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Muscle Anatomy
& Movement
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Muscular system
Objectives

Describe the levels of muscle organization: fascia, fascicles, muscle
fibres.

Describe the following structures of a muscle cell: sarcolemma,
sarcoplasm, nuclei, mitochondria, sarcoplasmic reticulum, myofibrils,
myofilaments, sarcomere.

Describe the following structures of a sarcomere: Z line, | band, A band,
H zone, M line.

Describe the basic structure of the thick and thin filaments and their
primary protein components.

Specify four factors which determine the type of movement
accomplished by a muscle.

Specify some of the criteria used in the naming of muscles.

Describe, using specific examples, 16 types of movements characteristic
of skeletal muscle contractions.



Types of Muscle Tissue

| Smooth

In organs; involuntary
Il. Striated (Skeletal)

Linked to bones; voluntary

I1. Cardiac

In the heart; involuntary
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Movement
MOVEMENT ENVOLVES MUSCLE

l

THERE ARE 3 TYPES OF MUSCLE:

SMOOTH SKELETAL
y

INVOLUNTARY VOLUNTARY

INTESTINES MUSCLES ATTACHED TO BONES
INVOLUNTARY BLOOD VESSELS
HEART BLADDER

EYE (inside the eye)

UTERUS etc.

ITIS THE SKELETAL MUSCLES, TOGETHER WITH THE BONES & JOINTS, THAT
ACCOMPLISHES MOVEMENT
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Skeletal muscles

- Attached to bones via tendons

- Cells = muscle fibers

- Able to contract or relax

- Produce force that causes movement
- Striated
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Factors determining the type of movement

performed by a muscle

. Type of _ joint

[I.  oOrientation  of the muscle

lll.  Action of other muscles close by

V. Muscle tension
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Factors determining the type of
movement performed by a muscle

type of joint

(b) Hinge joint Uniaxial movement

Humerus — :

Medial/lateral —X— l
Cyjinder - = Angular movement

I

s Trough m—-—w o

Examples: Elbow joints, interphalangeal joints

(f) Ball-and-socket joint Multiaxial movement

Angular,
circumduction
and rotation
movement

Marieb,

Focus figures 8.1b,f

7




Types of synovial joints
summary of movements

Type Allowed Movement

Gliding Gliding

Hinge Angular (flexion and extension)

Pivot Rotation

Ellipsoidal Angular (flex., ext., abd., add. and circumduction)
Saddle Angular (flex., ext., abd., add. and circumduction)
Ball-and-Socket Angular (flex., ext., abd., add., circumduction) and rotation
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Factors determining the type of

movement performed by a muscle
orientation of the muscle fibers (celis)

* Depending on the
orientation, different
abdominal muscles
perform different types
of movements.

Marieb, Figure 10.12a
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Factors determining the type of
movement performed by a muscle

action

 For flexor digitorum
supetficialis to flex the
fingers without flexing
the hand, extensor carpi
radialis longus needs to
contract.

of other muscles

Superficial
transverse
ligament of palm

Palmar
aponeurosis

Flexor
retinaculum

Pronator
quadratus

lexor
digitorum
uperficiali

Flexor pollicis

Flexor carpi longus

ulnaris

Palmaris Extensor carpi
longus adialis longy
Flexor Brachio-
carpi radialis radialis
Medial Pronator
epicondyle teres

of humerus

Tendon of

Medial head of biceps brachii

triceps brachii

(a = Biceps brachii

Marieb, Figure 10.16a 10
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Factors determining the type of

movement performed by a muscle
muscle tension

* For psoas major to flex the
thigh fully, the hamstrings
need to relax.

Hamstrings

11
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Seven features used in  naming muscles

1) Direction/orientation of muscle fibers
2) Location of muscle

3) Relative size of muscle

4) Shape of muscle

5) Number of origins

6) Sites of origins & insertions

7) Action produced by muscle

12
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Naming of
Muscles

examples

1) _Direction /orientation of
muscle fibers

Pectoralis major External oblique

Latissimus dorsi

Transversus
abdominis

Anterior serratus muscles

External oblique

Linea alba (of the
rectus sheath)

Rectus abdominis
(enclosed within
rectus sheath)

Tendinous intersections
(between the anterior

segments of the rectus Rectus abdominis I

Aponeurosis of \

abdominis)

internal obliqu l

ternal oblique

Quadratus lumborum
llia of hip bones

lliacus

Sacrum

Psoas major

13

(b) Posterior abdominal muscles (anterior view)
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Naming of muscles
examples

2) _Location of muscle

Fibularis
longus
Tibialis
anterior

14
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Naming of muscles
examples

3) Relative _size _of muscle

_ Gluteus
maximus
— Adductor o
magnus Adductor Lat|SS|mUS.
longus dorsi
Vastus
lateralis

15
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Naming of muscles
examples

4) _Shape of muscle

Deltoid
/f" — -

Trapezius &

| W < |
" Quadratus
lumborum

16
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Naming of muscles
examples

5) Number of origins

Quadriceps femoris Biceps brachii

Triceps blrachii

17
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Naming of muscles
examples

6) sites of origins & insertions

Sternocleidomastoid Sternohyoid

18
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Naming of muscles
examples

[) _Action produced by muscle

Extensor

digitorum —
Abductor pollicis

brevis —
Flexor_|

carpi ulnaris
Adductor pollicis —

19
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Types of movement

Movements you already know

5 new pairs ofopposingmovements

- Flexion & Extension

- Abduction & Adduction
- Rotation

- Circumduction

- Elevation & Depression

- Plantarflexion & Dorsiflexion
- Inversion & Eversion

- Supination & Pronation

- Protraction & Retraction

20
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Types of muscle

movements

Abduction: Bone moves

away from midline

Adduction: Bone moves

towards midline

Circumduction * Distal end of

bone moves in circles

Wikipedia Commons

21
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Figure 5

Types of muscle _
A A 3,

movements

Flexion -

Decreases a joint angle \

Extension

Extension:
INncreases a JOINt ANGIE . ko e o s oxerson e mosr s

(c) Angular movements: flexion and extension

of the neck
Extension
( Rotation
| y 5
1}
Abduction /
Extension | Flexion /
Vel AN i Lateral
1] rotation
4 Adduction Circumduction
Medial
rotation
(d) Angular movements: flexion (e) Angular movements: abduction, adduction, (f) Rotation of the head, neck, an??er limb
and extension of the vertebral and circumduction of the upper limb at the

column shoulder
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Types of muscle
movemenis

Rotation Rotation

Bone moves around its
longitudinal axis

Lateral
rotation

Medial
rotation

23

i) Rotation of the head, neck, and lower limb

Wikipedia
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Types of muscle movements

Supination: Palm of hands turns upwards
Palm of hands turns downwards

Pronation

Pronation ,." l\l Supination
(Radius | (radius and
rotates |ulna are
over ulna) I.f parallel)
|
|
'l ‘ Dorsiflexion
III
/
/
f

j X ""ll's—‘f ] E\f Plghtar flexion
I' . A,

||
\ | \ f

\ \ \ A

\J ) \\ O

“”II LJ 5

(g) Pronation (P) and supination (S)

~—

(h) Dorsiflexion and plantar flexion (i) Inversion and eversion

Figure 6

8

Eversion

24
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Types of muscle movements

Foot moves away from midline Figure 6

Eversion:
Inversion Foot moves towards midline
Pronation ,I'II , Il\l Supination
(Radius / | Lrliiil.;sr eand
;c:::rti?na) / parallel)

‘ Dorsiflexion

Inversion Eversion

e

(h) Dorsiflexion and plantar flexion (i) Inversion and eversion

(g) Pronation (P) and supination (S)

a0 2B -

25
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Types of muscle movements

Plantarflexion: Foot extends at ankle
Dorsiflexion :  Foot flexes at ankle

Figure 6

Pronation ,." l\l Supinaticlw
(Radius / | (radius afd
/

rotates ulna are
over ulna) | parallel)
|

Dorsiflexion

|I \ -. -
5 ‘k‘?l Plantar flexi
LA lI-T ', ) J".II 4 antar rexion 7
J || | | | 1\ \ \ 7
/ |II‘ [ | \ l'l\\‘.\ I|I 0y -
|| H."I II r,' N \‘-\JI" _j _-I!II [
> L.J = J\L

(g) Pronation (P) and supination (SI

Eversion

(h) Dorsiflexion and plantar flexion (i) Inversion and eversion
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Types of muscle movements Figure 6

Protraction: Bone moves horizontally towards the front
Retraction: Bone moves horizontally towards the back

Elevation: Bone moves upwards
Depression: Bone moves downwards

Retraction Protraction

]
Elevation of
of mandible of mandible / ‘ 1 mandible
= \ W\ .
-_— . Depression
/ of mandible

) )\ )

(j) Protraction and retraction (k) Elevation and depression () Opposition

27
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Skeletal muscles

- Attached to bones via tendons

- Cells = muscle fibers

- Able to contract or relax

- Produce force that causes movement
- Striated

28
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Organization of skeletal muscle

Posterior

Triceps /
brachii 7 J/ ANe
Humerus | 4 o 4
/
. ) v o . .
Biceps * Fascia(white layer)
brachii \ "‘}"@

Hypodermis

« Fascia = dense connective tissue
that holds the muscle together and

Anterior separates it from other tissues
29
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Muscle organization

Levels of organization

Muscle

v

Fascicle

v

Muscle fiber

v

Myofibril

v

Myofilament

Fibrous CT layers
under Fascia

Other
components

Epimysium
Perimysium
Endomysium

Blood vessels
Nerves

30



Organization of skeletal muscle

Skeletal muscle Epimysium Muscle fascicles . 1St fibrOUS CT |ayer =

/4 epimysium

* Covers the entire muscle

|+ Muscle below the

Muscle tascicle

endomysi €PIMYysium is composed
Muscle fibers Of faSC|C|eS

Sarcolemma

31
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Organization of skeletal muscle

Skeletal muscle Epimysium Muscle fascicles

« 2nd fibrous CT layer =

perimysium

* Covers each fascicle

Muscle fascicle % Perimysium ® Each faSCK.:le IS Composed
muscle fivers |OF muscle fibers.

Endomysium

Sarcolemma

32
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Organization of skeletal muscle

Skeletal muscle Epimysium

Muscle fascicles ° 3I’d fibrous CT Iayer -

endomysium

Perimysium
Endomysium
Muscle fibers

Sarcolemma

the red box

* Covers each muscle fiber

Muscle fiber = muscle cell
which runs the entire
length of the muscle

should be here

33
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Organization ofj§

skeletal muscle
Summary

Epimysium

Perimysium

Endomysium

Muscle fiber
in middle of
a fascicle

Layer of
Connective Anatomical Level
Tissue Covered
Fascia muscle group
Epimysium muscle

: : fascicle
Perimysium

(= 10 to 100 muscle fibers)

muscle fiber (cell)

Endomysium
( = a muscle cell) 34
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The skeletal muscle cell

Figure 3

Nucleus Muscle fiber

Mitochondrion

Sarcolemma

Light |
band

My ofilboril

Sarcoplasmic Sarcomere
reticulum 1

Thin (actin) | |
filament Z disc H zone Z disc

Thick {myosin)
filament

I I
| band A band | band M line

* Myofibrils = run length wise through the muscle cell and are composed of
myofilaments

, 35
« Sarcolemma = the muscle cell's plasma membrane
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Transverse

Sarcolemma Sarcoplasmic tubule Terminal cistern
e skeleta = == i
| |
muscle cell I
(*] o
Sarcoplasm — ® 9 ® "o 5459 /—l‘ L
P — | e © o 6 gl élllo e © =
o o Q
Q

» Transverse (T) tubules =
tunnel like extensions ofeen™
the sarcolemma that
extend into the
sarcoplasm; closely
associated with the
sarcroplasmic reticulum

( S R) Mitochondrion Myoglobin Glycogen granules

o%

Zdisc Thick Thin Z disc
filament filament

Dystrophin

« SR = membranous tubules
similar to endoplasmic

Key:
H — 24
reticulum e y
= Ca™ acli
® lrgnsp%rtlgﬁmps

< =Ca* release
channels
(d) Simplistic representation of a muscle fiber 36

Figure 10.02d Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.
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Sarcoplasmic reticulum

Partof a skeletal Iband Aband Iband
muscle fiber (cell) . | |

I | I Z disc Hzone |Zdisc

L ]
AT

v hed T

s |
;‘Lf. Myofibril

"
bt =

Sarcolemma

— Sarcolemma

Triad:

e T tubule
* Terminal

cisterns of
the SR (2)

Tubules of
the SR

Myofibrils
Mitochondria

Marieb, Figure 9.5
37



Myofibril structure

| band A band | band

Sarcomere

Sarcomere ; banded repeating units

Made up of 3 kinds of protein:
1. Contractile: these generate the contraction force 2 proteins — actin & myosin

2. Regulatory: help starting & stopping contraction 2 proteins — troponin &
tropomyosin

3. Structural: keep contractile proteins aligned & stabilize the myofibril 3 proteins - z-
line, m-line & titin filament 38
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Myofibri structure

(Coiled protein strand
that is attached to both
Z- & M-line)

Sarcomere >

A band I 1 band —

39
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The Sarcomere

A band

iband T Hzonée ' [Iband
1 — 1 f
Z disd M line £ disq

40
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Structure of thick
fllaments

Myosin

* Myosin is the main components of thick filaments; functions as a motor
protein

Sarcomere Flgure 4
1
H zone
1
L L L
Lighter | band Darker A band Lighter | band
Portion of a Portion of a
thick filament thin filament

1 1
I Troponin

o R e
- =3 -, —

Actin-binding sites

Binding site
for myosin

ATP-binding site

Tail Heads

Myosin molecule Flexible hinge region
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Structure of thin filaments
Actin | Troponin, Tropomyosin

Myosin-binding site

(covered by Tropomyosin)

« Actin = contains a myosin binding site where a myosin head can attach.

* Troponin and Tropomyosin = regulatory proteins

« Tropomyosin = blocks the myosin binding site

 Troponin = hold tropomyosin strands in place.
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Components of the skeletal muscle cell

Summary
Component Description
Sarcolemma Plasma membrane of a skeletal muscle fibre(cell)
Sarcoplasm Cytoplasm of a muscle cell.

tunnel like extensions of the sarcolemma that

Transverse T tubule __ extendintoth rcoplasm. |
Spemahzecj smooth enaopiasmlc reticulum, which

Sarcoplasmic Reticulum
stores Ca++

Terminal Cistern Bolbus end of the SR

Triad 1 Transverse T Tubule + 2 Terminal Cisterns

Myofibril : witr,min the muscle fibre and contains the
Sarcomeres

Sarcomeres Banded repeating units

Thick Myofilament Myosin

Thin Myofilament Actin, tropomyosin, troponin 43
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Plasma membrane of a skeletal muscle fibre(cell)
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Cytoplasm of a muscle cell.

Abdil Kaldan
tunnel like extensions of the sarcolemma that extend into the sarcoplasm.

Abdil Kaldan
Specialized smooth endoplasmic reticulum, which stores Ca++

Abdil Kaldan
Bolbus end of the SR

Abdil Kaldan
Long, cylindrical organelle that runs parallel within the muscle fibre and contains the sarcomeres.
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Banded repeating units
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Myosin

Abdil Kaldan
Actin, tropomyosin, troponin


Muscle contraction
The . filament hypothesis

2 Sarcomeres

H zone | band A band

Relaxed muscle

Contracted muscle

44
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Muscular system
Objectives

Describe the levels of muscle organization: fascia, fascicles, muscle
fibres.

Describe the following structures of a muscle cell: sarcolemma,
sarcoplasm, nuclei, mitochondria, sarcoplasmic reticulum, myofibrils,
myofilaments, sarcomere.

Describe the following structures of a sarcomere: Z line, | band, A band,
H zone, M line.

Describe the basic structure of the thick and thin filaments and their
primary protein components.

Specify four factors which determine the type of movement
accomplished by a muscle.

Specify some of the criteria used in the naming of muscles.

Describe, using specific examples, 16 types of movements characteristic
of skeletal muscle contractions.

45
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