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Immense value that possibility
recovery at the crime scene

t in developing
tries like India

Establishing personal identity



Introduc

I'-Il
- |

»
g ,_,.i/

q

f"l
\

i

Footprint

Conduct a detail Gayer (1904,
of Footprint

Robbins (1978), Kennedy et all
2005), Krishan 2007)

Individualization

A ]

Robbins (1985.1986),
Estimation of stature  O.P.Jasuja . (1991)
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various populations | Robbins [1984,1986], Barker and Scheuer [1998], Topinard[1976
Martin [1928], Martin and Saller [1959], Pales [1976], Jasuja [198

Robbins [1986], Jasuja[1987], Sharma et all. [1978] )

L Krishan [2002], Jasuja[1987], Sharma et all. [1978], Philip [1990],
Ozden et all. [2005]

“*Mixed population
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» Objective

Estimation of stature from various dimensions from
footprint and foot outline in an endogamous group of North
India.

Compare the reliability of stature estimation by division
factor method and regression analysis
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‘Material and methods

(e ——
F
q". i T
Habu ‘:,} ‘: _
lan 5 i .
I 5 [ ) Fe
_— Lanore *
- i
r
Pakistan g . ?ﬂr_f?
e New Dehi NEPHI J,qéhﬂ T A
ut.*m* . e |
L Bhairahaw A it : -~
.:‘ I II ME .-Q I:. l; |
. . =
\ Iraharis - f ¢ ek
45— Bangladeah Ly
zh Ahmadabad E oliata W ) ]
o India o) oll
AL Ml wanirsarn
(Burma)
Mumba T S Lay
@Fune Visakhapatram S " i
@ Hyde 2had s 30on "'--...I e
J_l'x el
RThaHan-
sengalund
o o i
Chenna 1
i
7 (=]
Buthukkudiyirupgd 4 .
Mahawilachchiya@ Sl nncomales
Sri Lanka
@ SbButtala ("
I ™ e 1

The Kannaug Triangle
c750-9

y Emplre:
Sy Rashtrakutas
5 ' Falas
Gurlara - Pratiharas

i Modern International BEoundarg

T T

#Multan

:'

SIMND ARA ﬁ i ; ] REPAL
F\‘L‘ JH i W'H M'Fﬂ"illl & g 3
lmal.lu .
e AT .
CI'HHDELAS @halanda KAMARLIPS
.;;quntnhu I' 3
y MA .? - R . Harnur
Aafermeh ‘* * "’ - Vj;@_ ;
S II! ar & EA
FARAT PAPAmm'é W
L N
Mambhat 3 7% T
wEllara™ » ( ; -'-Fj'ﬁ.'._
Lo BERAR T R
T = \
RAS WMM!—\S L
i Olﬂunr*h:tu W EAST ERM o
i L] al LKYAS
Arablan :.I:;:;:ﬁim r THALLIAS
Can L . E 4
o § cHALUicrhs
] PALLAVAY ™" al
“s Kanchipuram
S e Bengal
L mrtes [sI =
e ;p';!"' cT:nJur: AT
CHERAS vy, iy
R panop T yras Evane
i




I and methods

hanistan, Pakistan and

r. strictly marrying within own
=

Sedentary and agriculturist
Habit of walking bare feet
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Description

m Mid — rear heel point
mt.m Medial metatarsal point
- ]

ateral metatarsal poin
Calcaneal concavity medial
ctu.l Calcaneal tubercle lateral




Material and methods

Measurement Foot outline | Footprint
DLA v N,
BL+*
T-1 length
T- 2 length
T- 3 length

T- 4 length
T- 5 length
Breadth at ball
Breadth at heel
Toe 1 -5 angle

< 2] <]<] <] <] <] <1 =

Big toe pad length

2 |22 ]<]2]<]<] & <] &1 =

Big toe pad breadth
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Bilateral asymmetrical Correlation

Kerl Pearson
correlation

Division factor
egression analysis

Paired t-test

difference correlation
between left and between various
right side within length/breadth
an individual with stature

estimation of
stature

***analyzed using SPSS






Table |

Descriptive statistics of footprint mezsurements in adult male Gujjers (n = 1040) F OOtDrlnt
Measurement (cr) Mean S.D. ﬁlinimum Maximum
Left Right Left Right Left Right Left
T-1 length (d! .t-pte) 24.05 24.13 323 3.26 19.6 19.3 279
T-2 length (d2.t-pte) 24.15 23.63 312 312 18.9 18.8 281
T-3 length (d3.t-pte) 2345 23.51 293 2.99 18.1 18.3 26.8
T4 length (d4.t-pte) 21.88 21.34 235 2.36 17.1 16.9 253
T-5 length (d5.t-pte) 20.78 20.09 230 2.23 16.2 16.5 213
Breadth at ball (mt.m-mtl) 8.63 8.69 1.98 1.90 6.2 6.3 10.8
Breadth at hesl (ce.m-clwl) 5.08 4.92 1.43 1.39 31 3.0 8.3
Big toe pad breadth (dL.1-dl.pl) 2.48 2.60 072 0.68 1.6 1.5 4.3
Toe 1-5 angle of declination 58" 61)° 58 5.1 44° 43" 73"

Table 2 .
Descriptive statistics of foct outline measurements in adult male Gujjars (n = 1040) Foot outline
Measurement (cm) Mean 5.D Minimum Maximum

Left Right Lefi Right Left Right Lefi Right
T-1 length (dl.t-pte) 2582 2543 3.23 325 20.2 15.9 28.8 283
T-2 length (d2.t-pte) 2578 2535 342 336 19.2 18.9 283 28.6
T-3 length (d3.t-pte) 2497 25.07 2.91 282 18.8 18.5 273 27.3
T4 length (d4.t-pte) 23.15 22.93 2.31 233 18.6 17.9 249 25.3
T-5 length (d5.t-pte) 2208 21.81 2.29 228 1a.1 16.4 226 22.7
Breadth at ball {mt.m-mtl) 9.63 Q.85 2.21 1.92 6.1 6.4 109 11.3
Breadth at hezl (cc.m-ctul) 5.98 6.15 1.53 1.49 32 a5 8.5 84
Toe 1-5 angle of declination 59 60" 53 5.7 40 40° 76" 72"



# Bilateral different

ans, standard deviations and values of “¢" of bilateral differences (left—right) in measurements of footprint and foot outline in adult male Gujjars (n = 104
Footprint Foot outline
Mean difference (lefi—right)

length (d1.t-pte)
 length (d2.t-pie)
| length (d3.t-pte)

length (d4.t-pte)

leneth (dS.t-ple)

adth ar ball {mm-mcl)

adth at heel (cc.m-ctul)

r toe pad length (d1.t-dl.ps)

r toe pad breadth (d1.pm-d1.pl)
1-5 angle of declination

+) Lt. > Rt. -) Lt. <Rt.



# Division factor and mean error

le 4
ues of division factor for estimating stature from various measurements on footprint and foot outline in adult male Gujjars (n = 1040)

asurement (cm) Left footprint Right footprint Left foot outline Right foot outline
Division Division 4 Division Division
factor factor facto factor
length (d1.t-pte)
length (d2.t-pte)
length (d3.t-pte)
length (d4.t-pte)

length (d5.t-pte) 0.1180
-adth at ball (mt.m-mtl) 0.0508
-adth at heel (cc.m-ctuwl) 0.0288

 toe pad length (dl.t-d1.ps) 0.0179
r toe pad breadth (dl.pm-d1Lpl) 0.0151




# Correlation

le 5

rl Pearson’s correlation coefficients between footprint and foot outline measurements with stature (n = 1040)

asurement (cm) Left Right Left foot Right foot

footprint/stature footprint/stature outline/stature outline/statur

length (d1.t-pte) 0.87" 0.86" 0.85 036"

 length (d2.t-pte) 0.85" 0.87" 0.83 085

 length (d3.t-pte) 0.86" 0.85" 0.84° 085"

| length (d4.t-pte) 0.85" 0.84" 0.83° 083"

length (dS.t-pte) 0.82" 0.82" 0.84" 0.82"

»adth at ball (mt.m-mtl) 0.66" 0.64" 0.63 066"

-adth at heel (cc.m-ctu.]) 0.57° 055" 053" 052"

r toe pad length (d1.t-d1.ps) 041° 043"

r toe pad breadth (dl.pm-dl.plL) 032" 030" - -

> 1-5 angle of declination 0.09* 0.08* 0.04* 0.08*

WValues of correlation coelficients are not significant.
WValues of correlation coelficients are highly significant (P < 0.001).
P < 0.01.

 Highly significant correlation in foot length 0.82 — 0.87), P < 0.001

* slightly high correlationin bread at ball

* low correlation in bread at heel




# Estimation of stature

le 6

rression equations for estimation of stature through various length/breadth measurements of footprint in adult male Gujjars (n = 1040)

length (d1.t-pte)
 length (d2.t-pte)

) length (d3.t-pte)
length (d4.t-pte)
length (d5.t-pte)
adth at ball {(mt.m-mtl)
adth at heel (cem.-ctul)
r toe pad length (d1.t-d1.ps)
r toe pad breadth (d1.pm-d1.pl)

Regression equations for
left footprint

3.689 x T-1 length + 84.013
3.864 x T-2 length + 77.783
T-3 length + 89.146
» T-4 length + 88.013
3.985 » T-5 length + 87.753
7.951 x BAB + 102.578
9.658 BAH + 122.802
12.056 » BTPL + 133.642
15.996 = BTPB + 131.361
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sions equations for
right footprint

» T-1 length + 87.214
» T-2 length + 91.303

T-3 length + 84.953
T-4 length + 94 .414

» T-5 length + 94.572

BAB + 105.389
BAH + 126.093

10.969 »« BTPL + 133.402
15.064 = BTPB + 135.454

Wl R 1S
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length (d1.t-pte)

length (d2.t-pte)

length (d3.t-pte)

length (d4.t-pte)

length (d5.t-pte)

adth at ball (mt.m-mel)
adth at heel (ce.m.-ctul)

Regression equation for left
foot outline

3.255 = T-1 length + 88.458
3.569 »x T-2 length + 79.885
3.621 = T-3 length + 90.467
3.710 = T4 length + 85.030
3.993 -5 length + 83.894
5.394 » BAB + 119.625

8.810 = BAH + 118.376

Regression equations for right

foot outline

3.289 » T-1 length + 87.385
3.491 » T-2 length + 83.571
3.583 x T-3 length + 80.972
3.698 » T4 length + 84.795
3.915 » T-5 length + 85.582
5.414 » BAB + 120.951

8.735 » BAH + 120.265
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Discussion




DIScUssion

)ay be an
2ssary goal

this study



le 8
nparison of the means of various footprint and foot outline measurements of the present study with Robbins [12]

asurement (cm) Footprint data Foot outline data

Present study Robbins [12] Present study Robbins [12]

Left Right Left Right Left Right Left Rig
length (d1.t-pte) 24.05 24.13 23.68 23.59 25.82 2543 25.10 25.0
length (d2.t-pte) @) 2393 23.56 2344 257 25.35 24.67 24.:
length (d3.t-pte) 2345 23.51 221 22.56 24.97 25.07 23.79 23.

U=
length (d5.t-pte)

20.09 19.94 19.75 . 218 20.99 20
adth at ball (mt.m-mtl) 0863 08.69 08.86 08.84 963 985 09.70 9

adth at heel (cc.m-ctwl) 05.08 04.92 04.93 04.94 5.98 6.15 592 5.0
toe pad length (dl.t-dLps) 02.98 03.11 02.64 02.59 - - - -
toe pad breadth (dl.pm-dl.pl) 02.48 02.60 02.39 02.42 - - - -
1-5 angle of declination (*) 58 60 60.81 60.60 59 60 58.77 S8.¢

Larger value than Robbins
Separate Lt. and Rt. Foot

Significant left-side bilateral asymmetrical
JOomi nt




DIScUssion

» Avoid inter-observer el
measuring -

» Avoid intra-observe
I nosio. intra-ohserver error

small meanerror(3.29-3.47) that more
reliable than the others 3.86 — 4.66)
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ctor/ Correlation
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npanison of the values of division factor/ratio index for estimation of stature with Robbins [13] and Philip [44] (T‘ 1 length)

asurement (cm) Present study Robbins [13] (stature Philip [44] (stat
(division factor) ratio index) (%) ratio index) (%)

t footprint length 0.1424 14.387
ht footprint length 0.1427 14312
t toot outline length 0.1512 15.199
ht foot outline length 0.1497 15.128

Consistent with other study
Linear and close relationship

Extreme high correlation from length measurement
0.82 - 0.87)



Table 10

Comparison of actoal stature and estmated stature trom left T-1 length of
footprint using respective regression equations (n = 1040)

Minimum Maximum Mean
estimated estimated estimated
stature {cm) stature (cm) stature (cm)

Mean estimated stature 156.31 | 78.56 172.73
Actual stature 15081 | 86,30 1 72.68

Under of min and Over of max. but mean value are close
Mean error of division factor quite higher than regression

Correlation in various measurements, accuracy and
applicability
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Conclusion

* Footprint and foot outline are utmost
important in forensic examination

» Strongly relation and better reliability

prediction

 Also careful about population
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