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Chapter 2 

The Human Neuromuscular Cybernetic System 

 

In an effort to simplify the concept of cybernetic communication in relation to the human 

nervous system, we have provided an illustration, Figure 9.  The boxes labeled 

Computer A, Computer B, Computer C and Computer D represent combined component 

parts that provide particular functions in the system.  Computer A represents the 

supraspinal components (see Figure 7) that together provide the mechanism of primary 

decision-making.  Computer A is made up of the cerebral frontal lobes and other 

cerebral cortex areas, as well as some part of the cerebral motor cortex.  Computer A’s 

function is to make the decision to perform a motor act and communicate this decision to 

Computer B.  Computer B is primarily made up of cerebral motor cortex that is not a 

part of the primary decision process.  Computer B is the initial source of the facilitation 

of phasic extrafusal muscle activity. Computer B also affects intrafusal muscle activity 

through its influence upon Computer C.  Computer C is made up of the basal ganglia 

and other subcortical structures.  Computer C initially facilitates both tonic and phasic 

intrafusal muscle activity.  Computer D is primarily made up of the cerebellum and the 

vestibular nuclei.  Computer D modifies or reorganizes motor commands from 

Computers B and C.  Computer D coordinates motor commands with data from the 

proprioceptive sensory mechanisms (i.e., muscle spindles, Golgi tendon organs, skin 

sensation, optical and auditory impressions, organs of balance, etc.).  Computer D’s 

influence is basically inhibitory.  Historically, it has been credited with modifying gross 

motor activity into refined, precise activity (Llinas, 1975).  Computer D does this by 

“learning” programs of selective inhibition.  Learned selective inhibition programs are 

developed in the cerebellum as the individual experiences trial and error motor attempts 

to acquire coordinated motor skills.  Cerebellar programs influence motor activity 

through afferent and efferent interconnections between Computer D, Computer B, 

Computer C, and the Substation Complex.  The Substation Complex is comprised of the 

red nucleus, substantia nigra, olive, subthalamus, reticular formation, and others (see 

Figures 7 and 8).  The substation complex plays a key role in the interrelations between 

the Computers by providing coordination centers for afferent and efferent data being sent 

among them. 

 

In the muscle process sequence, Computer A makes a phasic or tonic motor decision and 

sends appropriate signals to Computer B to implement action.  Computer B balances 

Computer A’s signal against incoming data from Computers C and D and passes signals 

to Computer C.  Computer C signals are relayed through the Substation Complex to 

Computer D.  If the Computer A proposed action is a “learned” motor skill, Computer 

D responds by sending the appropriate selective inhibition program through pathways to 

Computer B and C and the Substation Complex.        Both Computer B and C interpret a  
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learned program and appropriate messages are sent to the tonic and phasic gamma nerve 

innervation (see Figure 7) of intrafusal muscle to carry out the program.  If the 

Computer A proposed action is not a learned skill, Computers B and C send respective 

signals to alpha and phasic gamma innervation and Computer D simply notes the results 

of the trial and error extrafusal and intrafusal muscle actions and begins to formulate a 

new program.
1
 Tonic and phasic stretch reflexes are utilized as controlling mechanisms 

for tonic and phasic actions (see Chapter 1). 

Alterations of Neuromuscular Cybernetic System by Disrupted 
Feedback Loops 

 

All components of the neuromuscular cybernetic system depend on feedback loops.  Each 

element in the system receives positive feedback from other elements and in turn 

responds (either directly or indirectly) with negative feedback.  Should any of these 

feedback loops be disrupted, the entire system may be rendered functionally inoperable.  

A disruption can occur if one of the supraspinal pathways or one of the pathways 

between the structures is damaged or destroyed.  In humans, nonfatal damage to the 

supraspinal neuromuscular system most commonly occurs to Computer B (the cerebral 

motor cortex) and to the afferent pathways from Computer D and C to Computer B (as 

they traverse the internal capsule).  The usual initial response of Computer B to the 

resultant cessation of afferent signals from computers C and D is a discontinuance of 

efferent motor signals to extrafusal muscle activity, and an interruption of facilitory 

activity to intrafusal muscle from Computer C.  Damage of such magnitude usually 

results in a temporary total flaccidity of the involved musculature.  However, after a brief 

period of several days to six weeks, or more, Computer B and C may adjust to not having 

incoming negative feedback from Computer D and will begin to send facilitory motor 

messages to extrafusal and intrafusal muscle fibers, respectively.  Without the 

coordinating-inhibitory influence of the cerebellum, hypertonus and reflex patterns 

begin to appear (“spasticity”).  The resulting altered cybernetic system is illustrated in 

Figure 10.  In the altered cybernetic system, Computer A may make a motor decision 

and send the appropriate signals to Computer B.  Computer B relays the decision to 

Computer D.  Computer B then prepares to receive a “learned” coordinating program 

from Computer D or data on the status of ongoing muscular activity to make it possible 

to coordinate gross motor activity.  Because of the lost pathways from Computers C and 

D, that data never arrives and Computer B must make the choice of taking blind action 

or doing nothing at all.  If Computer B chooses to take action, it simply “facilitates” 

extrafusal muscle activity (via the corticospinal tract) and activity in Computer C. 

Computer C, failing to receiving selective inhibition programs from Computer D can 

only act blindly (via the reticular formation) by facilitating intrafusal muscle contraction 

and thereby extrafusal muscle contraction (through the tonic stretch reflex).   The clinical   

 

__________________ 
1 Before any supraspinal action can be taken, however, information on muscle status (length, degree of 
stretch, initial tone, etc.) must be received by the supraspinal structures.  Much of this information is 
transmitted directly from the muscles (muscle spindles, etc.) to Computer D.  Muscle status information 
serves not only as the basis for Computer D coordination of the other computers, but also serves as a 
primary element in the cerebellar programmed-learning process (see Chapter 1). 




