Muscle and Exercise Physiology

Lecture 1.1 — Functional Properties of Skeletal Muscle
*Review the Neuromuscular Junction

Muscles for Purpose
e Muscles have different architectures depending on their purpose
e Muscle fibres are rarely ever the same as the muscle length — most fibres tend to insert themselves on angles
e Muscles that have their fibres inserted obliquely (the angle on which they are oriented is called a ‘pinnation’) tend to have a gre
cross sectional area as more fibres can be packed in
Types of Muscle Architectures S T e
e Fusiform: fibre length is the same as the muscle length — runs from
tendon to tendon in a straight line
e Unipinnate: fibres inserted obliquely from a central tendon
e Bipinnate: when fibres are inserted obliquely from a central tendon on
both sides
e The greater cross —sectional area is illustrated in muscle A — as it has
obliquely inserted muscle fibres
e Muscle A has much shorter fibres than muscle B
e This would make the cross sectional area for muscle A greater than that Muscle fibers
of muscle B

Tendons

Muscle Force o< Cross Sectional Area

e These different architectures tend to have significance because muscles
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different and specific functions — this is termed architectural specialisa \ e il T
e  Some muscles may be designed for fine control e.g. muscles in eyelids, \\
others may be designed for force and power output e.g. quadriceps Muscle ,4’\%\\\\\ Muscle Fiber
length \:\t\\\\}‘ N\ Cross Muscle lenqgth
Types of Muscle Actions ‘ 58;:':: . length fl Cross
e Muscles will always aim to move towards the ‘midline’ SC‘::'::'”
e [sometric: length stays fixed, the muscle attemptsto s ‘
therefore there is no change, force = load 1 1
e Concentric/Miometric: is the shortening of a
e Eccentric/Pliometric: is the lengthening of a
Length-Tension Relationship
e This describes the relationship bet filament overlap and isometric force
e Maximally stimulate muscle at
e Optimum force generation j perfect binding between actin filaments and myosin heads (all binding sites are occupied) —

sufficient force is requi

Force-Velocity Relationship

Shortening

power will be zero when there is no load on the muscle and when the load
avy it cannot be moved at all

Power = Load x Velocity

© Action potential generated
in response to binding of

end plate potential is ©Action potential triggers

Contractions
e At the neuromuscular junction, there is action potential generation,
which travels down the t-tubule, causing release of Ca®* from sarcoplasmic
reticulum and its subsequent binding to troponin
e The change in voltage in the t-tubules is detected by Dihydropyridine
receptor (DHPR), which couples to ryanodine receptors, popping open the
sarcoplasmic reticulum and releasing calcium ions ;&i;ﬁ;gfg;’;ﬂf’;’sﬁo_s%
o Influx of Ca”*, triggers the exposure of binding sites on actin as it moves 3930 LEEtsI2 p2tg

1’ Ocalcium ions




tropomyosin out of the way

e Following this, the binding of myosin and actin occurs

1ISBN 0-13-017697-4, Fig. 129, p. 356

Cross Bridge Cycling

Muscle Force, Contraction and Tetanus

The myosin heads are attached to the actin filaments

in the rigor state — this is at an angle of 45 degrees

If there is no ATP around, the myosin head remains

attached to the actin filament

The hydrolysis of and dephosphorylation ATP (ADP +

Pi) which leads to the re-energising and re-

positioning of the crossbridge to the next actin

binding site using its characteristic hinge

The myosin head swings over and binds to a new

actin molecule — at a 90-degree angle

The power stroke of the crossbridge that causes the
sliding of the thin filaments

The binding of ATP to the crossbridge, which results

in the crossbridge disconnecting from actin

After cross bridge cycling, the Ca®'is taken back up

into the sarcoplasmic reticulum and tropomyosin

moves back into place and the muscle relaxes

An isometric twitch is a response t
stimulus
The optimum muscle length is t
twitch is recorded
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Silverthorn. ITuman Physiology, Prentice-Hall, ISBN 0-13-017697-4, Fig. 12-8, p. 355
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(c) Summation leading to unfused tetanus
(d) Summation leading to complete tetanus
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Spinal cord

Motor Units
e A motor unit is a motor neuron and all the muscle fibres it contracts ’ ‘
e With increased age, there is a decrease in motor neurons and therefore a \ =
decrease in motor units W
e The fibre to nerve ratio is defined as (F:N ratio) /
e Eye muscles perform fine movements and may have as few as one muscle
fibre per motor unit (low F: N) vs. quadriceps (which have a higher force) ‘

have many muscle fibres per motor unit (high F: N) but are less precise
e More fibres mean there is less precision

. . . Motor nerve
e All muscle fibres in a MU are innervated by the same motor neuron,
therefore an AP in that neuron causes all the muscle fibres in the MU to . KEY
Silverthorn.
contract synchronously Human Motor unit 1
e All the fibres in a MU are of the same fibre type (sensory or motor) Pfc’;-n‘i'i‘;"’}ﬂ'{l
ISBN 0-13- I:] Motor unit 2
017697-4, Fig.
12-16, p. 364 ARAN [ motor unit 3

Physiological and Biochemical Properties of Motor Units
e Motor units differ from each other in terms of: size, biochemical and physiological properties o, uscle fibr

e Skeletal Muscle fibres possess a wide spectrum of morphologic, contractile and metabolic
o  Contractile Properties: fast/slow rate of contractility or velocity
o  Enzyme histochemistry: mATPases

Fibre Types ‘

e fast Fatigueable (FF): fast, glycolytic fibres, which contract and relax mor it = = S
quickly. They are considered sprinters are they cannot sustain force. ri::f?clehemicul = Eoe o
These fibres have poor capillarisation and low mitochondrial enzym F rra—

e fast Fatigue Resistant (FR): fast, oxidative and glycolytic fibres which ‘ d\y

contract quickly. They can produce decent force which they are able to
sustain. These fibres are a combination of both slow and fast twitch
fibres
e Slow Oxidative (S): are considered marathoners as the
slowly. They don’t produce that much force, but th
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er cells have a greater amount
of mitochondrial cells, Pase activity

**Henneman'’s Size Principle: d tasks, the small, slow motor units are
recruited first. With exercise int

0 =
recruited. This is de mber of fibres and size of the motor neuron 0245640




