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Abstract 

Currently, diabetes mellitus (DM) is relevant problem, both for its prevalence and 
complications, including distal polyneuropathy (DPNP). At the same time, discussions 
continue on analgesic efficacy of transcutaneous electrical nerve stimulation (TENS) in DPNP. 
Aim of this study was to conduct a multi-faceted assessment of pain syndrome in these patients 
before and after TENS, taking into account levels of polyneuropathy, its severity and age of 
patients. The study was conducted in accordance with the research of the Federal State 
Budgetary Institution of the National Medical Research Center for Rehabilitation and 
Balneology of the Ministry of Health of the Russian Federation (CTR No. 121040100062-3) 
and with the permission of the Local Ethics Committee (IRB No. 2 dated 14.01.2021). The 
study included 75 patients with DM type II with DPNP, which are distributed into 3 groups of 
25 people: Group 1a, patients received high–frequency TENS (HF); Group Ib, patients 
received low-frequency TENS (LF); as control, Group C received a standard method of 
pharmacological therapy without physiotherapy. Intensity of DPNP was evaluated before and 
after the course of treatment using a visual analog scale (VAS), the McGill Pain Questionnaire 
(MPQ), and a graphical linear analysis of pain on the neuropathic pain diagnostic questionnaire 
4 (DN4) scale. TENS provides an analgesic effect that may exceed pharmacotherapy in terms 
of efficacy and safety. There was a 65.9% reduction in neuropathic pain according to VAS 
after a course of application, with the effects remaining up to 34% during the 6-month follow-
up. HF TENS provided a higher significant analgesic effects than LF TENS, as it ensures the 
reduction of pain syndrome according to VAS by 25.8% (p <0.01), and total estimated 
characteristics - 35.5% (p <0.01), and touch - in at 58.1% (p = 0.001) and according to the 
scales of the MPQ (S) and DN4 - by 21% (p = 0.007). The observed differences in analgesic 
effects between HF TENS and LF TENS are based on analyses of pain in the immediate and 
long-term follow-up periods of type II DM patients with DPNP. These results, based on 
summation of the estimated parameters of the international pain scales support expectation of 
an expansion of the the use of analgesic TENS in aging patients suffering with DM of varying 
severity and extent of DPNP damage, a goal of great scientific and practical importance. 
Key Words: Type II diabetes mellitus; distal polyneuropathy; neuropathic pain; high- and low-
frequency TENS. 
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 It has been established that neuropathic pain develops 
in 10-50% of patients with distal polyneuropathy 
(DPNP) in type II diabetes mellitus (DM).1-7 At the 
same time, drug therapy, as a rule, provides 
insufficiently high analgesic results in the treatment of 

patients with severe neuropathic pain, which determines 
the importance of optimizing analgesic measures for 
DPNP by non-drug methods.8-10 Previously, it was 
proved that the use of transcutaneous electrical nerve 
stimulation (TENS) provides an increase in the 
effectiveness of analgesic drugs in patients with type II 
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diabetes with DPND, potentiating the regression of 
negative sensory dysfunction by 1.5 times and positive 
sensory dysfunction by 2.1 times, directly affecting the 
clinical manifestations of neuropathic pain.11-19 It is 
important to note that the use of a single visual analog 
scale (VAS) provides only a frontal cross-section of 
pain regression, excluding multi-faceted aspects of pain 
syndrome in patients with DM and DPNP.20-24 
The consensus recommendations of the Toronto Expert 
Group on Diabetic Neuropathy define TENS as an 
effective non-pharmacological treatment for neuropathic 
pain.25 TENS of peripheral nerves in patients with type 
II DM suffering with DPNP was first time applied in 
Russia in 2015,2,22 which allowed us to obtain new data 
and new scientific concept of the mechanisms of action 
of TENS: i) regional improvement of blood circulation 
in the nerve and the surrounding tissues;23 ii) an increase 
in axonal transport, leading to accumulation of growth 
factor in peripheral nerves;24 iii) formation of 
anastomoses between the intact and damaged nerve 
fibers;25 iv) reinnervation of muscle fibers;26 v) 
regeneration of nerve fibers;27 and vi) inhibition of pro-
inflammatory cytokines.28 
It should be noted that currently conducted clinical and 
experimental studies, including TENS, give a very 
contradictory assessment and interpretation of the 
results of immediate and long-term observation, both in 
relation to pulse modulations of high-frequency (HF 
TENS) and low-frequency (LF TENS) current of 
different shapes, as well as in terms of amplitude and 
frequency parameters (100-200 Hz) and (1-3 Hz).  
The aim of this study was to conduct a multi-faceted 
assessment of pain syndrome in patients with type II 
DM suffering with DPNP before and after use of pulsed 
modulated current of different frequency and amplitude 
in the form of TENS, adding scientific data on the 
mechanism of action and developing optimizing 
analgesic techniques taking into account the levels and 
severity of polyneuropathy and age of patients based on 
analytical structural details of this pain syndrome. 

Materials and Methods 
The study is a prospective randomized study, with 
patients divided into groups by stratification method and 
is controlled in nature according to the data of the 
immediate and long-term results of the study, with a 
single-center and sample assessment based on the 
longitudinal collection of statistical material. Enrolled 
patients were informed in advance and signed informed 
consent. The study was conducted in accordance with 
the research rules of the Federal State Budgetary 
Institution NMC of the Ministry of Health of the 
Russian Federation (CTR No. 121040100062-3) and 

with the permission of the Local Ethics Committee (IRB 
No. 2 dated 14.01.2021). Patient data bases were 
generated using spreadsheets Excel MS Office 2007, 
utilizing the application data package STATISTICA 7.0. 
Qualitative variables were compared using the t-Student 
criteria, as well as quantitative variables, based on the 
normal distribution of the trait. The differences were 
considered significant at p < 0.05. 
A course of TENS-therapy was performed in patients 
with type II diabetes with DPNP four weeks after 
standard drug therapy: alpha-lipoic acid 600 mg / day 
for 2 months, pentoxifylline 100 mg / 3 times a day for 
1 month, vitamin B12 1000 mcg / m for 10 days, with 
pain syndrome - gabapentin 300 mg / 3 times a day. 
Technic TENS: TENS was performed on a CE0434 
BTL-4000 certified smart / premium device (BTL 
Industries Ltd., Hertfordshire, UK). HF TENS: single-
phase pulses with a frequency of 100 Hz and a duration 
of 100 microseconds, where the pulse amplitude was 
adjusted individually from 5 to 40 mA to achieve 
painless sensory sensations. The fibular and tibial 
nerves were stimulated for 5 minutes each. LF-TENS is 
based on single-phase pulses with a frequency of 1 Hz 
and a duration of 300 microseconds. The pulse 
amplitude was individually adjusted from 5 to 40 mA 
until a painless muscle contraction was achieved. The 
wrist and ulnar nerves were stimulated for 5 minutes 
each. A total of 15 procedures were performed daily or 
every other day. Tools for assessing neuropathic pain: 
the VAS system, where pain intensity was assessed 
using a 10-point visual scale,28 including the area of its 
projection on skin tissues on the MPQ scale (MPQs) 
according to McGill,28 evaluation of spatial modeling of 
pain syndrome with analysis of localization, pain 
projection in the form of graphical analysis,28 which 
made it possible to visualize the pain syndrome 
according to the system (PPA) defined by a special two-
dimensional transparent grid (Douleur Neuropathique.4 
Questions- DN4).28 The complexity of the structural 
assessment of pain syndrome allowed to improve the 
system of differentiation of neuropathic pain in DPNP 
in patients with type II diabetes. 

Results and Discussion 
The study included 75 (38 women, 37 men) patients 
with type II diabetes complicated by DPNP. The 
average age of patients was 48.5 ± 3.6 years (p <0.05). 
In the patients included in the study, the duration of 
diabetes mellitus was 9.3 ± 0.46 years (p <0.05) with no 
significant difference between the control patients and 
the main groups where HF TENS and LF TENS were 
used (p > 0.05). 
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Patients were divided into treatment groups: Ia (Main 
group - 1; n = 25 patients; women: 15, men: 10), in 
which HF TENS currents were used; patients of group 
Ib (Main group-2; n = 25 patients; women: 13, men: 12) 
- received low-frequency LF TENS; control (C; n = 25 
patients; 15 women, 10 men) received a standard 
method of pharmacological therapy without 
physiotherapy. Data on regression of sensory and Table 
1 presents manifestations of neuropathic pain syndrome 
in patients with type II diabetes with DPNP after using 
various TENS methods, including a long-term follow-
up period (6 months). 
When assessing the intensity of pain syndrome in 
patients with type II diabetes with DPNP, the maximum 
VAS indicator was set: 5 or more than 5 points 
according to the DN4 rating system. In 4 (5.3%) control 
patients, dorsiflexia paresis of the foot complicated by 
DPNP was detected (strength on a 5-point scale: 3.5, 4, 
3, 3.5 points); in 5 (6.6%) patients who received HF 
TENS, dorsiflexia paresis of the foot complicated by 
DPNP was presented: 3,5, 3, 3, 4, 4 in 4 (5.3%) patients 
who received LF TENS, respectively: 3, 3, 3.5, 4 points. 
Paresis of the plantar flexion of the foot was diagnosed 
in one patient (1.3%) in the control group (4.0 points), 
one (1.3%) in the HF TENS group (4.5 points) and two 
(2.6%) in the LF TENS group (4.0 points). 

During the study, negative sensory symptoms were 
evaluated according to the prevalence on a 5-point VAS 
scale: control patients - 2.7 ± 0.17 points, patients after 
HF TENS - 2.8 ± 0.16 points and after LF TENS-2.8 ± 
0.17 points (respectively, p = 0.004, p = 0.009, р <0.01). 
Positive sensory symptoms, according to the prevalence 
on a 10-point VAS scale: in control patients-6.8 ± 0.27 
points, patients after HF TENS-6.8 ± 0.26 points, 
patients after LF TENS-6.9 ± 0.34 points (respectively, 
p <0.05, p = 0.005, р <0,001). 
Positive and negative sensory symptoms were evaluated 
immediately after TENS and after 2, 4, and 6 months of 
follow-up, using both the VAS system and the DN4 
scale (Figure 1). 
After the course of treatment and after 6 months at the 
level of 29.5% (for all indicators, p < 0.05). The 
decrease in PPA in patients after LF TENS was 21,1% 
higher, both immediately after the procedure, and after 2 
months of follow-up (by 16%) and 6 months (by 8.5%), 
than in patients after HF TENS (for all indicators, p 
<0.05). In control patients, similar analgesic effects 
were observed immediately after drug treatment. When 
assessing the pain syndrome on the DN4 scale, the total 
score averaged 7.52 ± 0.07 points (p = 0.004) in all 
patients with type II DM with LDL. Complete 
resolution of neuropathic pain was observed in 16 

Table 1. Dynamics of sensory and affective characteristics of DPNP before/after application of different methods 
of TENS. 

Sensory 
characteristics 
 

Before treatment 
 

Immediately after the 
course of treatment 

Distant periods 

2 months 
 

6 months 
 

Control 
 

16.2±0.41 12.4±0.56* 11.4±04* 14.1±0,49 

HF TENS 15.3±0.42 6.10±0.43***## 7.22±0.43***## 10.3±0,36**# 

LF TENS 15.2±0.43 9.42±0.42***## 7.51±0.42***## 11.1±0,45*** 

Affective 
characteristics 

Before treatment 
 

Immediately after the 
course of treatment 

Distant periods 

2 months 
 

6 months 
 

Control 
 

10.2±0.39 6.4±0.28** 7.2±0.27* of 9.82±0.4 

HF TENS 9.10±0.35 5.0±0.21** 5.5±0.11*# 6.9±0.29*## 

LF TENS of 10.3±0.36 3.28±0.27**### 2.9±0.17***### 4.5±0.34**## 

 
Note: *, p <0.05 - Reliability of differences in the results compared to the baseline values before treatment 
according to the paired Student 's criterion; #,  p <0.05 - compared to similar indicators of the control according 
to the paired Student's criterion. 
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(21.5%) (p <0.01) patients after HF TENS and in 32 
(42.6%) patients after LF TENS (p <0.05). In patients 
who received only standard drug therapy, complete 
resolution of the pain syndrome was not observed. 
New criteria for pain syndrome verification in patients 
with type II DM with DPND were obtained depending 
on the localization (upper and lower extremities), 
prevalence, and projection of the pain syndrome. Thus, 
pain assessment using MPQ allowed us to establish the 
average PRI parameter in patients with type II DM with 
DPND: 16.2 ± 0.41 points in the sensory dimension, 
10.2 ± 0.39 points in the affective dimension, and 4.35 ± 

0.19 points in the estimated MPQ dimensions (for all 
indicators, р <0,05). Sensory PRI size after HF TENS 
was 35.2% lower relative to analgesic effects after LF 
TENS (р <0.001). The affective PRI size after LF TENS 
was 34.4% lower than after HF TENS (р <0.001). 
New scientific evidence has been obtained that the 
resolution of pain syndrome in patients with type II DM 
with DPNP in the lower extremities primarily depends 
on the modality of the applied pulse current TENS, 
including those based on electroneuromyography 
(ENMG) indicators.28 Thus, positive sensory pain 
symptoms increased by 23.9% (р <0.05). Negative 

 
Fig 1. Pain assessment on the DN4 scale immediately after TENS and in the long-term follow-up period. 
 

Table 2. Average values of the acid-oxidative reserve of blood and surrounding tissues in the projection of nerve 
stimulation on the upper/lower extremities in patients with type II DM with DPNP of different ages 
before and after TENS. 

Age norm 
Art/Ven  
Age norm 
Art/Ven 

K-Patients DM II 
DM II patients DPNP 

Patients DM with DPNP extremities 
DM II patients DPNP extremities 

Before TENS 
Before TENS 

After TENS  
After TENS 

Before TENS 
Before TENS 

After TENS 
After TENS 

Art Ven Upper extremity 
Upper extremity 

Lower limb 
Bottom extremity 

 <40 years/ 
<40 years 
120,9±2,1/3
7,6±2,2 

96,9 
±3,51 

to 
103.3±
3,6* 

30,9 
±2,1 

33,5 
±2,3* 

21,9 
±2,3 

22,5± 
2,1# 

29,1 
±1,83 

of 30.3 
±1,9# 

> 40 years > 
40 years 
of 
103.5±1,92
4,4±1,3 

90,4 
±3,14 

93,9 
±3,9* 

23,5 
±2,5 

28,5± 
2,2** 

19,7 
±2.3 years 

was 21.9± 
2,1## 

26,5 
±1,83 

30,4± 
1,7## 

 
Note: *, p <0.05 - Reliability of mean values before/after TENS; # - p <0.05 - the difference of the average 
analogue values on the upper and lower extremities of the DPNP according to the paired Student 's criterion. 
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sensory pain symptoms, primarily in the lower 
extremities, are more actively stopped by low-frequency 
parameters (1 - 3 Hz, sending a pause – 100 ms) TENS. 
The obtained differences in the assessment of pain 
syndrome were noted only after its multi-system 
analysis, including based on the assessment of the acid-
oxidative reserve of blood in surrounding tissues in the 
projection of peripheral nerve stimulation (Table 2). 
The obtained results demonstrate that the use of TENS, 
according to various indicators of validated pain scales 
(VAS, MPQ, DN4, graphical pain assessment), provides 
pronounced analgesic effects, the activity of which in 
relation to positive and negative sensory symptoms of 
pain activity, affective and sensory values of PRI, in the 
upper and lower extremities, significantly depends on 
the modulations of the pulsed current used for 
electroneurostimulation, which confirms previously 
published literature data.29 The use of sinusoidal 
modulated current of different frequencies and pulse 
feed provides "multiphase" effects based on the 
mismatch of pulses in the phase of current modulations, 
which forms the maximum amplitudes (Um) currents 
associated with ion reactions and the action potential.29 
Taking into account the fact that the frequency of 
physiological repetition of bioelectric activity pulses in 
neuromuscular tissues lies in the range of 1-2 to 400 
Hz,29 it follows that these frequencies potentiate the 
formation of a physiological impulse in the nerve fiber, 
which is more significant at low pulse frequencies, 
providing activation of neurohormone synthesis and 
normalization of the acid-oxidative reserve in 
surrounding tissues. At the same time, elastic waves 
with a high amplitude are formed at the cellular level 
under the pulsed action of TENS the amount (from units 
of microvolts to tens of millivolts) in the muscles, the 
spread of which along the damaged nerve fiber ensures 
their effective recovery.30 For example, the process of 
nerve impulse propagation along the sciatic nerve is 
accompanied by pulsing along the entire surface of the 
nerve fiber with an amplitude of up to 30 nm and a 
pulse frequency of up to 4 Hz, which affects the speed 
of nerve impulses (from 1 to 100 m/s-1), reducing the 
pain syndrome in the damaged nerve [30]. We believe 
that the developmental changes in nerve fibers in DPNP 
affect mitochondrial cells and nuclear structures, protein 
macromolecules, which is accompanied by the release 
of endogenous opioids and neurotransmitters, changing 
the acid-oxidative reserve of blood and surrounding 
tissues in the projection of nerve stimulation,30 which is 
of interest in further research. In this regard, it can be 
stated that despite the widespread and rather successful 
application of methods for recording the bioelectric 
activity of nerve and muscle tissues, many mechanisms 
of generating biopotentials are not fully understood, 
including from the point of view of frequency-
dependent stimulation effects of modulated and 
amplitude-pulse parameters. Pain assessment using 
VAS system shows that before treatment, pain intensity 

in type II DM patients with DPND in the main groups 
and in the control group averaged 7.68 ± 0.14 points. As 
result of treatment, a significant reduction in pain 
intensity was observed in the main groups by 65.3% (p 
<0.05), versus 35.3%  (p <0.05) in control patients.  
Patients who received LF TENS showed a more 
significant reduction in the pain intensity of PPA by 
2,1% (p <0.001), compared with HF TENS (p =0.002), 
including in relation to the acid-oxidative reserve of 
blood and surrounding tissues in the projection of 
stimulated nerve. There was no significant increase in 
pain syndrome on the VAS scale and affective pain 
sizes after the 6th month of the long-term follow-up 
period in patients who received LF TENS, in relation to 
the effects after HF TENS, both immediately after 
treatment (by 35.2%, p <0.001), and in the long-term 
period after 6 months - by 34.4% (p <0.001). 
Therefore, our data confirm the efficacy and safety of  
LF and HF TENS in type II DM patients suffering with 
DPND-related pain. 

List of acronyms 
DM - diabetes mellitus 
DN4 - analog pain assessment using a questionnaire 
DPNP- distal polyneuropathy 
HF TENS - high frequency current 
LF TENS - low-frequency current 
MRQ - pain assessment based on McGill 
PPA - graphic description of pain 
PRC - area of pain on the skin  
VAS - visual pain assessment scale 
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