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Abstract

Introduction: The anatomy of fingerprints consist of ridges, edges on ridges, and different
shapes of sweat pores. Ridges are of different shapes like concave, convex, peak, straight, table,
pocket, angle, etc.

Materials and methods: The study will be carried out on 400 undergraduate students of both
sexes in the Shivpuri region, Madhya Pradesh. (Central India). Prints of the Bilateral thumb
finger would be taken with printer’s ink and the thumbprints are taken on Executive bond paper
treated with the chemical Ninhydrin- And focused under a microscope as latent prints.
Results: As per the present findings we found that the highest number of pocket shape edges
are 1 in 1 cm ridge. Out of 200 males, 146 males show 1 pocket edge and out of 200 females
84 females show 1 pocket edge in a 1 cm ridge on the right side. Out of 200 males, 73 males
show 1 pocket edge and out of 200 females 96 females show 1 pocket edge in a 1 cm ridge on
the left side. It is also observed that in 113 males and 82 females’ pocket edges are completely
absent on the left side and in 52 males and 70 females’ pocket edges are completely absent on
the right side.

Conclusion: The study of shapes of edges of ridges of thumb impressions is the authentic
method the for determination of sex in the field of criminology, forensic medicine anatomy,
etc.

Keywords: Edgeoscopy, Ridgeology, Pocket Shape Edges, Anatomy, Forensic Medicine,
Ninhydrin.
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Introduction

Fingerprints are characterized by alternate
strips of raised epidermal ridges and
furrows present in the alteration of
different patterns with  microscopic
structures known as sweat pores appearing
along the whole surface of the dermal
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ridges. [1] These ridges can help in the
identification of a person even when the
epidermis gets eroded by damage due to
burns or long-term (period) submerged in
water. [2] Ridgeology is the examination
of ridges of the friction surface of the skin
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i.e. edges. and the study of edges on the
ridges is known as edgeoscopy [3]
Fingerprint patterns starts developing
between fifth and sixth week of gestation
period and fully formed by the end of
twenty first week of gestation, and the
sweat glands start to develop around
fourteenth week of gestation and acquire
adult morphology by the twenty fourth
week.1The  fingerprints of  same
individuals collected on dissimilar moment
with gap of many years will not show any
change in pattern on differentiation and
they remain persistent for the entire life of
individual [4]. The persistence of
fingerprint  patterns is  supported
biologically by studying embryology and
microscopic histology of friction ridge skin
Edges of ridges can be of different shapes
such as concavity, angle, peak, straight etc
The study of the clear pattern of latent
prints (the prints which is not visible to
naked eye) was developed by various
standard methods using powder dusting
methods and chemicals such as iodine
fuming, silver nitrate reagent,
diazoafluoren, nninhydrin and
cyanoacrylate /  superglue fuming
development methods. [5] It is clear that
the scientific studies of this important
minute anatomical structures might helpful
to many scientific discoveries in the field
of physical and medical anthropology,
medicine and anatomy.2Finger print
features which can be divided in to three
classifications, level one pattern represent
general morphological information and
ridge flow pattern , It is well documented
that the general pattern taken by ridges is
indirectly  inherited. [6] Relative
frequencies of general pattern types have
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been extensively studied in various groups
of populations.[7] and in relation to
numerous chromosomal deficiencies,
genetically defects and diseases. [8-12]
[level two features represent the minutiae
information such as ridge endings and
bifurcations, level three features obtained
from the sweat gland pores and ridges
present on the fingerprints. [13]
Fingerprint patterns are unique to an
individual which means they differ from
one person to another person and even
from one digit to another digit in the same
person. Like ridge characteristics pores are
immutable, permanent and individual.
Given two finger prints may be similar in
the type of main pattern and arrangement
of ridges but they are not similar in all the
details. The characteristics of fingerprint
ridge patterns although having no scientific
basis has been accepted through actual
studies and statistical models. The
fingerprints of identical twins were
compared in 17 sets of twins and found to
be differing in terms of ridge
characteristics and occasionally even in
overall pattern approximated that there are
1 in 64 billion chances of two fingerprints
having similarity in pattern type. The
specific design of friction ridges has never
been found to repeat. [14] The variation in
the width of the ridge, alignment of ridge
units and location of pores make
fingerprint patterns unique. [15]

The characteristics of the edges of ridges
will not change during the life of an
individual though their size can alter as of
age increases. Chatterjee 1962 classified
the characteristics of the edges (Fig-1) of
the friction skin into seven classes. [16]
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Figure 1: Types of edges.
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Types of Fingerprints

Finger prints that can be found at the crime
scene are of three types: visible prints,
impressions and invisible prints these
prints can be found on any object which is
related to the crime scene. Any of these
three types of fingerprints can be present at
the site of crime scene. So one should
always carefully consider the probability
of presence of latent prints while studying
other types of prints. [17]

(a) Visible fingerprints

This type of finger prints which are able to
see through naked eye and can be studied
directly provided adequate difference is
there between the surface and the prints. It
may require a source of light when contrast
is poor. These prints may or may not
require development method to increase
the details of the prints. Visible prints may
be found contaminated with dust ink, and
blood etc. [18]

(b) Latent fingerprints

The prints which are not seen through
naked eye but can be studied by some
developing methods such as Chemicals,
optical devices and powders are known as
latent fingerprints. These prints form an
essential tool of physical evidence at the
crime spot when they are developed by
suitable technique are useful in personal
identification. Latent prints were obtained
on the non-pours as well as pours surface
such as paper, metal surface, and glass
sheet, painted surface, glazed tiles etc [5].
The latent print impression is composed of
sweat and contaminants from the
surroundings [19]

Depending upon  the  appropriate
concentration  of  Ninhydrin  and
appropriate solvent. The best results were
obtained when 0.6% — 1% of Ninhydrin
was added to Freon. Due to concerns about
the ozone layer, heptane’s started replacing
Freon as a solvent. [14]

Silver nitrate reagent behind this method
the mechanism is the chemical reaction of
silver ions with the proteins present in the
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fingerprint remnant forming coloured
products when they get exposed to light.
This method shows well performance on
the surfaces like newspapers but cannot be
used in some situations where latent prints
are found on a surface exposed to
humidity. [20]

Materials and Methods for Data
Collection

Study setting:

The study will be carried out on 400 under
graduate students of Shivpuri region,
Madhya Pradesh. (Central India)

Sample size:

A total size of 400 undergraduates shall be
considered. [21]

Data collection

This present study is performed by making
bilateral thumb print impressions of 400
under graduates (both males and females)
students of Shivpuri region. Those students
who are participating in this research we
requested them to wash their hands
properly with Dettol soap solution and
remove any dust particles on thumb before
taking finger prints [16]. All healthy
undergraduate students with no history of
genetic disorders only included in the
present study [22] after selection of
students bilateral thumb print will be taken.

For taking finger prints Bilateral thumb
would be covered with ink and then the
inked thumb shall be rolled from side- to-
side on respective papers [23] the age, sex
and name of each individual would be
recorded in a register along with the prints
[24].

The forensic use of ninhydrin for latent
finger print development was first
recommended by Oden and Von Hofsten
This method is establish on the mechanism
that o-amino acids, polypeptides and
proteins present in the fingerprint remnant
react with chemical ninhydrin producing
Ruhemann’s purple [25,26] different
chemical formulations of ninhydrin
solutions are available in which ninhydrin
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are added to different solvents like acetone,
ethanol, methanol, ethyl ester, heptane etc
[21] The solution of Ninhydrin is applied
on the print by various techniques like
swabbing, Dipping and spraying and
thereafter, the print is accelerated by using
process of heating at 80° Fahrenheit in 80%
relative humidity.

Materials

Prints of Bilateral thumb finger would be
taken with printer’s ink (Kores ink) and the
above prints are subjected with chemical
Ninhydrin [5,15] and studied under
microscope [27] (latent prints) on the
following Executive bond paper [5,28]:

The following items shall be used for
taking bilateral thumb finger prints from
donors:

e Printer’s ink (Kore’s ink) [16]

e Chemical — Ninhydrin (Best method
for print on bond paper) [16]

e Royal executive bond paper [16].

e Binocular compound microscope with
light source. [23]

e A sheet of thick glass was used on
which both the hands can be kept.

e The rubber roller was used to spread
the ink on glass which is obtained from
local shop as per suggestion of forensic
medicine department.

e The napkin was used to dry the hands
of a person before spreading the ink.

e A Dettol soap was used to clean the
hands before collecting bilateral thumb
impressions and after collecting
impression to clean the stain. [24]

e Magnifying glass [24]
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Finger prints with printer’s ink:

Before taking the fingerprint all the
individuals would be requested to wash
their hand with Dettol soap solution to
avoid any contamination. The napkin was
used to dry the hands of a person before
spreading the ink. With One of the above
brand a small amount ( Kore’s ink ) of
printer’s ink would applied onto washed
glass slab and a thin uniform layer of ink
was distributed over the glass slab by using
an ink pad or roller. Standing at a forearm
length from the paper the subject asked to
give the prints. The paper labelled properly
with the sample number (sample no -1),
later the best print is taken for microscopic
study under 10x magnification .which
corresponds to the donors details like
Name, Age, Sex etc. Prints would
preserved carefully in a separate file in
sequence so that they could be taken out
easily. [29]

Microscopic study of bilateral thumb
finger prints.

After collecting the finger prints name of
the student, gender, age and their roll
number are taken in a separate page along
with finger prints and they are stored in a
proper format in a file and one by one used
for the study. Each finger print were
subjected to chemical Ninhydrin for latent
prints study.3*!5 The microscopic findings
are recorded in a separate sheet for
example number of pores per microscopic
field, shapes of pores, position of pores,
shape of the edges of ridges etc. and photo
micrographic pictures were taken and later
all the findings were filled in excel sheet

Methods and results are shown.
Results
Table 1: Showing number of Pocket edge right side.
Male | Female

0 52 70

1 146 84

2 2 41

3 0 2

4 0 3

Total | 200 | 200
Dhoot et al. International Journal of Pharmaceutical and Clinical Research
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160 - 146
140 -
120 -
100 - 84

80 - 70

52

60 - 41
40 -
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Chart 1: Number of pocket edges in 1cm ridge right side.

In The above table we observed the pocket edges present in 1 cm ridge in both male and
females. We found the highest number of pocket edges are 1 in 1 cm ridge. Out of 200 males
146 males shows 1 pocket edge in 1 cm ridge. Which is higher than the female’s .out of 200
females 84 female shows 1 pocket shape edge in 1 cm ridge.

Concave edge

Angular edge

Oval shape pore

Figure 2: Showing pocket edge along with other edges of thumb impression (10X).

Table 2: Showing number of Pocket edge left side.
Male | Female
0 113 | 82

1 73 96

2 14 22
Total | 200 | 200
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Chart 2: Number of pocket edges in 1cm ridge left side.

In The above table we observed the pocket edges present in 1 cm ridge in both male and
females. We found the highest number of pocket edges are 1 in 1 cm ridge. Out of 200 males
73 males shows 1 pocket edge in 1 cm ridge. Which is higher than the female’s .out of 200
females 96 female shows 1 pocket edge in 1 cm ridge. It is also observed that in 113 males
and 82 females’ pocket edges are completely absent.

Mean | Std. Deviation | P- Value | Significance
Pocket Edges Right Side | 0.70 | 0.66 245 p<0.05
Pocket Edges Left Side | 0.70 | 0.66 2.83 p<0.05

In this study we found that the Pocket Edges Right Side and left side both are significant in t-

test, we have using SPSS 24.0 in this study chart.

Pocket shape edges on both right and
left side thumb impression

We observed that highest number of pocket
shape edges are 1 in 1 cm ridge .Out of 200
males 146 males shows 1 pocket edge in 1
cm ridge. Out of 200 females 84 female
shows 1 pocket shaped edges in 1 cm ridge.
The ratio is higher in males compare to
females on right side. On left side Out of
200 males 73 males shows 1 pocket edge
in 1 cm ridge and out of 200 females 96
females shows 1 pocket edge in 1 cm ridge.
The ratio is higher in females compare to
males on left side. We also observed that
highest number of pocket shaped edges are
not seen on left side.

Pocket edge - According to present study
highest range of pocket shape edges are 1
in lcm ridge .on both right side and left
side. Range in males are 73% and in
females 42 % on right side. pocket shaped
edges are more in number in males
compare to females on right sides 36.5 %

Dhoot et al.

in males and 48 % in females on left side
Percentage of pocket shaped edges on left
side are more in case of females compare
to males. On left side in case of males
highest number of pocket edges are not
seen. Absent range is more than present
range in males on left side.

e Haroon neem khan observed 0-6
pocket shape edges range per
photomicrograph and average number
is 2.81 per photomicrograph per 100
samples. [16]

e Some studies also shows that females
have great number of ridges than males
[32]. If sufficient ridge characteristics
are not available to study Poroscopy
then Ridgeology can also be helpful for
investigatios. [33]

Discussion

e Fingerprint formation has received
significant response in the field of
forensic  sciences, anthropology,
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forensic medicine, and anatomy and
crime investigations.[1]

Because of its unique nature that
fingerprints remain unchanged
throughout life of an individual. [34]
Fingerprint extraction has always been
given importance to identify the
suspects as it serves as an identification
and evidence in crime related cases
because of its uniqueness and
individuality. ~ With  technological
advancement it has been wide use of
fingerprints tracing and identification
in order to achieve maximum personal
security. Fingerprints are employed to
achieve security in case of cell phones,
attendance machines, biometric door
locks Indian aadhar card.35 Fingerprint
varies from person to person. Other
importance of fingerprints include
helps in diagnosis of certain genetic
defects.23 And edgeoscopy are also
helpful in gender determination by
studying the number of pores and
number of edges on the ridges.
According to some studies there is a
significant relationship between sweat
gland pores and hypertension. [15]

Conclusion

In the present study we analyzed pocket
and edges of ridges in between male and
female undergraduates and also difference
between right and left pocket and angle
shape edges of ridges in both sexes. Our
study may be useful For the purpose of
identification of individual from finger
prints and for sex determination in the field

of forensic medicine, genetics and
anthropology.
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