Localization and Functional Neuroanatomy
A Functional System is composed of a neuron population and its end organ.  
Sensory input:  vibration, touch, pain, temperature, vision, smell taste, hear, balance

Motor output:  voluntary; visceral (focus, salivate, defecate); special (look, chew, swallow, speak)
Processing:  diffuse (sleep/wake, pay attention); regional (communicate, remember, plan)
Law of Parsimony (Ockham’s Razor):  Plurality should not be posited without necessity.  If the 
symptoms simply cannot be explained by a single lesion, consider a single vascular 
lesion, which may have widespread effects.  For instance, the ICA supplies both the 
MCA and the ophthalmic artery.


Causes of “multiple” lesions:  vascular, meninges, myelin, neurotransmitters, metastasis
Intra-Axial:   UMN = intra-axial.

Extra-Axial:  LMN ≠ extra-axial.  LMN can be intra- or extra-axial, since their cell bodies are 
in the CNS.  End organs and all cranial and spinal nerves are extra-axial.  
Complex Systems
1.  Diffusely projecting systems (1(many).  The best example is the brainstem reticular activating 
system, which keeps us awake and alert.
2.  Reciprocal circuits (mixed excitatory/inhibitory loops).  The best example is the motor loops 
of the basal ganglia, which add high-level coordination to muscle movements.  For 
instance, the normal substantia nigra inhibits inhibition and activates excitatory signals to 
achieve movements quickly and with appropriate tone.
3.  Distributed networks (with regional hubs).  The best examples are language, parietal sensory 
association cortex, and prefrontal motor cortex.  In language, Wernicke’s area is a hub.

--agnosia is the inability to integrate and interpret complex stimuli


--apraxia is the inability to plan/execute a complex sequence of motor actions

--abulia is the inability to plan/execute any motor action (a failure of will)
Simple Systems
1.  Basic sensory systems (3 neurons).  The sensory receptor receives the signal, and passes the 
signal down a chain of three neurons that ends at the sensation-specific cortical region.  
The thalamus is the relay station for all sensory info going to the cortex.  It contains cell 
bodies of all the 3rd order sensory neurons.
2.  Basic motor systems (2 neurons).  The cortical region communicates to the end muscle via a chain 
of two neurons.  The 2nd (lower) motor neuron plus the NMJ constitute the motor unit.  


The ventral horn contains the cell bodies of lower motor neurons.  


Thus, there are no synapses between ventral horn and NMJ.
Pillars 1-3:  Relationships along a chain of neurons
Pillar 1:  Functional Segregation.  If a functional system has different subsystems (i.e. night 
versus day vision), selective loss of a subsystem (night vision) suggests a lesion at the 
point of segregation (photoreceptors).
Pillar 2:  Complexity of Information.  When only a subset of sensory or motor function is lost, 
the “higher” or more “abstract” the function, the more likely the lesion is in the cortex.  


Higher sensory functions include 2-point discrimination and stereognosis.


Higher motor functions include voluntary smile, initiating a voluntary saccade, initiating gait.
Pillar 3:  Trophic Influences.  The LMN keeps its motor unit alive via trophic signals.

--Signs of LMN lesions:



Prominent atrophy of single motor units


Fasciculations (twitching of single motor units)


Flaccid tone


Reduced reflexes



Aberrant regeneration (regenerating neurons are miswired to the wrong motor units, 


causing odd linked motor units)

--Signs of UMN lesions:


Mild disuse atrophy of muscle groups


No fasciculations


Spastic tone


Increased reflexes



Babinski sign (the only reliable sign that an acute lesion is UMN and not LMN)
Pillars 4-7:  Relationships between chains of neurons
Pillar 4:  Density.  The size of a lesion is not as important as the density of the affected area.  
Small lesions in densely-packed bundles cause big deficits.  For example, complete 


hemiplegia without any cognitive or visual changes suggests a small lesion 


wiping out a corticospinal tract, rather than a complete MCA wipeout.


If a loosely-packed bundle has a large deficit, you can infer that the lesion is very large.
Pillar 5:  Magnification.  Territory in the nervous system is magnified to importance, so a lesion 
to important areas will affect a smaller physical body region than the same lesion in an 
unimportant area.
Pillar 6:  Proximity.  If chains from different body regions are contiguous in cortex, lesions there 
will produce discontiguous deficits at the level of the body.  The best example is a lesion 
that involves the face and hand without affecting arm or torso, since face and hand are 
next to each other in the cortex. 
Pillar 7:  Redundancy.  Functions may be redundant in both hemispheres.  In this case, UMN 
lesions will produce no deficits, but LMN lesions will produce ipsilateral deficits.



LMN neurons are those from the spinal cord, but also from the brainstem (cranial nerves).  
As with other LMN lesions, the unilateral deficit is accompanied by fasciculations.


Example:  unilateral palatal paralysis can only be the result of a cranial nerve (LMN) lesion.  
Another example is CN 7, which has UMN redundancy for the upper half of the face only.  
Therefore, if the whole right half of the face is paralyzed, it’s an ipsilateral LMN lesion.  


If only the lower half of the right face is paralyzed, it’s a contralateral UMN lesion.


(“UPPER motor neuron lesion spares the UPPER half of the face”)
Pillars 8-10:  Relationships across bundles
Pillar 8:  Orientation.  Long tracts (rostro-caudal) go perpendicular to segmental systems 


(cross-sectional).  Lesions in long tracts can be localized by the pattern of involvement.

A spinal (long tract) motor lesion can only affect muscles below the level of the lesion.  
A segmental system lesion defines a narrow “cross-sectional” level.
Pillar 9:  Adjacency.  Lesions produce dissociated losses when pathways are not adjacent.  
Different levels of crossing lead to adjacencies that vary at different segmental levels.

For example, The touch/vibration (dorsal column medial lemniscus) pathway and pain/temp 
(spinothalamic) pathway are far apart in the medulla, but next to each other in the midbrain.  
If both are affected, presume the lesion is in the midbrain.


LMNs are always ipsilateral (except for CN 4 and superior rectus muscle supplied by CN 3).  
UMN may be either ipsi- or contralateral.

Pillar 10:  Reflexes.  Reflexes are direct connections between sensory and motor systems.


Upstream motor or downstream sensory lesions (those farthest from the end organ) do not 

impair reflexes.  Reflex integrity suggests higher, cortical lesions above the reflex arc.

Downstream motor or upstream sensory lesions (those closest to the end organ) will 


impair reflexes.  Impaired DTR implies a lesion at that segmental level.
