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Abstract

The prevention of foot ulcers in diabetic patients around the world can be achieved
by the use of appropriate footwear. The recommmendations for diabetic patients who have
problems with foot ulcers for the prevention of such ulcers include foot care, regular foot
screening, and the use of appropriate footwear. Many previous research studies have shown
that high pressure on the plantar surface of the foot can be reduced by the use of custom-made
foot orthoses with appropriate shoes. In diabetic foot clinics around the world, the choices of
materials used to fabricate custom-made foot orthoses depend on the experience of the
therapist and the availability of the materials in that area. There are many studies related to plantar
pressure distribution in terms of the different types of material used to fabricate custom-made
foot orthoses. However, the cost of imported material is higsher when compared to the cost of
local materials in Thailand. Consequently, the purpose of this study was to compare the plantar
pressure distribution patterns during standing and walking between imported and local materials
used to fabricate custom-made foot orthoses in diabetic patients with a moderate to high risk
of foot ulcers in four areas of the foot: the hind foot, midfoot, forefoot, and toes. The study
was conducted with 20 type 2 diabetic neuropathic participants. The participants received two
types of custom-made foot orthoses: Insole P (fabricated from Plastazote®, Poron, and micro-cork)
and Insole E (fabricated from ethylene-vinyl acetate foam, Poron, and micro-cork). The maximum
plantar pressure and distribution were measured using a foot scan array sensor at the hind foot,
midfoot, forefoot, and toes during standing and walking. The results showed Insole P has a
lower peak pressure than Insole E in all areas when participants were standing, except the hind
foot. But Insole P and Insole E showed no statistically significant differences in all areas. While
the participants were walking, Insole P had significantly lower peak plantar pressure in the
forefoot as compared to Insole E (p=0.023). In conclusion, Insole P and Insole E could both
reduce the peak plantar pressure in all areas of the foot and provide good pressure distribution
during both standing and walking for participants with type 2 diabetes.

Keywords: type 2 diabetes, neuropathic foot ulcer, custom-made foot orthosis, plantar pressure,
foot orthosis material
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Introduction

The prevention of foot ulcers in
diabetic patients around the world can be
achieved by the use of appropriate footwear'.
A previous study about lower limb amputation
in diabetic patients showed that peripheral
artery disease, peripheral neuropathy, and
foot ulcers are independent risk factors for
lower limb amputation in diabetic patients”.
Increasing plantar pressure on the foot can
increase the risk of foot ulcers due to
deformities of the foot”. The recommendations
for diabetic patients who experience problems
with foot ulcers regarding the prevention of
such ulcers include foot care, regular foot
screening, and the use of appropriate
footwear®. Many previous research studies
have shown that high pressure at the plantar
surface of the foot can be reduced by the use
of custom-made foot orthoses with appropriate
shoes’. In diabetic foot clinics around the
world, the choices of materials used to
fabricate custom-made foot orthoses depend
on the experience of the therapist and the
availability of the materials in that area. There
is a debate about the most appropriate
material and whether soft material can reduce
the plantar pressure at areas with a high risk
of ulcer development. Data on the plantar
pressure distribution can provide the therapist
with information on the high-pressure areas
where ulcers might form. Also, data on the
plantar pressure distribution can help to
determine the effects of custom-made
orthoses. Hellstrand Tang et al. in 2014°
studied the plantar pressure with three types
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of insoles for patients with diabetes, specifically
the peak pressure (PP), pressure-time integral
(PTI), and the properties of the pressure
distribution pattern. After applying the insole
interventions, they used mixed model analysis
to estimate the lower peak pressure in the
heel area with the use of 35 shore ethylene-
vinyl acetate (EVA) insoles and 55 shore EVA
insoles compared with the use of prefabricated
insoles. The distribution of the peak pressure
of all the insole types was stable at the
midfoot. Also, they found that the load on
the distal part changed within the study period
according to the patient’s self-reporting. There
are many studies related to plantar pressure
distribution with different types of materials
that have been used to fabricate custom-
made foot orthoses. Possible materials include
local materials and imported materials.
However, the cost of imported materials is
high compared to the cost of local materials
in many countries, such as Thailand.
Consequently, this study aimed to evaluate
the plantar pressure distribution pattern and
ability of the materials to redistribute the
plantar pressure to the areas that can tolerate
the pressure between imported and local
materials used to fabricate custom-made foot
orthoses in diabetic patients at moderate to

high risk of foot ulcers.

Objectives

The primary objective of this study
was to compare the plantar pressure
distribution patterns during standing and

walking between imported and local materials




used to fabricate custom-made foot orthoses
in diabetic patients at a moderate to high risk
of foot ulcers in four areas of the foot: the
hind foot, midfoot, forefoot, and toes. A
secondary objective was to compare the
material properties of imported and local
materials used to fabricate custom-made foot

orthoses.

Materials and Methods

This study was an interventional quasi-
experimental study. Locally sourced ethylene-
vinyl acetate foam (EVA foam) was compared
to Plastazote as the standard, but imported,
material. In this study, participants received
two types of insoles: an Insole cover made
from an imported material (Plastazote®) and
another insole cover made with a local
material (EVA foam) on the top layer, while
the other layers of both insoles were the same
to control for further variations in the data.
The study participants were diabetic type 2
patients at a moderate to high risk of foot
ulcers recruited from the DM Foot Clinic,
Sirindhorn School of Prosthetics and Orthotics,
Faculty of Medicine Siriraj Hospital. In total,
there were 20 participants’. The study
inclusion were the following criteria:

- Diagnosed with type 2 diabetes and

- Aged more than 18 years old and

- BMI from underweight to Class |l
obesity (BMI: <18 to 35.0-39.9) and

- Loss of protective sensation (tested
by monofilament testing) and foot deformity or

- Peripheral artery disease and foot

deformity and

- Can walk independently and

- Can walk following instructions and
understand the Thai language

The exclusion criteria were:

- Have an active ulcer or

- Have a history of lower-extremity
amputation (minor or major)

- Leg length discrepancy

The withdrawal criteria were:

- While using the interventions, the
participant gets an ulcer at the plantar surface
of the foot

- Participants have a high risk of falling
during the interventions

- Participants want to quit the study

Instrumentation used for measuring
the plantar pressure distribution

The study applied the FSA in-shoe
system (Vista Medical, Canada)

The FSA in-shoe system comprises
three essential parts:

- In-shoe measurement insole

- Monitor display

- Analyzer system

Forthis study, the in-shoe measurement
insole was used to measure the peak pressure
and pressure-time integral at the plantar
surface of the foot. The in-shoe measurement
insole contained 128 measurement sensors
per one side operating at a measurement
frequency of 100 Hz. The in-shoe measurement
insole was placed inside the shoe to be used
in the study. The analyzer system was used
to analyze and store the data from the testing

trials related to the peak pressure. In addition,
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data could be stored in the program system

and printed out later.

Instrumentation used for the compression set
The compression set consisted of:

- Compression plates: comprising a
pair of parallel, flat, chromium-plated steel or
stainless-steel plates, with the test piece
compressed between the faces of the plates.

- Steel spacers: used to provide the
required compression; these were of such a
size and shape to ensure that contact with
the compressed test piece was avoided.

- Clamping device: comprising a simple

screw device.

Compression testing

Compression tests were performed to
determine the strength of the materials using
a Universal Testing Machine (UTM) (Instron
4593), with the crosshead speed set at 5 mm/
minute and load on the cell set at 1 kg:N. at
50% strain of the material thickness at

baseline.
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Cost of local materials (EVA foam)

The EVA foam materials were sourced
from Bangkok and nearby provincial
marketplaces at a variety of thicknesses and
sizes. The material is typically sold in different
thicknesses (3, 4, and 5 mm) in 1,000 mm x
2,000 mm sized pieces at a cost of 200 Thai
baht (THB) for 3 mm thickness and 250 Thai
baht for 4 and 5 mm thickness. The advantage
of this material is its reasonable price and the

good availability of the material.

Custom-made foot orthoses

The custom-made foot orthoses used
in this study were made from imported
material (Plastazote: shore A hardness 15-20)
on the top layer with micro-cork as the base
layer. In this study, the imported material was
called “Insole P”, see Figure 1, while the local
material (EVA shore A hardness 15-20) with
micro-cork as the base layer was called “Insole
E”, see Figure 2. The plantar surface of the
participants’ feet was captured by the foam
impression method and a positive mold was
used to form the custom-made foot orthoses,

as shown in Figure 3 and Figure 4 .




Figure 1 Insole P top layer with Plastazote

Figure 2 Insole E top layer with EVA foam

Figure 3 Capture of the plantar surface

Test procedure and data collection

The study participants were asked to
stand on the in-shoe plantar pressure device
and then walk straight on the walkway for 10
meters while wearing Insole P (Plastazote) or
Insole E (EVA foam) inside the comfort shoe
at their own self-selected speed of walking.
They also had an opportunity to familiarize
themselves with the devices and equipment.
In the trials, the participants were asked to
walk three times to obtain the average of three
values for the peak pressure in kiloPascal (kPa).
Data were collected during the trials for both
the left and right foot while standing and

6 |

Figure 4 Plaster mold of the plantar surface
of the participant’s foot of the participant’s

foot

walking. Data were analyzed by SPSS Microsoft
Program Windows. Dependent two samples
T-test, two tails, and the average of the mean
peak pressure were used to analyze the data.

Data analysis

FSA 4.1 software was installed on the
computer that was to be used to monitor the
data. The four study areas of the foot (the
hind foot, midfoot, forefoot, and toes) were
divided up manually by the researcher in the
program system after taking an image of the
foot, in line with Hu et al., 2015°,
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Results
Participants

In total, 20 participants were recruited
in the study (comprising 12 men (60%) and 8
women (40%), aged 70.45 + 13.32 years old).
Their body mass index (BMI) was within the
normal to obese class Il range (27.40 + 4.84).
All the analyses were performed on both left
and right feet and there was no significant
difference between both the left foot and
right foot.

Testing of the material properties

Compression set

Compression set testing was performed
using the spacer tool to compress (by 25%)
the test materials to 75% of their normal state
at 37 °C for 30 minutes. The materials were
first cut into 12 x 12 x 25 mm’ pieces and then
put into the appropriate sized tools for testing.
The pieces were compressed by 25% to 75%
of their starting thickness. Next, the test

materials were taken out of the tool and then
kept at room temperature for 30 minutes. The
results showed that Plastazote was more
flexible than the EVA foam with a lower
compression set percentage (%), but this

difference was not significant.

Compression test

After the compression testing was
done, the results of the testing showed that
when applying more force, the value was
higher. Because both Plastazote and the EVA
foam had the properties of softness and
toughness, the graph of the compressive stress
plotted against the compressive strain showed
stress and strain curves for both (Figure 5).
Regarding the Young’s modulus and
compressive stress at the maximum load, it
was found that the EVA foam had a higher
value, about 2 times that of the Plastazote.
As a result, EVA foam had more strength
compared to Plastazote.

Compressive stress [kPa]

0.00 0.05 0.10 0.15

0.20 0.25 0.30 0.35 0.40

Compressive strain mm/mm)

Figure 5 Graph showing the compressive stress and compressive strain curves of Plasazote (a)

and EVA foam (b)
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Plantar pressure distribution

The maximum peak plantar pressures
in each area of the foot when using both Insole
P and Insole E are shown in Table 1. When
the participants were standing, Insole P had
lower peak plantar pressure in all areas of the

foot except at the hind foot. During walking

when using Insole P, the hind foot, midfoot,
and toe areas of the foot had lower peak
plantar pressure when compared to Insole E.
However, when the participants were walking,
the peak plantar pressure with Insole P was
significantly different (p=0.023) compared with

Insole E at the forefoot area.

Table 1 Mean and standard deviation of the maximum peak plantar pressure in four areas of

the foot for participants wearing either Insole P or Insole E during the walking and standing trials

Variable Activity Insole type Hind foot Midfoot Forefoot Toes
Maximum  Standing Insole P 68.26 + 23.78  62.95 + 22.67  46.36 + 18.27  20.71 + 12.72
Pressure Insole E 65.18 + 24.31 68.48 + 27.19 47.15 + 15.90 21.51 + 13.67
(kPa) (p=0.353) (p=0.181) (p=0.769) (p=0.634)
Maximum  Walking Insole P 115.71 + 30.85 97.79 +£ 3554  89.19 + 29.78  44.49 + 25.25
Pressure Insole E 121.38 + 36.65 105.34 + 37.54 109.55 + 36.85 47.94 + 27.47
(kPa) (p=0.230) (p=0.222) (p=0.023) (p=0.427)

IC-LR MST TST-PSW
Side (0%-12%5) (12%6-31%) (31%662%)
(Insole P) (Insole E) (Insole P) (Insole E) (Insole P) (Insole E)

¢ ¢

Right

g

38

0 f
0L

Figure 6 Pressure mapping from during the walking trials with Insole P and Insole E; IC-LR, initial

contact to loading response; MST, midstance; and TSW-PSW, terminal stance to pre-swing from

a single participant
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The plantar pressure distribution
mapping performed during the gait cycle with
both Insole P and Insole E and for the left and
right sides of the foot is shown in Figure 6. The
pressure was well distributed with Insole P
and Insole E for both the left and right foot
(see the scale; where the maximum pressure
was not more than 140 kPa). With Insole E,
the pressure was higher at all periods of the
gait cycle compared to with Insole P. However,
both Insole P and Insole E showed no

significant differences in pressure.

Discussion

Custom-made foot orthoses are used
to reduce plantar pressure in people with a
moderate to high ulcer risk and a neuropathic
foot. Many studies have been done on such
orthoses, including studies performing material
testing, such as compression tests,’ to evaluate
the properties of the used materials and to
compare which is the most appropriate to use
with patients. Also, some studies have been
done on the physical properties and have
included mechanical testing™'®. This study
aimed to find the most appropriate materials
that have the right properties to distribute and
reduce peak plantar pressure in patients with
diabetes who also have a neuropathic foot
problem. In this study, the researchers chose
EVA foam (shore A hardness 15-20) because
this material can easily be found in many
markets in Thailand and as the cost of this
material is cheap. Also, the physical properties
of this EVA foam are similar to Plastazote, a

commonly used imported but higher cost

J Med Health Sci Vol.29 No.3 December 2022

material. From the results of this study, the
researchers found that the physical properties
of the materials were quite similar and both
could reduce the peak plantar pressure, with
no significant differences seen, except in the
forefoot area, where Insole P had significantly
lower peak plantar pressure. Further study
should be done with more participants to have
a higher impact.

Conclusion

Both Insole P and Insole E showed no
significant differences in maximum peak
pressure in the standing trial. In the standing
trial, Insole P had lower peak plantar pressure
in all areas, except for in the heel area. In the
walking trial, Insole P had lower peak plantar
pressure in all areas, though a significant
difference was only found at the forefoot area
when compared to Insole E. EVA foam can be
used as low cost alternative to the imported
material. Thus, it was demonstrated that
custom-made foot orthoses fabricated
following the contour shape of the foot can

provide and redistribute plantar pressure.

Recommendation

The researchers suggest more long-
term experiments are needed to test the
participants’ satisfaction level and to see how
the plantar pressure distribution changes after
long-term use of the devices. The hope is that
diabetic foot care can be improved across the
globe through better custom-made foot
orthoses for patients with type 2 diabetes.
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