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Efficacy of Ultrasound therapy versus conventional 
therapy on reducing multiple components of neuropathic 
pain in diabetic neuropathic patients – comparative study

Abstract
Background. As diabetic neuropathic pain is associated with various forms of pain sensations. This study was conducted 
to evaluate the ef icacy of adding Ultrasound therapy (US) versus conventional medication only on variety of pain 
sensation in diabetic neuropathic patients. 
Materials and Methods. Thirty patients with diabetic neuropathy were recruited from diabetic clinic at Zagazig University 
Hospital. The Patients were randomly divided into two equal groups: group A [received US therapy beside the traditional 
medication] and group B (control group that received traditional medication only). Visual analog scale (VAS) and 
Neuropathic pain scale (NPS) were used for pain assessments. All assessments were conducted pre‑treatment and eight 
weeks post treatment. 
Result. there was a signi icant reduction of VAS score, NPSQ1, NPSQ2, NPSQ3, NPSQ4, NPSQ6, NPSQ9, NPSQ10 deep 
(p < 0.05) at post treatment in compared to pre‑treatment for group A. While there was a signi icant reduction of NPSQ4 
(p < 0.05) at post treatment in compared to pre‑treatment for group B.
Conclusion. US therapy is an effective therapeutic modality in decreasing various forms of pain in diabetic neuropathic 
patients. 
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Streszczenie
Informacje wprowadzające. Ból w neuropatii cukrzycowej wiąże się z różnymi formami odczuwania bólu. Badanie to 
zostało przeprowadzone w celu oceny skuteczności wprowadzenia terapii ultradźwiękowej [US] w porównaniu z 
konwencjonalnymi lekami tylko w przypadku różnych odczuć bólu u pacjentów z neuropatią cukrzycową.
Materiały i metody. Trzydziestu pacjentów z neuropatią cukrzycową rekrutowano z kliniki diabetologicznej Szpitala 
Uniwersyteckiego Zagazig. Pacjenci zostali losowo podzieleni na dwie równe grupy: grupa A (poddawana terapii 
ultradźwiękowej obok tradycyjnego leku) i grupa B (grupa kontrolna, która otrzymywała tylko tradycyjne leki). Do oceny 
bólu zastosowano wizualną skalę analogową (VAS) i skalę bólu neuropatycznego (NPS). Wszystkie oceny przeprowadzono 
przed leczeniem i osiem tygodni po leczeniu.
Wyniki. Nastąpiło istotne zmniejszenie wyniku VAS, NPSQ1, NPSQ2, NPSQ3, NPSQ4, NPSQ6, NPSQ9, NPSQ10 (p < 0,05) po 
leczeniu w porównaniu z wynikami przed leczeniem dla grupy A. Natomiast, nastąpiło istotne zmniejszenie NPSQ4 (p < 0,05) 
po leczeniu w porównaniu z wynikami przed leczeniem dla grupy B.
Wniosek. Terapia ultradźwiękowa jest skuteczną metodą terapeutyczną w zmniejszaniu różnych form bólu u pacjentów z 
neuropatią cukrzycową.
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Introduction
Diabetic peripheral neuropathy (DPN) is the most common 
and problematic complication of diabetes mellitus, resulting 
in distressing and expensive clinical result such as foot ulce‐
ration, leg amputation, and neuropathic pain [1]. Neuropathic 
pain is characterized by a vague etiology and poor response to 
traditional therapies [2]. About half of patients with DPN suf‐
fer from painful neuropathic symptoms [3]. These painful 
symptoms are commonly severe and often lead to anxiety, de‐
pression, sleep disorders, and bad quality of life [4]. Neuropa‐
thic pain is associated with a variety of pain sensations as 
sharp, hot, dull, cold, sensitive, and itchy pain, so each one of 
these specific pain qualities should be assessed [5]. 
The glycemic control, patient education and life style changes 
are the first line of treatment of DPN. Medical therapy for 
DPN is aiming for symptomatic relief. Most of these drugs are 
associated with systemic aftereffect and do not slow down 
progression of the neuropathy [6]. The pain relief medications 
are the most common way to treat pain; however they have 
proved to be effective in only 30% of patients with neuropa‐
thy [7]. The frequent side effects and the incompetence of the 
drugs used to counteract neuropathic pain make necessary ne‐
eds for the discovery of new therapeutic strategies [2]. 
Non pharmacological method of treatment includes Acupunc‐
ture, Infrared, Transcutaneous electrical nerve stimulation and 
low level laser therapy [6]. Ultrasound [US] is used for both 
diagnostic and therapeutic purposes [8]. As a therapeutic moda‐
lity, US have various biological effects. These therapeutic ef‐
fects can be obtained via thermal effect (by acoustic waves that 
generate themolecular vibrations) and/or nonthermal mechani‐
sms as cavitation, standing waves and media motion [9].
Previous studies concluded that US treatment might have tis‐
sue stimulating and antiinflammatory effects via numerous 
mechanisms including modification of tissue metabolism, 
membrane permeability, connective tissue extensibility, blood 
flow, and nerve function. It is also stated that US treatment 
can influence the action potential propagation through the ne‐
rve fibers. Additionally, US have positive effects on incre‐
asing of sensory nerve conduction velocity [10]. Therefore, 
this study aimed to evaluate the efficacy of adding US therapy 
to traditional medication versus traditional medication only on 
various forms of pain in diabetic neuropathic patients (com‐
parative study). 

Materials and methods
Study Design
This study was designed as a prospective, randomized, single
blind, pre–posttest and controlled trial. Ethical approval was 
obtained from the institutional review board at Cairo Univer‐
sity before study commencement. The study was conducted 
between December 2018 and October 2020.

Participants
Thirty patients with DPN their age ranges from 40 to 55 years 
old were included in the study. All patients have type 2 DM 
with symptoms and signs of mild DPN and the duration of ill‐
ness was more than 5 years [11]. Patients were excluded if 
they had peripheral vascular disorders as varicose veins or de‐

ep venous thrombosis or if they had any medical, psychiatric 
or neurological disorders that could interfere with study. They 
were recruited from diabetic clinic at Zagazig University Ho‐
spital. 

Randomization
Written informed consents were obtained from patient or pa‐
tient care giver after explaining the nature, purpose, and bene‐
fits of the study and after informing them of their right to 
withdraw or refuse at any time, and the confidentiality of any 
obtained information. The patients were randomly assigned in‐
to two equal groups (A and B) by a blinded, independent rese‐
arch assistant who opened sealed envelopes that contained 
computer generated randomization cards. Group A: 15 patients 
who received US therapy beside traditional medication three 
times /week. Group B (control group): 15 patients who rece‐
ived traditional medication only.

Interventions
Therapeutic US 
Patients in group A received therapeutic US three times per week. 
The therapeutic dosage of US was; frequency of 1MHz (deeper 
penetration), intensity of 1.0 W/cm², pulsed mode 1:5 and 15 min/
session. As usual the aquasonic gel was used as the couplant [10]. 
Before starting the treatment, the US devise was calibrated, and 
then it was transcutaneously applied on head of fibula, Lateral 
calf muscle and dorsum of foot. It was applied perpendiculary to 
the surface with slow movement of the head of US.

Traditional medication
Patients in group B received medical treatment only which was 
described by physician according to pain severity. 

Outcome Measures
Visual analog scale
This scale was used to rate the pain by using 0 to 10 ascending 
scale (VAS) (0 = no pain, 10 = unbearable pain). A horizontal 
line (10 cm) was drawn with word anchors at each side such as 
“no pain” at one side and “unbearable pain” on the other side 
of the scale. The patient represents pain intensity by making a 
mark along the line. A number was obtained by measuring in 
millimeters up to the point the patient was indicated. This me‐
asurement was conducted by the same physical therapists two 
times; pretreatment and eight weeks post treatment.

Neuropathic pain scale
Neuropathic Pain Scale (NPS) is used for multidimensional 
measure of neuropathic pain in diabetic neuropathic patients 
[5]. The NPS assesses two global pain domains: unpleasant‐
ness and pain intensity. It includes two pain locations (deep 
and surface pain), and six pain qualities (sharp, hot, dull, cold, 
sensitive, and itchy pain). The NPS consists of 10 items. Seven 
of them contain the words intense, sharp, hot, dull, cold, and 
itchy to characterize the patient’s pain and the word sensitive 
to describe the patient’s pain reaction to light touch or clothing. 
The eighth item describes the time quality of the pain (all the 
time or some of the time). The overall unpleasantness of the 
pain was measured by the ninth item. The pain locations were 
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Table 1. Basic characteristics of participants

45.17 ± 3.15

75.57 ± 12.91

171.47 ± 8.55

25.54 ± 2.70

44.83 ± 3.26

76.57 ± 10.76

171.27 ± 7.41

26.35 ± 5.13

0.689NS

0.746NS

0.923NS

0.447NS

measured by the tenth item that indicates the intensity of the 
deep and surface pain. 
All the items are rated on a 0 to 10 scale. The patient is in‐
structed to think about each sensation listed in the scale and 
rate that sensation as the average he/she has experienced du‐
ring the past week. The patient is instructed to place an “x” 
through the number that best describe his/her sensation [12]. 
Jensen et al. (2005) confirmed the validity of the NPS in de‐
tecting changes in the pain symptoms after treatment. Addi‐
tionally NPS was noted to be potential for identifying the 
differential effects of analgesics on specific pain qualities 
[13]. The NPS measurements were conducted by the same 
physical therapists two times; pretreatment and eight weeks 
post treatment.

Statistical analyses
Results are expressed as mean ± standard deviation. Compari‐
son between mean values of variables in the two groups (con‐

trol and study) were performed using unpaired ttest, while pa‐
irwise comparison (pretreatment versus posttreatment) wi‐
thin the same group was performed using paired ttest. 
Statistical Package for Social Sciences (SPSS) computer pro‐
gram (version 19 Windows) was used for data analysis. Pva‐
lue ≤ 0.05 was considered significant and < 0.01 was 
considered highly significant.

Results
A total of thirty patients with type 2 diabetes, of both gen‐
ders, were randomly distributed into two groups. Group (A) 
included 15 patients who received US therapy in addition to 
traditional medication for 8 weeks. Group (B) included 15 
patients who received traditional medication only for 8 we‐
eks. All participants completed the trial, as shown in Figure 
1. At baseline, both groups were similar (p > 0.05) regarding 
age, weight, height, BMI, and all outcome measures (Tables 
1–2). 

Figure 1. Flow chart of the study

Age, mean ± SD [years]

Weight, mean ± SD [kg]

Height, mean ± SD [cm]

BMI, mean ± SD, [kg/m2]

Group [A] 
[n = 15]

Group [B]
 [n = 15]

P value*

NS = P > 0.05 = nonsignificant, P = Probability
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The mean ± SD values of all dependent variables in the "pre" 
and "post" tests are presented in table [2] for both groups. 
"Paired t test" revealed that there was a significant reduction 
of VAS, NPSQ1, NPSQ2, NPSQ3, NPSQ4, NPSQ6, NPSQ9, 
NPSQ10 deep (p < 0.05) at post treatment in compared to pre
treatment for group A. While there was a significant reduction 
of NPSQ4 (p < 0.05) at post treatment in compared to pretre‐

atment for group B. Considering the effect of the tested group 
[first independent variable] on all dependent variables, "unpa‐
ired t test" revealed that the mean values of the "pre" test be‐
tween both groups showed there was no significant differences 
(p > 0.05). As well as, the mean values of the "post" test be‐
tween both groups showed there was no significant differences 
(p > 0.05).

Group [A] 
[n = 15]

Group [B]
 [n = 15]

P value*

Pre training

Post training

P value**

Pre training

Post training

P value**

Pre training

Post training

P value**

Pre training

Post training

P value**

Pre training

Post training

P value**

Pre training

Post training

P value**

Pre training

Post training

P value**

Pre training

Post training

P value**

Pre training

Post training

P value**

Pre training

Post training

P value**

Pre training

Post training

P value**

Table 2. Descriptive and Inferential Statistics of the Dependent Variables in the Experimental and Control Groups Pre 
and Post the EightWeek Study Period

9 ± 0.70

7.2 ± 0.83

0.001S 

9 ± 0.73

7 ± 0.80

0.001S 

9.4 ± 0.89

7.6 ± 1.6

0.004S

9 ± 0.7

7.2 ± 0.8

0.001S 

8.44 ± 0.54

6.2 ± 0.83

0.004S 

1 ± 0.1

1 ± 0.1

1.00NS

4.4 ± 0.89

3.6 ± 0.54

0.016S 

4.8 ± 1.48

4.2 ± 1.3

0.208NS

9 ± 0.7

7.2 ± 0.83

0.001S 

9 ± 0.7

7.2 ± 0.83

0.001S 

4.6 ± 1.14

4.6 ± 1.10

0.99NS 

7.6 ± 1.67

7.6 ± 1.7

0.99NS 

7.6 ± 1.7

7.7 ± 1.67

0.99NS 

9.2 ± 0.83

8.6 ± 1.14

0.208NS

7.6 ± 1.67

7.6 ± 1.6

0.99NS 

8.2 ± 0.83

7 ± 1.41

0.033S 

1 ± 0.1

1 ± 0.1

1.00NS

4.8 ± 0.44

3.8 ± 1.3

0.089NS 

5.8 ± 0.83

5.2 ± 0.44

0.305NS

7.6 ± 1.67

7.6 ± 1.60

0.99NS 

7.6 ± 1.67

7.6 ± 1.60

0.99NS 

4 ± 0.7

4 ± 0.71

0.99NS 

0.123NS

0.645NS

0.123NS

0.645NS

0.724NS

0.203NS

0.123NS

0.645NS

0.667NS

0.308NS

1.00NS

1.00NS

0.397NS

0.76NS

0.226NS

0.143NS

0.123NS

0.645NS

0.123NS

0.645NS

0.347NS

0.347NS

VAS

NPSQ1

NPSQ2

NPSQ3

NPSQ4

NPSQ5

NPSQ6

NPSQ7

NPSQ9

NPSQ10 deep

NPSQ10 surface

* Intergroup comparison; ** intragroup comparison of the results pre and post training;
NS = P > 0.05 = nonsignificant, S = P < 0.05 = significant; P = Probability
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Discussion 
Patients with DPN report intermittent or continuous symptoms of 
pain presented in various forms. These forms described as numb, 
hot, cold, burning, stabbing, tingling or itching in a gloveand
stocking distribution. These different forms usually beginning 
symmetrically in the feet and worsens at night. On DPN examina‐
tion abnormal reduced or heightened perception of hot, cold, touch 
or allodynia or pinprick sensation may be present [14]. NPS pro‐
vide insight into the multiple components of neuropathic pain [15].
The integrating pathophysiology of diabetic neuropathy show that, 
diabetes mellitus leads to increase both lipids and glucose and both 
of them lead to vascular dysfunction that leads to decrease the ne‐
rve blood flow and increase the endoneurial hypoxia that produced 
pain [16]. Therefore, this study was conducted to investigate the 
efficacy of adding US therapy to traditional medication versus tra‐
ditional medication only on variety of pain sensation in diabetic 
neuropathic patients. 
The results of this study revealed that there was a significant reduc‐
tion of VAS score, NPSQ1 (how intense), NPSQ2 (how sharp), 
NPSQ3 (how hot), NPSQ6 (how sensitive patient skin to touch or 
clothes), NPSQ9 (unpleasant sensation), NPSQ10 (severity of deep 
versus surface pain) (p < 0.05) at post treatment in compared to pre
treatment for group A. This significant reduction may be due to the 
therapeutic effect of US on pain. US therapy is a valuable modality 
for pain reduction that might be due to its antinociceptive effect thro‐
ugh central neuromodulatory mechanisms (central desensitization) 
[17]. Additionally, US generate pain relief through modulation of ne‐
rve conduction velocity and increasing a nociceptive threshold [18].
Many studies investigated the effect of US on different painful 

disorders and agree with the current findings. Hamed et al. [19] 
found that US therapy with mobilizing exercise has a great effect on 
reducing the level of pain than Piezoelectric shock wave combined 
with mobilizing exercises. Additionally, Amjad et al. [20] concluded 
that US was clinically more effective than transcutaneous electrical 
nerve stimulation (TENS) for improvement of pain intensity in pa‐
tients having upper trapezius trigger points. Moreover, Durmus et al. 
[21] reported that there is significant difference in VAS score betwe‐
en the groups 1 [was given an US treatment and exercises] and the 
control group (was given exercises only). This significance was re‐
ferred to the mechanical effects of the US energy in addition to the 
importance of the biological effects. The biological effect referred to 
the efficacy of US wave absorption by the tissues and increas the 
heat by the transformation that increases the pain threshold. 
Regard to NPSQ4 (how dull), there was a significant reduction 
(p < 0.05) at post treatment in compared to pretreatment for 
both groups A and B. The dull sensation is transmitted by C fi‐
bers ‘second pain’. Which has less nerve conduction velocity 
than A delta fibers that conduct the sharp pain. 

Conclusion
The study findings indicate that US therapy could be an effective 
therapeutic modality in the treatment of painful diabetic neuropathy.
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