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ABSTRACT 

Background and Aim: Diabetic neuropathy increases with the duration of 

diabetes and also poor glycemic control fasten the disability associated with 

neuropathy. This leads to a change in the nerve excitation and action potential 

propagation. Rheobase and Chronaxie values from SD curve give the 

excitability of the nerve. This study aims to find the peripheral nerve 

excitability by using Rheobase and Chronaxie values based on the neuropathy 

status of T2DM subjects. Materials and Methods: This was a cross-sectional 

study conducted on 213 subjects including 141 T2DM subjects and 72 non-

diabetic subjects. T2DM subjects were classified into two groups based on the 

duration of diabetes (< 10 years & >10 years). All subjects nerve excitability 

from proximal and distal muscle groups by using Rheobase and Chronaxie 

value obtained from SD curve. Results: This study shows that 33.8% of T2DM 

with < 10 years and 68.60% of T2DM with > 10 years having neuropathy. In all 

the groups both Rheobase and Chronaxie, values show statistically significant 

differences (p<0.001) in all the muscle groups. The Rheobase and Chronaxie 

values were higher in T2DM with > 10 years followed by T2DM with < 10 year 

and Non diabetic group. Conclusion: Our study states that Rheobase and 

Chronaxie values are higher in T2DM with > 10 years and also failed to prove 

a statistically significant difference between neuropathic and non-neuropathic 

TDM in nerve excitabilities based on the duration of diabetes. 

 

Keywords: Type-2 Diabetes Mellitus, Nerve Excitability, Rheobase, 

Chronaxie, SD Curve, Neuropathy, Peripheral Nerves 

 

 

1. INTRODUCTION 

Peripheral neuropathy associated with type 2 diabetes mellitus (T2DM) 

develops as sensory symptoms (pin & needle sensation) followed by motor 

disturbances (muscle strength reduction). Research proved that as the 

duration of T2DM increases & poor glycemic control increases the incidence of 
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diabetic neuropathy up to 50% and direct to extensive complications (Feldman et al., 2020). Research suggests that ischemia-

associated microangiopathy causes neuropathy in diabetes, reconciled through energy-reliant Na+/K+ pump on the membranes of 

the axon (Krishnan et al., 2005). Any defacement in Na+/K+ pump despite the cause, alter the nerve depolarization because of the 

accumulation of intra-axonal Na+ (Kieman et al., 2000). The characteristic attribute of diabetic polyneuropathy is the combination of 

axonal and demyelinating damage from mechanical demyelination & channel or pump dysfunctions (Nodera & Kaji, 2006). 

The changes in membrane potentials of excitable tissues (muscles & nerves) can be identified by finding the Rheobase and 

Chronaxie value from a strength-duration (SD) curve, which is a reliable and quick technique used by the physiotherapist in the 

clinical setting. SD curve corresponds to the intensity of a threshold stimulus to its duration. Rheobase is the measurement of 

excitability of membrane potential. A membrane can be stimulated by a change in the strength (intensity) and duration of the 

applied stimulus. Both these variables are inversely correlated. When the strength of the stimulus increases, the time required to 

elicit membrane potential reduces and vice versa to sustain an invariable effect (David et al., 2010).  

Chronaxie is the tissue excitability factor that allows preference of optimal pulse duration to stimulate an excitable tissue. It is 

dependent on the density of sodium voltage-gated channels in the cell (Chronik et al., 2009). Scientifically, Rheobase is equal to half 

the current required to stimulate a tissue for the duration of Chronaxie. Chronaxie is a strength-duration time constant that 

corresponds to the time duration required to produce a response while the nerve is excited at twice the strength of Rheobase. There 

is a dearth of knowledge about the Rheobase and Chronaxie value in T2DM subjects with and without neuropathy. So the current 

study aims to find out the peripheral nerve excitability in T2DM subjects by using Rheobase and Chronaxie. 

 

2. METHODOLOGY 

The present cross-sectional study was conducted at the Department of Orthopedics, Srinivas Institute of Medical Sciences, 

Mangaluru, Karnataka, India for eight months (November 2021 to June 2022).  After obtaining informed consent for participating in 

the study all T2DM subjects and controls were recruited. Ethical approval was given by the Institutional Ethics Committee of 

Srinivas University, Mangaluru, Karnataka, India (Ref: SUEC 2020/004 dated 02/01/2020), and the trial was registered with Clinical 

Trials Registry-India, CTRI No: CTRI/2021/07/035031 [Registered on: 22/07/2021]. 

Based on the study conducted by Sujata & Ramna, 2021 assuming 95% confidence interval, 80% power, and prevalence of 

diabetes among men (p = 2.63%), the sample size estimated for the study is 61.6, which is approximately 62 in each group. Sample 

size was estimated using formulae, n = [(Z1 – α/2)2 x p x (1-p)]/ I2, here Z1-α/2 = 1.96, and absolute precision I = 4%. There are three 

groups in this study; Group A is the non-diabetic group, Group B is T2DM with < 10 year duration and Group C is T2DM with ≥ 10 

Year duration. 

Inclusion criteria: Male subjects with T2DM aged less than 75 years with a diabetic history greater than five years and non-diabetic 

subjects as controls. 

Exclusion criteria: Females (hormonal influence), chronic cardio-respiratory disorders, neuroendocrine disorders, chronic 

musculoskeletal disorders, severe symptomatic vascular disorders, any previous history of nerve injuries in upper limb and lower 

limb, chronic dermatological conditions. 

All the subjects were evaluated by an endocrinologist to confirm and classify their diabetic stages. Height was measured in 

meters by using a stadiometer, weight was measured by a weighing scale, and HbA1c levels of all the diabetic individuals were 

taken using standard laboratory methods. The peripheral nerve excitability of the upper limb and lower limb was estimated by 

Rheobase and Chronaxie test after plotting the strength-duration (S D) curve. S D curve (Figure 1) is the graphical representation 

between the pulse duration and intensity (mV or MA) required producing a minimum palpable and observable contraction 

(Chemali & Tsao, 2005). It is one of the routines and conventional electrodiagnostic tests of electrical activity in peripheral nerve 

lesions done by the physiotherapist in clinics. Rheobase and Chronaxie are obtained only after drawing a SD curve. A pulse of 300 

ms duration was used to record Rheobase and is measured in mA (the device used was a constant current stimulator). It was 

measured using the cathode on the motor point of each nerve to be tested and the anode as an inactive electrode as mentioned in 

table 1. Chronaxie is measured in ms as it is the minimum duration required to produce muscle contraction when the current 

intensity is double the Rheobase. 

 

Table 1 Anode placement for particular peripheral nerves. 

Motor point Nerve tested Inactive electrode placement 

Biceps Brachi (BB) Musculocutaneous Nerve (C5, C6, C7) Spinous process of C7 

Triceps Brachi (TB) Radial Nerve (C5, C6, C7, C8, T1) Spinous process of C7 
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Quadriceps (Qceps) Femoral Nerve (L2, L3, L4) Femoral Triangle 

Hamstring (Hams) Sciatic Nerve (L4, L5, S1, S2, S3) Spinous Process of S2 

Gluteus Maximus (GMax) Inferior Gluteal Nerve (L5,S1, S2) Spinous Process of S2 

Tibialis Anterior (TA) Common Peroneal Nerve (L4, L5, S1, S2) Neck of Fibula 

Gastrocnemius (GNMS) Tibial Nerve (L4, L5, S1, S2, S3) Popliteal Fossa 

 

 

 
Figure 1 Strength duration curve for a particular muscle showing the Rheobase and Chronaxie. 

 

Statistical analysis  

Data were analyzed by using SPSS 21.0 (IBM Corp., Armonk, NY, USA). Kolmogorov Smirnov test was used to assess the normality 

of the distribution and found data is not following the normal distribution curve (P <0.05). The descriptive data were summarized 

in Frequency, Median, and Range. Kruskal-Wallis test was used to compare the significant changes in all three groups (Non-

diabetic, T2DM < 10 years, T2DM > 10 years). Mann Whitney U tests were used in the comparison of Rheobase and Chronaxie in 

neuropathy and non-neuropathy diabetic subjects based on the duration of T2DM. The significant level of this study was 5% (p ≤ 

0.05). 

 

3. RESULTS 

For the statistical analysis, 72 non-diabetics, 71 T2DM with < 10 years, and 70 T2DM with ≥ 10 years were included. The clinical data 

of the study subjects are displayed in Tables 2, 3 & 4 and Figure 2. 

 

Table 2 Demographic data of the study subjects 

Group 

Age  

(Years) 

Weight  

(Kg) 

Height  

(cm) 

BMI  

(Kg/M2) 

HbA1c 

(%) 

Median (Range) 

Non-Diabetic 

(N=72) 
55.5 (24) 70.5 (45) 165 (30) 25.09 (12.51) 5.75 (2.80) 

T2DM < 10 Yrs 

(N=71) 
54.0 (16) 65.0 (42) 160 (25) 25.63 (13.67) 8.90 (4.60) 

T2DM > 10 Yrs 

(N=70) 
58.5 (17) 75.0 (29) 174 (28) 24.84 (11.27) 8.90 (7.70) 

S
tr
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g
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m

A
) 

Duration (mS) 

----- Rheobase (RH) 

----- Chronaxie (CD) 
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Table 3 Categorical Classification of BMI of the sample 

BMI 

Non-Diabetic 

Group (N=72) 

T2DM with < 10 

years (N=71) 

T2DM with > 10 

years (N=70) 

Percentage (%) 

18.5 – 24.9 (Normal) 47.2% 36.6% 57.1% 

25 – 29.9 (Over Weight) 44.4% 59.2% 28.6% 

> 30 (Obese) 8.3% 4.2% 14.3% 

 

Table 4 HbA1c Level in all three groups 

HbA1c (%) 

Group A: Non-

Diabetic 

Group (N=72) 

Group B: T2DM 

with < 10 years 

(N=71) 

Group C: T2DM 

with > 10 years 

(N=70) 

Percentage (%) 

< 5.7% (Normal/Good DM Control) 38.9% 0% 0% 

5.7 – 6.4% (Prediabetic or Moderate 

DM Control) 
61.1% 0% 0% 

> 6.5% (Diabetes/Poor DM Control) 0% 100% 100% 

 

 

 
Figure 1 Neuropathy Status among the diabetes subjects based on duration. 

 

Rheobase and Chronaxie values between the groups  

In all the groups both Rheobase and Chronaxie values show statistically significant differences (p<0.001) in all the muscle groups. 

The Rheobase and Chronaxie values were higher in T2DM with > 10 years followed by T2DM with < 10 years and the Non-diabetic 

group. This shows as the diabetic duration increases the Rheobase and Chronaxie values also increase in the distal and proximal 

group of muscles (Table 5 & 6). 

 

Table 5 Rheobase value between the groups 

Rheobase Value 
Non-Diabetic 

Group 
T2DM with < 10 years T2DM with > 10 years 

Sig.* 

Muscles Side 
Median 

(mA) 
Range 

Median 

(mA) 
Range 

Median 

(mA) 
Range 

Biceps Brachi 
Right 2.5 (1.7-3.3) 7.1 (6.8-7.5) 9.1 (8.8-9.5) p<0.001 

Left 3.3 (2.9-3.4) 7.2 (6.8-7.5) 9.2 (8.8-9.5) p<0.001 

Triceps Brachi Right 2.5 (2-3.1) 7.5 (7-7.8) 9.5 (9-9.8) p<0.001 

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

T2DM with < 10
Years (N=71)

T2DM witth > 10
Years (N=70)

33.80%

68.60%66.20%

31.40%

Neuropathy Present

Neuropathy Absent
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Left 2.5 (1.9-3.4) 7.4 (7.1-7.9) 9.4 (9.1-9.9) p<0.001 

Quadriceps 
Right 3.9 (3.7-4.5) 15.0 (13.2-15.8) 17.1 (15.2-17.8) p<0.001 

Left 3.9 (3.7-8.2) 14.8 (13.2-15.8) 16.7 (15.2-17.8) p<0.001 

Hamstrings 
Right 5.7 (5.4-5.9) 11.8 (11.4-12.5) 13.9 (13.4-14.5) p<0.001 

Left 5.6 (5.1-5.7) 12.3 (11.2-12.8) 14.3 (13.2-14.8) p<0.001 

Tibialis 

Anterior 

Right 3.9 (3.7-4.1) 7.5 (6.8-7.9) 9.5 (8.8-9.9) p<0.001 

Left 3.8 (3.6-4) 7.6 (7.1-7.9) 9.6 (9.1-9.9) p<0.001 

Gastrocnemius 
Right 3.3 (2.9-3.4) 7.5 (7.1-7.8) 9.6 (9.1-9.8) p<0.001 

Left 2.5 (2-3.1) 7.3 (7.1-7.9) 9.3 (9.1-9.9) p<0.001 

Gluteus 

Maximus 

Right 6.4 (5.5-6.9) 15.9 (15.1-17.8) 17.9 (17.1-19.8) p<0.001 

Left 6.3 (5.8-6.8) 16.5 (15.2-17.8) 18.5 (17.2-19.8) p<0.001 

*Test performed was Kruskal-Wallis (one-way non-parametric test) 

 

Table 6 Chronaxie value between the groups 

Chronaxie Value Non-Diabetic Group T2DM with ≤ 10 years T2DM with ≥ 10 years 

Sig.* 
Muscles Side 

Median 

(mA) 
Range 

Median 

(mA) 
Range 

Median 

(mA) 
Range 

Biceps Brachi 
Right 0.300 (0.26-1) 1.200 (1.1-1.7) 2.150 (1.7-2.5) p<0.001 

Left 0.300 (0.24-0.93) 1.400 (1.2-1.8) 2.100 (1.7-2.5) p<0.001 

Triceps Brachi 
Right 0.825 (0.44-1) 1.500 (1.2-1.8) 2.600 (2.1-2.9) p<0.001 

Left 0.855 (0.58-1) 1.600 (1.2-1.8) 2.500 (2.1-2.9) p<0.001 

Quadriceps 
Right 0.825 (0.44-1) 2.300 (2-2.5) 2.900 (2.7-3.2) p<0.001 

Left 0.785 (0.58-1) 2.200 (2.1-2.5) 2.900 (2.7-3.2) p<0.001 

Hamstrings 
Right 0.635 (0.34-0.93) 2.500 (2.1-22.8) 3.100 (2.8-3.3) p<0.001 

Left 0.720 (0.24-0.96) 2.400 (2.2-2.8) 3.050 (2.8-3.3) p<0.001 

Tibialis Anterior 
Right 0.825 (0.44-1) 1.600 (1.2-1.9) 2.700 (2.4-2.9) p<0.001 

Left 0.300 (0.24-0.93) 1.700 (1.2-1.9) 2.650 (2.5-2.9) p<0.001 

Gastrocnemius 
Right 0.300 (0.26-1) 1.700 (1.4-1.9) 2.900 (2.6-3.2) p<0.001 

Left 0.855 (0.58-1) 1.700 (1.4-1.9) 3.000 (2.7-3.2) p<0.001 

Gluteus Maximus 
Right 0.960 (0.93-1) 2.600 (2.4-2.9) 3.800 (3.4-4.2) p<0.001 

Left 0.960 (0.93-1) 2.700 (2.4-2.9) 3.850 (3.6-4.2) p<0.001 

*Test performed was Kruskal-Wallis (one-way non-parametric test) 

 

Rheobase & Chronaxie value based on neuropathy status  

This study shows that 33.8% of T2DM with < 10 years and 68.60% of T2DM with > 10 years have neuropathy. The Mann-Whitney U 

test shows there is no significant difference (p>0.05) in Rheobase and Chronaxie values with neuropathy status in groups B and C 

(Table 7 & 8).  

 

Table 7 Rheobase value based on the neuropathy status 

Neuropathy Status 
T2DM with ≤ 10 years T2DM with ≥ 10 years 

Present Absent 

U 

Value 

P 

Value# 

Present Absent 

U 

Value 

P 

Value# Muscles Side 

Median 

(Range) in 

mA 

Median 

(Range) in mA 

Median 

(Range) in 

mA 

Median 

(Range) in mA 

Biceps Brachi 

Right 7.1 (6.8-7.5) 7.1 (6.8-7.5) 529.0 .666* 9.1 (8.8-9.5) 9.2 (8.8-9.5) 531.0 .794* 

Left 7.2 (6.8-7.4) 7.2 (6.8-7.5) 540.5 .772* 9.2 (8.8-9.5) 9.15 (8.8-9.5) 508.0 .583* 
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Triceps Brachi 
Right 7.5 (7-7.8) 7.5 (7-7.8) 521.0 .591* 9.5 (9-9.8) 9.5 (9-9.8) 503.0 .537* 

Left 7.4 (7.1-7.9) 7.4 (7.1-7.9) 543.5 .801* 9.4 (9.1-9.9) 9.45 (9.1-9.9) 545.5 .936* 

Quadriceps 

Right 15 (13.2-15.4) 15.2 (13.2-15.8) 499.0 .426* 
17.0 (15.2-

17.8) 
17.5 (15.2-17.8) 491.0 .451* 

Left 
14.4 (13.2-

15.4) 
14.8 (13.2-15.8) 464.5 .224* 

16.7 (15.2-

17.8) 
16.8 (15.7-17.8) 492.5 .463* 

Hamstrings 

Right 
11.9 (11.4-

12.5) 
11.8 (11.4-12.5) 545.5 .820* 

13.9 (13.4-

14.5) 
13.8 (13.4-14.5) 510.5 .606* 

Left 
12.2 (11.2-

12.8) 
12.3 (11.2-12.8) 519.0 .581* 

14.2 (13.2-

14.8) 
14.3 (13.2-14.8) 518.5 .678* 

Tibialis 

Anterior 

Right 7.5 (6.6-7.3) 7.5 (6.8-7.9) 539.5 .763* 9.5 (8.8-9.9) 9.7 (8.9-9.8) 483.5 .395* 

Left 7.3 (7.1-7.9) 7.6 (7.1-7.9) 444.5 .142* 9.3 (9.1-9.9) 9.6 (9.2-9.9) 426.0 .118* 

Gastrocnemius 

Right 7.6 (7.1-7.8) 7.5 (7.1-7.9) 511.0 .511* 9.6 (9.1-9.8) 9.5 (9.1-9.8) 490.5 .441* 

Left 7.3 (7.1-7.9) 7.3 (7.1-7.3)) 474.0 .261* 9.3 (9.1-9.9) 9.3 (9.1-9.9) 536.0 .840* 

Gluteus 

Maximus 

Right 
15.9 (15.2-

17.8) 
15.8 (15.1-17.8) 502.0 .448* 

17.9 (17.1-

19.8) 
17.7 (17.1-18.9) 420.5 .103* 

Left 
16.5 (15.2-

17.8) 
16.5 (15.2-17.8) 484.5 .330* 

18.5 (17.2-

19.8) 
18.5 (17.2-19.8) 520.5 .696* 

#Test performed was  Mann Whitney U Test 

* Non-significant (P>0.05) 

 

Table 8 Chronaxie value based on the neuropathy status 

Neuropathy Status 

T2DM with < 10 years T2DM with ≥ 10 years 

Present Absent 

U 

Value 
P Value# 

Present Absent 

U 

Value 

P 

Value# Muscles Side 

Median 

(Range) in 

ms 

Median 

(Range) in ms 

Median 

(Range) in 

ms 

Median 

(Range) in 

ms 

Biceps Brachi 
Right 1.3 (1.1-1.7) 1.2 (1.1-1.7) 528.5 .657* 2.2 (1.7-2.5) 2.1 (1.7-2.4) 398.0 0.056* 

Left 1.4 (1.2-1.8) 1.3 (1.2-1.8) 457.0 .183* 2.1 (1.7-2.5) 2.1 (1.7-2.5) 500.5 0.521* 

Triceps Brachi 
Right 1.5 (1.2-1.8) 1.5 (1.2-1.8) 548.0 .844* 2.6 (2.1-2.9) 2.6 (2.2-2.9) 458.0 0.240* 

Left 1.6 (1.2-1.9) 1.6 (1.2-1.9) 562.0 .985* 2.5 (2.1-2.9) 2.6 (2.1-2.8) 521.0 .701* 

Quadriceps 

Right 2.3 (2-2.5) 2.2 (2-2.5) 420.5 .073* 2.9 (2.7-3.2) 2.9 (2.7-3.2) 508.0 .570* 

Left 2.4 (2.1-2.5) 2.2 (2.1-2.5) 406.0 .050* 2.9 (2.7-3.2) 2.9 (2.8-3.2) 543.5 .913* 

Hamstrings 
Right 2.5 (2.1-2.8) 2.6 (2.1-2.8) 559.0 .950* 3.1 (2.8-3.3) 3 (2.8-3.3) 448.0 .194* 

Left 2.4 (2.2-2.8) 2.4 (2.2-2.8) 541.5 .774* 3.1 (2.8-3.3) 3 (2.9-3.3) 538.0 .858* 

Tibialis 

Anterior 

Right 1.8 (1.2-1.9) 1.6 (1.2-1.9) 445.5 .143* 2.7 (2.4-2.9) 2.7 (2.4-2.9) 445.5 .181* 

Left 1.8 (1.5-1.9) 1.7 (1.2-1.9) 492.0 .372* 2.7 (2.5-2.9) 2.6 (2.6-2.9) 398.0 .056* 

Gastrocnemius Right 1.8 (1.4-1.9) 1.7 (1.4-1.9) 548.0 .183* 2.9 (2.6-3.2) 2.9 (2.6-3.2) 411.0 .074* 
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Left 1.8 (1.4-1.9) 1.7 (1.4-1.9) 562.0 .844* 3.0 (2.7-3.2) 3 (2.7-3.2) 428.0 .120* 

Gluteus 

Maximus 

Right 2.7 (2.4-2.9) 2.6 (2.4-2.9) 436.0 .112* 3.8 (3.4-4.2) 3.8 (3.5-4.2) 551.0 .990* 

Left 2.7 (2.4-2.9) 2.7 (2.4-2.9) 544.0 .804* 3.9 (3.6-4.2) 3.8 (3.6-4.2) 518.0 .665* 

#Test performed was  Mann Whitney U Test 

* Non-significant (P>0.05) 

 

Rheobase and Chronaxie value within the groups  

Since the Rheobase and Chronaxie values show highly significant between the group using the Kruskal-Wallis test (one-way non-

parametric) pairwise comparison were done to check the changes in all outcomes, which shows a higher value in group C, followed 

by group B and group A. This clinically states that Rheobase and Chronaxie values are higher in T2DM with > 10 years (Figure 3, 4, 

5 & 6). 

 

 
Figure 2 Rheobase in right side muscles in each group. 

 

 
Figure 3 Rheobase in left side muscles in each group. 
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Figure 4 Chronaxie in right side muscles in each group. 

 

 
Figure 5 Chronaxie in left side muscles in each group. 
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The current study shows the symmetrical pattern of diabetic neuropathy in both proximal and distal muscle groups. The 

importance of this study of finding the difference in nerve excitability among T2DM is because south India has a 19.1% incidence 

rate of diabetic neuropathy (Ashok et al., 2002). Nearly 67% of T2DM have clinical or subclinical diabetic neuropathy. The 

subclinical diabetic neuropathy diagnosis includes electrophysiological studies, so the present study used Rheobase and Chronaxie 

value estimating after plotting the SD curve. The current study also classified Rheobase and Chronaxie in T2DM subjects based on 

the duration of diabetes (> 10 years and < 10 years), the reason is the increasing incidence of diabetic neuropathy from 7.5% to 50% 

at 25 years of follow-up and 40% prevalence after 10 years of T2DM (Riyas et al., 2022). 33.8% with T2DM less than 10 years and 

68.6% with T2DM more than 10 years showed diabetic neuropathy in our study which shows a greater incidence rate after 10 years 

of T2DM.  

Chronaxie and Rheobase from the SD curve will give the idea about nerve excitability in the clinical setting. These are 

conventional electro-diagnosis tests having easy administrative properties and reliable, non-invasive tests for identifying the 

innervation status. The present study shows higher Rheobase and Chronaxie values in T2DM subjects compared with non-diabetic 

groups. This indicates that T2DM subjects required more stimuli to elicit motor contraction in distal and proximal muscle groups 

following diabetic neuropathy. The study also shows higher Rheobase and Chronaxie values in T2DM with > 10 years duration than 

< 10 years. This shows the severity of diabetic neuropathy based on the duration and requires proper education of the subjects 

regarding future complications, the necessity of controlling the blood glucose level, and the importance of non-pharmacological and 

pharmacological intervention to improve the nerve health status.  

The reason or pathophysiology behind diabetic neuropathic with or without pain is still under research and several hypotheses 

are postulated, which include Polyol pathway hyperactivity (Sheetz & King, 2002; Oates, 2002), oxidative and nitrosative stress 

(Brownlee, 2001; Giacco & Brownlee, 2010), microvascular changes (Arora et al., 2002, Doupis et al., 2009), channels sprouting 

(Dickenson et al., 2002; He et al., 2010), microglial activation (Suzuki et al., 2011; Crown, 2012), central sensitization (Chen & Pan, 

2002; Maier et al., 2010), brain plasticity (Silva et al., 2013; Chen & Levine, 2001).  

Our current research paper is investigating the changes in nerve excitability following T2DM with its duration and based on the 

neuropathy status, which will be helpful to identify the best physiotherapeutic intervention to manage diabetic neuropathy. We 

also found that there is no significant statistical difference between the Rheobase and Chronaxie value among the neuropathy and 

non-neuropathy subjects with less than 10 year duration and also in greater than 10 year duration. This open-up a wide scope of 

identifying the cause and further more detailed research in the area of nerve excitability in T2DM. We also recommend conducting 

similar kinds of studies on female subjects, based on the medications and also conducted with an advanced electro-diagnostic test 

like EMG, NCV, etc. 

 

5. CONCLUSION 

Males with T2DM have been found to experience significantly higher Rheobase and Chronaxie than non-diabetic male subjects. 

And also has higher values of Rheobase and Chronaxie in T2DM subjects with more than 10 years of duration. Diabetic neuropathic 

T2DM subjects also show higher Rheobase and Chronaxie values with an increase in the duration of diabetes. 

 

Acknowledgment 

We extend our cordial thanks to everyone associated with this study in data collection, assessing the outcome measures, and 

preparing the manuscript. Furthermore extend our thanks to Mrs. Reshma Kolar, Biostatistician, Department of Community 

Medicine, K S Hegde Medical Academy, Mangaluru, India for helping and framing the statistical analysis. 

 

Authors Contribution  

Conceptualization, Riyas Basheer K B and Dinesh K V N; Formal analysis, Riyas Basheer K B; Methodology, Riyas Basheer K B, 

Dinesh K V N, Subhashchandra Rai and Mohammed Arshak A T; Project administration, Riyas Basheer K B and Mohammed 

Arshak A T; Resources, Subhashchandra Rai and Mohammed Arshak A T; Supervision, Riyas Basheer K B; Writing – original draft, 

Riyas Basheer K B; Writing – review & editing, Dinesh K V N, Subhashchandra Rai and Mohammed Arshak A T. 

 

Funding 

This study has not received any external funding. 

 

 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science, 26, ms396e2427 (2022)                                                                                                                                           10 of 11 

Conflicts of interest 

The authors declare that there are no conflicts of interests. 

 

Data and materials availability 

All data associated with this study are present in the paper. 

 

REFERENCES AND NOTES 

1. Arora S, Pomposelli F, LoGerfo FW, Veves A. Cutaneous 

microcirculation in the neuropathic diabetic foot improves 

significantly but not completely after successful lower 

extremity revascularization. J Vasc Surg 2002; 35:501-505. 

2. Arun V Krishnan, Matthew C Kiernan. Altered nerve 

excitability properties in established diabetic neuropathy. 

Brain 2005; 128:1178-1187. 

3. Ashok S, Ramu M, Deepa R, Mohan V. Prevalence of 

neuropathy in type 2 diabetes patients attending diabetes 

center in south India. Assoc Physcians India 2002; 50:546-50. 

4. Bansal V, Kalita J, Misra KU. Diabetic neuropathy. Postgrad 

Med J 2006: 82(964):95-100. 

5. Brownlee M. Biochemistry and molecular cell biology of 

diabetic complication. Nature 2001: 414:813-820. 

6. Chemali K, Tsao B. Electrodiagnostic testing of nerves and 

muscles: when, why, and how to order. Cleveland Clin J of 

Med 2005; 72(1):37-48. 

7. Chen SR, Pan HL. Hypersensitivity of spinothalamic tract 

neurons associated with diabetic neuropathic pain in rats. J 

Neurophysiol 2002; 87:2726-2733. 

8. Chen X, Levine JD. Hyper-responsivity in a subset of C-fiber 

nociceptors in a model of painful diabetic neuropathy in the 

rat. Neuroscience 2001; 102:185-192. 

9. Chronik BA, Recoskie BJ, Scholl TJ. The discrepancy 

between human peripheral nerve Chronaxie times as 

measured using magnetic and electric field stimuli: the 

relevance to MRI gradient coil safety. Phys Med Biol 2009; 

54:5965-79. 

10. Crown ED. the role of mitogen activated protein kinase 

signaling in microglia and neurons in the initiation and 

maintenance of chronic pain. Exp Neurol 2012; 234:330-339. 

11. David Boinagrov, Jim Loudin, Daiel Palanker. Strength-

Duration relationship for extracellular neural stimulation: 

Numerical and analytical models. J Neurophysiol 2010; 

104:2236-48.  

12. Dickenson AH, Matthews EA, Suzuki R. Neurobiology of 

neuropathic pain: mode of action of antoconvulsants. Eur J 

Pain 2002; 6:51-60. 

13. Doupis J, Lyonis TE, Wu S, Gnardellis C, Dinh T, Veves A. 

Microvascular reactivity and inflammatory cytokines in 

painful and painless peripheral diabetic neuropathy. J Clin 

Endocrinol Metab 2009; 94:2157-2163. 

14. Eva L Feldman, Brian C Callaghan, Rodica Pop-Bursui, 

Douglas W Zochodone, Douglas E Wright, David L Bennet, 

Vera Bril, James W Russell, Vijay Viswanathan. Diabetic 

Neuropathy. Nat Rev Dis Primers 2020; 5(1):42. 

15. Giacco F, Brownlee M. Oxidative stress and diabetic 

complications. Circ Res 2010; 107:1058-1070. 

16. Kieman MC, Bostock H. Effects of membrane polarization 

and ischemia on the excitability properties of human motor 

axon. Brain 2000; 123:2542-51. 

17. Maier C, Baron R, Tolle T, Binder A, Birbaumer N, Birklein 

F, Gierthmuhlen J, Flor H, Geber C, Huge V, Enax-Krumova 

Elena, Landwehrmeyer B, Magerl W, Maihofner C, Richter 

H, Rolke R, Scherens A, Schwarz A, Sommer C, Tronnier V, 

Uceyler N, Valet M, Wasner G, Treede R-D. Quantitative 

sensory testing in the German Research Network on 

Neuropathic Pain (DFNS): somatosensory abnormalities in 

1236 patients with different neuropathic pain syndromes. 

Pain 2010; 150:439-450. 

18. Nodera H, Kaji R. Nerve excitability testing in its clinical 

application to neuromuscular diseases. Clin Neurophysiol 

2006; 117:1902-1916. 

19. Oates P J. Polyol pathway and diabetic peripheral 

neuropathy. Int Rev Neurobiol 2002; 50:325-392. 

20. Riyas Basheer KB, Dinesh KVN, Subhashchandra Rai, 

Soumya V, Rubina MP, Rashij M, Mohammed Arshak AT. 

Muscle strength in type-2 diabetes mellitus and its 

relationship with biochemical parameters and 

microvascular complications. J Clin Diag Res 2022; 16(2): 

YC06-YC10. 

21. Sheetz MJ, King GL. Molecular understanding of 

hyperglycemia’s adverse effects for diabetic complications. 

JAMA 2002; 288:2579-2588. 

22. Silva M, Amorim D, Almedia A, Tavares I, Pinto-Ribeiro F, 

Morgado C. Pronoceptive changes in the activity of 

rostroventromedial medulla (RVM) pain modulatory cells in 

the streptozotocin-diabetic rat. Brain Res Bull 2013; 96:39-44. 

23. Sujata, Ramna Thakur. Unequal burden of equal risk factors 

of diabetes between different gender in india: a cross 

sectional analysis. Sci reports 2021; 11(1):1-12. 

24. Suzanne A Nesbit, Ritu Sharma, Julie M Waldfogel, Allen 

Zhang, Wendy L Bennet, Hsin-Chieh Yeh, Yohalkshmi 

Chelladurai, Dorianne Feldman, Karen A Robinson, Sydney 

M Dy. Non-pharmacological treatments for symptoms of 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science, 26, ms396e2427 (2022)                                                                                                                                           11 of 11 

diabetic peripheral neuropathy: a systematic review. Curr 

Med Res Opin 2019; 35(1):15-25. 

25. Suzuki N, Hasegawa-Moriyama M, Takahashi Y, 

Kamikumbo Y, Sakurai T, Inada E. Lidocaine attenuates the 

development of diabetic-induced tactile allodynia by 

inhibiting microglial activation. Anesth Analg 2011; 113:941-

946. 

26. Xin-Hua He, Ying Zang, Xi Chen, Rui-Ping Pang, Ji-Tian Xu, 

Xiang Zhou, Xu-Hong Wei, Yong-Yong Li, Wen-Ju Xin, Zhi-

Hai Qin, Xian-Guo Liu. TNF-α contributes to up-regulation 

of Nav1.3 and Nav1.8 in DRG neurons following motor fiber 

injury. Pain 2010; 151:266-279. 


