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Background and Objectives: According to previous studies, balance problems are one of the most 
critical disorders in diabetic patients with neuropathy. Because diabetic neuropathy may cause sense 
disorder and decreased balance in these patients. Thus, it seems that using texture insole may help 
to improve proprioception and lead to a positive effect on balance in this case. Therefore, this study 
aims to evaluate the effect of texture insole on static and dynamic balance in diabetic patients with 
neuropathy. 

Methods: This is a single-group pre-test-post-test design with the participation of 16 patients with 
neuropathy who were referred by endocrine specialist physicians in terms of inclusion criteria to 
Firoozgar Hospital. Data were collected using a force plate to evaluate the static balance and the 
time up and go (TUG) test for dynamic balance.

Results: Six men (37.5%) and ten women (62.5%) participated in this study. The results of this 
study showed that the means of parameters of static and dynamic balance among participants 
decreased significantly (P<0.05) 

Conclusion: This study showed that the static and dynamic balance has improved after using the 
texture foot plate by these patients.
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Introduction

ne of the most common metabolic dis-
order diseases in the world is high blood 
sugar, which usually becomes a chronic 
disorder [1]. This condition is caused 
by metabolic disorders of lipids, protein 
and carbohydrates, which have been 

very prevalent among adults during the last decades [1, 
2]. Diabetes can have a destructive effect on the vascular 
and neural systems, which may lead to neuropathy [3]. 
This is the most common complication among these pa-
tients and can create serious challenges for these patients 
[3, 4]. According to recent reports from the International 
Diabetes Federation (IDF) in 2013, there were 382 mil-
lion diabetic patients worldwide and it is anticipated to 
reach to 592 million in 2035 which is a great concern [5]. 
This association has also reported that around 11.4 mil-
lion Iranian adult people over 45 years old were involved 
with diabetes in 2011 [6] and the result of one study in 
2005 revealed that this disease has a 7.7% prevalence 
among Iranian people [6]. 

One study showed that approximately one-third of dia-
betic patients suffer from neuropathy [6]. Neuropathy is 
the progressive destruction of nerve fibers that disrupts 
the peripheral and motor nerve function which is the pe-
ripheral disorder that is more common than motor nerve 
in diabetic patients. Neuropathy is usually bilaterally in 
both limbs and involves different parts of the nervous 
system which causes damage to the sensory system of 
the body and increases postural sway, thus disturbing 
balance. Therefore, one of the vital complications of 
neuropathy is balance deficiency among these patients 
[7, 8]. This situation may cause different problems, such 
as falling, sores, fractures and injuries subsequently; car-
ing programs are necessary and required for them.

In this line, another study stated that balance may be 
improved by enhancing proprioception in these diabetic 
patients caused by neuropathy [8]. Damage to proprio-
ception can also lead to the loss of perception body situa-
tion in the environment and increase the number of their 
falling [7]. 

There are some orthotic treatments for diabetic patients, 
one of which is the full contact foot plate orthosis. This 
type of foot plate may be utilized to decrease the postural 
swing for patients with a balance disorder. [9-13]. The 
arch is a total contact element of this type of insole and 
has the potential to aid mechanical stability and optimize 
the number of cutaneous mechanoreceptors receiving af-
ferent surface information and thus can improve balance 
[13]. The texture foot plate is another type of orthosis 
that has been considered for patients with balance dis-
order for proprioception strength during the last decades 
[15, 16]. Some studies showed that in people without 
diabetic neuropathy standing on a textured or raised sur-
face can enhance the cutaneous stimulation and increase 
neural feedback from cutaneous receptors [17, 18]. The 
results of other studies showed that improving the sen-
sory systems of the body through the insoles using the 
textured insole is effective in improving balance in this 
patient [15, 16].

Regarding the effect of these plates, the hypothesis 
is that protuberant spots (points) on the upper layer of 
plate may stimulate the mechanoreceptors of the plantar 
surface of the foot, thus increasing the number of inputs 
from the foot plantar [9-13]. The effect of this type of the 
plate on cognitive skills, such as erect standing, walk-
ing, and joint angle detection has been shown by one 
study [9]. The results of many studies also showed that 
the texture plates may be able to improve the somatic 
sensory feedbacks which may lead to improved balance 
in patients [15, 16]. Therefore, it seems that these plates 

O

 What is “already known” in this topic:

Diabetic patients with neuropathy may suffer from balance deficiency as one of their complications. This defi-
ciency may be improved by strengthen of proprioception by using of some orthotics treatments for decreasing the 
postural swing for these patients, such as full contact and texture foot plates.

 What this article adds:

After using textured insoles in diabetic patients with neuropathy in this study the amount of static and dynamic 
balance were improved. Therefore, the use of textured insoles may be effective and considered in improving the 
balance among these patients. 
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are useful for diabetic patients with balance disorders. 
According to the investigations in this study, no study 
was found to evaluate the effect of these plates on dia-
betic patients with a balance disorder. Thus, this study 
was conducted to evaluate the immediate effect of tex-
ture plates on the static and dynamic balance of diabetic 
patients with neuropathy. 

Materials and Methods

This is a single-group pre-test-post-test study. All 
diabetic patients (type II) who have been referred to 
Firoozgar Hospital and examined based on the Michi-
gan questionnaire and clinical evaluation by an endo-
crine and metabolism specialist can participate in this 
study. The participants in this study were selected by 
simple convenience sampling approach in terms of in-
clusion criteria, including without any pathologic condi-
tion (sore) in the foot, without deformity or disorder in 
lower extremities and with diabetic neuropathy, which 
was recognized using the Michigan questionnaire by an 
endocrine and metabolism specialist. Then, 16 diabetic 
patients who had these criteria and were volunteers and 
signed the consent form recruited in this study.

Data collection

Demographic data were collected by routine question-
naires and interviews. The force plate (Kistler Instrument 
Corp) with 50×60 cm dimensions, 100 Hz frequencies, 
and 10 Hz filtering by default for data entering was ap-
plied for measuring the static balance. To evaluate dy-
namic balance, time up and go (TUG) test was utilized. 
Data gathering was performed in Javad Movafaghian 
Laburator.

Orthosis

The foot texture plate was fabricated according to the 
size and pattern of the foot for each participant from 
AVE material with shore A25. The protuberant spots 
were created by heating the foam of the upper surface 
of the foot plate with 1 mm height and nine numbers in 
one cm square.

Procedure

First of all, the validity and reliability of the force plate 
were evaluated using standard different weights tools to 
assess the static balance. The study was performed to 
assess static balance in four conditions, including shoe 
only/shoe with foot plate with open and closed eyes for 
each condition. All participants wore the same type of 

shoe (Allstars model with elastic lower layer 2.8 cm 
height, upper covering from cotton, and enough space 
for placing foot plate). Before the beginning, all partici-
pants walked for several minutes with this shoe to ac-
commodate new shoes. Then, the tests were performed 
by forceplate, participants were standing on a force plate 
while the distance between two malleolus was equal to 
two-thirds of the distance between two anterior superior 
iliac spines [19]. This test took 30 s. Each static and dy-
namic balance test was repeated three times thus each 
participant was tested 12 times for the static balance test. 

As mentioned previously, the TUG test was considered to 
evaluate the dynamic balance and performed in two condi-
tions shoe only/shoe with foot plate with only open eyes [20].

Statistical tests

At first, the force plate data was entered into Excel soft-
ware and then, using related formulas the measurements 
of the mean of swings, the distance of movement, and the 
velocity of motion of the center of pressure (COP) were ob-
tained from raw data of the force plate as eventually were 
converted to the quantitative amount. The SPSS software, 
version 21 was utilized for the final analysis. For determin-
ing the normality of the amount of collected scores, the Kol-
mogorov–Smirnoff test was used. Then, the paired t-test was 
utilized to evaluate the means of dynamic balance between 
two dependent groups (shoe only/shoe with foot plate).

Results

The results of the Kolmogorov-Smirnov test showed 
that all variables are normal. In the present study, 16 peo-
ple were evaluated in terms of the inclusion criteria and 
then entered into the study. The subjects were evaluated 
as open and closed eyes. 

Participants

The distribution of gender variables among the sub-
jects was 37.5% men and 62.5% women. Also, Table 
1 presents the frequency distribution of demographic 
indicators, including gender, age, height and weight of 
participants.

Determination of static balance indices

The mean pressure center oscillation and displacement 
COP center and velocity of displacement of the COP 
were evaluated in people with diabetic neuropathic with 
and without textured insoles in open and closed eyes 
conditions. 
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The results of Table 2 show the determination of static 
balance indices in participants with and without tex-
tured insoles, with closed and open eyes. To compare 
the means in different conditions, paired t-test and in-
dependent t-test were used (due to the normality of the 
data). The results of Table 2 show that the average pa-
rameters mean pressure center oscillation (P=0.02 and 
0.03 for closed and open eyes, respectively), displace-
ment COP center (P=0.001 and 0.02 for closed and open 
eyes, respectively) and velocity of displacement of the 
COP (P=0.001 and 0.01 for closed and open eyes, re-
spectively) in patients after the use of textured insoles 
has decreased significantly.

Table 2 presents the average parameters of pressure 
center oscillation and pressure center displacement and 
velocity. 

Determination of dynamic balance 

Table 3 presents the Mean±SD of the dynamic balance, 
according to these results, TUG test time was increased 
in the condition without textured insole.

Discussion

Static balance 

This study was conducted to investigate the effect of 
textured insoles on the balance of people with diabetic 
neuropathy. According to studies on the static and dy-
namic balance of people with diabetic neuropathy, COP 
fluctuations in these people are associated with the se-
verity of diabetes [9]. In the present study, the effect of 
the insole on the sensory-motor system was considered 
and it is assumed that the textured insole has a positive 
effect on reducing the risk factors for falling.

Table 1. Frequency distribution of demographic characteristics in case and control groups (n=16)

Variables No. (%)/Mean±SD 95% CI

Man 6(37.5)

Women 10(62.5)

Age 54.83±9.9 59.7-49.8

Height 166.16±4.9 168.6-163.7

Weight 81.66±14.84 89.04-74.28

Table 2. A report of the mean of the study indices in with and without textured insoles and with eyes closed and eyes open

Variables
Mean±SD

P
Textured Insole (mm) Without Insole (mm)

Oscillation of the COP

Closed eyes 24.4±3.9 27.6±3.5 0.02

Open eyes 23.5±4.2 27.7±2.9 0.003

P 0.8 0.88 -

Average total distance 
of displacement of the 

pressure center

Closed eyes# 807.01±55.1 954.08±152.1 0.001

Open eyes# 847.5±81.2 930.5±107.9 0.02

P 0.13 0.43 -

The average speed of 
displacement of the 

pressure center

Close eyes# 13.8±1.2 16.8±2.5 0.001

Open eyes# 14.4±1.5 16.7±3.03 0.01

P 0.21 0.96 -

#Significance level<0.05. 
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The degree of oscillation of the pressure center after 
using the textured insole in participants was significantly 
reduced, which may indicate an improvement in static 
balance in people with diabetic neuropathy. In this re-
gard, Silva et al. examined the amplitude of displace-
ment of the pressure center in the standing position. The 
results of this study reported a reduction in anterior-pos-
terior oscillation of the COP in the closed eye condition 
within participants [7]. 

The results of the present study also showed a decrease 
in the COP displacement of people with diabetic neu-
ropathy after using texture insoles which indicates the 
effectiveness of textured insoles in improving the static 
balance of people with diabetic neuropathy. 

Other results of the recent study showed that the overall 
mean displacement of the pressure center in people with 
diabetic neuropathy decreased significantly after using 
textured insoles.

McKeon et al. found that the displacement of the COP 
decreased internally and externally in diabetic persons. 
The results of this recent study showed that changes in 
the center of longitudinal and transverse pressure re-
duced the stability of the ankle, resulting in stiffness and 
slowness of joint movements and impaired rhythm [22]. 
The results of Hatton et al.’s study on healthy middle-
aged women also showed that by using texture insoles, 
the balance was increased in the internal-external direc-
tion in closed eyes conditions. The interpretation of these 
differences is that in the case of open eyes, the balance 
is easily maintained; therefore there is no need to use 
a textured surface. However, in the absence of visual 
feedback, balance information is obtained through the 
sensory system and foot receptors by using of texture 
insole [11].

According to the study of Allet et al. people with diabet-
ic neuropathy had a severe decrease in deep feeling and 
it may be considered textured insoles for these people for 
possible effect on their deep sense. This means that this 

plate may have a positive role in positional stability and 
reduction of displacement of the pressure center [23]. 

In a study conducted by Jamali and Forghany, the ef-
fect of textured insoles on the balance of athletes with 
functional ankle instability was evaluated. The authors 
argued that people with ankle instability may be im-
proved by sensory stimulation of the foot using this type 
of insole [24]. 

The results of the present study showed a significant 
reduction in pressure center displacement speed us-
ing texture insoles. This result also may indicate an 
improvement in static balance in people with diabetic 
neuropathy.

A study conducted in 2019 that investigated the effect 
of textured insoles on the speed of displacement of the 
COP reported small positive effects on the speed after 
using the insoles [25]. This result is consistent with the 
results of the present study, which is related to the effect 
of textured insoles on decreasing the speed of displace-
ment of the COP and as a result improving the balance 
referred to it.

Dynamic balance

The results of the TUG test in this present study showed 
that after using the textured insole, the test time was re-
duced, which indicates an improvement in their dynamic 
and functional balance. The results of Simmons et al. 
indicated a significant decrease in functional balance in 
people with diabetic neuropathy compared to healthy in-
dividuals [26].

The present study showed that textured insoles im-
proved dynamic and functional balance in patients with 
diabetic neuropathy. It is suggested that a more com-
prehensive study be conducted in the future and also 
implementing review studies in this field that compare 
all available insoles with each other. Other underlying 
variables, such as sex, age, weight, duration of illness 
and place of residence may be investigated in decreasing 

Table 3. Mean time in temporal standing and walking test in subjects with and without textured insole

Variable
Mean±SD

P*

Texture Insole Without Insole

TUG 9.7±0.86 10.81±0.96 0.003

*Independent t-test (significance level<0.05).

TUG: Time up and go.
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or increasing the amount of static and dynamic balance 
in people with diabetic neuropathy. 

Conclusion

The results of the present study showed that after us-
ing textured insoles in people with diabetic neuropathy, 
the level of static and dynamic balance has improved in 
these people. Therefore, the use of textured insoles may 
be effective and considered in improving the balance of 
these people. 
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مقاله پژوهشی

تاثیر آنی کفی بافت‌دار بر تعادل افراد دارای نوروپاتی دیابتی

مقدمه براساس مطالعات گذشته یکی از مهم‌ترین اختلالات در افراد دارای نوروپاتی دیابتی مشکلات تعادلی می‌باشد، زیرا ممکن است 
نوروپاتی سبب اختلال حسی و کاهش تعادل در این افراد شود. در این راستا، به نظر می‌رسد استفاده از کفی بافت‌دار احتمالاً بتواند به 
بهبود حس عمقی آنان کمک کند و اثر مثبتی بر تعادل این افراد داشته باشد. بنابراین، هدف از انجام این مطالعه ارزیابی کفی بافت‌دار بر 

روی تعادل استاتیک و دینامیک در بیماران مبتلا به دیابت دارای نوروپاتی می‌باشد.
مواد و روش‌ها این یک طرح پیش‌آزمون-پس‌آزمون تک‌گروهی در یک گروه 16 نفره از شرکت‌کنندگان دارای نوروپاتی دیابتی می‌باشد 
که براساس معیارهای ورود به مطالعه توسط پزشک متخصص غدد به بیمارستان فیروزگر ارجاع داده شده‌اند. اطلاعات به‌وسیله یک صفحه 

نیرو برای ارزیابی تعادل استاتیک و تعادل TUG برای ارزیابی تعادل دینامیک جمع‌آوری شده است.
یافته‌ها تعداد 6 مرد )37 درصد( و 10 زن )5 درصد( در این مطالعه شرکت کردند. نتایج این مطالعه نشان داد میانگین پارامترهای تعادل 

 .)P>0/05( استاتیک و دینامیک در میان شرکت‌کنندگان به‌طور قابل‌ملاحظه‌ای کاهش یافت
نتیجه‌گیری این مطالعه نشان داد تعادل استاتیک و دینامیک بعد از استفاده از کفی بافت‌دار در میان شرکت‌کنندگان بهبود یافته است و 

مطالعات بیشتری برای نشان دادن این اثر نیاز می‌باشد.
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تعادل استاتیک، تعادل 

دینامیک، کفی بافت‌دار، 
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