the accumulation of acids in the muscle tissue. (pp. 195–197)



Neurotransmitter: A chemical substance released by a neuron when the nerve impulse reaches its axon terminals. (p. 189)


15.
Acetylcholine is released; it diffuses through the synaptic cleft and attaches to receptors on the sarcolemma; sarcolemma permeability to sodium ions increases briefly; sodium ions rush into the muscle cell, changing the electrical conditions of the resting sarcolemma; action potential is initiated and sweeps over the entire sarcolemma eventually reaching the sarcoplasmic reticulum deep inside the cell; calcium ions are released from the sarcoplasmic reticulum; attachment of calcium ions to the thin filaments exposes binding sites for myosin. Myosin cross-bridges bind to actin, triggering the sliding of the myofilaments; contraction occurs. (pp. 189–190)


16.
Isotonic contractions: Muscle tension remains the same, and the muscle shortens. Isometric contractions: Muscle tension increases, and the muscle does not shorten. (p. 197)


17.
Muscle tone is a state of continuous, partial contraction of muscles resulting from discontinuous but systematic stimulation by the nervous system. A muscle without tone is paralyzed (unable to contract) and becomes flaccid and can eventually atrophy. (p. 197)


18.
Origin: Immovable (or less movable) end. Insertion: Movable end; when contraction occurs, the insertion moves toward the origin. (pp. 198–199)


19.
Flexion, extension, abduction, adduction, rotation, circumduction, pronation, supination, inversion, eversion, dorsiflexion, plantar flexion. (pp. 199–202; Figure 6.13)


20.
A prime mover is a muscle that has major responsibility for causing a particular movement; for example, the gastrocnemius is the prime mover of plantar flexion. Synergist muscles aid prime movers by causing the same movement (but less effectively) or by stabilizing joints or bones over which the prime mover acts; for example, the peroneus muscles (which promote plantar flexion) are synergists of the gastrocnemius muscle. The tibialis anterior muscle causes dorsiflexion of the foot; thus, the gastrocnemius (prime mover for plantar flexion) is its antagonist. (p. 202)


21.
Chewing food, grinding your teeth, or just opening and closing the jaw. Frontalis: covers the frontal bone; allows you to raise your eyebrows and wrinkle your forehead. Orbicularis oculi: found in circles around eyes; functions to close eyes, squint, blink, and wink. Orbicularis oris: circular muscle of the lips; closes mouth and protrudes lips (kissing motion). Buccinator: runs horizontally across the cheek and inserts into the orbicularis oris; flattens cheek and aids in chewing. Zygomaticus: extends from corner of mouth to cheekbone; raises corners of mouth upward. Temporalis: overlies the frontal bone; closes jaw. (p. 207; Table 6.3)


22.
Trapezius muscles. (pp. 209–210; Tables 6.3–6.4)


23.
Anteriorly, the pectoralis major. Posteriorly, the latissimus dorsi. (pp. 208 and 210; Tables 6.3 and 6.4)


24.
Prime mover: Biceps brachii. Antagonist: Triceps brachii. (p. 204; Tables 6.3 and 6.4)


25.
The four muscles (or muscle pairs) are arranged so their fibers run in different directions, much as sheets of different wood grains are compressed together to make plywood. Like plywood, the abdominal wall musculature is extremely strong for its thickness; it is well constructed for its function as an abdominal girdle. (pp. 208–209)


26.
Hamstrings: Extend hip and flex knee. (Table 6.4) Quadriceps: Flex hip (rectus femoris only) and extend knee. (p. 207; Table 6.3)


27.
Gastrocnemius: Plantar flexion. (p. 214; Table 6.4)


28.
Muscles that are exercised regularly are healthy (with increased endurance), firm and free of superficial fat, and perhaps larger in size (depending on the type of exercise). Resistance-type exercises, such as weight lifting, cause muscles to hypertrophy to meet the increased demands placed on them. Muscles that are not used will atrophy (lose mass) and become weak. (pp. 197–198)


29.
With aging, skeletal muscle tissue mass decreases and the relative amount of connective tissue in the muscles increases, causing the muscles to become sinewy. As the muscles decrease in mass, they also decrease in strength. Loss in muscle mass may be partially prevented by regular exercise. (p. 221)


30.
He or she should engage in aerobic training. Training aerobically increases the amount and activity of enzymes within the aerobic metabolic pathways to make ATP for repeated muscular contractions whereas anaerobic training increases the amount and activity of enzymes within the glycolytic metabolic pathways. Muscles that are stronger, more resistant to fatigue, and flexible are the result of aerobic types of exercise. (pp. 197–198)

Answers to Critical Thinking and Clinical Application Questions


31.
Deltoid, gluteus maximus, gluteus medius, vastus lateralis, and rectus femoris. The vastus lateralis and rectus femoris is used more often for babies because their arm and hip muscles are poorly developed. (pp. 210–214; Figures 6.18–6.19)


32.
He ruptured his Achilles tendon, which attaches the gastrocnemius to the heel bone. This accounts for the gap between the calf and the heel, as well as the inability to plantar flex the foot. (p. 214)


33.
Any muscle that inserts on the clavicle-trapezius. The muscles of her arm would also be immobilized by the sling. (pp. 207–210)


34.
Eric’s oxygen intake has not been adequate to keep his muscles supplied with the oxygen they needed to support prolonged aerobic activity. His heavy breathing will supply oxygen to repay the oxygen debt. His muscle cells were relying on aerobic metabolism, and their oxygen consumption led to breathlessness. When the oxygen ran out, anaerobic metabolism took place, leading to lactic acid accumulation, short-term muscle fatigue, and muscle soreness. (pp. 195–197)


35.
The neurotransmitter acetylcholine diffuses across the neuromuscular synaptic cleft and stimulates skeletal muscle contraction under the influence of calcium ions. Complete or partial blocking of acetylcholine-specific protein receptors on the sarcolemma membrane would cause muscle relaxation. (pp. 189–190)


36.
Abnormal lateral curvature of the spine is scoliosis. It is caused by unequal muscle pull on the spine. The rectus abdominis, external and internal obliques flex the vertebral column. The latter two also rotate the trunk and bend it laterally. (pp. 208–209)


37.
Rigor mortis sets in soon after death as lack of breathing suspends oxygen-driven ATP generation in the mitochondria. ATP is used to break the linkage between actin and myosin, so without ATP, the myosin-actin cross bridges remain attached. (Figure 6.8) (pp. 189–197)

Classroom Demonstrations and Student Activities

Classroom Demonstrations


1.
Film(s) or other media of choice.


2.
Use models to compare the three types of muscle tissue and point out the unique structural characteristics of each.


3.
Use a model to demonstrate the sliding filament mechanism, or make your own model out of disk-shaped Styrofoam pieces placed on pickup sticks to represent Z lines on myofilaments. 


4.
Show a model of the neuromuscular junction to help students conceptualize the interplay between the muscular and nervous systems.


5.
Demonstrate the difference between isotonic and isometric exercises, and discuss the way isometric, or resistance, exercises differ from aerobic, or endurance, types of exercise.


6.
Demonstrate muscle contraction (twitch contractions, summation, and tetanus) using a simple myograph or kymograph apparatus and the gastrocnemius muscle of a frog.

Student Activities


1.
Divide the class into small groups. Have students demonstrate to each other the differences between various types of body movements, such as flexion, extension, abduction, and adduction. Be sure that they try these movements with different groups of muscles, including muscles of the hands, arms, and legs. 


2.
Call out an action, and ask students to provide the name of the muscle or muscles responsible for that action. Students can also be challenged to identify the antagonists and synergists when given the name of a muscle.


3.
Have students work in pairs as follows: One attempts to contract a particular muscle, while the partner provides resistance to prevent that movement. In this way, the muscle will produce its maximal “bulge.” Each student should palpate muscles being examined in both the relaxed and contracted states. For example, the “demonstrator” can attempt to flex his or her elbow while the person providing the resistance holds the forearm to prevent its movement. The biceps brachii on the anterior arm will bulge and be easily palpated.


4.
Have students obtain information on the procedures used to build muscle mass and how those procedures accomplish that goal. Also discuss atrophy as a result of wearing a cast on a broken limb or from prolonged hospitalization with minimal activity and discuss what can be done about it.


5.
Have the students attempt to pick up objects in the classroom that have been permanently installed. Point out that this represents an isometric activity, where muscle length stays the same despite force applied. Next, have the students pick up a loose object and note what happens to the muscle during isotonic activity.


6.
Provide articulated skeletons to students in small groups. Ask the students to point out the origins and insertions of various muscles, as well as the movement that each muscle generates.

