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Introduction
Identifying a human individual through scientific means is a key component of forensic 

investigation. Every part of the human body is unique in itself. It is important to realize there is 
variability among the part of the body to the same part in another body. There is a relationship 
between each part of the body and the whole body [1]. Alphonse Bertillon was a French police 
officer who introduced anthropological technique of anthropometry to law enforcement creating an 
identification system based on physical measurements [2,3]. The human foot has been studied for 
forensic and non-forensic purposes by anatomists, forensic scientists, anthropologists, physicians, 
podiatrists, and numerous other groups [4]. Foot-impression forms important valuable physical 
evidence unintentionally left by the perpetrator or suspect in the scenes of crime that can help to 
link the crime and criminal. In some Asian countries, people prefer to walk barefooted because of 
their spiritual thoughts, religion, socio-culture, climatic condition, and socio-economic reasons, 
increasing the importance of bare foot-impression in the Asiatic crime scenes [5]. 

Foot-impressions are often found at crime scenes since some offenders remove their foot wears, 
either to avoid noise or to gain a better grip in climbing walls, etc., while entering or exiting [6]. 
Human foot morphology is greatly influenced by the combined effects of heredity and living style 
determinants that make the size and shape data of the feet/footprints unique to establish a human 
identity. Thus a keen examination of foot-impressions may provide fruitful information which can 
help in linking a suspect with the scene of crime. The foot-impression is useful source of physical 
evidence for person identity and in forensic science, forensic medicine, anthropology and in other 
research areas. The characteristic feature of a barefoot-impression found at the crime scenes can 
be either Two-Dimensional (2D) or Three-Dimensional (3D). When the foot’s plantar surface 
actually touches the floor of hard surface, a 2D foot imprint is formed and is known as footprint. 
This footprint provides the dimension of foot size. However, when the foot plantar surface entered 
into the soft soil, or mud, a 3D impression is created and is known as foot-outline. Foot-outline is 
defined as the line tracing around the outer margins of the fleshed foot (Figure 1). The outline serves 
as a two-dimensional, intermediate foot form in going from the bare footprint to the shoe print. 
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Abstract

Human identification is an absolutely paramount in any forensic investigation. Scientific methods are 
employed both in forensic laboratory and crime scenes to achieve identification and subsequent testimony in 
court. Physical evidence is a key element for forensic identification. One such evidence left unintentionally by the 
perpetrator is foot-impression. Anthropologists assist in identification by constructing a biological profile. Human 
foot-impressions have been used to determine stature, gender, body weight, age and race. Foot-impression is 
classified into Two Dimensional (2D) and Three Dimensional /foot-outline (3D) that are lifted through different 
techniques for forensic examination. One way of lifting a 3D foot-impression is by the tracing technique. Because 
feet bear body weight, the foot-impressions are likely to correlate with weight. The utility of foot-impression as an 
indicator of body mass has been less explored. It is mandatory that racial and cultural aspects of foot morphology 
must be considered in determination of height, body weight, gender and race. The present study’s aim is to 
determine living body weight from foot-outline (3D) anthropometry of indigenous Bidayuhs, residing in Malaysian 
Borneo. The foot-outlines and body weights from the consented subjects have been collected following the 
standard procedure. The data obtained was computed with PASW 20 computer software and derived population 
specific regression equations to determine living body weight from foot-outline length measurements. The result 
shows that all foot-outline lengths exhibit statistically significant positive correlations with body weight. It is 
concluded with caution that it is erroneous to utilize these derived equations to any populations either in Malaysia 
or any populations in the world for body weight determination.
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Both footprints and foot-outlines can provide promising information 
to establish the identity of suspect or perpetrator [7]. Stature has been 
estimated from foot [8-12], footprint [13-21], foot-outline [14,16,22-
26] anthropometry, by considering the racial aspects during crime 
investigation. 

Weight is a biometric trait which has been studied in both 
forensic and medical domains. In many practical situations, such 
as video surveillance, weight can provide useful information for 
re-identification purposes. Because feet bear body weight, the foot-
impression is likely to correlate with weight. The utility of foot-
impression as an indicator of body mass has been less explored [27]. 
In forensic perspective, the researchers have conducted population 
standard body weight determination from footprint for use in crime 
scene investigation [28-31]. But unfortunately, the literature review 
shows feeble number of studies recorded correlating foot-outline (3D) 
with living human body weight [32,33]. The present investigation aims 
are correlate the body weight and foot-outline length measurements 
of Bidayuhs, an indigenous ethnic group, mostly settled at Malaysian 
Borneo and developed regression formulae to determine body weight 
in forensic perspective.

Materials and Methods
Study area

The study area was Malaysian Borneo consisting of Sabah and 
Sarawak States. The study subjects were from colleges, universities 
and general public living in East Malaysia. The Bidayuhs are an 
indigenous ethnic group mostly residing in Sarawak State of East 
Malaysia.

Sample collection

Malaysian Borneo Island is a land inhabited by various indigenous 
populations with their characteristic culture and language. It is 
cumbersome to collect sample from indigenous groups in Malaysian 
Borneo Island. Hence appropriate permission was obtained from 
Sarawak State Chief Minister vide no. JKM.P/DEV/16/005/12 (44), as 
recommended by the Police Chief of Sarawak State. Informed consent 
was also obtained from the participants and followed the procedure in 
accordance with the ethical standards of the Universiti Sains Malaysia 
Human Research Ethic Committee. A sample of 400 bilateral foot-
outlines were collected from 200 (100 males, 100 females) persons 
who underwent informed consent of Bidayuh ethnicity, ages ranging 
between 18 to 64 years. Subjects with any apparent foot-related 
disease, pregnancy, injury, disorders or under the age of 18 years 
were excluded from the study. Following the standard procedure, the 
weight of the subjects was measured and recorded [29]. 

Similarly, the foot-outlines were collected and recorded following 
standard procedure [22-26]. The five diagonal foot-outline length 
measurements were taken from the mid-rear heel point (H) to most 
anterior point of each left toes (LT1, LT2, LT3, LT4, and LT5). The left 
foot-outline length measurements were designated as H-LT1, H-LT2, 
H-LT3, H-LT4, and H-LT5. The procedure was repeated for the right 
foot-outline length measurements and was designated as H-RT1, 
H-RT2, H-RT3, H-RT4, and H-RT5. The left foot-outline length 
measurement between mid-rear heel point (H) and first toe end (T1) 
and fifth toe end (T5) are shown in Figure 1. All foot-outlines, body 
weights, and information relating to participants were coded with 
sample ID’s for anonymity.

Statistical analysis

The collected data was analyzed by using SPSS statistics software 
package, version 20. Pearson’s correlation coefficient (R) between 
various foot-outline lengths and body weight was obtained. The 
linear regression analysis method was employed to derive regression 
equations to determine body weight from various foot-outline length 
measurements.

Results
Table 1 presents the descriptive statistics of body weights in males, 

females and pooled sample (combined male and female subjects) of 
Bidayuh subjects. In males, the body weight ranges from 50.2 kg to 
88.0 kg (mean 63.9 kg) while in females the range is from 44.2 kg to 
66.0 kg (mean 54.6 kg). The table shows that the mean body weight 
of male is found to be comparatively higher (63.9 kg) than the body 
weight of female (54.6 kg).

Table 2 shows the descriptive statistics of various foot-outline 
lengths between the mid rear heel end (H) and anterior points of 
each toe in left (LT1 to LT5) and right (RT1to RT5) foot-outlines of 

Figure 1: Illustrative example showing landmarks H- for the mid-rear heel 
point to the most anterior point of toes LT1-LT5 on left foot-outline (for 
example, foot-outline length measurements, H-LT1 and H-LT5 for toe1 and 
toe 5).

Table 1: Descriptive statistics of body weight in adult males, females and pooled 
sample of Bidayuh ethnics of Malaysian Borneo (in kg).

Group Min Max Mean SD

Male (N=100) 50.2 88 63.9 9.5

Female (N=100) 44.2 66 54.6 6.1

Pooled sample (N=200) 44.2 88 58.4 7.8

Min: Minimum; Max: Maximum; kg: Kilogram; N: Sample size; SD: Standard 
Deviation
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males, females and the pooled sample. Here pooled sample (N=200) 
represents the combination of both male (N=100) and female 
(N=100) participants. A range of variation can be observed in the 
measurements of variables. From the various foot-outline length 
measurements presented in table 2, it is seen that the mean foot-
outline lengths of male are found to be larger than the mean foot-
outline lengths of female in both sides. 

It is seen that the mean first toe to heel foot-outline lengths in 
both left and right (H-LT1, H-RT1) are found to be the longest in 
both genders. The investigation reveals the existence of bilateral 
asymmetry in both the genders but statistically not significant. The 
standard deviation values are found to be very low.

Tables 3-5 show the linear regression equations derived from 
ten foot-outline length measurements in adult Bidayuh males, 
females and pooled sample and ANOVA. Regression equations 
have been computed for body weight determination for ten foot-
outline length measurements on both sides. The tables present the 
correlation coefficient (R) and Standard Error of Estimation (SEE) 
also. The standard error of estimation is found to be comparatively 

lower in females than males and pooled sample. Also the correlation 
coefficient (R) between foot-outline length measurements and body 
weight in males is in a range of 0.042-0.125 while the female is 0.056-
0.197. The R value for pooled sample is found to be comparatively 
higher (0.220-0.290) than the separate genders. All foot-outline length 
measurements exhibit statistically positive significant correlation 
coefficients with body weight in Bidayuhs of East Malaysian Borneo.

Figures 2 to 4 show the correlation between body weight and a) 
left foot-outline length for toe 1 (H-LT1) in males, b) left foot-outline 
length for toe 2 (H-LT2) in females, c) left foot-outline length for toe 
1 (H-LT1) in pooled sample and d) left foot-outline length for toe 2 
(H-LT2) for pooled sample in this ethnic group. 

Figure 2 is the scatter dot graph shows positive correlation 
between body weight and left first toe foot-outline length (H-
LT1) in males. All the dots did not fall along the line showing low 
correlation between body weight and foot-outline length in male. The 
body weight did not show steady increase as the foot-outline length 
increases since the correlation coefficient (R) is 0.121 as shown in 
table 3. This is characteristics to this particular ethnic group.

Table 2: Descriptive statistics of foot-outline length measurements in males, females and pooled sample of adult Bidayuh ethnics of Malaysian Borneo (in centimeters).

Variable
Male (N=100) Female (N=100) Pooled sample (N=200)

Min Max mean SD Min Max mean SD Min Max mean SD

H-LT1 22.7 28.5 25.26 1.1 21.3 24.7 23.05 0.7 21.3 28.5 24.14 1.4

H-LT2 22.3 28.5 25.15 1.1 20.9 24.5 22.85 0.8 20.9 28.5 23.96 1.4

H-LT3 21.5 27.6 24.34 1.1 20.0 23.7 22.08 0.8 20.0 27.6 23.16 1.4

H-LT4 20.3 26.2 23.05 1.0 19.0 22.4 20.95 0.7 19.0 26.2 21.95 1.3

H-LT5 19.1 24.1 21.31 0.9 17.2 21.3 19.38 0.7 17.2 24.1 20.31 1.2

H-RT1 22.8 28.8 25.25 1.0 21.2 25.0 23.05 0.8 21.2 28.8 24.14 1.4

H-RT2 22.2 28.5 25.09 1.1 20.9 24.8 22.81 0.9 20.9 28.5 23.93 1.4

H-RT3 21.5 27.7 24.24 1.1 19.7 23.9 22.03 0.8 19.7 27.7 23.10 1.4

H-RT4 20.3 26.1 23.00 1.0 18.7 22.9 20.86 0.8 18.7 26.1 21.89 1.3

H-RT5 18.9 24.0 21.26 0.9 17.3 21.1 19.26 0.7 17.3 24.0 20.23 1.2

Min: Minimum; Max: Maximum; H-LT1 to H-LT5: left foot-outline lengths from anterior part of toes LT1- LT5 to mid-rear heel point H; H-RT1 to H-RT5: right foot-outline 
lengths from anterior part of toes RT1-RT5 to mid-real heel point H; SD: Standard Deviation; N: Sample size.

Table 3: Linear regression equations for body weight estimation from various foot-outline length measurements on left and right sides among adult male persons of 
Bidayuh ethnicity of Malaysian Borneo.

Variables (cm) Regression Equations SEE R ANOVA

H-LT1 37.099 + 1.064 H-LT1 9.519 0.121 1.449 (1, 98 ); p = 0.232

H-LT2 38.105 + 1.029 H-LT2 9.519 0.121 1.445 (1, 98); p = 0.232

H-LT3 41.361 + 0.929 H-LT3 9.535 0.106 1.105 (1, 98); p = 0.296

H-LT4 37.143 + 1.164 H-LT4 9.514 0.125 1.557 (1, 98); p = 0.215

H-LT5 51.598 + 0.581 H-LT5 9.576 0.053 0.275(1, 98); p = 0.601

H-RT1 41.598 + 0.886 H-RT1 9.546 0.094 0.876 (1, 98); p = 0.352

H-RT2 42.094 + 0.872 H-RT2 9.542 0.099 0.969 (1, 98); P = 0.327

H-RT3 42.310 + 0.894 H-RT3 9.542 0.098 0.958 (1, 98); p = 0.330

H-RT4 39.417 + 1.068 H-RT4 9.532 0.109 1.178 (1, 98); p = 0.280

H-RT5 54.079 + 0.466 H-RT5 9.580 0.042 0.176 (1, 98); p = 0.676

H-LT1 to H-LT5: left foot-outline lengths from anterior part of toes LT1- T5 to mid-rear heel point H; H-RT1 to H-RT5: right foot-outline lengths from anterior part of toes 
RT1-RT5 to mid-rear heel point H; cm: Centimeters; SEE: Standard Error of Estimate; R: Correlation Coefficient.
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Table 4: Linear regression equations for body weight estimation from various foot-outline length measurements on left and right sides among female persons of 
Bidayuh ethnicity of Malaysian Borneo.

Variables (cm) Regression Equations SEE R ANOVA

H-LT1 20.712 + 1.470 H-LT1 6.027 0.180 3.288 (1, 98); p = 0.073

H-LT2 20.558 + 1.490 H-LT2 6.008 0.197 3.942 (1, 98); p = 0.050

H-LT3 22.642 + 1.447 H-LT3 6.016 0.190 3.665 (1, 98); p = 0.058

H-LT4 28.702 + 1.236 H-LT4 6.059 0.149 2.214 (1, 98); p = 0.140

H-LT5 26.794 + 1.435 H-LT5 6.047 0.161 2.614 (1, 98); p = 0.109

H-RT1 36.851 + 0.770 H-RT1 6.095 0.103 1.042 (1, 98); p = 0.310

H-RT2 39.170 + 0.676 H-RT2 6.099 0.096 0.906 (1, 98); p = 0.343

H-RT3 43.703 + 0.495 H-RT3 6.113 0.068 0.458 (1, 98); p = 0.500

H-RT4 45.507 + 0.436 H-RT4 6.118 0.056 0.306 (1, 98); p = 0.582

H-RT5 43.595 + 0.571 H-RT5 6.114 0.067 0.442 (1, 98); p = 0.508

H-LT1 to H-LT5: left foot-outline lengths from anterior part of toes LT1- T5 to mid-rear heel point H-; H-RT1 to H-RT5: right foot-outline lengths from anterior part of toes 
RT1-RT5 to mid-rear heel point H; cm: Centimeters; SEE- Standard Error of Estimate; R: Correlation Coefficient.

Table 5: Linear regression equations for body weight estimation from various foot-outline length measurements on left and right sides among adult persons of Bidayuh 
ethnicity pooled sample of Malaysian Borneo.

Variables
(cm) Regression Equations SEE R ANOVA

H-LT1 18.030 + 1.672 H-LT1 7.476 0.29 18.204 (1, 198); p = 0.000

H-LT2 22.723 + 1.489 H-LT2 7.517 0.273 15.882 (1, 198); p = 0.000

H-LT3 24.028 + 1.483 H-LT3 7.532 0.265 15.013 (1, 198); p = 0.000

H-LT4 23.810 + 1.575 H-LT4 7.542 0.261 14.425 (1, 198); p = 0.000

H-LT5 24.498 + 1.668 H-LT5 7.554 0.255 13.745 (1, 198); p = 0.000

H-RT1 22.464 + 1.488 H-RT1 7.546 0.259 14.247 (1, 198); p = 0.000

H-RT2 28.373 + 1.254 H-RT2 7.603 0.23 11.072 (1, 198); p = 0.001

H-RT3 29.705 + 1.242 H-RT3 7.621 0.22 10.088 (1, 198); p = 0.002

H-RT4 27.556 + 1.409 H-RT4 7.59 0.237 11.769 (1, 198); p = 0.001

H-RT5 28.106 + 1.497 H-RT5 7.593 0.235 11.593 (1, 198); p = 0.001

H-LT1 to H-LT5: left foot-outline lengths from anterior part of toes LT1- T5 to mid-rear heel point H; H-RT1 to H-RT5: right foot-outline lengths from anterior part of toes 
RT1-RT5 to mid-rear heel point H; cm: Centimeters; SEE: Standard Error of Estimate; R: Correlation Coefficient.

Figure 2: Illustrative example of scatter dot graph showing the relationship 
between body weight and left heel to toe 1 (H-LT1) length in male Bidayuhs.

Figure 3: Illustrative example of scatter dot graph showing the relationship 
between body weight and left heel to toe 2 (H-LT2) length in female Bidayuh.
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Figure 3 is the scatter dot graph showing positive correlation 
between body weight and left second toe foot-outline length (H-
LT2) in females. The correlation between left second toe foot-outline 
length and body weight is comparatively higher (R=0.197) in female 
than male (0.121) showing the correlation variation among genders.

Figure 4 is the scatter dot graph showing positive correlation 
between body weight and left first & second toe foot-outline lengths 
(H-LT1 & H-LT2) in pooled sample. The interesting finding observed 
is that the correlation coefficient between body weight and foot-
outline lengths are higher (R=0.290 & 0.273) than males and females 
separately. The linear trend lines in the pooled sample show better fit 
of the line to the data, i.e. the body weight is increasing at a steady rate 
with foot-out line length. 

Discussion
The indigenous people of Sarawak State in Malaysian Borneo 

include Dayak, Iban, Bidayuh and Orang Ulu. Bidayuh is the second 
largest ethnic group in Sarawak State after Iban and people can 
be found in Sarawak and west Kalimantan [34]. This community 
constitutes 8.1% of Sarawak’s population and less than 1% of 
Malaysia’s population. Traditionally Bidayuhs live in longhouses on 
hills, and their main means of subsistence was shifting cultivation, 
planting hill rice. Some also rear animals like pigs and fowls. Bidayuh 
is an Austronesian language belonging to the Western Malayo-
Polinesian branch [35]. 

The age range of the subjects in this research is appropriate 
since stature at 18 years is accepted as adult [36,37]. But some others 
researchers have informed that the foot in a male grows to its adult 
size by 16 years [38,39]. Thus the minimum age of study subjects 
was fixed as 18 years for sample collection. The study shows that 
statistically significant male–female differences exist in the foot-
outline lengths in Bidayuh population. This may be attributed to the 
general male-female differences and natural size in both sexes [40]. 
This finding is in accordance with Malaysian Chinese [16], Melanaus 
[22], Kadasan Dusun [25] and Lun Bawang [26]. The foot-outline 

length measurements of the study population showed the existence 
of bilateral asymmetry but were not statistically significant. Similar 
findings were observed in Melanau [22] and Iban [24] populations. 
Correlation coefficient, R is regarded as a mathematical expression 
of the degree of association existing between paired measures. All the 
R values have shown positive correlation in terms of the relationship 
between foot-outline length and body weight. Based on foot-outline 
length and living body weight measurements, regression equations 
have been developed. Regression is a statistical tool, with the help 
of which we can estimate the unknown values of one variable from 
known values of another variable [6]. Here, the independent variable 
would be the foot-outline length while the dependent variable would 
be the body weight. In the present study, three types of regression 
equations have been developed for estimating body weight from 
foot-outline length viz. estimating the body weight of an individual 
regardless of sex (pooled sample), for males and females. The 
investigation revealed that the correlation coefficient (R), between 
foot-outline length and body weight for the pooled sample, gave a 
more significant result (0.220-0.290) than the correlations separately 
obtained for the males (0.042-0.125) and females (0.056-0.197). The 
standard error of estimate for female (6.008-6.118) is comparatively 
lower than male (9.514-9.580) and pooled sample (7.476-7.621).

Considering real crime scenarios, where the sex of the offenders’ 
foot-outline is not known, it is suggested that a better model that 
can be used for body weight determination is the one without sex 
indicators/pooled sample. It has to be borne in mind that the 
limitation in applying foot-outline length for estimating body weight 
is that the regression equations provide only ranges and do not aid in 
arriving at the exact weight of an individual and hence has to be used 
with due caution during inclusion and exclusion of suspects [6].

Conclusion
It is an accepted fact that foot-impressions can provide more 

information than fingerprints during crime scene investigation. The 
study has successfully reported the relationship between living body 
weight and foot-outline length measurements. The investigation 

Figure 4: Illustrative example of scatter dot graph showing the relationship between body weight and left heel to toe 1 (H-LT1), left heel to toe 2 (H-LT2) lengths 
in pooled sample of Bidayuhs.
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developed regression equations for body weight determination from 
foot-outline lengths of Bidayuhs of Malaysian Borneo by linear 
regression analysis. The equations can be well used in the crime scene 
investigation for the purpose of inclusion, exclusion of a suspect or for 
final identification. It would be incorrect to utilize these population 
standard equations to any other populations either in Malaysia or any 
other population in the world.

Acknowledgement
The authors are very much thankful to all participants who took 

part in this strenuous study in Malaysian Borneo Island. Thanks 
are due to Sarawak State Chief Minister, Sarawak State Chief Police 
Officer, and Forensic Division, Chemistry Department of Malaysia, 
Bintulu, East Malaysia for their continuous support to complete this 
research successfully.

References

1. Devesh VO, Ajee K, Saralya KM, Rajeev A, Ashok B, Nagesh KY, et al. 
Estimation of stature and sex from footprint length using regression formulae 
and standard footprint length formula respectively. J Punjab Acad Forensic 
Med Tox. 2006; 6: 5-8. 

2. Moorthy E, Zulkifly N. Regression analysis for stature determination from 
hand anthropometry of Malaysian Malays for forensic investigation. Sri Lanka 
Journal of Forensic Medicine, Science & Law. 2015; 5: 8-15.

3. Kennedy KAR. Forensic anthropology in the USA. In: Encyclopedia of 
forensic sciences. Siegel J, Knupfer G, Saukko P (Editors). 2nd Edition. 
Academic Press, London (San Diego). 2000; 1059. 

4. Krishan K. Individualizing characteristics of footprints in Gujjars of North 
India-forensic aspects. Forensic Sci Int. 2007; 169: 137-144.

5. Shukla RK, Lodha AS, Das S. Stature estimation from footprint: A study on 
Central Indian population. Europ J Forensic Sci. 2014; 4: 11-19.

6. Nataraja Moorthy T, Khairulmazidah M, Mohamad Hadzri Y, Jayaprakash PT. 
Estimation of stature based on foot length of Malays in Malaysia. Australian J 
Forensic Sci. 2011; 43: 13-26.

7. Robbins LM. Estimating height and weight from size of footprints. J Forensic 
Sci.1986; 31: 143-152.

8. Philip TA. Formulae for estimating stature from foot size by regression 
method. J Ind Acad Forensic Med. 1990; 12: 57-62.

9. Eugene G, Paul HV. Height estimation from foot and shoeprint length. J 
Forensic Sci.1990; 36: 1134-1151.

10. Jasuja OP, Jascie S, Manjari J. Estimation of stature from foot and shoe 
measurements by multiplication factors: A revised attempt. Forensic Sci Int. 
1991; 50: 203-215.

11. Clarie CG, Jane EB. Linear models for the prediction of stature from foot and 
boot dimensions. J Forensic Sci. 1992; 37: 771-782. 

12. Agnihotri AK, Purwar B, Googoolye K, Agnihotri S. Estimation of stature from 
foot length. J Forensic Legal Med. 2007; 14: 279-283.

13. Jaydip S, Ghosh S. Estimation of stature from foot length and foot breadth 
among Rajbanshi: An indigenous population of north Bengal. Forensic Sci Int. 
2008; 181: 55.e1-55.e6.

14. Krishan, K. Estimation of stature from footprint and foot outline dimensions in 
Gujjars of north India. Forensic Sci Int. 2008; 175: 93-101.

15. Nataraja Moorthy T, Ahmad MM, Boominathan R, Raman N. Stature 
estimation from footprint measurements in Indian Tamils by regression 
analysis. Egyptian J Forensic Sci. 2014; 4: 7-16.

16. Nataraja Moorthy T, Ang YL, Saufee AS, Nik F. Estimation of stature from 
footprint and foot outline measurements in Malaysian Chinese. Aust J 
Forensic Sci. 2014; 46: 136-159. 

17. Nataraja Moorthy T, Hairunnisa MAK. Stature estimation from the 
anthropometric measurements of footprint in Iban Ethnics of East Malaysia 
by regression analysis. J Forensic Sci Criminol. 2014; 1: 1-7. 

18. Nataraja Moorthy T, Nurul Armali FMK. Estimation of stature from 2D footprint 
measurements in Malaysian Malays by regression analysis. Malay J Pathol. 
2013; 35: 272.

19. Hairunnisa MAK, Nataraja Moorthy T. Stature estimation from the 
anthropometric measurements of footprint among Melanaus: An indigenous 
population of Malaysian Borneo. Canad Soc Forensic Sci J. 2015; 48: 68-84. 

20. Nataraja Moorthy T, Hairunnisa MAK. Estimation of stature from footprint 
anthropometry using regression analysis: a study on the Bidayuh population 
of east Malaysia. Arab J Forensic Sci Forensic Med. 2015; 1: 13-21.

21. Nataraja Moorthy T, Rasvini A. Determination of stature from dynamic 
footprint anthropometry in Malaysian Malayalee for forensic investigation. J 
South India Med Assoc. 2017; 9: 1-7.

22. Hairunnisa MAK, Nataraja Moorthy T. Stature estimation from the 
anthropometric measurements of foot outline in adult indigenous Melanau 
ethnics of east Malaysia by regression analysis. Sri Lanka J Forensic Med 
Sci Law. 2013; 4: 27-35. 

23. Hairunnisa MAK, Nataraja Moorthy T. Stature estimation from foot outline 
measurements in adult Bidayuhs of east Malaysia by regression analysis. 
Indo J Legal Forensic Sci. 2013; 3: 6-10.

24. Nataraja Moorthy T, Hairunnisa MAK. Estimation of stature from foot outline 
measurements in Ibans of East Malaysia by regression analysis. Int J Biomed 
Adv Res. 2013; 4: 889-895. 

25. Nataraja Moorthy T, Jessica RS. Stature estimation from the anthropometric 
measurements of foot outline in adult indigenous Kadazan Dusun ethnic of 
East Malaysia by regression analysis. J-SIMLA. 2016; 8: 15-20. 

26. Hairunnisa MAK, Nataraja Moorthy T. Stature estimation from foot outline 
measurements in adult Lun Bawang ethnics of east Malaysia by regression 
analysis. Medico-Legal Update. 2016; 16: 187-192.

27. Carmelo V, Jean-Luc D. Weight estimation from visual body appearance. In: 
4th IEEE International Conference on Biometrics: Theory, Applications and 
Systems, September 27-29, 2010, Washington DC, USA. 2010.

28. Louise MR. Estimating height and weight from size of footprints. J Forensic 
Sci. 1986; 31: 143-152.

29. Irene AF, Nashwa NK. Stature and body weight estimation from various 
footprint measurements among Egyptian population. J Forensic Sci. 2010; 
55: 884-888.

30. Nataraja Moorthy T, Hairunnisa MAK. Body weight estimation from various 
footprint length measurements among Ibans of east Malaysia. Malays Appl 
Biol J. 2016; 45: 113-118. 

31. Nataraja Moorthy T, Hairunnisa MAK. Determination of body weight from 
footprint length measurements among Melanau population in Malaysia. 
Medico-Legal Update. 2017; 17: 249-254.

32. Nataraja Moorthy T, Hairunnisa MAK. Estimation of body weight from foot 
outline length measurements in Melanau population of east Malaysia. Malays 
Appl Bio J. 2016; 45: 125-130. 

33. Nataraja Moorthy T, Hairunnisa MAK. Determination of living body weight 
from foot outline length measurements among Lun Bawangs of east Malaysia. 
Indian J Forensic Med Tox. 2017; 11: 278-282.

34. Bilcher Bala. Masyarakat Kelabit dan Lun Bawang di Sarawak. Jebat: 
Malaysian Journal of History, Politics and Strategic Studies.1993; 21: 21-54.

35. Shazali J, Sridar R, Ahmad S, Syamsul H. Participation of the Bidayuh 
community in tourism developmental initiatives in Bau, Malaysia. Life Sci J. 
2015; 12: 46-48.

36. Singh I. Functional asymmetries in lower limbs. Acta Anat.1970; 77: 131-138.

37. Roche AF, Davila GH. Late adolescent growth in stature. Pediatrics. 1972; 
50: 874-880.

http://www.indianjournals.com/ijor.aspx?target=ijor:jpafmat&volume=2006&issue=6&article=001
http://www.indianjournals.com/ijor.aspx?target=ijor:jpafmat&volume=2006&issue=6&article=001
http://www.indianjournals.com/ijor.aspx?target=ijor:jpafmat&volume=2006&issue=6&article=001
http://www.indianjournals.com/ijor.aspx?target=ijor:jpafmat&volume=2006&issue=6&article=001
https://sljfmsl.sljol.info/articles/abstract/10.4038/sljfmsl.v5i2.7753/
https://sljfmsl.sljol.info/articles/abstract/10.4038/sljfmsl.v5i2.7753/
https://sljfmsl.sljol.info/articles/abstract/10.4038/sljfmsl.v5i2.7753/
https://www.elsevier.com/books/encyclopedia-of-forensic-sciences/siegel/978-0-12-382165-2
https://www.elsevier.com/books/encyclopedia-of-forensic-sciences/siegel/978-0-12-382165-2
https://www.elsevier.com/books/encyclopedia-of-forensic-sciences/siegel/978-0-12-382165-2
https://www.ncbi.nlm.nih.gov/pubmed/16965880
https://www.ncbi.nlm.nih.gov/pubmed/16965880
https://www.ejmanager.com/mnstemps/115/115-1462948387.pdf
https://www.ejmanager.com/mnstemps/115/115-1462948387.pdf
http://www.tandfonline.com/doi/abs/10.1080/00450611003767547
http://www.tandfonline.com/doi/abs/10.1080/00450611003767547
http://www.tandfonline.com/doi/abs/10.1080/00450611003767547
https://www.ncbi.nlm.nih.gov/pubmed/3944558
https://www.ncbi.nlm.nih.gov/pubmed/3944558
https://www.ncbi.nlm.nih.gov/pubmed/1919473
https://www.ncbi.nlm.nih.gov/pubmed/1919473
https://www.ncbi.nlm.nih.gov/pubmed/1748357
https://www.ncbi.nlm.nih.gov/pubmed/1748357
https://www.ncbi.nlm.nih.gov/pubmed/1748357
https://www.ncbi.nlm.nih.gov/pubmed/1629672
https://www.ncbi.nlm.nih.gov/pubmed/1629672
http://www.sciencedirect.com/science/article/pii/S1353113106002239
http://www.sciencedirect.com/science/article/pii/S1353113106002239
https://www.ncbi.nlm.nih.gov/pubmed/18848751
https://www.ncbi.nlm.nih.gov/pubmed/18848751
https://www.ncbi.nlm.nih.gov/pubmed/18848751
https://www.ncbi.nlm.nih.gov/pubmed/17590549
https://www.ncbi.nlm.nih.gov/pubmed/17590549
http://www.sciencedirect.com/science/article/pii/S2090536X13000786
http://www.sciencedirect.com/science/article/pii/S2090536X13000786
http://www.sciencedirect.com/science/article/pii/S2090536X13000786
http://www.tandfonline.com/doi/abs/10.1080/00450618.2013.825813?journalCode=tajf20
http://www.tandfonline.com/doi/abs/10.1080/00450618.2013.825813?journalCode=tajf20
http://www.tandfonline.com/doi/abs/10.1080/00450618.2013.825813?journalCode=tajf20
http://www.annexpublishers.co/full-text/JFSC/501/Stature-estimation-from-the-anthropometric-measurements-of-footprint-in-iban-ethnics-of-east-malaysia-by-regression-analysis.php
http://www.annexpublishers.co/full-text/JFSC/501/Stature-estimation-from-the-anthropometric-measurements-of-footprint-in-iban-ethnics-of-east-malaysia-by-regression-analysis.php
http://www.annexpublishers.co/full-text/JFSC/501/Stature-estimation-from-the-anthropometric-measurements-of-footprint-in-iban-ethnics-of-east-malaysia-by-regression-analysis.php
http://www.tandfonline.com/doi/abs/10.1080/00085030.2015.1019225
http://www.tandfonline.com/doi/abs/10.1080/00085030.2015.1019225
http://www.tandfonline.com/doi/abs/10.1080/00085030.2015.1019225
http://platform.almanhal.com/GoogleScholar/Details/?ID=2-63984
http://platform.almanhal.com/GoogleScholar/Details/?ID=2-63984
http://platform.almanhal.com/GoogleScholar/Details/?ID=2-63984
https://www.researchgate.net/publication/316188155_Determination_of_stature_from_dynamic_footprint_anthropometry_in_Malaysian_Malayalees_for_forensic_investigation
https://www.researchgate.net/publication/316188155_Determination_of_stature_from_dynamic_footprint_anthropometry_in_Malaysian_Malayalees_for_forensic_investigation
https://www.researchgate.net/publication/316188155_Determination_of_stature_from_dynamic_footprint_anthropometry_in_Malaysian_Malayalees_for_forensic_investigation
https://sljfmsl.sljol.info/articles/abstract/10.4038/sljfmsl.v4i2.6927/
https://sljfmsl.sljol.info/articles/abstract/10.4038/sljfmsl.v4i2.6927/
https://sljfmsl.sljol.info/articles/abstract/10.4038/sljfmsl.v4i2.6927/
https://sljfmsl.sljol.info/articles/abstract/10.4038/sljfmsl.v4i2.6927/
https://ojs.unud.ac.id/index.php/ijlfs/article/view/20863
https://ojs.unud.ac.id/index.php/ijlfs/article/view/20863
https://ojs.unud.ac.id/index.php/ijlfs/article/view/20863
https://www.researchgate.net/publication/283258727_Estimation_of_stature_from_foot_outline_measurements_in_Ibans_of_East_Malaysia_by_regression_analysis
https://www.researchgate.net/publication/283258727_Estimation_of_stature_from_foot_outline_measurements_in_Ibans_of_East_Malaysia_by_regression_analysis
https://www.researchgate.net/publication/283258727_Estimation_of_stature_from_foot_outline_measurements_in_Ibans_of_East_Malaysia_by_regression_analysis
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnxqb3VybmFsc2ltbGF8Z3g6NTdhMTJkYmRjNmJmMTY4Zg
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnxqb3VybmFsc2ltbGF8Z3g6NTdhMTJkYmRjNmJmMTY4Zg
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnxqb3VybmFsc2ltbGF8Z3g6NTdhMTJkYmRjNmJmMTY4Zg
https://www.researchgate.net/publication/305152570_Stature_Estimation_from_Foot_Outline_Measurements_in_Adult_Lun_Bawang_Ethnics_of_East_Malaysia_by_Regression_Analysis
https://www.researchgate.net/publication/305152570_Stature_Estimation_from_Foot_Outline_Measurements_in_Adult_Lun_Bawang_Ethnics_of_East_Malaysia_by_Regression_Analysis
https://www.researchgate.net/publication/305152570_Stature_Estimation_from_Foot_Outline_Measurements_in_Adult_Lun_Bawang_Ethnics_of_East_Malaysia_by_Regression_Analysis
http://www.eurecom.fr/en/publication/3189/detail/weight-estimation-from-visual-body-appearance
http://www.eurecom.fr/en/publication/3189/detail/weight-estimation-from-visual-body-appearance
http://www.eurecom.fr/en/publication/3189/detail/weight-estimation-from-visual-body-appearance
https://www.ncbi.nlm.nih.gov/pubmed/3944558
https://www.ncbi.nlm.nih.gov/pubmed/3944558
https://www.ncbi.nlm.nih.gov/pubmed/20384932
https://www.ncbi.nlm.nih.gov/pubmed/20384932
https://www.ncbi.nlm.nih.gov/pubmed/20384932
https://www.researchgate.net/publication/312127125_Body_weight_estimation_from_various_footprint_length_measurements_among_Ibans_of_East_Malaysia
https://www.researchgate.net/publication/312127125_Body_weight_estimation_from_various_footprint_length_measurements_among_Ibans_of_East_Malaysia
https://www.researchgate.net/publication/312127125_Body_weight_estimation_from_various_footprint_length_measurements_among_Ibans_of_East_Malaysia
http://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0971720X&AN=122350786&h=sIS%2fLh7jA6m3ZPa6jadLmdw2eNIDf%2bks7ylT4ML7PN%2bH2rIcrkV1scwLhB2s8lNxoMbAjLzkYJerRJ4HuLkwRg%3d%3d&crl=c&resultNs=AdminWebAuth&resultLoca
http://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0971720X&AN=122350786&h=sIS%2fLh7jA6m3ZPa6jadLmdw2eNIDf%2bks7ylT4ML7PN%2bH2rIcrkV1scwLhB2s8lNxoMbAjLzkYJerRJ4HuLkwRg%3d%3d&crl=c&resultNs=AdminWebAuth&resultLoca
http://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0971720X&AN=122350786&h=sIS%2fLh7jA6m3ZPa6jadLmdw2eNIDf%2bks7ylT4ML7PN%2bH2rIcrkV1scwLhB2s8lNxoMbAjLzkYJerRJ4HuLkwRg%3d%3d&crl=c&resultNs=AdminWebAuth&resultLoca
http://www.asean-cites.org/index.php?r=articles%2Fpublic-view&id=188143
http://www.asean-cites.org/index.php?r=articles%2Fpublic-view&id=188143
http://www.asean-cites.org/index.php?r=articles%2Fpublic-view&id=188143
http://www.ijour.net/ijor.aspx?target=ijor:ijfmt&volume=11&issue=2&article=062
http://www.ijour.net/ijor.aspx?target=ijor:ijfmt&volume=11&issue=2&article=062
http://www.ijour.net/ijor.aspx?target=ijor:ijfmt&volume=11&issue=2&article=062
http://pkukmweb.ukm.my/jebat/images/upload/Bilcher Bala 21.pdf
http://pkukmweb.ukm.my/jebat/images/upload/Bilcher Bala 21.pdf
https://www.cabdirect.org/cabdirect/abstract/20153252816
https://www.cabdirect.org/cabdirect/abstract/20153252816
https://www.cabdirect.org/cabdirect/abstract/20153252816
https://www.karger.com/Article/Abstract/143535


Citation: Nataraja Moorthy T and Hairunnisa BMAK. Regression Analysis to Determine 
Body Weight from Foot-Outline (3D) Anthropometry among Bidayuhs: An Indigenius Ethnic 
Group in Malaysian Borneo. SM J Forensic Res Criminol. 2017; 1(2): 1009. Page 7/7

Gr   upSM Copyright  Nataraja Moorthy T

38. Mysorekar VR, Nadekar AN, Sarma TSR. Estimation of stature from parts of 
humerus and radius. Med Sci Law.1982; 22: 178-80.

39. Rao NG, Kotian MS. Footprint ratio (FPR)–a clue for establishing sex identity. 
J Ind Acad Forensic Med. 1990; 12: 51-56.

40. Sen J, Ghosh S. Estimation of stature from foot length and foot breadth 
among Rajbanshi: An indigenous population of north Bengal. Forensic Sci 
Int 2008; 181: 55.e1-e6.

http://journals.sagepub.com/doi/abs/10.1177/002580248202200304
http://journals.sagepub.com/doi/abs/10.1177/002580248202200304
https://www.ncbi.nlm.nih.gov/pubmed/18848751
https://www.ncbi.nlm.nih.gov/pubmed/18848751
https://www.ncbi.nlm.nih.gov/pubmed/18848751

	Title
	Abstract
	Introduction
	Materials and Methods
	Study area
	Sample collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgement
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Figure 1
	Figure 2
	Figure 3
	Figure 4

