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MUSCULAR SYSTEM NOTES

General Introduction

The muscular system is made up of over 700 skeletal muscles.

Muscles are considered organs because they are made up of muscle tissue, epithelial tissue, connective tissue (e.g. tendons, aponeuroses, coverings), and nervous tissue.

A single named skeletal muscle such as the biceps brachii may be made of 1000's of cells and each cell is as long as the muscle itself.

Functions of the Muscular System

· Produce Movement - Movement of the body as a whole

Propels blood, food, wastes, and babies,  eye movement

· Maintain Posture and Body Position - muscles continuously contract to help you maintain your body posture

· Support Soft Tissues - Soft tissues such as the organs in your abdominal and pelvic cavity are supported by skeletal muscle

· Control Entrances and Exits - Openings to the urinary and digestive tracts have muscles that allow you to control swallowing, defecation, and urination

· Maintain Body Temperature - Contractions increase body heat through shivering
Characteristics of Muscle tissue/cells

   Functional Features

· Contractility - long cells shorten and generate pulling force
· Excitability - electrical nerve impulse stimulates the muscle cell to contract

· Extensibility - can be stretched back to its original length by contraction of an opposing muscle

· Elasticity - can recoil after being stretched

  General Description
· Cells of muscles are known as fibers

· Plasma membrane is called a sarcolemma 

· Cytoplasm is called sarcoplasm
· Muscle contraction is produced by two types of myofilaments (contractile proteins) called actin and myosin.  These two proteins generate contractile force
· Each muscle is an organ consisting mostly of muscle tissue
· Each skeletal muscle is packaged in connective and supplied by branches of , one nerve, one artery and one or more veins

Muscle Attachments 

Most skeletal muscles run from one bone to another bone. Muscles are attached to bones by tendons or aponeuroses.

At movable joints (diarthroses or synovial joints), a contracting muscle can pull on a bone (or bones) to produce an action (flexion, extension, abduction, adduction, etc).

Most muscles cross at least one movable joint. When such a muscle contracts, it causes one of these bones to move while the other remains fixed. 

The less movable attachment (tendon) is called its origin, whereas the more moveable attachment is the insertion. Thus the insertion is pulled toward the origin.

Origin  = point of attachment of a muscle that is least movable.

When a muscle contracts, the insertion moves toward the origin. 

In the limbs, the origin typically lies proximal to the insertion.

Ex: biceps brachii originates on the scapula and inserts on the radius.

Insertion  = point of attachment of a muscle that is most movable.  The muscles that move a part are usually distal to the bone being moved.

[Sometimes neither the origin nor the insertion can be determined easily by movement or position. Ex: if a muscle extends between an aponeurosis and a narrow tendon, the aponeurosis is considered the origin and the tendon is attached to the insertion. 

If there are multiple tendons at one end of the muscle and just one tendon at the other end, each of the multiple tendons is considered an origin, and the single tendon is considered the insertion.]

Connective Tissues

Muscles attach to their origins and insertions either directly or by tendons or aponeuroses that extend into the periosteum.

Tendon  - a cordlike attachment of muscles to bone (usually), or sometimes to skin, cartilage, or sheets of fascia.  Most muscles attach by tendons.

Aponeuroses  -  flat sheet that attaches muscles to bones (usually) or sometimes to skin, cartilage, or sheets of fascia.

Types of Muscle Tissue

Skeletal Muscle 

Structure

· Made of large cells or muscle fibers 

· Are multinucleated: hundreds of nuclei located near the cell membrane (sarcolemma)

· Have about 300 mitochondria per cell

· Have a striped appearance (striations because proteins involved in contraction are organized parallel to the long axis of the cell.

Location - skeletal muscles attached to bones or skin

Function  - voluntary Movement (Can control the contraction of a skeletal muscle and some, such as diaphragm can be controlled subconsciously)

Structure of a Skeletal Muscle 

Muscle Fascicles (fasciculus= a bundle) These are bundles of muscle fibers (muscle cells).

Muscle Fibers (Muscle Cells)  - cells are long, have hundreds of nuclei and are striated.

Epimysium (ep –ih-MIS ee-uhm)  (Epi= on; mys= muscle) - dense irregular connective tissue that surrounds the entire muscle.  It separates the muscle from surrounding tissues and organs

Perimysium  (peri= around; mys= muscle) dense irregular connective tissue that surrounds bundles of muscle cells called fascicles. Has blood vessels and nerves that branch to supply each individual fascicle.

Endomysium (EN dō mihz ē-um) (endo= inside; mys= muscle) delicate, areolar connective tissue that surrounds each muscle fiber (muscle cell). It has reticular fibers to help bind together neighboring muscle fibers and support capillaries near these fibers.

These three connective tissue layers are surrounded by a big sheet of dense irregular connective tissue called deep fascia. The deep fascia is deep to the superficial fascia (hypodermis). It separates individual muscles.

Tendons or Aponeuroses
· The collagen fibers of all three layers come together to form a tendon or a broad sheet called an aponeurosis.

· Found at the end of a muscle.

· Extensions of this dense regular connective tissue beyond the muscle cells which interwine with periosteum of bone. Some attach to skin, cartilage, fascia or raphe (seam of fibrous tissues)

· Cable-like tendons are attached to two bones and span a joint like a bridge, contraction pulls one bone towards the other

Structure of a Skeletal Muscle Fiber (Muscle Cell) 

 Myofibrils 
· Each muscle cell (muscle fiber) contains 100's or 1000's of myofibrils.

· Myofibrils are organized collections of myofilaments (protein filaments) as long as the entire muscle fiber.

· All of the myofibrils are arranged parallel to the long axis of the cell, giving the muscle cells a banded appearance (striations)

· These myofibrils are what make the muscle cell contract because they are attached at each end of the muscle cell. When the proteins slide past each other causing the myofibril to contract or shorten, the entire muscle cell shortens.

Myofilaments
Myofilaments  are proteins filaments made up mostly of the proteins actin and myosin and also the proteins troponin (tro POH nin) and tropomysosin).  The arrangement of the thin and thick filaments within a sarcomere produces a banded appearance. 

Myosin makes up the thick  filaments.  Each myosin has a tail and a head (like a golf club) with the head away from the center of the sarcomere.

Actin makes up the thin filaments.  These are attached at either end to interconnected proteins that make up a z-line.  Associated proteins include troponin and tropomyosin

Sarcomere  - the smallest contractile unit of skeletal or cardiac muscle cell. It is defined as the distance from one Z line to the next adjacent Z line.  Each myofibril has about 10,000 sarcomeres arranged end to end.

It is at this level of the sarcomere, that the thick and thin filaments slide past each other and this is why we say the sarcomeres are the "functional units" of muscles.

Z Line (Z Disc)  - a dark protein disc in the center of the I band where thin filaments attach by means of proteins called connectins.

A Bands - dark bands in the middle of the sarcomere.  They are made of entire thick filaments and lateral end regions with overlapping thin filaments.

I Bands - this is a light band containing thin filaments only. 
H Zone - this is the lighter region in the middle of the A band. It contains thick filaments only.

M Line - this is a dark protein disc in the center of the H zone, where thick filaments attach. 
 [Titin is an elastic protein that attach thin filaments, thick filaments, and M-line proteins to the Z disc to maintain their organization and order.]

Sarcoplasmic Reticulum

Special type of endoplasmic reticulum

The SR tubules surround each myofibril. The ends of the SR are called cisternae and they contain high concentrations of calcium ions. They get there because muscle cells use active transport to concentrate the ions.

A muscle contraction starts when the stored calcium ions are released by the cisternae.

Transverse Tubules (T tubules)

Transverse tubules are narrow tubules (tunnels) filled with extracellular fluid that reach deep into the sarcoplasm of the muscle fiber.

They form passageways through the muscle fibers.

They are like a series of tunnels through a mountain.

Are important because they help the electrical impulses from a nerve reach deep into the muscle fiber (muscle cell) and coordinate muscle contractions.

Neuromuscular Junctions 

The neurons (nerve cells) that stimulate muscle contraction are called motor neurons. 

Each skeletal muscle fiber is controlled by a motor neuron at a neuromuscular junction midway along the muscle fiber's length.

The neuromuscular junction is the motor neuron ending and the muscle it enervates.

 Neurons

Neurons are single nerve cells made up of 3 parts: the cell body, several dendrites, and one axon.

Cell Body - the main part of the cell that contains the nucleus

Dendrites - are long extensions of the neuron that receive electrical impulses and pass them on to the cell body.

Axon  - the long extension of a neuron that carries nerve impulses away from the cell body and passes it along to another neuron, muscle, or gland.

Structure of a Neuromuscular Junction

Synaptic Terminal (Synaptic Bulb)

A single axon of a neuron ends at an expanded synaptic terminal or synaptic bulb.

The cytoplasm at the synaptic terminal contains vesicles filled with a neurotransmitter called acetylcholine. A neurotransmitter is a chemical released by a neuron to communicate with other cells.

Synaptic cleft  - the space/gap between the synaptic terminal and the sarcolemma of the muscle fiber is called the synaptic cleft.

Synaptic Vesicles are sacs filled with neurotransmitter Ach
Motor End Plate - The sarcolemma of the muscle fiber contains receptors that bind Ach. This region of the sarcolemma is known as the motor end plate.

Electrical Impulse (Action Potential)

When a neuron is stimulated, an action potential or electrical impulse travels along the axon of the motor neuron. We will talk about action potentials in more detail later in the Nervous System Lecture.

The impulse reaches the synaptic terminal and the following occurs:

Ca+2 ions are actively transported into the synaptic terminal. 

This causes vesicles to move to the membrane.

Vesicles in the synaptic terminal release ACh into the synaptic cleft.

The ACh molecules diffuse across the synaptic cleft and bind to the receptors on the sarcolemma (at the motor end plate). This opens Na+ -gated ion channels. 

Na+ rushes into the sarcoplasm, which triggers an action potential in the sarcolemma.

 The action potential spreads over the entire sarcolemma and travels down the transverse tubules.

The action potential triggers a relase of calcium ions by the cisternae.

Contraction of a Muscle (Sliding Filament Theory) 

The sliding filament theory is the name for the concept that a sarcomere shortens as the actin and myosin slide past each other.

Each actin molecule has an active site that is capable of interacting with myosin.

In a relaxed muscle fiber, the active sites on the actin thin filments are covered by the protein tropomyosin (trope = turning). 

The tropomyosin strands are held in position by molecules of troponin that are bound to the actin strand.

Heads on the myosin thick filaments are also inactivated and are bound or attached to ATP when the muscle is relaxed (at rest)

When an impulse travels from the nerve cell to the cell membrane of the muscle cell, 
calcium ions are released from the sarcoplasmic reticulum.  The calcium ions bind to troponin.

       When the calcium ions bind to troponin, this causes the troponin to change position and move tropomyosin away from the active sites of actin. The myosin can now bind to the actin so that contraction can occur.

 ADP + P are attached to the myosin head.

The myosin head binds to the active site of the actin. When they connect, the myosin heads are called cross-bridges. A cross-bridge is a myosin head that projects from the surface of a thick filament and can bind to the active site of an actin filament in the presence of calcium ions. 

At this point, the P  is released and then the myosin head pivots toward the center of the sarcomere, pulling the actin towards the center. 

The power stroke of cross bridges slide the thin filaments under the thick filaments. Since the actin is bound to the z-line, the sarcomere shortens. 

Since the entire myofibrils are attached to the ends of the muscle cells the entire muscle cell shortens.

ATP binds to the cross bridge and this causes the cross bridge to disconnect from actin.

ATP is broken down to ADP + P, which releases energy. The energy is stored in the myosin head and will be used again to move the actin.

Hydrolysis of ATP (ATP ----> ADP + Pi) repositions and reenergizes the cross bridge. The cross bridge returns to its position ready to repeat the cycle of attach, pivot, detach and return.

Calcium is actively transported back to the sarcoplasmic reticulum. Without the calcium, the actin and myosin are reconfigured or redesigned into the noncontracting state and the muscle fiber relaxes.

Types of Skeletal Muscle Fibers

There are three different types of muscle fibers. The actions that a specific skeletal muscle can undergo is determined by the percentage of each of these 3 muscle fiber types that the specific muscle has.

Fast Glycolytic Fibers (also called White Fibers)

These are muscle fibers that 

· are large in diameter

· have lots of glycogen reserves

· have densely packed myofibrils

· relatively few mitochondria

· contract 0.01 (1/100th) of a second or less after they have been stimulated

· produce powerful contractions because they contain lots of sarcomeres

· their contractions use lots of ATP 

· they lack myoglobin (a pigment protein that carries oxygen ) so these cells are supported by anaerobic reactions and thus, fatigue quickly.

They are also called white fibers because they are pale in color because they lack myoglobin. If you eat chicken or turkey, the “white” meat is muscle containing primarily white fibers 

Slow Oxidative Fibers (Red Fibers)

These are muscle fibers that

· are ½ the diameter of fast fibers

· have lots of mitochondria

· take 2-3 times longer to contract after they are stiimulated

· they can contract for long periods of time without fatigue

· have more blood vessels so they receive more nutrients and oxygen

· they have myoglobin so they have plenty of oxygen reserves

· they require oxygen to produce ATP so they are aerobic.

Fast Oxidative Intermediate Fibers

These fibers are similar to fast fibers, but they do not fatigue as quickly and they take a little longer to contract after being stimulated, as compared to fast fibers.

They require O2 to produce ATP (so are aerobic)

Cardiac Muscle 

Structure

· Found only in the heart

· Like the skeletal muscle, the cardiac muscle fibers are also arranged parallel so also have striations but

· In cardiac muscle the fibers are branched 

· Cardiac muscle cells are smaller than skeletal muscle cells

· Has one or two nuclei that is/are centrally located

Location - walls (myocardium) of the heart 

Function - propels blood into circulationYou cannot voluntarily control the contraction of cardiac muscle cells (involuntary)

Smooth Muscle

Structure

· The cells are small and spindle-shaped

· It is not striated and the protein fibers do not branch

· One central nucleus

Location - walls of hollow organs (blood vessels, respiratory tubes, digestive tubes, urinary organs, reproductive organs and inside the eye.)
Function  
· Regulates flow/propels substances or objects (food, urine, baby)

· Controls openings (sphincters)

· Control of contraction is involuntary

Lever Systems: Bone-Muscle Relationships

Movement of skeletal muscles involves leverage

Lever – a rigid bar that moves 

Fulcrum – a fixed point

Effort – applied force

Load – resistance 

Bones – act as levers

Joints – act as fulcrums

Muscle contraction – provides effort, applies force where muscle attaches to bone

Load – bone, overlying tissue, and anything lifted

Levers allow a given effort to

Move a heavier load, moves a large load over small distances

Move a load farther, allows a load to be moved over a large distance 

First-class lever
Effort applied at one end

Load is at the opposite end

Fulcrum is located between load and effort

Second-class lever
Effort applied at one end 

Fulcrum is at the opposite end

Load is between the effort and fulcrum

Third-class lever

Effort is applied between the load and the fulcrum

Work speedily

Always at a mechanical disadvantage

Most skeletal muscles are third-class levers

Example – biceps brachii

Fulcrum – the elbow joint

Force – exerted on the proximal region of the radius

Load – the distal part of the forearm

Interactions of Skeletal Muscles

Muscles can exert a pull but not a push.

For this reason, muscles are typically arranged in pairs: one pulls a bone in one direction and the other pulls it in the opposite direction. 

A muscle cannot reverse the movement it produces. Rather another muscle must undo the action.

Muscles with opposite actions lie on opposite sides of a joint

For example, when a flexor contracts, the other muscle in the “pair” (extensor) must relax to permit the bone to move. 

Muscles can be described as either agonists, antagonists, or synergists.

 Agonist (Prime Mover) This is a muscle whose contraction is mainly responsible for producing a particular movement.

e.g. The biceps femoris is a prime mover that flexes the knee.

Synergist (syn = together; ergon = work)  A synergist is a muscle that helps the prime mover to work efficiently.

E.g. they may provide additional pull near the insertion. Or they may stabilize the point of origin. Fixator  type of synergist that holds a bone firmly in place

E.g. The supraspinatus muscle assists the deltoid muscle in abduction (lifting the arm away from the body; the brachialis assists the biceps brachii)

Antagonists: These are muscles whose actions oppose the movement produced by another muscle.

Sometimes it gets confusing when describing the muscles because an antagonist may also e a prime mover.

E.g. The rectus femoris is a prime mover that extends the knee. Thus, it is also an antagonist of the biceps femoris.

The agonists and antagonists have opposite movements: Abduction/abduction; elevation/depression; pronation/suppination, etc.
Arrangement of Fascicles in Muscles

Skeletal muscles – consist of fascicles arranged in different patterns

Fascicle arrangement – tells about action of a muscle

Types of Fascicle Arrangement

Parallel – fascicles run parallel to the long axis of the muscle

Strap-like – sternocleidomastoid

Fusiform – biceps brachii

Convergent - origin of the muscle is broad, fascicles converge toward the tendon of insertion

Example – pectoralis major

Pennate
Unipennate – fascicles insert into one side of the tendon

Bipennate – fascicles insert into the tendon from both sides

Multipennate – fascicles insert into one large tendon from all sides

Circular -fascicles are arranged in concentric rings, surround external body openings. 

Sphincter – general name for a circular muscle

Naming the Skeletal Muscles

Number of origins - two, three, or four origins,  indicated by the words biceps, triceps, and quadriceps

Action  - the action is part of the muscle’s name, indicates type of muscle movement

Flexor, extensor, adductor, or abductor

Location- ex. the brachialis is located on the arm

Shape – ex. the deltoid is triangular

Relative size - Maximus, minimus, and longus indicate size

Example – gluteus maximus and gluteus minimus

Direction of fascicles and muscle fibers - name tells direction in which fibers run

Example – rectus abdominis and transversus abdominis 

Location of attachments – name reveals point of origin and insertion, ex. brachioradialis 

Muscle Movements

· Flexion / Extension

· Hyperextension

· Abduction/ Adduction

· Circumduction

· Rotation

· Pronation, supination

· Special Movements

· Foot and ankle - inversion, eversion, dorsiflexion, plantar flexion

· Hand - opposition of thumb, palm

· Head - protraction, retraction, depression, elevation (jaw)
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