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Abstract - Different adults with different ethnicity may show differences in foot morphology and tend to have different foot 
shape characteristics. This study aims to study and compare the dimensions and shapes of foot length, foot breadth and ball 
girth circumference of different ethnic groups, mainly Malay, Chinese and Indian in Malaysia. This is part of the study was 
carried out for a preparation for the development of a new standard shoe sizing system Malaysian women. A total of 1,210 
women aged between 20 and 60 participated in this study and 3D INFOOT scanner high types were used to collect the data 
of the relevant foot dimensions used for the study. Using one-way analysis of variance (ANOVA), the results obtained 
showed that the differences among the ethnic groups were significant at p <0.05. 
 
Keywords - Ethnic differences; foot dimension; foot shape; Malaysian women 

 
I. INTRODUCTION 
 
Shoes play a major role in fashion (Butdee & 
Tangchaidee, 2008) besides for everyday standing 
and walking (Goonitelleke & Weerasinghe, 2013). 
Many experiments have been carried out to improve 
the materials, design, and technique of shoe making 
to ensure that shoes are better fit to the shape of the 
feet (Charlotte, 1997). A pair of comfortable shoes 
should be characterized by the right fit, the suitability 
of the shape of the shoes to the shape of the feet, 
resulting in the right shoe size (Ozkan, 2005). Castro 
(2010) reported wearing inappropriate shoes can 
cause dorsal exostosis of the first metatarsal bone or 
the tarsometatarsal joint, claw- or mallet-toe 
deformities of the second toe, claw deformity of the 
third toe, plantar and between-toes callosities and 
metatarsalgia.  Wearing the wrong shoe size will 
invite the human pain and disability and will cost 
with hospitalization, surgeries, and rehabilitation. 
Women’s foot structure tend to be unique where it is 
smaller and shorter, narrower at the heels, and smaller 
achilles tendons  Drinkwater, 2000; Telfer & 
Woodburn, 2010; Krauss et al., 2013). Saghazadeh, 
Kitano & Okura reported that the first toe angle of 
women’s feet is lower than that of men’s. 
(Saghazadeh, Kitano & Okura, 2015). From the 
information above, a pilot survey was conducted on 
309 adult Malaysian women and the result showed 
that 60.3% of the women felt that they did not have 
enough choices in choosing a suitable shoe size while 
66.3% faced difficulties in choosing the right fitting. 
The reason was because 72 % of them have problems 
in their foot shape especially on the ball girth and foot 
breadth. Human foot shape is used as important 
measure to produce good fitting shoes that provide 

comfort (Kouchi, 1995). Previous studies have shown 
that there exist anthropometric characteristics of adult 
foot between different ethnic groups (Manna et al, 
2001; Ahmed et.al, 2013).  Some indicated that ethnic 
or sub groups of adults’ foot have differences in foot 
morphology (Chiroma 2015, Jung, 2001). Lee et al. 
(2015) reported that different ethnic groups tend to 
have different foot shape characteristics. Since 
Malaysia is a multi-racial and multi-ethnic country, it 
is expected to show these differences in 
characteristics (Karmergam, 2011, Joseph, 2014).  
A quantitative analysis of foot anthropometry is used 
to estimate the proportions and measurements of the 
human body. This analysis is widely used in the study 
of ergonometric, anthropology and forensic science 
(Chiroma, 2015, Ezenatein, 2008). Several studies 
have used anthropometry to identify foot shape 
(Lee,Lin & Wang, 2011). Four different methods 
were used, including calliper, foot scanner, Haris mat 
and digital foot print, to collect foot dimensions. 
Telfer (2010) used the three dimensional (3D) 
scanner as an anthropometric measurement and 
assessment of the foot to measure and design 
customized foot orthotics and footwear. Several flaws 
appear to be prominent for these 1D and 2D 
measurements. Taking measurement seems difficult 
and the interpretation of certain parts of the human 
body proves to be no easy task. (Telfer & Woodburn, 
2010; Novak et al., 2014). Witana 2003,  pointed out 
that there is a dimensional error between the 
unconstrained foot and the shoe that indicates the 
quality of fit where 2D measurement is concerned. In 
this study, automated anthropometry using 3D foot 
scanner was used to compare the characteristics of 
footdimension between three major ethnic groups in 
Malaysia, which is Malay, Chinese and Indian. The 
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purpose of this study is to compare the foot 
dimensions and characteristics of foot length, foot 
breadth and ball girth circumference among the three 
ethnic groups in Malaysia based on the problems 
facing by them as mentioned above. From the result 
the new standard shoe sizing system will be 
developed based on the originality of Malaysians’ 
foot shape and replace the current shoe sizing adopted 
from UK and US. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Ethical approval and consent 
This research work has been conducted in accordance 
with the declaration of Helsinki and has been 
approved by the University of Malaya Research Ethic 
Committee (UMREC) with reference number: 
UM.TNC2/RC/H&E/UMREC-49. All participants 
were provided with written informed consent prior to 
participating in this research study. 
 
2.2. Participants 
Malaysia is a multi-racial and multi-ethnic country 
(Rosnah & Sharifah Norazizan, 2009). Malaysian 
citizens are generally categorized into three major 
ethnic groups - Malay, Chinese and Indian 
(Karmergam, 2011; Joseph, 2014). Based from 
Malaysian statistic 2010, 59.2% of the population 
was Malays within the ages of 20 to 60, while 31.2% 
were Chinese and 9.6% were Indians (Statistic of 
Malaysian population, 2010). Since foot shape is 
different for each ethnic group, participants from all 
three major ethnic groups took part in this study. Of 
the 1,210 participants, 710 were Malays, 368 were 
Chinese and 132 were Indians. The age of the 
participants ranges from 20 to 60 years old and the 
average age for Malay participants was 37.36 ± 10.96 
years, for Chinese participants was 37.24 ±12.97 
years, and for Indian was 36.91± 12.35 years. The 
mean of stature and body height was 155.97 ± 
7.41cm and 62.54 ± 28.89 kg, respectively. The data 
was collected for two years, from December 2013 to 
December 2015. The subjects chosen do not have 
history of visible foot abnormalities or foot illnesses. 
 
2.3. Experimental Design 
The INFOOT 3D foot scanner was used (INFOOT 
high type scanning system, I – Ware Laboratory Co. 
Ltd. Japan) to collect foot dimensions. The cross 
sectional data was measured in 1.0 mm interval for 
the whole foot area including the sole (Lee, Lin & 
Wang, 2014). The accuracy of the foot scanner was 
within 1.0 mm (Kouchi and Mochimaru 2001). 
Before scanning process, the subjects were required 
to sign a voluntary consent form and fill in the 
detailed information prepared based on ISO 15535 
(General requirements for establishing 
anthropometric databases). In this study, five bones’ 
landmark position was chosen as shown in Figure 1. 
Telfer and Woodburn (2010) recommended that the 

foot dimension should be taken based on anatomical 
landmarks that are independent of the registration 
process.  The landmark chosen as markers are 
Tentative Junction Point, Sphyrion Fibulare, 
Metatarsal Fibulare (MF), Metatarsal Tibia (MT) and 
Sphyrion. A total of 17 foot dimensions were 
captured from the INFOOT scanner. They are (1) 
Foot length, (2) Foot breadth, (3) Ball girth 
circumference, (4) Instep length, (5) Fibulare instep 
length, (6) Instep circumference, (7) Heel breadth, (8) 
Height of top of ballgirth, (9) Height of instep length, 
(10) Toe#1 angle, (11) Toe#5 angle, (12) Height 
sphyrion fibulare, (13) Height sphyrion, (14) Angle 
of heel born, (15) Heel girth circumference, (16) Calf 
circumference, and (17) Horizontal calf 
circumference. The left foot was selected for 
measurement as per recommendation of the 
international agreement for paired measurements at 
Geneva (1912) ( Dhaneria et., al 2016). Of these 17 
foot dimensions, only 3 were used to compare the 
difference in characteristics of foot shape among the 
three ethnic groups which are foot length, foot 
breadth and ball girth circumference. Before 
collecting the data, the researchers were trained by an 
expert, Makiko Kuichi from National Institute of 
Advanced Science and Technology, Japan to ensure 
that the landmark position is correctly pasted on the 
subjects’ foot. Before analysis, the accuracy and 
reliability tests by repeated measure were carried out 
on a small group of volunteers (60 subjects); errors in 
measurement were below 1% where it was 0.28% for 
the length and 0.95% for the circumference. Results 
of the reliability test were between  93.3% to 98.3%. 
For the three foot dimensions, the distributions were 
normal. 
 

 
Figure 1: Position of five landmarks using makers 

 
2.4. Statistical analysis  
The IBM SPSS, Statistics for Windows version 20 
was used for data analysis. Kolmogorov-smirnov (K-
S) test was used to check the normality of the data 
and to obtain the values for statistical analysis for 
accuracy and reliability.  Analysis of variance 
(ANOVA) was used to compare the differences of the 
3 foot dimensions between the 3 major ethnic groups. 
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III. RESULTS AND DISCUSSION 
 
3.1. Results for Ethnic groups  
The result of the comparison between the foot 
dimensions among three ethnic groups is presented in 
Table 1. It is obvious that the Indians have slightly 
longer foot length compared to Malays and Chinese 
by about 2mm. The results show that the Malays 
obviously have highest ball girth compared to 
Chinese and Indian, with a difference of 17.5mm. 
The Malays also have wider foot breadth compared to 
Chinese and Indians by 9 mm. The results also show 
that foot length did not differ much in terms of 
measurements between the ethnic groups compared to 
foot breadth and ball girth circumference which have 
larger difference in measurement. 
 

 
Table 1: Descriptive statistic of 5 foot dimensions for 3 ethnic 

groups 
 
3.2. Comparison FL, FB and BG for three ethnic 
group 
The three foot measurements are present in polygon 
mesh image. Foot length (FL) was measured as the 
distance from the most posterior point of the heel 
(pternion) to the most anterior point of the second 
(acropodion) in millimetres by INFOOT scanner 
(Dhaneria, 2016). The foot breadth was measured 
from a straight distance from the most medially 
placed point on the head of the 1stmetatarsal to the 
most laterally placed point located on the head of the 
5th and ball girth circumference was also measured 
passes over the meta tarsal tibiale and the meta tarsale 
fibulae, the height was measured as a vertical 
distance from the vertex to the bottom of the foot 
(Shugabha,2013).Three parameters, FL, FB and BG 
for the three ethnic groups were measured using 
INFOOT 3D scanner and are shown in Figure 2,3 and 
4. Figure 2 show 3D foot model for each of foot 
measurement. Indian has the longest foot length 
compare Malay and Chinese(269.6 mm). While 
Malay has wider FB (116.45 mm) show in figure 3 
and Malay has wider BG (280.3 mm) show in figure 
4 compare Chinese and Indian. From these images, it 

can provide clear foot shapes which are very 
important in determining foot size. 
 

 
Figure 2: Comparison of 3D FL measurement for three ethnic 

group 
 

 
Figure 3: Comparison of 3D measurement of wider FB for 

three ethnic groups 
 

 
Figure 4: Comparison of 3D measurement of wider BG for 

three ethnic groups 
 
Table 2 shows the results of ANOVA test to compare 
the differences of the 3 foot dimensions between the 
3 major ethnic groups. The results clearly showed the 
significant differences among ethnic group with 
p<0.05. Table 3 also shows the Post hoc Tukey test 
which shows that only the foot length was 
significantly different between all the ethnic groups. 

Chinese FB = 107.4 mm 
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In regard to the ball girth, significant differences were 
found between Chinese and Malays (p<0.05), but, no 
significant differences were noted between all 3 
ethnic groups. Meanwhile, there was a significant 
differences in the foot breadth of Malays against 
Chinese and Indians (p<0.05). However, there was no 
significant difference between the Chinese and 
Indians. The Post hoc Tukey test showed that there 
exists a significant different between all the ethnic 
groups for FL, FB and BG. This result can help the 
footwear industry to produce shoes which meet 
customer demands. 
 
3.3. Discussion 
This study demonstrated the importance of foot 
characteristics and dimensions among the 3 ethnic 
groups in Malaysia. Many previous studies were 
conducted to compare the differences between foot 
shape characteristics in terms of measurement. 
Kouchi (1998) analyzed foot shape characteristics to 
identify any differences based on ethnic background. 
Kouchi found that there were many similarities 
between the Japanese foot and the Indonesian foot 
compared to the Caucasoid’s or Australoid’s. The 
Japanese typically have wider foot length compared 
to the Caucasoid’s and Australoid’s, but a smaller 
foot length for height than those of Southeast Asians 
and Africans (Kouchi, 1998). These differences can 
be traced back to genetic and environmental factors. 
In terms of differences in foot shape characteristics 
between North Americans and East Asians (Japan & 
Korea), results showed that East Asians have longer 
foot axis and less acute angled in the forefoot. 
Meanwhile, foot breadth was significantly different in 
the forefoot shape for both ethnic groups (Lee & 
Wang, 2015). 
 
However, no studies has been carried out to 
determine the different foot shape characteristics 
between foot length, foot breadth and ball girth 
circumference among the adult women population in 
Malaysia using the 3D foot scanner. Rosnah, Rizal & 
Sharifah (2009) conducted a research comparing the 
anthropometric dimensions between the various 
ethnic groups in Malaysia only for elderly. 
Karmegam (2011) found that in Malaysia, Indian 
women have longer foot length compared to the 
Malays. At that time, the measurements were 
manually taken.  This study also proved that the 
Indian female foot length is slightly longer than the 
Malay and Chinese females foot length. Meanwhile, 
between the 3 ethnic groups, Chinese was found to 
have the shortest foot length among the 3 ethnic 
groups and this finding was supported by Onuoha, 
Okafor & Oduma, (2013). They compared foot 
dimensions between four different ethnic groups - 
Nigerian, Malay, Chinese and Indian – which showed 
that Chinese have shorter foot length compared to the 
rest. Foot breadth is very important in identifying the 
distinctive foot fit (Hong, 2011). Similar to our 

findings, Onuoha, Okafor & Oduma (2013) also 
found that Malays have wider foot breadth compared 
to Chinese, Indians and Nigerians. The significant 
differences in foot dimensions among the ethnic 
groups prove that it is vital to define Malaysian 
women foot dimension data to determine the proper 
shoe size for the ideal shoe design. Overall, to 
compare the characteristics of foot shape among the 3 
ethnic groups in Malaysia, Indians have the longest 
foot length, a smaller foot breadth and low girth 
compared to the Malays and Chinese. This indicates 
that, Indians have slim foot characteristics. 
Meanwhile, Malays have wider foot breadth and high 
ball girth circumference. On the other hand, Chinese 
have shorter foot length but relatively wider foot 
breadth when compared to the Indian. Furthermore, 
minor differences in foot shape must be incorporated 
into designing shoes in order to provide fit and 
comfort.  
 
From the pilot survey, it is found that Malay women 
face more problems when buying shoes due to the 
problems in foot breadth and ball girth. Comfortable, 
safety and satisfaction are the necessary 
characteristics to be considered when wearing shoes. 
However, poor fitting will invite foot deformities 
such as chafing, blistering, black toes, bunions, pain 
and if the shoe is too tight, it will produce pressure 
and tissue compression on the foot, leading to 
discomfort for the wearer (Herbaut,2016). Previous 
study by Menz & Morris (2004) on 356 women 
between aged 20 to 60 years show that 88% of the 
people wore shoes narrower than their feet. Problems 
on foot breadth and shoe breadth were also likely to 
make them suffer from foot problems. 
 
CONCLUSIONS 
 
In conclusion, we found that there were significant 
differences in all foot dimensions across all ethnic 
groups. The results obtained using one-way ANOVA 
showed that the differences among the ethnic groups 
were significant at p <0.05. The Post hoc Tukey test 
depicted that only the foot length was significantly 
different between the ethnic groups. As for the ball 
girth, the significant difference was noted between 
Chinese and Malay women (p<0.05). There was no 
significant difference found when ball girth 
dimensions of Indian women were compared to the 
Malay and Chinese women. Meanwhile, there was a 
significant difference in the foot breadth of Malay 
women as compared to the Chinese and Indian 
women (p<0.05), but no significant difference 
between Chinese and Indian women. Indian women 
were found to have slightly longer foot length than 
the Malay and Chinese women, while Malay women 
were found to have higher ball girth and wider foot 
breadth compared to the Indian and Chinese women. 
It was noted that Chinese women have slimmer foot 
shape compared to Malay and Indian women.  
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The results obtained are very useful in providing the 
information and guidelines in the process of 
developing the new standard shoe sizing system for 
Malaysian women.The differences in foot 
characteristics between the 3 ethnic groups will be 
used and considered in the development of the 
Malaysian standard shoe sizing system. It also can 
help the footwear industry in producing shoes 
according to these foot characteristics to meet 
customers demand. 
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