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— Abstract —

Decomposition of Sensory Nerve Action Potential and Motor Unit Action
Potential in Patients with Diabetic Neuropathy using Wavelet Transform and
Fast Fourier Transform

Byung Kyu Park, M.D., Gye Rok Jeon, Ph.D.*, Soo Young Ye, M.S.*

Department of Rehabilitation Medicine and Biomedical Engineering*, Pusan National University College of Medicine

Objectives : To evaluate the characteristics of nerve conduction abnormalities and activities of different
types of muscle fibers in diabetic neuropathy with comparison to clinical and electrophysiological fea
tures, using analysis of power spectral density and relative energy ratio.

Methods : For analysis of sensory nerve action potentials (SNAPSs) we used the distribution of conduc-
tion velocity (DCV) based upon power spectral analysis, power spectral density (PSD) by fast fourier
transformation, and relative energy ratio of the low frequency versus high frequency by wavelet transform
method. For investigation of electromyography (EMG), PSD was determined during minimal and maxi-
mal valitions.

Results : DCV demonstrated reduction of slow fibers (<40 m/sec) in small or large fiber dysfunction
and attenuation of fast fibers (40~60 m/sec) in severe mixed fiber lesions. PSD of SNAPs showed reduc-
tion of low frequencies with increase of high and intermediate frequencies. PSD of EMG signals on maxi-
mal volition was significantly decreased in diabetics. PSD of SNAPs and EMG revealed a correlation
with electrodiagnostic severity.

Conclusion : Attenuation of slower nerve fibers and reduction of lower frequencies of SNAPs could be
early findings of diabetic neuropathy. In addition, dysfunction of type Il myofibers would be highly sug-
gestive. Power spectral analysis could be utilized for early diagnosis.

Key Words : Diabetic neuropathy, Action potentials, Electromyography, Spectrum analysis, Transformation
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Fig. 1. Diagram of the system for the analysis of sensory nerve action potential and electromyography in normal and diabetic groups.
1. EMG: Electromyography, 2. PSD: Power spectrum density, 3. SNAP: Sensory nerve action potential, 4. CAP: Compound

action potential, 5. DCV: Distribution of conduction velocity
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Fig. 2. Example of the power spectrum density for compound action potential.
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Fig. 4. Example of the power spectrum density of electromyo-
graphy on minimal (A) and maximal (B) volitions.
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Table 2. Comparison of DCV? by Clinical Classification
Group Diabetics (%)
Normal (%)

Velocity (m/sec) Small Large Mixed
20~30 5.1+1.2 3.7+2.5% 4.0+2.0* 15.2+3.4*
30~40 8.9+18 75493 6.3+7.2% 16.5¢6.7*
40~50 30.0+£3.2 34.0+7.9* 31.7+6.0 26.4+4.5*
50~60 56.043.9 54.946.5 57.245.9* 43.6+3.1*

Values are mean+S.D.

1. DCV: Distribution of conduction velocity

*p<0.05 by Kruskall-Wallis test compared to the value of normal group
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Fig. 5. Characteristics of wavelet distribution at 5 stages.

Table 5. Comparison of PSD? of SNAP? by EDX® Severity

Group Diabetics (%) Group Diabetics (%)
) Normal (%) - Normal (%) -

Veocity (m/seC Mild Severe Frequency Mild Severe
20~30 51+1.2 105+3.3* 21.6+2.1*" Low 73.8+11.0 65.0£5.4* 57.2+1.4*"
30~40 8.9+1.8 12.2+58* 21.0+2.4*" Intermediate 16.7£ 3.3 19.5£3.3* 29.1+7.0*"
40~50 30.0£3.2 27.9+7.0r 23.1+2.7*' High 15.9+12.1 24.0+9.5% 23.0+9.2*

|~ % % +
50~60 56.0+3.9 49.4+4.9* 34.4+3.3 Values are meantS.D.
Vaues are meantS.D. 1. PSD: Power spectrum density

1. DCV: Distribution of conduction velocity

2. EDX: Electrodiagnosis

* p<0.05 by Kruskall-Wallis test compared to the value of nor-
mal group

T p<0.05 by Mann-Whitney test compared to the value of mild
group

Table 4. Comparison of PSD® of SNAP? by Clinical Classification

2. SNAP: Sensory nerve action potential

3. EDX: Electrodiagnosis

* p<0.05 by Kruskall-Wallis test compared to the value of nor-
mal group

T p<0.05 by Mann-Whitney test compared to the value of mild
group

Group Diabetics (%)
Normal (%) -
Frequency Small Large Mixed
Low 73.8£11.0 62.7+4.7* 65.1+19.3* 63.0+£9.5*
Intermediate 16.7£3.3 24.1+4.6* 22.2+11.0* 24.4+4 5
High 15.9+12.1 23.2+8.0* 21.6+5.5* 22.0+6.0*
Values are mean+S.D.

1. PSD: Power spectrum density
2. SNAP: Sensory nerve action potential

*p<0.05 by Kruskall-Wallis test compared to the value of normal group
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Table 6. Comparison of PSD® of EMG? on Maximal Valition by Clinical Classification

Group Diabetics (%)
Normal (%) -
Frequency Small Large Mixed
Low 73.3x9.5 61.7+7.6* 62.1+8.8* 58.3+8.2*
High 27.7+£9.2 39.1+4.7* 37.4+6.4* 43.2+9.1*
Vaues are mean+S.D.

1. PSD: Power spectrum density
2. EMG: Electromyography

*p<0.05 by Kruskall-Wallis test compared to the value of normal group

Table 7. Comparison of PSD* of EMG? on Maximal Volition
by EDX? Severity

Group Diabetics (%)
Normal (%) -

Frequency Mild Severe
Low 73.3t95 63.3+3.8* 49.7+5.7*"
High 27.7£9.2 38.2£5.0r 50.4+7.8*"

Values are mean+S.D.

1. PSD: Power spectrum density

2. EMG: Electromyography

3. EDX: Electrodiagnosis

* p<0.05 by Kruskall-Wallis test compared to the value of nor-
mal group

T p<0.05 by Mann-Whitney test compared to the value of mild
group
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