
Motor Pathways  
 
General Organisation  
 
The somatic musculature is innervated by the somatic motor neurons in the ventral horn of the spinal cord. 
These neurons are also referred to as lower motor neurons (to distinguish them from the higher-order upper 
neurons of the brain that supply the spinal cord).  

1. Alpha motor neurons – generate force of muscle contraction. A motor unit specifically refers to one 
alpha motor neuron and the muscle fibres that it innervates. The collection of alpha motor neurons 
that innervates a single muscle is a motor neuron pool. Small motor units account for fine dexterity, 
while large motor units, for example, are involved with anti-gravity muscles of the leg.  

2. Gamma motor neurons  
 
Skeletal muscles are not distributed evenly throughout the body, nor are lower motor neurons distributed 
evenly within the spinal cord e.g. more than 50 arm muscles are innervated entirely by C3-T1. In this region 
of the spinal cord, the ventral horns therefore appear swollen to accommodate the large number of motor 
neurons that control the arm musculature. Similarly, spinal segments L1-S3 have a swollen ventral horn 
because this is where the motor neurons controlling the leg musculature reside.  
Motor neurons that innervate distal and proximal musculature are found mainly in the cervical and lumbar-
sacral segments of the spinal cord, whereas those innervating axial musculature are found at all levels.  
 
The lower motor neurons are also distributed within the ventral horn at each spinal segment in an organised, 
predictable way dependent on their function. The cells innervating the axial muscles are medial to those 
innervating the distal muscles, and the cells innervating flexors are dorsal to those innervating extensors.  

• Axial muscles: trunk movement  
• Proximal muscles: shoulder, elbow, pelvis, knee movement  
• Distal muscles: hands, feet, digit movement  

 



Lower motor units are controlled by synaptic inputs in the ventral horn:  
1. Dorsal root ganglion cells with axons that innervate muscle spindles – a specialised sensory 

apparatus embedded within muscle, which provides feedback about muscle length.  
2. Upper motor neurons of the motor cortex and brain stem – initiation and control of voluntary 

movement.  
3. Interneurons in the spinal cord – excitatory or inhibitory, and helps to generate spinal motor 

programs.  
 
Muscle spindles, or stretch receptors, consists of several types of specialised skeletal muscle fibres 
contained within a fibrous capsule. This middle third of the capsule contains group Ia sensory axons, 
which wrap around the intrafusal fibres of the spindle. These receptors are a component of proprioception.  

• Ia axons enter the spinal cord via the dorsal roots, branch repeatedly, and form excitatory synapses 
upon both interneurons and alpha motor neurons of the ventral horns.  

• The sensory axons are activated by stretch, and the signal they transmit back to the dorsal horn 
represents the degree of contraction force by the extrafusal fibres of the muscle.  

• Simultaneously, gamma lower motor neurons maintain tone within the intrafusal fibre, even when 
the muscle is relaxed. They essentially maintain tension so that the spindle and can transmit and 
receive information.  

 
An example of the myotactic (stretch) reflex is the knee-jerk reflex. When the tendon beneath the kneecap 
is hit, the myotactic reflex initiates the stretch reflex and stretches the quadriceps muscle of the same leg.  

• When a weight is placed on the patella, and the muscle lengthens, the associated muscle spindles are 
stretched.  

• The stretching of the equatorial fibrous capsule of the spindle leads to depolarisation of the Ia 
sensory axon endings due to the opening of mechanosensitive ion channels, and they transmit a 
signal to spinal cord via the DRG (where the associated cell body of the neuron lies) in the dorsal 
root.  

• This transmits to the signal to the dorsal horn, and the neuron then synapses onto alpha motor 
neurons within the ventral horn. This signals to the quadriceps muscle to contract.  

• It also triggers relaxation in the antagonistic muscle. Ia axons synapse onto GABAergic interneurons, 
which send inhibitory signals. These synapse onto alpha motor neurons of the hamstring.  

• Overall, the reflex causes extension of the leg via the quadriceps, and inhibits the flexor hamstring 
muscle.  


