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® Motor Units
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Function of the Muscle System

Introduction:

A. All movements require muscle which
® Maintain posture and body position are organs using chemical energy
to contract.

B. The three types of muscle in the

body are skeletal, smooth, and
m Propel body fluids and food, and generates heart cardiac muscle.

beat.

m Provides motor movement.

m Support soft tissue- abdominal wall

m Helps Maintain body temperature




+ Structure of a Skeletal Muscle

Skeletal muscle
) T BHo0d vessels
Epirmysium . and nerves

A. Each muscle is an organ, comprised of
skeletal muscle tissue, connective tissues,

_ Perimysium

Muscle lascicle

nervous tissue, and blood. Al 1Y - AL A s o o

B. Each cell in skeletal muscle tissue is a
single muscle fiber

(cell)

Three Layers come together and become the tendon Epi=on, Peri= around,
Endo=inside
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C. Skeletal Muscle Fibers

B. Connective Tissue Coverlng§ , 1. Each muscle fiber is a single, long,
1. Laye_rs of dense connective tissue, called cylindrical muscle cell.
fascia, surround and separate each

muscle. 2. Beneath the sarcolemma (cell

. This connective tissue extends beyond m_embrane) Ii(_as w (cytoplgsm)
the ends of the muscle and gives rise to with many mitochondria and nuclei; the

tendons that are fused to the periosteum sarcoplasm contains many myofibrils.
of bones.




Filaments of the MyoFibril

Muscle
=
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. Bone :

Lr Fascicles

—Tendon

Thick filaments of myofibrils are
made up of the protein myosin.
——Fascia

(covering muscle) Musclefib;rs(cells) . Th'n fl|amentS Of myOﬂanS are

mysit | made up of the protein actin.
ﬁ:_-\r—Perlmyswm v

yofibrils . The organization of these

I:L filaments produces striations.
Thick and thin filaments

)
i |

Sarcoplasmic
reticulum

Myofibril
Muscle fiber | :
Sarcolemma Filaments

Sarcopismc

3. A sarcomere extends from Z line to Z
line.

a. I bands (light bands) made up of
actin filaments are anchored to Z
lines.

A bands (dark bands) are made

up of thick filaments and the
overlapping thick and thin filaments.




4. Beneath the sarcolemma of a muscle
fiber lies the sarcoplasmic reticulum _—
(endoplasmic reticulum), which is S ”"’““”’"’”“"’"’“"“""“}T"“
associated with transverse (T) tubules ' :

(invaginations of the sarcolemma).

Myofibrils

Sarcoplasmic — .
reticulum
Openings into

transverse tubules
Mitochondria

Thick and thin
filaments

Sarcoplasm

Sarcolemma
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D. Neuromuscular Junction ynaptic

vesicles
1. The site where the motor neuron and Mitachondria — /NN
muscle fiber meet is the neuromuscular of

1
junction. \\‘V/ e 1},\/
- Motor =) 3
a. The muscle fiber membrane neuran axon /

forms a motor end plate in which | :::ﬁ:lc:amma fméptic
the sarcolemma is tightly folded

and where nuclei and A e -
mitochondria are abundant =L et

nucleus muscle fiber

The cytoplasm of the motor
neuron contains numerous
mitochondria and synaptic
vesicles storing
neurotransmitters.
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Step 1: Releass of Acstyichokine, Step 2 ACh Binding st the Motor End Step 3 Action Potentiel Gonduction
Visicles in Ihe SynapSs tenminal islease Plate.  The binting of AGH 1o bry e Sarcolemma.  The scton
ISr CONMNTS M0 Thie SYNADHE Clef. e FECADIOFS CANGES T MEmDrane potential Spreans BCI0S3 e mamevana
CRrTaty &0 NCUCES 3N ATUGN SANTICe AN Wavels Jown The
potential in the sarcolamma. Transversa bk
rete:

i)

Axons of
motor neurons

-~ Motor nerve

[ Motor unit 1
l_] Motor unit 2
D Motor unit 3
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E. Motor Units

L. A motor neuron and the muscle
fibers it controls make up a motor
unit; when stimulated to do so,
the muscle fibers of the motor
unit contract all at once.
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<~ Skeletal Muscle Contraction

A. Muscle contraction involves several
components that result in the shortening
of sarcomeres, and the pulling of the
muscle against its attachments.




Step 3: Pivoling of myosin head Step 4: Cross-bridge detachment
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Tropemyasin
q|
“Tropenin eomp\m(} Actin filament

Actin monamers.
' -|> Myosin filamant
a2,

ca2y
Muscle contraction 2 o Muscle relaxation
Release of Ca*? from sarcoplasmic N / Active transport of Ca'? into sarcoplasmic
reticulum exposes binding sites on reticulum, which requires ATP, makes.
thin filament: = myosin binding sites unavailable.
a2 binds 10 troponin complex ATF
Tropamyosin pulied aside —, . &
Binding sites on -
actin filament
eaposed

[l Exposed binding sites on actin allowthe
muscle contraction cycle to ocour

H Cross-bridge
binds actin to /
myosin

pm—

ATp AP

EXNew ATP binds to myosin, causing 2 [l Cross-bridge pulls actin filament (power stroke),
linkage to release ADP and [P released from myosin

St1ap 1: Active-site axpasure.

D.Energy Sources for Contraction

1 Energy for contraction comes

from molecules of ATP. This
chemical is in limited supply and

so must often be regenerated

Creatine phosphate, which stores
excess energy released by the
mitochondria, is present to
regenerate ATP from ADP and
phosphate.




~ Blood vessel |

(a) Resting muscle: Fatty acids are catabolized; the ATP produced
is used to build energy reserves of ATP, CP, and glycogen.

Glycogen _\

2 ADP

Pyruvlc
J __8cit Id Qeat ine

;.-,II. Lactic
Tl acid |

To myoflbnls to
| support muscle
|  contraction

(c) Peak activity: Most ATP is produced through glycolysis, with
lactic acid as a by-product. Mitochondrial activity (not shown)
now provides only about one-third of the ATP consumed.

hY
Glycogen

To myofibrils to support
muscle contraction

(b) Moderate activity: Glucose and fatty acids are catabolized;
the ATP produced is used to power contraction.
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<> Smooth Muscles
A. Smooth Muscle Fibers

1. Smooth muscle cells are
elongated with tapered ends, lack
striations, and have a relatively
undeveloped sarcoplasmic
reticulum.




2. Multiunit smooth muscle and
visceral muscle are two types of
smooth muscles.

In multiunit smooth muscle, such
as in the blood vessels and iris of
the eye, fibers occur separately
rather than as sheets.

B. Smooth Muscle Contraction
1.  The myosin-binding-to-actin
mechanism is the mostly same for
smooth muscles and skeletal
muscles.

Both acetylcholine and
norepinephrine stimulate and
inhibit smooth muscle
contraction, depending on the
target muscle.

. Visceral smooth muscle occurs in sheets and

is found in the walls of hollow organs;
these fibers can stimulate one another
and display rhythmicity, and are thus
responsible for peristalsis in hollow organs
and tubes.

3. Hormones can also stimulate or inhibit
contraction.

4. Smooth muscle is slower to contract
and relax than is skeletal muscle, but
can contract longer using the same
amount of ATP.




<-Cardiac Muscle C. Complex membrane junctions, called
A. The mechanism of contraction in intercalated disks, join cells and
cardiac muscle is essentially the same as transmit the force of contraction from
that for skeletal and smooth muscle, but one cell to the next, as well as aid in the
with some differences. rapid transmission of impulses
B. Cardiac muscle has transverse tubules throughout the heart.
Eg?lttrs;ceﬂg’r?g;raeﬁalgﬁgé’sand can thus D.Cardiac muscle is self-exciting and
gerp : rhythmic, and the whole structure
contracts as a unit.

< Skeletal Muscle Actions B. Interaction of Skeletal Muscles

A. Origin and Insertion 1.  Of a group of muscles, the one

1. Theimmovable end of a muscle doing the majority of the work is
is the origin, while the movable T
end is the insertion; contraction e OVE!
pulls the insertion toward the . Helper muscles are called
origin. synerqists; opposing muscles are
Some muscles have more than called antagonists.

one insertion or origin.




» Frontalis

< Major Skeletal Muscles

; Masseter
A.Muscles are named according to an L Orbicularis ors
of the following criteria: size, shape,
location, action, number of Dettoid

attaCh ments, (0] 8 d | rection Of |ts Pectoralis major
fibers.

Orbicularis oculi

Sternocleidomastoid

Biceps brachii

d : |~ Serratus anterior
.,H 7 (| Latissimus dorsi
Triceps brachii “

Brachialis )
Extensor carpi radialis it 1 3 L 4 Rectus abdominis

Pronator teres Brachioradialis

Palmaris longus
Flexor carpi radialis Flexor carpi ulnaris

Flexor digitorum
A
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B.Muscles of Facial Expression

1. Muscles of facial expression
attach to underlying bones and
overlying connective tissue of
skin, and are responsible for
the variety of facial expressions
possible in the human face.

Fluiars . Major muscles include
il :w epicranius, orbicularis oculi,
Exownaor ciokonm — i orbicularis oris, buccinator,

zygomatigus,

Tensor fasciae latas

Fleatus femor

Vastus Iaterabs
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Epicranius: . Epicranial
Frontalis " aponeurosis
Occipitalis N R -
Temporalis

Orbicularis
oculi

Masseter

Sternocleido- Zygomaticus

mastoid / , Orbicularis
' ; oris
Buccinator
Platysma

Galea aponeurotica
{tendinous sheet)

Orbicularis
oculi =

Zygomaticus
Orbicularis =~

oris

Depressor
anguli oris

C.Muscles of Mastication

1. Chewing movements include up
and down as well as side-to-side
grinding motions of muscles
attached to the skull and lower
jaw.

Chewing muscles include
masseter and temporalis.

Galea aponeurotica
(tendinous sheet)

Frontalis

Temporalis

| Orbicularis

p;ﬁéld \ = | Buccinator

Medial
Depressor
pleryick anguli oris

Mandibie

{8

Trapezius

(b) Lateral view, pterygoid
muscles exposed

Plat
Sternecleidomastoid (cutand reflected)
(c)
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._Muscles that Move the Head
1. Paired muscles in the neck and back
flex, extend, and turn the head.
2. Major muscles include sternocleidomastoid,
splenius capitis, and semispinalis capitis.

Splenius
capitis (cut)

Semispinalis
capitis

E. Muscles that Move the Pectoral

Girdle

1.The chest and shoulder muscles
move the scapula.

2.Major muscles include  trapezius,
rhomboideus major,levator scapulae,

serratus anterior, and pectoralis
minor.

r
Marwiile \
Tl :

A
Mylohryoid ~__ “II'--.._
i

‘\_‘_\

Digastric ~ e

Hywid bone

Cutheadsof =< 3
stemocieidomastoid

Starnohyoid | Sternum

Stemodlaidomastoid —|__ 'l
[=F] Il
|
. i !
| | |
| |

Bternoclmdomasiosd

Semispinalis capitis

Splenius capitis

lliocostalis

|| ongissimus | Erector
| spinae
muscles
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Rhomboideus

A

A\ Y7
/ ! :‘,ﬁ.J/

Terus maj A i
ories major :|, I\ {/

Seratus anterior ) (8] Posterior view

F. Muscles that Move the Arm

1. Muscles connect the arm to the pectoral
girdle, ribs, and vertebral column,
making the arm freely movable.

2. Flexors include the coracobrachialis and
pectoralis major.

SUPERFICIAL

Pectoralis

(&) Anterior view

|oeer
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-

Supraspinatus
Supraspinatus

Infraspinatus

L Teras minor

(b) Posterior view

Muscles that Move the Forearm
These muscles arise from the
humerus or pectoral girdle and
connect to the ulna and radius.
Flexors are the biceps brachii,

brachialis,and brachioradialis.

Extensors include the teres major
and latissimus dorsi.

Abductors include the

supraspinatus and the deltoid.

Rotators are the subscapularis,
infraspinatus, and teres minor.

Levator scapulae Clavicle

Deltoid Subscapularis
Supraspinatus Coracobrachialis

—— Medial border

Spine of scapula of scapula

Short head of
Deitoid biceps brachii

Infraspinatus

Long head of
biceps brachii

Teres minor
Teres major
Long head of
triceps brachii
Lateral head of
triceps brachii
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3. An extensor is the triceps brachii muscle.

4. Rotators include the supinator, pronator
teres, and pronator quadratus.

H. Muscles that Move the Wrist, Hand, and

Fingers

1. Movements of the hand are caused by
muscles originating from the distal
humerus, and the radius and ulna.

2. Flexors include the flexor carpi radialis,
flexor carpi ulnaris, palmaris longus, and
flexor digitorum profundus.

3. Extensors include the extensor carpi
radialis longus, extensor carpi radialis
brevis, extensor carpi ulnaris, and
extensor digitorum.

Copyar T Mewe i Searen. 1. Pemntn s e —
Biceps brachii

Brachialis

Supi

Pronator teres
Brachioradialis

Extensor carpi
radialis longus

Flexor carpi radialis

Palmaris longus
Flexor carpi ulnaris
Pronator quadratus
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I. Muscles of the Abdominal Wall

1. This group of muscles connects the rib
cage and vertebral column to the pelvic
girdle.

a. A band of tough connective
tissue, the linea alba, extending
from the xiphoid process to the
symphysis pubis, serves as an
attachment for certain abdominal
wall muscles.

K. Muscles that Move the Thigh
1. The muscles that move the thigh are
attached to the femur and to the pelvic
girdle.
2. Anterior group includes the
psoas major and iliacus.

These four muscles include:

external oblique, internal oblique,
transverse abdominis, and rectus
abdominis.
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Psoas major

lliacus
Tensor fasciae latae

Sanoriust[ A Adductor longus
Rectus femoris

Adductor magnus

Vastus lateralis i\ Gracilis
' Vastus medialis

Patellar
ligament

16



3. Posterior group is made up of the L._Muscles that Move the Leg
gluteus maximus, gluteus medius, 1. This group connects the tibia or fibula

gluteus minimus, and tensor fasciae to the femur or pelvic g'rdl.e' :
leitare 2. Flexors are the biceps femoris,

semitendinosus, semimembranosus,
4. Thigh  adductors include the and sartorius.

adductor longus, adductor magnus, . An extensor is the quadruceps femoris

and gracilis. group made up of four parts: rectus
femoris, vastus lateralis, vastus
medialis, and vastus intermedius.

M.Muscles that Move the Ankle, Foot, and
Toes

luteus medius e medius . Muscles that move the foot are
Liuteus maxirmus Tensor fasciae latae, e\ s attached to the femur, fibula, or
5 maximus oy w
Sariorige Adductor magnus. ) Vastus talerails t'bla, and mOVe the fOOt upWard,

Rectus femoris 3 o

vt ) Gracilis — | covered by fascig downward, or in a turning
astus .

lliotibial band Semimembranosus ( pleeps motion.

Sartorius

(fascia) . Dorsal flexors include the tibialis

Gastrocnemius

anterior, peroneus tertius, and
extensor digitorum longus.




SUPERFICIAL |
MUSCLES

} || SECOND
'_ LAYER |

l'.
ls Popitacs
\

Plantar flexors are the
gastrocnemius soleus, and
flexor digitorum longus.
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