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Figure 6-1. Organization of skeletal muscle, from the gross to the molecular level. £ G, H, and / are cross sections at the levels indici
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Lecture objectives

» Define muscle twitch and relate the electrical and mechanical activity of the muscle

Describe what happens during an isotonic and isometric contraction .

* Define preload and after load and their effect on musce mechanics

Explain the length=tension relationship in sarcomere and hole skeletal muscle and cardiac muscles
Explain the length=tension relationship in sarcomere and hole skeletal muscle and cardiac muscles
Explain the force—velocity relationship in skeletal muscle; explain the basis for the Vmax. And How
does the load affect

shartening and velocity of shortening?

Define motor unit and describe the relation of the size of the motor unit to affects the type of
ckeletal muscle movement

Explain how whaole muscle strength of contraction can be praded

» Define motor unit recruitment and frequency summation

Define the phenomena of tetany and treppe

Compare and contrast of different properties of fast and slow muscle
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mechanical Response J) (& 3 walaally agall Sad Uy
Usually the interaction of actin and myosin and the generation of tension will
involve a mechanical response
tension s was biceps J) 2 excitation s Ja 13 1 Mia
If it was one stimulus -2 3393 ja s & s
If | record the tension of the muscle or the mechanical Response to a muscle
(to a single stimulus) | will get a mechanical response to muscle (muscle
Twitch)
*“muscle twitch J) (A s b
single stimulation < mechanical response (& 3 s
Which of course reaches to molecular mechanism of contraction
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Temporal sequence of events in excitation-contraction coupling
in skeletal

Action potential
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The electrical and mechanical responses of a mammalian
phases 2 Y!Muscle twitch cskeletal muscle

1-contraction phase
2-Relaxation phase ( O gsall g SV G Aday) ) iy g AdlSal o ganddlS) 2 La 22).

3 UG FFRILLLI i
- i
* A szingle action potential causes a brief E |'I !'|
contraction followed by relaxation. el
* Latency 2 mSec
* duration of the twitch varies with the type i - ff-"' T
of muscle being tested. ¥ [ — S
* "Fast”™ muscle fibers, primarily those il ,.: il
concerned with fine, rapid, precise
movement, have twitch durations as short poree Qebsel i
as 7.5 ms. | — :
+ “Slow” muscle fibers, principally thosa I-E
imvolved in strong, gross, sustained !E
movements, have twitch durations up to 1§
100 mis. E
Slow and fast muscle fibers —DGAY lag Latency : Adalll (udly & ey Gl Gha Gl g 4, 5 408
Ll g 9 Lgidads 5 g Aluasnl) (the time between the electrical stimulation and the

mechinicail response )
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Mechanical properties of muscle contraction
Length tension relationship s U 23l o 5S 755l e a0

A length-tension diagram for a single
fully contracted Sarcomere It shows 100
the effect of sarcomere length and the
amount of myosin- actin filament
overlap on the active tension

develaped by a contracting muscle fiber

&

Maximum strength of

(parcent)

contraction when the sarcomere
is 2.0t 2.2 micrometers in

length.

Tension developed

At the upper right are 0
the relathve positions of the actin and 0 i ) % 4

myasin filaments at different sarcomere Length -ni sarcomere (micrometers)
lengths from-point A to poaint D
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JI 98 Ll Waie 9 2.2 Lo &5 sarcomere ) Job A1 Cuag ddma A8yl ¢ S5 C L) acally Us Ual
Ll an lal Dha (o) (&) Jarg oy 3a) g1 Lal age 18 5 Sy La e tension

When the sarcomere is about 2.2 micrometer if you record the tension or measure the
tension generated by this sarcomere you will find that the muscle tension is maximum so
there is defined length of the sarcomere which is determine by the muscle length
eventually

D: Al 2

duajh b AY LB Latension J) 2.2 ¢ xSl9 wS sarcomere J) Jsh gan o8 Say Cygaall g ¢Sy
O gaall g 3SY) Ominteraction sbridge Us (2 ua Al

A: A g&

crosss bridge Jaxcontinuous cycling J=a: 4 dua @ 48 e G pars Ao Gl 8

4ag4 tension and the length of sarcomere J) O J) A8adj¥* **

Optimal length is (2-2.22)
tension J) Ji& J81 o) Aalll s (e yiSI
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Effect of Muscle Length on Force of Contraction
in the Whole Intact isolated Muscle
Relation of muscle length to tension in the isolated muscle both before
and during muscle contraction

Normal range of confeaction
Acive iension cannot be measured directly What can be measured™ r—r""—-,. |
([} passive lenson - tersion regened io exfend g resing mussle Terman durieg
(I3 (2} tolxl tension - aoiive fersion and pessne combrned i comtracion f
| - _ | : Incraasa in kension
The active or developed tension i the difference between the total terdion AU L ACEen
and the passive tension. it is the tersion that the musde produces during the 3
contraction. At the é
mussle is at the optirmum length to give the £
grestest tension— maxirnum iLometnic tension. - _ p o lensen
Mobe thal actrve fension [alls away hneardy with increasing resimg lemgih f _ bedore conraction
u ! ) t
Tl faEl
Length
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J& zumuscle tension J! (2% ) muscle tension by the whole muscle J! record Liles g Alaal) Uiaa La JS
tension J) J&i 7o QLS g LU pad ba JSg
tension is maximum J! 0% 7 resting length Jb 8292 3« muscle J) 9S8 Ll sl
In the muscle we have :
1-Active tension : the tension generated by the interaction between actin and myosin during the process of
cross — bridges formation
-by the contractile elements of the muscle when they interact with each others
2-Passive tension :
La jaih s elasticity 422 A% elastic tissue g2 Al
which is related to how much is the muscle is strength < ---- tension J) (Al g Abaall Uskaa L JS
X 3 7 passive tension J) Alaad) Jsk Uaj )
¢ e T 94 passive tension J) @ & ) Aall) 3
Jutension J) JWbismyosin J) (Sactin J) iy Ual (uael sarcomere J) ok s g
total J) s Jail s active tension J) ol Aad Al sk 4.8 La

When the passive tension is = to zero the muscle will be at resting optimal length -=> Active tension will be
the maximum
*****total tension will decreased J) g <---- Alaall Jsk & 3 7 <--passive tension J) @3l Ja 2%

Passive tension basically is determinate the resting length of the muscle
Stretching the muscle will increase the passive tension
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Length-tension relationship in whole intact skeletal muscle

o

Length at maximum
cross-bridge overlap

Muscle length or preload

Total

F i
~—— Passive
i

—— Active

Copynght © 2014 by Saunsery. an mpert of ey Inc
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Length-tension relation — the experiment

A. ]inu'ease

length (preload)

Force transducer

5 |

SN sumuiatorf
=

. 9

muscle

to recording
device

(afterload = » )

Total tension \ active
\

Tension (%age max contraction)

o 0
l®\ @ 0 1x 2X
* Length (proportion of resting length)
. ST
fstimulus Zero tension

Passive tension
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Comparison of the length tension relationship of skeletal and

cardiac muscle

Note that in skeletal muscle, the fibers are
usually operating at the blue point—resting
length is optimum because most skeletal
muscle

is held in place by the bones and resting
length cannot vary greatly.

Cardiac muscle normally operates at lower
(red point) than optimum length and
therefore has reserve capacity to increase
tension development, that is, have stronger
contractions, when resting length is
increased

Tension, dynes/cm

Active or developed

Passive - cardiac
muscle

Passive — skeletal

Po
Length, mm
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The length tension relationship in cardiac muscle and skeletal muscle

* Differences are primarily due to the presence of passive tension at shorter
length in cardiac due to

* Anatomic differences in structure of skeletal muscle (all of the fibers in parallel)
and cardiac muscle (fibers exist in a basket weave-type pattern)

* The properties of the noncontractile components in skeletal muscle versus
cardiac muscle.

* in skeletal muscle, the fibers are usually operatin% at an optimal restin
length because most skeletal muscle is held in place by the bones an
resting length cannot vary greatly.

* Cardiac muscle normally operates at lower than optimum length and therefore
has reserve capacity to increase tension development, that is, have stronger
contractions, when resting length is increased.

* In the intact heart, cardiac cell resting length is set by the volume in the
ventricle( EDV) at the end of diastole (the relaxed state of cardiac muscle).

(% CamScanner
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Isometric and isotonic contractions

Isotonic contraction : Iotonic contraction
JﬂﬁL@JJhgs.ﬂGMIJL‘dJl&JEJ‘UJLHI@M&Jl@gﬁ N

Isotonic contraction occurs when the force
of the muscle contraction is greater than the
load and the tension on the muscle remains |
constant during the contraction; when the —— ‘
muscle contracts, it shortens and moves the

|oad. Isometric contraction
Isometric contraction occurs when the load
is greater than the force of the muscle
contraction; the muscle creates tension
when it contracts, but the overall length of
the muscle does not change. Low tension High tension

1-Isometric contraction : Heavy

aoent v

S8 La ALES 433 61) A3Y G will contract Alaall S ¢ 55 Adala Al
b Abaadl Jshb Jua Al 433 8l) &8 55514 isometric systems for recording muscle
5/5/2023 contractions .

MHeavy
welght
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Isometric and 1sotonic contractions

* |sotonic: muscle shortens.
Important for:

=i W 1. For body movements
2. Moving external objects

* Isometric: no muscle shortening.
Important for:
T ke
- Maintaining posture (keep
shorten : . :
legs stiff while standing)
2. Supporting objectsin a
fixed place

Isnormetric contraction

G gl aal Lal
alad

e Sy ppa g3k Jgh O LS AL B,
5/5/2023
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Force and velocity (how fast a muscle contract )
If the load increased (+.$) velocity will decreased
Where as if you contract a muscle it maximal will occure -»> Lal

) Jala oSy

0 & ol L LeSoal g il A a2 i 19 Lk 1 AV (e L) aSibee)
Jala (e (3680 Lal ASITT 59 Jala (681 Lal W g () Adala Glia gl ()65 Lal
(i

Bvelocity J) Gssh S £ 98l load J) G9Ss Ll
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Relationship of Contraction Velocity to Load Lt RU L

The force-velocity curve is generated from the study of isolated muscle during
isotonic contractions

« maximum velocity at
minimum load

&

S

A
INcreased afterl0ad ; w———

« contraction velocity
decreases

Velocity of contraction (cm/sec)
o

contraction velocity IS Zero = 0

when afterload = max force
of contraction

0 1 2 3 4
Load-opposing contraction (kg)

A: larger, faster muscle (white muscle)
B: smaller, slower muscle (red muscle)
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Types of skeletal muscle _*
Alian Alae (pe CliAD gy LRl Ciad As )

- speed of twitch contraction - Jall s
dlaal) MLy (Rag o cndl A8 ) Ay s (puad) Con cdliaal) As e
E'J-Hll . -i e

Duration of
depolarization

/.

« Speed of contraction determined by
V..« 0of myosin ATPase.

High V __  (fast, white)
* rapid cross bridge cycling

1T RY

Soleus

* rapid rate of shortening (fast
fiber)

\ _~Gastrocnemius
‘ LowV_, (slow, red)

Force of contraction

Ocularl".l * slow cross bridge cycling

muscle’, * slow rate of shortening (slow

ib
| 0 40 80 120 160 200 — ,
Figure 6-13 *  Most muscles contain both types of

SO fiber, but proportions differ

_ : * : « All fibers 1n a particular motor unit will
The duration of isometric contractions for be of the same type, i.c., fast or slow.

different types of mammalian skeletal muscles,

showing a latent period between the action

potential (depolarization) and muscle so the muscle twitch duration, the speed of contraction, the Vmax
contraction Depending on muscle function and its slow, fast or white , red
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Resistance of fatigue : Types of Skeletal Muscle

Slow :
) gl) daa ldia As puu Opariss La . :
s & ‘f - SR R - resistance to fatigue -
cle badly (29 g a8
Fast : Slow (red muscle) + Fast and slow fibbers show different

resistance to fatigue

more fatigable & ) (i

* Slow hibbers (Ivpel)

* oxidative

Fast (white muscle) j

force (% initial)

0 5 " 60 v

time (min)

innervated by smaller nerve
fibers.

high myoglobin content

high capillary density and
cx%cns?gc t?l?nd s.upgly

many mitochondna to support
high levels of oxidative
metabolism

low glycolytic enzyme content

* Fast libers (1vype 1)
* Glycolytc

large diameter

low myoglobin content (white
appearance)

low capillary density

few mitochondna

high glycolytic enzyme content
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Fast and slow fibers types

* Slow Fibers (Type 1, Red

Muscle).

* :1.Slow fibers are smaller than fast fibers.

* 2. Slow fibers are also innervated by smaller
nerve fibers.

* 3. Compared with fast fibers, slow fibers have a
more

* extensive blood vessel system and more
capillaries to supply extra amounts of oxygen.

* 4. Slow fibers have greatly increased numbers of
mitochondria to support high levels of oxidative
metabolism.

* Slow fibers contain large amounts of myoglobin

Fast fibers Type , white
muscles

* Are large for great strength of contraction.

* 2. have an extensive sarcoplasmic reticulum is present for rapid
release of calcium ions to initiate contraction.

* 3. Have Large amounts of glycolytic enzymes are present for rapid
release of energy by the glycolytic process.

* 4. Have less extensive blood supply than do slow fibers because
oxidative metabolism is of secondary importance.

* 5. have fewer mitochondria than do slow fibers, also because
oxidative metabolism is secondary.

* A deficit of red myoglobin in fast muscle

* gives it the name white muscle.
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Motor Unit

A collection of muscle fibers innervated by a single motor neuron

A motor unit consists of a motor - | { 22
neuron and the group | )
of skeletal muscle fibers it innervates.
A single motor axon may

branch to innervate several muscle
fibers that function together as a
group. Although each muscle fiber is
innervated by a single motor

neuron, an entire muscle may receive
input from hundreds of different
motor neurons.

Neuromuscular
. junctions

[
g > Skeletal muscle fibers
5/5/2023 17
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Motor Unit (cont.)

 All fibers are same type (fast or
slow) 1n a given motor unit
« Small motor units (e.g., larnyx, extraocular)

— as few as 10 fibers/unit
— precise control
— rapid reacting
» Large motor units (e.g., quadriceps muscles)
—as many as 1000 fibers/unit
— coarse control
— slower reacting
* Motor units overlap, which provides

coordination
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Muscle Contractions of Different Force.
Force Summation.
* Summation means the adding together of individual twitch contractions to

increase the intensity of overall muscle contraction.

. ' ? muscle contraction J! 4 Uy s
* Summation occurs in two ways: 281 I pe

dry (Al AShlly 7yl

* (1) Recruitment of motor units by : increasing the number of motor units
contracting simultaneously, which is called multiple fiber summation

* 2) by increasing the frequency of contraction, which is called frequency
summation and can lead to tetanization

(% CamScanner
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s (8 yha gaie

stimulation for more than one motor J«s! : A s¥)
Jb smay 08 A spatial summation J) 4y unit
synapse

frequency of contraction J) 83b) &k e 1 4l
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Muscle contraction — force summation

Force summation:
increase in contraction
intensity as a result of the

additive effect of individual
twitch contractions

(1) Multiple fiber
summation:

* results from an increase
in the number of motor
units contracting
simultancously (fiber
recruitment)

* Size principle

tension J! A3 4l
J) A4l smasmotor units J) —alisa (:3
& xTension

Tetanization \j

we reach to appoint where the
muscle will generate the
maximal tension (fused
tension)
maximum J! Jxa g Aol iy Lag
5 10 15 20 25 30 35 4'0 4:5?0 5'5
Rate of stimulation {1::in1nei;:.l fugcr gﬂnd)

Strength of muscle contraction

(2) Frequency summation: results from an increase in
the frequency of contraction of a single motor unit

u 3z force J) (Allg Ach JI dsaS &35 4d) G
1388 g AU el A gY) Galdl Le 8
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High frequency stimulation Tetany and
summation

!
!
L

i
M

|
If a muscle fiber is restimulated | If a muscle fiber is

after it has relaxed, | restimulated before it
the second twitch is the same | has completely relaxed,
magnitude as the first twitch. {ummu

| added on to the first

| twitch, resulting in

|

Time

5/5/2023 21
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Frequency summation of twitches and tetanus

Myoplasmic [Ca?*]

” n n ” Fused tetanus
Force

1

\N ‘AR R

AP

Time (1 second)

* Mpyoplasmic Ca2* falls (imtiating relaxation) before development of maximal
contractile force

* [f the muscle 1s stimulated before complete relaxation has occurred the new twitch
will sum with the previous one, etc.

* If action potential frequency 1s sufficiently high, the individual contractions are not
resolved and a ‘fused tetanus’ contraction 1s recorded.
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Summary
Determinants of Whole-Muscle Tension in Skeletal Muscle

* Number of Fibers Contracting

* Number of motor units recruited*

* Number of muscle fibers per motor unit

* Number of muscle fibers available to contract (size of muscle)

* Tension Developed by Each Contracting Fiber

* Frequency of stimulation (twitch summation and tetanus)*

* Length of fiber at onset of contraction (length—tension relationship)
* Extent of fatigue

* Type of fiber (fatigue-resistant oxidative or fatigue-prone glycolytic)
* Thickness of fiber (strength training and testosterone)
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