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•  UBlità	
  della	
  neurofisiologia:	
  

–  Pre-­‐operatoria	
  
•  In	
  quali	
  tempi	
  
•  Quali	
  informazioni	
  fornisce:	
  sede,	
  
quanBficazione,	
  prognosi	
  

–  Intra-­‐operatoria	
  
•  Monitoraggio	
  funzione	
  
•  Mappaggio	
  funzionale	
  

–  Post-­‐operatoria	
  
•  Prognosi	
  	
  

•  StrumenB	
  della	
  neurofisiologia:	
  
–  Sistema	
  Nervoso	
  Centrale	
  
–  Sistema	
  Nervoso	
  Periferico	
  	
  

•  POTENZIALI	
  EVOCATI	
  
– Motori	
  
– Somatosensoriali	
  	
  

Strumen3	
  della	
  neurofisiologia	
  
sistema	
  nervoso	
  centrale	
  

Potenziali	
  evoca3	
  motori	
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addition to the membrane excitability
itself, motor threshold must also
relate to the activity of neural inputs
into pyramidal cells that affect their
membrane excitability (ie, tonic
inhibitory and excitatory drives onto
the cortical output neurons).
Ultimately, motor threshold provides
insights into the efficacy of a chain of
synapses from presynaptic cortical
neurons to muscles. Motor threshold
is often increased in diseases that can
affect the corticospinal tract, such as
multiple sclerosis, stroke, and brain or
spinal-cord injury.23,32,41,42 Patients with
amyotrophic lateral sclerosis show
lower motor threshold than healthy
people and increased excitability of
hand motor area at an early stage 
of their disease while hand muscle
function is normal.43,46 When the
disease progresses and lower motor
neuron or mixed signs appear in 
the hand muscles, the motor
threshold generally rises, suggesting 
a loss of upper motor neurons 
or affected peripheral nerves.53 Even
when patients with amyotrophic
lateral sclerosis do not show clinical
corticobulbar signs, TMS can detect
involvement of the pathways to
muscles supplied by cranial nerves (increased motor
threshold, delayed central motor conduction time, and
reduced silent period).54

Single-pulse TMS applied over the occipital lobe can
elicit phosphenes in many individuals. Analogous to the
motor threshold, a “phosphene threshold” can be
determined and used to study the occipital cortex and the
visual pathways. Studies have investigated phosphene
thresholds in patients with migraine (both with and without
visual aura).55,56 Phosphene thresholds are significantly lower
in patients with migraine (greater visual cortical excitability)
than control individuals even in asymptomatic intervals.
Mulleners and co-workers57 have gone as far as suggesting
that the phosphene thresholds may prove useful in the
monitoring of antimigraine-medication efficacy. More work
is needed to assess whether such a method would have
anything to add to the clinical follow-up and assessment, but
clearly TMS seems to be a useful tool for the study of the
pathophysiology of migraine aura.

Central motor conduction time
Central motor conduction time is defined as the latency
difference between the MEPs induced by stimulation of the
motor cortex and those evoked by spinal (motor root)
stimulation and is calculated by subtracting the latency of
the motor potential induced by stimulation of the spinal
motor root from that of the response to motor-cortex
stimulation (figure 2). When a TMS coil is placed over the

back of the neck or lumbosacral spine, the magnetic pulse
will stimulate spinal roots but not the descending spinal
tracts themselves.58,59 Bone is a major governor of induced
current in the human body owing to its extremely low
conductivity. At the neural foramina of the spine, the
induced electric field and its first spatial derivative increase
remarkably while in the spinal canal they are small.60

Studies have shown extreme difficulty in stimulating spinal
cord with magnetic stimulation61 and a lack of latency shift
of elicited MEPs, even when moving the coil along the
rostrocaudal axis of the spine.62,63 The central motor
conduction time calculated from the data of magnetic
stimulation, therefore, includes the true time for central
motor conduction plus at least one synaptic delay at the
spinal level and time from the proximal root to the
intervertebral foramen. More precise central conduction
time can be calculated by use of F-wave latency instead of
spinal root TMS.51

Pronounced lengthening of central motor conduction
time suggests demyelination of pathways, while low-
amplitude responses with little delay or absence of
responses are more suggestive of loss of neurons or axons.
Multiple sclerosis and cervical spondylitic myelopathy 
are typical diseases that show a long conduction time 
with dispersed and attenuated responses,20,41,64 whereas in
patients with amyotrophic lateral sclerosis, MEPs are 
of low amplitude but central motor conduction time 
is only mildly delayed.43,64 This measure is also related to 
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Figure 2. Schematic representation of the calculation of central motor conduction time (CMCT).
(a) Motor evoked potential induced by TMS. (b) MEP after cervical spinal root stimulation. 
(c) F-waves after ulnar nerve electric stimulation. CMCT is estimated by onset latency of T1 minus
onset latency of T2. By use of F-wave latency CMCT can be estimated more precisely as 
T1-(F+M-1)/2. T1= onset latency of MEP elicited by TMS; T2= onset latency of MEP elicited by the
coil placed on the back of cervical spine. M= onset latency of M-wave by electrical ulnar nerve
stimulation. F= onset latency of F-wave by electrical ulnar nerve stimulation.
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Potenziali	
  evoca3	
  somatosensoriali	
   Strumen3	
  della	
  neurofisiologia	
  
sistema	
  nervoso	
  periferico	
  

•  EleRroneurografia	
  (studio	
  delle	
  conduzioni)	
  
– Motorie,	
  sensiBve,	
  di	
  nervo	
  (NAP)	
  

•  Riduzione/perdita	
  potenziale	
  d’azione	
  
–  Reflessologia	
  (riflesso	
  H,	
  onde	
  F)	
  

•  Riduzione/perdita	
  risposta	
  riflessa	
  
•  EleRromiografia	
  

– AXvità	
  spontanea	
  (ipereccitabilità	
  delle	
  fibre	
  
muscolari	
  denervate)	
  

– Modificazione	
  aXvità	
  eleRrica	
  volontaria	
  (alterazione	
  
morfologia	
  potenziale	
  di	
  unità	
  motoria)	
  

– AXvità	
  massimale	
  ridoRa	
  (diversi	
  paRern)	
  
–  Segni	
  di	
  reinnervazione	
  (i	
  potenziali	
  “nascenB”)	
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In motor conduction study 
the action potential is 100 
times higher compared to 
sensory action potentials, 
due to the amplification 
from the muscle fibers 

ONDE F 
•  P o s s o n o  m o d i f i c a r s i 

immediatamente dopo la lesione:
	
	


•  Assenti nel blocco completo  

•  Modificazioni molto piccole nel blocco 
parziale: (solo il 3-5% dei motoneuroni dà 
tali risposte). 

•  Utili nelle lesioni molto prossimali. 
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Neurofisiologia	
  pre	
  operatoria:	
  
TEMPI	
  

•  Degenerazione	
  
Walleriana	
  à	
  
ineccitabilità	
  del	
  nervo	
  
periferico:	
  
– Circa	
  11	
  giorni	
  

•  Modificazioni	
  potenziali	
  
unità	
  motoria	
  all’EMG:	
  
20-­‐30	
  giorni	
  

Augustus	
  Von	
  Waller	
  

Diagnosi 
neurofisiologica: 

i tempi 

•  Precoce: 	
  
–  1-2 giorni: per localizzare lesione: utile nei traumi estesi. In caso di 

neurotmesi successivamente non si potrà dettagliare sito (o siti!) 

–  11-12 gg per poter distinguere un blocco di conduzione da una 
assonotmesi. 

•  Completa: 	
  
–  2-4 settimane: EMG diventa maggiormente informativa. 

–  Successive per valutare reinnervazione 

sede	
  
Grado 
lesione	



neuroaprassia	



assonotmesi	



neurot
mesi	
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Lungo il tratto leso: blocco della 
conduzione, (completo o 
incompleto)	



O ral lentamento veloci tà di 
conduzione massima. 

Neuroaprassia CMAP 
Lesioni miste (le più frequenti) 

•  % perdita assonale: 

comparazione  CMAP dist. 
con lato sano (variabilità 

normale dal 30 al 50% side-to-

side). 

perdita di assoni + blocco di conduzione 

prognosi: 
il recupero della forza 

 

4- rigenerazione assonale 

3- ipertrofia fibre muscolari 

2- “sprouting”  assonale distale 

1- risoluzione blocco  conduzione 

18 mesi 

2-6 mesi 

2-6 
settim
ane 

ripresa forza dopo lesione nervosa

La	
  neurofisiologia	
  
aiuta	
  la	
  chirurgia?	
  
•  Livello	
  e	
  sede	
  lesionale	
  

(centrale	
  vs	
  periferico,	
  pre	
  
vs	
  postgangliare)	
  

•  Grado	
  di	
  lesione	
  
(neurotmesi	
  vs	
  
assonotmesi	
  vs	
  
neuroaprassia)	
  

•  Durante	
  l’intervento:	
  
monitoraggio	
  della	
  
funzione	
  e	
  il	
  mappaggio	
  
della	
  struRura	
  interessata.	
  

•  Andamento	
  della	
  
reinnervazione	
  


