Physiology of the
Musculoskeletal System

Chapters 7 & 8
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Note: This motor unit hasa 3:1 ratio
Actual motor units range from 20:1 to 2,000:1



2. Muscle Anatomy Overview
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Muscle Fiber Anatomy
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Muscle Fiber Anatomy
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Sarcomere
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The sarcomere: The basic functional unit of a myofibril.
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Actin & Myosin

Myaosin head— "

Myosin heads

An actin filament, composed of mol-
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3. Actin



Actin & Myosin
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3. The Sliding Filament Théory

- Excitation-Contraction Coupling

thin filamert thick filament



http://www.blackwellpublishing.com/matthews/myosin.html
http://www.blackwellpublishing.com/matthews/myosin.html

Step-by-Step Summary of Excitation-
Contraction Coupling p. 145

Web site on slidinq filament theory

http://www.blackWellpublishinq.com/matthews/mybsin.html

http://muscle.biomol;uci.edu/muslﬁll.htm

http://muscle.ucsd.edu/more_html/overview.shtml
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ATP‘qndMuscle.Contraction

Troponin/tropomyosin I o
complex blocks access

to the cross bridge binding

sites on the actin molecules.

When calcium is released into the fiber,
it binds with troponin which pulls the
troponin/tropomyosin complex away
from the binding sites.

1I.

Binding triggers a hinge-like
movement of the cross bridge
inward. The thin filament is
pulled toward the center of
the sarcomere.

Binding of the myosin
cross bridge with
actin takes place.
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Quick Time Movie

2. This Quick Time Movie of the
contraction process can be downloaded

at the class web page. |
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4. Types of Muscle
- Contraction

® Static contraction
S TIsometric

S Dynamic contraction
S Concentric

S Eccentric
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Eccentric Contraction
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(b) Movement of the forearm
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5. Muscle Fiber Types

Muscle Fibers

Twitch properties

Metabolic Oxidative Oxidative/ Glycolytic
properties glycolytic

Name based on SO FOG FG
twitch a_nd metabolic

Other nomenclature ST, Type | FTa, FTA, FTb, FTB,
Type llA Type lIB

Motor Neurons

Neuron type Qy ay

Neuron size Small Large

B8 Conduction velocity Slow Fast

Recruitment Low High
threshold

Most Common: Slow twitch/Type I, Fast twitch A/
Type IIa, and Fast twitch B/Type IIb



FleP Type
Characterlstlcs (Table 5.1)

'-Fast Fibers

Characteristic ___ Typellb - Typella
Resistance to fatigue oW High/mod
Predominént energy system Anaerobic Combination
Speed of shortening Fastest | Intermediate
| Force production High - .- High
_Fiber Diameter - _' Large Intermediate

Others
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Western States 100 two 'weeks later won 'Badwater_'UItramarat'hon

fFlber Types and Ind1v1dual

_ leferences

%
ST

3 What are the percentages of fiber types
in the average person?

107.5 kg (237 Ibs) at clean & jerk in 1997. Bodyweight was 53.1 kg (1'17 Ibs).



Fiber Type Distribution

Sport Type I Type II
Boante L g0 g0 1 00
Runner _ '
1racK 25-30 70-75
Sprinter |
Non-athlete 47-53 47-53

Table 8.2




Fiber Type
Distribution

S Average person; equal mix
S No sex difference

S No age difference



Fiber Type Distribution
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Alterations in Fiber
' Types

S Shift
L A E s sl s higHIy pldstic”
S Complete change ' .
3 rigohous and regulqr exercise

® Fast twitch to Slow twitch



Alteration of Muscle Fiber Type
= Pretraining
s 30 min/day 10 weeks of training on rat fibers

msex 60 min/day
90 min/day

60
50
40 -
30 -

20

Type lIx Type lIb

Skeletal muscle fiber types




Terms

® Atrophy
S Conditions when-atrophy might occur?

> Hypertrophy



uscle Receptors

The nervous system sorts and
interprets incoming information
before directing a response.

@ Receptors in the skin sense
a tap or other stimulus.

@ Sensory neurons trans-
mit the touch message.

@ The message is inter-

preted. A response
is sent to the motor
neurons.

@ Motor neurons trans-
mit a response mes-
sage to the shoulder
muscles.

@ The neck muscles are
activated, causing the
head to turn.




Muscle Splndle

S Stretch reﬂex

S stretch or 1increase length of the
-~ muscle. |

$ . ..muscle contraction
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Muscle Spindle

In the patellar reflex, a sensory neu-

ron (red) with a receptor that detects .

stretch in the quadriceps muscle .. Quadriceps |

sends signals to the spinal cord, The o _ patella k]

axon of the sensory neuron is split. 3 il e

One branch (green) stimulates motor :

neurons in the quadriceps, causing

the muscle to contract and extend the

leg. The other branch (blue) stimu- NoSNE

lates an interneuron which inhibits " : A BRI
: ¢ amstrings ‘

motor neurens in the hamstrings. '
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