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Figure 71 Busic structure of the muscle contraerile cement showing the £ k1n§ il |
sarcomere length, Wider dark myosin filament inleracts AcTiss CToss m—q__,l_
jcrosshatchied Ilisnc.-s] with the marrerver uctin filament. Darker and lighter bands .

and £ ane shown.
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Figere 72 ENG from an indwelling elecirody in & muscle as il beging to develop lon-
sion, The smallest motar unit is first cecruited, and as its tate increases, a second, ther
w third motor uaic are recruited. Bach motor action polential has a charucleristic shape

at a given elecirode, which depunds on the siae of the motor unit and the distanee
from ihe clertrede 1 the fibers of the metor unit (see Seclion g1
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F‘Ig.nre T'.J Size |'1|'|'r?ciple of recrutlinenl ol molur units, Smalier motor units are &
cruited firsg; SLFDDE‘RBII'-'GI}' larger unils begin firing at incrcasing tension Iovels. o sl
cases the newly rectuited unit fites at a base frequency, then increases 10 4 Makimmn.
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Vast T
Lateralis | I
& Tension buildup and decrense during a rupid muximum volantrs

{iun and relaxation. The time to poak lension can he 200 ms or longeT, maimls

of the recruitment according 1 the size principle and becawse ol delay
motar unit action potenlial and Lwirch tenzion. Nole 1he presence ol tenskl

150 ms after the cessation of EMG activity,
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Figare 75 Time coursc of a musche twitch, mudded as the impulse esponse xu
second-order ortticully damped syslem. Congraction time Tvaries with cach motor
typu, from about 20 1o 108 ms. Effective Lension lasts until abual 41
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Figure 77 Tension produced by a muscle us Tt changes kngth abont iis resting length
fe. Drop of tensicn on cither side of maximum can be explaited by mteractions of
cross-bridge siluchments in the vontractile elegents,
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Figure 712 Force—selocily characleristios of skeletal muscle, showing a decrease of
fensivn s the musele shottens and an increase as i lengthens. All such charmctenistivs
must be taken as the muscle shartens ar lengihens al 4 piven lensth. and the lenath
rmist he reported. A family of cerves mesults il different levels of muscle activation are
plotied: shown are those curves al 25, 50, 75, and 100 Jevels of activation.

Figwre 713 Threv-dimensional plot showing the change jo ¢ontractile clement ten-
sion as a function of both velucily and length. Surface shown is for maxinum musle
activation; 3 new “surface” will be noeded 1o describe cach level ol activation. Infle-
ence of parullel elustic slement is not shown,
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Figure 710 Inuroduction of the series elastic (8,1 giement, During isometric eon-
Lrsclions Lhe tendon teosion reflects a lengihening uf the scrics clement and an farer-
nal shortening of the contractile element, During most human movement the presence
of the serics elastic element & nul o significant, but during high-performance move-

ments siach 25 jumping il is responsible for storage of energy as a muscle lengthens im-
mediately prior w rapid shortening.
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Figure T8 Contractile clement produeing musimum tension &, along with the tens
£, fram the parallel clastic clement. Tendon {ension 5 17 — £ — K.
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:i‘jigure ?_9 Tendon tension resulting {rom varous levels of muscle activation. Parak
c clastiv clement penerates tension independent of the aclivation of the contruc-
tile clement.
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Figure 716 Schematic disgram ol linear and nonlinear spring and viseous Jampes
elements used Lo feprusent passive viseoolisiic characteristics of musale.
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- Tk ICT frace is F L ST ALl [ uTiey a

] i . X : . Smdilh e = m
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Figure 717 {a) Twn cyuivalent sercs
muscle model, (1 Maodel showing contra
ments. Twitch 1ension of the jendon F;rosu
$iun tension from the contructile chement F..

‘parallel arrangemcnls of lifear elements of 4
ctile slemen acting on viscous elaslie cle-
Its only if we assume an caprnenl ial uyliva-



Figure 718  Biomuchanical model of a musele during an sometrie contraction of
viTying tension. F., is mudcled as an impulsive contractile glement. tarce acting oo as
cquivalent mass 3, a lincar dumping element B, and a serics cluslic element K. F.. =
input to (he medel is assumed e be the same shape as the full-wave rectitied EMG
with an cmpirically curve-fitted nonlincarity. See lest for full detalls und justilication
Liar the assmmprions.

,F]gum. W9 Anaing ar digital solition 1o solve for tendan
de fin any mursele. B2 and K78 ralios src kouwn
15 known. Sec text for complete details,

: _furce £ for any given £,
if the twiteh time 7 for that muscle



