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Abstract

sample of Sinhalese people in Sri Lanka.

Furuhata index are higher in males.

confirm our findings.
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Background: The purpose of this study was to evaluate gender-wise diversity of digital dermatoglyphic traits in a

Findings: Four thousand and thirty-four digital prints of 434 Sinhalese individuals (217 males and 217 females) were
examined for their digital dermatoglyphic pattern distribution. The mean age for the entire group was 23.66 years
(standard deviation = 4.93 years). The loop pattern is observed more frequently (n= 2,592, 59.72%) compared to
whorl (n=1,542, 35.53%) and arch (n =206, 4.75%) in the Sinhalese population. Females (n= 1,274, 58.71%) have a
more ulnar loop pattern than males (n = 1,231, 56.73%). The plain whorl pattern is observed more frequently in
males (n =560, 25.81%) compared to females (n =514, 23.69%).The double loop pattern is observed more frequently
on the right and left thumb (digit 1) of both males and females. Pattern intensity index, Dankmeijer index and

Conclusions: Ulnar loop is the most frequently occurring digital dermatoglyphic pattern among the Sinhalese.
All pattern indices are higher in males. To some extent, dermatoglyphic patterns of Sinhalese are similar to
North Indians and other Caucasoid populations. Further studies with larger sample sizes are recommended to
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Background

Dermatoglyphics (ancient Greek, derma = skin, glyph =
craving) [1] is the term applied to the scientific study of
fingerprints. Fingerprints are characterized by alternat-
ing strips of raised friction ridges and grooves. In 1926,
Harold Cummins introduced the term‘dermatoglyphic’
and he is considered to be the father of American finger-
print analysis [2] although Sir Francis Galton had linked
dermatoglyphics with genetics in 1892 [3]. These patterns
start to develop between the fifth and sixth week of
intrauterine life, and are fully formed by the 21st week
[4]. These patterns do not change throughout postnatal
life and remain unique to any individual [3]. Hence, it
has been used widely in the fields of forensic medicine,
medicine, anthropology, ethnology and genetics. In 1961,
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Cummins and Midlo, after their dermatoglyphic study on
various racial samples,pointed out that dermatoglyphic
characters of females differ from males universally, although
sexual distinction may be leveled or even inverted in some
populations [2,5]. They observed a higher frequency of
ulnar loops and arches buta lower frequency of whorls
and radial loops in females compared to males.

To date, sexual dimorphism of qualitative dermatoglyphic
traits has been studied in various populations around the
world. In 1892, Sir Francis Galton examined 5,000 digital
prints from different populations in which he observed the
pattern distribution as loop (67.5%), whorl (26%) and arch
(6.55%) patterns [3]. Chattopadhyay et al. [6], in their study
on Rarhi Brahmins in Bengal, found that loop pattern was
the most common pattern followed by whorl and arch in
both males and females. However Biswas [7], in his study,
found that whorl pattern was the most common pattern
among Dhimals of North Bengal followed by loop and arch
and Banik et al’s [8] study on Rengma Nagas of Nagaland
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in India, observed that whorl pattern was most common
followed by loop and arch in both gender. Nithin et al.
[9], in their study on South Indian people, observed
that loop pattern was more frequent than whorl and
arch and Srivastava [10], in his study on Danguria
Tharu of Uttar Pradesh in India,also found that loop
pattern was the most common pattern followed by
whorl and arch. Tiwari et al.’s [11] study on Tibetans in
Tibet, found that whorl was the most common pattern
followed by loop and arch in males, whereas in females,
loop pattern was the most common pattern followed by
whorl and arch and Cho’s [12] study on Samoan New
Zealanders in New Zealand observed that whorl was
the most common pattern followed by loop and arch.
Another study done by Cho [13] among the Aborigines
of the Northern Territory in Australia, also found that
whorl was the most common pattern followed by loop
and arch, which contrasted with Igbigbi et al’s [14]
study on Indigenous black Zimbabweans, which observed
that loop pattern was the most common pattern followed
by whorl and arch. Similarly, the study on Muzziena
Bedouin in South Sinai by Karmakar et al. [15] observed
that loop was the most common pattern in males
followed by whorls and arch, whereas whorl pattern
was found more frequently in females followed by loops
and arch. Namouchi [16], in her study on Tunisians of
Tunisia observed that loop was the most common pat-
tern followed by whorl and arch in both males and
females, which was similar to the study by Qazi et al. [17]
whose study on Black Americans in USA, found that loop
was the most common pattern followed by whorl and
arch in both sexes. Finally, Boroffice [18], in his study on
Nigerians observed that loop was the most common pat-
tern followed by whorl and arch in both genders.
Dermatoglyphic data of Sinhalese people (an Indo-Aryan
ethnic group native to the island of Sri Lanka) are scarce
in the literature. The main objectives of the current
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study are to determine the sexual dimorphism of digital
dermatoglyphic traits and pattern indices in a sample
of the Sinhalese population and compare them with
other populations.

Methods

The present study was conducted from January 2010 to
January 2012 at the Department of Forensic Medicine,
Faculty of Medicine and Allied Sciences, Rajarata University
of Sri Lanka.

Ethical clearance for this study was obtained from the
Ethical Clearance Committee of the institute. All subjects
were informed about the purpose, nature and possible risks
of the study, before written informed consent was obtained.

The participants in this study were undergraduate
students from different faculties in the university. We
calculated that a sample size of 434 participants was
sufficient to detect a 50% prevalence of ulnar loop, with an
absolute precision of 5% of the total population (according
to the 2009 census) [19]. There are nine provinces in
Sri Lanka. The proportional quota for each province
was calculated based on the population percentage in
each province. Subsequently, the students were selected
based on their inhabitant province. Nonresident Sinhalese,
other nationalities (Sri Lankan Tamil, Sri Lankan Moor,
Indian Tamil and other ethnic groups) and those with
disease or deformity of the fingers were excluded from the
study. Demographic details were obtained by interviewer-
administered questionnaire. These details included age,
gender and place of origin (province of residence). Eligible
students were asked to wash their hands thoroughly to
remove dirt, and to dry them before obtaining fingerprints.
Rolled prints were obtained by the ink and paper method
as described by Cummins and Midlo [2,20]. Digital prints
of all ten fingers were obtained for each individual.

Digital prints were classified according to the Galton-
Henry system [21,22]. We carefully examined digital prints
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Figure 1 Digital dermatoglyphics patterns distribution among Sinhalese.
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Table 1 Frequency (%) of digital dermatoglyphic pattern in males

Digit Hand Loop Whorl Arch
Ulnar loop Radial loop Plain whorl Double loop whorl Central pocket loop Accidental whorl Plain arch Tented arch
I (Thumb) R 4793 046 29.49 17.51 046 1.38 23 046
L 5346 0.92 23.04 17.51 0 2.76 1.38 092
R+L 50.69 0.69 26.27 17.51 023 207 1.84 0.69
Il (Index finger) R 45.62 553 28.11 3.69 3.69 0.92 553 691
L 3825 783 32.72 23 323 1.38 691 737
R+L 4194 6.68 3041 3 346 1.15 6.22 7.14
Il (Middle finger) R 7097 0.92 16.13 507 0.92 1.38 369 092
L 64.52 0.92 1935 415 0.92 0.92 507 4.15
R+L 67.74 092 17.74 461 092 115 438 253
IV (Ring finger) R 38.25 0.92 4793 0.92 9.68 0.92 0.92 046
L 45.62 0 3917 553 8.29 0 092 046
R+L 4194 046 4355 323 899 046 092 046
V (Little finger) R 8249 046 11.98 0.92 4.15 0 0 0
L 80.18 0 10.14 3.69 3.69 1.38 046 046
R+L 81.34 023 11.06 23 392 0.69 023 0.23
All digits R 57.05 1.66 26.73 5.62 378 092 249 1.75
L 5641 193 24.88 6.64 323 1.29 295 267
R+L 56.73 1.80 2581 6.13 3.50 1.10 272 2.21

R=Right, L = Left.
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Table 2 Frequency (%) of digital dermatoglyphic pattern in females

Digit Hand Loop Whorl Arch
Ulnar loop Radial loop Plain whorl Double loop whorl Central pocket loop Accidental whorl Plain arch Tented arch
I (Thumb) R 5346 0 25.35 16.13 046 1.84 23 046
L 48.85 23 23.04 17.97 0.92 3.23 369 0
R+L 51.15 1.15 24.19 17.05 0.69 253 3 023
Il (Index finger) R 51.61 0.92 24.42 8.76 3.69 23 369 4.61
L 34.56 13.36 29.95 5.99 415 1.38 461 5.99
R+L 43.09 714 27.19 7.37 392 1.84 4.15 53
Il (Middle finger) R 7742 0.92 1336 3.69 046 1.38 0.92 1.84
L 5991 2.76 20.74 3.23 323 1.38 4.15 4.61
R+L 68.66 1.84 17.05 346 1.84 1.38 253 323
IV (Ring finger) R 5346 0 38.71 1.84 4.61 0 0.92 046
L 48.85 0.92 37.79 1.84 5.99 23 0.92 1.38
R+L 51.15 046 38.25 1.84 53 115 0.92 0.92
V (Little finger) R 81.57 046 11.06 046 3.69 0 046 23
L 7742 046 1244 0.92 645 0 046 1.84
R+L 7949 046 11.75 0.69 5.07 0 046 207
All digits R 63.50 046 22.58 6.18 258 1.10 1.66 1.93
L 53.92 396 24.79 5.99 4.15 1.66 2.77 2.76
R+L 58.71 221 23.69 6.08 336 138 2.21 235

R=Right, L = Left.
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Table 3 Frequency (%) of digital dermatoglyphic patterns of fingers in descending order

Loop pattern

Male Right hand
Left hand

Female Right hand
Left hand

Whorl pattern

Male Right hand
Left hand

Female Right hand
Left hand

Arch pattern

Male Right hand
Left hand

Female Right hand
Left hand

V (82.95%) > Il (71.89%) > Il (51.15%) > 1 (48.39%) > Il (39.17%)
V (80.18%) > Ill (64.52%) > | (53.46%) > IV (45.62%) > I (38.25%)
V (82.03%) > Il (78.34%) > | (53.46%) and IV (53.46%) > Il (52.53%)
V (77.88%) > Il (62.67%) > 1 (51.15%) > IV (49.77%) > || (47.92%)

IV (59.45%) > | (48.84%) > Il (36.41%) > Il (23.50%) >V (17.05%)
IV (52.99%) > | (43.31%) > Il (39.63%) > Ill (25.34%) >V (18.90%)
IV (45.16%) > | (43.78%) > Il (39.17%) > Il (18.89%) >V (15.21%)
IV (47.929%) > | (45.16%) > Il (41.47%) > Il (28.58%) >V (19.81%)

[(12.449%) > Il (4.61%) > 1 (2.76%) > IV (1.38%) >V (0.00%)
1 (14.28%) > Il (9.22%) > | (2.30%) > IV (1.38%) >V (0.92%)
I1(8.30%) > Il (2.76%) and | (2.76%) and V (2.76%) > IV (1.38%)
1 (10.60%) > 1l (8.76%) > 1 (3.69%) > IV (2.30%) >V (2.30%)

I =Thumb, Il = Index finger, Ill = Middle finger, IV =Ring finger, V = Little finger.

to identify the following patterns, using a hand lens
(magnification 10x)

1. Loops
e Ulnar loop (UL)
e Radial loop (RL)
2. Whorls
e Plain whorl (PW)
e Double loop whorl (DLW)
e Central pocket loop (CPL)
e Accidental whorl (AW)
3. Arches
e Plain arch (PA)
e Tented arch (TA)

The pattern intensity index:

{(2 x% whorl +% loop) + 2} [23,24];

arch/whorl index of Dankmeijer:

{(% arches +% whorl) x 100} [25];

and whorl/loop index of Furuhata:

{(% whorl +% of loop) x 100} [26], were calculated.

Analysis was carried out using SPSS 17(SPSS Inc.
Released 2008. SPSS Statistics for Windows, Version 17.0.
Chicago: SPSS Inc.) Categorical data are presented as
frequencies.

Table 4 Pattern indices of Sinhalese

Results

A total of 4,340 fingerprints from 434 Sri Lankan Sinhalese
(217 males and 217 females) were analyzed for different
digital patterns. The mean age of the group was 23.66 years
(standard deviation = +4.93 years).

The loop pattern (n = 2,592, 59.72%) is the most common
pattern in the Sinhalese population followed by whorl
(n=1,542, 35.53%) and arch (n =206, 4.75%) (Figure 1).

Diversity of digital dermatoglyphic traits between males
and females is shown in Tables 1 and 2 respectively.

The loop pattern is the most frequently observed
pattern in both hands of females (right hand = 63.96%,
left hand 57.88%), Similarly, the most frequently observed
pattern in both hands of males (right hand 58.71%, left
hand 58.34%) is also loop. However, the overall frequency
of loop pattern is higher in females (60.92%) than males
(58.53%). The whorl pattern is observed more frequently
in males (36.54%) compared to females (34.52%). The
frequency of arch pattern is 4.56% in females and 4.93%
in males (Figure 1).

In detail, the most frequently observed pattern type is
ulnar loop (females 58.71%, males 56.73%) for both
hands, followed by plain whorl (females 23.69%, males
25.81%), double loop whorl (females 6.08%, males 6.13%),
central pocket loop (females 3.36%, males 3.50%), plain

Population Gender Index of pattern intensity? Index of Dankmeijer® Index of Furuhata“
Sinhalese (Sri Lanka) Male 13.16 13.49 6244
Female 12.99 1322 56.65
M+F 13.08 1335 59.55

“The pattern intensity index = (2 x% whorl +% loop) + 2.
PDankmeijer index = (% arches +% whorl) x 100.
“Furuhata index = (% whorl <% of loop) X 100.



Table 5 A comparison of the dermatoglyphic patterns of Sinhalese with several other populations

Frequency of dermatoglyphic patterns (%)

Population Sex N Loop Whorl Arch

UL RL Total PW DLW CPL AW Total PA TA  Total

Authors

Sinhalese (Sri Lanka) M 217 56.73 179 5852 258 6.13 35 1.1 36.54 272 221 493
F 217 58.7 221 60.92 23.69 6.08 3.36 138 3452 221 235 4.56
RarhiBrahmins (Bengal) M 100 538 439 23
F 38 64.47 3132 4.21
Tunisians (Tunisia) M 233 61.72 3131 7.08
F 110 63.54 27.74 8.63
DanguriaTharu of Uttar Pradesh (India) M 379 5292 176 5469 3271 567 298 005 4142 3 087 387
F 300 5376 1.56 5533 33.16 45 2.8 0.03 40.5 3.86 03 4.16
Black Americans (USA) M 100 61 2.1 63.1 336 33
F 100 58 1.7 59.7 313 82
South Indians (India) M 250 4932 2.08 514 30.64 6.24 3.72 048  41.08 3.6 2.08 5.68
F 250 36.8 1.36 3816 2684 548 268 036 3536 236 216 4.52
Nigerians (Nigeria) M 400 5276 1.38 54.14 30.05 16
F 400 5143 0.88 52.31 253 224
Indigenous black Zimbabweans (Zimbabwe) M 135 7222°  555%  77.77° - - - - 12.23° - - 10°
F 135 7833  667° 85° - - - - 59 - - 10°
RengmaNagas of Nagaland (India) M 104 4396 336 4696 - - - - 52.19 - - 049
F 103 4058 194 4252 - - - - 55.69 - - 1.79
Dhimals of North Bengal(Bengal) M 101 4137 078 4216 3255 588 1667 0 5510 196 078 275
F 101 46.08 2.16 4824 2784 6.08 16.27 0 50.19 0 1.57 157
Tibetans (Tibet) M 156 36.83 2.16 3899 4898 8.35 2.84 006 6024 051 026 0.76
F 150 4713 2 49.13 396 6.6 24 007 4867 207 013 22
Muzziena Bedouin (South Sinai) M 170 46.3 29 49.2 491 17
F 48 458 24 482 503 16
Samoan New Zealanders (New Zealand) M 100 42.8 0.8 436 353 18.1 19 0.3 55.6 06 0.2 0.8
F 93 332 0.5 33.7 494 14.6 16 0 65.6 0.5 0.2 0.7
Australian Aborigines in the Northern Territory (Australia) M 114 426 56.7
F 90 47 512

Present study

Chattopadhyay et al. (6]

Namouchi [16]

Srivastava [10]

Qazi et al. [17]

Nithin et al. [9]

Boroffice [18]

Igbigbi [14]

Banik et al. [8]

Biswas [7]

Tiwari et al. [11]

Karmakar et al. [15]

Cho [12]

Cho [13]

AW = Accidental whorl, CPL = Central pocket loop, DLW = Double loop whorl, PA = Plain arch, PW = Plain whorl, RL = Radial loop, TA =Tented arch, UL = Ulnar loop. *Mean percentage.
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arch (females 2.21%, males 2.72%), tented arch (females
2.35%, males 2.21%), radial loop (females 2.21%, males
1.80%) and accidental whorl (females 1.38%, males 1.10%).

In the left hands of all subjects,the pattern distribution
in descending order is: ulnar loop (females 53.92%,
males 56.41%), plain whorl (females 24.79%, males 24.88%),
double loop whorl (females 5.99%, males 6.44%), central
pocket loop (females 4.15%, males 3.23%), radial loop
(females 3.96%, males 1.93%), plain arch (females 2.77%,
males 2.95%), tented arch (females 2.76%, males 2.67%)
and accidental whorl (females 1.66%, males 1.29%).
Similarly, for the right hand, the distribution is: ulnar
loop (females 63.50%, males 57.05%), plain whorl (females
22.58%, males 26.73%), double loop whorl (females 6.18%,
males 5.62%), central pocket loop (females 2.58%, males
3.78%), plain arch (females 1.66%, males 2.49%), tented
arch (females 1.93%, males 1.75%), radial loop (females
0.46%, males 1.66%), and accidental whorl (females 1.10%,
males 0.92%).

The decreasing order of digital dermatoglyphic pattern
types from finger to finger is shown in Table 3.

The double loop whorls are found more frequently on
the thumb (males; right 17.51%, left 17.51% females;
right 16.13%, left 17.97%) than on the other fingers ((index
finger (males; right 3.69%, left 2.3%, females; right 8.76%,
left 5.99%), middle finger (males; right 5.07%, left 4.15%
females; right 3.69%, left 3.23%), ring finger (males;
right 0.92%, left 5.53% females; right 1.84%, left 1.84%),
little finger (males; right 0.92%, left 3.69% females; right
0.46%, left 0.92%)).

The frequencies of dermatoglyphic pattern indices among
Sinhalese are shown in Table 4.
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The pattern intensity index is found higher in males
(13.16) compared to females (12.99). Similarly, the index
of Dankmeijer is found higher in males (13.49) than females
(13.22). The index of Furuhata is found higher in males
(62.44) compared to females (56.65).

Discussion

In this study, an attempt has been made to study the
sexual dimorphism of dermatological traits and pattern
indices among a sample of Sinhalese in Sri Lanka. They
are typified by having a high frequency of loops compared
to whorls and arches. Ulnar loop is the most commonly
observed pattern followed by PW, DLW, CPL, PA, TA, RL
and AW in males and similarly, UL is the commonest
pattern followed by PW, DLW, CPL, TA, PA, RL and
AW in females.

A large number of dermatoglyphics studies have been
performed over the last century in many countries around
the world. The results of the following studies are in line
with the present study (Table 5).

Srivastava [10], in his study on the DanguriaTharu
of Uttar Pradesh, found that, the UL was the most
frequently observed pattern followed by PW, DLW, PA,
CPL, RL, TA and AW in decreasing order of frequency
in males, whereas in females UL was the most common
pattern followed by PW, DLW, PA, CPL, RL, TA and AW
in decreasing order of frequency. Nithin et al. [9], in their
study on South Indian people, observed that UL was the
most common pattern followed by PW, DLW, CPL, PA,
TA, RL and AW in males while UL was the most common
pattern followed by PW, DLW, CPL, PA, TA, RL and AW
in females. Similarly, studies done by Chattopadhyay et al.

Table 6 A comparison of the dermatoglyphic pattern indices of Sinhalese with several other populations

Population Gender Index of pattern intensity  Index of Dankmeijer Index of Furuhata Author

Sinhalese (Sri Lanka) Male 13.16 1349 6244 Present study
Female 12.99 13.22 56.65
M+F 13.08 1335 59.55

Samoan New Zealanders (New Zealand)  Male 15.18 144 12752 Cho [12]
Female 1649 1.07 194.66
M+F 15.99 1.32 156.59

Tibetans (Tibet) Male 15.95 1.26 154.5 Tiwari et al. [11]
Female 14.65 4.5 99.06
M+F 153 2.88 126.78

RengmaNagas of Nagaland (India) Male 154 0.14 - Banik et al. [8]
Female 1.56 334
M+F 047 147

Dhimals of North Bengal (Bengal) Male 15.24 498 130.7 Biswas [7]
Female 14.86 313 104.07
M+F 15.05 4.1 11649
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(among Rarhi Brahmins of Bengal) [6], Namouchi (among
Tunisians) [16], Qazi et al. (among Black Americans) [17],
Boroffice (among Nigerians) [18] and Igbigbi et al. (among
Indigenous black Zimbabweans) [14], observed that loop
was the most common pattern followed by whorl and arch
in both hands of males and females.

The results of the studies done by Banik et al. (among
RengmaNagas of Nagaland) [8], Biswas (among Dhimals
of North Bengal) [7], Tiwari et al. (among Tibetans)
[11], Karmakar et al. (among Muzziena Bedouin) [15] and
Cho (among Samoan New Zealanders and Australian
Aborigines in the Northern Territory) [12,13] are not
substantiated with the current study. They observed
whorls as the most common pattern, followed by loops
and arches in both hands of male and females. Differences
in heritability and developmental variation among sexes
might account for sexual dimorphism of these patterns
[27]. According to the generalization of Cummins and
Midlo, it is expected that whorl patterns and radial loops
should occur more commonly on the right hand digits in
both sexes compared to the left hand digits [2]. However,
the average radial loop percentage found in left hands
of both Sinhalese males and females is higher compared
to right hands. The whorl percentage is higher in left
hands than right hands in females. Whorl percentage was
higher in right hands compared to left hands in males.
Double loop whorl pattern is observed more frequently in
digit 1 of both hands compared to other fingers among
Sinhalese. Holt [28] (as cited in Karmakar et al. [29])
stated that ‘certain patterns tend to occur more frequently
on some digit than on others, which seems to be constant
for any population’.

The pattern indices of Sinhalese are compared with
several previous studies on different populations in Table 6.
Pattern intensity index, Dankmeijer index and Furuhata
index are higher in Sinhalese males compared to Sinhalese
females. Studies by Cho [12] and Banik et al. [8] observed
higher pattern intensity index in females. Tiwari et al.
[11] and Biswas [7]observed higher pattern intensity
index in males.

Studies done by Biswas [7] and Cho [12] observed
higher Dankmeijer index in males whereas Banik et al.
[8] and Tiwari et al. [11] observed higher Dankmeijer
index in females. A higher Furuhatas index was observed
among males in the studies done by Tiwari et al. [11] and
Biswas [7], whereas Cho [12] found a higher Furuhatas
index among females.

In general, dermatoglyphics patterns of Sinhalese are
more similar to the Caucasoid populations. The origin
of the Sinhalese population of Sri Lanka is disputed.
However, studies based on human leukocyte antigen
(HLA) have shown that Sinhalese are more likely to ori-
ginate from the Aryans than the Dravidians [30].
Sinhalese are genetically closer to Caucasoid populations
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than to other neighboring Mongoloid populations [31]. The
history of Sri Lanka has been based on the Mahavansa,
the great chronicle of Sri Lanka, which was written by the
Mahanama thero in the fifth century AD [32]. According
to the Mahavansa, Sinhalese people originated from a
group of 700 people of Indo-Aryan stock led by Prince
Vijaya (543 BC to 505 BC), who was a son of the North
Indian king, Sinhabahu [33].

It appears that the dermatoglyphic data would cer-
tainly support similarities between the Sinhalese and
people of North India.

Conclusion

In conclusion, the most common fingerprint pattern ob-
served among Sinhalese is ulnar loop. All pattern indices
are found to be higher in males. To some extent, the
dermatoglyphic patterns of the Sinhalese are similar to
North Indians and other Caucasoid populations. Further
studies with larger sample sizes are needed to substan-
tiate our findings.
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