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Abstract

Background: Fingerprints are the impressions left on any material by the volar surface also called finger bulbs of
the fingers. As per the law of individuality, each individual has a unique set of tiny raised ridges or friction ridges
that have been considered necessary in individualization in forensic work. Friction ridges over their surfaces bear
the small openings known as sweat pores. The latter are connected to ducts of sweat glands. These pores are also
unique to each individual as per many studies and vary in their shape, size, location, and frequency over the friction
ridges. Poroscopy is a method of personal identification in which the characteristics of sweat pores on the friction
ridge impression of palmar and plantar surfaces are examined.
The present study aimed to uncover the similarities in the sweat pores present on the friction ridges of an
individual in respect to their position ‘middle or periphery’ and to their frequency per unit length and per unit area.

Materials and methods: A total number of 50 samples were collected randomly from different male individuals
(graduate and postgraduate students at Amity University). Rolled fingerprint impressions were collected on FBI
fingerprint cards. The collected samples were then analyzed through a stereo-microscope and photomicrography
for the shape, position, and the number of sweat pores on the friction ridges per unit length and per unit area.
Besides, the number of pores present on three different fingers ‘Thumb, Index, Ring’ of an individual were
considered for this study.

Results: Our results report that no relationship exists between the position and frequency of sweat pores occurring
per unit length and per unit area. However, a significant correlation exists between the number of pores per unit
length and per unit area of the Thumb and Ring fingers for the middle position. Also, a significant correlation was
observed between the number of pores per unit length and per unit area of the Index and Ring fingers for the
periphery position.

Conclusions: This study may provide useful information about sweat pores present on friction ridges and their
utilization for personal identification up to an extent in the cases where very few ridges will be encountered on the
crime scene. These data can further be used in forensic research involving individual identification from poroscopy.
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Background
Poroscopy is the study of sweat pores present on the
friction ridges of palmar and the plantar surface and
is a method of personal identification (Bindra et al.
2000). It has proved to be a valuable tool in forensic
science (Wilder and Wentworth 1918; Cowger 1983).
In 1912, Locard established the use of poroscopy in
personal identification. Locard observed the ridge
characteristics present on the fingerprint pattern and
showed that the sweat pores are permanent, immut-
able, and individual. These pores are useful to estab-
lish the identity or otherwise of individuals when
available ridges do not provide sufficient ridge charac-
teristics (Bindra et al. 2000). Locard proposed factors
for the analysis of the pores for personal identifica-
tion. These factors include the number and frequency
of pores, the distance between two continuous pores
or interspacing, the size, shape, and position of the
pores on the ridge (Figs. 1, 2, and 3) (Wilder and
Wentworth 1918).
Many pieces of research have focused on studying

the characteristic of friction ridge mainly the sweat
pores among different sex, ages, and populations
(Bindra et al. 2000; Wijerathne 2015; Tafazoli et al.
2013; Nagesh et al. 2011; Preethi et al. 2012). Several
studies showed that there is no significant difference
in the pore characteristics morphology on the epider-
mal friction ridges between males and females and
that the number of pores does not significantly vary.
Several studies have been conducted on palm

prints of individuals and sweat pores for their
shape, size, position, interspacing, and number per
unit area. Findings showed that the identification of
an individual with the help of poroscopy was as

reliable and accurate as ridge characteristics and
can be compared with the results obtained through
the study of ridge characteristics (Bindra et al.
2000). Poroscopy was also used as a valuable tool
in anthropological studies in forensic science and
considered as an essential component in the mod-
ern automated fingerprint recognition system. Poro-
scopy is the third level detail of the friction ridges
and therefore, felt more accurate and reliable
(Wijerathne 2015). Tafazoli et al. (2013) examined
the biological variability of sweat pores in the fin-
gerprints of a sample of the Fars family from the
Iranian population. Size, number, position, and rela-
tive distance of the sweat pores on the fingers and
toes for 20-year-old Iranian males from the Fars
family. Their findings showed morphological variety
within the sweat pores of the Fars family of the
Iranian population. All mentioned studies provide
evidence to support the fact that poroscopy as an
essential tool in individual identification. Also, sev-
eral studies have focused on the association of dif-
ferent medical diseases with characteristics of pores
helping in the early prediction of later disease oc-
currence in high-risk individuals (Khosravi et al.
2011).
The main objective of the present study was to

focus on the similarities among the sweat pores
present on the friction ridges of the fingers of an in-
dividual and to make out the significance of the pos-
ition and frequency of the pores in relation to each
other.

Materials and methods
A total number of 50 samples from different male
individuals (graduate and postgraduate students at
Amity University) were collected randomly. Rolled fin-
gerprint impressions were collected on FBI fingerprint
cards with the black fingerprint ink using ink slab and
roller with all appropriate precautions to get the more
delicate details of the friction ridges.
The collected samples were analyzed through a

stereo-microscope and photomicrography. The study
was done for their shape, position, and number of
sweat pores on the friction ridges per unit length
and per unit area using a micrometer under stereo-
scopic microscope and with imaging technology (Vi-
sion Engineering CamZ) which was artificially
illuminated under 7X and 14X magnification and
then a photomicrograph was taken for further in-
depth study of pores shape, size, and position. The
analysis was conducted by counting the number of
pores per unit length, and per unit area, a mark of
0.25 cm2 was taken on the pattern area. A photo-
micrograph of the field of view (specimen view) was

Fig. 1 The picture taken through stereo-microscope using a
digital micro camera showing individual types of pores in a
rolled impression of an individual on the flowing friction ridge
of an individual
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taken with the help of a digital camera and CamZ
magnifier.

Statistical analysis
Correlation coefficient was computed. The next step
was to find the extent to which it is dependable.
Probable error of correlation coefficient denoted by
P.E(r) was used for testing the reliability of an ob-
served value of correlation coefficient.
If r is the observed correlation coefficient in a sam-

ple of n pairs of observations, then its standard error
is denoted by S. E (r) is given as shown in below
equation:

S:E rð Þ ¼ 1‐r2
ffiffiffi

n
p

Probable error of the correlation coefficient is given by
the equation:

P:E rð Þ ¼ 0:6745� S:E rð Þ
P.E(r) is used to test if an observed value of sample

correlation coefficient is significant of any correlation
in the population. If observed value of r is less than 6
P.E(r), then correlation is not at all significant. How-
ever, if observed value of r is greater than 6 P.E(r),
then correlation is definitely significant.

Results
Fifty samples were analyzed to determine the similar-
ities in the pores in respect to their position (middle
or periphery) on the particular ridge and the fre-
quency (per unit length and per unit area) on the
friction ridges of the three different fingers (Thumb,
Index, and Ring) of each individual. In addition, the
number of pores per unit length and per unit area
present on the same three fingers were determined.
Initially, the frequency of the position of the pores
for the thumb, index, and ring was analyzed. The po-
sitions were divided into middle and periphery shown
below in tables.
We know that an observed value of r is significant if,

r > 6 P:E rð Þ which implies
r

P:E rð Þ > 6

S:E rð Þ ¼ 1‐r2
ffiffiffi

n
p

P:E rð Þ ¼ 0:6745� S:E rð Þ

Fig. 2 The photomicrographic image of rolled friction ridge impressions showing different shapes of the sweat pores present on an individuals
friction ridges

Fig. 3 The photomicrographic image of rolled friction ridge impressions
showing different positions (middle and periphery) of pores on the
flowing friction ridge of an individual

Table 1 Correlation between Thumb, Index, and Ring finger
per unit length for middle position

Correlation Thumb Index finger Ring finger

Per unit length, middle position

Thumb 1 0.416 0.673

Index finger 0.416 1 0.368

Ring finger 0.673 0.368 1
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Table 1 shows the correlation between the three dif-
ferent fingers of interest (Thumb, Index, and Ring
finger) for middle position per unit length. Whereas
Table 2 illustrates the significance of these
correlation.
Tables 3 and 4 shows respectively the correlation and

the significance of these correlation between Thumb,
Index, and Ring finger for periphery position per unit
length.
Tables 5 and 6 illustrate respectively the correlation

and the significance of these correlation between
Thumb, Index, and Ring finger for middle position per
unit area.
Table 7 shows the correlation between the three

different fingers of interest (Thumb, Index, and Ring
finger) for periphery position per unit area. Whereas
Table 8 illustrates the significance of these
correlation.

Discussion
The primary purpose of this study was to analyze the
sweat pore features in context to their position and fre-
quency in inked impressions through the microscopic
and photomicrographic techniques and to provide their
linkage per unit length and per unit area in an individ-
ual’s finger bulbs in Thumb, Index, and Ring fingers. As
mentioned previously, the science of poroscopy is based
on the fact that the pores are permanent, immutable,
and variable from one individual to another in size,
shape, position, and number (Locard 1912). Keeping in
mind the nature, permanency, immutability, and vari-
ability of sweat pores, poroscopy will be a possible mean
of personal identification in several cases where

complete or adequate friction ridge impression is miss-
ing on the crime scene or such cases. Previously, several
studies have been performed to verify such a correlation
between sweat pores and different fingers (Preethi et al.
2012). In their research, they have estimated the import-
ance of poroscopy for the identification of individuals
and to determine the gender based on frequency,
type, and shape of pores. Bindra et al. 2000 have
studied the microscopic nature of sweat pores and
expressed that it is somewhat difficult as compared to
the study of ridge characteristics; however, the identi-
fication with the help of poroscopy is as reliable and
accurate as ridge characteristics and can be compared
with the results obtained through the study of ridge
characteristics. Nevertheless, the success or failure of
the identification may depend upon many factors
such as the amount of pressure applied while trans-
ferring the fingerprint impressions, deposition of an
amount of sweat, ink or any other material, dirt on
friction ridge skin surface, any cuts, or scars. In
addition to this, several other external factors that
may vary pore dimensions are the type of surface on
which the impressions are created, the consistency of
ink, etc. (Czarnecki 1995). In the present study, we
focused on studying the similarities among the sweat
pores present on the friction ridges of three fingers:
Thumb, Index, and Ring finger depending on the pos-
ition (middle, periphery), per unit length and per unit
area. When looking to the correlation and their sig-
nificance between the three fingers per unit length
for the middle position (Tables 1 and 2), no signifi-
cant difference was observed between Thumb and

Table 2 Significance of correlation between Thumb, Index, and
Ring finger per unit length for middle position

Number of
observations

r S.E
(r) = 1−r2

ffiffi

n
p

P.E (r) =
0.6745 × S.E(r)

r
P:EðrÞ Significance

of r

50 0.42 0.126 0.078 5.38 < 6 Not
significant

50 0.67 0.077 0.052 12.88 ˃ 6 Significant

50 0.37 0.122 0.082 3.03 < 6 Not
significant

Table 3 Correlation between Thumb, Index, and Ring finger per
unit length for periphery position

Correlation Thumb Index finger Ring finger

Per unit length (periphery)

Thumb 1 − 0.091 − 0.074

Index finger − 0.091 1 0.465

Ring finger − 0.074 0.465 1

Table 4 Significance of correlation between Thumb, Index, and
Ring finger per unit length for periphery position

Number of
observations

R S.E
(r) =
1−r2
ffiffi

n
p

P.E (r) =
0.6745 × S.E (r)

r
P:EðrÞ Significance

of r

50 −
0.09

0.129 0.087 −
1.0399 <
6

Not
significant

50 −
0.07

0.140 0.094 −
0.780 < 6

Not
significant

50 0.46 0.110 0.0748 6.21 ˃ 6 Significant

Table 5 Correlation between Thumb, Index, and Ring finger per
unit area for middle position

Correlation Thumb Index finger Ring finger

Per unit length (middle)

Thumb 1 0.452 0.189

Index finger 0.452 1 0.0145

Ring finger 0.189 0.0145 1
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Index, and between Index and Ring finger. However,
a significant difference was noted between the Thumb
and Ring finger.
When studying the correlation between the three

fingers for periphery position, per unit length (Tables 3
and 4), no significant correlation existed between
Thumb and Index, Thumb and Ring.
But, a significant one was detected between Index

and Ring finger.
These results were confirmed when examining the

correlations between Thumb, Index, and Ring fin-
gers for the middle position (Tables 5 and 6) per
unit area and periphery position (Tables 7 and 8)
per unit area.

Conclusions
The present study was conducted to find out the
similarities in the pores in respect to the position
(middle or periphery) and frequency (per unit
length and per unit area) of the pores present on
the friction ridges of the finger of an individual.
The hypothesis considered was that there is no sig-
nificant relationship between the position of the
pores and their occurrence per unit length and per
unit area. After analyzing the significance of correl-
ation, it was seen that no relationship exists gener-
ally between the position and frequency of sweat
pores occurring per unit length and per unit area.
However, a significant correlation exists between
the number of pores per unit length and per unit
area of the Thumb and Ring fingers (middle). Also,
it was observed that there is significant relation

between the number of pores per unit length and
per unit area of the Index and Ring fingers (periph-
ery). It is clear that the scientific study of these
critical minute anatomical structures might open
doors to many scientific discoveries in the fields of
forensic science and individual identification.
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Table 8 Significance of correlation between Thumb, Index, and
Ring finger per unit area for periphery position

Number of
observations

r S.E
(r) = 1−r2

ffiffi

n
p

P.E (r) =
0.6745 × S.E
(r)

r
P:EðrÞ Significance

of r

50 −
0.08

0.140 0.094 −
0.791 <
6

Not
significant

50 −
0.023

0.141 0.095 −
0.241 <
6

Not
significant

50 0.703 0.072 0.048 14.58 ˃ 6 Significant

Table 6 Significance of correlation between Thumb, Index, and
Ring finger per unit area for middle position

Number of
observations

r S.E
(r) = 1−r2

ffiffi

n
p

P.E (r) =
0.6745 × S.E (r)

r
P:EðrÞ Significance

of r

50 0.45 0.112 0.076 5.92 < 6 Not
significant

50 0.19 0.136 0.009 20.67 ˃ 6 Significant

50 0.01 0.141 0.095 0.07 < 6 Not
significant

Table 7 Correlation between Thumb, Index, and Ring finger per
unit area for periphery position

Correlation Thumb Index finger Ring finger

Per unit length (periphery)

Thumb 1 − 0.075 − 0.023

Index finger − 0.075 1 0.703

Ring finger − 0.023 0.703 1
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