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CONCEPT: SKELETAL MUSCLE CELLULAR ANATOMY—MUSCLES TO SARCOMERES
● Skeletal Muscles connect different ________________ to each other, allowing for voluntary body movement.
Hierarchy of Organization within a Single Muscle:
● Skeletal muscle (e.g. the bicep, quadriceps) is a bundle of muscle fascicles.
□ Muscle fascicles are bundles of muscle fibers.
-Muscle fiber=muscle “cell.”
● Muscle fibers/cells are unique: really long (whole length of muscle) with many nuclei.
□ Have all usual cell organelles.
□ Myofibrils—which fill the rest of the muscle fiber—are the parts that allow for ___________________________.
EXAMPLE: The organization of a skeletal muscle.
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Sarcomeres:
● Sarcomeres are repeating, contractile units that, when chained together, make a _______________________________.
□ Made of overlapping patterns of two myofilaments:
- Actin (the thin filament)

- Myosin (the thick filament)

● Sarcomeres have a very, very specific, repeatable pattern. Some names for different sarcomere regions:
□ Z Disk=Ends of a sarcomere.
- Actin filaments are anchored here.
□ M Line=Middle of a sarcomere.
-Myosin filaments are anchored here.
□ I Band=Thin filaments only.
-Z disks run down the middle (span 2 sarcomeres).
□ A Band= Entire length of thick filaments.
□ H Zone= Middle of A band, with thick filaments only.
● Sliding Filament Theory describes how sarcomeres allow muscles to contract.
□ Thin and thick filaments slide past each other.
-Z disks get closer to M line, H zone shrinks.
EXAMPLE: A shortening sarcomere causes muscle contraction.
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Muscles and Joints:
● Muscles are arranged around joints to allow for movement.
□ Flexors=Muscles that close joints.
□ Extensors=Muscles that open joints.
● Muscles are arranged in opposing patterns, to allow for all directions of movement.
□ Antagonists=Muscles that have opposite effects on the same joint.
□ Synergists=Muscles that have cooperative effects on the same joint.
EXAMPLE: Biceps and triceps muscles are arranged around the elbow joint. Biceps are an elbow flexor; triceps are an
elbow extensor. Biceps and triceps are antagonists to each other. The brachioradialis—also an elbow flexor—is a synergist
with the biceps.
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PRACTICE 1: Fill in the blanks:
A _________________________ is a collection of muscle fibers.
A _________________________ is a collection of myofibrils.
a) Skeletal Muscle; muscle fascicle.
b) Muscle fascicle; muscle fiber.
c) Muscle fiber; skeletal muscle.

PRACTICE 2: Which of the following bands in a myofibril include myosin (the thick filament)? (Choose all that apply.)
a) A Band.
b) H Band.
c) I Band.
d) Z Disk.

PRACTICE 3: Which of the following bands in a myofibril include actin (the thin filament)? (Choose all that apply.)
a) A Band.
b) H Band.
c) I Band.
d) Z Disk.

PRACTICE 4: The quadriceps are knee extensors; the hamstrings are knee flexors. Which of the following describes the
relationship between the quadriceps and hamstring muscle groups?
a) Synergists.
b) Antagonists.
c) Agonists.
d) Inverse Agonists.
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CONCEPT: SKELETAL MUSCLE CONTRACTION I: THE CELLULAR LEVEL
Motor Neurons and Skeletal Muscle Contraction:
● Skeletal muscle contraction is neurogenic—a muscle fiber must be “activated” by a motor neuron via an NMJ.
● The process of contraction is initiated by a ___________ signal in the skeletal muscle fiber. Two questions:
1) How does AP in a motor neuron become a Ca2+ signal in the muscle fiber?→Excitation-Contraction Coupling.
2) How does a Ca2+ signal cause sarcomeres to start shortening?→Sliding Filament Theory and Power Strokes.
EXAMPLE: Skeletal muscle fibers are controlled by motor neurons.
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Skeletal Muscle Excitation-Contraction Coupling:
● To get from a motor neuron AP to a Ca2+ signal in a skeletal muscle fiber:
1. Motor neuron AP reaches axon terminal→Ach in synaptic cleft.
2. Ach binds to nicotinic AchRs. These mixed-cation channels open→Na+ enters cell→depolarization.
-Graded potential called an endplate potential (EPP).
3. EPP depolarizes Vm to Vthresh, activates VGNaCs and VGKCs→skeletal muscle AP.
4. AP invades t-tubules (indentations in membrane).
5. AP activates dihydropyradine receptors (DHPRs) in t-tubule membrane.
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The Myofilaments in Detail:
● “Actin” in skeletal muscle is actually 3 proteins: actin, tropomyosin, and troponin.
□ Actin is a long filamentous protein with myosin binding sites spaced along it.
□ Tropomyosin is a helical protein wrapped around actin, covering the myosin binding sites (at rest).
□ Troponin is a Ca2+ binding/sensing protein that also interacts with tropomyosin (more soon).
EXAMPLE: An actin filament.

● Myosin has “heads” projecting off the filamentous part.
□ Myosin ATPase=Part of head with ability to bind to and hydrolyze/use ATP.
-ATP hydrolysis allows head to “swivel” from low-energy to high-energy conformation.
□ Heads can bind to the myosin binding sites on actin, forming a cross-bridge (if binding site is uncovered).
EXAMPLE: Myosin and its heads.
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Sliding Filament Theory and Power Strokes:
● At “rest,” myosin heads have hydrolyzed ATP (holding ADP+Pi) and are swiveled back into high-energy conformation.
□ But, can’t bind to actin because myosin binding site on actin covered by tropomyosin.
● When ↑[Ca2+], Ca2+ binds to troponin.
□ Causes troponin to make tropomyosin move away from the
myosin binding site, so cross bridges possible.
● Now, Power Stroke cycle to actually shorten sarcomere:
1. Myosin head binds to actin.
2. Myosin head releases Pi, causes swivel from high-energy to
low-energy conformation.
-Drags actin—therefore Z-disk—toward M line.
3. Myosin head releases ADP, binds new ATP.
4. ATP binding breaks cross-bridge.
5. Myosin hydrolyzes new ATP, swivels back to high-energy
conformation.
6. If Ca2+ still around→go again.
EXAMPLE: Power strokes cause the sarcomere to shorten because
myosin heads pull on actin, dragging the Z disks toward the M line.
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Relaxation—The SR/ER Ca2+ ATPase:
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CONCEPT: SKELETAL MUSCLE CONTRACTION II: TENSION AND LENGTH-TENSION CURVES
Types of Tension:
● Tension is used to measure the contraction of a muscle. Two kinds:
□ Passive Tension is just the result of _____________ in the muscle—like a rubber band pulling back.
□ Active Tension is from actin/myosin cross-bridges.
EXAMPLE: Passive vs active tension.

Add Weight,
Increase Passive
Tension

Muscle Contracts,
Increase Active
Tension

50 LBS

50 LBS
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Length-Tension Curves—Passive Tension:
● Length-Tension Curves show the tension a muscle can generate at a given, set length.
● The length-tension curve for passive tension increases as length increases.
□ ↑Stretch in Muscle→↑Length→Elastic parts of muscle pull back→↑Passive Tension
EXAMPLE: Length-tension curve for passive tension in a skeletal muscle.
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Length-Tension Curves—Active Tension:
● The active tension a muscle can generate relies entirely on the number of myosin heads that can bind to actin.
● Amount of myosin/actin overlap within individual sarcomeres changes as
length of muscle changes.
□ Really long lengths→actin and myosin pulled too far apart→no
overlap→~no active tension.
□ Medium lengths→optimal myosin/actin overlap→maximum possible
active tension.
□ Really short lengths→Z disks crammed together (nowhere to
shorten)→~no active tension.
● As length increases, active tension increases, then plateaus at optimal lengths,
then decreases.
EXAMPLE: Length-tension curve for active tension in a skeletal muscle.
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Length-Tension Curves—Total Tension:
● Total Tension is the tension you’d actually measure in a muscle while it’s contracting.
□ Total Tension=Active Tension+Passive Tension.
-When measuring, can’t separate active and passive.
EXAMPLE: The three different length-tension curves for a skeletal muscle.
16
14

Tension (N)

12
10
8
6
4
2
0
0

2

4

6

8

10

12

14

16

Muscle Length (mm)

Page 14

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 11 - MUSCLES

PRACTICE 1: A muscle is sitting at rest. It has a tension of 3 N. Which of the following describes that tension?
a) Active tension.
b) Passive tension.

PRACTICE 2: A muscle at rest has a tension of 3 N. It is then activated with an electrode; after activation and contraction,
the muscle has a tension of 10 N. Which of the following is the active tension in the muscle after activation?
a) 3 N.
b) 7 N.
c) 10 N.
d) 13 N.

PRACTICE 3: At a length of 5 cm, a muscle generates a maximal active tension of 10 N. At a length of 10 cm, the same
muscle generates an active tension of 3 N. Which of the following describes the reason for this change?
a) Suboptimal contraction from crowding of myosin heads into the Z disk.
b) Reduction in myosin/actin overlap.
c) Fatigue from multiple stimulations.
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CONCEPT: SKELETAL MUSCLE CONTRACTION III: SUMMATION AND TETANUS
Skeletal Muscle Action Potentials and Twitches:
● A skeletal muscle fiber contracts when it carries an AP. (APs caused by a motor neuron activating its NMJ.)
□ One AP→One muscle ”twitch”—a brief contraction, then relaxation.
● Skeletal muscle action potentials are very ____________________—like 4 ms.
□ Twitches, however, last much _________________—like 100 ms.
EXAMPLE: A temporal comparison of a skeletal muscle action potential and twitch.
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Tetanus:
● Tetanus- A steady, sustained, maximal contraction in a skeletal muscle resulting from many high-frequency APs.
□ (The disease “tetanus” is something different.)
EXAMPLE: A tetanic contraction.
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CONCEPT: SKELETAL MUSCLE CONTRACTION IV: ISOTONIC VS. ISOMETRIC CONTRACTIONS
● The “point” of a muscle contraction is to move a load.
□ Two types of contraction (depending on the load): isotonic or isometric contractions.
Isotonic Contractions:
● Isotonic Contractions are those where the muscle’s tension is _______________________, but its length changes.
□ Means that active tension generated > the load.
EXAMPLE: Isotonic contractions occur when muscle can generate enough active tension to move load→muscle shortens.

Isometric Contractions:
● Isometric Contractions are those when the muscle builds up tension, but its length ________________ changes.
□ Means that active tension generated < the load.
EXAMPLE: Isometric contractions occur when muscle can not generate enough active tension to move load→muscle
“activates,” but length remains constant.
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PRACTICE 1: Your Clutch physio tutor goes to the gym and tries to do a 200-lb deadlift. Unsurprisingly, he cannot. Which
of the following types of contractions is occurring in his muscles when he’s trying—but failing—to do this lift?
a) Isometric contractions.
b) Isotonic contractions.

PRACTICE 2: Your Clutch physics tutor goes to the gym and tries to do a 200-lb deadlift. He does it with perfect form.
Which of the following types of contractions is occurring in his muscles when he’s completing this lift?
a) Isometric contractions.
b) Isotonic contractions.
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CONCEPT: ENERGY REQUIREMENTS OF SKELETAL MUSCLES—FIBER TYPES AND FATIGUE
Skeletal Muscle Fiber Types:
● Not all skeletal muscle fibers are equal. Three different types of skeletal muscle fiber in humans: types I, IIA, and IIX.
□ (Type IIX often also called IIB.)
□ Differ mostly in the speed of the myosin ATPase. This can have many effects on muscle function:
-↑Myosin ATPase→↑Rate of ATP use→↑Force generated per time (“Power”)→↑Fatigue
Type I

Type IIA

Type IIX

(Slow-Twitch; Oxidative;
Red)

(Fast-Twitch; OxidativeGlycolytic; Red)

(Fast-Twitch; Glycolytic; White)

Myosin ATPase
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Middle

Fastest

Time to Max
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Middle
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Time to Fatigue

Slowest

Middle
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Get ATP by…

Aerobic Metabolism

Glycolysis/Lactic Acid
Fermentation & Aerobic
Metabolism

Glycolysis/Lactic Acid Fermentation

Color

Red (because of myoglobin,
an O2-binding protein)

Red

White

Good for…

Posture, Endurance Events

Supporting the other two.

High power events e.g. sprints, lifts.

● Every muscle has all three fiber types—only the ____________________ changes.
● Myosin ATPase activity and rate of ATP use explain rate of fatigue.
□ ↑ATPase activity→↑ATP use→↓Time to ATP depletion→↑Fatigability.
EXAMPLE: Genetically gifted marathon runners tend to have a high ratio of Type I fibers, and so are slow to fatigue.
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PRACTICE 1: A muscle is stimulated so that it is continuously, constantly contracting. Immediately after activation it
generates a tension of 20 N. One hour after continuous activation it is generating a tension of 5 N. Which of the following
fiber types is generating the 5 N of tension?
a) Type I.
b) Type IIA.
c) Type IIX.
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CONCEPT: NEURAL CONTROL OF SKELETAL MUSCLE
Motor Neurons and Skeletal Muscle Fibers:
● Skeletal muscle contraction is neurogenic—to contract, a muscle must be activated by a motor neuron (MN).
● Motor Unit= one motor neuron + all the muscle fibers it innervates.
□ May be very large—one motor neuron for 1000s of muscle fibers.
□ Or very small—one motor neuron for a few muscle fibers.
□ Motor units activate as a whole—if a motor neuron has an AP, so will __________ the muscle fibers it innervates.
EXAMPLE: A motor unit.

● The size of a muscle’s/body part’s motor units determines resolution of motion.
□ Small motor units let you activate only a few muscle fibers at a time→very fine control over movement.
□ Large motor units mean many fibers are activated at once→poor resolution of movement.
EXAMPLE: Muscles in the fingers have small motor units; muscles in back have larger motor units.
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Reflexes and Muscle Spindles:
● Voluntary movement of skeletal muscle happens via motor neurons from commands originating in motor cortex.
□ But, skeletal muscles are also controlled via involuntary reflexes.
● Reflexes require a sensory receptor, some CNS processing, and resulting change in motor neuron activity.
□ Sensory receptor for skeletal muscle reflexes is the muscle spindle.
● Muscle Spindles- Stretch receptors embedded in muscles to monitor muscle length/stretch.
□ Scattered throughout muscle pretty randomly.
□ Enclosed in capsule of non-contractile connective tissue with special contractile intrafusal muscle fibers on ends.
-Intrafusal fibers maintain tension in muscle spindles.
-Innervated by special γ motor neurons (more soon).
EXAMPLE: A muscle spindle.
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Alpha-Gamma Coactivation:
● Muscle spindles monitor muscle stretch: ↑stretch in the muscle→↑ activity in muscle spindle sensory neurons.
□ But, muscle contraction could generate slack in the muscle spindle, rendering them useless.
● Alpha-Gamma Coactivation- When α motor neurons cause contraction of muscle fibers, γ motor neurons cause
contraction of intrafusal fibers (at the ends of the muscle spindle).
□ Maintains some tension in the muscle spindle, so they can keep firing APs.
EXAMPLE: A muscle spindle and its intrafusal fibers are innervated by γ motor neurons.
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The Knee-Jerk/Patellar Tendon/Muscle Stretch Reflex:
● Knee-Jerk Reflex is the classic skeletal muscle reflex arc.
□ It’s monosynaptic—only one synapse (the one between the sensory and motor neuron) involved.
● Function: Sense ↑Stretch in the quadriceps muscle and increase quadriceps contraction to counter that stretch.
□ ↑Stretch→↑Sensory Neuron Activity→↑Motor Neuron Activity→↑Quadriceps Contraction→↓Stretch
□ Reciprocal Inhibition- Sensory neuron also activates inhibitory interneuron that synapses on hamstring MNs.
-Inhibition of hamstring motor neurons→more dramatic quadriceps contraction.
● Clinically, this reflex is tested by hitting patellar tendon, which causes quick stretch in quadriceps→quick quadriceps kick.
EXAMPLE: An anatomical and feedback loop diagram of the knee jerk reflex.
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The Nociceptive/Withdrawal Reflex:
● Nociceptive Reflex causes reflexive withdrawal of a limb from ______________________ stimuli.
□ Pain sensory neuron activates two interneurons: one excitatory and one inhibitory.
-Excitatory interneuron excites MNs of flexors; inhibitory interneuron inhibits MNs of extensors.
-Net result: Flexion of limb away from painful, damaging stimulus.
EXAMPLE: The nociceptive/withdrawal reflex.
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PRACTICE 1: Flexor pollicis longus is a muscle in the hand that pulls the thumb toward the palm. Deltoid is a muscle in the
shoulder that helps pull the arm away from the body (i.e. from hanging by the side up to horizontal). Which of the following
describes the relative size of motor units in flexor pollicis longus compared to motor units in deltoid?
a) They are larger.
b) They are smaller.
c) They are the same size-- motor units are all the same size.
d) It’s impossible to know.

PRACTICE 2: Which of the following describes the function of intrafusal muscle fibers?
a) Generate tension and cause shortening of the muscle during activation.
b) Maintain tension on the muscle spindle after shortening of the muscle.
c) Carry sensory information about the tension on muscle spindles to the CNS.
d) Cause contraction of muscle fibers that are part of the muscle spindle

PRACTICE 3: A 65-year-old man presents to his physician’s office because he keeps falling down. The man has no patellar
reflexes bilaterally. Damage to which of the following structures could be the direct cause of this man’s absent patellar
tendon reflexes? (Choose all that apply.)
a) Sensory neurons in the patellar tendon.
b) α motor neurons innervating the quadriceps muscle.
c) α motor neurons innervating the hamstrings muscle.
d) Interneurons synapsing onto α motor neurons that innervate the quadriceps muscle.
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CONCEPT: SMOOTH MUSCLE
Introduction to Smooth Muscle:
● Smooth Muscle is a highly-varied class of muscle that generally functions in involuntary/autonomic control of body parts.
□ Lining of blood vessels, intestinal tract, pupil constriction/dilation in the eye, etc.
● “Smooth” because no real myofibrils or organized sarcomeres—just actin and myosin scattered around.
● Some differences between smooth and skeletal muscle—smooth muscle:
□ Contraction is entirely involuntary—controlled by _______________________ nervous system.
-May be neurogenic or myogenic.
□ Doesn’t really fatigue (myosin ATPase is really slow).
□ Has small, single-nucleated cells.
● Smooth muscle may be multi-unit or single-unit.
□ Multi-Unit- Each smooth muscle cell contracts independently, usually based on neuronal input.
□ Single-Unit- Smooth muscle cells connected to each other by gap junctions.
-“Waves” of depolarization—and thus “waves” of contraction—spread through the muscle.
EXAMPLE: Iris is made of multi-unit smooth muscle while the lining of the intestinal tract is single-unit smooth muscle.
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Smooth Muscle Excitation-Contraction Coupling:
● Smooth muscle contraction, like skeletal muscle, is caused by a Ca2+ signal. The effect of ↑[Ca2+]cytosol is different, though.
1. AP activates voltage-gated Ca2+ channels (a specific type called L-type Ca2+ channels). Ca2+ enters cell.
-Some Ca2+ maybe also from SR, though SR not really important in smooth muscle.
2. Ca2+ binds to the Ca2+-sensing protein Calmodulin (CaM).
3. The Ca2+:CaM complex activates an enzyme called Myosin Light Chain Kinase (MLCK)
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4. The function of MLCK is to phosphorylate myosin heads (aka the myosin “light chain”).
-This is the control point for smooth muscle—no troponin/tropomyosin present.
5. Phosphorylation of myosin heads→↑Myosin ATPase activity→↑Power Strokes and ↑Contraction
6. To relax, must clear Ca2+ from cytosol back into ECF. Done by Na+/Ca2+ Exchanger and Ca2+ ATPase.
7. Myosin Light Chain Phosphatase (MLCP) dephosphorylates myosin heads.
-Dephosphorylation→↓Myosin ATPase activity→↓Powerstrokes and ↓Contraction

Page 29

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 11 - MUSCLES

Control of Smooth Muscle Contraction:
● “Signal” for smooth muscle contraction may come in a variety of forms from a variety of sources.
● Smooth muscles contract if depolarized (during an AP) because depolarization→Ca2+ channel activation→↑[Ca2+]cytosol.
□ Multi-unit smooth muscle (e.g. eye iris) get these APs from autonomic neurons.
□ Many single-unit smooth muscles generate APs on their own.
● Smooth muscle may generate their own APs (and have myogenic contractions) through slow-wave depolarization or
pacemaker potentials. Both of these are examples of unstable membrane potentials.
□ Slow-Wave Depolarization- Vm drifts around, sometimes reaching threshold and causing an AP, other times not.
□ Pacemaker Potentials- Vm is driven upward consistently, causing APs at consistent intervals.
EXAMPLE: Slow-wave depolarization vs pacemaker potentials.

● Smooth muscle contraction is also controlled by many _________________ and drugs.
□ Hormones that activate Gq-coupled receptors—e.g. oxytocin on oxytocin receptors in uterus—cause contraction.
□ Hormones that activate Gs-coupled receptors—e.g. epinephrine on β2 receptors—cause relaxation.
□ Can happen totally independent of membrane potential changes—just need to activate Ca2+ channels.
EXAMPLE: Hormone-mediated vasoconstriction—and subsequent ↑Blood Pressure—are the result of hormones activating
receptors on smooth muscle lining blood vessels.
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PRACTICE 1: Phenylephrine is a drug that activates α1 adrenergic receptors on smooth muscle. Activation of α1 adrenergic
receptors starts a signaling cascade that increases the activity of Ca2+ channels and myosin light chain kinase (MLCK).
Which of the following is the likely effect of phenylephrine on smooth muscle?
a) Contraction of smooth muscle.
b) Relaxation of smooth muscle.

PRACTICE 2: Albuterol is a drug that activates β2 adrenergic receptors on smooth muscle. Activation of β2 adrenergic
receptors starts a signaling cascade that, among other things, increases the activity of K+ channels in the membranes of
smooth muscle cells. Which of the following is the likely effect of albuterol on smooth muscle?
a) Contraction of smooth muscle.
b) Relaxation of smooth muscle.
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CONCEPT: MUSCLE ORIGIN AND INSERTION
● Muscles are usually attached to ____________________ bones and travel over at least one joint
□ When a muscle contracts one bone moves and the other one remains ___________________
- Origin is the attachment that doesn’t move
- Insertion is the attachment that does move
□ Generally, muscle movement causes the ___________________ to be pulled towards the origin
EXAMPLE:
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CONCEPT: ORGANIZATION OF SKELETAL MUSCLE FIBERS
● Skeletal muscle fibers are _____________ together, called fascicles, and these bundles are organized in four structures:
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□ Circular muscles (sphincter) are arranged in a circle around an opening
- Contraction ____________________ the size of the opening
- Ex: Orbicularis oris muscle that surrounds the mouth opening
EXAMPLE:
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□ Parallel muscles are arranged parallel in a long axis
- Contraction and shortening causes the muscle to ____________________
- Ex: Rectus abdominis (anterior abdominal muscle)
EXAMPLE:

Rectus
abdominis

□ Convergent muscles are widespread fibers over a broad area; has a single muscle attachment site (raphe)
- Contraction does not have to use all fibers at once; can use a ___________________
- Ex: Pectoralis major of chest
EXAMPLE:
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□ Pennate muscles resemble a feather; are angled similarly towards the tendon; is strongest type
- There are three types
- Unipennate muscle: all fibers are on same side of a central tendon
- Ex: extensor digitorum
- Bipennate muscle: fibers are on both sides of the central tendon
- Ex: interosseous muscles
- Multipennate muscle branches within the pennate muscle, connected to a central tendon
- Ex: deltoid muscles
EXAMPLE:
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CONCEPT: NAMING OF MUSCLES
● Although it can seem like muscles have crazy names, they are named based on at least 1 of 7 main characteristics
□ Body region indicates where the muscle is located
Body region

Example

Superficialis (superficial)

Flexor digitorum superficialis

Profundus (deep)

Flexor digitorum profundus

Anterior

Tibialis anterior

Hallucis (big toe)

Extensor halluces longus

Oris (mouth)

Orbicularis oculi

□ Muscle attachments indicate where the origin (o) and insertion (i) is
Muscle attachments
o: Sternum/Clavicle

Example
i:Mastoid

Between ribs

Sternocleidomastoid
Intercostal

o: Fibulua

i: 2nd Metatarsal

Fibularis longus

o: Zygomatic bone

i: Angle of mouth

Zygomaticus major

□ Muscle action indicates what the primary function of the muscle is
Muscle action

Example

Adductor

Adductor magnus

Abductor

Abductor policis longus

Flexor

Flexor carpi radialis

Extensor

Extensor halluces longus

□ Orientation of fibers indicates how the muscle is organized
Fiber Orietation

Example

Orbicularius (circular)

Orbicularis oculi

Oblique (angled)

External oblique

Rectus (straight)

Rectus abdominis
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□ Muscle heads/tendons indicates how many tendons of origin the muscle contains
Muscle Heads/Tendons

Example

Biceps (two heads)

Biceps femoris

Triceps (three heads)

Triceps brachii

Quadriceps (four heads)

Quadriceps femoris

□ Muscle shape indicates how the muscle looks
Muscle Shape

Example

Deltoid (triangle)

Deltoid

Quadratus (rectangular)

Pronator quadratus

Trapezius (trapezoidal)

trapezius

Longus (long)

Abductor pollicis longus

Brevis (short)

Abductor pollicis brevis

□ Muscle size indicates size. Larger muscles are magnus, major, or maximus; Smaller are minor or minimus
Muscle Size

Example

Major (larger of two muscles)

Pectoralis major

Minor (smaller of two muscles)

Pectoralis minor

Maximum (largest)

Gluteus maximus

Medius (medium)

Gluteus medius

Minimus (smallest)

Gluteus minimus
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CONCEPT: ACTIONS OF SKELETAL MUSCLES
● Skeletal muscles work ________________ to cause movements. There are three groupings of how they move
□ Agonist (primary mover) is a muscle that contracts and produces a specific movement
- Ex: triceps brachii contracts to extend the forearm
□ Antagonist is a muscle that does the opposite action of the agonist
- If agonist causes extension then the antagonist will cause _____________________
- Ex: anterior biceps brachii muscles stabilizes the trices brachii
□ Synergist is a muscle that __________________ the agonist
- Ex: biceps brachii and brachialis muscles of arm work together to flex the elbow joint
EXAMPLE:
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CONCEPT: FACIAL EXPRESSION MUSCLES
● Facial expression muscles control our facial expressions
□ They originate from the __________________________ bones (on superficial fascia)
- Fascia is a layer of connective tissue that covers our entire internal body
□ They insert in the superficial fascia of the skin
□ Muscle contraction ___________________ the skin and causes the skin to move, and form facial expressions
- Innervated by CN VIII and facial nerve
EXAMPLE:

Corrugator
Supercilli

Levator anguli
oris
(underneath)

Buccinator
Mentalis

Depressor
anguli oris
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Muscle

Action

Origin/Insertion

Scalp
Epicranius: Has epicranial aponeurosis (cranial layer of dense connective tissue) and two bellies of occipitofrontalis
Raises eyebrows and wrinkles
Frontal belly of occipitofrontalis
O: Epicranial aponeurosis
forehead
I: Subcutaneous layer of
CN VII
forehead/eyebrows
Occipital belly of occipitofrontalis

Retracts scalp
CN VII

O: Superior nuchal line (occipital)
I: Epicranial aponeurosis

Corrugator supercili

Draws eyebrows inferiorly; vertical
wrinkles above nose
CN VII

O: Medial superciliary arch
I: Skin superior to superciliary arch

Orbicularis oculi

Closes eyes, blinking, squinting
CN VII

O: Medial wall of orbit
I: Skin around eyelids

Levator palpebrae superioris

Raises eyelid (superior)
CV III

O: Sphenoid bone lesser wing
I: Skin of superior eyelid (superior
tarsal plate)

Nasalis

Flaring nostrils; wrinkles nose
CN VII

Procerus

Wrinkles and moves nose
CN VII

O: Maxillae and nose cartilage
I: Dorsum (bridge) of nose
O: Nasal bone and lateral nose
cartilage
I: Aponeurosis at nose bridge and
forehead skin

Eye

Nose

Mouth
Buccinator

Compresses cheek; keeps food
between teeth when chewing
CN VII

O: Alveolar process of upper/lower jaw
I: Orbicularis oris

Depressor anguli oris

Frown muscle
CN VII

O: Mandibular body
I: Skin at inferior mouth corner

Depressor labii inferioris

Moves lower lip inferiorly
CN VII

O: Mandible body lateral to midline
I: Skin of bottom lip

Levator anguli oris

Smile muscle – moves mouth corners
up and to the side
CN VII

O: Maxilla – lateral
I: Skin at superior mouth corner

Lebator labii superioris

Opens lips; snarl muscle
CN VII

O: Zygomatic bone and maxilla
I: Skin of upper lip
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Zygomaticus major

Smile muscle – moves mouth corners
up
CN VII

O: Zygomatic bone
I: Skin at superolateral mouth edge

Zygomaticus minor

Smile muscle – moves mouth corners
up
CN VII

O: Zygomatic bone
I: Skin of upper lip

Mentalis

Wrinkles chin; pout muscle
CN VII

O: Mandible – central
I: Skin of chin

Orbicularis oris

Kiss muscle
CN VII

O: Maxilla and mandible
I: Encircles skin of mouth

Risorius

Tenses lips, move corners laterally
CN VII

O: Deep fascia
I: Skin at mouth angles

Moves lower lip down; tenses neck
CN VII

O: Fascia of deltoid and pectoralis
major muscles and acromion of
scapula
I: Skin of cheek/mandible

Neck
Platysma
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CONCEPT: EYE MUSCLES
● The eye muscles, called extraocular muscles move the eyes; there are two groups
□ The rectus eye muscles (4)
- Originate from the common tendinous ring, which is a ring of tissue surrounding the optic nerve
- Insert in the anterior eye
□ The oblique eye muscles (2)
- Originate in the orbit
- Insert on the posterolateral part of the eye
EXAMPLE:
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Muscle

Action

Origin/Insertion

Rectus Muscles
Superior rectus

Moves eye up (superior) and adducts
eye (medial)
CN III

O: Common tendinous rings
I: Anteriosuperior eye surface

Inferior rectus

Moves eye down (inferior) and adducts
eye (medial)
CN III

O: Common tendinous ring
I: Anteroinferior eye surface

Medial rectus

Adducts eye (moves it medially)
CN III

O: Common tendinous ring
I: Anteromedial eye surface

Lateral rectus

Abducts eye (moves it laterally)
CN VI

O: Common tendinous ring
I: Anterolateral eye surface

Superior oblique

Moves eye down (inferior) and abducts
eye (lateral)
CV IV

O: Sphenoid bone
I: Posterosuperior eye surface

Inferior oblique

Moves eye up (superior) and abducts
eye (laterally)
CN III

O: Anterior orbit surface of maxilla
I: Posterioinferior eye surface

Oblique Muscles
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CONCEPT: MUSCLES IN THE ORAL CAVITY AND PHARYNX
Mastication
● Mastication refers to chewing and there are several muscles that _________________________ this process

Muscle

Action

Origin/Insertion

Temporalis

Moves mandible (elevates and retracts) O: Superior/Inferior temporal lines
I: Coronoid process of mandible

Masseter

Moves mandible (elevates and
protracts)

O: Zygomatic arch
I: Coronoid process, lateral surface and
angle of mandible

Medial pterygoid

Moves mandible (elevates, protracts,
and side-to-side)

O: Maxilla, palatine, and medial surface
of lateral pterygoid plate
I: Medial surface of mandibular ramus

Lateral pterygoid

Moves mandible (elevates, protracts,
and side-to-side)

O: Sphenoid bone (greater wing) and
lateral surface of later pterygoid plate
I: Condylar process of mandible

Page 45

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 11 - MUSCLES

Tongue Muscles
● There are two groups of tongue muscles
□ Intrinsic muscles control tongue curling, squeezing, and folding during chewing or speaking
□ Extrinsic muscles control tongue movement during speech and moving food in the mouth
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The four extrinsic tongue muscles are:
Muscle

Action

Origin/Insertion

Genioglossus

Protracts tongue

O: Mental spine of mandible
I: Inferior region of tongue, hyoid bone

Styloglossus

Elevates and retracts tongue

O: Styloid process of temporal bone
I: Side and inferior aspect of tongue

Hyoglossus

Depresses and retracts tongue

O: Hyoid bone
I: Inferolateral side of tongue

Palatoglossus

Elevates posterior part of tongue

O: Anterior surface of soft palate
I: Side and posterior aspect of tongue
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Pharynx Muscles
● The pharynx (throat) is a funnel-shape tub posterior to oral and nasal cavities
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Muscle

Action

Origin/Insertion

Palate Muscles
Tensor veli palatini

Soft palate tensing and opens auditory
tube when swallowing or yawning

O: Sphenoid bone, region around
auditory tube
I: Soft palate

Levator veli palatini

Elevates soft palate when swallowing

O: Petrous part of temporal bone
I: Soft palate

Superior constrictor

Constrict pharynx to force bolus into
esophagus

O: Pterygoid process of sphenoid
bone; medial surface of mandible
I: Posterior media raphe

Middle constrictor

Constricts pharynx in sequence

O: Hyoid bone
I: Posterior median raphe

Inferior constrictor

Constricts pharynx in sequence

O: Thyroid and cricoid cartilage
I: Posterior median raphe

Salpingopharyngeus

Elevates pharynx and larynx

O: Auditory tube
I: Lateral wall of pharynx

Stylopharyngeus

Elevates pharynx and larynx

O: Styloid process of temporal bone
I: Side of pharynx and thyroid cartilage
of larynx

Palatopharyngeus

Elevates pharynx and larynx

O: Soft palate
I: Side of pharynx and thyroid cartilage
of larynx

Pharyngeal Constrictors

Laryngeal (Voice Box) Elevators
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CONCEPT: ANTERIOR NECK MUSCLES
● There are two groups of anterior neck muscles
□ Suprahyoid muscles are muscles on the floor of the mouth
- These muscles are __________________ to the hyoid bone and elevated it when swallowing or speaking
□ Infrahyoid muscles are muscles inferior to the hyoid bone
- When these muscles contract they either ____________________ the hyoid bone or the larynx
EXAMPLE:
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Muscle

Action

Origin/Insertion

Suprahyoid Muscles
Mylohyoid

Elevates hyoid bone; raises floor of
mouth

O: Mylohyoid line of mandible
I: Hyoid bone

Stylohyoid

Elevates hyoid bone

Digastric

Depresses mandible, elevates hyoid
bone

O: Styloid process of temporal bone
I: Hyoid bone
O: Mandible near mental protuberance;
posterior belly, mastoid process
I: Hyoid bone

Geniohyoid

Elevates hyoid bone

O: Mental spines of mandible
I: Hyoid bone

Sternothyroid

Depresses thyroid cartilage of larynx

O: Posterior surface of manubrium of
sternum
I: Thyroid cartilage of larynx

Thyrohyoid

Depresses hyoid bone and elevates
thyroid cartilage of larynx

O: Thyroid cartilage of larynx
I: Hyoid bone

Omohyoid

Depresses hyoid bone

O: Superior border of scapula
I: Hyoid bone

Sternohyoid

Depresses hyoid bone

O: Manubrium of sternum and medial
end of clavicle
I: Hyoid bone

Infrahyoid Muscles
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CONCEPT: MUSCLES THAT MOVE THE HEAD AND NECK
● Head movement is controlled by both head and neck muscles
□ Origin: Vertebral column, thoracic cage, and pectoral girdle
□ Insertion: Cranial bones
□ Some muscles have _________________________ actions
- Unilateral actions mean that only one muscles (left or right) is contracting
- Bilateral actions mean that both the left and right muscles are contracting
EXAMPLE:
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Muscle
Anterolateral Neck Muscles
Scalene muscles (anterior, middle,
posterior)

Action

Origin/Insertion

Flexes neck and elevate 1st and 2nd ribs O: Transverse process of cervical
during inspiration (breathing in)
vertebrae
I: Superior surface of 1st and 2nd ribs
Unilateral action: Rotation of head to
opposite side
Bilateral action: Flexes neck

O: Manubrium and sternal end of
clavicle
I: Mastoid process

Splenius capitis/Splenius cervicis

Unilateral action: Rotation of head to
same side
Bilateral action: Extends head/neck

O: Ligamentum nuchae (septum that
extens from occipital protuberance to
spine of C7)
I: Occipital bone/mastoid process of
temporal bone

Longissimus capitis

Unilateral action: Rotation of head to
same side
Bilateral action: Extends head/neck

O: Transverse process of T1-T4 and
articular processes of C4-C7
I: Mastoid process

Obliquus capitis superior

Rotates head to same side

O: Transverse processes of atlas
I: Inferior nuchal line of occipital bone

Obliquus capitis inferior

Rotates head to same side

O: Spinous process of axis
I: Transverse process of atlas

Rectus capitis posterior major

Extends head/neck

O: Spinous process of axis
I: Inferior nuchal line of occipital bone

Rectus capitis posterior minor

Extends head/neck

O: Posterior tubercle of atlas
I: Inferior nuchal line of occipital bone

Sternocleidomastoid

Posterior Neck Muscles
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● Vertebral column muscles have multiple origins and insertions, and overlap extensively
□ The erector spinea groups (3) of muscles maintain posture and help a person stand
- If the left/right version of these muscles come together they _______________ the vertebral column
- If the muscles on only one side contract the vertebral column flexes towards the same side (lateral)
□ Transversospinalis muscles are deep beneath the erector spinae
- Stabilize vertebrae
□ Quadratus lumborum muscles are in the lumbar region
- If the left/right version of these muscles come together they ____________________ the vertebral column
- If the muscles on only one side contract the vertebral column flexes towards the same side (lateral)
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Muscle

Action

Origin/Insertion

Erector Spine
Longissimus group

Bilateral action: Maintains posture –
extends neck and vertebral colume
Unilateral action: Lateral head rotation

O: Posterior iliac crest tendon,
posterior sacrum, lumbar spinous
process)
I: Mastoid process of temporal bone;
transverse process of C and T vertebra

Spinalis group

Bilateral action: Maintains posture –
extends neck and vertebral colume
Unilateral action: : Laterally flexes
vertebral column
Bilateral action: Maintains posture –
extends neck and vertebral column
Unilateral action: Laterally flexes
vertebral column

O: Lumbar and C7 spinous process
I: Spinous process of axis and thoracic
vertebra

Semispinalis group

Bilateral action: Extends vertebral
column
Unilateral action: Laterally flexes
vertebral column and neck

O: Transverse processes of C4-T12
vertebrae
I: Occipital bone and spinous process
of cervical and thoracic vertebrae

Multifidus

Bilateral action: Extends vertebral
column
Unilateral action: Rotates vertebral
column towards opposite side

O: Sacrum and transverse processes
of each vertebra
I: Spinous process of vertebrae 2-4
segments superior to origin

Rotatores

Bilateral action: Extends vertebral
column
Unilateral action: Rotates vertebral
column towards opposite side

O: Transverse process of each
vertebra
I: Spinous process of immediately
superior vertebra

Bilateral action: Extends vertebral
column
Unilateral action: Laterally flexes
vertebral column and neck

O: Iliac crest and iliolumbar ligament
I: 12th rib; transverse process of lumbar
vertebrae

Iliocostalis group

O: Posterior iliac crest tendon,
posterior sacrum, lumbar spinous
process
I: Angles of ribs, transverse process of
cervical vertebra

Transversospinalis Group

Spinal Extensors and Lateral Flexors
Quadratus lumborum
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CONCEPT: RESPIRATION MUSCLES
● Respiration uses several muscles to expand/depress the thoracic cavity
□ Inspiration uses several muscles to _____________ the thoracic cavity so lungs can fill with air
□ Expiration uses several muscles to _____________ the thoracic cavity in order to force air out of the lungs
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Muscle

Action

Origin/Insertion

Serratus posterior superior

Raises ribs during forced inspiration

O: Spinous process of C7-T3 vertebrae
I: Lateral borders of ribs 2-5

Serratus posterior inferior

Depresses ribs during forced expiration

O: Spinous process of T11-L3 vertebrae
I: Inferior borders of ribs 8-12

Scalene muscles

Raises 1st and 2nd ribs during forced
inspiration

O: Transverse processes of cervical
vertebrae
I: Superior surface of 1st and 2nd ribs

External intercostals

Raises ribs during quiet and forced
inspiration

O: Inferior border of superior rib
I: Superior border of inferior rib

Internal intercostals

Depresses ribs during forced expiration

O: Superior border of inferior rib
I: Inferior border to superior rib

Transversus thoracis

Depresses ribs during forced expiration

O: Posterior of xiphoid process and
inferior region of sternum
I: Costal cartilage 2-6

Diaphragm

Contraction flattens diaphragm;
expands thoracic cavity in inspiration

O: Inferior surface of ribs 7-12, xiphoid
process of sternum and cotal cartilage
of inferior 6 ribs, lumbar vertebrae
I: Central tendon
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CONCEPT: ABDOMINAL WALL MUSCLES
● There are four pairs of muscles hold and ___________ the abdominal organs; also stabilize the vertebral column
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Muscle

Action

Origin/Insertion

External oblique

Unilateral action: Rotates vertebral
column, laterally flexes vertebral
column
Bilateral action: Flexes vertebral
column and compresses abdominal
wall

O: External and inferior borders of the
inferior 8 ribs
I: Linea alba and iliac crest

Internal oblique

Unilateral action: Rotates vertebral
column to opposite side
Bilateral action: Compresses
abdominal wall, flexes vertebral column
Unilateral action: Laterally flexes
vertebral column
Bilateral action: Flexes vertebral
column and compresses abdominal
wall
Compresses abdominal wall, flexes
vertebral column

O: Lumbar fascia, iliac crest
I: Linea alba, pubic crest, inferior rib
surfaces (last 4), costal cartilage of ribs
8-10
O: Iliac crest, cartilage of inferior 6 ribs,
lumbar fascia
I: Linea alba and pubic crest

Transverse abdominis

Rectus abdominis

O: Superior surface of pubis
I: Xiphoid process of sternum, inferior
surfaces of ribs 5-7
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CONCEPT: PELVIC FLOOR MUSCLES
● The pelvic floor consists of three _____________________ called the pelvic diaphragm
□ Travels from ossa coxae (ischium and pubis) to sacrum and coccyx
□ Perineum is a diamond-shaped area between lower legs
- Urogenital triangle is the anterior portion of the perineum
- Anal triangle is the posterior portion of the perineum

Coccygeus
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Muscle

Action

Origin/Insertion

Anal Triangle
Coccygeus

Forms pelvic floor

O: Ischial spine
I: Lateral/Inferior sacrum borders

External anal sphincter

Closes anal opening; relaxes to
defecate

O: Perineal body
I: Surrounds opening of anus

Levator ani: Muscle groups forming pelvic diaphragm (anterior and lateral portions)
Iliococcygeus

Forms pelvic floor

O: Pubis and ischial spine
I: Coccyx median raphe

Pubococcygeus

Forms pelvic floor

O: Pubis and ischial spine
I: Coccyx median raphe

Puborectalis

Anorectal junction; relaxes to defecate

O: Pubis and ischial spine
I: Coccyx and median raphe

Bulbospongiosus (female)

Compresses/stiffens clitoris, narrows
vaginal opening

O: Collaged fiber sheath and clitoris
base
I: Perineal body

Bulbospongiosus (male)

Releases urine/semen, stiffens penis

O: Collagen fiber sheath at penis base
I: Median raphe

Ischiocavernosus

Erections (penis or clitoris)

O: Ischial tuberosities and ischial
ramus
I: Pubic symphysis

Superficial transverse perineal muscle

Supports pelvic organs

O: Ramus of ischium
I: Perineal body

Deep transverse perineal muscle

Supports pelvic organs

O: Ischial ramus
I: Median raphe of urogenital
diaphragm

External urethral sphincter

Inhibits urination by contracting urethra

O: Rami of ischium and pubis
I: Median raphe of urogenital
diaphragm

Urogenital Triangle
Superficial layer

Deep layer
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CONCEPT: PECTORAL GIRDLE MUSCLES
● Pectoral girdle muscles stabilize the _____________, and move it to move the arm
□ Can cause elevation, depression, protraction, and retraction

Muscle

Action

Origin/Insertion

Anterior Muscles
Pectoralis minor

Protracts and depresses scapula

O: Ribs 3-5
I: Coracoid process of scapula

Serratus anterior

Agonist to scapula projection, moves
glenoid cavity superiorly

O: Ribs 1-8
I: Medial border of scapula

Subclavius

Depresses and stabilizes clavicle

O: Rib 1
I: Inferior surface of clavicle
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Muscle

Action

Origin/Insertion

Posterior Muscles
Raises scapula, moves glenoid cavity
inferiorly

O: C1-C4 transverse process
I: Medial border of scapula

Rhomboid major

Elevates and adducts scapula,
inferiorly rotates scapula

O: T2-T5 spinous process
I: Medial border of scapula

Rhomboid minor

Elevates and adducts scapula,
inferiorly rotates scapula

Trapezius

Superior: Elevates and superiorly
rotates scapula
Middle: Retracts scapula
Inferior: Depresses scapula

O: C7-T1 spinous process
I: Medial border of scapula – superior
to spine
O: C7-T12 spinous process, superior
nuchal line of occipital bone
I: Clavicle, and acromion process
(scapula)

Levator scapulae
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Muscle
Pectoralis major

Deltoid

Action

Origin/Insertion

Flexion, adduction, and medial rotation
of the arm at the glenohumeral joint.
Clavicular head: flexion of the
extended arm.
Sternocostal head: extension of the
flexed arm.
Major abductor of the arm.
Clavicular fibers: flex the arm.
Posterior fibers: extends the arm.

O: Clavicular head: anterior surface of
medial half of clavicle.
Sternocostal head: anterior surface of
the sternum, the first 7 costal
cartilages.
I: Intertubercular groove of humerus
O: Spine and acromion process of
scapula, anterior border of lateral ⅓ of
clavicle.
I: Deltoid tuberosity (humerus)
O: T7-T12 spinous process, ribs 8-12,
iliac crest, thoracolumbar fascia
I: Intertubercular groove of humerus
O: Scapula – coracoid process
I: Shaft of humerus (middle/medial)

Latissimus dorsi

Adduction, medial rotation, and
extension of the arm at the
glenohumeral joint.

Coracobrachialis

Flexor and adductor of the arm at the
glenohumeral joint.

Teres major

Medial rotation and extension of the
arm at the glenohumeral joint.

Biceps brachii

Triceps brachii

Subscapularis
Supraspinatus
Teres minor
Infraspinatus

O: Scapula – lateral border and inferior
angle
I: Humerus – lesser tubercle and
intertubercular groove
Flexes and supinates the forearm at
O: Long head: supraglenoid tubercle of
the elbow.
the scapula.
Short head: coracoid process.
I: Radial tuberosity
Extends forearm at the elbow.
O: Long head: infraglenoid tubercle of
scapula.
Long head: extend, adduct the arm at
the glenohumeral joint.
Medial head: posterior surface of
humerus.
Lateral Head: posterior surface of
humerus.
I: Olecranon process of ulna.
Rotator cuff muscles: Group of muscles that stabilize the glenohumeral joint
Medially rotates arm at the
O: Scapula – subscapular fossa
glenohumeral joint.
I: Humerus – lesser tubercle
Abducts arm at the glenohumeral joint. O: Scapula – supraspinous fossa
I: humerus – greater tubercle
Laterally rotates arm at the
O: Scapula – dorsal lateral border
glenohumeral joint.
I: Humerus – greater tubercle
Laterally rotates arm at the
O: Scapula – infraspinous fossa
glenohumeral joint.
I: Humerus – greater tubercle
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CONCEPT: ELBOW JOINT MUSCLES
● The _____________ is moved by muscles in both the arm and forearm
□ These muscles are divided into two groups: anterior and posterior
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Muscles That Act Upon the Forearm
Anterior Arm (Flexors)
Brachialis

Biceps brachii
2 heads – long, short

Action

Powerful flexor of forearm at the elbow. O: Anterior surface of humerus
I: Tuberosity and coronoid process of
ulna
Powerful flexor of forearm at the elbow. O: Long head: supraglenoid tubercle of
Powerful supinator of the forearm.
scapula.
(Accessory flexor of the arm at the
Short head: coracoid process of
glenohumeral joint).
scapula
I: Radial tuberosity

Anterior Forearm Muscles (Pronators)
Pronator teres

Pronates forearm

Pronator quadratus

Pronates forearm

Posterior Arm (Extensors)
Triceps brachii
3 heads – long, lateral, medial

Origin/Insertion

O: Humeral head: medial epicondyle of
humerus
Ulnar head: medial side of coronoid
process
I: Radius – lateral surface
O: Distal anterior surface of ulna
I: Distal anterior surface of radius

Extends forearm at the elbow (can also O: Long head: infraglenoid tubercle of
extend and adduct the arm at the
scapula
shoulder).
Lateral head: posterior surface of
humerus
Medial head: posterior surface of
humerus
I: Olecranon process of ulna.

Posterior Arm (Flexors)
Brachioradialis

Flexes forearm at the elbow joint.

O: Lateral supraepicondylar ridge of
humerus.
I: Lateral surface of distal radius.

Posterior Forearm Muscles (Supinator)
Supinator

Supinates forearm

O: Lateral epicondyle of humerus,
supinator crest of ulna.
I: Lateral surface of proximal radius.

Posterior Forearm Muscles (Accessory extensor)
Anconeus
Accessory extensor of forearm at the
elbow joint. Abduction of the ulna
during pronation.

CH. 11 - MUSCLES
ANATOMY & PHYSIOLOGY - CLUTCH

O: Lateral epicondyle of humerus.
I: Olecranon process of ulna.
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CONCEPT: EXTRINSIC MUSCLES OF WRIST AND HAND
● Extrinsic muscles of the wrist and hand are _______________ muscles that move the wrist and hand
□ They are divided into multiple groups
- Anterior muscles include superficial, intermediate, and deep
- Posterior muscles include superficial and deep
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Muscle

Action

Flexor carpi radialis

Superficial Anterior Muscles
Flexes wrist, abducts hand

Flexor carpi ulnaris

Wrist flexor, adducts hand

Palmaris longus

Wrist flexor (weak)
Anchors palmar aponeurosis and skin
of the palm to resist shearing when
gripping.
Pronates forearm

Pronator teres

Flexor digitorum superficialis

Pronator quadratus

Intermediate Anterior Muscles
Wrist flexor, 2nd-5th
metacarpophalangeal (MP) joints and
proximal interphalangeal joint

Deep Anterior Muscles
Pronates forearm

Flexor pollicis longus

Flexes MP joint of thumb, and IP joints
of thumbs

Flexor digitorum profundus

Wrist flexor, 2nd-5th MP joints, PIP and
distal interphalangeal (DIP) joints

Origin/Insertion
O: Humerus – medial epicondyle
I: Metacarpals II and III base
O: Humerus – medial epicondyle, Ulna
– olecranon and posterior surface
I: Base of metacarpal V, pisiform and
hamate bones
O: Humerus – medial epicondyle
I: Palmar aponeurosis

O: Humerus – medial epicondyle, ulnacoronoid process
I: Lateral surface of radius
O: Humerus – medial epicondyle and
ulna – coronoid process
I: 4 tendons attach to the palmar
surface of middle phalanges – fingers
2-5
O: Distal ulna
I: Distal radius
O: Radius – anterior shaft,
interosseous membrane
I: Thumb – palmar surface of distal
phalanx
O: Ulna – anteromedial surface,
interosseous membrane
I: 4 tendons attach to the palmar
surface of distal phalanges of fingers
2-5

Superficial Posterior Muscles
Brachioradialis
Flexor of the forearm at the elbow joint. O: Lateral supraepicondylar ridge of
humerus
I: lateral surface of distal radius
Extensor carpi ulnaris
Extends wrist, adducts hand
O: Humerus – lateral epicondyle, ulna
– posterior border
I: Dorsal surface of the base of
metacarpal V
CH.
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Extensor carpi radialis brevis
Extends wrist, abducts hand
O: Humerus – lateral epicondyle
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Extensor carpi radialis longus

Extends wrist, abducts hand

Extensor digitorum

Extends wrist, extends digits 2-5

Extensor digiti minimi

Extends digit 5

Anconeus

Accessory extensor of the elbow joint.
Abductor of the ulna in pronation.

Supinator

Deep Posterior Muscles
Supinates forearm

Extensor pollicis brevis

Extends MP joint of thumb

Extensor indicis

Extends digit 2

Extensor pollicis longus

Extends MP and IP joints of thumb

Abductor pollicis longus

Abducts thumb
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I: Dorsal surface of the base of
metacarpals II and III
O: Humerus – lateral supraepicondylar
ridge
I: Dorsal surface of the base of
metacarpals II
O: Humerus – lateral epicondyle
I: 4 tendons attach to the extensor
hoods of the dorsal side of the middle
and distal phalanges of digits 2-5
O: Humerus – lateral epicondyle
I: Extensor hood on the dorsal side of
the 5th digit
O: Lateral epicondyle of the humerus
I: Olecranon and proximal posterior
surface of ulna
O: Lateral epicondyle of humerus,
supinator crest of ulna
I: Lateral surface of proximal radius
O: Radius – posterior surface,
interosseous membrane
I: Dorsal surface of the base of the
proximal phalanx of the thumb
O: Ulna – posterior surface,
interosseous membrane
I: Extensor hood on the dorsal surface
of digit 2
O: Ulna – posterior surface,
interosseous membrane
I: Dorsal surface of the base of the
distal phalanx of the thumb
O: Radius and ulna – proximal dorsal
surfaces, interosseous membrane
I: Metacarpal I – lateral edge
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CONCEPT: INTRINSIC HAND MUSCLES
● Intrinsic hand muscles originate and insert in the hand
□ They are divided into three groups
- The thenar group is the thick mass at __________ of the thumb
- The hypothenar group is smaller region at base of little finger
- The midpalmar group is the space between the other two groups
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Muscle

Action

Flexor digiti minimi brevis

Hypothenar Group
Flexes finger 5

Abductor digiti minimi

Abducts finger 5

Opponens digiti minimi

Opposition of finger 5

Lumbricals

Midpalmar Group
Flexes 2nd-5th MP joints, and extends
2nd-5th PIP and DIP

Dorsal interossei

Abducts fingers 2-5

Palmar interossei

Adducts fingers 2-5

Adductor pollicis

Adducts thumb

Flexor pollicis brevis

Thenar Group
Flexes thumb

Abductor pollicis brevis

Abducts thumb

Opponens pollicis

Opposition of thumb
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Origin/Insertion
O: Hook of hamate, flexor retinaculum
I: Proximal phalanx of finger 5
O: Pisiform bone, tendon of flexor carpi
ulnaris
I: Proximal phalanx of finger 5
O: Hook of hamate, flexor retinaculum
I: Medial side of metacarpal bone 5
O: Tendons of flexor digitorum
profundus
I: Dorsal tendons on fingers 2-5
O: Adjacent, opposing faces of
metacarpals
I: Extensor hoods of digits 2,3,4
O: Metacarpal bones 2, 4, and 5
I: Extensor hoods of digits 1,2,4,5
O: Oblique head: capitate bone, bases
of metacarpals 2 and 3
Transverse head: metacarpal 3
I: Proximal phalanx of thumb – medial
side
O: Flexor retinaculum, trapezium
I: Proximal phalanx of thumb
O: Flexor retinaculum, scaphoid,
trapezium
I: Lateral side of proximal phalanx of
thumb
O: Flexor retinaculum and trapezium
I: Lateral side of metacarpal I
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CONCEPT: MUSCLES MOVING THE HIP AND THIGH
● Muscles that can move the hip joint also move the thigh. There are several groups of muscles that move this joint
□ The fascia lata is the deep fascia of thigh that surrounds the ______________ and binds them together
- The fascia lata divides the muscles into several compartments:
- Anterior, medial, lateral, and posterior groups
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Muscle

Action

Origin/Insertion

Anterior Thigh (Thigh Flexors)
Iliacus

Flexes thigh

O:Iliac fossa
I: Lesser trochanter of femur

Rectus femoris

Flexes thigh and extends leg

O: Iliac spine – anterior inferior
I: Patella – quadriceps tendon and
patellar ligament to tibial tuberosity

Psoas major

Flexes thigh

O: T12-L5 transverse processes
I: Lesser trochanter of femur

Sartorius

Flexes and rotates thigh (laterally);
Flexes and rotates leg (medially

O: Iliac spine – anterior superior
I: Tibial tuberosity (medial)

Medial Thigh (Thigh Adductors)
Pectineus

Adducts and flexes thigh

O: Pubis – pectineal line
I: Femur – pectineal line

Adductor longus

Adducts and flexes thigh

O: Pubic symphysis - pubis
I: Femur – linea aspera

Gracillis

Adducts thigh and adducts and flexes
leg

O: Pubis – inferior ramus
I: Tibia – upper medial surface

Adductor magnus

Adducts thigh,
Hamstring part extends and rotates
thigh (laterally)
Adductor part: adductor tubercle of
femur

Obturator externus

Rotates thigh (laterally)

O: Pubis – inferior ramus and ischial
tuberosity
I: Hamstring part: femur – linea aspera
Adductor part: Femur – adductor
tubercle
O: Obturator foramen and obturator
membrane
I: Femur – trochanteric fossa
(posterior)

Adductor brevis

Adducts and flexes thigh

O: Pubis – inferior ramus
I: Femur – linea aspera (upper third)

Lateral Thigh Compartment (Thigh Abductor)
Tensor fasciae latae

Abducts and rotates thigh (medially)

O: Iliac crest and iliac spine
I: Iliotibial band

Gluteal Group - Posterior
Gluteus maximus

Extends and rotates thigh (laterally)

O: Iliac crest, sacrum, coccyx
I: Femur – gluteal tuberosity and linea
aspera

Gluteus medius

Abducts and rotates thigh (medially)

O: Iliac crest – posterior, surface
between posterior and anterior gluteal
lines
I: Femur – greater trochanter
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Gluteus minimus

Abducts and rotates thigh (medially)

O: Surface of ilium between inferior
and anterior gluteal lines
I: Femur – greater trochanter

Deep Muscles of Gluteal Region (Lateral Thigh Rotations) - Posterior
Piriformis

Rotates thigh (laterally)

O: Sacrum – anterolateral surface
I: Greater trochanter

Superior gemellus

Rotates thigh (laterally)

O: Ischial spine and tuberosity
I: Greater trochanter

Inferior gemellus

Rotates thigh (laterally)

O: Ischail tuberosity
I: Obturator internus tendon

Quadratus femoris

Rotates thigh (laterally)

O: Ischail tuberosity (lateral border),
femur – intertrochanteric crest

Obturator internus

Rotates thigh (laterally)

O: Obturator foramen – posterior
surface
I: Greater trochanter

Semimembranosus

Hamstring Group – Posterior
Extends thigh and flexes leg, medially
rotates leg

O: Ischial tuberosity
I: Tibia – medial condyle (posterior)

Semitendinosus

Extends thigh, flexes and rotates
(medially) leg

O: Ischial tuberosity
I: Tibia – proximal medial surface

Biceps femoris
Long head, short head

Extends thigh, flexes leg, and rotates
leg (laterally)

O:
Long head: Ischial tuberosity
Short head: Femur – linea aspera
I: Fibula - head

Page 76

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 11 - MUSCLES

CONCEPT: MUSCLES THAT MOVE THE KNEE JOINT
● Most of the _______________ move the knee joint
□ Include anterior and posterior muscles in addition to muscles that move the hip joint
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Muscle

Action

Origin/Insertion

Leg Extensors (Anterior Thigh Muscles)
Quadriceps femoris
Vastus lateralis

Extends leg

O: Greater trochanter and linea aspera
I: Quadriceps tendon to patella and
patellar ligament to tibial tuberosity

Vastus medialis

Extends leg

O: Femur – intertrochanteric line and
linea aspera of femur
I: Quadriceps tendon to patella and
patellar ligament to tibial tuberosity

Vastus intermedius

Extends leg

O: Femur – anterolateral surface
I: Quadriceps tendon to patella and
patellar ligament to tibial tuberosity

Rectus femoris

Extends leg, flexes thigh

O: Iliac spine – anterior, inferior
I: Quadriceps tendon to patella and
patellar ligament to tibial tuberosity

Leg Flexors
Gracillis

Flexes and adducts thigh, flexes leg

Hamstrings (biceps femoris,
semimembranosus, semitendinosus)

Extends thigh, flexes leg, rotates leg
laterally

Sartorius

Flexes and rotates thigh (laterally),
Flexes and rotates leg (medially)

O: Pubis – inferior ramus
I: Tibia – upper medial surface

O: Iliac spine – anterior superior
I: Tibial tuberosity (medial)
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CONCEPT: MUSCLES THAT MOVE THE ANKLE AND FOOT
● Crural muscles are the muscles that __________ the ankle, foot, and toes
□ The muscles are divided into three groups: anterior, lateral, and posterior
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Muscle

Action

Origin/Insertion

Anterior Muscles
Tibialis anterior

Dorsiflexes foot and inverts foot

O: Interosseous membrane, tibia –
lateral condyle and proximal shaft

Extensor digitorum longus

Extend toes 2-5, dorsiflexes foot

O: Tibia – lateral condyle, fibula –
anterior surface, interosseous
membrane
I: Distal phalanges of toes 2-5

Extensor halluces longus

Extends big toe, dorsiflexes foot

O: Fibula – anterior surface,
interosseous membrane
I: Distal phalanx of big toe (1)

Fibularis tertius

Dorsiflexes and weak evertor of foot

O: Fibula – nterior distal surface,
interosseous membrane
I: Metatarsal V - base

Lateral Muscles
Fibularis longus

Everts foot, weak plantar flexor

O: Fibula – head and upper 2/3 of
shaft, tibia – lateral condyle
I: Metatarsal I - base

Fibularis brevis

Everts foot, weak plantar flexor

O: Fibula – midlateral shaft
I: Metatarsal V - base
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Posterior Muscles
Superficial layer
Triceps surae
Gastrocnemius

Flexes leg, plantar flexes foot

O: Femur – superior and posterior
surface of lateral and medial condyle
I: Calcaneus

Plantaris

Weak leg flexor and plantar flexor

Soleus

Plantar flexes foot

O: Femur – lateral supracondylar ridge
I: Calcaneus – posterior region
O: Fibula – head and proximal shaft,
tibia – medial border
I: Calcaneus
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Posterior Muscles
Deep layer
Popliteus

Flexes leg, medially rotates tibia

O: Femur – lateral condyle
I: Tibia – posterior and proximal
surface

Tibialis posterior

Plantar flexes foot, inverts foot

O: Fibula, tibia, and interosseous
membrane
I: Metatarsals II-IV, navicular bone,
cuboid bone, cuneiforms

Flexor digitorum longus

Plantar flexes foot, MP, PIP, and DIP
joints of toes 2-5

O: Tibia – posteromedial surface
I: Distal phalanges of toes 2-5

Flexor hallucis longus

Plantar flexes foot, flexes MP and IP
joints of big toe (1)

O: Fibula – posterior lower 2/3rds
I: Distal phalanx of great toe (1)
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CONCEPT: INTRINSIC MUSCLES OF THE FOOT
● Intrinsic foot muscles original and insert in the foot
□ They move the toes and ____________ the foot
□ There are two groups
- Dorsal surface has two muscles
- Plantar surface has 10 muscles grouped into four layers
- Supported by plantar aponeurosis which is part of the _______________ of the foot
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Muscle

Action

Origin/Insertion

Dorsal Surface (Toe Extensors)
Extensor digitorum brevis

Extends MP and PIP joints of toes 2-4

O: Calcaneus and inferior extensor
retinaculum
I: Middle phalanges of toes 2-4

Extensor halluces brevis

Extends MP joint of big toe

O: Calcaneus and inferior extensor
retinaculum
I: Proximal phalanx of big toe

Plantar Surface (Toe Flexors, Abductors, Adductors)
Superficial layer (1)
Abductor hallucis

Abducts big toe

O: Calcaneus
I: Proximal phalanx of big toe (medial
side)

Flexor digitorum brevis

Flexes MP and PIP joints of toes 2-5

O: Calcaneus
I: Middle phalanges of toes 2-5

Abductor digiti minimi

Abducts toe 5

O: Calcaneus
I: Proximal phalanx of pinky toe,5
(lateral side)

Quadratus plantae

Flexes toes 2-5

O: Calcaneus
I: Tendon of flexor digitorum longus

Lumbricals

Flexes MP and extends PIP and DIP
joints of toes 2-5

O: Tendons of flexor digitorum longus
I: Tendons of extensor digitorum
longus

Adductor hallucis

Adducts big toe

O: Transverse head: Capsules of MP
joints III-V
Oblique head: Base of metatarsals II-IV
I: Lateral side of proximal phalanx of
big toe

Flexor halluces brevis

Flexes MP joint of big toe

O: Cuboid and lateral cuneiform
I: Proximal phalanx of big toe

Flexor digiti minimi brevis

Flexes MP joint of pinky toe

O: Metatarsal V
I: Proximal phalanx of pinky toe

Dorsal interossei

Abducts toes

O: Adjacent sides of metatarsals
I: Proximal phalanges of toes 2-4

Plantar iterossei

Abducts toes

O: Metatarsals III-V
I: Proximal phalanges of toes 3-5
(Medial)

Deep Layer (2)

Deeper Layer (3)

Deepest Layer (4)
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CONCEPT: REVIEW OF MUSCLE MOVEMENT
Axial Skeletal Muscles
Extend the head,
neck and
vertebral column

Flex the head,
neck, and
vertebral column

Laterally flex
the vertebral
column

Rotate the head
and neck to one
side

Depress ribs

Elevate ribs

Splenius muscles

Sternocleidomastoid

Quadratus
lumborum

Sternocleidomastoid

Serratus
posterior inferior

Serratus
posterior
superior

Erector spinae

Scalene muscles

External oblique

Splenius muscles

Internal
intercostals

External
infercostals

Quadratus
lumborum

External oblique

Internal oblique

Longissimus capitis

Transversus
thoracis

Scalene muscles

Transversospinalis
group

Internal oblique

Transversus
abdominis

Obliquus capitis
inferior

Rectus capitis
posterior

Transversus and
rectus abdominis

Obliquus capitis
superior

Glenohumeral Joint Muscles
Adduction

Abduction

Extension

Flexion

Latissimus dorsi
(agonist)

Deltoid - middle
(agonist)

Latissimus dorsi
(agonist)

Pectoralis major
(agonist)

Subscapularis
(agonist)

Infraspinatus
(agonist)

Pectoralis major
(agonist)

Supraspinatus

Deltoid posterior
(agonist)

Deltoid – anterior
(agonist)

Deltoid - anterior

Teres minor
(agonist)

Coracobrachialis

Teres major

Coracobrachialis

Latissimus dorsi

Teres major

Long head of
triceps brachii

Long head of biceps
brachii – weak
effect

Pectoralis major

Deltoid posterior

Teres minor

Medial Rotation Lateral Rotation

Teres major

Infraspinatus
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Elbow Joint Muscles
Pronation

Supination

Extension

Flexion

Pronator teres
(agonist)

Biceps brachii
(agonist)

Triceps brachii
(agonist)

Brachialis
(agonist)

Pronator
quadratus
(agonist)

Supinator

Anconeus –
weak

Biceps brachii
Brachioradialis

Wrist and Hand Muscles
Hand Adduction

Hand Abduction

Wrist Extension

Wrist Flexion

Extensor carpi ulnaris

Flexor carpi radialis

Extensor digitorum

Flexor carpi radialis

Flexor carpi ulnaris

Extensor carpi radialis
brevis

Extensor carpi radialis brevis

Flexor carpi ulnaris

Extensor carpi radialis
longus

Extensor carpi radialis longus

Flexor digitorum superficialis

Extensor carpi ulnaris

Flexor digitorum profundus

Extensor pollicis longus - weak

Palmaris longus - weak

Extensor pollicis brevis - weak

Flexor pollicis longus – weak

Extensor indicis - weak
Abductor pollicis longus – weak

Finger Adduction

Finger Abduction

IP Joint Extension

IP Joint Flexion

Dorsal interossei

Palmar interossei

Extensor digitorum

Flexor digitorum profundus

Abductor pollicis
longus

Adductor pollicis

Extensor pollicis brevis

Flexor digitorum superficialis

Abductor pollicis
brevis

Extensor pollicis longus

Flexor pollicis longus

Abductor digiti minimi

Extensor indicis

Flexor pollicis brevis

Extensor digiti minimi

Flexor digiti minimi

Lumbricals
Dorsal interossei
Palmar interossei
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Hip Joint Muscles
Adduction

Abduction

Extension

Flexion

Medial Rotation

Lateral
Rotation

Adductor magnus

Gluteus medius

Gluteus maximus
(agonist)

Iliopsoas
(agonist)

Gluteus medius

Adductor
magnus hamstring

Adductor longus

Gluteus minimus

Adductor magnus hamstring

Adductor magnus

Gluteus minimus

Gluteus
maximus

Adductor brevis

Tensor fasciae
latae

Biceps femoris –
long head

Adductor longus

Tensor fasciae
latae

Sartorius

Semimembranosus

Adductor brevis

Obturator
externus

Semitendinosus

Pectineus

Obturator
internus

Sartorius

Piriformis

Rectus femoris

Superior
gemellus

Gracilis

Inferior gemellus
Quadratus
femoris

Knee Joint Muscles
Extension

Flexion

Quadriceps femoris
• Rectus
femoris
• Vastus
lateralis
• Vastus
inermedius
• Vastus
medialis

Sartorius
Gracilis
Adductor magnus, longus,
and brevis
Biceps femoris
Semimembranosus
Gastrocnemius
Popliteus
Plantaris – weak
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Ankle and Foot Joints
Foot Dorsiflexion

Foot Plantar Flexion

Foot Eversion

Foot Innervation

Tibialis anterior
(agonist)

Gastrocnemius
(agonist)

Fibularis longus
(agonist)

Tibialis posterior
(agonist)

Extensor digitorum
longus

Soleus
(agonist)

Fibularis brevis
(agonist)

Tibialis anterior
(agonist)

Extensor hallucis
longus - weak

Flexor digitorum longus

Fibularis tertius - weak

Fibularis tertius –
weak

Flexor hallucis longus
Tibialist posterior
Fibularis longus - weak
Fibularis brevis - weak

Toe Extension

Toe Flexion

Toe Adduction

Toe Abduction

Extensor digitorum
longus

Flexor digitorum longus

Adductor hallucis

Abductor digiti minimi

Extensor hallucis
longus

Flexor hallucis longus

Plantar interossei

Abductor hallucis

Extensor digitorum
brevis

Flexor digitorum brevis

Extensor hallucis
brevis

Lexor digiti minimi brevis

Dorsal interossei

Flexor hallucis brevis
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