
Original Article JCMCTA 2020 ; 31 (2) : 65-68

65

Abstract
Background: Foot dimensions show variations between 
ethnic groups. Anthropometric study of foot dimensions of 
various ethnic groups is required to establish the ethnic 
identity of an individual. It also helps in accurate design-
ing of workstations, equipment, footwear, orthotics, in-
soles, prosthetics etc.The aim of this study was to compare 
the foot dimensions of Bangalee and Chakma females of 
Bangladesh to find out their unique ethnic characteristics.

Materials and methods : It was a cross sectional, obser-
vational study. Two hundred Bangalee and two hundred 
Chakma adult females were recruited from Chattogram 
city. Height and foot dimensions of the participants was 
taken with a measuring tape and slide caliper.

Results: The foot length of Bangalee and Chakma females 
were 22.91 ± 0.79 cm and 23.11 ± 0.78 cm respectively. 
The foot breadth of Bangalee and Chakma females were 
8.55 ± 0.40 cm and 9.22 ± 0.48 cm respectively.The t test 
showed statistically significant difference between adult 
Bangalee and Chakma females in terms of FL (Foot 
length) and FB (Foot breadth). The foot height of Bangalee 
and Chakma females of Bangladesh were 6.38 ± 0.55 cm 
and 6.32 ± 0.39 cm respectively. FH (Foot height) showed 
no significant difference between the ethnic groups.

Conclusion: The results of this study should be useful in er-
gonomic design and forensic investigations.

Key words : Foot dimensions; Bangalee; Chakma; Foren-
sic and ergonomics.

Introduction
Anthropometry is the study of morphological var-
iations in populations which is obtained by sys-
tematized measuring techniques.Determination of 
ethnic identity has always been a major concern 
for forensic experts, archaeologists and biologists. 
Metric analysis is a proven and useful tool for that 

purpose. An individual's ethnic connection can be 
assessed by comparing anthropometric data from 
other populations.1,2 The advent of modern tech-
nologies have enabled better metric analysis and 
preservation of huge amount of morphological in-
formation.These anthropometric data can be used to 
design tools, equipment, workstations etc to ensure 
well-being, comfort and safety in working places.3

Foot is a complex and multi-segmented structure. 
Foot requires to absorb shock and mold itself ac-
cording to the actions it performs and the support-
ing surfaces on which it performs the actions. 
These functional demands may contribute to struc-
tural abnormalities and injury of foot.4 Anthropo-
metric measurements have been applied often in 
clinical settings to offer insight into those prob-
lems. In modern society, footwear became a ne-
cessity as well as a fashion accessory. Inaccurately 
designed footwear is acknowledged as the leading 
cause of foot pain and deformity. These problems 
are also relevant to Bangladeshi women. Quantita-
tive assessment of foot is important for designing 
footwear, orthotics, insoles and prosthetics.5,6 
98 percent of the Bangladeshi population is com-
prised of the Bangalee ethnic group. The Chakma-
s residing in the Chittagong Hill Tracts are the 
second largest ethnic group of Bangladesh after 
Bangalees.7,8 Though evaluation and comparison 
of foot morphology is important for identification, 
designing and treatment purposes, there is limited 
information to bridge these gaps regarding the fe-
males of Bangalee and Chakma ethnic groups of 
Bangladesh. So, females of these two ethnic 
groups were chosen for present study to evaluate 
the differences in their foot dimensions.

Materials and methods
This was an observational, cross sectional study 
that included 200 Bangalee and 200 Chakma adult 
females of 18 to 44 years of age, residing at differ-
ent locations of Chattogram city. Each participant 
was asked to stand upright so that each foot would 
carry 50% of the body weight. A steel  board was 
placed on the head and the maximum height was
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marked on the wall. The stature was then meas-
ured in centimeters from the floor to the mark on 
the wall with measuring tape. Weight of the sub-
ject was measured by weighing machine and 
Body Mass Index (BMI) was calculated. Those 
who had a history of operation or deformity of 
lower limb, any genetic, endocrine, neurological 
disorders and a BMI > 24.9 kg/m2 or <18.5 kg/m2 
were excluded from the study. Then each selected 
participant was measured for right and left feet. 
The data from both feet were pooled for statistical 
analysis of foot variables. Foot Height (FH) was 
measured from the most prominent point of medi-
al malleolus of the tibia to the sole of the foot 
along the medial aspect of the leg by using a 
measuring tape.9 Foot Length (FL) was measured 
along an imaginary line drawn from the posterior 
prominence of the heel, to the tip of the longest 
toe. In some people, the first toe is the longest, in 
other people, the second toe is the longest.9 Foot 
Breadth (FB) was measured as the distance be-
tween the most medial points on the head of the 
first metatarsal to the most laterally placed point 
on the head of the fifth metatarsal.9 A manual slid-
ing caliper was used to measure all the foot dimen-
sions. SPSS software was used to analyze the data. 
Necessary permission was obtained from the con-
cerned department and ethical review committee 
before the study.

Fig 1 : Diagrammatic representation of selected foot meas-
urements (Source: Modified from Parham et al. 1992; 32-
33).*10 FH-Foot Height FL-Foot Length DORS-Height of 
the Dorsum FB-Foot Breadth.

Results
Table I showed the demographic characteristics of 
the subjects of the both ethnic groups under evalu-
ation. The mean value of age, weight and BMI of 
the Bangalee females exceed that of the Chakma 
ethnicity by 1.22years, 0.72 kg and 0.4 (kg/m2)  
respectively. In respect of mean height, the Chakma 
females exceed the Bangalee females by 0.42 cm. 
In all the four categories, differences between 
means were not significant. 

Table I : Comparison of demographic characteristics of 
Bangalee and Chakma ethnic groups.

Table II presents the mean, standard deviation and 
ranges of selected foot variables of Bangalee and 
Chakma adult females. The Chakma females have 
greater mean values for all variables than Banga-
lee females except for foot height.

Table II : Descriptive statistics of selected foot variables 
of Bangalee and Chakma adult females.

l FH-Foot Height  DORS-Height of the dorsum at 
50% foot length  FL-Foot Length   FB-Foot Breadth. 
Min-Minimum, Max-Maximum.

Table III presents the comparative analysis of foot 
variables between Bangalee and Chakma adult fe-
males. The t test significance showed highly sig-
nificant difference in case of FB (Foot Breadth). 
FL (Foot Length) presented significant differences 
in mean values whereas in FH (Foot Height) adult 
Bangalee and Chakma females showed no signifi-
cant difference.

l NS (p > 0.05) = Not significant, (p < 0.05)* = 
Significant, (p < 0.001)*** = Highly significant. 

l FH-Foot Height, DORS-Height of the dorsum at 
50% foot length, FL-Foot Length, FB-Foot 
Breadth, SED-Standard Error of Difference be-
tween means, CI- Confidence Interval.

Variable	 Bangalee (n=200)	 Chakma (n=200)	 t value	 Significance
	 	 	 	 (2 tailed)
	 Mean	 SD	 Mean	 SD	 	

Age (Yr)	 27.46	 7.36	 26.24	 8.1	 1.5765	 0.1157 NS
Height (cm)	 155.03	 5.41	 155.45	 4.78	 0.8228	 0.4111 NS
Weight (kg)	 50.69	 6.08	 49.97	 6.78	 1.1181	 0.2642 NS
BMI (kg/m2)	 21.46	 2.08	 21.06	 2.38	 1.7897	 0.0743 NS·	

BMI-Body Mass Index, NS-Not Significant.

Variables (cm)	 Bangalee (n=200)	 Chakma (n=200)
	 Mean	 SD	 Range	 	 Mean	 SD	 Range
	 	 	 Min.	 Max.	 	 	 Min.	 Max.

FH 	 6.38	 0.55	 4.95	 8.30	 6.32	 0.39	 4.75	 7.45
FL 	 22.91	 0.79	 19.95	 25.15	 23.11	 0.78	 20.30	 25.00
FB 	 8.55	 0.40	 7.25	 9.70	 9.22	 0.48	 8.00	 10.55

Table III : Comparison of selected foot variables between 
Bangalee and Chakma adult females.

Variables	 Difference of	 SED	 95% CI of 	 t value	 Significance
	  means of  	 	 differences	 	 (2 tailed)
	 study groups
	 	 	 Lower	 Upper	 	

FH 	 0.0573	 0.047	 -0.036	 0.1506	 1.2068	 0.2282 NS
FL 	 0.2021	 0.078	 -0.3495	 -0.0427	 2.5127	 0.0124*
FB 	 0.6708	 0.044	 -0.7577	 -0.5838	 15.1729	 0.0001***·	
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Discussion
Three dimensions of the foot including height and 
weight of the subjects were measured. In the pres-
ent study, the age range of the participants was 
kept within the range of 18-44 years. Foot growth 
usually ceases between 13 to 15 years of age in 
females.11 Minimum age of all the subjects select-
ed was set at 18 years (Instead of 15) to allow for 
any growth that may happen prior to that age. It 
was observed that the frequency of structural foot 
disorders among adults over 50 years of age was 
high and menopause leads to loss of bone mass.12 
So, the maximum age of the participants was set 
at 44 years to exclude those issues. Obesity is as-
sociated with detrimental changes to foot structure 
and function. Obese women show increased fore-
foot width which is indicative of laxity of liga-
ments.13 This effect of obesity on foot structure 
was taken into account on setting the BMI of the 
participants within the World Health Organization 
approved range of 18.5-24.9 kg/m2.14 
The foot height of Bangalee and Chakma females 
of Bangladesh were 6.38 ± 0.55 cm and 6.32 ± 
0.39 cm respectively. The difference was not stat-
istically significant (p = 0.2282). Similarity in 
height and lifestyle may have played a role. The 
results for Bangalee and Chakma females of Ban-
gladesh were compared with the females of West 
Bengal and Thailand respectively as they share 
similar ethnicity. The reported foot height were 
6.77±0.56 cm for left foot and 6.87±0.53 cm for 
right foot in the females of West Bengal.15 The 
foot height of the Thai females were 7.75±0.53 
cm for right foot and 7.75± 0.55 cm for the left 
foot.16 Both Bangladeshi groups showed lower 
value for this variable than the corresponding eth-
nic groups. Differences in age group, height, cli-
mate and lifestyle of the participants of the studies 
may have been the contributing factor despite 
their similar ethnicity. Each of those factors are 
known to have an effect on foot structure.17-19

The foot length and breadth of Bangalee females 
were 22.91 ± 0.79 cm and 8.55 ± 0.40 cm respec-
tively. The foot length and breadth Chakma fe-
males were 23.11 ± 0.78 cm and 9.22 ± 0.48 cm 
respectively. The results for foot length and bread-
thin the Bangalee females of Bangladeshi origin 
are in accordance with those of the females of 
West Bengal. Accordingly Chakma and Thai fe-
males showed similar results for those varia-
bles.15,16 These similarities among those ethnic 
groups could be due to genetic factor. 

Yoruba women of Nigeria had higher mean values 
for foot height (6.76 ± 0.81 cm) breadth (9.35 ± 
0.58 cm) and length (24.77 ± 0.98 cm) than the 
Bangalee and Chakma females.9 In the present 
study, Chakma females showed longer and broad-
er feet than the Bangalees. Apart from ethnic fac-
tor, dwelling in warmer climate may have contrib-
uted to the larger dimensions of foot in Yoruba and 
Chakma females.Increased surface area is indica-
tive of genetic adaptation to temperature stress 
which facilitates heat dissipation.20 Therefore, lon-
ger and broader appendages of Chakma females 
may have been the result of adaptation to relative-
ly warmer climate.

Populations of similar ethnic origin also show 
structural variations in foot, which is apparent in 
the existence of variations within Mongoloid and 
Indian groups.15,16,19,21 East Asian populations in-
cluding Japanese have a smaller foot length for 
height compared to Southeast Asians such as Thai 
and Chakma females though both are of Mongol-
oid extract. Usage of footwear and environmental 
factors may cause this variation within the similar 
ethnic groups. Habitually shod subjects are found 
to differ strongly from minimally shod and bare-
foot populations in foot shape.19,22 These varia-
tions can also be explained by different authors 
employing different inclusion criteria, measure-
ment methods and instruments.

Limitations
l	 As this was a cross-sectional study, causal rela-

tionships could not be determined. A longitudi-
nal study is required for that purpose. 

l	  No concrete tests was done to exclude genetic 
disorders. Instead history of the patients and 
physical examinations were relied upon for 
that matter. 

Conclusion
The Bangalee and Chakma females differ in terms 
of their foot structures. Foot structure shows varia-
tions within ethnic groups as well as between 
them. Therefore, it is of great importance to iden-
tify the variation and distribution of foot morpho-
logical characteristics in different ethnic groups 
which are essential for the successful design of 
commercial products such as footwear, prosthetics 
and orthotics. These information are also necessa-
ry to establish an individual’s ethnic identity in 
forensic investigations.
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Recommendations 
The variables used in this study may not fully rep-
resent structural differences that exist between the 
feet of Bangalee and Chakma women. Future 
studies should include more variables and possi-
bly other ethnic groups of Bangladesh.
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