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Abstract

Introduction: Diabetes Mellitus is a chronic disease with high prevalence in the population in particular 
among the elderly. The longer time of diabetes, increased the chances of developing complications such 
as peripheral neuropathy, which is an important factor in the genesis of plantar lesions by changing the 
distribution and formation of plantar pressure peaks. Objective: Evaluate the inϐluence of an Assistive 
Technology, therapeutic footwear for diabetics, in the peaks of plantar pressure of elderly. Methods: This 
was an experimental study of transversal type, composed by 10 elderly, diabetic, with peripheral neuropa-
thy, using as an instrument to measure a baropodometry platform. Were measured peaks of plantar pres-
sure, static and dynamic in three situations: barefoot, the participants’ own standard footwear and with 
therapeutic footwear for diabetics. Data analysis by normal distribution as a single paired sample, applying 
the ANOVA test. Results: The use of therapeutic footwear for diabetics promoted a reduction in media of 
peak plantar pressure in the order of 22% in static analysis, and 31% in dynamic analysis. Conclusion: 
The therapeutic footwear for diabetics was able to produce signiϐicant reductions in peak plantar pressure, 
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being more efϐicient than a common footwear. This effect may contribute to the prevention of injuries asso-
ciated with the diabetic foot.

Keywords: Aging. Diabetic Foot. Diabetic Neuropathies.

Resumo

Introdução: O Diabetes Mellitus é uma doença crônica de elevada prevalência na população em especial entre 
os idosos. Quanto maior o tempo de diabetes maiores as chances de desenvolver complicações como a neuro-
patia periférica, importante fator na gênese de lesões plantares por alterar a distribuição e formação de picos 
de pressão. Objetivo: Avaliar a in luência de uma Tecnologia Assistiva, o calçado para diabético, nos picos de 
pressão plantar de idosos. Métodos: Estudo experimental do tipo transversal, composto por 10 idosos, diabéti-
cos, com neuropatia periférica, utilizando como instrumento de medida uma plataforma de baropodometria. 
Foram aferidos picos de pressão plantar, de forma estática e dinâmica, em três situações: descalço, com calçado 
de uso do paciente e com calçado para diabético. Análise por distribuição de normalidade, como única amostra 
pareada, aplicando-se o teste ANOVA. Resultados: A utilização do calçado para diabético promoveu uma redu-
ção na média dos picos de pressão plantar na ordem de 22% na análise estática, e de 31% na análise dinâmica. 
Conclusão: O calçado para diabético foi capaz de produzir reduções signi icativas nos picos de pressão plantar, 
sendo mais e iciente que um calçado comum. Este efeito pode contribuir na prevenção de lesões associadas ao 
pé diabético.

Palavras-chave: Envelhecimento. Pé Diabético. Neuropatias Diabéticas.

Introduction

The diabetic patient's foot is exposed to a number 
of neuropathic changes. Such changes work syner-
gistically and lead to greater propensity to develop 
skin lesions of difϐicult healing, fact that expose the 
patient to the risk of often developing severe infec-
tions. Diabetic neuropathy affects sensory, motor and 
autonomic aspects that together turn this complica-
tion more harmful. Sensory damage can cause the 
patient not to feel the lesion, so it develops to the 
point of forming ulcers (1 - 3).

The deformities caused by the imbalance in the 
intrinsic foot muscles along with the lack of sensitiv-
ity lead to the rearrangement of the support that the 
sole of the foot has on the ground. These deformities 
sometimes form high-pressure areas that are sus-
ceptible to lesions (4) and, because of such lesions, 
every 30 seconds a lower limb amputation related 
to diabetes is done (5). Over 85% of these amputa-
tions are preceded by ulcers, and ulcers are related 
to neuropathies in more than 90% of the cases (6).

Different technological resources can be used 
to redistribute these plantar pressures, such as in-
soles and diabetic footwear. In the last years, these 
and other resources started to be called Assistive 
Technologies (AT) due to the understanding that 

they promote people's autonomy by providing them 
independence and protection.

Losing part of the body brings multiple conse-
quences for the diabetic individual. Not only the 
limitations and restrictions in performing activities 
of daily living and basic personal care but also the 
emotional losses associated with different degrees 
of dependency that are often caused by amputations 
and the negative feelings associated with it (7).

The understanding of the extent of the problem 
and the different ways of acting in order to minimize 
it tend to grow in the years to come. Type II diabetes 
becomes more prevalent with aging and ulcerations 
are related to diabetes’ duration, therefore, elderly 
patients are the most affected by ulcerations and 
amputations (8, 9). In addition, there is the fact that 
the elderly tend to develop limitations besides those 
caused by amputations (10). Finally, the number of 
elderly across the planet is growing and this trend is 
expected to intensify in the next decades (11).

The current study aims to assess a device that may 
be used to prevent diabetic foot lesions. Therefore, 
plantar pressure was statically and dynamically 
measured in a group of diabetic elderly with pe-
ripheral neuropathy. The impact of an AT, namely 
the diabetic footwear, on these plantar pressures was 
also measured.
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Methods

This is an experimental cross-sectional study con-
sisting of over-60-year-old patients with type II diabe-
tes, who have shown no foot ulcerations or deformities 
and who were able to walk without the need for support 
or assistance. After they agreed to participate in the 
study, these patients were diagnosed for the presence 
of peripheral neuropathy.

Initially, patients were assessed according to per-
sonal data: gender, age, diabetes duration, weight, height 
and foot size. Peripheral neuropathy diagnosis was con-
ducted according to the Neuropathy Symptom Score by 
Moreira (12). The individuals included in the study un-
derwent plantar pressure measurement, statically and 
dynamically performed, according to three conditions: 
barefoot patients, patients wearing their own footwear 
and wearing the diabetic footwear (Figures 1, 2 and 3).

Figure 1 - Baropodometry platform being used for the measurement 

of the static plantar pressure with the use of footwear for diabetic foot.

Figure 2 - Results of dynamically measured of peak plantar pressure 

left foot barefoot.

Color matching to points of less pressure in blue, 
until the points with the highest pressure in red, as 

scale right of ϐigure. Trace evidencing the plantar 
movement is not related to the pressure rating.

Figure 3 - The measuring result of the peaks of plantar pressure, 

static measurement, patient barefoot in 3D representation. Color 

matching to points of less pressure in blue (represented by the 

parties with mild elevation, base and areas without pressure) and 

the points with the highest pressure is in red (peak of the elevations).

A T-Plate model platform, manufactured by 
Medicapteurs® was used to measure the plantar 
pressure. The platform size is of 610 x 580 mm, 
with thickness of 10 mm. It uses 1,600 resistance 
sensors that measure minimum pressure of 0.4 N 
and maximum pressure of 100N and it has image 
acquisition frequency higher than 100 frames per 
second (13).

Data collection was done as follows: after the 
patients had their neuropathy measured and their 
foot inspected, they were asked to walk barefoot by 
stepping on the platform repeatedly, to the point 
that the walking movement happened naturally. 
The patient's walk was monitored and observed 
by one of the researchers. Simultaneously, another 
researcher watched the capture of real-time images 
on the monitor that received the information. At 
least 10 and at most 20 walks for each foot, of each 
patient, were necessary in order to collect the data. 
After capturing the dynamic data, patients were 
asked to remain standing on the platform without 
making any movement for 30 seconds, time needed 
to get the static data. Only one take was necessary to 
get the data from each patient. Then, the same pro-
cedures were repeated with patients wearing their 
own footwear ϐirst, and then the diabetic footwear. 

Data analysis was done by the SPSS software to 
ϐind the mean and standard deviation values. The 
data were explored as a single paired sample by 
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Results 

The group of 10 patients was predominantly 
comprised by eight women, all of them over their 
60s, ranging from 61 to 72 years. In addition, all 
patients had diabetes for more than ten years, but 
not more than twenty years.

Through this analysis, we were able to inves-
tigate the plantar pressure distribution and to 
statically and dynamically measure the maximum 
plantar pressure values in the following different 
situations: barefoot, patients wearing their own 
footwear and the diabetic footwear.

The higher peak plantar pressures were found 
in barefoot patients in both static and dynamic 
analyses, with gradual reduction in the values. 
First, there was mild reduction when patients wore 
regular footwear, and then there was greater reduc-
tion when they wore diabetic footwear (Table 1).

distribution normality, applying the ANOVA (one-
way ANOVA) test for repeated measures. The sample 
size estimate was predetermined according to a re-
cently published study that also sought to compare 
peak plantar pressures in diabetic patients with 
neuropathy using plantar devices such as insoles 
or footwear (6).

Using α = 5% and 90% power, the required sample 
size would be of 04 individuals given as a single inde-
pendent paired sample. It was decided that a larger 
sample of 10 individuals (20 feet) would be used — in 
addition to observing similar studies with samples 
from 8 to 20 individuals — in order to ensure the 
importance of the study, since a magnitude of smaller 
effect is clinically signiϐicant. 

The current study was submitted to the Research 
Ethics Committee evaluation, by Brazil platform, 
and it was approved under the CAAE number: 
10759712.7.0000.5342.

Table 1 - Comparison of peak plantar pressure, barefoot, with the patient own footwear

Peak plantar pressure 
(PPP)

Barefoot Own footwear Diabetic footwear P value*

Statically measure 
(two feet / n=20)

599.90 ± 84.15 573.90 ± 88.44 463.60 ± 69.23 < 0.001

Dynamically measure 
(two feet / n=20)

1284.85 ± 204.42 1214.30 ± 214.37 885.80 ± 134.36 < 0.001

Statically measure 
(right foot / n=10)

604.60 ± 100.43 517.90 ± 97.48 462.60 ± 65.75 0.009

Statically measure 
(left foot / n=10)

595.20 ± 69.38 575.90 ± 83.68 464.60 ± 76.12 0.015

Dynamically measure 
(right foot / n=10)

1181.70 ± 152.52 1182.60 ± 224.79 836.10 ± 125.60 < 0.001

Dynamically measure 
(left foot / n=10)

1388.00 ± 203.25 1246.00 ± 186.71 935.50 ± 129.79 < 0.001

Note: Values are expressed mean ± standard deviation.

* Test of Analysis of Variance (ANOVA) for repeated measures
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signiϐicant difference when both feet were analyzed 
together (Table 1).

In summary, we could observe that in all situations 
tested there was a progressive reduction of the peak 
of plantar pressures, is in static or dynamic assess-
ment, when the use of shoes. The common footwear, 
for use of the patient has already produced some ef-
fect, however was the use of diabetic footwear which 
determined the reductions of signiϐicant pressure. 

Discussion
 
Diabetes Mellitus (DM) is a disease caused by 

metabolic disorders characterized by hyperglycemia 
resulting from defects in insulin secretion or action. 
The vast majority of patients, more than 90%, has 
type II diabetes, which typically affects over-40-year-
old individuals and its incidence increases with age 
(3, 14).

Currently, DM has been seen as an epidemic in the 
world. Since it is a chronic disease related to aging, 
the increasing life expectancy in different populations 
has led to a growing number of elderly and diabetic 
patients (15). In Brazil, the number of diabetic indi-
viduals in the population is estimated between 12 
and 13.5%. If only over-60-year-old individuals are 
taken under consideration, the number of diabetic 
individuals in the population will be around 17.5% 
(16, 17). As individuals start living longer with diabe-
tes, the chances of developing complications related 
to the disease grow. Among these complications, the 
so-called diabetic foot is the most frequent and feared 
because it represents higher risk of amputations and 
death (1, 2).

Although population studies on diabetic foot are 
rare in Brazil, a survey conducted in primary care ser-
vices identiϐied 9% of individuals with diabetic foot 
among diabetic patients, with signiϐicant prevalence 
among the elderly population (18). Such prevalence 
is related to the bigger number of complications in 
the population living longer with diabetes, and these 
complications are involved in the genesis of the le-
sions. Usually, the neuropathy is clinically detected in 
at least 50% of the diabetic patients after 10 years of 
disease. However, if more sensitive detection meth-
ods are used, such prevalence gets close to 100%. 
Thus, elderly individuals who normally have diabetes 
for over a decade usually have different degrees of 

In the static measurement, the highest peak plantar 
pressure values in barefoot patients were on average 
599.90 g/cm2. The use of the patient's own footwear 
produced a 4.3% reduction. On the other hand, the 
diabetic footwear was able to produce an average re-
duction of approximately 22% in the measured peak 
plantar pressure values, thus reaching 463.60 g/cm2 
on average (Table 2).

The dynamic measurement also found the high-
est peak plantar pressure values in barefoot patients, 
1284.85 g/cm2 on average. The use of the patient's 
own footwear caused a 5.5% reduction in peak plantar 
pressures. On the other hand, the diabetic footwear 
caused an average reduction of 31% in peak plantar 
pressures, thus reaching 885.80 g/cm2 (Table 2).

Table 2 - Absolute and relative mean difference of peak 
plantar pressure comparing barefoot, patient 
own footwear and diabetic footwear (n = 20)

Absolute 
difference 
(IC 95%)

Relative 
difference 

%

Static

Barefoot - Patient own 
footwear (g/cm2)

26 4.3

Patient own footwear - 
Diabetic footwear (g/cm2)

111.3 19.2

Barefoot - Diabetic footwear 
(g/cm2)

136.3 22.7

Dynamic

Barefoot - Patient own 
footwear (g/cm2)

70.55 5.5

Patient own footwear - 
Diabetic footwear (g/cm2)

328.5 27

Barefoot - Diabetic footwear 
(g/cm2)

399.0 31

Note: Average values are expressed. 

The overall data analysis showed signiϐicant dif-
ference when comparing the peak plantar pressure 
values between the following situations: barefoot 
patient and patient wearing diabetic footwear. The 
dynamic analysis found difference when both feet 
were analyzed together and when they were ana-
lyzed individually. The static analysis found more 
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It can be said that, according to static and dynamic 
measurements, the diabetic footwear produced sig-
niϐicant reductions in the peak plantar pressures and 
that the regular footwear usually used by the patients 
was not able to provide the same effect. Thus, there is 
gain in using a speciϐic device over the use of a regular 
footwear and over walking barefoot.

However, there was no standardization in the type 
or model of regular footwear, since the current study 
did not aim to compare the two types of footwear, 
but only to test whether the diabetic footwear would 
redistribute plantar pressure.

Although it seems logical, one cannot say that 
this effect would be able to prevent the formation 
of lesions in this or other groups. Only by the long-
term use of the device as well as by the monitoring 
of patients, it is possible to measure this type of un-
desirable skin lesions, which are not only related to 
plantar pressure.

The different resources and methods understood 
as AT aim to act as factors capable of providing au-
tonomy. The elderly group is one of the target groups, 
since natural aging is a factor that generates multiple 
dependencies. Elderly diabetic patients show lower 
functional capacity when compared with non-dia-
betic ones (10). Even among diabetic patients, those 
with plantar lesions usually show more unfavorable 
evolution (1).

An AT, such as the diabetic footwear, able to act 
on plantar pressure by attenuating the peak pres-
sures can be useful in order to allow diabetic elderly 
patients, even those with neuropathy, to have more 
freedom to walk and to be less exposed to skin le-
sions and to all the consequences resulting from them 
(27, 28). These devices applied in combined form the 
other prevention practices have their action poten-
tized in a strategy of continued care with the feet of 
diabetic patients (29 - 31).

Conclusion

The use of footwear by elderly diabetic patients 
with neuropathy is beneficial to reduce the peak 
pressures their feet are subjected to. The diabetic 
footwear, when compared with the regular foot-
wear commonly used by the patients, was more 
effective in reducing plantar pressure. Both the 
individual analysis of each foot and together, ei-
ther static or dynamic analysis, strengthening the 

peripheral neuropathy that will remain throughout 
their lives (19, 20).

A recent review showed that among the many 
factors that can act in the genesis of plantar lesions, 
four stand out: peripheral neuropathy, peripheral 
vascular disease, foot deformities and lesion or pre-
vious amputation (21). The neuropathic alterations 
tend to change the plantar pressure distribution by 
concentrating it in inappropriate places and at loads 
higher than those the skin can withstand, thus facili-
tating the emergence of lesions (22, 23).

Although the gait of patients with diabetic neu-
ropathy may present several modiϐications, not all 
of them are fully understood. It is known that peak 
plantar pressures over 6 kg/cm2 are predictive of 
lesion (24). Even if they do not reach elevated val-
ues, the motor neuropathy’s typical changes, such 
as “claw” ϐingers, added to sensory neuropathy and 
the consequent loss of protective sensation lead to a 
condition that results in skin lesions (3).

The plantar pressure redistribution can be forced 
by devices such as insoles and footwear. They reduce 
peak pressures and may inϐluence the emergence of 
lesions (4, 22, 25). Two recent studies sought to as-
sess devices that act on plantar pressure.

The study by Raspovic (23) found the ability of a 
particular insole-type device to reduce plantar pres-
sure when comparing it with other types of protec-
tion, such as footwear. The result showed to be posi-
tive, since — besides the fact that it could be placed 
in different types of footwear — the insole was able 
to reduce the peak plantar pressure values by up to 
51%.

The study by Paton (26) aimed to compare two 
types of insole-type assistive technologies, a manu-
factured one and another specially customized for the 
patient. The patients participating, were considered 
neuropathy by submit amendment sensory in test 
with the 10-g monoϐilament and shaking in bench-
marking with the diapason of 128Hz. The authors 
found no signiϐicant differences between these de-
vices effect on the plantar pressure, both being effec-
tive in the reduction of peaks between 22 to 27%, but 
the customized insole had the disadvantage of being 
more expensive.

The current study aimed to test the diabetic foot-
wear as an equipment-type assistive technology used 
in an attempt to prevent lesions in the feet of diabetic 
patients by assessing its action speciϐically on plan-
tar pressure.
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Coutinho WF, Zagury L. To the Portuguese translation 
and assessment of the reliability of a scale for the 
diagnosis of diabetic Distal Polyneuropathy. Arq Bras 
Endocrinol Metab. 2005;49(6):944-50.

13. Medicapteurs. T-Plate Install Manual Version 2.0. 
2012 [cited 2013 Mar 10]. 
Available from: http://tinyurl.com/zlqeϐlg.

14. Gambert SR, Pinkstaff S. Emerging Epidemic: Dia-
betes in Older Adults: Demography, Economic Im-
pact, and Pathophysiology. Diabetes Spectrum. 
2006;19(4):221-8.

15. Yang SH, Dou KF, Song WJ. Prevalence of diabetes 
among men and women in China. N Engl J Med. 
2010;24(25):2425-6.

16. Bosi PL, Carvalho AM, Contrera D, Casale G, Pereira MA, 
Gronner MF, et al. Prevalence of diabetes mellitus and 
impaired glucose tolerance in the urban population 
of 30 the 79 years of the city of São Carlos, São Paulo. 
Arq Bras Endocrinol Metab. 2009;53(6):726-32.

17. Alves LC, Leimann BCQ, Vasconcelos MEL, Carvalho 
MS, Vasconcelos AGG, Fonseca TCO, et al. The inϐluence 
of the chronic diseases in the functional capacity of 
the elderly of the city of São Paulo, Brasil. Cad Saude 
Publica. 2007;23(8):1924-30.

18. Vieira-Santos ICR, Carolina M, Costa W, Gabrielle M, 
Nóbrega DL. Prevalence of diabetic foot and associ-
ated factors in the family health units in the city of 
Recife, Pernambuco, Brazil in 2005. Cad Saude Pu-
blica. 2008;24(12):2861-70.

19. Uccioli L. Prevention of diabetic foot ulceration: 
new evidences for an old problem. Endocrine. 
2013;44(1):3-4.

conviction that this AT is useful in reducing peak 
of plantar pressures.

Although we can infer that the reduction of the 
peak of plantar pressures will impacting on the 
genesis of plantar lesions, clinical studies are re-
quired with follow up broad to determine if and 
to what extent this action on plantar pressure will 
be effective in reducing the incidence of plantar 
lesions of these patients.
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