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(Abstract

investigations and anthropometric studies.

kCrime.

Background and Objectives: Forensic investigation necessitates estimation of age, sex, stature and weight of human
individual. Researchers all over the world studied various human parts in different ways. Both halves of human
body are fairly symmetrical. It is assumed that each body part is having some relation with other part. Present
study was conducted with the aim to study the relationship between hand and foot dimensions. Methodology:
This cross-sectional study was conducted amongst 1000 participants (500 male and 500 female) of ESIC Institute
Gulbarga over a period of 14 months. Hand and foot dimensions were measured. Results: Significant correlation
was observed between hand and foot dimensions in both sexes and on both sides. Correlation co-efficient ‘r’ and
Linear regression equation was calculated. Interpretation and Conclusion: Statistically significant correlation was
observed between hand and foot dimensions of both side sin both sexes. This data would be useful for forensic
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Introduction

Forensic investigation necessitates estimation of
age, sex, stature and weight of human individual.
Researchers all over the world have studied various
human parts in different ways. It is assumed that
each body part is having some relation with other
part. Relationships of hand length and foot length
with various body part measurements have been
studied by authors like Anitha Oommen et al.!
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(2005), Prakash M Mohite at al.? (2015), Chikhalkar
BG et al® (2008) in Indian population. Crime has
increased in Central part of India over the last two
decades. Hand and foot impressions are one of the
commonest evidence left at crime site from which
stature, age, sex, weight of the suspect has to be
correlated. Previous studies conducted on similar
topicin our region have not yielded significant
results. Hence, statistically significant database
regarding correlation of hand and foot dimensions
are not available for the population of this region.
Hence this study was proposed over a large sample
size with multiple variables being studied with
an aim to develop a reliable database useful for
forensic investigation, anthropometric studies.

Aim
To study the relationship of hand dimensions with
foot dimensions.
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Materials and Methods
Study design: Descriptive cross sectional study.

Setting: Anthropometric section of Department
of Anatomy, ESIC Institute Gulbarga, Karnataka.

Duration of study: 14 months; From 31% October,
2017-31% December 2018.

Sample size: 1000 which includes Medical,
Dental and Nursing students aged between 17 and
20 years of age in ESIC Institute Gulbarga.

Sampling technique: Inclusion criteria: Medical,
Dental and Nursing students aged between 17 and
20 years in ESIC Institute Gulbarga.

Exclusion criteria: Students of NRI quota and
students those with poorly defined wrist creases,
deformities of vertebral column and limbs,
contractures, missing limbs, history of trauma
to hand and foot, with features suggestive of
dysmorphic syndromes, chronic illness, hormonal
therapy were excluded from the study.

Sample selection:

Simple random sampling method* as 1000
participants were selected out of total 3000
Medical, Dental and Nursing students of ESIC
Institute Gulbarga satisfying the inclusion criteria.
Participants belonged to 1¢ to 3 year as they were
easily accessible and represented the young adult

age group.

Data collection procedure

Hand Length: Each subject was made to place his/
her hand on a white paper with the palm facing
upwards keeping the fingers close together with the
thumb lying comfortably but not tightly against the
radial aspect of the hand and index finger (Fig. 1).
A tracing of the hand was made with a lead pencil.
The tracing proceeded from the radial styloid process
to the ulnar styloid process. A line designated as the
inter-styloid line was drawn joining the two styloid
tips. Hand length (L) was measured using a Vernier
Slide Calipers as the distance between the distal
crease of wrist to tip of middle finger.2

Fig 1: Measurement of hand length

Hand Breadth: Measured from 1% metacarpo-
phalangeal joint to base of 5" metacarpal in cm
using Vernier Caliper?® (Fig 2).

Fig 2: Measurement of hand breadth

Foot Length: Each subject will stand ona Calibrated
Foot Board with his/her back against the wall in
such a manner that the posterior most point of the
heel will gently touch the wall. A vertical stop was
placed against the anterior most point of the foot.
The distance between the posterior most point of
the heel and the anterior most point of the foot was
measured as the foot length- (Anitha Oommen et
al.,' 2005) (Fig. 3).

]
|
5|

Fig 3: Measurement of foot length

Foot Breadth: It will be measured as distance
between Metatarsal tibiale (point projecting most
medially on the head of the 1% metatarsal bone) and
Metatarsal Fibulare (point projecting most laterally
on the head of the 5" metatarsal bone) (Rati Tandon
et al.,” 2016) (Fig. 4).

U

Fig 4: Measurement of foot breadth

Data collection tools: Vernier slide calipers,
calibrated foot board, stadiometer, regular weight
machine, questionnaire for collection of personal
details, academic scores, lead pencils, stationary etc.
Data collected was tabulated, statistically analyzed
and graphically represented.
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Results and Discussion

Foot length on right side in male ranged from 22.6
cm-28.9 ¢cm with mean of 25.18 c¢m and SD of 1.32.
Foot length on left side in male ranged from 22.8
cm -29.0 cm with mean of 25.31 cm and SD of 1.15,
Table 1.

These findings correspond with studies of Anitha
Oommenet et al.!, Rati Tandon et al.’, Patel SM, Shah

Table 1: Correlation of Hand length and Foot length in male (right).
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GV et al” 2007, Prakash M Mohite et al.> (2015).
Shown in Table 9.

Foot length on right side in female ranged from
21.0 cm -25.7 cm with mean of 23.39 c¢m and SD of
1.19. Foot length on left side in female ranged from
21.5 cm-25.4 cm with mean of 23.19 c¢m and SD of
0.97, Table 2.

These findings correspond with studies of
Anitha Oommenet et al.!, Rati Tandon et al.’, Patel

Variables Minimum Maximum Range Mean SD N Correlation-r ~ p-value
Hand length right 16.5 23.8 7.3 18.9 1.16 500
) r=0.536 p<0.01HS
Foot length right 22.6 28.9 6.3 25.18 1.32 500
Linear Regression Equation Hand length right in males = 8.602 + 0.409 (Foot length right)
Table 2: Correlation of Hand length and Foot length in male (left).
Variables Minimum Maximum Range Mean SD N Correlation-r  p-value
Hand length left 16.5 24.6 8.1 18.96 1.27 500 r=0.446 p<0.01HS
Foot length left 22.8 29.0 6.2 25.31 1.16 500

Linear Regression Equation

Hand length left in males = 6.558 + 0.49 (Foot length left)

SM, Shah GV et al.? 2007, Prakash M Mohite et al.?
(2015). Shown in Table 9.

Foot breadth on right side in male ranged from
7.8 cm-10.9 cm with mean of 9.39 cm and SD of 0.70.
Foot breadth on left side ranged from 7.8 cm - 11.5
cm with mean of 9.35 cim and SD of 0.59, Table 3.

These findings correspond with studies of B
Danborno, A Elukpoet et al.° (2007), Rati Tandon et
al.” Patel PN, Tanna JA et al.® (2012), Chikhalkar BG
et al*(2008). Shown in Table 9.

Foot breadth on right side in female ranged from
7.5 cm-9.8 cm with mean of 8.45 crm and SD of 0.52.
Foot breadth on left side ranged from 7.7 cm-9.8 cm
with mean of 8.53 ¢ and SD of 0.48, Table 4.

These findings correspond with studies of B
Danborno, A Elukpoet ef al.¢ (2007), Rati Tandon et

al.%, Patel PN, Tanna JA et al.® (2012), Chikhalkar BG
et al.’® (2008). Shown in Table 9.

Hand length on right side ranged from 13.9 cm-
23.8 cm with mean of 18.11 cm and SD of 1.38. Hand
length on left side ranged from 13.9 cm-24.6 cm with
mean of 18.10 cm and SD of 1.47. These findings
correspond closely with those of Oommenet et al.?,
Chikhalkar et al.*and Kavyashree et al.', (Table 9).

Hand Breadth on Right side ranged from 7.6
cm-19.0 cm with mean of 9.91 cm and SD of 0.76.
Hand Breadth on left side ranged from 7.6 ¢m-19.0
cm with mean of 9.83 cm and SD of 0.77, (Table 9).
These findings were higher than those observed in
almost all the previous studies (Table 4). This is
might because in present study, hand breadth was
measured from 1% metacarpo-phalangeal joint to

Table 3: Correlation of Hand length and Foot length in female (right).

Variables Minimum Maximum Range Mean SD N Correlation-r ~ p-value
Hand length right 13.9 19.7 5.8 17.18 0.99 500 r=0.132 P<0.05S
Foot length right 21.0 257 47 23.39 119 500
Linear Regression Equation Hand length right in females = 15.15 + 0.051 (Foot length right)
Table 4: Correlation of Hand length and Foot length in female (left).
Variables Minimum Maximum Range Mean SD N Correlation-r ~ p-value
Hand length left 13.9 19.7 5.8 1711 0.99 500 r=0.138 p<0.05S
Foot length left 21.5 254 3.9 23.19 0.96 500

Linear Regression Equation

Hand length left in females = 14.21 + 0.063 (Foot length left)
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base of 5" metacarpal; whereas in previous studies it Linear regression co-efficient has been
was measured from 2" metacarpo-phalangeal joint  calculated for different combinations of body parts.
to base of 5" metacarpal. Hand breadth observations ~ Observations have been shown in (Tables 1-8 also
matched with Prakash M. Mohite et al.? Graphs 1-8).

Table 5: Correlation of Hand breadth and Foot breadth in male (right).

Variables Minimum Maximum Range Mean SD N Correlation-r ~ p-value
Hand breadth right 8.8 19.0 10.2 10.36 0.68 500 r=0.240 p<001S
Foot breadth right 7.8 10.9 3.1 9.39 0.71 500
Linear Regression Equation Hand breadth right in males = 8.175 + 0.22 (Foot breadth right)

Table 6: Correlation of Hand breadth and Foot breadth in male (left).

Variables Minimum Maximum Range Mean SD N Correlation-r ~ p-value
Hand breadth left 8.9 19 10.1 10.29 0.69 500 r=0.206 p<0.01 HS
Foot breadth left 7.8 115 3.7 9.35 0.59 500
Linear Regression Equation Hand breadth left in males = 8.252 + 0.219 (Foot breadth left)

Table 7: Correlation of Hand breadth and Foot breadth in female (right).

Variables Minimum Maximum Range Mean SD N Correlation-r ~ p-value
Hand breadth right 7.6 10.6 23 9.39 0.47 500 r=0.182 p<0.01 HS
Foot breadth right 7.5 9.8 23 8.45 0.52 500
Linear Regression Equation Hand breadth right in females = 8.09 + 0.154 (Foot breadth right)

Table 8: Correlation of Hand breadth and Foot breadth in female (left).

Variables Minimum Maximum Range Mean SD N Correlation-r ~ p-value
Hand breadth left 7.6 10.6 2.4 9.31 0.47 500 r=0.164 p<0.01HS
Foot breadth left 7.7 9.8 21 8.52 0.47 500
Linear Regression Equation Hand breadth left in females = 8.023 + 0.152 (Foot breadth left)

Hand length right in males
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Foot length right
Graph 1: ROC curve of hand length v/s Foot length of right in males

IJA / Volume 8, Number 3 / July-September 2019



Indian Journal of Anatomy

"d[qerreae JoN - VN ‘dqereduwod joN - DN
‘paanseaur 10N - WN “U3SUS] wrea1o,] - TV ‘ueds wiry - §v ‘pdus] duy /11817 - 1A "PSUS] wied - Td ‘PPeaIq 1004 - g1 ‘Y8us[ 1004 - T ‘Yipeaiq pueH - H ‘YISus] pueH] - TH 1YSOH - H

IJA / Volume 8, Number 3 / July-September 2019

174

T6'8/5€6 Sb'8/6€°6 T€T/IeST  6€€C/8T'SC TI€6/6T01  66/€0T IT°41/96'8T 81°Z1/06'S1T 0001 44 “11 ‘dHTH ‘H (61-8107) ;i Apmis Juasaig 1A
(£10Z w'1v #2 IVING eSTuunIIer
N AN 60°¢c/9T°ST  S0'¢T/sTsT AN NN NN NN 00T g4 Td'M pue 1, Aq3100N eferereN 0T
YA 1d ‘ad
68°8 - 9[eWdJ ‘G6"6-ITe N Gg'g-oTewR] ‘T 9-9RIN LVT £-31ewd) ‘TT¢ §-9RIN arewa “$9¢'61- AN L6¥ 14 ‘dH "TH 'H (9102) ¢'1v 32 uopue] Hey 6
1€ L1391 ‘0€" L1 USH-INS
ITL1
3T ‘LT LT- WSH-4S
TT L1 ‘9T LAUSH-INS 0481
61" L1 ‘FT - WBU-S 4o ‘68 T-WSH-INN
0T°8-391 ‘$T"8AUSH-INN FL81
AN AN NN AN 00°8-131 ‘FT"8- WS -INS 4oL “18°81- WS -INS ¥6C dH “TH 'H (S100) 0’17 32 NV 2o1ysedaey] g
197TT
NN AN - d[ewR] ‘986 - AEN £€'[- 91eWR) ‘$9°8-9[RIN 4T~ 9[eWd ‘L T°61- S[RIN 0€T TAGHTH'H  (S107) <17 39 IO "N useyeld /£
DN DN DN DN DN ON DN DN URIPTIYd 009 TH 'H (€102) 410 42 Praeg mq8eqr 'y 9
SV ‘dH
G98°0 AS WM 8T'6 608°L S WM 8/1HC 9264°0 AS WM 16 £16T'TAS WM 86/ LT [rd MH'ddT4‘H  (C100) 1w 42 v euuel ‘Nd [9¥ed ¢
44 14
€024°0 AS WIM 668°8 0CF' T S WM 800HC €L 681 00¢ ‘AHTHTVA‘H  (8007) ¢'17 12 DG Te[eqyD 2
FeTe
AN AN srewRy  HH P 9leN NN NN NN NN 208 14 ‘H 200Z /1939 AD UeUS ‘INSToved ¢
(£002)
II8/606 €C8/206 0LFC/TH9c TS¥C/698C  TLL/898  T8L/068  TSL/C6'6L 1S8L/S861 00% I TI‘dH TH'H o P odmgy ouroqueqqg ¢
6L'¢T
AN AN 89°¢2/09C /1T°9C NN NN FTLL/9061 TSLL/90°61 001 14 “TH (S002) 1'1v 42 WO By T
dNIT /N ST I/NIPT /N ST IM T I/ WSt I/MNWT  I/N ST oo o
A ‘ou
_.—.:umwh& .._ccw UedJAl _.—.._wﬁw— uOCW UBIN &.:umuuﬁ— —uﬁm_.— UBIN _.—awﬁw— —uﬁﬂ& UedA 2z1s wﬁ&ENm ﬁvmﬁ—ﬁm m—ﬁ—mfﬁxw \uo£u=<\%ﬁﬁam .—m
SUoONeAIdSqQ

‘satpnys snoraaxd yim Apms jussard jo uostredwo) :¢ a[qeL



26.00~

24.00-

22.00-

20.00-

18.00-

Correlation of Hand Dimensions with Foot Dimensions: A Central Indian Study

Hand length left in males

16.00
22.00

26.00 28.00

Foot length left

Graph 2: ROC curve of hand length v/s Foot length of left in males

Hand breadth right in males

20.00-
17.50
15.00
12.50
=] “Z
oS = =3 © I e
B - =T (R L) o=
10.00 - = ij"ﬁ bt = : & a
o
7.00 8.00 9.00 10.00 11.00
Foot breadth right
Graph 3: ROC curve of hand breadth v/s Foot breadth of right in males
Hand breadth left in males
20.00~
17.50+
15.00
12.50
10.004—— - X
7.00 8..00 9i00 1‘0.00 11..00 12-‘00

Foot breadth left

Graph 4: ROC curve of hand breadth v/s Foot breadth of left in males
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Hand length left in females
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Graph 7: ROC curve of hand breadth v/s Foot breadth of right in females
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Hand breadth right in females
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Graph 8: ROC curve of hand breadth v/s Foot breadth of left in females

Conclusions

Highly statistically significant difference was
observed in mean foot length and breadth on
both sides in both sexes.

Statistically ~ significant correlation was
observed between hand length and foot length
in both sexes.

Statistically ~ significant correlation was
observed between hand breadth and foot
breadth in both sexes.

The linear regression formula derived can be
used for population between 17 and 20 years
but it might be of limited use for children and
older people.

Equation derived from present study can be
used to estimate hand dimensions from foot
dimensions and vice versa among the Central
Indian population.

It would be unwise to use the same equations
for estimation of hand and foot dimensions for
different Indian populations.

Limitations

1.

In the present study, age range of only 17-20
years was considered.

Only healthy individuals were included in the
study. Hence the data may not be applicable
students those with deformities of foot,
vertebral column and limbs, contractures, those
with h/o of trauma to foot, those with features

suggestive of dysmorphic disorder, pregnant
females.

3. Applicability of anthropometric measurements
in living and deceased individuals may
practically differ.

4. The present study is a preliminary one and
would be followed up by other studies to
address the above limitations.

Conflict of Interest: None.
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