Biomechanics of Skeletal Muscle (incomplete notes)
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FIG. 5-1

Schematic drawings of the structurat organiza-
ton of muscle. A, A fibrous connective lissue
fascia, the epimysium, surounds the muscle,
which is composed of many burdies, or fasci-
cles. The fascicles are encased in 3 dense
connective tissue sheath, the penmysium. B.
The fascicles are composed of muscie fibers,
which are fong. cylindrical, multinucieated celis
Benween the individual muscle hbers are capil-
lary blood vessels. Each muscle fiber is sur-
rounded by a koose connective tissue called the
endomysium. Just beneath the endomysium
lies the sarcolemma, a thin elastic sheath with
infoldings that invaginate the fiber interior
Each muscle fiber is composed of numerous
delicate strands, myofibrils, the contractile ele-
ments of muscle. €. Myofibrils consist of
smaller filaments, which form a repeaung
barxfing patiern along the fength of the myo-
fibrit. One unit of this seriatly repeating patiern
is called a sarcomere. The saicomere is the
functionat «mit of the contractile system of
muscle. D. The banding pattein of the saico-
mere is fofmed by the organization of thick and
1hin hlaments, composed of the proleins myo-
sin and acun, respectively. The actin fitaments
are antached at one end but are free along their
fength 1o interdigitate with the myosin fila-
ments. The thick fitaments are aranged in &
hexagonal fashion. A cross section through the
area of overlap shows the thick filameni:
surrounded by six equally spaced thin fila-
ments. E. The lollpop-shaped molecules of
each myosin filament are arranged so that the
fong tails form a sheaf with the heads, or
cross-bridges. projecting from it The cross-
bridges point in one direction along half of the
filament and in the other direction along the
other half. Only a portion of one half of &
fitament is shown heie. The cross-bridges are
an essential element in the mechanism oi
muscle conuacuon, extending outward to in-
terdigitate with receptor sites on the acur.
flaments. Each actin fitament is a double helix,
appearing as two strands of beads spiraling
aound each other. Two additonal proteins,
vopomyosin and troponin, are associated witt
the acun helix ang play an important role ir.
requiaung the interdigitation cf the actin anc
myosin fHlaments. Tropomyosin is a long poty-
peptide chain that lies in the grooves betweer,
the helices of actin. Tioponin is a globula:
moiecule atiached at regular intervals 1o the
uoporysin. |Adapted rom Williams ano War-
wick, 1920,
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FIG. 5-6

Summation of contractions in a muscle held at 3 constant length.
A. An initial stimulus {S,) is applied 10 the muscie, and the
resulting twitch lasts 150 msec. Tne second IS;) and third {S,)
stimuli are applied 10 the muscle atier 200-msec intervals when
the muscle has retaxed compietely; thus no ) OCCUrS.
B. S, is applied 60 msec after S,, when the mechanical response
from S, is beginning to decrease. The resulting peak 1Ension is
greater than that of the smgie twitch. €, The interval berween S,
ands,umreaxedwlamsecmerwmgpexxm
is even greater than in B, and the increase in tension produces
2 smooth curve. The mechanical response evoked by S, appears
2s 2 continualion of that evoked by S, {Adapied from Luxiano et
al, 1978}
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FIG. 5-7

Generation of muscle_tetanus. As the frequency of stimulation (S} increases Ji.e., the intervals
shorten from 200 to 100 msec), the muscle tension nses as 3 fesult of summation. When the
frequercy is increased 10 100 per second, 0N becomes i and the muscie
contracts tetanically, exening sustained peak lension. [Adapted lrom Luciano et al., 1978.)
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Terwon-lmgm cuve iom pan of an isolated muscle fider
stimulated at diferent lengths. The isomeui tetanic tension is
closely related 10 the number of cross-bridiges on the myosin
filamert overlapped by the acun filament. The tension is
maximal at the slack length, o resting length, of the sarcomere
{2 ), where overlap is greatest, and falls 10 2e10 at the length
where overlap no longer occws (3.6 pm). The lension aiso
decreases when the sacomere length is reduced below tne
festing length, lalting snarply at 1.65 wm and reaching ze10 at
127wnasmemmsivemnapnwleveswmm-mage
formation. The Structural relationship of the actn and myosin
filaments at various stages of sarcomere shonening and lengin-
ening is portrayed below the Curve. A, acun filaments: M, rmyosin
filamenxs; 2, Z lines. JAdapied from Crawtord and James, 1980,
as modified from Gordon et al, 1966b.)
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FIG. 5-9

The active and passive tension exeried by 3 whole muscle
conuracting someuxally and tetanically is plotied against the
muscie’s ‘ength. The active tension is produced by the contractile
muscle components and the passive tension by the series and
paraliel elasiic components, which devekcp stress when the
muscie is stretched beyond its resting length. The greater the
amount of stretching. the larger is the contribution of the elastic
component (o the total tension. The shape of the active curve is
generally the same in different muscles, but the passive curve,
and hence the fotal curve, varies depending on how much
connectve tissue felastic component] the muscle contains.
{Adapted from Crawlord and James, 1980.)
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Figure 7.3 Size principle of recruitment of motor units. Smaller motor units are re-
cruited first; successively larger units begin firing at increasing tension levels. ln all
cases the newly recruited unit fires at a base frequency, then increases o a maximum,
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Figure 19  Tendon tension resulting from various levels of muscle activation. Paral-
Igl clustic clement generates tension independent of the activation of the contrac-
tile clement.

Figure 713 'l:hrcc-dimcnsiun;ll plot showing the change in contractile clement ten-
sion as a function of buth velocity und leagth. Surface shown is for maximum muscle
activation; a new “surfuce” will be needed to describe cach level of activation. Influ-
ence of parallel elastic clement is not shown, ‘



