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Muscular System

How does cause change in the physical world?




MUSCULAR SYSTEM

* The muscular system is the biological system of humans that
produces movement.

* The muscular system, in vertebrates, is controlled through the
nervous system, although some muscles, like cardiac muscle,
can be completely autonomous.

Muscle is contractile tissue and is derived from the
mesodermal layer of embryonic germ cells.

Its function is to produce force and cause motion, either
locomotion or movement within internal organs.

Much of muscle contraction occurs without conscious thought
and Is necessary for survival, like the contraction of the heart
or peristalsis, which pushes food through the digestive system.




\oluntary muscle contraction is used to move the body
and can be finely controlled, such as movements of the
finger or gross movements that of the biceps and triceps.
There are approximately 640 skeletal muscles in the
human.

Contrary to popular belief, the number of muscle fibers
cannot be increased through exercise; instead the muscle
cells simply get bigger.

It is however believed that myofibrils have a limited
capacity for growth through hypertrophy and will split if
subject to increased demand.

There are three basic types of muscles in the body
(smooth, cardiac, and skeletal).
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Skeletal muscle Cardiac muscle
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What is the main function of the muscular system?

« Locomotion or mobility, strength, heat production, shock
absorption, shaping the body, maintaining posture, and
respiration.

 In addition it plays a role in the digestive process by
peristalsis to move the food through.

* [tis also essential for pumping blood and plays a role in
smooth muscles of the blood vessels to raise blood
pressure during the stress response.

* Muscles help the body to have mobility through the
environment, and motility inside the body for its
processes.
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Skeletal muscle (voluntary muscle)

* Is anchored by tendons to the bone

* IS used to effect skeletal movement such as locomotion

 skeletal muscle cells are multinucleated with the nuclei
peripherally located.

» skeletal muscle iIs called 'striated' because of the
longitudinally striped appearance under light microscopy.




skeletal muscle (continued)

a form of striated muscle tissue existing under control of the
somatic nervous system i.e. it is voluntarily controlled.
skeletal muscle i1s made up of individual components known
as muscle fibers.

these fibers are formed from the fusion of developmental
myoblasts (a type of embryonic progenitor cell that gives rise
to a muscle cell).

the muscle fibers are long, cylindrical, multinucleated cells
composed of myofibrils.

the myofibrils are composed of actin and myosin myofibrils
repeated as a sarcomere, the basic functional unit of the
muscle fiber and responsible for skeletal muscle's striated
appearance and forming the basic machinery necessary for
muscle contraction.



http://en.wikipedia.org/wiki/Somatic_nervous_system
http://en.wikipedia.org/wiki/Myoblasts
http://en.wikipedia.org/wiki/Actin
http://en.wikipedia.org/wiki/Myosin
http://en.wikipedia.org/wiki/Myofibrils
http://en.wikipedia.org/wiki/Sarcomere

Skeletal muscles have an abundant supply of blood vessels
and nerves.

Before a skeletal muscle fiber can contract, it has to receive
an impulse from a neuron.

Generally, an artery and at least one vein accompany each
nerve that penetrates the epimysium of a skeletal muscle.
Branches of the nerve and blood vessels follow the
connective tissue components of the muscle of a nerve cell
and with one or more minute blood vessels called capillaries.



The cell membrane of a muscle cell is called the

sarcolemma.

This membrane, like that of neurons, maintains a membrane
potential.

So, impulses travel along muscle cell membranes just as
they do along nerve cell membranes.

However, the 'function' of impulses in muscle cells is to
bring about contraction.

To understand how a muscle contracts, you need to know a
bit about the structure of muscle cells.




Structures «
L

Muscles P
Tendon \\\,} 3
Most muscles are covered by a @
band of connective tissue called Bone

fascia, that supports the muscle. /,Fasc'a

Epimysium

Perimysium

Endomysium

Perimysium

TSP
Sarcolemma e &,

Sarcoplasmic
Filaments reticulum



0l 2=0] 20U= &EHZ =2/20IH =20t ULk

e
1o

]

CH A

JIAIERI AAI2E &H,

0.

)

UI0

Kl
K

T

N

2

oK

)
il

Rl
KA
W
Al

)

Dk
110D
KD

F

_.|

1

(ACHSQH IC

(SR)

F

o
ol

F

(T-tuble):

nl}
Ca2t g2l

2 Al

|.

o0

Al

KIl
0
i

Ol Ct

M

J|
o

040

]

MG == At

HO
OH

Nucleus

Light

Dark

{A) band (1) band

(8) Segment of a muscle fiber (cell)



Structure of a Skeletal Muscle

o ey sooavesser © OKeEletal muscles may be made
\ - / up of hundreds, or even
o 2 ueeme  thousands, of muscle fibers
o Vit / bundled together and wrapped
o In a connective tissue covering.

- \ « Each muscle is surrounded by
1 ' a connective tissue sheath

Fascicle

Tendan Epimysium Endomysium Cal Ied the ep|myS| um

 Fascia, connective tissue outside the epimysium, surrounds
and separates the muscles.

« Each bundle of muscle fiber is called a fasciculus and is
surrounded by a layer of connective tissue called the perimysium.

« Within the fasciculus, each individual muscle cell, called a muscle
fiber, Is surrounded by connective tissue called the endomysium.



Fascicle and Perimysium
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Skeletal Muscle Fiber

— —Skeletal muscle fiber
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Flexor muscle —
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The sarcomere
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6. If Ca2+ is returned to

1

=2 == sliding filament theory

Actin filament

Tr myaosin i
opo \YOS _~Troponin

Myosin
binding site

5. ATP is hydrolyzed and
myosin heads return
to resting position

A

sarcoplasmic reticulum,
muscle relaxes

contraction continues

1. Action potential causes
depolarization and
release of Ca?+

\Caz+

7. If Ca?* remains available,
the cycle repeats and muscle

2. Ca%* exposes myosin
binding sites; myosin
heads bind to actin

4. ATP binds to
myosin, causing
it to release actin

3. Power stroke; fila-
ments slide past
one another
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(Motor neuron)
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Neuromuscular Junction

Motor neuron fiber
Nerve fiber branches
Muscle fiber nucleus
Motor end plate
Myofibril of muscle fiber
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Role of

Calcium
in Muscle
Contraction =S——c

Cross-Bridge 25
CVCle in Myosin

A Muscle "

Actin e Contraction —
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2

2 =5 X

1. ATP+H,O — ADP+H,PO,+12,000 calories
2. Phosphocreatine + ADP — creatine + ATP

3. Glucose+2ATP(or glycogen+1ATP)
Se==250 , 2 |actic acid + 4ATP

4. Glucose + 2ATP (or glycogen + 1ATP)
O, 6CO, + 6H,0 + 40ATP

5. Free fatty acid = CO, + ATP
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Myogram — Single Muscle Twitch

.

Latciendt
perio
=

Force of contraction

| Il ]

Period of Period of
contraction relaxation

] ! e ) e i | e s

Time of Time
stimulation




A). Muscle twitch is the response of
a muscle to a single brief threshold
stimulus.

B). Phases
1). Latent Period
Muscle tension is beginning.
2). Period of Contraction
Muscle fibers shorten.
3). Period of Relaxation
Ca++ reenters the
sarcoplasmic reticulum



I1). Incomplete Tetanus

The amount of Ca++ increases in the cytoplasm
results in a quivering response

1i1). Complete Tetanus
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) Twitch @ Wave summation (@) Unfused (incomplete) (@) Fused (complete)
tetanus tetanus

Tension

Stimuli

Copyright @ 2001 Banjamin Cummings. an imprint of Addison Weslay Longman, Inc.
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Isotonic contraction (S84

)

« The muscle changes length and moves a load.
« |sotonic contractions the thin actin filaments

Muscle
contracts

are sliding across the myosin
{Isntnnlc

1.0
Y Y

(a) Isotonic (concentric) contraction
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Isometric contraction (S&4 £5)

e Tension in the muscle increases but the muscle neither

shortens or lengthens.

* |sometric contractions the cross bridges are forming and
pulling but the actin filament is not moving

2

Muscle
contracts
(isometric

contraction)

(b) Isometric contraction

Tension 4
developed

Amount of resistance

1

(kg) ]
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Muscle
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+— Nuscle
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Feak tension
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Definition

Electromyography is a test that measures and records the
activity of contracting muscles in response to electrical
stimulation. It checks the health of the muscles and the
nerves that control the muscles. EMG is performed using an
Instrument called electromyogaph, to produce a record
called an electromyogram.

Purpose of EMG

 EMGs are useful in determining the presence of a
neuromuscular disorder and neuropathies.

 Helps to distinguish weakness due to neuropathy
(functional or pathologic changes in the peripheral
nervous system) from weakness due to other causes.

* It helps differentiate muscle disease from motor neuron
dysfunction.


http://nursingcrib.com/medical-laboratory-diagnostic-test/electromyography/
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Intercalated
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heart

muscle fiber T paotomicrograph



Intercalated disk

Sarcoplasmic reticulum

o T system

Terminal
cistern

Intercalated disk
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& &2 (Smooth Muscle)
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smooth-muscle cells are small.

They are spindle-shaped, about 50 to 200 microns long and only 2 to 10
microns in diameter.

They have no striations or sarcomeres. Instead, they have bundles of thin
and thick filaments (as opposed to well-developed bands) that
correspond to myofibrils.

In smooth-muscle cells, intermediate filaments are interlaced through
the cell much like the threads in a pair of "fish-net" stockings. The
Intermediate filaments anchor the thin filaments and correspond to the Z-
disks of skeletal muscle. Unlike skeletal-muscle cells, smooth-muscle
cells have no troponin, tropomyosin or organized sarcoplasmic reticulum.

RS AX

Relaxed smooth muscle cell

R

Contracted smooth muscle cell

© 2004 HawStuffelarks
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Calcium ions regulate contraction in smooth muscle, but they do
It in a slightly different way than in skeletal muscle:

1. Calcium ions come from outside of the cell.

2. Calcium ions bind to an enzyme complex on myosin,
called calmodulin-myosin light chain kinase.

3. The enzyme complex breaks up ATP into ADP and
transfers the P, directly to myosin.

4. This P; transfer activates myosin.

5. Myosin forms crossbridges with actin (as occurs in
skeletal muscle).

6. When calcium is pumped out of the cell, the P; gets
removed from myosin by another enzyme.

7. The myosin becomes inactive, and the muscle relaxes



