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Primary motor cortex

Introduction

* Skeletal muscle contraction is initiated |
by Iower motor neuron / %’—Corticospinaltract

\

* Lower motor neuron is a part of local
reflex CirCUitS la afferent

Spinal cord

* The information from several sources
is integrated in the lower motor

neuron
— Higher levels of CNS S
»Upper motor neuron, tectum, n. =] |
ruber, brain stem K
— Proprioception | )/
T
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Lower motor neuron

° o motoneuron

— Innervation of contractile
elements

— Extrafusal fibers
— Muscle contraction

Supraspinal
Imput: |

Type | alpha

Yy motoneuron ' TR,
(Quadriceps
@

— Innervation of muscle ‘ .

spindles &Y
— Intrafusal fibers

tensor —

— Alignment of muscle
spindles

— Gamma loop

* B motoneuron

— Both extrafusal and intrafusal fiberrs http://epomedicine.com/wp-content/uploads/2016/07/gamma-loop.jpg



Lower motor neuron
Topography

Motor nuclei Short propriospinal Long propriospinal
intemeurons nterneurons

Dorsolateral Ventromedial
motor nucleus maotor nucleus
(to limb muscle) (to axial muscle}
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Motor unit

e Atypical muscleis innervated
by about 100 motoneurons
which are localized in motor
nucleus
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e Atypical muscleis innervated
by about 100 motoneurons
which are localized in motor
nucleus

 Each motoneuron innervate
from 100 to 1000 muscle
fibers and one muscle fiber is
innervated by a single
motoneuron
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Motor unit

e Atypical muscleis innervated
by about 100 motoneurons
which are localized in motor
nucleus

 Each motoneuron innervate
from 100 to 1000 muscle
fibers and one muscle fiber is
innervated by a single
motoneuron

* The ensemble of muscle fibers
innervated by a single neuron
and corresponding
motoneuron constitutes the
motor unit
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Types of muscle fibers

Fast fibers Slow fibers
» Performance » Endurance
> Fast fatigue-resistant — normal performance » Fatigue resistant

> Fast fatigable — high performance

(B) (<)
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Types of muscle fibers

Fast fibers Slow fibers
» Performance
: : o e(s \
» Fast fatigue-resistant — normal performance b

» Fast fatigable — high performance

(A) (B) . o‘

xent “sc\e > o® { !
e €. cu\a¥ w gun® -
\ :
o =+ AU
S - ° Slowy
o e (NN
0 50 1-1.21 1;153 200 250 300 ] Et}ﬂnm {nl\s{l;ﬂ 1500 0 2z T.-n-:{m; 3] Al

http://www.slideshare.net/drpsdeb/presentations

13



The recruitment of motor neurons

m. gastrocnemius in a cat

0 25 =0 75
Percent of motor neurcn pool recruited

http://www.slideshare.net/drpsdeb/presentations
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—_F Slow

100

14



© 2013 Pearson Education, Inc

Setting the stage

The events at the neuromuscular
junction (NMJ) set the stage for
E-C coupling by providing
excitation. Released acetylcholine
binds to receptor proteins on the
sarcolemma and triggers an action
potential in a muscle fiber.

Axon terminal of
mmolar neuran 81 MM

Action potential
is generated

Neuromuscular junction

Steps in E-C Coupling:

(1) The action patential (AP}
| propagates along the
| sarcolemma and down the
T tubiiles,

| @'Eilﬂum ions are reloased.
| Transmission of the AP along the

T tubules of the triads couses the
voltage-sensitive tubule proteins 1o
change shape, This shape change
opans the Co™ relesse channels in
e terminal cistems of the
| sarcoplasmic reticulum (SR),

allowing Ca®* 1o flow into the
cytosel,

- -
-
Tropon Tropomyosin
"8 ; blocking active sites
v . Myosin @) calcium binds to
s " = troponin and removes
a " . l the blocking action of
. s o o—0at [l yosin. When Ca®
- B & binds, troponin changes
LT shape, exposing binding
- ., ! R Active sites sxposed and sites for myosin (active
* e rmady for myosin binding sites) on tha thin filaments.
* e
1 @cqﬂimwun bagins:
-— Myosin binding 1o actin
forms cross bridges and
Z =| contraclion (cross bridge
Myosin cyeling) bagins. At this
Cross L1 paint, E-C coupling is owver,
bridge |

The aftermath

When the muscle AP ceases, the voltage-sensitive tubule proteins return
to their original shape, closing the Ca?* release channels of the SR, Ca?-
levels in the sarcoplasm fall as Ca?* is continually pumped back into the
SR by active transport. Without Ca®*, the blocking action of tropomyosin
is restored, myosin-actin interaction is inhibited, and relaxation occurs.
Each time an AP arrives at the neuromuscular junction, the sequence of
E-C coupling is repeated.

http://classes.midlandstech.edu/carterp/Courses/bio210/chap09/210 figure_09_11_labeled.jpg
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Neuromuscular junction

Axon terminal of
somatic motor neuron

Muscle fiber

T-tubule

https://s3.amazonaws.com/classconnection/803/flashcards/9818803/png/initiation-151586429D6310D1C56.png
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Muscle fibers

@ Myosin heads
hydrolyze ATF and
become reanented
and energized

9 Myosin heads
bind to actin,
forming
crosshridges

Contraction cycle confinues if
ATP is available and Ca®™ level in
the sarcoplasm is high

o As myosin heads
bind ATP, the
crossbridges detach
from actin

Myosin heads rotate
toward center of the
sarcomere {power
siroke)

http://www.sivabio.50webs.com/mus019.jpg
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Types of muscle contraction

e |sotonic contraction e |sometric contraction

> Constant tension

> Concentric x excentric
contraction

Stimulating Stimulating
electrmdes electrodes
Kymograph _—Muscle

U "‘j
Electronic force
Weights transducer +

To electronic
recorder

ISOTONIC SYSTEM ISOMETRIC SYSTEM
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» Constant length

Isometric contraction

Muscle contracts
but does not shorten

No movement

Concentric contraction

. Movement l I

Eccentric contraction

%

(b)
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Proprioception

Information about the position of body
parts in relation to each other

(The sum of information about lengths of
particular muscles)

Muscle
Information about movement spindle
(The force and speed of muscle contraction)

Reflex regulation of muscle activity

Muscle spindles
— Lie in parallel with extrafusal muscle fibers

Golgi tendon organ
— Arranged in series with extrafusal muscles

Extrafusal
muscle fiber

Golgi
tendon
organ

Tendon

http://www.slideshare.net/CsillaEgri/presentations
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Muscle spindle and Golgi tendon organ

Bone A

Ealgl tendon ofgan
*in serias” ———

e MOTONELIen

Vantral
root

Muscle gpindla
"In paralbal™

Bona B

http://images.persianblog.ir/559630_iXFiuRoO0.jpg
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Muscle spindles

Nno-force generating contractile
structures

The contractility is for spindle length
adjustment

Encapsulated structure filled with a fluid

Intrafusal fibers

Intrafusal
muscle
fibers

Capsule

Sensory
endings

Afferent
axons

Efferent
axons

Gamma

motor
endings
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Muscle spindles

Nno-force generating contractile
structures

The contractility is for spindle length
adjustment

Encapsulated structure filled with a fluid

Intrafusal fibers
— Lie in parallel with extrafusal muscle fibers
(Stretch/shorten along with extrafusal fibers)

— Efferent connections (into muscle spindle)
* ymotoneuron
— Afferent connections (from muscle spindle)

* Information about change in muscle length
» Reflex regulation of the a motoneuron activity

Intrafusal
muscle
fibers

Capsule

Sensory
endings

Afferent
axons

Efferent
axons

Gamma
motor
endings
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Muscle spindle

B Intrafusal fibers of the muscle spindle

» Static fibers
* Dynamic fibers

« Afferent connections (from spindle)

— |l — static fibers
* |Information about muscle length (position)
e |a—static and dynamic fibers

* Information about muscle length and
contraction (movement)

— Reflex regulation of the a motoneuron activity

e Efferent connections (into spindle)
— Static y motoneurons
— Dynamic y motoneurons
— Spindle length adjustment

Dynamic nuclear

bag fiber ~__

Static nuclear
bag fiber

%

~

_~Nuclear
chain fiber

T

Static

Dynamic

]
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Afferent signaling from muscle
spindles

Sinusoidal
Linear stretch Tap stretch Release
e "\ﬁ
f;«“f Dynamic e
. /T n A /\ I/ _
Stimulus st Spatiee ' / \/ \ / R ] A

= "\

11 A
Group It | [ || LIITUIEE TEATE 0T AEELHTY i

Group la l
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Il — Static fibers

» Static response

la — Static and dynamic fibers

* Static and dynamic response
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Efferent signaling into the muscle

Yy motoneurons
adjust the length of
intrafusla fibers

Regulation of
sensitivity

o and y coactivation

The CNS co-activates alpha and gamma motoneurons

Sduscle spindle

spindle

(A) o Motor neuron activation without (B) o Motor neuron activation with

Extrafusal Intrafusal
miscle musche

Stimulate o
o or neLron

Stimulate o
rrokor NELron

Spindle
afferent

Spindle
afferent

Stirmulate y
motor neron

Ia response illed in”

Afferent i H Afferent
111 LLRLrnenntl e LLLLLRn et i
activity activity

Muscle _/L Muscle
force T Force

Comtraction Contraction

http://www.slideshare.net/CsillaEgri/presentations
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Golgi tendon organs

Non-contractile encapsulated
structures

Collagen fibers
la fibers

Mechanoreception

Arranged in series with extrafusal
muscles

~Axon

Information about changes in tendon
tension/force

Collagen fiber

Reflex regulation of the o motoneuron  250um

activity

http://www.slideshare.net/CsillaEgri/presentations

26



Reaction of muscle spindles and the Golgi tendon
organs to muscle fiber stretch/contraction

Contraction (active)

Stretch (passive)

. . Golgi tendon organ reaction
Muscle spindles reaction 8 8
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Hierarchic organization of motor
system
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Hierarchic organization of motor
system
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Reflex movement

Reflex

— Stereotype (predictable)

— Involuntary

Proprioceptive
Exteroceptive

Monosynaptic
Polysynaptic

Monosegmental
Polysegmental

The afferent and efferent
fibers often pass in the same
nerve.

Sensory neuran

Stimulus #

Response —

Motor neurg

T BEMUAMIMACLIANIMGS

Motor cell body

http://www.slideshare.net/CsillaEgri/presentations

pinel cord (CNS)

Sensory cell body

white matter

Integration
center

/ N
— Association
} 'ﬁEUmn-/

matter
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Proprioceptive reflex

DRG cell

Myotatic reflex
— Monosynaptic

— Monosegmental 4
la fiber—

=

— Muscle spindle

Homonymous muscle - activatiol
Antagonist muscle - inhibition % (

Muscle spindle
Phasic response (la) Rectus femoris—48 7S
— Protection against overstretch of

extrafusal fibrers % Semitendinosus

A o

7

Tonic response (la a ll)

— Maintains muscle tone
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Afferent path: Action
" potential travels through  ———, 4

Receptor: Muscle SEnsory neuron. center:
mln::dwﬂnhu Sensory neuron

synapses in

%

~ Stimulus: /'

Tap to tendon I":::'
stretches ( ?
muscle. L 'E"'-!‘;_. #
N, .

The patellar tendon (knee jerk) reflex
illustrates a monosynaptic stretch
reflex and reciprocal inhibition of
the antagonistic muscle.

_#" Efferent path 2: Interneuron
- nhibiting somatic motor neuron

[Hﬂpmna:ﬂmﬂmpi _ — S /
contracts, swinging lower B
leg forward. ’ : z:Hmh'Ing]
muscle

o

f Response: Hamstring
c : ! |stays relaxed, allowing
: P extension of leg
\ ' E " | (reciprocal inhibition).
Copynight © 2007 Pearson Education, Inc., pubishing as Benjamin Cumemings. Fig. 13-7

http://www.slideshare.net/drpsdeb/presentations
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(A) Muscle spindle

<)

Increase spindle
afferent discharge

Muscle spindle

Homony mous
muscle

Synergist
Antagorist

A & AW

L. 1. 1 % 1 0 0 0 R

http://www.slideshare.net/drpsdeb/presentations
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Proprioceptive reflex

Inverse myotatic reflex

— Monosegmental

— Disynaptic/polysynaptic

— Golgi tendon organ
Homonymous muscle — inhibition
Antagonist muscle— activation

Protection against muscle damage
caused by extensive force

"
AW
|a fiber = 1
Rectus
femoris /
. ay o
i L
organ—\o

. Semitendinosus
Y.

/‘J
4
-
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Golgi tendon reflex protects the muscle from excessively heavy loads by causing the muscle to relax and drop the load.

Muscle L | B _—Inhibiting o/' | Neuron from Golgi

interneuron \ tendon organ fires.
Motor neuron
Golgi tendon L i is inhibited.
organ BT
] f Muscle relaxes.
{d) Muscle contraction stretches Golgi
tendon organ. {e) If excessive

muscle, Golgi tendon
reflex causes relaxation,
thereby protecting muscle.

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings. Flg 13-6b
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Exteroceptive reflex

Polysynaptic
Polysegmental

STEP 1: | EEEE. Sensation

Activation of a
/ sensory neuron

Arrival of stimulus
and activation of 2

receptor / /
J /
|I!l Jl:l.l -
P B / " REFLEX
e ‘Receptor ARC
Stimulus Lt
Effector 1| Ventral STEP 3:
= e root
i J Information
. ! processing
STEP 5: .y ) in CNS
Response 4 Activation of a
i

http://images.slideplayer.com/15/4638059/slides/slide_37.jpg

Dorsal relayed to
the brain by

KEY

- Sensory neuron

[ —

(stimulated)
Excitatory
interneuron

Motor neuron
(stimulated)
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To motor neurons in other segments of the spinal cord
A |

Extensors — (;‘
" inhibited #®
Flexors £
stimulated

Extensors

stimulated

Flexors
inhibited

7 %

Painful
stimulus

KEY

- Sensory neuron ---- Motor neuron
(stimulated) (inhibited)

= Excitatory = === Inhibitory
interneuron interneuron

=== [lotor neuron
(stimulated)

http://www.easynotecards.com/uploads/920/77/1c7a7974_150bb922c9b__8000_00004383.png
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Hierarchic organization of motor
system
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