Arab Journal of Forensic Sciences & Forensic Medicine 2019; Volume 1 Issue (10), 1403-1411

1403

Waif Arvab University for Security Sciences

www.nauss.edu.sa
http://ajfsfm.nauss.edu.sa

el Y
7 ey
Naif Arab University for Security Sciences { &
A A
. . o o o & H
Arab Journal of Forensic Sciences & Forensic Medicine N et T
%"o»,., = w”‘ﬁ\

Iear

Hrab Society for Forensic Sciences and Sorensic Webicine

Sex Distinction in Digital Dermatoglyphic Patterns of Convicted Prisoners: A @ CroseMatk
rossiviar

Comparative Cohort-Control Study

3 o A ylae Al )3 + (Il ¢ Liswaad ) (St Anciln | Slile &«b@ Arad )b dolad™ ) 2 Cpuciont ) (rd juciadd |

Maninder Kaur *, Mankamal Kaur ', Preet Kamal ?, Jatinder Kaur '

" Department of Anthropology, Panjab University, Chandigarh, India.

2 Department of Economics, Post Graduate Government College for Girls, Chandigarh, India.

Received 28 Feb, 2019: Accepted XX xxx, 2019; Available Online 31 Dec, 2019

Abstract

The present study intends to analyse sex distinction in digital
dermatoglyphic patterns in convicted prisoners and compare them
with a normal control group.

For this purpose, a sample of 184 prisoners (149 males, 35 fe-
males) as well as 240 normal participants (male 120, female 120)
were selected. The prisoner cohort group selected for the study was
convicted for the following offences: Section 302 IPC, 307 IPC,
376IPC, 363-364 IPC, 366 IPC, 323-26 IPC. Galton’s system of
classification was followed to classify various dermatoglyphic pat-
terns.

In the male criminal cohort group, the overall frequency of
loop patterns (56.51%) was maximum compared to the frequency
of whorls (38.79%) and arches (4.7%), while males in the control
group exhibited the highest frequency of whorls (48.25%) followed
by loops (47.67%) and arches (4.08%). In females, loops were the
most frequently occurring pattern, whereas arches were the least
frequently seen pattern in both the criminal and cohort group. The
frequency of arches was lowest in both the hands with higher frac-
tional percentage in the radial side (thumb and index finger) of
distoproximal axis as compared to ulnar side (ring finger and little
finger) in both the groups. Pattern intensity index (13.40 vs 13.05),
and furuhata’s index (69.35 vs 68.47) of the criminal males and
females were found to be comparable, but the Dankmeijer’s index
(12.11 vs 18.93) of the male criminals was lower than their female
counterparts, thereby indicating a higher occurrence of arches in the
female criminal cohort group.

Keywords: Forensic Science, Cohort Group, Dermatoglyphic
Patterns, Prisoners.
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1. Introduction

Dermatoglyphics is a collective term used for evaluat-
ing the epidermal ridges and patterns on the palms, soles,
fingers and toes. Ridges are extremely narrow in infants
and gradually broaden as the child grows, but exhibit no al-
terations in their original characteristics of branching, end-
ing and other details [1]. The remarkable characteristics of
permanence and uniqueness of fingerprints establish their
scientific validity and enable the identification of individu-
als on the basis of their fingerprints in forensic laboratories
across the globe. Fingerprints are also valid in a court of
law, criminological research, the medical field, as well as
genetic studies. Kohombange [2] made an attempt to iden-
tify criminal tendencies through analysis of handprints,
with the objective of assessing the different abnormal fea-
tures on the hand revealing criminal tendencies in people.
In India, a criminal case in Bengal in 1898 was the first
case in which fingerprint evidence was used to secure a
conviction [3]. A study carried out by Malhotra et al. [4]
suggested a strong association between crime and dermato-
glyphic characteristics. They studied dermatoglyphic vari-
ations between four sex crimes and other crime convicts.
Comparative account presented that persons who commit-
ted two closely related sex crimes, [PC-363 (kidnap) and
IPC 366 (abducting), had significant distinctions in their
dermatoglyphic characters. A comparison of friction ridges
on fingertips between persons who committed sex crimes
and other crimes presented minor differences with respect
to crime under IPC-363 (kidnap) and IPC-363 A (kidnap-
ping a minor for purpose of begging), as well as in IPC 366
(abducting), and IPC-366 A (procuration of minor girl).

An extensive and continually growing body of litera-
ture has explored differences in the distribution of derma-
toglyphic patterns in various populations and ethnic groups
[5,6,7,8.9,10,11,12], but the research dealing with sex dis-
tinctions of digital dermatoglyphic patterns of criminals
is currently sparse. The present study may be a promis-
ing contribution in the field of criminological research in
identifying criminals as well as the antisocial mentality of
individuals by using digital dermatoglyphics. A study by
Vogel and Motulsky [13] on monozygotic and dizygotic

twins described that inclination to carry out a crime ap-
pears to be strongly genetically controlled. There is re-
markable evidence that chromosomal abnormalities lead to
appreciable differences in dermatoglyphic characters [14].
Hence, understanding this aspect of convicted prisoners
will be important from anthropological, psychological and
forensic perspectives, because very limited work [15,4, 16,
17, 18 ] has so far been conducted in this sphere. Therefore,
the present study has the following three objectives: (i) to
assess sex distinctions in digital dermatoglyphic patterns
among convicted prisoners, (ii) to compare dermatoglyphic
patterns of a criminal cohort group with controls, and (iii)
to analyse sex differences with respect to various dermato-

glyphic indices.

2. Materials and Methods

The current control-cohort study consisted of a sample
of 184 prisoners (males 149, females 35) and 240 controls
(males 120, females 120) within the age range of 18-24
years. Ethical clearance for the study was obtained from
the Institutional Ethics Committee, Panjab University,
Chandigarh. Fingerprints of the male and female convicts
were taken from the Kaithal Jail and Karnal Jail (Haryana,
North India) with the required permission from the con-
cerned authorities. The prisoners were convicted under
section 302 IPC (murder and attempted murder), 307 IPC
(attempt to commit murder), 376IPC (Rape), 363-3641PC
(Kidnapping and abduction), 366 IPC (Aggravated forms
of kidnapping and abduction), and 323-26 IPC (simple
and grievous harm through blunt as well sharp weapons)
were clustered in one group. A total of 240 subjects (120
males and 120 females) were randomly selected as a con-
trol group from different colleges in Nahan, in the Sirmaur
district of Himachal Pradesh, North India. All the subjects
from the control group did not have any previous criminal
record. Prior to the commencement of the study, its purpose
was explained to all the participants and their verbal con-
sent was taken.

The inclusion criteria encompassed those subjects who
were devoid of any scars, injuries or disease on the dig-

its. All the patterns were classified into arches, loops and
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whorls following Galton’s system of classification [19].
The rolled fingerprints of all the participants were taken
by following the simple inking method given by Cummins
and Midlo [20]. The hands of the participants were thor-
oughly cleaned with soap and dried before taking prints
to obtain complete patterns of the digits. A small dab of
printer’s ink (Kores India) was placed on the inking plate
and spread as a thin even film with the inking pad and was
evenly applied on the distal phalanges of each digit. All
the fingers were properly rolled one by one on the sheet to
obtain the complete pattern. While taking prints, any undue
external pressure was avoided to prevent any smudging on
the prints. Fingerprints were taken starting from the thumb
(digit I), index finger (digit II), middle finger (digit III),
ring finger (digit IV) and little finger (digit V) for both the
right (R) as well as left (L) hand (Figure 1). For the right
hand, digit I was denoted as R1, digit 2 as R2, digit 3 as R3
and so on. Similarly, the left hand digit I was designated as
L1, digit 2 as L2, digit 3 as L3 and so on.

The following dermatoglyphic pattern indices were
ascertained on each participant: Pattern intensity index =
[(2 x whorl +loop) +N] [21, 22] , Dankmeijer’s index =
[(arches + whorl) x 100 ] [23] , Furuhata’s index = [(whorl
+ loop) x 100][24]. Comparison of categorical variables
was carried out by chi-squared test with a significance level
of p<0.05.

3. Results

Digit 1 (R1)  Digit 2 (R2)

Digit 3 (R3)

The frequency distributions of various types of digital
dermatoglyphic patterns of the criminal and control groups
in both sexes are summarized in Table-1. In males, the
overall frequency of loop patterns (56.51%) was highest in
the criminal group as compared to the frequency of whorls
(38.79%) and arches (4.7%). Males in the control group
presented the maximum frequency of whorls (48.25%) fol-
lowed by loops (47.67%) and arches (4.08%). These dif-
ferences were statistically significant, as is apparent from
the chi-square test in both the control and cohort groups
of males. In females, loops were the most frequently oc-
curring pattern, whereas arches were the least frequently
seen pattern in both the criminal and cohort group (Table
1). Results of the chi-square test exhibited non-significant
differences in both the groups of females.

Digit wise frequency of dermatoglyphic pattern types
among males from the criminal and cohort group is docu-
mented in Table-2. Digit wise frequency of dermatoglyphic
patterns revealed that loops were more frequently occur-
ring pattern in criminal males, whereas whorls were more
prevalent in the control group in both the hands, except for
digit I of the right hand where a reverse trend was noted.
Digits on the radial side of the anatomical axis showed a
higher prevalence of arches as compared to the ulnar side
in both the sexes in the study and control groups. Preva-
lence of arches was higher in the right hand of the criminal
group (except digit I and digit V), while the control group
exhibited a higher frequency of arches in the left hand (ex-

Digit4 (R4)  Digit 5 (R5)

Thumb

Index Finger

Figure 1- Numbering of digits on right hand.
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Table 1- Frequency distribution of various dermatoglyphic pattern of criminal and control groups.

Males Females
Criminal Controls Criminal Controls
n (%) n (%) n (%) n (%)
Arches 70(4.70%) 49(4.08%) 25(7.14%) 79(6.58%)
Loops 842(56.51%) 572(47.67%) 193(55.14%) 657(54.75%)
Whorls 578(38.79%) 579(48.25%) 132(37.71%) 464(38.67%)

Chi square test males 24.28%%, p > .05 ; Chi square test females 0.198, p < .05

Table 2- Digit wise frequency of dermatoglyphic pattern types among male criminal and control groups.

Pattern Types Arches Loops Whorls Chi-square test
Digits n (%) n (%) n (%)
DigitI  Criminals R1 3(2.01%) 48 (32.21%) 98(65.77%) 13.91%
Controls R1 1(0.83%) 45 (37.5%) 74 (61.67%)
Criminals L1 4(2.68%) 75 (50.33%) 70 (46.98%)
Controls L1 3 (2.5%) 55 (45.83%) 62 (51.67%)
Digit I Criminals R2 19 (12.75%) 74 (49.66%) 56 (37.58%) 7.83
Controls R2 12 (10%) 50 (41.67%) 58 (48.33%)
Criminals L2 18 (12.08%) 77 (51.67%) 54 (36.24%)
Controls L2 15 (12.5%) 47 (39.17%) 58 (48.33%)
Digit Il Criminals R3 11 (7.38%) 105 (70.46%) 33 (22.14%) 9.50
Controls R3 5(4.17%) 72 (60%) 43 (35.83%)
Criminals L3 8 (5.37%) 104 (69.79%) 37 (24.83%)
Controls L3 8 (6.67%) 72 (60%) 40 (33.33%)
Digit IV Criminals R3 5(3.35% ) 52 (34.89%) 92 (61.74%) 13.29%
Controls R3 2(1.67%) 32 (26.67%) 86 (71.67%)
Criminals L3 1 (0.67%) 65 (43.62%) 83 (55.70%)
Controls L3 1(0.83%) 37 (30.83%) 82 (68.33%)
Digit V. Criminals RS 0 (0%) 114 (76.51%) 35 (23.48%) 18.11%
Controls R5 1(0.83%) 80 (66.67%) 39 (32.5%)
Criminals L5 1 (0.67%) 128 (85.90%) 20 (13.42% )
Controls L5 1(0.83%) 82 (68.33%) 37 (30.83%)
A
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Table 3- Digit wise frequency of dermatoglyphic pattern types among female criminal and control groups.

Pattern Types Arches Loops Whorls Chi-square test

Digits n (%) n (%) n (%)

DigitI  Criminals R1 2(5.71%) 14 (40%) 19 ( 54.28%) 293
Controls R1 5 (4.17%) 60 (50%) 55(45.83%)
Criminals L1 1 (2.85%) 19 (54.28%) 15 (42.85%)
Controls L1 6 (5%) 51(42.5%) 63(52.5%)

Digit II  Criminals R2 5(14.28%) 19 (54.28%) 11 (31.42 %) 292
Controls R2 14 (11.67%) 65 (54.17%) 41(34.16%)
Criminals L2 7 (20%) 15 (42.85% ) 13 (37.14%)
Controls L2 17 (14.17%) 57 (47.5%) 46(38.33%)

Digit Il Criminals R3 2(5.71%) 27 (77.14%) 6 (17.14%) 391
Controls R3 10 (8.33%) 84 (70%) 26 (21.67%)
Criminals L3 3 (8.57 %) 22 (62.85%) 10 (28.57%)
Controls L3 14 (11.67%) 75(62.5%) 31(25.83%)

Digit IV Criminals R3 2(571%) 15 (42.85%) 18 (51.42% ) 5.06
Controls R3 2(1.67%) 50 (41.67%) 68(56.67%)
Criminals L3 3 (8.57%) 14 (40%) 18 (51.42%)
Controls L3 5(4.17%) 43 (35.83%) 72(60%)

Digit V. Criminals R5 0 (0%) 24 (68.57%) 11 (31.42%) 5.98
Controls R5 1(0.83%) 88 (73.33%) 31(25.83%)
Criminals L5 0 (0%) 24 (68.57%) 11 (31.42%)
Controls L5 5(4.17%) 84 (70%) 31(25.83%)

cept for digit IV). The frequency of loops was greater in
the left hand in all digits as compared to the right hand,
except for digit III of criminals and digit II of the control
group where an opposite trend was witnessed. Males in
both the groups of the present study demonstrated that the
highest frequency of whorls was recorded in digit IV fol-
lowed by digit I, digit IT and digit III, whereas the lowest
frequency was noted in digit V for both the dominant and
non-dominant hands, except for the right hand of criminal
males, showing some minor fluctuations. The prevalence

of whorls was higher in the right hand compared to the left
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hand in both the groups of males in the study, except for
digit IIT of the criminal group. The frequency of arches
ranged between 0% and 12.75% in all the digits. The high-
est frequency of arches was observed on digit II (Right:
12.75%, left: 12.08%) and the lowest frequency on digit
V (Right: 0%, L5: 0.67%). The chi-square test depicted
significant differences for the digit I, digit IV and digit V
only. In criminal males, bilateral differences for loops and
arches were evident in terms of frequency of patterns, but
the trend of increment is similar in both the right and left

digits with a slight variation in digit IV and digit I.
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Table 4- Comparative account of dermatoglyphic indices of criminal and control groups in both sexes.

Dermatoglyphic indices Right Hand Left Hand Combined
Males
Criminals 13.70 13.11 13.40
Pattern Intensity Index
Controls 14.65 14.18 14 .41
Criminals 12.10 12.12 12.11
Dankmeijer’s Index
Controls 7.0 10.03 8.46
Criminals 79.90 58.80 69.35
Furuhata’s Index
Controls 107.53 9522 101.37
Females
Criminals 13.08 13.02 13.05
Pattern Intensity Index
Controls 13.15 13.27 13.21
Criminals 16.92 20.89 18.90
Dankmeijer’s Index
Controls 14.47 19.34 17.02
Criminals 65.66 71.28 68.47
Furuhata’s Index
Controls 63.69 78.39 71.04

The frequency distribution of various types of digital
dermatoglyphic patterns for females of the criminal and
cohort groups is shown in Table-3. The frequency distribu-
tion of dermatoglyphic patterns shows that loops were the
most frequently occurring pattern followed by whorls and
arches in both the right and left hand of both the criminal
and control groups of females. Females in both the groups
showed a higher frequency of loops in the right hand com-
pared to the left hand, except for digit I of the criminal co-
hort group. The frequency of the whorls in the criminal and
control group revealed the same trend, with some minor
fluctuations. In the right hand of the female criminal group,
the decreasing order of digit wise frequency of whorls was
as follows: digit I> digit IV> digit II= digit V> digit III.
Whereas in the control group, the following digit wise de-
creasing order was recorded: digit IV> digit I> digit II>
digit V> digit I1I. The left hands in the criminal and control
groups demonstrated a similar digit wise trend of whorls:
digit IV> digit I> digit II> digit V> digit III. Arches were

the least frequently occurring pattern in both the hands,

with a higher fractional percentage in the radial side of the
distoproximal axis compared to the ulnar side in both the
control and cohort groups. Digit II of the female criminal
group showed the highest occurrence of arches, whereas
in digit V arches were absent. Sexual dimorphism clearly
demonstrated that arches were more frequent in female
criminals than their male counterparts, except for R3 and
L5 of males. Similarly, in the control group females had
a higher frequency of arches than their male counterparts.

Three dermatoglyphic indices, i.e. pattern intensity in-
dex (P.II.), Dankmeijer’s index (D.I.) and Furuhata’s index
(F.I.) gauged from finger pattern types are summarized in
Table 4. Sex distinctions were clearly evident in dermato-
glyphic indices with males exhibiting a higher combined
mean value of pattern intensity index (13.40 vs 13.05) and
furuhata index (69.35 vs 68.47), but lower combined mean
values of Dankmeijer’s index (12.11 vs 18.90) than their

female counterparts. The combined mean value of pattern
intensity index and furuhata index was more in the control
group, whereas the criminal cohort group revealed a higher
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mean value for Dankmeijer’s index in both the sexes. In
criminal males, the mean values of pattern intensity index
and Furuhata index were higher in the right hand, and the
mean value of Dankmeijer's index was slightly higher in
the left hand. In criminal females, the mean values of Fu-
ruhata’s index and Dankmeijer s index were higher in the
left hand. Dankmeijer’s index of males and females of con-
victed prisoners was higher than their control counterparts.
The Furuhata index and pattern intensity index of controls
was higher than convicted male and female prisoners.
Comparative account with respect to gender displayed a
higher Dankmeijer’s index, but lower pattern intensity in-
dex and furuhata’s index in females of both the study group
as well as the control group.

4. Discussion

Dermatoglyphic patterns start to form between the fifth
and sixth week of intrauterine life and are fully developed
by the 21st week [25]. They remain unaltered throughout
postnatal life and are unique to any individual [19]. In the
present study, loops were the most frequently occurring
pattern in the criminal males followed by whorls and arch-
es. Whereas the control group of males documented the
highest frequency of whorls followed by loops and arches.
In agreement with the findings of the present study, Bugge
and Poll [26] noticed among Danish and German sexual
offenders that the prevalence of whorls were lower in
criminals than their non-criminal counterparts. A plethora
of previous qualitative studies on dermatoglyphics of vari-
ous ethnic groups [5, 6, 27] demonstrated that whorls were
the most common pattern followed by loops and arches in
males. The convicted prisoners held in Sabarmati Jail were
studied by Pandey and Vyas [18] to assess the frequency of
fingerprint patterns, and their results were compared with
the normal Gujarati population. The results revealed that
convicted prisoners had significant bilateral differences.
The percentage frequency of patterns was more in one fin-
ger and less in the other within the convicts, and the same
was true for the controls. When the complete right and left
hands of both the groups were taken into consideration, no
significant difference was observed, i.e. the dermatoglyph-
ic patterns were almost similar in proportion.

A comparative study was conducted by Agarwal et al.
[17] on prisoners and a normal population in North India to
observe their fingerprint patterns. They noticed that in both

hands of the control group the frequency of whorls and
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arches was higher, while the frequency of loops was higher
among prisoners. They further observed that in the control
group the higher frequency of whorls was associated with
positive psychological features. Whereas individuals with
greater frequency of loops showed characteristics such as
a possible lack of concentration, adaptable, versatile and
emotionally responsive. In the present study, the frequency
of loops was found to be highest in digit V for both the
right and left hands in both the cohort and control groups.
Dorjee et al. [8] observed that the frequency of ulnar loops
was greatest on the 5th digit among Limboo males (64%).
A similar trend has been witnessed in a range of previous
studies in various normal populations [28,29].

In the present study, the frequency of arches was higher
in the criminal males (4.7% vs 4.08%) and females (7.14%
vs 6.58%) compared to their control counterparts. Arches
were the least frequently occurring pattern in both the
hands with a fractionally higher percentage in the radial
side (digit I and digit II) of the distoproximal axis com-
pared to the ulnar side (digit IV and digit V) in both the
control and cohort groups. The highest occurrence was
noted in digit IT and the lowest in digit V. Maris [30] also
noticed lower frequencies of arches in digit IV (2%) and
V (1%) than on digit I (4%) and digit IT (11%). Agarwal
et al. [17] noted that individuals with greater frequencies
of arches were designated as withdrawn, repressive, secre-
tive when challenged, naturally suspicious and resentful of
other achievements. While studying the dermatoglyphic
characters on fingertips of Swedish sexual offenders and
normal individuals, Gustavson et al. [16] did not document
significant differences in dermatoglyphic patterns of com-
mon offenders and the normal population of Northern Eu-
rope. Thus, the cause of antisocial behaviour of this group
may be due to environmental factors rather than biological
influences on the development of the central nervous sys-
tem.

To gain insight into the relationship between violent be-
havior and biological as well as psychiatric variables, Cli-
ment et al. [15] studied ninety-five women prisoners. They

noticed that women prisoners had the highest frequency
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of whorls followed by arches and the lowest frequency of
ulnar and radial loops. Their comparison with the control
group of British women, as reported by Holt [31], present-
ed a two-fold higher frequency of arches, but the difference
in the total finger ridge count was not significant. In accor-
dance with these findings, the female prisoners of the pres-
ent study revealed a higher frequency of arches than their
control counterparts as well as the male control groups. A
study conducted by Biswas [32] examined fingerprint pat-
terns of juvenile convicts and observed no marked differ-
ences.

A higher value of Dankmeijer index was noticed as
compared to criminal tribe studied by Sen [33] as well as
criminals from different areas of Uttar Pradesh [34]. New-
man [35] described that the pattern intensity index is one of
the most important criteria for the evaluation of the biolog-
ically meaningful differences between population groups.
In the present study, both the male and female criminal
cohort groups exhibited higher Dankmeijer’s index, but
lower pattern intensity as well as Furuhata’s index than
non-criminal control counterparts.

One of the major limitations of this study that proposes
a link between dermatoglyphic patterns and crime is its lack
of investigation into the social and economic background
of the participants of the cohort group. Wilson and Her-
rnstein [36] pointed out that crime cannot be understood
without taking into account individual predispositions and
their biological roots. Despite these concerns, the present
study will be of incalculable value in forensic investiga-

tions in understanding this aspect of convicted prisoners.
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