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Sciatic nerve electrical stimulation model based on COMSOL and NEURON
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nolgy, Jinan University, Guangzhou 510630, China

Abstract: We established a sciatic nerve electrical simulation model for studying the excitability of peripheral nerve treated

with electrical stimulation. The electric field distribution of peripheral nerve and cuff electrode model established with finite

element simulation software COMSOL was calculated in external stimuli, and taken as the extracellular excitation source in

neural model established based on neural modeling software NEURON to analyze the electrophysiological behavior of

nerve. Based on the established model, we analyze the effect of the size and gap of the stimulation electrodes, the electrical

stimulation waveform, the global temperature and the local temperature of some nodes on the excitability of the sciatic

nerve fiber, providing a theoretical basis and technical guidance for the further research and clinical trials of electrical nerve

stimulation.
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1.1 COMSOL #&8Y. @&, # B4

COMSOL® Multiphysics3.5a(Burlington, MA ) H1 %
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RIGNIEL 2 PR , Z 02 A0 28 oA o [ st 2 R
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a: Actual diagram of cuff pole

cuff electrode
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b: Sketch map of cuff pole
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c: Neural structures and the relative positions of neural

structures and cuff pole in the model
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Fig.1 Sciatic nerve and the cuff pole
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Fig.2 Electric potential surface obtained in COMSOL model

treated with electrical stimulation
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Tab.1 Relative permittivity and conductivity of the materials

used in COMSOL
Parameter Saline  Polyimide Gold Nerve
Relative permittivity 80 4 1 10°
Conductivity/S -m’ 0.8 6.7x10™" 8.9x10° 0.6

1.2 EBiR-EERAE

FEL AR - FEL i 8 5 T R FH Randles 25550 L B ABE A0
W& 3 7R, il i Mathworks Simulink A #4814 1
SRR, AR 2,

p—

Rs Rc
— } { ]
190.8Q2 Rt

3 BB RO SR RE

Fig.3 Equivalent wiring diagram of electrode—electrolyte interface
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Tab.2 Specific values of each element in the

equivalent wiring diagram in Fig.3

Electrode RJ/Q C/nF R/kQ  C/uF

Cathode 1353 1.0x10° 0.27 3.98

Anode 245.1 0.51 18.99 2.70

1.3 NEURON #&£#!

A SC B P 2R A 3 T Rattay 52 04 200 0 4 e )
T S8 HE B B B Y () LR R & NEURON
7.1 H AR TG R FHAE AL, 25 ] {52 K pas
i, F COMSOL Fi1 Matlab X i, il i #4228 i el A
H1 3% 40 A EAT 07 L, 3 5 Matlab % 7252 B COMSOL
FINEURON W 84 () 45 BT B s A i, B
A LBt 8 A S A 2l 5 1 s T A7 8 LA R of L 3 1
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TINTERE /NG B 0 o5 o 7E FH AL g 4 Ry TR
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Tab.3 Parameters in neural model

Parameter Value
Fiber diameter (D)/um 3-25
Axon diameter (d)/pm 0.7*D
Myelin length (L)/um 100*D
Node length (1)/um 2.5
Resting potential (Vi.)/mV -70
Membrane capacitance-node (C.)/uF - cm™ 2
Membrane capacitance-myelin (Cuyein) /uF - cm™ 0.157(=D)
Intracellular sodium concentration (Na;)/mmol - L' 13.74
Extracellular sodium concentration(Na,)/mmol - L" 114.5
Intracellular potassium concentration(K;)/mmol - L' 120
Extracellularpotassium concentration(K,)/mmol - L" 2.5
Sodium permeability constant ( P .)/cm-s’ 8 x10°
Potassium permeability constant ( P )/cm-s’ 1.2x 107
Non-specific permeability constant ( P ;)/cm s’ 0.54 x 10°
Leak conductance/ unit area (g.)/mho-cm” 303 x10°
Temperature coefficients (Q10) o B
m 1.8 1.7
h 2.8 2.9
n 32 2.8
P 3 3
Q10 for R, (axial resistivity) 1/1.3
Q10 for maximum ionic conductance 1.4
R. for temperature = 23°C/ ohm-cm 65
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Fig.4 Effect of electrode width (a) and electrode gap (b) on simulation threshold
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Fig.5 Effect of current shape on stimulation threshold
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The dashed lines in Fig.6b represented results for eight different frog sciatic nerve while solid lines in Fig.6b were the mean and standard variance
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Fig.6 Effect of the global temperature on the amplitude and conduction velocity of action potential (AP) in the model(a) and effect of the global

temperature on the conduction velocity of AP in the experiment(b)
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Fig.7 Generation block and propagation block
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