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Musc e Strength Loss 
crograv ty 

Strength oss over t me 
Reported 40% ower at 6 months, 60% at 12 months 

dr ck, 1999

Koryak 1999
44% 33% dec ne sometr c max. vo untary contract on MVC
36% / 11% (M/F) decline in isometric twitch contraction 

Max ma exp os ve power MEP reduced to 67% a ter 31 days, 45% after 180 
days of space fl ght Antonutto et a ., 1999

Musc e Mechan cs 

Musc emechan cs2006.pdf 
Ste ar course webs te
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– Muscle fiber 
• Myofibril 
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Effectors of the Motor System 

The ma or output of the e aborate nformat on process ng 
that takes p ace n our bra s the generat on of a 
contract e force n our ske eta musc es. 
Musc e fasc cu us 

Sarcomere 

Each musc e fiber nnervated by on y one motor 
neuron, a though each motor neuron nnervates a number 
of musc e fibers 
The motor neuron and a the fibers nnervates s ca ed 
a motor un the sma est funct ona un t contro ed by the 
motor system
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Ske eta Musc

ht www.unmc.edu Phys ogy Mann mann14.htm

Two arrangements of musc e fibers w th n a musc e. 
A. Para arrangement: Tendons are nes 
rad at ng from rectang es musc e fibers at each 
end. B. Pennate arrangement: Tendons are 
vert ca nes extend ng from the two s des of 
the para ogram. er er KL: Mechans ms of 
musc e contract on and ts energet cs. In: 
Mountcast VB ed : Med ca Phys ogy. 13th 
ed, Vo . 1. St. Lou s, C.V. Mosby, 1974

Ske eta musc e organ zat on: CCW who
musc e and fasc es, bund es o musc
fibers, myofibr s, th n and th ck fi aments, 
and myos n and act mo ecu es. Warw ck R, 

ams PL ed : Grays' Anatomy. 35th Br sh ed, 
Ed nburgh, Church ngston, 1973 mod fied from a 
draw ng by Professor D Fawcett
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• The number of muscle fibers innervated by one motor neuron is
called the innervation ratio. The innervation ratio can vary
between 10 and 2000 

• A low innervation ratio indicates a greater capacity for finely
tuning the muscle total force 

• Size Principle [ im ] 

become active. The smallest and most excitable neurons are 
turned on at a low level of stimulus strength, with the
consequence that the mu
levels through small adjustments in the number of muscle fibers
active. The larger motor units come in only at high levels of
force. 

i i

• Motor neuron fires an action potential 
• It propagates down the motor axon until it

reaches the neuro-muscular junction 
• It triggers an AP in the muscle fiber 
• This AP is propagated rapidly over the

surface of the fiber and conducted into 
myofibril by the T-tubule system 

• This in turn releases Ca from the 
Sarcoplasmic Reticulum (SR)-the SR serves
as a store of Ca

• This in turn triggers the cyclic motion of
Myosin heads, attaching and detaching on
the Actin filaments, thus forming cross-
bridges and generating the pulling force 

• Ca are pumped back to the SR 

i ial ( )
l i

McMahon, 1984 and before h Henneman
Large motor units require the greatest amplitude of stimulus to

scle force may be finely tuned at low

Innervat on, S ze and Force 

++ 

++ 

++ 

From Act on Potent AP to 
muscu ar contract on 
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Slidi il l 
Actin

Myosin ng F ament Mode

i
• The cross-bridge theory says that sliding is produced by 

physical attachment of myosin heads to 
of the heads. 
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Cross-Br dge Theory 

actin and by rotation 

Assumes that the force generated by the musc s proport ona to the number of 
cross-br dge nkages formed 

Probab ty of format on of a cross-br dge s proport ona to the speed of shorten ng, 
.e., the probab ty s great when attachment s tes move s ow y past one another, 
sma when they move rap y. 

If tens on s a funct on on y of the number of cross-br dges, then there shou d be a 
near re at onsh p between ength and tens on such that tens on ncreases w th 

decreas ng ength because of the greater over ap of th ck and th n f aments at shorter 
engths. 
The force requ red to stretch the musc e at any t me s therefore a so proport ona to 

the number of cross-br dges- s the force requ red to break the act n-myos bonds. 
Summary: Tens on s deve oped by phys ca bonds between th ck and th
2.Tens on depends upon the degree of over ap between th ck and th n f aments. 
3.The cross-br dge or nates at the th ck f ament and term nates at the th n f ament. 
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Note
Sliding Filament, Cross-bridge animation at:
http://www.unmc.edu:80/Physiology/Mann/mann14.html
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Musc e Contract on 

The force of contract on depends on the ength of the 
musc ength-tens on re at onsh

The force of contract on a so depends on the re at ve 
rates of movement of the Act n and Myos n fi aments 
tens on-ve oc ty re at onsh p, H s curve

Motor un ts are recru ted n a fixed order from the 
weakest to the strongest Henneman s ze pr nc : The 
weakest nputs recru t the s ow un ts wh ch generate the 
sma est force and are most res stant to fat gue. The fast 
fat gue-res stant are recru ted next, fo owed by the fast 
fat gab e un ts wh ch generate the strongest force. 

Length Tens on Curve 
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Force-Ve oc ty Curve s Curve

Dark red meat or L ght wh te meat? 

Tw tch contract on t me ow, 100-200 ms fast 50-80 ms 
mum tetan requency 16 sec 60 sec 

Nerve fiber act ty Cont nuous, ow freq. Interm ttent, h gh freq. 

fficu easy

Motor Un t Propert es 

Musc e F bers ow Ox dat ve SO Fast yco FG
Contract rap y, ox dat ve, & yco FOG

though a motor un t cons sts of on y 1 k nd of musc e fiber, most musc es are m xture 
Of a 3. So eus=red= 87-100%SO Gas rocnem us=wh te FG 41-66%, FOG 14-38%, SO 5-45% 
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Note
Check out the Chicken Run trailer at:
http://movies.yahoo.com/movie/1800361193/trailer
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– Spindle organs

muscles. They are usually attached in parallel with a muscle fiber,
and therefore experience the same relative length change. Spindles
give information about muscle length rate of change of 
length 

– Golgi tendon:
and muscle fibers. They are placed in series with the muscle fibers
and respond to the tendon stretch which accompanies a muscle
tension. Thus they are force transducers for the muscle. 
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Musc e Propr oceptors Sp nd es and Go tendons
There are d fferent types of receptors wh ch respond to ght, sound, odor, heat, 
touch, pa n, etc. The receptors wh ch ead to consc ous sensat ons are ca ed 
exteroceptors, those that are not respons e for consc ous sensat on are ca ed-
pr mary n motor unct ons- are ca ed propr oceptors 

: Stretch receptors scattered deep within all

and 

are found very close to the junction between tendon

Muscle Proprioceptors 
Sp nd es and Go tendons

Extrafusa vs Intrafusa fibers 
Extrafusa - musc e fibers used to 
produce muscu ar contract on 
Intrafusa - musc e fiber 
compr ng the sp nd

ht www. .au.dk uk bc13
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• The nerve axons which run out of the spinal cord are called
efferent
afferent 

• Group I afferent fibers have large diameters therefore
relatively high conduction velocities. They bring
information from the spindle ( ) and the ( ) to the 
cord 

• The efferent which innervate the main muscle mass are the 
α
spindles are called γ 

• The stretch reflex, co-activation of α γ

Muscle Contraction: 
Afferent and efferent axons 

http: www.umds.ac.uk physiology mcal spin1.html 

, the ones that carry information to the cord are 

Ia golgi Ib

, and those that serve the intrafusal fibers within the 

-mn and -mn 
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Unt recent y, t was supposed that the tendon organ 
served as a sensor that turned off musc e act ty 

nh ted -mn when musc e force rose beyond 
safe eve

Afferent act ty from both sp nd es and Go
tendons ba ance n such a way that ne ther musc
force nor musc ength shou d be cons dered as 
contro ed quant ty, rather the r rat the st ffness or 
change n force per change ength appears to be 
fixed by the stretch reflex 

Stretch reflex st ffness 

http: www. .au.dk uk bc13 fig1317. pg 
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Stretch Reflex (contra)
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Rec proca Inh on 

Comp ementary to 
Stretch reflex 
Inh ts antagon st 
musc es 
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See Lecture Notes on Proposed Enhanced Model 

Saleh 

Go Tendon Receptors 

Detect musc e tens on 
Para to musc e fibers 
Produces musc e re axat on 
Less sens ve than sp nd es 
Overr de sp nd es 
More sens ve to act ve than 
tens on 

www.rpi.edu dept naturalsci parsons BIO4 BIO4J.html 

and Newman 
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The sensor motor cortex s at the top of the cha n of command n the 
sensor motor area of the cerebra cortex. There s a spec zed area n the 
cerebra cortex devoted to movement of the mbs 1691, the case of a 
kn ght w th a fractured sku and para ys s of the eft s de of the body

The fract on of the cerebra cortex contro ng each part of the body s by no 
means proport ona to the s ze of that part 
If the cerebra cortex s removed, the an ma cont nues to d sp ay a the 
ocomot on reflexes, but cannot earn new sk

Basa gang are a set of spec zed nerve ce n the bra n stem. 

Cerebe um s a ma or focus of ncom ng sensory nformat on. The 
nformat on reach ng the cerebe um has to do w th ength, force, ve oc ty 

of musc es and pos on of nts. 

gher Leve Contro
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