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NERVOUS EXCITABILITY STUDY
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Why study axonal excitability?

Amplitude

Conduction velocity

Excitability

Amp normal
CV decreased

Demyelinating
neuropathies

Amp decreased
CV normal
Axonal 

neuropathies

?



Excitability actors

Node

Myelin

Nat Channels
=> action potential

Ks and Kf Channels
Þ restrict axonal depolarisation

HCN Channels (Ih current) 
=> restrict axonal 
hyperpolarisation

Nap Channels 

Na-K Pump (ATPase)

0,1% 
surface

Basic principles



Membrane = capacity (C) 

Capacitance = capacity to stock electric charges (depends 
on membrane surface)
- node : low capacitance (quick charge)
- internode : large capacitance (slow charge)  

Ion channels = resistance (R)

Resistance variable :                                                                            
- open channels : low resistance                                           
- closed channels : high resistance 

Nodal membrane potential increase 
and decrease depending on 
exponential kinetics characterized 
by time of constant = RC
= 𝜏m (time to change the potential 
of 63% of it’s final value) 
≃ chronaxie 

Basic principles
Neuron = parallel RC circuit



• Opening of Na nodal channels
-> intrance of positives charges in the axone
= incoming ionic current (Na+) 

• Longitudinal axonal ionic current (K+, Cl-, Na+)  
• Outgoing capacitative current in nodes where Na channels are closed             -

> node depolarization -> opening of nodal sodium channels 

Basic principles
The action potential



1. Strentgh-duration curves

2. Axonal excitability recovery cycle

3. Stimulus-response curves

4. Threshold tracking

=> Internodal accomodation

=> Node excitability

How to study axonal excitability?



How to study axonal excitability?



Louis Lapicque
1866 – 1952

Sorbonne, Paris

In 1909, Lapicque defines:

Rheobase = estimated
threshold current for a 
stimulus of infinitely long 
duration 

Chronaxie = minimum
stimulus duration for a 
current twice rheobase to 
stimulate a muscle. 

1. Strentgh-duration curves



1. Strentgh-duration curves

Chronaxie (𝜏) = time of constant = time it takes for the 
change in potential to reach 63% of its final value

- Passive composant : 50 µs 
Node surface 

- Active composant : 300-400 µs 
Leak Channels open at resting membrane potential Nap

Rhéobase : 
• Inversely proportional to nerve 

excitability
• Due to passive property of the node

(capacity)
• Increased when there is damage in 

the myelin sheet
• Depends also of extraneural

parameters



R

C Stimulus duration (µs) 

Stimulus duration (µs) 

S
tr

en
tg

h 
(n

A
) 

Ch
ar

ge
 (

pC
) 

t

I

Q =I.t

t

R
Q = R.t + a
𝜏 = a/R

a

• Define a threshold (ex. 2 mV)
• What’s the intensity needed to reach

the threshold with 4 different
stimulus durations?

• Excel

y = 1,7x + 0,44
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Weiss Law : Q = R(t + 𝜏)
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1. Strentgh-duration curves



In peripheral neuropathies 

• Demyelinating neuropathies (CMT1A, CIDP, GBS), the rheobase is increased due to 
passive membrane property. (Kiernan et al., 2019)

• There is a relationship between survival and chronaxie in ALS. (Kanai et al, 2012) 

• CIDP, one of direct action mechanism of intravenous immunoglobulin could depend
of Nap Channel. (Boërio et al., 2010)

Chronaxia Rheobase

ALS increased normal

CMT1a normal increased

GBS normal increased

CIDP decreased increased

1. Strentgh-duration curves



1. Strentgh-duration curves

2. Axonal excitability recovery cycle

3. Stimulus-response curves

4. Threshold tracking

=> Internodal accomodation

=> Node excitability

How to study axonal excitability?



Joseph Bergmans (ca. 1970)

1952 Hodgkin & Huxley -> ionic channels 

2. Axonal excitability recovery cycle



Double shock
2 successive stimuli with 2 different intensities
- Conditioning stimulus (supramaximal)
- Test stimulus (i40)
Variation of the interstimulus interval between 1-200 ms

2. Axonal excitability recovery cycle

Absolute refractory period

Relative refractory period

Superexcitable period

Late subexcitable period



Superexcitable period:

During the action potential, there is a large influx of Na ions at the node which
spread over nodal and internodal axolemma. After the action potential, there is
a reflow of current coming from the large capacitance of the internode which
depolarized the node.

Late subexcitable period : 

Slow openning of nodal Ks => post potentiel hyperpolarization

2. Axonal excitability recovery cycle

Absolute refractory period : 
Nodal Nat inactivation
Relative refractory period: 
Nodal Nat gradual reactivation



In peripheral neuropathies 

• CMT1a and CIDP, refractory period and superexcitable period reduction is due to 
passive membrane property. (Kiernan et al., 2019)

• AMAN, the refractory period is increased suggesting that nodal sodium channels are 
impaired by anti-ganglioside antibodies. (Pyun et al., 2017)

• MMN, the supernormal period is increased below the conduction bloc reflecting
membrane hyperpolarization (overacivation of NaKATPase pumps ?). (Kiernan et al, 
2002) 

Refractory period Superexcitable period
ALS reduce increase
CMT1a reduce reduce

AMAN increase reduce
CIDP reduce reduce

2. Axonal excitability recovery cycle



0

50

100

150

200

250

300

1,00 10,00 100,00

CMT1a 

Refractory period reduced
Superexcitability period reduced

2. Axonal excitability recovery cycle
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2. Axonal excitability recovery cycle
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Membrane hyperpolarization
- Refractory period reduced
- Superexcitability increased

(especially in ischemia)

2. Axonal excitability recovery cycle



1. Strentgh-duration curves

2. Axonal excitability recovery cycle

3. Stimulus-response curves

4. Threshold tracking

=> Internodal accomodation

=> Node excitability

How to study axonal excitability?



3. Stimulus response curve
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(Cappelen-Smith et al, 2001)

3. Stimulus response curve
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3. Stimulus response curve

iMAX the minimal intensity needed
to evoke a maximal response



3. Stimulus response curve

Shift of the curve Slope
CMT1a Right +++ ---
GBS Right + -

CIDP Right ++ --

Like the rheobase, the stimulus response curve depends
on passive property of the membrane
+ impedance of electrodes
+ resistance of the extraneural tissue

Great variability of results (Boërio et al, 2008)
We need to control the impedance



1. Strentgh-duration curves

2. Axonal excitability recovery cycle

3. Stimulus-response curves

4. Threshold tracking

=> Internodal accomodation

=> Node excitability

How to study axonal excitability?



4. Threshold Tracking (1990- 2010)

David Burke Matthew Kiernan

Study of the internode
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• Target : CMAP = 40-50% maximale CMAP
• Threshold : stimulation intensity needed to reach the 

target => depends on membrane potential
• Conditionning stimuli of long duration

- depolarising de 100-200 ms
- hyperpolarising de 100-200 ms
- intensity: 20% et 40% of the threshold 

• Threshold variations = membrane potential variation 

4. Threshold tracking



4. Threshold tracking
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4. Threshold tracking
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Study of membrane polarity
Depolarization/hyperpolarization

Stimulus – Response curves

Ischemia = NaKATPase inactivation
=> depolarisation
Post-ischémia = NaKATPase overactivation
=> hyperpolarisation



Study of membrane polarity
Depolarization/hyperpolarization

Ischemia
Basal condition
Post ischemia

Excitability recovery cycle
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Why study axonal excitability?

• Membrane polarity
• Ion channels
• Passive membrane properties

Conclusion

How can we study excitability? Excitability

Amplitude
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