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of foot assessment
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Background : The most common cause of foot problems is an abnormal plantar
pressure distribution. Evaluation of plantar pressure is therefore
necessary in management of foot problems. The tool for plantar
pressure measurement is; however, expensive, complicated and
needs special technicians to operate, so it is not widely used
clinically. For this reason, the researchers develop a simple portable
device for plantar pressure measurement that is of lower cost and
easier to use.

Objective : To develop a simple, low cost and easy to use in-shoe pressure
measurement and define the correlation with the standard plantar
pressure measurement tool (F-scan).

Design : Descriptive and analytical study.

Setting : Biomedical Engineering, Faculty of Engineering, Chulalongkorn
University and Center of Excellence in Gait and Motion, King

Chulalongkorn Memorial Hospital.

* M.Sc. Biomedical Engineering, Department of Engineering, Faculty of Engineering, Chulalongkorn University
** Department of Rehabilitation Medicine, Faculty of Medicine, Chulalongkorn University

*** Department of Engineering, Faculty of Engineering, Chulalongkorn University
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Material and Method : The researchers developed a simple in-shoe system by using
Piezoresistive-insole-sensor to measure plantar pressure at the heel,
the 1* and 5" metatarsal head (MTH) during dynamic movement in
real-time. We recruited 30 healthy volunteers (10 males and 20
females) to measure their plantar pressure during standing and
walking by our developed device and the standard plantar pressure
measurement tool which is F-scan. The peak plantar pressures of
the heel, 1°" and 5" MTH were evaluated. The static pressures were
recorded during standing for 30 seconds, and the dynamic pressures
were recorded during walking for 5 meters. The average of 3 trials
for each session was collected; the data were assessed by the
intra-class correlation between the data from our developed device
and that of the standard reference tool.

Result : The ICCs (O = 0.05) of the static plantar pressure measurement of
both feet were 0.641 (0.370 — 0.811), 0.466 (0.133 — 0.705), and
0.721 (0.491 — 0.857) for the right heel, 5" and 1 MTH, and 0.727
(0.501 — 0.860), 0.502 (0.179 — 0.727), and 0.545 (0.235 — 0.754) for
the left heel, 5" and 1° MTH, respectively. According to the
dynamic plantar pressure, the ICCs were 0.884 (0.771—-0.943), 0.799
(0.620 — 0.899) and 0.878 (0.760 — 0.940) for the right heel, 5" and
1° MTH, and 0.826 (0.666 — 0.913), 0.796 (0.614 — 0.897), and
0.711 (0.476 — 0.851) for the left heel, 5" and 1% MTH, respectively.

Conclusion * Our developed device and the standard reference tool were correlated
by the ICCs, Therefore, our developed device could be used to

evaluate abnormal plantar pressure distribution in clinical foot care.

Keywords * Plantar pressure measurement, force sensor, in-shoe system, F-scan.
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Foot is the important organ that bares the
body weight, and affects locomotion.”” Thus, when
there are foot problems; such as pain from diseases
or foot deformities from abnormal structures, weight
bearing, walking, and their activities of daily life are
all disturbed. “*

Abnormal foot distribution is one of the most
common foot problems which can lead to foot ulcer
because of the high pressure will damage tissue of
the foot, especially the tissues under the bony
prominent areas.®” Then, foot orthosis or insole is
generally used to relieve the abnormal plantar
pressure,® as insole making is based on the principle
of foot biomechanics.” Thus, the information of
abnormal plantar pressure measurement is necessary
for the diagnosis and management of foot problems,
especially the consideration of the effectiveness of
insole.""?

At present, the commonly used measurement
applications are divided into two types: force plate
and in-shoe system. The force plate is used to assess
the plantar pressure in barefoot, whereas, the in-shoe
system is used to assess the pressure while wearing
shoe. The latter is more useful for foot care because
people spend more time with shoes. Moreover, the
in-shoe system is used to evaluate the effect of insole
design. Thus, the foot-care team can deal with foot
problems in the right situation."""

However, these two methods have the main
drawback that they tend to be too expensive and
complicated. Moreover, they are the large and only
set in labs, and need special technicians to use.
Therefore, they are unpopular in public health care.

It is much better to get a proper plantar

pressure measurement device. Therefore, the aim
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of this study is to improve an in-shoe pressure’s
measurement device which is portable, low cost,
and easy for clinical use, as well as to prove the other
one is to prove the correlation between the results
from our developed device and that of the standard

reference tool.

Materials and Methods

This descriptive and analytical study has been
approved by the Institutional Review Board, Faculty
of Medicine, Chulalongkorn University. The setting of
this study is the Excellence Center for Gait and Motion,

King Chulalongkorn Memorial Hospital.

Subjects

After the development, the correlation
between the result from our developed device and
that of the F-scan were studied. This study was
conducted on 30 healthy volunteers. All subjects had
no history of foot problems for at least 1 year before
the start of the study. Subjects were excluded from
the study, if they had the clinical signs of instability,
pathologic gait and problems related to locomotion.

Informed consent was given by all participants.

Measurement devices

This study used two devices for plantar
pressure measurement, i.e., our developed device
and the standard reference tool (F-scan). F-scan
(Tekscan Inc., Bostan, MA) is the in-shoe system,
which consists of a pair of thin-polyester film
with hundreds of force sensors inside. It is used
for accessing the plantar pressure, which appears
in shoes while moving. The developed device

(Figure 1) is an in-shoe system which has three force
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sensors on the important zones of foot biomechanics
for the plantar pressure measurement at the heel,
the 1% and 5" MTH during dynamic movement in real-
time. The concept of this measurement system is to
use the piezoresistive-insole-sensor to measure the

t.1%"% The collected

localized forces on the sole of foo
data from both left and right feet are sent to the left
and right waist boxes that contain the measuring
and low-pass filter circuits inside."” Then, the data
from both waist boxes are sent to the middle waist
box that helps to convert the analog signals into
digital. After several processes the outcomes of
the measurement system are still the digitalized data
that they will be linked wirelessly to a personal

computer via Bluetooth communication.

Method
In the initial test, we used the developed
device to measure the plantar pressure during

walking. In our test, a volunteer was asked to walk

Chula Med J

5 m with natural walking cadence.

The results of the test (Figure 2) showed the
relationship between weight (kg) and time (s). We can
observe the plantar pressure graphs of 4 steps of
walking in 6.00 s. The maximum force at the right and
left heels, the right and left 1 MTHs, the right and left
5" MTHs are 1.78 kg, 1.87 kg, 0.74 kg, 0.82 kg, 0.18
kg and 0.21 kg, respectively. These results are related
to the load distribution in the foot based on the foot
biomechanics; therefore, we can measure the higher
force at the heel more than any other parts. During
each step, we can observe that the plantar pressure
change started from the heel to the 5" MTH and the
1% MTH, respectively. These are consistent with the
walking rhythm, in which the heel is the 1% part to
touch the floor. After that, the graph of the plantar
pressure at the 1 MTH was changed because the 1
MTH was the last part to contact the floor before the

push off.

F 1w 1
Left _ Right
-ﬁ‘
waist box ) waist box )
Middle
waist box

 Left . Right

' Insole . Insole )

Figure 1. A simple portable device for plantar pressure measurement.
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Figure 2. The relationship between force and time.

Based on the initial study, it is confirmed
that our developed device can evaluate the plantar
pressure in real-time. The comparison of correlation
coefficients of plantar pressure measurement
between our developed device and F-scan were
determined by two separate training-sessions, which
are standing and walking ones. The plantar pressure
data of the heel, the 1* and 5" MTH were collected
during standing and walking. All subjects used
the same brand and design of shoes to avoid the

differences in personal foot wears.

Figure 3. The standard reference tool (F-scan).

During the standing session, the volunteers
stood in an anatomical position for an equal weight
balance, and then the data were recorded in 30
seconds. During the walking session, pressures were
recorded in 5 m that the collected data were excluded
the 1% step and the last step to avoid the steps that
were not natural. The average of 3 trials for each
session was recorded, and the plantar pressures
from both sessions were evaluated by the developed

device and the reference tool.

Figure 4. The measuring insole.
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Statistical analysis

The general data such as weight, age and
shoe sizes were expressed as mean * standard
deviation. Then the plantar pressure measurement
data were analyzed by using the SPSS version17
program. The comparison of the correlation between
the developed device and the F-scan were analyzed
as the ICCs with 95% confidence interval. P -value of

less than 0.05 was defined as significant.

Result

The subjects mean age was 25.87 £ 2.60
years (range: 22 — 32), mean weight was 55.87 +
11.73 (range 42 — 76); mean BMI was 20.28 £ 2.17
kg/m’(range: 17.63 —27.75); and the mean shoe size
was 33.77 £ 2.39 (range: 35— 43). The study drew a
comparison between the average plantar pressure
from our developed device and F-scan in standing
session (Table 1), percent of the total average were
34.71%, 35.69%, and 25.89% for the right heel,
5" and 1% MTH, and 33.63%, 39.51%, and 26.81%

Chula Med J

for the left heel, 5" and 1% MTH, respectively. In
walking session (Table 2), percent of the total average
were 30.19%, 37.98%, and 30.83% for the right heel,
5" and 1% MTH, and 29.87%, 35.51%, and 31.89%
for the left heel, 5" and 1% MTH, respectively.

For reliability analysis of 3 times of plantar
pressure in both feet in standing posture (Table 3),
the intra-class correlation coefficients (ICCs) with 95%
Cl were 0.641 (0.370-0.811), 0.466 (0.133 - 0.705),
and 0.721 (0.491 - 0.857) for the right heel, 5" and 1
MTH, and 0.727 (0.501 -0.860), 0.502 (0.179-0.727),
and 0.545 (0.235 - 0.754) for the left heel, 5™ and 1°
MTH, respectively. In walking (Table 4), the intra-class
correlation coefficients (ICC) with 95% Cl were 0.884
(0.771 - 0.943), 0.799 (0.620 — 0.899) and 0.878
(0.760 — 0.940) for the right heel, 5" and 1 MTH, and
0.826 (0.666 — 0.913), 0.796 (0.614 — 0.897), and
0.711(0.476 — 0.851) for the left heel,5" and 1 MTH,
respectively. These results showed high agreement

of data.

Table 1. Comparison between the average plantar pressure from our developed device and F-scan during

standing session.

Plantar [Nfcm®)
pressure

12.00 1063

==

10.00

8.00

6.00

4.00

4.00

0.00

B Ceveloped device
OF-scan

Reglon

Ri.SthMTH Rt 1st MTH

Lt Heel Lt. SthMTH Lt 1st MTH
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Table 2. Comparison between the average plantar pressure from our developed device and F-scan during

walking session.

Plantar {Nfom®
pressure # Developed device

OF-scan
12.00

" — | .95
10.00

8.00 | 594 66

sl a7

4.40

4.00 291

.00

0.00 Region

Rt Heel Rt.SthMTH Rt 1st MTH Lt Heel Lt. SthMTH Lt 1st MTH

Table 3. Comparison between measuring data from our developed device and F-scan during

standing session (statistical significant ot = 0.05).

Right Foot Left Foot

95% Confidence 95% Confidence
Parameter ICC Interval ICC Interval

Lower Upper Lower Upper

bound bound bound bound
Heel 0.641 0.370 0.811 0.727 0.501 0.860
5" MTH 0.466 0.133 0.705 0.502 0.179 0.727
1% MTH 0.721 0.491 0.857 0.545 0.235 0.754

Table 4. Comparison between measuring data from our developed device and F-scan during

walking session (statistical significant 00 = 0.05).

Right Foot Left Foot
Parameter ICC 95% Confidence ICC 95% Confidence
Interval Interval
Lower Upper Lower Upper
bound bound bound bound
Heel 0.884 0.771 0.943 0.826 0.666 0.913
5" MTH 0.799 0.620 0.899 0.796 0.614 0.897

1 MTH 0.878 0.760 0.940 0.711 0.476 0.851
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Discussion

As aresult, the average plantar pressure from
our developed device is observed to be lower than
the standard reference tool because the different
from the measuring insoles. The developed insoles
are thicker and softer than the F-scan’s insole;
therefore, loads are distributed over the developed
insoles more than the F-scan’s insoles. Since our
developed device measures only 3 parameters at the
heel, 5" MTH and 1° MTH, but F-SCAN can measure
all area of the foot so that the ICCs might not well
correlate. Nevertheless, the ICCs during standing
is 0.466 — 0.727. The ICCs during walking is 0.711 —
0.884, which trends toward good reliability,"?
particularly during walking. The preliminary testing
indicates that our developed device may be can used
to measure the plantar pressure in the clinical situation
without any standard reference tool. Additionally, our
developed device which spent 35,000 baht on
expenses of the invention is up to 17 times cheaper
than F-scan. So far, it saves up for the low-income
countries. In clinical uses, everyone will generally
benefit by occasionally using our developed devices.
Therefore, itis portable, light and easy to use, whereas
F-scan is complicated tool which only setin labs, and
needs special technicians to use.

However, the reliability and the accuracy
of our developed device need further improvement
to reach the level of the standard reference tool.
Furthermore, we will be continuing this study in the
pathologic gait. These plans are likely to result in

lasting benefit to the whole of clinical foot care.

Conclusion

Based on the study, the developed device

Chula Med J

trends toward in a good reliability to the standard
reference tool. Thus, there is a good possibility
that our developed device is appropriates for
foot screening in clinical foot care. Moreover, our
developed device can achieve the aim of this study

at lower cost and easier for use.
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