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ABSTRACT | This study aimed to analyze postural stabil-

ity, the risk of falls and fear of falling in elderly with diabetic 

neuropathy (DNP) that perform therapeutic exercises. The 

authors conducted the screening of elderly patients with DNP 

using the instruments Neuropathy Symptom Score (NSS) 

and the Neuropathy Disability Score (NDS). The 50 selected 

patients were divided into two groups: 24 of G1 (who were 

performing therapeutic exercises) and 26 of G2 (the control 

group). To assess postural stability, risk of falls and fear of falling 

among groups used the pressure platform, the Berg Balance 

Scale (BBS) and the Falls Efficacy Scale (FES-I). There was no 

significant difference in the outcome of BBS scales (p=0.16) 

and FES-I (p=0.15) between the G1 and G2; by the pressure 

platform, we found differences between G1 and G2 in param-

eters path length (PL) and stability medio-lateral (ML), with 

both eyes closed (EC). Elderly people with DNP who perform 

therapeutic exercise have better stability and ML and PL with 

EC that sedentary elderly; however, there was no association 

with therapeutic exercise, risk of falls and fear of falling.

Keywords | Accidental Falls; Diabetic Neuropathies; Aged.

RESUMO | Este estudo objetivou analisar a estabili-

dade postural, o risco de quedas e o medo de cair em 

idosos com neuropatia diabética (NPD) que realizam 

exercícios terapêuticos. Realizou-se uma triagem para 

rastreio de idosos com NPD por meio dos instrumen-

tos Escore de Sintomas Neuropáticos (ESN) e Escore de 
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Comprometimento Neuropático (ECN). Os 50 pacientes 

selecionados para participar do estudo foram divididos 

em dois grupos: 24 do G1 (os que estavam realizando 

exercícios terapêuticos) e 26 do G2 (o grupo controle). 

Para avaliar a estabilidade postural, risco de quedas e o 

medo de cair entre os grupos foram utilizadas a platafor-

ma de pressão, a Escala de Equilíbrio de Berg (EEB) e a 

Escala de Eficácia de Quedas (FES-I). Não foram obser-

vadas diferenças significativas no resultado das escalas 

EEB (p=0,16) e FES-I (p=0,15) entre o G1 e o G2; pela pla-

taforma de pressão, foram encontradas diferenças entre 

G1 e G2 nos parâmetros comprimento da trajetória (CT) 

e estabilidade médio-lateral (ML), ambos com os olhos 

fechados (OF). Os idosos com NPD que realizam exer-

cícios terapêuticos apresentam melhor estabilidade ML 

e no CT com OF que idosos sedentários; contudo, não 

foram observadas associações com o exercício terapêu-

tico, risco de quedas e medo de cair.

Descritores | Acidentes por Quedas; Neuropatias 

Diabéticas; Idoso.

RESUMEN | Este estudio tuvo como objetivo analizar la 

estabilidad postural, el riesgo de caídas y el miedo de caer 

en mayores con neuropatía diabética (NPD) que realizan 

ejercicios terapéuticos. Se realizó un cribado para la de-

tección de mayores con NPD por medio de los instrumen-

tos Escala de Síntomas Neuropaticos (ESN) y Escala de 
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INTRODUCTION

Diabetes mellitus (DM) is a public health problem, with 
an worldwide overall prevalence expected for 2025 of 
300 million people, due to the increasing aging popula-
tion, in addition to the changes in lifestyle which gener-
ate risk factors for this disease, such as stress, sedentary 
lifestyle and obesity. Brazil is the sixth country in the 
world in number of people with DM, with approxi-
mately 11.3 million reported cases1-3.

The DM exerts several deleterious effects. One 
of them is the development of diabetic neuropathy 
(DNP), a condition which attacks the peripheral 
nervous system (PNS), usually with symmetrical and 
distal involvement, which leads to plantar insensi-
tivity, muscle weakness (especially of the intrinsic 
muscles of the feet) and decreased range of mo-
tion (ROM), contributing to decreasing the inputs 
from the proprioceptive system, postural instability 
and the risk of falls4-6.

The occurrence of falls among elderly is one of the 
main factors of morbidity and mortality in this popula-
tion, because it entails loss of mobility, social constraint, 
dependence on the performance of daily activities (DA) 
and loss of autonomy, especially among diabetics who 
do not have adequate glycemic control7-10.

A previous study by Bretan et al. showed a positive 
correlation between changes of plantar skin sensitivity 
and balance disorders in Brazilian elderly with DM. 
The authors also observed that the loss of plantar skin 
sensitivity is associated with risk of falls11.

Preliminary studies showed that physical therapy in 
individuals with DNP is effective in alleviating some 
symptoms, such as numbness, tingling and burning, as 
well as contributes to mobility and to the prevention 
of muscle function limitations, improvement in pos-
tural stability and muscle strength12-14. Morrison et al. 
observed that the functional decline in elderly diabetic 
with a history of falls is associated with DNP, which 

leads to the reduction of reactions of protection and the 
fear of falling. These authors also demonstrated that the 
muscular strength training may lead to positive effects 
on those individuals15.

Although there are data in the literature addressing 
this issue, there are still few studies which have inves-
tigated postural stability through pressure platform in 
elderly patients with DNP, and there are few studies 
which observed the physical performance among pa-
tients who were under physical therapy.

Thus, the aim of this study was to analyze postural 
stability, the risk of falls and the fear of falling among 
elderly people with DNP who practiced therapeutic 
exercises.

METHODOLOGY

The study was approved by the Research Ethics 
Committee of UCB under Protocol No. 46/2010. All 
volunteers received detailed information about the ob-
jectives and procedures of the study and took part in the 
study after signing the Informed Consent Form (TLCE).

Sample

A cross-sectional study was conducted with a conve-
nience sample. All medical records of patients seen at 
two public health services in the geriatric sector of the 
Federal District between January and June 2011, a total 
of 250 patients, were analyzed. There were selected for 
screening those who were aged 60 years of age or more 
and who had type 2 DM.

Those who had type 1 DM, severely debilitated el-
derly, bedridden, the ones who suffered of dementia, 
stroke motor sequelae, plantar ulcers, amputees and 
those using walking aid devices at the time of the as-
sessment, were excluded. 

Discapacidad Neuropática (EDN). Los 50 pacientes selecciona-

dos para participar del estudio fueron divididos en dos grupos: 

24 del G1 (los que estaban realizando ejercicios terapéuticos) y 

26 del G2 (el grupo control). Para evaluar la estabilidad postural, 

riesgo de caídas y el miedo de caer entre los grupos fueron rea-

lizadas la plataforma de presión, la Escala de Equilibrio de Berg 

(EEB) y la Escala de Eficacia de Caedas (FES-I). No se observaron 

diferencias significativas en los resultados de las escalas de EEB 

(p=0,16) y FES-I (p=0,15) entre el G1 y el G2; por la plataforma de 

presión, se encontraron diferencias entre G1 y G2 en los paráme-

tros longitud de la trayectoria (LT) y estabilidad mediolateral (ML), 

ambos con los ojos cerrados (OC). Los mayores con NPD que 

realizan ejercicios terapéuticos presentan mejor estabilidad ML 

y en la LT con OC que los mayores sedentarios; sin embargo, no 

se observaron asociaciones con el ejercicio terapéutico, riesgo de 

caídas y el miedo de caer.

Palabras clave  |  Accidentes por Caídas; Neuropatías 

Diabéticas; Anciano.
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Assessment procedures

The data collection was performed at the Clinical 
School of Physiotherapy of UCB in a single moment, 
with an average duration of one hour, during the month 
of July 2011.

A screening was performed in order to investigate 
the presence of DNP through the ESN and the NDS 
instruments, both translated and validated for the 
Brazilian population by Moreira et al., having, therefore, 
good reliability and reproducibility for the diagnosis of 
DNP; once the neuropathy was not confirmed, the el-
derly would be excluded from the study16.

After being sorted out, the selected subjects 
answered questions about performing therapeu-
tic exercises: which exercises they would perform, 
for how long and the associated health problems. 
Based on this information, two groups were formed, 
with Group 1 (G1) consisting of individuals who 
performed therapeutic exercises for, at least, three 
months and group 2 (G2), by individuals who were 
not practicing any exercises.

The therapeutic exercises, which were conducted 
by G1, were prescribed by physical therapists from 
units where the elderly would be taken care of, and 
they were based on the complaints from the patients 
at the time of their admission. The exercises were per-
formed with a frequency of 3 times per week, lasting 
50 minutes. The program consisted of aerobic exercises 
performed in stationary bicycles, resistance exercises 
for lower (LL) and upper (UL) limbs, proprioceptive 
training and stretching exercises in order to prevent 
complications by DM.

For the data acquisition of postural stability, it was 
used the F-Scan platform of pressure, model F-Mat 
(brand Tekscan®, version 4.21, Model 3100), with a 
sampling frequency of 100 Hz, calibrated according to 
the methodology proposed by the manufacturer. 

The protocol of stabilometric signal capture used 
was proposed by Regolin and Carvalho17. From the use 
of this model, the participant was instructed to climb on 
the pressure platform and remain in a standing still po-
sition for 30 seconds, keeping it a comfortable position 
and distributing the weight evenly between each foot 
(Figure 1); three collections with eyes opened (EO) and 
three with eyes closed (EC) were performed, with an 
interval of one minute between each assessment. If it 
was necessary, the participant could make vision correc-
tion through the use of glasses. 

The data relating to the fluctuations in the center of 
pressure (COP) within the base of support, obtained 
by the F-Mat sensor, were exported to the Microsoft® 
Office Excel program in ASCII format, went through 
a low-pass-fourth-order Butterworth digital filter, at 
phase zero, with a cutoff frequency of 05 Hz developed 
in MATLAB software. Up next, they went through 
a processing using a spreadsheet from Microsoft® 
Office Excel, in which, according to the methodology 
recommended by Tookuni et al. 18, the first 10 seconds 
of each collection were excluded and the stabilometric 
parameters related to the total length of the trajectory 
(PL) of displacement of the COP, the amplitude of the 
COP displacements towards the anteroposterior (AP) 
and medial-lateral (ML) directions, and the maximum 
velocity (MV) achieved by the COP, were calculated. 

In order to assess the risk of falls, the Berg Balance 
Scale (BBS)19, consisting of 14 items involving specific 
functional tasks in different support bases, with scores 
ranging from 0 to 56. Each item has an ordinal scale 
with five alternatives from 0 to 4 points, where 0 in-
dicates that the individual was not able to perform the  
task and 4 that the subject was able to accomplish  
the task without difficulty; in the sum, values equal to or 
lower than 45   indicate risk of falling, according to the 
cutoff point proposed by Berg et al.20.

The Falls Efficiency Scale (FES-I) was applied 
to measure the fear of falling among the elderly, this 
scale was translated and validated for the Brazilian 
population by Camargos et al., who yet described 
that a score ≥23 suggests an association with a his-
tory of sporadic fall, whereas a score ≥31 entails an 
association with recurrent falls21.

Figure 1. Acquisition of stabilometric data
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Statistical analysis

The statistical analysis was performed using the SPSS 
software, version 20. First, a descriptive statistical anal-
ysis (average and standard deviation) was conducted.  
The Kolmogorov-Smirnov test was used in order to test 
the normality of the data, and the analysis of the data as 
parametric was carried out.

The values   obtained in the stabilometric variables, 
BBS and FES-I were compared between the groups 
G1 and G2 using the Student’s t-test; the probability of 
type I error was set at 5% for all tests (p<0.05).

RESULTS

The 50 seniors with DNP who participated in the study 
were divided into two groups: G1, consisting of 24 el-
derly individuals (20 women) who were conducting ther-
apeutic exercises guided by service’s physical therapists 
for, at least, three months, and G2, of 26 elderly people 
(21 women) who would not practice any exercise. The 
participants’ characteristics may be observed in Table 1.

In Table 2, the stabilometric variables of the pressure 
platform comparing the groups, once the individuals 
with DNP who did not perform therapeutic exercises 
performed worse in the trajectory parameters of 
displacement with eyes closed (PLEC) and of medial-
lateral displacement with eyes closed (MLEO) are 
observed, with statistically significant difference 
(p = 0.01 and p = 0.004, respectively).

In Table 3, the values   of the BBS and the FES-I between 
the groups G1 and G2 are observed. No statistically signifi-
cant differences between groups were observed, indicating 
that the group which carried out the protocol of therapeutic 
exercise was not effective in minimizing the risk and the fear 
of falling among elderly patients with DNP. 

DISCUSSION

In the present study a significant difference was found be-
tween the group which performed therapeutic exercises 
and the one which would not perform them through the 
pressure platform in the PLEC and MLEO parameters. 

Centomo et al. evaluated postural stability among 
older adults with type 2 DM with and without DNP, 
also using the force platform, and no differences were 

observed between the groups which would corroborate 
with the present study; a justification given by the au-
thors is that, even not having a diagnosis of DNP, the 
diabetics already have changes in postural responses 
which may influence in balance, and therefore there 
were no differences between groups22. 

Corriveaux et al. found that elderly people with 
DNP showed significant increases of AP and ML 
fluctuations, when compared to the group of elderly 
without DNP, with both EO and EC, proving that 
these individuals are less stable and have increased risk 
of falling23. In the present study, there was no control 
group of patients without DM, which made it impos-
sible to see whether such an increase of the oscilla-
tion of AP and ML would also occur in the population 
studied; however, there were differences between the 
groups with and without a history of falls regarding 
the PLEC and MLEC variables.

In this research, a significant difference was ob-
served between groups in the PLEC and the MLEC 

Table 2. Comparison of the stabilometric values   of the pressure platform

G1
Mean±SD

G2
Mean±SD

p-value

PLEO 185.02±62.84 167.87±46.64 0.10

APEO 0.43±0.18 0.43±0.17 0.85

MLEO 0.69±0.69 0.68±0.68 0.36

MVEO 40.11±15.43 38.37±15.08 0.57

PLEC 191.42±72.70 162.74±46.51 0.01*

APEC 0.42±0.16 0.39±0.18 0.91

MLEC 0.73±16.89 0.60±17.12 0.004*

MVEC 40.10±20.53 35.05±13.41 0.43
PLEO: Path length with eyes opened; APEO: anteroposterior movement with eyes opened; 
MLEO: medio-lateral movement with eyes opened; MVEO: Maximum velocity with eyes opened; 
PLEC: path length with eyes closed; APEC: anteroposterior movement with eyes closed; MLEC: 
medio-lateral movement with eyes closed; MVEC: maximum velocity with eyes closed; *p<0.01; 
G1: perform therapeutic exercises; G2: control group; SD: standard deviation

Table 3. Data of the Berg Balance Scale and the Falls Efficiency Scale 
between G1 and G2

G1
Mean±SD

G2
Mean±SD

p-value

BBS 50.25±4.13 46.92±7.27 0.16

FES-I 30.41±8.39 28.11±10.45 0.15
BBS: Berg Balance Scale; FES-I: Falls Efficiency Scale; G1: perform therapeutic exercises;  
G2: control group; SD: standard deviation

Table 1. Characterization of the sample of elderly patients with diabetic 
neuropathy

G1 G2

Subjects 24 26

Age (years)* 67.8±7.0 65.5±4.9

Time of DM (years)* 15.7±9.1 15.7±9.1

History of fall within the past six months 15 20

Reported fear of falling 13 17

DM: diabetes mellitus; G1: perform therapeutic exercises; G2: control group. 
*mean±standard deviation
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variables, which may be justified by a better activa-
tion of the ankle strategy for the maintenance of pos-
tural stability. 

In the study by Cenci et al., the diabetic elderly were 
evaluated by the use of the F-Scan system, the esthesi-
ometry and the BBS, and had their balance disorders 
assessed by this sensor and by the BBS, i.e., the indi-
viduals assessed are outside the risk of falling, even with 
the decrease or absence of the protective plantar sen-
sitivity, showing, in this case, that the physical therapy 
intervention, particularly through therapeutic exercises, 
was beneficial for maintaining and/or improving body 
balance, reducing then the risk of falls and increasing 
independence in DAs24. Such finding corroborates the 
present, confirming that the group who would per-
form therapeutic exercises obtained better values in 
the PLEC and the MLEC parameters on the pressure 
platform.

Although the force platform is the most widely used 
tool for postural assessment, there is no consensus on 
the COP variables used in the assessment of postural 
stability of the patients being tested, which can make it 
rather difficult to compare results between studies, be-
sides the lack of researches using the force platform in 
this population25. In the presented study, the PLEC and 
the MLEC parameters showed significant differences 
between the groups G1 and G2, but there is no way of 
confirming through literature whether these parameters 
would have the sensitivity and specificity to indicate the 
risk of falling.

The improvement in physical performance can be 
achieved through changes in the patterns of exercise 
prescription considering the matters of dose and effect, 
in which the aspects weekly frequency, number of sets 
and repetitions, speed of execution and periodic resting 
period should be considered, allowing a better relation-
ship between stress/recovery oriented to the increase of 
muscle mass and to generate effects in the prevention 
of falls26-28. In the presented study, despite not having 
been taken into account the standardization of the pro-
tocol of executed exercises, there was no difference be-
tween groups in stabilometric parameters, however, no 
significant differences in the values   of the BBS between 
G1 and G2 were observed, considering the lower cutoff 
point as 45 points as an indicator of risk factor for falls.

Regarding the score of BBS, Bretan et al.11 pro-
posed different cutoff points from the recommend-
ed ones by Berg et al.18, which is 45 for risk of falls; 
these authors compared the BBS to the 10 g mono-
filament and, through the construction of a ROC 

curve, suggested a new cutoff point of 48 or 49 for the 
BBS, considering the DM as a risk factor for falls among 
the elderly. Based on this cutoff point, it was possible to 
notice that G1 got a score close to the new cutoff point 
and G2 got a score lower than the cutoff of the BBS, 
suggesting that DNP is a leading factor for the postural 
instability of this population, especially among elderly 
who did not perform therapeutic exercise.

Kanade et al. Observed, in their study, that the static 
balance is directly affected by the complications aris-
ing from the DNP and that balance training should be 
part of the rehabilitation program of these individuals29, 
confirming the difference found in the present study, in 
which the PLEC and the MLEC parameters were bet-
ter in patients with a history of regular physical activity. 

As for the fear of falling, approximately 20 to 60% 
of patients have experienced fear of falling without 
even having occurred the episode of the fall, and the 
frequency is higher in women, especially when they are 
sedentary or have a history of depression30,31, however, 
no associations between the fear of falling and the ther-
apeutic exercises were observed in the present study.

This study presents the limitations of the following 
aspects: sample size, standardization of the interven-
tion group and survey of neurocognitive aspects, such 
as education level, depression and self-sufficiency, fac-
tors which could perhaps influence the response of the 
volunteers in relation to the fear of falling.

CONCLUSION

Seniors with DNP who perform therapeutic exercises 
differ in postural stability, assessed by pressure platform 
with EC in PL parameters and ML stability of the 
stabilometric signal. There was no difference in the risk 
of falls and the fear of falling between the groups evalu-
ated in this study.
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