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Spinal Sensory and Motor Connections
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Neurons in Spinal Cord

• Grey matter includes cell bodies involved in 
integration of cord reflexes and motor function

• Largest are α motor neurons whose axons exit 
ventral region (avg 14 μm) connect to muscle 
fibres

• Half as many γ motor neurons whose axons (avg 5 
μm) end on intrafusal muscle fibres in muscle 
spindles

• Interneurons (30 times as many as motor neurons) 
small highly excitable and inhibitory

• Inhibitory Renshaw cells 
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Muscle Spindles
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Centre Section of Intrafusal Fibres
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Muscle Spindles (cont’d)

• Physiological sensors or transducers
• 3 – 10 mm long in belly of muscle
• No actin or myosin in middle section of 

intrafusal fibres 
• 1 – 3 nuclear bag fibres in each spindle
• 3 – 9 nuclear chain fibres
• Innervated by Ia  (17 μm 70 -120 m/sec) 

and II (8 μm slower vel.)
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Movement Response

• Static Response to slow stretch primary and 
secondary endings increase firing rate (min)

• Dynamic Response primary endings 
increase firing rate to stretch velocity

• γ firing maintains intrafusal stretch and can 
be used to control responses (increase gain)
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Golgi Tendon Organs
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Golgi Tendon Organs (cont’d)

• Innervated by IB fibres, 16 μm connected to 
inhibitory interneurons and up to brain

• Can provide force or tension feedback but 
primarily inhibitory 
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Simple Reflex Arc
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Motor Axis
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Somatic Sensory Cortex
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Motor and Sensory Cortex
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Motor Cortex Control (EE 791 5-9)
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Muscle Control Areas

EE 791 Lecture 4



16

Pyramidal Tract (EE 791 5-11)
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Anterior Motor Neuron Control 
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Stretch Reflex (EE 791 5-13)
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Flexor Response
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Spinal Cord Muscle Control
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MODULATION OF THE IA INPUT: 
MOTONEURONE OUTPUT RELATIONSHIP 

OF HUMAN FLEXOR CARPI RADIALIS 
DURING MUSCLE CONTRACTION

21EE 791 Lecture 4



Introduction to Reflex Pathway

• Sensory organ: spindle apparatus

Sensory In- Motor Out

• Sensory organ detects: stretch
• Effector: motor units

• Mechanism: negative feedback 

Muscle stretch produces 
muscle contraction

• Functions of reflex: prevent muscle damage and  
maintain muscle length
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Muscle Spindle

• Sensory Organ
– Ia and II nerve 

fibres
• Intrinsic Muscle 

Fibre
– Gamma nerve 

fibres
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Neural Control of Flexor Carpi 
Radialis Muscle
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Results
• Reflex threshold: H reflex appears 
• Motor threshold: M-wave appears with increase in reflex amplitude

• Further increase in stimulus intensity: M-wave increases    
while H reflex decreases
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Results 
Recordings displayed on front panel in Labview

Relaxation Wrist flexion

Relaxation Wrist extension
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Input: Output Relationship in Relaxation
Inter-subject variability in form of input: output relationship
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Wrist Extension
Mean data (n=8) obtained in relaxation and wrist extension
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Mechanism involved in modulation of relationship 
during muscle contraction

• Activation of wrist flexor muscle:
• depression of presynaptic inhibition to activate spinal 
reflexes

• Activation of wrist extensor muscle: 
• presynaptic inhibitory feedback to prevent activation of  
reflexes

• Steeply-rising segment at high-threshold end of mean curve 
in wrist extension:

• breakdown of presynaptic mechanism
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Reflex Study using Sinusoidal Tendon 
Drive
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12 Hz Pseudo-Sinusoid Motor Drive

EE 791 Lecture 4 31



Raw EMG Results
12 Hz Drive 
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Filtered 12 Hz Results
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2 Hz Response
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4 Hz Response
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10 Hz Response
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12 Hz Detail
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