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Abstract

In this study we used the INFOOT USB 3D scanning system (I- Ware Laboratory Co., Ltd, Japan) to
collect foot size data measurement. Based on this study, we used five measurement definitions based
on their anatomical landmarks: foot length, ball girth, instep length, foot breadth, and fibulare instep
length. The reliability and accuracy of the observers were evaluated using intra- and inter- observer
errors measurement. Accuracy of the measurement is based on Technical Error Measurement (TEM).
A TEM value of less than 2 mm for the determined landmarks is considered accurate and consistent.
Result from the experiment showed that the reliability is between 93.3% and 98.3%, respectively thus,
foot-landmarking was consistent and reliable. We hope to develop a new shoe sizing system based on
the Malaysian women’s foot sizes and shapes, and to replace the current sizing system used in the
country. This research will eventually advocate the interest and needs of shoe manufacturers to
produce women footwear based on the new sizing system and ensure customer satisfaction for shoe
size and shoe fitting.

Keywords: Foot size, foot landmarks, 3D foot scanning technology, Malaysian women, Footwear
sizing system

1. Introduction

Malaysian women face problem of getting the right size when buying shoes. This is mainly because
Malaysian women have unique foot shapes, particularly at the girth and width part [1]. Lee [2] stated
that there exists intrinsic foot shapes among different people living in different countries. Currently,
Malaysia is using the ISO 9407 [3] Mondo-Point system of shoe sizing and marking.

A survey was conducted among 300 Malaysian women to determine the problem faced in terms of
shoe sizing. The purpose of this study was to understand the real issue of shoe fitting and shoe sizing.
Since ethnicity influences the foot shapes [4], all three major ethnic groups (Malay, Chinese and
Indian) were taken into consideration. The age of subjects in this study ranges from 20 to 60 years old.
Age determines the growth of human foot [5]. During childhood period, the growth of a child’s feet is
about half an inch a year until he or she is 10 years old. Foot growth reaches maturity around 19 to 20
years old. After 20 years of age, the growth of foot will cease [5, 6].

The result from the survey showed that 60.3% of Malaysian women did not have ample choices in
choosing comfortable shoe size while 66.3% were dissatisfied and faced difficulties in choosing the
right shoe size. As there is no guarantee in comfort, most of them were uninterested in getting different
type of shoes. In addition, more than two-third of the surveyed subjects preferred a change in the
current shoe size standard and agreed that the country should have a newly-developed standard for
shoe sizing system used in the country.
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This survey clearly demonstrated the severity of shoe sizing problem faced by Malaysian women.
However, to the best of the author’'s knowledge, this problem has yet to be addressed.

As such, it timely to introduce a new shoe sizing standard which conforms to the originality of
Malaysian women’s feet shape for comfort and health reasons. The new standard for shoe sizing
system suits the local population better and is hoped to replace the current sizing system. A good
sizing system contributes to shoe lasting and brings more profit for shoe manufacturer [2]. It is hoped
that the findings from this study will help to transform footwear manufacturer in Malaysia in becoming
the pioneer in shoe sizing among Asian countries and produce quality women’s footwear. The usage of
new standard for shoe sizing system will certainly improve the market needs for footwear business in
Malaysia.

2. Method

2.1. Subjects

The total number of subjects in this study was 223 Malaysian women. Subjects were divided into
different work categories. This survey focused on long hours working women (wearing shoes for more
than 8 hours per day, i.e. nurses, waitresses, sales girls and factory workers), less than 8 hours
(working in office such as academic staffs and students) and those wearing their shoes for less than 3
hours per day (housewives).

2.2. Equipment

The INFOOT 3 dimensional foot scanner (Infoot high type scanning system, | — Ware Laboratory Co.
Ltd. Japan) was used to collect the foot dimensions. This high type INFOOT scanner has 6 lasers and
12 cameras. The high type INFOOT scanner can capture images of the foot until the calf area. It scans
the foot form and anatomical landmark points, measuring almost 20 measurements using landmarks
automatically.

2.3. 3-dimensional Infoot scanner experiment

Before being scanned, subjects were required to complete a survey form. This form was adopted from
ISO 15535 (General requirements for establishing anthropometric databases) with some amendments
for the local requirements. The survey form contained bio data of the subjects, current shoe size as
well as comments regarding the sizing problems. Subjects were then briefed about the experiment and
weight measurements were taken in accordance to standard procedure. Before stepping into the foot
scanner, foot was cleansed using sprayed with ethanol on tissue. Ethanol is used as a cleaning
medium to ensure that the foot arch surface is clean from dust which might introduce noises and
disturbances during scanning.

Researcher touched and identify the exact position of the bones to place the landmarks related to foot
length, ball girth circumference, instep fibulare, foot breadth and fibulare instep length. These five
landmarks defined the body dimensions as well as the anatomical correspondence between two
different body scans to create a homologous model for the foot [7]. Subject is required to step into the
scanner with one of their feet (left or right) touching the glass plate inside the scanner while the other
foot outside the scanner should be parallel with it. Subjects stood in a relax position and body weight
should be distributed equally on both feet. No movement was allowed until the scanning process is
done. The glass plate was cleaned with ethanol and the whole process was repeated for the other foot.

A total of fifteen foot dimensions were retrieved by the scanner: foot length, ball girth circumference,
foot breadth, instep circumference, heel breadth, instep length, fibular instep length, height of top of
ball girth, height of instep, toe # 1 angle, toe # 5 angle, height of navicular, angle of heel bone, heel
girth circumference and foot size. However, we were only interested in five dimensions for foot size
estimation as suggested by Kouchi (personal communication). All measurements were in millimeter
and were converted into 3D models automatically. Data were printed out and kept for record purpose.
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2.4. Accuracy of measurement - Technical Error Measurement (TEM)

Technical error measurement is the mean of identified accuracy of measurement representing the
measurement quality and control [8]. Technical error measurement (TEM) includes both inter- and
intra— error measurements. On the other hand, inter- measurer technical error is defined as the
differences between a minimum number of two observers taking the same landmark on the same
subjects with a minimum of 40 subjects [7].

The intra- observer technical error measurement (TEM) is based on the formula:
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The procedure for inter- observer technical error measurement calculation is the same as intra-observer
TEM [8]. However, for inter- observer TEM, the d;is the difference between the measurements from the
first and second observer on the same subject.

The inter- observer technical error measurement (TEM) is based on the formula:
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N = 60 samples
d = difference of measurement from first observer and second observer
VAV = Variable average value

(1% + 2" measurement) / 2
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N should be more than 40 subjects based on ISO 20685:2010.(M.Kouchi, personal communication).

2.5. Reliability

Intra- measurer reliability is defined as a measurement technique assessing the intraclass correlation
coefficients (ICC) and standard error of measurement (SEM) [9]. Reliability test is also defined as a
dependent variable measured as precisely as possible [10] and it shows the consistency of the result
produced from an experiment [11]. Reliability is also refers to the consistency or the repeatability of a
measure [12].

Bland and Altman [14] plots were in this study to calculate the reliability. This plot can be used to
provide an illustration of the spread of differences in readings, the mean difference and the upper and
lower limit of agreement for both intra- and inter- observer reliability [13]. The mean difference between
the first measurement and second measurement was plotted. Possible relationship between the
measurement error and the true value of the measurement were investigated, thus providing
information to assess the magnitude of disagreement, to spot outliers and to see if there is any trend
such as the increase of the difference for high values. Most differences on the x-axis are expected to lie
between d — 2z and 4 + 2= (or more precisely, between 4 — 1.96z and g + 1.96=) and these can be
referred as “the limits of agreement”.
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Bland and Altman [14] stated that high correlation between two methods does not mean an agreement
as the correlation measures the strength of the relation between two variables and not the agreement
between them. In addition, high correlation can be produced by the data which seem to be in poor
agreement too. It is also depending on the range of the true quantity of the sample. If the quantity is
wide, the correlation will be greater as compared to if the quantity is narrow.

3. Result

3.1. Technical Error Measurement (TEM)

The results from observer 1 and observer 2 technical error measurements were shown in Table 1.
TEM values of less than 2 mm for foot dimensions suggested that the measurements by both
observers for determined landmarks are accurate and consistent [15].

Table 1: Result for Technical Error Measurement

Foot Measurement Intra-observer 1 Intra-observer 2  Inter-observer TEM
TEM (mm) TEM (mm) (mm)
W IN Wy IV Wy 2N
Foot length (Left foot) 0.6551 1.053249 1.096054
Ball Girth circumference 1.3457 1.764889 1.970575
(Right foot)
Ball Girth circumference 1.2540 1.669281 1.463102
(Left foot)
Foot breadth (Right foot) 0.7799 1.059796 1.216141
Foot breadth (Left foot) 0.7898 1.201492 0.597355
Instep length (Right foot) 1.2600 1.401993 1.75069
Instep length (Left foot) 1.2716 1.586873 1.790577
Fibulare Instep length 1.0028 0.919511 1.972477
(Right foot)

3.2. Bland - Altman analysis for reliability test

Table 2 showed the final result for intra observer 1 and intra observer 2. The result demonstrated high
percentage of agreements for observer 1 (93.3% and 98.3%). Meanwhile intra observers 2 also
showed relatively high percentage of agreement (95.0% and 98.3%). Using the Bland Altman plots, it
is suffice to say that the reliability is in between 93.3% to 98.3%.The reliability of foot landmarking
between the two observers was consistent and reliable. Marquez [11] claimed that different people
performing different task of experiment will affect the result of reliability testing.
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Table 2: Result for reliability test

NO: Foot Measurement Intra-observer Intra-observer Inter-observer
1 2 Reliability (%)
Reliability (%) Reliability (%)

1 Foot length (Right foot) 93.3 95.0 93.3

2. Foot length (Left foot) 95.0 96.6 96.6

3. Ball Girth circumference 96.7 98.3 93.3
(Right foot)

4. Ball Girth circumference 95.0 96.6 95.0
(Left foot)

5. Foot breadth (Right foot) 96.7 96.6 98.3

6. Foot breadth (Left foot) 95.0 96.6 95.0

7. Instep length (Right foot) 96.7 98.3 96.6

8. Instep length (Left foot)

93.3 96.6 95.0
9. Fibulare Instep length 98.3 96.6 98.3
(Right foot)
10. Fibulare Instep length 96.7 95.0 95.0
(Left foot)

4. Conclusions

The study concluded that the accuracy and reliability of foot landmark using 3D foot scan
measurement was excellent as the results produced by the two observers were consistent and
reliable. Further study will be carried out for the development of new standard shoe sizing system
using the 3D foot scanner. It is hoped that the newly developed standard will overcome the
dissatisfaction and uncomfortable problems of shoe sizing faced by Malaysian women.
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