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Ljubljana, 1957

External Facilitation for Restoration of
Movement of Drop Wrist in Stroke Subject





Ljubljana, 1960
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Summary of Observations

• 1. There is a neurocontrol of upper motor
neuron paralysis

• 2.

• 3.

• 4.



Dimitrijevic MR, Nathan PW. Brain, Vol 90(I), 1967, pp.1-30

Cutaneo-muscular reflex
sEMG of “spontaneous” spasm



Early event of TJ reciprocal inhibition



TJ response and after discharge response



Habituation of repetitive plantar withdrawal reflex



H. Hultborn, Progress in Neurobiology 78 (2006), 215-232, Fig.1

Convergence onto interneurons of reflex pathways



Spasm response to complex input

Spasms often occur without the stretch of any muscle, but rather in

response to such provocations as coughing or touch.



Spasm response to simple input

Spasms often occur without the stretch of any muscle, but rather in

response to such provocations as coughing or touch.



Spasm response to reinforcement
maneuver

Example of a reinforcement response to a strong volitional activation of muscles innervated from above the
spinal cord injury level in a person with C6 AIS-C SCI. The shoulder shrug task replaces the classic Jendrassik
maneuver in persons with weakened grip.



Consistency of
“spastic” response
to volitional dorsi-

/plantarflexion



Spasticity and Spasms

Pathophysiology

Sub cellular and
cellular level

Neurocontrol

Circuitry and
processors level



Summary of Observations

• 1. There is a neurocontrol of upper motor
neuron paralysis

• 2. Neurocontrol of spasticity

• 3.

• 4.



Residual Excitatory Motor Control in
Clinically Paralyzed SCI



Residual Inhibitory Motor Control in
Clinically Paralyzed SCI
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Lumbar Human SpiTestiCord Gray MatterTesting segmental activity by TJ and WR



Summary of Observations

• 1. There is a neurocontrol of upper motor
neuron paralysis

• 2. Neurocontrol of spasticity

• 3. There is residual brain control and influence

• 4.



From historical illustration of spinal cord network to conceptual modeling
of evolution of spinal brain by severity of lesion



Mimicking brain stem control of the lumbar network

spinal cord injury

spinal cord
stimulation

(SCS)

tonic
suprasegmental
drive

intermittent
phasic
afferent input



Effect of increased input from posterior roots to output





Summary of Observations

• 1. There is a neurocontrol of upper motor
neuron paralysis

• 2. Neurocontrol of spasticity

• 3. There is residual brain control and influence

• 4. Lumbar cord brain
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