[image: image1.wmf]            Distribution of motor neurons in the ventral horn cells 

            of the spinal cord:  

· Cervical enlargement – motor neurons supply upper limbs

· Thoracic – motor neurons supply body wall

· Lumbar enlargement - ( motor neuron supply lower limbs
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[image: image3.wmf]            Distribution of motor neurons in the ventral horn cells 

            of the spinal cord:  

· Ventral horn is full of ( motor neurons

· ( motor neurons will supply different muscles depending on 

     
where they are located within the ventral horn.

· More medial ( motor neurons – supply more proximal muscles

· More lateral ( motor neurons – supply more distal muscles
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 Motor Unit & Motor neuron pool

· Motor unit – 1 ( motor neuron and all the muscle fibers
                         it innervates.

· Motor neuron pool – all ( motor neurons needed for 
                         a muscle to be innervated.
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Lower motor neurons
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· Motor neurons of the brain stem & spinal cord that directly innervate skeletal muscle.

· [image: image8.wmf]Ventral horn cells and their processes

· ( motor neurons:  innervate extrafusal skeletal muscle fibers (contracts muscle)

· ( motor neurons: innervate intrafusal fibers (specialized skeletal muscle fibers 

enclosed in a fibrous capsule called a muscle spindle).

· Motor nuclei of cranial nerves and their processes
SYMPTOMS OF LOWER MOTOR NEURON LESION

· Paresis/paralysis/plegia
· Atrophy (profound atrophy)
· Fasciculations – visible muscle twitching 
· Hypotonia (low/no tone);  Hypertonia (low/no reflexes)
Fasciculations – visible muscle twitching from involuntary synchonous contraction of all muscle 

fibers in a motor unit.
· A characteristic of slowly progressive diseases of the motor unit.
· Heavy exercising causes muscle to be deprived of Ca2+  and it twitches
 – unlike denervation: continues fasciculation – looks like a ripple.

fibrilations – spontaneous activity of one muscle fiber detected only with electromyography (EMG).

· Sign of progressed muscle deinnervation or myopathy.
Muscle spindles – specialized skeletal muscle fibers (intrafusal) in fibrous capsule situated 

in parallel (same direction) w/ the extrafusal fibers.

· Sensory innervation is Ia fibers (annulospiral endings) & II fibers (flower spray) 
that detect muscle twitch.

· Motor innervation of spindle by ( motor neurons.
How it works:
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[image: image15.jpg]Muscle length changes
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intrafusal fibers become slack 















* Ia fibers synapse on ( MNs neurons, which tell (MNs to tighten up (stretch)
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All termed


LMN





Ia proprioceptors send information to spinal cord about muscle stretch





Contraction causes intrafusal fibers to become slack





( motor neurons cause intrafusal fibers to tighten back up so they can feel any stretch that may occur





( and ( co-activation occurs  


(Colateral from (MN tells (MN to fire)





Extrafusal fibers nad intrafusal fibers are in synch
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STRETCH REFLEX  (deep tendon reflex – DTR) 





Monosynaptic connection b/w the central axon of the 			


Ia fiber and the the (MN causing muscle contraction 


 in response to stretch. 


					


							





 


 














Renshaw cell is synapsed upon by the (Mn of the agonist. 


Renshaw cell withdraws inhibition of I a- inhibitory interneuron, agonist becomes excited.


Same time, Renshaw cell synapses on the (MN of the agonist which inhibits it. 





Ia INHIBITORY REFLEX  (i.e. contract agonist/relax antagonist)





The central Ia axon synapses on an inhibitory interneuron 


(via glycine)  which  synapses on the (MN innervating


the antagonist muscle.





Ex: If testing the biceps stretch reflex/DTR, biceps would 


contract and its antagonist, triceps would relax.


Triceps relaxes due to the Ia inhibitory reflex.





	Ex: (see picture) If testing quadriceps, quads would 


contract Patella tendon was struck by hammer.  


At the same time, the hamstrings (antagonist) 


would relax.








GOLGI TENDON ORGAN





Encapsulated sensory receptors located in the


jxn b/t muscle  and tendon, in series 


w/ the extrafusal fibers.


Sensory innervation is Ib proprioceptors 


sensitive to muscle tension.





3 differences b/t GTO & Muscle spindles:


GTO  - only sensory


GTO  - not b/t muscle fibers, but b/t muscle and tendon


GTO detects tension because it sits in series w/extrafusal fibers








Ib REFLEX (opposite of stretch reflex)





Central axons of Ib fibers from the golgi tendon organ, cutaneus receptors, and joint receptors 


synapse an an Ib inhibitory interneuron which inhibits (via glycine) the ( MN pool of the 


agonist in response to the tension in the muscle. (you drop it)





Opposite of stretch reflex – you let go instead of contracting


Protective reflex so that tendon does not rip off of bone





RECURRENT (RENSHAW CELL) INHIBITION  (i.e. drop something that is too heavy)





To avoid over excitation of the agonist motor neuron pool the agonist


 (MN (or the descending tracts exciting the (MN) synapse 


on the Renshaw inhibitory cell.


The Renshaw cell withdraws its inhibition of the interneuron 	so that 


the antagonist is excited, while it also inhibits the agonist. 


Negative feedback system allows for control of the excitability 


of all the muscles around a joint.
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FLEXION & CROSSED EXTENSION REFLEX





Polysynaptic pathways where central axons of A( nociceptors facilitate flexion (withdrawal) of the 


hurt limb while causing extension on the contralateral lower limb for support.





So, A( central axons synapse on:


Inhibitory interneurons that inhibit the (MN pool of the ipsilateral extensors


Excitatory interneurons that facilitate the (MN pool of the ipsilateral flexors


Inhibitory interneurons that inhibit the (MN pool of the contralateral flexors


Excitatory interneurons that facilitate the (MN pool of the contralateral extensors


EX: stepping on a tack w/ left foot.  Left foot/leg retract away from stimulus while the right leg


muscles extend to provide support while you shift your weight from the hurt left limb to the right limb.








DEEP SENSIBILITY  -  Dorsal Columns/ Medial Lemniscus





Fasciculus gracilis (T6() and cuneatus (T6() carry 


 - Proprioception 	 - Vibration	 - Touch


 - Two-point discrimination	 - Pressure


ipsilaterally in the spinal cord & end in the medulla








Somatotropic representation of the tract is distinct all the way to 


the cortex (sensory homonculus)





EXAMINATION:  vibration, tuning fork on dermatomes, position sense


 (mainly upper extremities), Romberg’s test








PAIN & TEMPERATURE  -  Spinothalamic Tracts





The Anterolateral System consists of:


Spinothalamic 	 - Spinoreticular      - Spinomesenphalic


	* all involved w/pain and temp.





Pain & temp fibers enter the DL tract of Lissauer & 


end in the dorsal horn.





Spinothalamic tract is formed by these fibers segmentally after


	they cross the ventral white commissure.  It ends in the VPLT n.


	Then, fibers run through the internal capsule to end in the 


	Somatosensory cortex (Broadman’s areas 3,1,2)





Somatotropic representation of the tract is distinct all the way to 


the cortex (sensory homonculus)














EXAMINATION:  pinwheel (pin prick) over dermatomes
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