Neuromuscular Function

Draw and label a diagram of a motor unit.

Terms to know
dendrite
cell body (soma)
nucleus
axon
motor end plate
synapse
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Draw and label a diagram of a motor unit.
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The Motor Unit

Branches of Myofibrils
motor neurons

dendrites
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Muscle fiber
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Neuromuscular Function

Draw and label a diagram of a motor unit.

Synaptic vesicles
containing acetylcholine
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Nucleus T a membrane enclosed organelle that contains most
of the cells genetic material

Axon - A long fibre of a nerve cell (a neuron) that acts
somewhat like a fiber-optic cable carrying outgoing (efferent)
messages. The neuron sends electrical impulses from its cell
body through the axon to target cells. Each nerve cell has one
axon. An axon can be over 20 cm (a foot) in length, which for
the human body is remarkably long.

dendrites

Dendrites - bring information to the cell body

Motor end plate i or A neuromuscular junction (NMJ) is the
synapse or junction of the axon terminal where a neural cell
(neuron) communicates with a target cell.

Synapse - The small junction across which a nerve impulse
passes from one cell to another




Neuromuscular Function

Role of neurotransmitters in stimulating muscle
contraction.

Neurotransmitters are chemicals that are used for
communication between a neuron at the synapse and an
cell.
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Neuromuscular Function

Role of neurotransmitters in stimulating muscile
contraction.
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Neuromuscular Function

Role of neurotransmitters in stimulating muscile
contraction.

Acetylcholine (Ach)Acetylcholine
IS the primary neurotransmitter
for the motor neurons that

T-End of
nerve cell

Neuromuscular
junction

Innervate skeletal muscle and for (.

most parasympathetic neurons. |t R

Is generally an excitatory /..;‘ S s
neurotransmitter, but it can have|  pisma memorane” {2277 AT

I thi { le cell

inhibitory effects at some A oot {./ e —
parasympathetic nerve endings, (ACh) i J ?ﬁ?&iﬁﬁiﬁﬂi‘iﬁ?fixf
SUCh as the heart_ réceplors cell plasma membrane.
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Role of neurotransmitters in stimulating muscile

contraction.
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Neuromuscular Function

Role of neurotransmitters in stimulating muscle contraction.

Cholinesterasas an enzyme | Nerve mpuise
that catalyzes the hydrolysis ‘*/
of the neurotransmitter Fresyante airor |
acetylcholine into choline and ]/
acetic acid, a reaction

°g
C

necessary to allow a neuron 7 o |

to return

to Its resting state after
activation.

Postsynaptic Neuron
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Neuromuscular Function

Sliding Filament Theory

Terms to know:
myofibril
myofilament
sarcomere
actin/myosin
H zone
A band
Z line
tropomyosin
troponin
sarcoplasmic reticulum
sarcoplasm
sarcolemma
calcium ions
ATP



Neuromuscular Function

Sliding Filament Theory

Tropomyosin Is an actin-binding protein that
regulates actin mechanics. (found on the actin protein)

Troponin (a protein)is attached to the protein
tropomyosin and lies within the groove between actin
filaments in muscle tissue. In a relaxed muscle,
tropomyosin blocks the attachment site for the myosin
crossbridge, thus preventing contraction.



Neuromuscular Function

Sliding Filament Theory

When the muscle cell is stimulated to contract by a
nerve, calcium channels open in the sarcoplasmic
reticulum and release calcium into the sarcoplasm
(cytoplasm)of a striated muscle cell. Some of this
calcium attaches to troponin, causingphysicalkchange
that moves tropomyosin out of the way so that the
cross bridges can attach to actin and produce muscle

contraction.

Difference between Smooth ER and sarcoplasmic ER is the smo:
ER synthesizes molecules and the sarcoplasmic reticulum stores
and pumps calcium ions. The sarcoplasmic reticulum contains
large stores of calcium, which it stores and then releases when tf
muscle is innervated. This has the effect of triggering muscle
contraction.
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Neuromuscular Function

Sliding Filament Theory

Explains how muscle fibers shorten during a contraction.

When the myosin crosisridges are activated, they bind with
actin, resulting in a conformational change in the crbadge,
which causes the myosin to tilt and to drag the thin filament
toward the center of the sarcomere.

__—Troponin

~—Tropomyosin

F actin
Actin binding sites “~ Head
/ ‘ -_____./—v ead
ATP binding sites —f——gf z
/" Cross arm

Figure 20.3 (a) An actin (thin) filament (b) Myosin monomer (Meromyosin)
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Neuromuscular Function

Sliding Filament Theory

Steps of a muscle Role of Action Potential and Ca++ in Muscle Coniraction
contraction ny SR

*Ca** are released by the \ 0
sarcoplasmic reticulum. |IE= G a= |

*Ca binds to troponin — wes _{™ 8N § e
preventing the blocking ~ ~— = |
action of tropomyosin. .. <A

Sacromere
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Neuromuscular Function

Sliding Filament Theory

*myosin heads can now

attach to active sites on
the actin filament.

*using ATP, the myosin

heads pulls on the actin
filament.

*myosin head releases the

actin when a new ATP
IS formed.

Neuratransmitter released diffuses
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to ACH receptors on the sarcolamma
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Sliding Filament Theory
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Sliding Filament Theory

Aclin filament
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Sliding Filament Theory

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Skeletal Muscle Fiber
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Sliding Filament Theory

Myofibril
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Sliding Filament Theory

Immediately after the myosin head tilts, it breaks
away from the active site, rotates back to its original
position, and attaches to a new active site farther
along the actin filament. Repeated attachments and
power strokes cause the filaments to slide past one
another, giving rise to the tea#aing filament

theory This process continues until the ends of the
myosin filaments reaches thdigks, or until the
Calcium is pumped back into the sarcoplasmic
reticulum.
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Sliding Filament Theory
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Neuromuscular Function

Slow & Fast Twitch Fibers

Slow Twitch (type 1)
*smaller in diameter
*reddish color
*use aerobic resp. for AT

supply
*contain more
mitochondria

*fire slowly, but take long
to fatigue.




Neuromuscular Function

Slow & Fast Twitch Fibers

Fast Twitch used for short explosive movements, stop and go

sports.
Type lIA Type |lIB
*large diameter *similar physical
*white in color characteristics as Type
*less mitochondria lIA, but strictly uses the
. lycolyti '
*uses both anaerobic and Shjcolieianacionie
system.

aerobic energy transfer _ _
- less mitochondria




Neuromuscular Function

3 Muscle Fiber Types

Fiber type Slow Twitch Fast twitch A Fast twitch B

(Type I) (Type lIA) (Type 1IB)
Contraction time | slow fast Very fast
Fatigue resistancq high intermediate Low
Used for: Aerobic activity | Long term Short term

anaerobic anaerobic

Capillary density | High Intermediate Low
Mitochondria High Medium Low
density
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Slow & Fast Twitch Fibers

Fasttwitch, or type I, fibers (sometimes referred
to as "White") have fewer mitochondria, are
capable of more powerful (but shorter)
contractions, metabolize ATP more quickly, have
a lower capillary to volume ratio, and are more
likely to accumulate lactic acid. Weightlifters and
sprinters tend to have more type Il fibers. Type Il
fibers are distinguished by their primary sub

types
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Neuromuscular Function

Muscle fiber composistion

How do we determine our muscle fiber type?

1. Muscle biopsy (best method)
2. Testing an athletes muscle groups _for

different muscle fiber properties. (chart from
guestion 1)




Neuromuscular Function

Training specific muscle fiber types

Training recommendations:
Increase neuromuscular component of maximum strength:
95% of 1RM, 13 rep range.

Increasing maximum strength by stimulating muscle hypertrophy:
80% of 1RM, 58 rep range.

Increasing muscle size with moderate strength gains:
<80% 1RM will vary, 612 rep range.

End of 4.1



A The musculoskeletal system is the arrangement of bones, joints
and muscles that permits movement of the human body in sport
and exercise

A The body segments are articulated by the synovial joints at
which two or more bones meet

A Usually movement consists of rotation of one segment
relative to another at the joint

A The rotation is caused by forces originating from the muscles,
other parts of the body or external actors (such as gravity,
sporting implements or other people)

A Synovial joints can be classified depending on how many axes
of rotation the bones have



TERM TYPE EXAMPLE STRUCTURE
Non- Gliding Joints Between the carpal 1 The bones slide in relation to eacl
Axial bones in the palm of th| ~ other
hand Therefore, there are no axes of rotatid
in this type of joint
Uniaxial | Hinge and Pivot | The elbow and the 9 There is only one axis of rotation
Joints radio-ulnar joint This means that the structure of the
bones at the joint restricts rotation to
movement
Biaxial |Condylar and The knee and the basg 1 There are two kinds of axis rotatic
Saddle Joints of the thumb Therefore, the ones can move in two
different ways
Triaxial | Ball and Socket 1 There are three kinds of axis

Joints

The shoulder and the
hip

rotation
Therefore, these bones permit the

greatest movement, as they allow the
limbs attached at them to move throu
a large volume of space

n



Right

e

Anterior

llnferior

Sagittal
plane

TSupeﬂor

Posterior

/ Transverse

plane

Left

Frontal
plane

Axes of
Rotation

Anteroposterior axis 1
going from front to
back

Transverse axis i
going from left to right

Vertical axis T going
from top to bottom

Alternate Names for
planes

Sagittal Plane =
median

Frontal Plane =
coronal
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Synovial Joint Movements

Types of Joint Movement

Abduction movement away
waoij~1!yvilsiju’

Adduction movement towards
P YVI1Isj u«R¥1t

Abdl:lctinn Adauction
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Synovial Joint Movements

Circumductionmaking
circular movements.

Dorsiflexion movement of the ankle
elevating the sole. (digging in the
heel)

Plantar flexionextending the ankle
and elevating the heel. (standing
on tiptoes)
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