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Abstract

Palm and finger prints are considered one of the best methods of absolute identification of an individual. So the aim of this
study was to determine sex and stature from the latent palm prints present on documents. This study was done on 129 per-
sons (60 males and 69 females) and they were asked to put their signatures on a blank paper. After that, ninhydrin solution
was sprayed over the paper. After appearance of the latent print; the paper is scanned with its original size, then the scanned
picture was opened with Geometer’s sketchpad software. Stature and fourteen parameters were measured. As regards sex
determination; there was a significant increase in LA, LB, LC, perimeter and area in males than females (P <0.001). By step-
wise discriminant functional analysis, the most accurate predictors of sax were LA and area. As regards stature estimation,
the most predictors of stature by stepwise regression analysis in males were Angle C and LB, while in females the most
predictors were area, angle B, RA and Angle C. Finally, it was confirmed that latent palm prints on documents are helpful
in sex and stature determination in Egyptian population sample through measurement of different distances and angles.
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Introduction

Palm and fingerprints are viewed as one of the best methods of
absolute identification of a person as they are exceptional, unique
and perpetual by nature [1]. Palm print is a mix of two parts, the
palmar friction ridges and the palmar flexion creases. Palmar fric-
tion ridges are the corrugated skin patterns with sweat glands yet
no hair or oil glands [2].

Discontinuties in the epidermal ridge patterns are known as the
palmar flexion creases. Flexion wrinkles (creases) appear before
the arrangement of friction ridges during the embryonic skin de-
velopment stage, and both elements are guaranteed to be change-
less, lasting and unique to an individual [3]. There are three major
types of flexion wrinkles that are most obviously unmistakable.
These types are distal transverse, proximal transverse and radial
transverse wrinkles. Based on these wrinkles, three palm print lo-
cales are charachterized: interdigital, thenar and hypothenar [4].

On touching or grasping an object, a trace of the friction ridge
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skin may be found. Based on the fact that, the hypothenar area
comes in contact with the supporting surface while writing, draw-
ing or signing, an impression of part of the hand and/ or the
palm can be found [5].

Since sweat is apparently a coloureless fluid, the prints so left be-
hind are not visible to the naked eye, the visibility of the prints
are enhanced by various chemical methods and reagents. Analysis
of finger and palm prints at the crime scene is vital to identify the
suspect and establish a crime [6].

Latent prints are impressions produced by the ridged skin, known
as friction ridges, on human fingers, palms, and soles of the feet.
According to the study of 2], about 30% of the latent prints
recovered from crime scenes are from palms. Hence, there is a
great need of palm print databases worldwide. So that, the prints
obtained from the crime scene can be matched with the suspects
to confirm their involvement in crime [7].

Many researchers have explored the possibility of sex and stature
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identification from finger prints. Owed to the few number and
scanty data in the utilization of latent palm print in individual
identification, the objective of this study was to determine sex
and stature from latent palm prints present on documents in a
sample of Egyptian population in Minia Governorate.

Subjects and Methods
Subjects

This study was carried out on right handed 129 individuals (60
males & 69 females), with their age ranging from (18-30 years).
Subjects were randomly selected from the Forensic Medicine &
Toxicology department- faculty of Medicine-Minia University in
Minia Governorate- Egypt, as medical students, technicians, and
faculty employees in May 2016. Informed written consents were
taken from all participants and the followed procedures were in
accordance with the ethical standards of Minia University Ethical
Committee. Only individuals without any medical history of right
hand problems as congenital hand anomalies, previous burns,
burn contractures, previous surgical scars, ulnar nerve palsy (hy-
pothenar wasting), malunited fifth metacarbal fractures and post
axial polydactly, foot and spine problems (as it hinders stature es-
timation) were recruited in this study.

Materials

Gloves, small sprayer bottle, steam iron, paper towels, blue pen,
blank white paper and Ninhydrin solution. This solution was
prepared by dissolving 5grams of Ninhydrin powder in 75ml of
ethyl alcohol according to the study of Keeling et al., [8]. The
chemical substances were obtained from El-Nasr Pharmaceutical
Company - Egypt.
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Methods

Stature was estimated in all individuals included in this study.
Then, the individuals were asked to sit on chair at ease. After giv-
ing a blank white paper and blue pen to the subjects, they were
asked to put the paper on a table followed by putting their signa-
ture on this paper at calm atmosphere [4].

After the individual finished writing, the papers ate carefully han-
dled and put at room temperature. Then, Ninhydrin solution was
sprayed over the papers. Appearance of prints with Ninhydrin
solution occurs very slowly at room temperature and at humidity.
This could be accelerated by increasing the temperature. In this
study, we used an ordinary steam iron with the specimen (blank
paper with a signature) sandwiched between paper towels accord-
ing to Wu et al., [9]. Latent prints appeared within a few minutes
(5-10 minutes).

After the appearance of latent prints, each blank paper was
scanned with its original size using colour image scanner (Canos-
can-Lide 120- Canon INC-Vietnam), then we opened the scanned
picture with a software program called Geometer's Sketchaped
version 5 (Figure 1). The steps of the method that were used in
this study were according to the manual method of Amit [10].

Firstly we drew the line of writing (L) and put 3 points represent-
ing each curvature, then reconstruction of each curvature with its
radius was done. Measurement of the radius of each cutrvatutre
(RA, RB, RC) and the distance between the centers of curvatures
(AB, AC, BC) were made using the soft ware program (Figure 2).

From the line of writing, we drew a perpendicular line that cut the

Figure 1. Figure of a latent palm print after scanning and its appearance by Geometer's Sketchaped software program.

Figure 2. Latent Palm print figure showed the line of writing (L) & the radius of 3 curvatures (RA, RB, RC) and the dis-
tance between the centers of these curvatures (AB, AC, BC).

RA=0.76cm
RB=2.01cm
RC=1.09cm
AB=4.47cm
AC=4.85cm
BC=0.67cm
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center of each radius, and then we measured the distance between
the line of writing and the center of each radius (LA, LB, LC)
using the software program (Figure 3). Then we drew a line from
the center of each curvature cutting the line of writing at the be-
ginning of the word (Point X) and then measurement of the angle
between them (LXA (angle A), LXB (angle B), LXC (angle C) was
done (Figures 4 & 5). Marking of the boundaries of the print and
measuring its perimeter and area were done using the software
program (Figure 6). All these measurements were done by the
use of software program called Geometer's Sketchaped version 5,
and so we did not use a manual ruler in this study.

Statistical Analysis

The data were analyzed using SPSS statistical package version 20.
Mean and standard deviations were obtained for stature and all 14
measurements of the latent palm prints of both sexes. Student-t
test was done to establish the presence of significant sexual dif-
ferences. Discriminant function analysis for sex prediction was
made. Roc (receiver operating characteristic ) curve analysis was
done to obtain the optimal cut off value, sensitivity, specificity
of the most significant parameters in sex prediction. Correlation
between stature and different measurements was tested using
Pearson's correlation. Linear regression analysis was performed
to predict stature in both sexes.

Results

This study revealed that there was a significant sexual difference
in 5 measurements only (LA, LB, LC, perimeter and area) (P<
0.05) (Table 1). By simple discriminant analysis for sex prediction,
the most predictable parameter was LA (its total percentage of
accuracy was 81.4%) followed by LB, LC and area. Their total
petrcentage of accuracy was the same which was 72.1% (Table 2).

By multiple discriminant analysis, combination of the above 5 sig-
nificant parameters was done and gave a percentage of accuracy
of 80% in males and 82% in females (Table 3). Finally, by step-
wise multiple discriminant analysis, there was one model of the
use of combination of LA and area for sex prediction, this model
gave a total percentage of accuracy of 81.4 % (Table 4). By Roc
curve analysis for sex prediction, if the cutoff value was > (6.06,
10.11, 10.29, 26.09 and 19.18) for (L., LB, LC, perimeter and area
respectively), the sex was male and vice versa (Table 5, Figure 7).

There was a significant +ve fair correlation between male height
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and LB measurement and significant —ve fair correlation between
height and angle B & C (Table 6). While, in females, there was a
significant +ve fair to moderate correlation between height and
LA, LB, LC, angle A, B, and C, perimeter and area of latent palm
print. Also, there was a significant —ve fair correlation between

height and RA (Table 7).

By simple linear regression analysis, 3 models were used to predict
stature in males. The most predictable models were model of An-
gle C (R=0.343 & R*=0.118) and model of angle B (R=0.329 &
R? =0.108), while, in females, 9 models were used to predict stat-
ure. Area (R=0.506 & R?*=0.256), angle B (R=0.502 & R*= 0.253)
and perimeter (R=0.466 & R*=0.216) wete the most predictable
models in females (Table 8, 9).

Combination of (LB, angle B and C) was used to predict stat-
ure in males by multiple linear regression analysis (R=0.438 &
R? =0.192). While, in females, combination of (RA, La, LB, LC,
angle A, B and C, perimeter and area) was used to predict stature
(R=0.877 & R*= 0.769) (Table 10, 11). Table 12 showed 2 models
that were used to predict stature in males by stepwise linear re-
gression, The most predictable one was, combination of angle C
& LB (R= 0.437 & R*>= 0.191). In females, four models wete used
and the most predictable one was combination of area, angle B,

C, and RA) (R= 0.851 & R?=0.724) (Table 13).

Discussion

Forensic anthropology is a branch of physical anthropology that
was used in crimes and its investigations. Personal identification
is an integral part of the crime investigation in cases of mass dis-
aster, where mutilated and disintegrated body parts are frequently
found. In many crime scenes, latent prints including palm and
finger prints were found [11].

Latent prints (finger and palm prints) are the impressions of the
dermal friction ridges present on the palmar aspect of the hand.
Palm prints are highly individualistic and encountered at crime
scene and also, on documents [12]. Palm prints undoubtedly are
the most reliable and accepted evidence in the court of law. It may
be because of disease, weather, age, or wearing gloves in hands,
palm prints don't occur on documents during writing [13].

In this study, efforts have been made to identify sex and stature
of a person from latent palm prints present on documents in a
sample of Upper Egypt population in Minia Governorate. The

Figure 3. Latent palm print figure showed the distance between the line of writing & the center of each radius (LA, LB,

LC).

RA=0.76cm
RB=2.01cm
RC=1.09cm
AB=4.47cm
AC=4.85cm
BC=0.67cm
LA=7.49cm
LB=11.82cm
LC=12.01cm
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Figure 4. Latent palm print figure showed all the previous measurements plus the angle between the lines extended from
the center of each curvature & the line of writing (LXA, LXB, and LXC) in a male latent print sample.

RA=0.76cm
RB=2.01cm
RC=1.09cm
AB=4.47cm
AC=4.85cm
BC=0.67cm
LA=7.49cm
LB=11.82cm
LC=12.01cm

m L LXA=91.91°
m L LXB=96.56°
m [ L.XC=99.47°

Figure 5. Latent palm print figure showed all the previous measurements plus the angle between the lines extended from
the center of each curvature & the line of writing (LXA, LXB, and LXC) in a female latent print sample.

RA=0.97cm
RB=1.92cm
RC=0.93cm
AB=4.35cm
AC=4.94cm
BC=1.15cm
LA=6.06cm
LB=10.36cm
LC=10.71cm

m L LXA=80.36°
m L LXB=87.58°
m /L LXC=93.51°

Figure 6. Latent palm print figure showed perimeter and area of the print.

Perimeter P, =26.46cm
Area P =21.81cm”

authors of this study used Ninhydrin solution to develop latent
palm prints as it is the least expensive and the most reliable meth-
od. Upon contact with this solution, Ninhydrin reacts with free
amino acids in the skin and causes a deep to purple stain within a
short time period [8].

Ninhydrin (2,2-dihydroxyindane- 1,3-dione) is a chemical sub-
stance used to detect ammonia or primaty and secondary amines.
It is the most commonly substance used to detect fingerprints,
as the terminal amines of lysine residues in peptides and pro-
teins sloughed off in fingerprints react with ninhydrin [8]. Ninhy-
drin can be used to monitor deprotection in solid phase peptide
synthesis (Kaiser test), it is also used in amino acid analysis of
proteins. When ninhydrin reacts with amino acids, the reaction
releases CO,. This reaction has been used to release the carboxyl
carbons of bone collagen from ancient bones for stable isotope
analysis [9].

The results of this study revealed the presence of significant sex-
ual difference in stature and only 5 measured parameters (LA, LB,
LC, perimeter, and area). These parameters are significantly high
in males. These results are not in agreement with the results of
Amit [10] who studied the determination of sex in Indian popu-
lation from latent palm print on documents. Amit [10] research
included only 60 subjects while this present paper included 129
subjects. His results revealed that all the measured parameters
were highly significant in males than females. Also, he used black
powder to facilitate the development of latent prints and his study
doesn't include any discriminant function analysis to predict sex.

The method and results of this present study were also different
from the study of Sumeel et al., [14]. Their study was on the use
of palm print length and breadth to determine sex and stature
in North and South Indians. Their study revealed that there was
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Table 1.

Descriptive statistics of different measures and angles in both sexes.
Male Female P value
N=60 N=69
Height
Range 160-180 150-170
Mean J_rg SD 17(2.97 + 6.)16 16%.73 + 5.)87 < 0001
Ra
Range (0.67-1.91) (0.63-1.97) 0138
Mean * SD 1.14 £ 0.31 1.06 £ 0.32
Rh
Range (1.46-2.59) (1.59-3.09) 0,700
Mean + SD 2.03 +0.31 2.01 +0.36
Rc
Range (0.74-1.97) (0.81-1.42) 0145
Mean + SD 1.11£03 1.05 £ 0.16
La
Range 4.72-7.95 4.45-6.91
Mean ig SD 6(.64 + 0.6)9 5(.72 + 0.51 < 0001
Lh
Range 9.43-12.15 7.55-11.72
Mean J_rg SD 1( 1.05 0.6>9 (9.94 + 0.99) < 0001
Lc
Range 9.48-12.48 7.22-12.19
Mean f SD 1( 1.34 + 0.8)2 1(0.09 + 1.0; < 000
Angle A
Range (44.33-94.49) | (49.95-84.49) 0704
Mean * SD 74.62 +11.68 | 73.94 £7.94
Angle B
Range (67.01-101.63) | (56.24-94.95) 0204
Mean * SD 82.31 £9.22 | 80.65 % 8.75
Angle C
Range (69.04-104.18) | (58.07-98.34) 0374
Mean £ SD 8579 +9.75 | 84.31+9.12
AB
Range (3.83-6.05) (3.31-5.94) 0114
Mean + SD 451 +0.48 434 £ 0.69
AC
Range (3.65-6.95) (3.01-10.47) 0.834
Mean * SD 4.89 + 0.68 494 +1.59
BC
Range (0.49-1.58) (0.5-1.75) 0210
Mean * SD 0.97+0.33 0.9+0.31
Perimeter
Range (22.33-31.4) | (17.41-27.82)
< 0.001*
Mean + SD 26.62+2.02 | 23.65+ 283
Area
Range 16.4-27.58 8.57-24.6
Mean f SD 2(0.83 + 2.7)1 1(7.09 + 3.8)7 < 000t

*P< 0.05 was significant
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Table 2. Simple discriminant functional analysis for sex prediction.

Measure Wilk’s P value | Constant | Coefficient Secti(?ning Accuracy (0)
lambda point In males In females | total
L 0.639 | <0.001* -9.946 1.617 0.052 80 82.6 81.4
L, 0.709 | <0.001* [ -12.047 1.151 0.089 75 69.6 721
L 0.698 | <0.001* | -11.171 1.046 0.091 70 73.9 721
Perimeter | 0.735 [ <0.001* [ -10.052 0.401 0.083 75 65.2 69.8
Area 0.764 | <0.001* -5.569 0.296 0.077 70 73.9 72.1

Discriminant score = constant + (coefficient x measure)
If the discriminant score > sectioning point — it means male
If the discriminant score < sectioning point — it means female

Table 3. Multiple discriminant functional analysis for sex prediction.

. Y . . A 0/
Measure Willes P value | Constant | Coefficient Sectl(')nmg ceuracy (%)
lambda point In males | In females | total
L, 1.42
L, -0.342
L, 0.555 | <0.001* | -10.576 0.177 0.125 80 82.6 81.4
Perimeter 0.037
Area 0.138
Multiple discriminant functional analysis
Discriminant score =
-10.576 + (142 x 1) + (0342 x L) + (0.177 x L. ) + (0.037 x Perimeter) + (0.138 x Area)
If the discriminant score > sectioning point — it means male
1If the discriminant score < sectioning point — it means female
Table 4. Stepwise multiple discriminant functional analysis for sex prediction.
Measure | Wilk’s | P value | Constant | Coefficient | Sectioning Accuracy (%)
lambda point In males | Infemales | total
L 0.559 | <0.001* | -10.79 1.269 0.123 80 82.6 81.4
Area 0.158

Stepwise multiple discriminant functional analysis
Discriminant score = -10.79 + (1.269 x L. ) + (0.158 x Area)
If the discriminant score > sectioning point — it means male
If the discriminant score < sectioning point — it means female

Table 5. Roc Curve analysis for prediction of male sex.

Variable AUC Std. Error P value 95% CI
I 0.865 0.035 <0.001% | 0.797-0.933
L 0.832 0.035 <0.001% | 0.762-0.901
L 0.824 0.036 <0.001% | 0.753-0.895
Perimeter | 0.808 0.037 <0.001% | 0.734-881
Area 0.788 0.04 <0.001% | 0.71-0.866
Vatiable | OPUMAl | senitivity | Specificity | PPV | NPV | Accuracy
Cutoff
L >6.06 90 82.61 81.8 | 90.5 86
L >10.11 95 60.87 679 | 933 76.4
L >10.29 90 65.22 69.2 | 882 76.75
Perimeter | >26.09 70 82.61 778 | 76 76.7
Area >19.18 80 73.91 727 | 81 76.7

AUC: area under curve PPV: positive predictive value
CI: confidence interval NPV': negative predictive value
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Figure 7. Roc curve analysis of significant parameters for prediction of male sex.

10 ROC Curve

La
Lb

Perimeter

0.8 Area

Reference Line

I
=N

Sensitivity

N
=

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1-Spcificity

Table 6. Correlation between person’s height and different measures in males.

Height
Male

r p value
R, 0.081 [ 0.538
R, -0.027 | 0.840
R, 0.173 | 0.186
L 0.239 | 0.066
L, 0.295 | 0.022*
L 0.186 | 0.156

Angle A | -0.169 | 0.196
Angle B | -0.329 | 0.010%*
Angle C | -0.343 | 0.007*

AB 0.066 | 0.615
AC -0.113 | 0.391
BC 0.036 | 0.783

Perimeter | -0.096 | 0.463
Area 0.186 0.154

DPearson's correlation
r: correlation coefficient "weak (r = 0-0.24), fair (r = 0.25-0.49) , moderate (r = 0.5-0.74), strong (r = 0.75-1)
*: significant correlation at p valne < 0.05

Table 7. Correlation between person’s height and different measures in females.

Female Height

r P value
R -0.410 | <0.001*
R, -0.127 | 0.297
R, 0.089 0.469
L, 0.268 | 0.026*
L, 0.288 | 0.016*
L 0.381 | 0.001*

Angle A | 0.406 | 0.001*
Angle B | 0.502 | <0.001*
Angle C | 0.377 | 0.001*

AB 0.168 0.167
AC -0.076 0.537
BC -0.190 0.117

Perimeter | 0.466 | <0.001*

Area 0.506 | <0.001*
Pearson's correlation
r: correlation coefficient "weak (r = 0-0.24), fair (r = 0.25-0.49) , moderate (r = 0.5-0.74), strong (r = 0.75-1)
*: significant correlation at p vale < 0.05
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Table 8. Simple linear regression analysis to determine the independent variables that predict the person's height in males.

Model B Std. error R R? P value Regression equation
L, 2.6 1.1 0.022*
0.295 0.087 H=14411+ 2611 x Lb)
Constant | 144.1 12.3 <0.001*
Angle B | -0.22 0.08 0.010%*
0329 | 0.108 H = 191.1 + (-:0.22 x angle B)
Constant | 191.1 6.9 <0.001*
Angle C | -0.217 0.08 0.007*
0.343 0.118 H =191.6 + (-0.217 x angle C)
Constant | 191.6 6.7 <0.001*

H: person's height B: unstandardized coefficients R: multiple correlation coefficient
R:coefficient of determination *: significant difference at p valne < 0.05

Table 9. Multiple linear regression analysis to determine the independent variables that predict the person's height in males.

Model B Std. error | R R?> | Pvalue Regression equation
L 2.43 1.07 0.027*
Angle B | 0.09 0.32 0.786 = 14411+ (2. + (0.
ngle d 0438 | 0.192 H= 14411+ 243x L) + (0.09
Angle C | -0.28 0.3 0.345 x angle B) + (-0.28 x angle C)
Constant | 163.3 14.09 <0.001*

H: person's height B: unstandardized coefficients R: multiple correlation coefficient
RZ:coefficient of determination *: significant djfference at p value < 0.05

Table 10. Stepwise multiple linear regression analysis to determine the independent variables that predict the person's height in males.

Model B Std. error [ R R? P value Regression equation
Angle C | 0217 |  0.08 0.007*
0343 | 0.118 -
Constant | 191.6 6.7 <0.001 H = 191.6 + (-0.217 x angle C)
Angle C | -0.21 0.08 0.009%
L, 2.4 1.06 | 0437 | 0191 | 0.027¢ | H=1639+ (021 xangle ) + (2.4 x L)
Constant | 1639 | 138 <0.001*

H: person's height B: unstandardized coefficients R: multiple correlation coefficient
R:coefficient of determination *: significant difference at p valne < 0.05

Table 11. Simple linear regression analysis to determine the independent variables that predict the person's
height in females.

Model B Std. error | R R? P value Regression equation
Coriiant 1_67;7 igg 0.410 0.168 igggii H=168.7+ (-7.5xR)
Consiant [ 1441 | 731|028 ] 002 | fgpp.| M= s eorsL)
Cojsbtant 141L.37.8 60.;)71 0.2881 0083 fé)%gf * H=143.8 + (1.7x1,)
ConI;ctant 12913 22; 0.381 0.145 <?)(())%11* H=1393+ 21xL)
g;ngsl;ﬁt 1255 2(1)i 0.406 0.165 300(?(;;* H=138.5 + (0.3 x angle A)
Comame | 1325|375 |0302] 0299 | Jgoir| 1= 1303+ 075 ange)
(f:\él;:;sl;gt 1(2343 2?; 0.377 0.142 30083; H=140.3 + (0.24x angle C)
1::::;:: 103.3.78 gii 0.466 0.218 zgggi: H= 137.8 + (0.97 x Perimeter)
C(::setht 1(:;.76 02..186 0306 | 0256 igﬁggii H=147.6 + (0.77 x Area)

H: person's height B: unstandardized coefficients R: multiple correlation coefficient
R2:coefficient of determination *: significant difference at p value < 0.05
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Table 12. Multiple linear regression analysis to determine the independent variables that predict the person's height in
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females.
Model B |Std.etror| R R? P value Regression equation
R, -5.7 22 0.012*
L, 4.4 1.6 0.009*
L, -3.4 22 0.128
L 2.9 19 0142 | H=1322+ (57 xR)+ (44 x L)+ (-3.4
Angle A | 03 013 | or | g [00M* | xL)+@Ix L)+ (0.3 xangle A)+ (1.5x
Angle B 1.5 0.25 <0.001* | angle B)+ (-0.98x angle C)+ (-0.5 x Perim-
AngleC | 098 | 021 <0.001* eter)+ (0.8 x Area)
Perimeter | -0.5 0.5 0.346
Area 0.8 0.29 0.008*
Constant | 132.2 5.43 <0.001*

H: person's height B: unstandardized coefficients R: multiple correlation coefficient
R2:coefficient of determination *: significant difference at p value < 0.05

Table 13. Stepwise multiple linear regression analysis to determine the independent variables that predict the person's

height in females.

Model B |Std.error| R R? P value Regression equation

Area 0.77 0.16 <0.001*

= +
Constant | 147.6 38 0.506 | 0.256 <0.001* H=147.6 + (.77 x Area)
. . .001* = .8+ (0.

Area 0.7 0.14 0683 | 0466 <0.001 H=123.8 + (0.7 x Area)
Angle B | 0.31 0.06 <0.001* + (0.31 x Angle B)
Constant | 123.8 5.25 <0.001*

Area 0.71 0.12 <0.001* | H=133.4 + (0.71 x Area)+ (0.27

0.763 | 0.582
Angle B | 0.27 0.06 <0.001* x Angle B)+ (-6.3xR)
R, -6.3 1.5 <0.001*
Constant | 133.4 5.2 <0.001*
Area 0.67 0.1 <0.001* 04+ (067 < A Lod
H=140.4 + (0.67 x Area)+ (1.
Angle B | 1.04 0.14 <0.001*
+ (- <R) + (-
R 914 196 0.851 | 0.724 <0.001* x Angle B)+ (-8.14 x R ) + (-0.79
a x Angle C)
Angle C | -0.79 0.14 <0.001*
Constant | 140.4 4.42 <0.001*

H: person's height B: unstandardized coefficients R: multiple correlation coefficient
R coefficient of determination *: significant difference at p valne < 0.05

a significant sexual difference only in hand print length and also
it was the most predictable parameter in estimation of stature in
both sexes.

Amit et al., [15] introduced a study to identify sex from ridge den-
sity of latent palm print of North Indian population. Their study
showed that females had a greater ridge density than males. Their
method was also completely different from our study.

Regarding estimation of stature from latent palm prints in this
present study, there was a significant correlation between stature
and some of the measured parameters in both sexes as discussed
before in the results. By simple linear regression analysis, the most
predictable parameters in estimation of stature in males were an-
gle B and C. While, in females, angle B, perimeter and area were
the most predictable parameters.

On comparing our results with those done in Egyptian population
samples, it was found that the mean of the stature in our sample
(17297 £ 6.16cm for males and 160.73 * 5.87cm for females)
was higher than that of Melad [16] (167.89 = 5.86cm in males
and 156.96 £ 6.64cm in females). While, it was lower than that
of the study of Habib and Kamal [17] (174.61 £ 7.34cm in males
and 160 £ 5.45cm in females). These differences may be due to
the differences in age range. Cline et al., [18] mentioned that with
increasing age, a narrowing of the spinal discs with decrease in the
spinal length occur. The study of the previous authors used the
print of the whole hand and its measurements to estimate stature
and their results revealed that the hand print length was the most
predictable measurement in estimation of stature in both sexes.
Their method and results in estimation of stature were not coping
with our present study.

Piti et al., [19] introduce a study to estimate stature from hand
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print measurements in Thias. Their results revealed that hand
print length followed by palm length were the most predictable
measurements in estimation of stature in both sexes. Their study
was did not match ours.

Conclusion & Recommendations

From this study, it is concluded that determination of sex and
stature provide important evidence about the suspect during
crime scene investigation. In this study, we tried to define sex and
stature from latent palm prints on documents in Upper Egypt
population sample. The most predictable model in determination
of sex by stepwise discriminant analysis was the combination of
LA and area (with total percentage of accuracy 81.4%) and if
the cutoff value of LA, LB, LC, perimeter and area were more
than 6.06, 10.11, 10.29, 26.09, 19.18 respectively, the sex was male.
Also, latent palm print is helpful in prediction of stature particu-
latly in females and the most predicted parameters in females
were area, angle B, RA and angle C.

Finally, this study is limited to 129 subjects for analysis, thus it is
recommended to do further studies on larger number of subjects
and among different population and age groups. Also, it is advised
to use this study in investigations of crime scene as it can decrease
the decision time and its identical role in identification of suspect,
especially when facilities for DNA analysis are not available.
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