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Abstract

Diabetes mellitus is a common disease that
effect many organs of the body and can also
cause serious adverse effect on the foot. Diabetic
foot complications range from atrophy and
weakness of foot intrinsic muscles, abnormal
walking pattern, neuropathy and foot ulcers.
Severe cases of diabetic foot ulcers can result
in amputation. Custom-made insoles are one of
the foot care recommendations for patients with
diabetic foot, as they help to distribute the plantar
pressure and reduce the risk of ulceration.

The objective of this study is to examine the
impact of custom made insoles on the plantar
pressure in 64 diabetic subjects (32 females
and 32 males without any foot ulceration) by
comparing the peak plantar pressure during bare
foot walking with that while using custom made
insoles.

The statistical analyses indicate a significant
impact of custom made insoles on the plantar
pressure of both female and male subjects.
The female subjects showed 84.7% and 84.5%
reduction in the right and left foot average peak
plantar pressure respectively, and the male
subjects experienced a reduction of 77.6% and
76.5% in the average peak plantar pressure of
the right and left foot, respectively. Custom
made insoles can reduce the plantar pressure
of diabetic foot and thus, can reduce the risk of
diabetic foot ulcers related to uneven distribution
of plantar pressure.

Keywords: Plantar Pressure, Custom made
insoles, diabetic foot
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Introduction

Diabetes mellitus is a common disease
that can develop either from the lack of
insulin production in the body or due to
the body’s insulin inability to perform its
normal function. Diabetes Mellitus affects
approximately 15% of the population over
the age of 65 in developed countriest. Twenty
to fifty percent of individuals with diabetes
of more than 10 years will have symmetrical
distal sensory neuropathy resulting inimpaired
sensation in lower extremity?. This can lead
to abnormal weight bearing pattern on the
planter surface of the foot, which in the long
run can result in ulceration®. Foot constitutes
5% of the body surface, supports 95% of the
body weight and absorbs the ground impact
force during gait *°. Neuropathic ulcerations
result from repetitive stress over areas of high
pressure on the planter surface of the foot °.
Foot ulceration is the most common cause
of amputation in diabetic patients’. It has
been reported that 85% of diabetes related
lower extremity amputations are preceded
by ulceration®. An increased dynamic foot
pressure is among the identified risk factors in
the formation of diabetic foot ulcer *¢. Foot
care and proper shoes are the initial standard
treatment protocol for diabetic feet at risk*’.

Diabetic neuropathy usually leads to
a biomechanical abnormalities resulting
in abnormal plantar foot pressure®®. The
risk of foot ulcer increases in patients who
have a combination of foot deformity and
neuropathy®. Most of the foot ulcers and
injuries occur through a foot deformity such

as prominent metatarsal heads or clawed
toes subjected to repetitive elevated plantar
pressure and shear stress in the presence of
neuropathy®®. Foot pathologies can alter foot
function, resulting impaired gait during daily
activity, and severely affecting quality of
life!®. These pathologies are usually painful
due to high or abnormal plantar pressure,
which can causes asymmetrical pressure
distribution between the two feet®. Motor
neuropathy affects the muscles, causing
abnormal force distribution during walking
resulting reactive thickening of skin (callus)
at sites of abnormal load, the callus leads to
breakdown of skin and subcutaneous tissue,
resulting in a neuropathic ulcer®®. The risk of
a diabetic person developing a foot ulcer is as
high as 25% *'.

Objective
The objective of this study is to assess
the impact of custom made insoles on the
plantar pressure of diabetic subjects without
any foot ulceration.

Methodology

A total of 64 diabetic subjects (32 female
subjects; age 50.5 + 13.26 years, weight 76.79
*+ 15.6 kg) and 32 male subjects; age 45.84
+ 10.88 years, weight 87.14 + 18.73 kg)
participated in this study. They were randomly
selected from Albusmah Center (Riyadh,
Saudi Arabia). Each subject provided an
informed consent.
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Procedures

Each subject’s heightand weight (without
shoes & socks and in light clothing) was
measured using mechanical scale. Dynamic
plantar pressure, force, and contact area were
measured using a portable platform NOVEL
E-med ST (2 sensors / cm?), as shown in
Figure 1. While looking straight, the subjects
were asked to walk in a straight line without
targeting the pressure platform. Each subject
stepped onto the pressure platform with their
first step landing in the centre of the pressure
platform and to ensure repeatability, continued
to walk for 10 steps (5 steps each foot “Right
and Left”). Each subject was fitted with a
custom made insoles, especially designed
after detailed assessment of her/his plantar
pressure profile and foot biomechanics. Later
in shoe plantar pressure was measured for
each subject while walking with custom made
insoles using Pedar Inshoe System, as shown
in Figure 2.

Data analysis

Descriptive analysis was done to
calculate mean and standard deviation.
Paired t-test was used to compare the plantar
pressure during barefoot and while using
custom made insoles. In addition, regression
analysis was performed for estimating the
relationships among the studied variables.

Level of significance was taken at p<0.05.

Results
Dynamic peak plantar pressure of 32
female and 32 male diabetic subjects was

obtained for both (bare foot and insole
measurements), and was analysed, as shown
in Table 1. The average peak plantar pressure
significantly decreased when using custom
made insoles compared to bare foot. For the
female subjects, the average peak plantar
pressure of the right foot when walking
bare foot was 640.26 Kpa. Whereas the
corresponding value while walking with
custom made insoles was 98.22 Kpa. Thus,
there was 84.7% reduction in the average
peak plantar pressure with the use of custom
made insoles. Similarly, the left foot average
peak plantar pressure dropped from 671.82
Kpa when walking bare foot to 104.4 Kpa
while using the custom made insoles (84.5%
reduction). The male subjects showed less
reduction that those of females. The right foot
average peak plantar pressure when walking
bare foot was reduced from 621.56 Kpa to
139.52 Kpa when walking using custom
made insoles (77.6% reduction), and left foot
average peak plantar pressure dropped from
555.47 Kpa when walking bare foot to 130.38
Kpa while using the custom made insoles
(76.5% reduction), as shown in Table 2.
Figure 3, 4, 5, and 6 showed a comparison
of peak plantar pressure during barefoot and
using custom made insoles, for all female
(n=32) and male (n=32) subjects. The results
clearly showed a consistency in the reduction
of plantar pressure when using custom made
insoles for all subjects. Results of paired
samples t-test indicated highly significant
relationship between the peak plantar pressure
when walking bare foot and the peak plantar
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pressure when walking using custom made
insoles. Table 3 showed the summary output
of the statistical analysis for male subjects
showing a p-value of 0.0019, similarly Table
4 showed the summary output of the statistical
analysis for female subjects which indicate a
p-value of 0.0316. This clearly demonstrates
a strong positive relation between the uses
of custom made insoles and reduction in the
peak plantar pressure.

Discussion
Neuropathy is one of the serious
complications of diabetic foot, resulting in the
loss of sensory feedback®®. In this study, the
impact of custom made insoles on the plantar
pressure of diabetic female and male subjects
was examined, by analysing the dynamic
peak plantar pressure when walking bare foot
and also walking with custom made insoles.
The statistical analysis indicated a strong
significant impact of custom made insoles on
the plantar pressure of both female and male

subjects. There was a significant reduction

Table 1: Average Peak Plantar Pressure (Kpa)

in the peak plantar pressure for both female
and male subject, which constitutes 84.7%
and 84.5 % for female right and left foot
respectively. Similarly for the male subjects,
the corresponding values for the right and left
foot were 77.6% and 76.5%, respectively.
The results in the present study were
in agreement with previous studies. Jung
et al%
contacting foot surfaces and significantly
reduced highest peak pressure and the mean

reported significantly increased

pressure when insole was used. Similarly,
Chen et al.?? reported that the total contact
insoles was able to reduce high pressures at
regions such as heel and metatarsal heads and
can redistribute the pressure to the midfoot
region. In addition, Choi et al.?® reported
that the plantar foot pressure concentrated in
certain parts was reduced by custom-made
insoles. Furthermore, Bus et al.** reported
that the custom-made insoles were more
effective compared to flat insoles in reducing
the pressure at first metatarsal head region.

In conclusion, custom made insoles help

Right Left Right Left

Barefoot Barefoot In-shoe In-shoe
Female 640.26 671.82 98.22 104.4
Male 621.56 555.47 139.52 130.38

Table 2: Percentage Reduction in Peak Plantar Pressure due to Custom Made Insoles

Right Foot Left Foot
Female 84.7% 84.5%
Male 77.6% 76.5%
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Figurel: E-Med Platform system Figure 2: Pedar Inshoe System

Figure 3: Comparison of barefoot (e-med) and in-shoe peak plantar pressure for the female right foot

Figure 4: Comparison of barefoot (e-med) and in-shoe peak plantar pressure for the female left foot
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Figure 5: Comparison of barefoot (e-med) and in-shoe peak plantar pressure for the male right foot

Figure 6: Comparison of barefoot (e-med) and in-shoe peak plantar pressure for the male left foot

reduce the average peak plantar pressure and
therefore, reduce the risk of diabetic foot
ulceration related to elevated plantar pressure
in diabetic patients in general and those with
neuropathy in particular. The custom-made
insoles can help to protect the foot from
elevated planter pressure and thus improve
the quality of life of diabetic patients by
helping them walk safely with reduced risk of
foot ulceration.

Recommendations

Based on the findings of this study, it is
highly recommended that diabetic patients
be provided with custom-made insoles to
protect their feet from ulceration and reduce
the possible risk of amputation. This practice
can provide them with better quality of life,
and at the same time can reduce the burden on
healthcare system by reducing hospitalization
time and amputation rate.
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