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ABSTRACT 

High frequency alternating current (HFAC) stimulation is a 

technique that can cure some pathological problems of unwanted 

sensation or muscle activities resulted from unfavorable hyper-

activity of neurons. It's capable of blocking undesirable nerve 

conduction and shutting down unwanted neural pathway. In this 

paper, we presented the simulation work of nerve block by HFAC 

with both the McNeal axon model and the Hodgkin-Huxley (HH) 

membrane model. Results obtained from the established model 

were shown after explaining the simulation method. Some 

meaningful conclusion about the characteristics of electrical nerve 

block (the block threshold and the continuous firing phenomenon) 

was drawn at the end of the paper. Also we suggested a relatively 

lower block frequency in application to decrease the block 

threshold meanwhile high enough to avoid unfavorable 

continuous firing (5-8 kHz). Our positive simulation results 

indicated the possible clinical application of electrical nerve block. 
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1. INTRODUCTION 
In clinic, many pathological symptoms characterized by unwanted 

sensation or muscle activities, such as pain, tremor, spasticity, 

neurogenic bladder dysfunction etc., are resulted from 

unfavorable hyper-activity of neurons [1-3]. For these problems, a 

fast and reversible technique termed electrical nerve block elicited 

by high frequency alternating currents (HFAC, 1 kHz ~ 10 kHz) 

might be helpful. Capable of blocking undesirable nerve 

conduction and shutting down unwanted neural pathway, it has 

the potential in treating many chronic diseases that haven’t been 

solved well thus far. Successful application includes cases of 

depression of nocturnal bruxism and treating detrusor-sphincter 

dyssynergia by blocking pudendal nerve in patients with spinal 

cord injury [4-5]. Also, it has been reported potentially effective 

in reducing muscle fatigue by assisting activation of muscles in a 

physiological recruitment order [6]. However, the underlying 

mechanisms of this technique are not fully understood. Simulation 

models may provide some insightful explanation.  

In 1952, Hodgkin and Huxley put forward the quantitative 

membrane model describing ironic currents, namely the Hodgkin-

Huxley (HH) model, based on experiments on squid giant 

unmyelinatd axon [7]. Later, McNeal put forward a myelinated 

axon model where the axon was described with a lumped circuit 

[8]. Kilgore et al. achieved significant success in nerve block by 

performing in-vivo experiments in frog sciatic nerves and 

discovered that a 3-5 kHz biphasic sinusoidal waveform was the 

most efficient in eliciting electric nerve block by comparing 

existed methods [9]. Likewise, Bhadra et al. produced a similar 

nerve block effect in rat sciatic nerves to study characteristics of 

this technique and then succeeded in simulating high-frequency 

sinusoidal electrical block using a mammalian myelinated axon 

model [10-11]. Besides, quantities of animal experiments on 

electrical nerve block have been conducted [12-14]. Nonetheless, 

more detailed study on this technique is needed. 

In our work, we developed a myelinated axon model and 

performed simulation study on the established model. Some 

meaningful results about the characteristics of electric nerve block 

(the block threshold and the continuous firing phenomenon) were 

drawn. Finally we ended this paper by making a curt conclusion 

and having a discussion about possible clinical application of 

electrical nerve block. 

2. SIMULATION METHOD 

2.1 Simulation Model 
To simulate the change of action potential along the axon, the 

McNeal axon model [8] was applied. The model concentrated on 

the electrical characteristics of the axon and described the 

biological traits with a lumped circuit. Figure 1 shows a two-

segment example of the model, in which the change of membrane 

potential Vn at the n-th segment can be calculated as: 
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where Ve,n and Ii,n are the extracellular potential and ionic current 

at the  segment respectively. 

 

 

 



 

Figure 1. McNeal axon model 

 

To describe the ironic currents of membrane, the HH Model [7] 

was applied. Equation 2 is the mathematical form of the model, 

where m, n and h represent the activation of sodium channels, the 

inactivation of sodium channels and the activation of potassium 

channels, respectively. These three variables vary only between 0 

and 1 only and can be described by several first-order differential 

equations in [7]. 
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For the convenience of simulation, we assumed a point-contact 

electrode case in an infinite homogeneous medium, therefore the 

extracellular potential can be calculated as in Equation 3. 
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where e is the resistivity of external medium; I(t) is the current 

applied with the block electrode at time t; r is the distance 

between electrode and axon segment (calculated with the 

Pythagorean theorem). 

The established model in our work was similar to those of many 

existed work [9] but different in setting and parameters of the 

model. Our study also offered different discoveries of nerve block 

cases from other work. 

2.2 Simulation Implementation 
We carried out all the computer simulations in Matlab (version 

R2010b, Mathworks) using a 100-node axon model in all cases 

whose node length is 0.05 mm (only 20 nodes were shown in all 

figures). Figure 2 shows the simulation setting, in which the block 

electrode generating high frequency electrical stimulation 

(sinusoidal waveform) was placed at a distance of 0.05 mm away 

from the axon. The tested signal was simply simulated with a 

single pulse at random amplitude between 0~3000 mV (0.1 ms 

pulse duration) conducted from one side of the axon(as shown in 

Figure 2). Pay attention that, to elude collision block in all cases, 

the tested signal was applied 30 ms after the commencement of 

simulation. 

 

Figure 2. Myelinated axon model for block simulation 

 

Since the entire model could be described with multiple first-

order differential equations, we solved them by approximation 

using the implicit trapezoidal integration method. The time step 

for calculation was 0.005 ms. 

3. SIMULATION RESULTS 

3.1 Block Threshold 
Figure 3 shows the case of nerve block by 5-kHz sinusoidal 

currents. With any block intensity (of the block stimulation at 0.5 

mm) below 633 A, the nerve block failed, but whenever with 

block intensity above 633 A, tested signals (at whatever intensity) 

would be blocked right at (or near) the point of block stimulation. 

Similar conclusion can be drawn with different axon diameters at 

different block frequencies. 

In our study, different parameters, including block waveform, 

block distance etc., were compared and diameter of the axon 

seemed to be the most effective parameter in affecting the block 

threshold. Figure 4 shows the near-linear relationship between 

block threshold and block frequency at three different axon 

diameters (40 m, 50 m and 60 m. The data at 3 kHz & 50 m 

was not presented due to the interference of continuous firing). 

Besides, when at a certain block frequency, a smaller-diameter 

axon would have a higher block threshold and a larger increasing 

rate than a larger diameter axon. 

  

(a) Block failed at block intensity of 632 A. (b) Block succeeded at block intensity of 633  A. 

Figure 3. Nerve block at axon diameter 50 m by 5-kHz sinusoidal current. 
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Figure 4. Block threshold with different axon diameter at 

different block stimulation frequency 

 

Figure 5. Continuous firing induced by block stimulation at 

low block frequency 

3.2 Continuous Firing 
An unfavorable disruption of continuous firing which only 

occurred at lower frequencies (generally below 4 kHz), has been 

found in our study. Due to collision block, the firing interfered 

with the observation of nerve block by blocking the signal in 

unstable situations (Figure 5). At different axon diameters, the 

threshold of disappearing frequency of varied irregularly. This 

might be resulted from chaotic characteristics of the axon model.  

Figure 6 shows how the the continuous firing in the axon changed 

over the increase of block intensity (axon diameter = 50 m). In 

each sub-figure, the horizontal axis represents the length along the 

axon while the vertical represents the time in millisecond. The 

tested signal was removed to eliminate unwanted disruption in 

observing continuous firing. It could be inferred that, at lower 

block intensities, the frequency of continuous firing was relatively 

stable and would increase with the block intensity; However, at 

larger block intensities, the frequency of the firing might 

decreased or increased gradually, which is rather asymmetric. 

Strangely in our study, nerve block could still be achieved at 

block frequency lower than 1 kHz though with much higher 

amplitude of block stimulation (Figure 7).  

The existence of this phenomenon has been proved in Bhadra’s 

in-vivo experiment on rats [10] and in the uncomfortable feeling 

at the beginning of some clinical application of HFAC [4-5]. 

4. CONCLUSION AND DISCUSSION 
In this paper, we successfully simulated nerve block elicited by 

HFAC with the McNeal axon model and the HH model. Although 

the model was far from the complicated reality, but it did 

indicated the possibility of further application of the technique, 

and offered some useful information for further in-vivo 

experiments. 

   

(a) Block intensity of 50 A (b)Block intensity of 100 A (c)Block intensity of 250 A 

 

  

 

  (d) Block intensity of 300 A (e)Block intensity of 370 A  

Fig. 6 Continuous firing elicited by block stimulation (1 kHz) at different block intensities 



 

Figure 7. Nerve block by 1 kHz sinusoidal current with an 

amplitude of 400 A. 

Basing on the results, we suggested a relatively lower block 

frequency to decrease the block threshold (the minimal applied 

block current) meanwhile high enough to avoid unfavorable 

continuous firing. 

This technique might be potential in non-invasive clinical 

application. This is meaningful in both gaining wider public 

acceptance and relieving patients’ anxiety in therapy. The main 

challenge of non-invasive application for the technique might be 

the problem resulted from human impedance. The block current 

would distribute along the skin and decreased greatly when 

reached the target nerve. Hopefully, we’ve found some rough 

evidence that might support our view. Figure 8 shows a 2-session 

non-invasive HFAC experiment conducted on several healthy 

subjects. We found that the raw EMG signal of MVC (Chan1: 

EMG of abductor pollicis brevis; Chan2: EMG of the first dorsal 

interosseous muscle) decreased notably when HFAC was on 

(Figure 9). However, the force of MVC strangely remained almost 

the same. This might be attributed to the synergy of multiple 

muscles in gripping. Besides, we noticed a much easier numbness 

in body by HFAC. Due to the limitation of pages, the experiment 

would not be presented in detail here. 

In terms of future clinical application of nerve block, it might 

include inhibitory therapy for pathological tremor, neurogenic 

bladder dysfunction and spasticity. 

 

Figure 9. Raw EMG signal of S1 (Chan 1: left, Chan 2: right) 
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Figure 8. Experiment paradigm of a two-session 

experimental procedure of nerve block test 


