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Introduction

Skeletal muscle contraction is initiated by
lower motor neuron

Lower motor neuron is a part of local
reflex circuits

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

— Higher levels of CNS

»Upper motor neuron, tectum, n.
ruber, brain stem

— Proprioception

Motor system |

Ia afferent

\

Primary motor cortex

Spinal cord
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6

Introduction

Skeletal muscle contraction is initiates
lower motor neuron

Lower mote

— Proprioce

Motor system |

Primary motor cortex

sin.org/files/Articles/42416/fnhum-07-00085-HTML/image_m/fnhum-07-00085-g001.jpg

http://www.frontier

=

=

m
O =



v

Introduction

Skeletal muscle contraction is initiates
lower motor neuron

Lower mote

— Proprioce

Motor system |

in.org/files/Articles/42416/fnhum-07-00085-HTML/image_m/fnhum-07-00085-g001.jpg

http://www.frontiers

= =
m e
O =



8

Lower motor neuron

° o motoneuron

— Innervation of contractile
elements

— Extrafusal fibers
— Muscle contraction

° Y motoneuron

— Innervation of muscle
spindles

— Intrafusal fibers

— Alignment of muscle
spindles

— Gamma loop

* B motoneuron
— Both extrafusal and intrafusal fiberrs

Motor system |

Supraspinal
Input

Type |l alpha
GENGOry nerve

’ T~
\
‘/ 3 Quadriceps
@ )

http://epomedicine.com/wp-content/uploads/2016/07/gamma-loop.jpg
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Lower motor neuron
Topography

Motor nuclei

Di
limb

Dorsolateral
motor nucleus
(to limb muscle)

interneurons

Ventromedial
motor nucleus
(to axial muscle)

Short propriospinal Long propriospinal

interneurons
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Motor unit

* Atypical muscle is innervated by about 100
motoneurons which are localized in motor
nucleus

10 Motor system |

Muscle A
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Motor unit

* Atypical muscle is innervated by about 100
motoneurons which are localized in motor
nucleus

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

11 Motor system |
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Motor unit

* Atypical muscle is innervated by about 100
motoneurons which are localized in motor
nucleus

e 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

12 Motor system |
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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} (€

S00 1000 1500
Time {ms)
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Types of muscle fibers

Fast fibers Slow fibers
> Performance

» Fast fatigue-resistant — normal performance
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The recruitment of motor neurons

m. gastrocnemius in a cat

| Fast
fatigable

— fatigue-

0 I Slow
0 25 a0 7o 100

Percent of motor neuron pocl recruited

http://www.slideshare .net/drpsdeb /presentat ions
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Neuromuscular junction

Steps In E-C Coupling:

Axon

terminal of
motor neuron at NMJ

© 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 acetyicholine
binds to receptor proteins on the
sarcolemma and triggers an action
potential in a muscle fiber.

Action potential

(@ The action potential (AP)
propagates along the
sarcolomma and down the
T tubules.

@ Calcium ions are released.
Transmission of the AP along the
| Ttubules of the triads couses the
voltage-sensitive tubule proteins to
change shope. This shape change
opens the Ca® release channels in
the terminal cisterns of the
sarcoplasmic reticulum (SR),
allowing Ca** to flow into the

@cnclun binds to
troponin and removes
the blocking action of

When Ca™

: % . ‘. binds, tropon in changes
e e shape, exposing binding
b N s Active sites exposed and sites for myosin (active
o T ready for myosin binding sites) on the thin filaments.
g e ——r et
l @c«m!ueucn begins:
T Myosin binding 1o actin
forms cross bridges and
ion (cross bridge
Myosin cycling) begins. At this
cross X point, E-C coupling is over,
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. Ca2+
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

Actio

T-tubule

e oo P’ 0%  reficubm
Z disk i — — Troponm
Actin Tropomyosin M line

Myosin head

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

a Myosin heads
hydrolyze ATP and
become reonented
and energized

© Myosin heads
bind to actin,
forming
crossbridges

ATP Contraction cycle continues if
oy 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
stroke)

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

* |sotonic contraction
» Constant tension

> Concentric x excentric
contraction

Stimulating Stimulating
electrodes electrodes
s)
Kymograph __Muscle
'D'; b
I

onic force
ransducer ,’

To electronic
recorder

ISOTONIC SYSTEM ISOMETRIC SYSTEM

19 Motor SyStem I http://www.slideshare.net/drpsdeb/presentations

* |sometric contraction
» Constant length

Isometric contraction
Muscle contracts
but does not shorten

T~

No movement

Concentric contraction

. Movement l ) I

(b)

(c)

rn.com/wp-content/uploads/2013/02/contractions.jpg
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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)

* |nformation about movement

(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

20 Motor system |

Muscle
spindle

Extrafusal
muscle fiber

Golgi
tendon
organ

Tendon
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Muscle spindle and Golgi tendon organ

Bone A

Golgi tendon organ
‘inserias” S~

gneuron

o

o motonaunen

Ventral

root Muscle spindle

‘in parallel®

Bone B
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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

22 Motor system |
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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

23 Motor system |

Intrafusal
muscle

fibers " \

Capsule

Sensory
endings

Afferent
axons

Efferent
axons

Gamma
motor
endings
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Muscle spindles

Static fibers
Dynamic fibers

Afferent connections (from spindle)
— 11 (AB) — static fibers

* |Information about muscle length (position)

— la (Aa) — static and dynamic fibers

* Information about muscle length and contraction
(movement)

— Reflex regulation of the a motoneuron activity

Efferent connections (into spindle)
— Static y motoneurons

— Dynamic y motoneurons

— Spindle length adjustment

24 Motor system |

B Intrafusal fibers of the muscle spindle

Static nuclear
bag fiber
Dynamic nuclear /
bag fiber M)

9

T

_~Nuclear
chain fiber

Static

Dynamic

—
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Afferent signaling from muscle spindles

Sinusoidal i

Linear stretch Tap stretch Release 5

Stimulus /feSPO"Se A NS\ :
Group ta || | IIMMALIIEIE L OCAM L 00 A0 A0 [0
z

3

Group i | | [ | [{IIIL1I[L]] L ST m

|| — Static fibers
» Static response

la — Static and dynamic fibers
e Static and dynamic response
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Efferent signaling into the muscle spindle

{A) « Motor neuron activation without y

(B) «Motor neuron activation with y

* vy motoneurons adjust the length of
intrafusla fibers

Record )  motor neuron

-
|
|
TS
:--'.f‘.' J
NS
|
f
.

e Regulation of sensitivity
e aandy coactivation

The CNS co-activates alpha and gamma motoneurons

110l Afferent STRRIRN] Afferent
P activity ‘

S activity

Muscle

Muscle
- force

. force

Contraction Contraction

http://www.slideshare.net/CsillaEgri/presentations I\ll U I\I I
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Golgi tendon organs

* Non-contractile encapsulated structures

® Collagen fibers : i  Ib afferent
* |b (Aa) fibers

 Mechanoreception
* Arranged in series with extrafusal muscles

* Information about changes in tendon
tension/force

~Axon

—Collagen fiber

* Reflex regulation of the a motoneuron activity

http://www.slideshare.net/CsillaEgri/presentations
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Reaction of muscle spindles and the Golgi tendon
organs to muscle fiber stretch/contraction

MUSCLE PASSIVELY STRETCHED

http://www.slidesha

Stretch (passive) Contraction (active)
Muscle spindles reaction Golgi tendon organ reaction
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Hierarchic organization of motor system
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Hierarchic organization of motor system
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Reflex

Reflex movement
— Stereotype (predictable)
— Involuntary

* Proprioceptive
* Exteroceptive

* Monosynaptic
* Polysynaptic

* Monosegmental
* Polysegmental

31 Motor system |

The afferent and efferent Sensory cell body

fibers often passin the same

nerve. white matter

Integration
Sensory neuron center

( }fb

matter

Motor neurar

pinal cord (CNS)

2 BENJAMIN/CUMNINGS

Motor céll body
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Proprioceptive reflexes

 Myotatic reflex
— Monosynaptic
— Monosegmental
— Muscle spindle
» Homonymous muscle - activation
» Antagonist muscle - inhibition
v’ Phasic response (la)

— Protection against overstretch of extrafusal
fibrers

v' Tonic response (la a ll)

— Maintains muscle tone

32 Motor system |

DRG cell

la fiber—

Muscle spindle
Rectus femoris

http://www.slideshare.net/CsillaEgri/presentations
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" Afferent path: Action
_ """ potential travels through

 Receptor: Muscle ~ sensory neuron.
~ spindle stretches
_ 3 ‘and fires.
-~ Stimulus: /
' Taptotendon
- . T Vm o _,r

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

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings. Fig. 13-7
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(A} Muscle spindle

<)

Q

Increase spindle
afferent discharge

Muscle spindle

Homonymous
muscle
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Proprioceptive reflexes

* Inverse myotatic reflex

— Monosegmental
— Disynaptic/polysynaptic
— Golgi tendon organ

» Homonymous muscle — inhibition
» Antagonist muscle— activation

v’ Protection against muscle damage
caused by extensive force

35 Motor system |

DRG cell

la fiber—

Muscle spindle
Rectus femoris
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Golgi tendon reflex protects the muscle from excessively heavy loads by causing the muscle to relax and drop the load.

Neuron from Golgi

Inhibiting
intemeuron tendon organ fires
Motor neuron

is inhibited.

? Muscle relaxes.
20 |
‘ ' ? Load is dropped.

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

Golgi tendon L
organ |

{d) Muscle contraction stretches Golgi
tendon organ.

{e) If excessive
load is placed on
muscle, Golgi tendon '
reflex causes relaxation,
thereby protecting muscle.

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

* Polysynaptic stept: l

Arrival of stimulus
and activation of )
receptor /

« Polysegmental [y

i
e g\Y)
B

37 Motor system |

STEP 2:

Activation of a
/ sensory neuron

&l STEP a:

Activation of a
motor neuron

root

Sensation
relayed to
the brain by

collateral

Information
processing
in CNS
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Exteroceptive reflexes

To motor neurons in other segments of the spinal cord

A AN
-
- ’ - l pr —~—
« Polysynaptic y TT 1
g // Q : ‘ i \
g // : | 1 \
g / J 1
* Polysegmental : S
o' AN
% I y
3 ] i
< 1 ]
5 1 y
< (]
S : ]
N 1
S Extensors — (,4
3 / inhibited A* |L__A_J;
75; : ) Flexors —/— ff,»\\,"; / ./ Extensors
3 A Flexors
g inhibited
; A-> KEY
Z \\ P — Sensory neuron - -« Motor neuron
3 = v . ) (stimulated) (inhibited)
< / $ e l Excitatory == == Inhibitory I\ll U N I
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Hierarchic organization of motor system
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79. Upper and lower motor neuron, neuromuscular
junction, muscle contraction

* Upper and lower motor neuron localization and * Upper motor neuron
function * Primary motor cortex, homunculus

e Lower motor neuron

* Only the structure responsible for muscle
contraction

Motor unit definition

 Neuromuscular junction descrition

* Part of local reflex circuit Muscle contraction description

* Overview of structures and main pathways
controlling lower motor neuron (protprioception,
higher leves of CNS including upper motor neuron,
medial system, lateral system tr. corticospinalis,
sorticobulbaris...)

« Types of lower motor neurons (alpha, gamma, beta)
40 Motor system |
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80. Hierarchic organization of motor system — reflex vs.
voluntary motor activity

* Hierarchy of movement
» Reflex — economical, uniform, protective, fast

* Rhytmic — economical solution for complex
uniform actions (breathing, walking...)

* Voluntary — non-economical, unique,
relatively slow

* Classification and description of reflexes

41 Motor system |
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