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Abstract

The proposed study was undertaken among 152 male and 155 female participants belonging to one population group of North India
within age range 18-60 years. They were examined for extra digital flexion creases on the volar surface of all digits. Palm prints were
obtained from both the right and left hand of each individual. The result showed that out of 3070 digits of 307 participants, 46 digits from
23 (16 male and 7 female) participants show the prevalence of extra digital flexion crease either on right or left palm. Ring finger shows
the highest percentage of supernumerary volar digital flexion crease among all digits and among both the right (26.09%) and left (39.13%)
palm. It can be concluded that the supernumerary volar digital flexion creases in humans are a rare and highly individualistic occurrence
which can be utilized in concealing the identity of the criminals in forensic investigations. Similar unusual characteristics need to be
reported for their rarity and further research remains absolutely necessary to shed light on its predictive power. It has great implications in
global humanitarian, medico-legal missions and in cases where digital images or CCTV footage of the hand were recovered and brought
for examination to identify the potential suspects which ultimately aids in criminal authentication and technological advancement.
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Introduction

Flexion creases are defined as the characteristics present transversely in between the dermatoglyphic ridges as grooves on the
volar (or palmar) surface of the each finger at the vicinity of the inter-phalangeal joint [1]. They indicate the location of firmer
attachment of the skin to the underlying structures and correspond to the regions where accelerated growth does not take place
[2]. Due to this strong attachment to the underlying structures, it provides ease of the movement of the digits and stability required
for strong grasping. These flexion creases are the unique features of the hand. These are also considered as one of the external
anatomical landmarks of the hand in addition to palmar, thenar and wrist creases. Each hand has twenty-seven bones and out
of which fourteen belongs to phalanges or finger bones and each finger has three phalanges- the proximal, intermediate and the
distal whereas thumb has only two phalanges - the proximal and the distal [3]. Each phalanx corresponds to the area where digital
flexion crease occurs. Three digital flexion creases are normally observed to exist on the volar surface of each finger of the hand
except for the thumb - distal inter-phalangeal crease, proximal inter-phalangeal crease and metacarpo-phalangeal crease except
thumb because of its different anatomy [4]. Additional or extra creases was defined for the first time by Dejong and Platou (1967)
as creases present in addition with the usual inter-phalangeal crease which disrupts the local ridge configuration [5]. Extra creases
are easily identified as those creases which are separated from the inter-phalangeal crease by two or more epidermal ridges.

Volar digital transverse creases are not caused primarily by embryonic flexion movements [1,6]. The origin or timing of appearance
digital flexion creases is based on some controversy and disagreement. The first hypothesis is that digital flexion creases develop
secondary to flexion movements of the developing hand. However, studies conducted by Kimura & Kitagawa demonstrated that
digital flexion creases begin to appear between 7 and 9 weeks of gestation age while spontaneous flexion or movement of the
digits does not occur until 11.5 weeks of gestation [7]. Thus, the hypothesis was refuted that the flexion creases arise secondary
to functional movement of the digits and hand [7,8]. It is concluded that these flexion creases develop during early fetal life. The
second hypothesis is that the flexion creases arise independent of fetal palm movement and are genetically determined [7]. The
incidence of extra, displaced and missing volar digital flexion creases in individuals without any radiographic anomalies in the
anatomy of the hand joints and unusual volar digital transverse creases patterns in a number of syndromes indicates that though
genetic factors do probably play a role in digital creases development, fetal hand movement is necessary for normal creases pattern
formation [8,9].
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Different patterns of digital flexion are found associated with a number of genetic syndromes. Excessive or increased number of
volar digital flexion creases had been reported in Allagile syndrome, partial deletions of chromosome 1q, fetal alcohol syndrome,
Cerebro-oculo-facio-skeletal syndrome as well as in Sickle cell anemia [8,10-13]. A reduced number of digital flexion creases
has been described to be also associated with disorders such as a single inter-phalangeal crease on the little finger represents a
characteristic dermatoglyphic trait in Down’s syndrome, 18-trisomy, partial trisomy 9p, de Lange syndrome [14-19]. Missing
distal interphalangeal flexion creases are encountered in a mentally retarded individual [1]. Both extra or supernumerary and
reduced number of flexion creases can be found in patients with Larsen syndrome [20]. However, literature reported that single
bilateral and extra inter-digital flexion crease of the fifth finger can be found in phenotypically normal male and female without
any abnormalities of the bones and joints or evidence of dyskinesia [8,21]. Unusual flexion creases are also encountered in normal
healthy individuals [4,15,22]. But limited numbers of studies are conducted on this front. Considering the clinical syndromes
associated with digital flexion creases and due to the paucity of the literature on the issue, it becomes reasonable to conduct this
preliminary study which aims at documenting the incidence or prevalence patterns of extra volar digital flexion creases in normal
healthy individuals for application in the forensic domain.

Materials and Methods

The proposed cross sectional survey study was undertaken among participants belonging to one ethnic group of North India. This
study was conducted in Dhikauli village in Pilana Tehsil under district Baghpat of Uttar Pradesh state, India. Jat population group
within age range 18-60 years were randomly selected to conduct the research study. Participants without any medical history of
hand, disease, injury, deformity, abnormality, genetic disorder were included in the research study. Each participant was required
to fill in a questionnaire containing basic demographic profile such as age; sex; ethnicity. Ethical clearance was taken from the
ethical committee of the Department of Anthropology, University of Delhi. Informed consent was granted from all participants
involved in the study. They were made properly aware about the objectives, relevance, and purpose of the study and were assured
about the confidentiality of the data.

The palm print was obtained from both the right and left hand as suggested by Cummins & Mildo [23]. A small amount of printing
ink was taken on a glass slab and is spread uniformly over the glass slab using the cotton pad till a thin film is obtained. By using
this cotton pad, the ink was distributed evenly through the finger in equal proportion. The area of metacarpo-phalangeal crease
was given special attention. The sheet of paper is kept over the palmar pad and the proximal part of the palm is brought in contact
with the paper first, followed by the distal part. In order to ensure printing of the creases, the pressure is everted particularly over
the metacarpo-phalangeal region of the hands. Then the palm is slowly lifted radio — ulnar wards carefully to avoid any smudging.
Palmar Prints which clearly revealed distal, proximal and metacarpo-phalangeal crease were used to analyze extra digital flexion
crease.

A total of 3070 digits of 152 males and 155 females were studied and incidence of digital flexion crease on both right and left
palms was depicted in a suitably designed data form. All the digits in the palm were thoroughly examined and documented for
the prevalence of supernumerary digital flexion creases. Hand images were also obtained using digital camera in cases were extra
digital flexion creases was encountered. Data was analyzed using SPSS Statistical Package for Social Sciences version 17 and simple
descriptive statistics was performed. The flexion creases are qualitative in nature, and thus only the frequencies were computed to
satisfy the objectives of the study and only those differences which are at a significance level of a = 0.01 were regarded as significant.

Results

The basic demographic profile of the participants and incidence rate of extra digital flexion crease was depicted in Table 1. Out
of 152 male (49.51%) and 155 female (50.49%) participants, 23 (1 in 13) participants were found to show extra digital flexion
crease (7.49%). And out of that 23 participants who have extra digital flexion crease, 16 were males and 7 were females. Thus, the
occurrence of supernumerary volar digital flexion crease was also more prevalent in males than females (ratio 16:7).

Profile Number Percentage
Male 152 49.51
Sex
Female 155 50.49
Incidence of | Absent 284 92.51
E-DFC Present 23 7.49

Table 1: Demographic profile of participants and incidence of
extra digital flexion crease (E-DFC)

Table 2 shows the prevalence or incidence rate of digital flexion creases on the right and left hand. The result showed that left hand
represents an increased percentage (25.22%) of extra volar digital flexion creases than the right hand (14.78%). Ring finger shows
the highest percentage of extra digital flexion crease among all digits and among both the right (26.09%) and left (39.13%) hand. Of
particular interest, it can be observed that extra digital flexion crease are absent on thumb in the studied population. Figure 1,2,3,4
and 5 represents the pictures of participant’s hand with extra digital flexion creases. It can be suggested from the pictures that the
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occurrence of extra digital flexion crease is not restricted to occur in any particular finger. Similar results were depicted among
Nigerians that the incidence of the extra digital crease was more prevalent among the males than the females (ratio 5:3) in the left
than the right and in the ring finger [24].

. SNDFC on Right Palm SNDEFC on left Palm
Subject Thumb Index | Middle Ring Little Thumb Index | Middle Ring Little

1 - - - - + - - - - +

2 - - - A - - - - - -

3 - - - - + - - - - -

4 - - - - - - - + - +

5 - - - - - - + + + -

6 - + + - - - - - - -

7 - - - + - - - - i -

8 - - - - - - - + + -

9 - - - - - - i 1 i 1

10 - - aF - - - - - - -

11 - - - + - - - - - -
12 - + + - - - - - - -
13 - + - - - - - + + -
14 - - - - - - + + + +
15 - - - aF - - - - - +
16 - - + + - - - - - -
17 - I - + - - - - - -
18 - - - - - - + - + -
19 - - - - - - - + + -
20 - - - - + - - - - -
21 - - - - - - - - - +
22 - - - - - - - + - +
23 - - - - - - 3 - 3 -
Total 0 4 4 6 3 0 5 8 9 7

% on digits 0 17.39 17.39 26.09 13.04 0 21.74 34.78 39.13 30.43
% on Palm 14.782 25.216

Table 2: Incidence rate of extra digital flexion crease (E-DFC) on the right and left hand

Figure 1: Extra digital flexion crease present on little finger bilaterally
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Figure 2: Right palm showing extra digital flexion crease on ring finger

Figure 3: Right palm showing extra digital flexion crease on little finger (Unilaterally)

Figure 4: Left palm showing extra digital flexion crease on middle and little finger
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Figure 5: Left palm showing extra digital flexion crease on middle, ring and little finger

Discussion

In the present study, about 1.5% of the digits show the prevalence of supernumerary or extra digital flexion creases either on
right or left palm in normal individuals. However, there are investigations which reveal that unusual flexion creases are strongly
associated with chromosomal abnormalities and genetic disorder [8,10,13]. Thus one can imagine how these participants without
any disorder would have grappled with the stated conditions. The radiological examination in the previous study confirmed the
normal number of phalanges and no skeletal deformity in the respective finger which possess unusual flexion crease [4,21,25].
However, the causes behind such a rare characteristic are yet to be revealed and need proper investigation but it is indicated that
extra digital creases point’s towards genetic determinants which play a role in crease occurrence. Researchers are trying to elucidate
this issue by using animal models as it may be proven beneficial for syndrome identification, in the identification and subsequent
prosecution of paedophilic sex crimes [26,27]. Also, the occurrence of excessive digital flexion creases follows a multi-digital
fashion and not restricted to occur in any particular digit and can occur in any digit [28]. Thus, it can be suggested that extra digital
flexion crease is extremely rare finding in normal healthy individuals.

Forensic experts often involved in global humanitarian and medico-legal missions to conceal forensic identification of unknown
dismembered and fragmentary remains recovered from mass disasters, explosions or any other incidents. During the forensic
examination, the main aim of the forensic experts is to estimate age, sex, ancestry, and stature. In such cases, peculiar, rare and
unique characteristics such as supernumerary or extra digital flexion creases may help in establishing the identity of the decreased
by comparing with the antemortem records. Many studies have reported that the peculiar features of the hand such as scars, moles,
birthmarks, cuts, tattoos may act as individualistic characteristics and thus can assist in the forensic identification of the criminals
and victims in cases where faces of the criminals could not be recovered but digital images or CCTV footage of the hand from the
crime scene were commonly recovered and brought for forensic examination. Similarly, the extra digital flexion creases may also
prove to be strong forensic evidence in such cases.

It can be concluded that the extra digital flexion creases in humans are a rare and highly individualistic occurrence which can be
utilized in concealing the identity of the criminals in forensic investigations. However, the characteristic need to be investigated
and studied thoroughly in varied population groups and further research remain absolutely necessary in this direction so that the
exact reason for the incidence and occurrence of the extra digital flexion creases may be known in different ethnic groups. Similar
unusual characteristics need to be reported and published for their rarity and significance in forensic medico-legal cases and
criminal authentication which ultimately aids in the advancement of science and technology.
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