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Determining the sex from an unidentified fingerprint recovered from a crime scene can assist in narrowing down
the pool of potential suspects. The present study was conducted with the aim of determining sex using fingerprint
epidermal ridge sweat pore density among the Indian population. For this purpose, plain prints from both the left
and right thumbs were obtained from a total of 396 participants (191 males and 205 females), aged between 18
and 35 years, who were randomly selected for the study. Sweat pores were counted in a region of 3 x 3 mm?
Data were analyzed using SPSS (Statistical Product and Service Solutions) version 26 for Windows and Microsoft
Office Excel 365. The likelihood ratio (LR) was calculated to obtain the probability inferences of sex based on the
number of sweat pores. Analysis revealed that a fingerprint containing < 45 pores/9 mm? is more likely to be of
male origin while one containing > 49 pores/9 mm? is more likely to be of female origin. Moreover, the dif-
ference in the number of pores was found to be statistically significant between the two biological sexes. The
methodology employed in this study helps demarcate a uniform region in all the samples thereby eliminating

variability due to pattern type and recurving ridges.

1. Introduction

Identification is the primary objective of any forensic examination.
Fingerprints are unique, immutable, and classifiable and act as a reliable
means of personal identification [1]. Fingerprints retrieved from the
scene of crime (SOC) can be matched at three distinct levels [2]. The first
level focuses on macrofeatures (pattern type, ridge count, core, delta,
and orientation) which are insufficient for individualization [3]. The
second level involves comparing the relative positions and nature of
ridge characteristics, allowing for individualization. While, the third
level utilizes microfeatures, including sweat pores, edge contours, fric-
tion ridge width, dots, incipient ridges, etc. [2],[4]. Level three details
include a significant subset of extended features where pores are most
prevalent [5].

In 1912, Dr. Edmond Locard from Lyons, France, pioneered the sci-
ence of poroscopy [6]. It involves the study and analysis of sweat pore
patterns on friction ridge skin to aid in personal identification [7]. Sweat
pores are the openings of sweat glands and play a crucial role in ther-
moregulation [8]. Typically, there are approximately 2700 sweat pores

per square inch of papillary skin [9]. Locard asserted that pores, similar
to ridge characteristics, are permanent, immutable, and unique. He
further proposed that a mathematical agreement between 20 and 40
pores is adequate for establishing identity [6]. Poroscopy is particularly
useful when crime scene prints are blurred, partial, overlapping, ori-
ented ambiguously, or contain a low number of minutiae [2,5,10].

Determining the sex from a recovered fingerprint can narrow down
the list of potential suspects [11]. Numerous studies [12-20] have been
conducted to investigate whether any relation exists between the
fingerprint ridge density (FPRD), defined as the number of ridges per
unit area, and sex of an individual wherein it has been observed that
females tend to exhibit a significantly higher ridge density as compared
to males. This can be attributed to the presence of finer epidermal ridges
in females [12,14,21-23].

Likewise, attempts [24-26] have been made to determine whether
there exists any relationship between the number of pores and sex of an
individual. In a study conducted by Preethi et al. [25] it was observed
that fingerprint containing < 8 pores/25 mm? and > 9 pores/25 mm?>
was more likely to be of male and female origin, respectively.

Abbreviations: FPRD, Fingerprint Ridge Density; LCD, Liquid Crystal Display; LR, Likelihood ratio; NCR, National Capital Region; SOC, Scene of crime; SPSS,
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Conversely, in studies conducted by Nagesh et al. [24] and Scobbie &
Sofaer [26] statistically significant differences were not observed in pore
counts between the two biological sexes.

Fingerprints recovered from crime scenes are frequently incomplete
and lack adequate minutiae for matching purposes [6]. Furthermore, the
absence of details necessary for determining sex complicates the iden-
tification process. The aforementioned reasons prompted the authors to
undertake the present study. As females are known to exhibit finer and
higher number of friction ridges as compared to males [12-20] it follows
that they should also have a higher count of sweat pores. This forms the
hypothesis for the present study which was undertaken with the aim to
empirically assess the aforementioned hypothesis thereby exploring the
potential of sweat pores in sex determination when examining a crime
scene recovered fingerprint.

2. Material and methods
2.1. Sample collection

Plain prints from both the left and right thumbs were obtained from a
total of 396 participants (comprising 191 males and 205 females)
residing in the Delhi-National capital region (NCR). These participants,
comprising college students and individuals involved in academia, aged
between 18 and 35 years, were randomly selected for the study. The
research protocol received ethical approval from the Ethical committee
of the Department of Anthropology, University of Delhi, India (Ref. No./
Anth./2018/2880,/28-12-18).

Prior to print collection informed written consent was obtained from
all participants wherein, they were told about the objectives, relevance,
and purpose of the study. The participants were also assured that the
data collected would be used only for academic and research purposes.
Individuals with any thumb injury (such as cuts, cracks, or scratches)
were excluded from the study (hereditary or neurological disorders were
not considered). All participants were asked to wash and dry their hands
prior to the recording of prints. Both the left and right thumbprints were
considered in the present study as the thumb is commonly used for
grasping objects resulting in the likelihood of leaving prints on surfaces
or objects it comes into contact with [27,28].

2.2. Procedure for collection

A thin and uniform layer of skin-safe black printer’s ink was applied

__ Probability of given fingerprint originating from male contributor (C)
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represents the number of pores/9 mm? The pores were counted by
overlaying the transparency sheet containing the fingerprint onto a
graph paper and examining it using a digital microscope (Microware
LCD Digital Microscope 7) equipped with a liquid crystal display (LCD)
screen.

In work conducted by Preethi et al. [25] an area of 5 x 5 mm? was
considered for counting the number of sweat pores however a region of 3
x 3mm? was used in the present study since the authors wanted to
ascertain whether or not sweat pores can help in determining the sex
from an unknown print especially when it is fragmentary or partial
thereby a minute region of 3 x 3 mm? which has not been used in any
previous work was considered.

The methodology developed by Acree [12] was adopted to define the
area for counting sweat pores (i.e., for fingerprints obtained from the
right hand, the square was placed in the upper left quadrant of the
central core region while, for prints obtained from the left hand, it was
placed in the upper right quadrant of the central core region). This
method is not only reproducible but also helps demarcate a uniform
region in all the samples which is not affected by pattern type. In other
words, a uniform region as described above, was considered so as to
eliminate variability due to pattern type and recurving ridges.

2.4. Data analysis

Sweat pores were counted in both the thumbs of all participants. To
counter any intra-observer variability, the principal investigator con-
ducted three counts, and the mean was calculated for each participant
(this mean value represents a single data point for that individual). This
procedure was followed for all collected prints. Data were analyzed
using SPSS (Statistical Product and Service Solutions) version 26 for
Windows and Microsoft Office Excel 365. Before analysis, the data were
checked to support the idea of normal distribution. Data points were
compared using paired-samples t-test and independent samples t-test in
SPSS. 95 % confidence interval and a significance level of a < 0.05 were
used to determine whether to reject the null hypothesis. Likelihood ratio
(LR) was calculated in order to obtain the probability inferences of sex
based on the number of sweat pores. To calculate the posterior proba-
bilities Bayes’ theorem was used. The following equation is the central
factor in Bayes’ theorem and was used to calculate the LR wherein, C and

C represent the male and female donor, respectively.

a Probability of given fingerprint originating from female contributor (C’)

onto a glass slab using a fingerprint hand roller [27,28]. The ink was
applied in such a manner that it allowed light to pass through it [24].
Each participant was instructed to gently press their thumb onto the
ink-coated glass slab with moderate pressure (assessed qualitatively)
following which a piece of clear tape was pressed onto the inked thumb
of the participant (with minimal pressure) in order to capture the print
[27,28]. This print-bearing tape was then affixed to a transparency sheet
(measuring 2.75 x 1.75in.) thereby creating a permanent record. All
prints were anonymized, sequentially labelled, and stored. In total, 792
prints were collected and examined.

2.3. Pore counting

Sweat pores, regardless of type (closed, open on one side, or both
sides), were counted from thumbprint samples of both males and fe-
males within a 3 x 3mm square drawn on graph paper. This value

For each pore density value, the likelihood ratio (C/C) was multi-
plied by the prior probabilities (P(C) and P(C") for both males and fe-
males. These products were then normalized by dividing each by the
sum of the two products to obtain the posterior probabilities. Specif-
ically, for a given pore density, the posterior probability for males was
calculated as:

P(C|Pore) = (P(Pore|C)  P(C))/(P(Pore|C) * P(C) + P(Pore|C) + P(C))
And for females as:
P(C[Pore) = (P(Pore|C) x P(C))/(P(Pore|C) x P(C) + P(Pore|C) * P(C))

This process provided the likelihood of the fingerprint being from a
male or female based on the observed number of pores, allowing to infer
the sex of the individual from whom the fingerprint originated.
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Table 1
Descriptive statistics of the number of pores per 9 mm? in male and female
participants.

Males Females
n 191 205
Mean 45.15 52.47
Median 44.00 52.50
Mode 43.50 53.00"
Std. Deviation 6.04 7.00
Variance 36.49 48.94
Range 35 41
Minimum 30 37
Maximum 65 78

@ Multiple modes exist. The smallest value is shown.

3. Results

Visual inspection of histograms, Q-Q plots, and Kolmogorov-Smirnov
normality test showed that the data were normally distributed.
Descriptive statistics of the number of sweat pores for male and female
participants are shown in Table 1. Epidermal sweat pores ranged from
30-65,/9 mm? for males and 37-78/9 mm? for females. Furthermore, the
mean number of pores for males and females was observed to be 45.15
and 52.47 per 9 mm?, respectively. Thus, females were found to possess
a higher number of sweat pores than males. Frequency distribution of
the observed number of pores in the two biological sexes is represented
in Fig. 1. The graph shows the frequency distribution of the number of
pores per 9 mm?> for male and female participants wherein, the X-axis
represents the number of pores (ranging from 30 to 78) and Y-axis
represents the frequency i.e., how often each pore count occurs within
the sample population. Epidermal sweat pores ranged from 30-65/
9 mm? for males and 37-78/9 mm? for females. There is a notable
distinction between the two distributions; males generally have lower
pore counts, while females tend to have higher pore counts. Moreover,
this graph visually supports the study’s finding that a lower number of
pores per 9 mm? is more likely to be found in males, while a higher
number of pores per 9 mm? is more likely to be found in females. This
distinction can be useful for determining the sex of an individual based
on fingerprint pore density. Independent samples t-test results, depicted
in Table 2, show the number of pores to be statistically significant be-
tween the two biological sexes (p<0.001). Thus, establishing that males
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and females can be differentiated on the basis of number of epidermal
sweat pores.

Since, both the right and left thumbs were evaluated in the present
study, bilateral differences by sex were calculated and are represented in
Table 3. It can be observed that the epidermal ridge sweat pore density
did not show statistically significant differences between the left and
right thumbs across both sexes. Thereby, suggesting that handedness
does not affect the number of epidermal sweat pores. Furthermore,
probability densities derived from frequency distributions were used to
calculate the likelihood ratios based on Bayes’ theorem. Results show
that a fingerprint containing 45 pores/9 mm? or less is more likely to be
of male origin while that with 49 pores/9 mm? or more is more likely to
be of female origin (Table 4).

4. Discussion

Females possess finer and higher number of friction ridges than
males [12-20] thus, they should also possess a higher number of sweat
pores. This hypothesis was empirically tested in the given research work.
For this purpose 792 fingerprints were collected from 396 participants
and analyzed. It was observed that a fingerprint containing 45 por-
es/9 mm? or less is more likely to be of male origin while that containing
49 pores/9 mm? or more is more likely to be of female origin. Moreover,

Table 2
Sex differences in epidermal ridge sweat pore density in relation to handedness.
Males (n=191) Females (n=205) p-value
Mean  Std. Deviation @ Mean  Std. Deviation
Left thumb 45.21 6.33 52.40 7.60 0.000
Right thumb 45.10 6.77 52.55 7.19 0.000
p<0.001
Table 3
Bilateral differences in epidermal ridge sweat pore density by sex.
Mean Std. Deviation p-value
Males -0.11 5.08 0.765
Females 0.15 4.82 0.664

303234353637383940414243444546474849505152535455565758596061626364656870727378
Number of pores per 9 mm?

=== Female

Male

Fig. 1. Frequency distribution of epidermal ridge sweat pore density in male and female participants.
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Table 4
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Probability densities and likelihood ratios (LR) derived from observed number of pores for both males and females.

Number of pores/9 mm? Probability density Likelihood ratio Favoured odds

Males (C) Females (C) (c/c) (C'/C) P (C) =0.5,P (C)=0.5 P(C)=0.7,P(C)=0.3
<36 0.02 - - -
37 0.01 0.00 2.15 0.5 - -
38 0.04 0.01 4.3 0.2 Male (0.81) > Female (0.19) Male (0.94) > Female (0.06)
40 0.06 0.02 3.2 0.3 Male (0.76) > Female (0.24) Male (0.91) > Female (0.09)
41 0.08 0.01 5.4 0.2 Male (0.84) > Female (0.16) Male (0.95) > Female (0.05)
42 0.06 0.01 6.4 0.2 Male (0.86) > Female (0.14) Male (0.96) > Female (0.04)
43 0.07 0.02 3.0 0.3 Male (0.75) > Female (0.25) Male (0.90) > Female (0.10)
44 0.11 0.04 2.8 0.4 Male (0.74) > Female (0.26) Male (0.89) > Female (0.11)
45 0.05 0.04 1.3 0.7 Male (0.57) < Female (0.43) Male (0.76) > Female (0.24)
46 0.05 0.03 1.6 0.6 Male (0.61) > Female (0.39) Male (0.80) > Female (0.20)
47 0.06 0.03 1.8 0.5 Male (0.64) > Female (0.36) Male (0.82) > Female (0.18)
48 0.07 0.03 2.5 0.4 Male (0.71) > Female (0.29) Male (0.88) > Female (0.12)
49 0.05 0.07 0.8 1.3 Male (0.44) < Female (0.56) Male (0.67) < Female (0.33)
50 0.02 0.04 0.4 2.5 Male (0.29) < Female (0.71) Male (0.50) < Female (0.50)
51 0.03 0.06 0.4 2.4 Male (0.29) < Female (0.71) Male (0.50) < Female (0.50)
52 0.01 0.06 0.2 5.6 Male (0.17) < Female (0.83) Male (0.34) < Female (0.66)
53 0.04 0.09 0.4 2.5 Male (0.29) < Female (0.71) Male (0.50) < Female (0.50)
54 0.01 0.05 0.2 4.7 Male (0.17) < Female (0.83) Male (0.34) < Female (0.66)
55 0.04 0.07 0.5 2.0 Male (0.33) < Female (0.67) Male (0.55) < Female (0.45)
56 0.01 0.07 0.2 6.5 Male (0.17) < Female (0.83) Male (0.34) < Female (0.66)
57 0.01 0.03 0.2 5.6 Male (0.17) < Female (0.83) Male (0.34) < Female (0.66)
58 0.01 0.03 0.2 6.5 Male (0.17) < Female (0.83) Male (0.34) < Female (0.66)
59 0.01 0.04 0.3 3.7 Male (0.23) < Female (0.77) Male (0.42) < Female (0.58)
61 0.01 0.03 0.4 2.8 Male (0.29) < Female (0.71) Male (0.50) < Female (0.50)
63 0.01 0.01 0.5 1.9 Male (0.33) < Female (0.67) Male (0.55) < Female (0.45)
65 0.01 0.02 0.3 3.7 Male (0.23) < Female (0.77) Male (0.42) < Female (0.58)
> 68 - 0.02 - - - -

it can be inferred from Table 4, that a sweat pore density of < 36 pores/
9 mm? is most likely (100 %) to be of male origin while that containing
> 68 pores/ 9 mm? is most likely (100 %) to be of female origin.
Additionally, the results of the independent samples t-test, as shown in
Table 2, indicate a statistically significant difference in the number of
pores between the two biological sexes (p < 0.001) thereby, demon-
strating that males and females can be distinguished based on the
number of epidermal sweat pores. Furthermore, in this study, both the
right and left thumbs were assessed and bilateral differences by sex were
determined, as shown in Table 3. The results indicate that there are no
statistically significant differences in epidermal ridge sweat pore density
between the left and right thumbs for either sex. This suggests that
handedness does not influence the number of epidermal sweat pores.

Similar findings were observed in work conducted by Preethi et al.
[25], wherein statistically significant differences were observed be-
tween males and females in terms of the number of sweat pores (a
fingerprint containing < 8 pores/25 mm? was more likely to be of male
origin whereas, that containing > 9 pores/25 mm? was more likely to be
of female origin). On the contrary, the number of pores was not found to
be statistically significant between the two biological sexes in studies
conducted by Nagesh et al. [24] and Scobbie & Sofaer [26].

Chovancova et al. [29] studied sexual dimorphism and bilateral
differences in terms of fingerprint sweat pore shape within a 1 cm? re-
gion among the Slovak population. They observed that the order of
sweat pore types in males was consistent on both hands, with the round
type being the most common, followed by elliptical, triangular, rhom-
boid, square, rectangular, and hexagonal, the latter being the least
frequent, similarly, in the female population, the order of sweat pore
types was consistent on both hands, with the round type being most
common, followed by elliptical, rhomboid, triangular, square, rectan-
gular and hexagonal types [29]. Additionally, several statistically sig-
nificant bilateral and inter-sexual differences were found in the studied
sample population [29].

The similarity between the present research work and the study
conducted by Chovancova et al. [29] lies in the utilization of a meth-
odology to uniformly delineate a specific fingerprint area. In the present
study, a region of 3 x 3 mm? was considered for counting the number of

sweat pores since the authors wanted to ascertain whether or not sweat
pores can help in determining the sex from an unknown print especially
when it is fragmentary or partial thereby a minute region of 3 x 3 mm?
which has not been used in any previous work was considered. To attain
this aim, the methodology developed by Acree [12] was adopted to
define the area for counting sweat pores (for fingerprints obtained from
the right hand, the square was placed in the upper left quadrant of the
central core region while, for prints obtained from the left hand, it was
placed in the upper right quadrant of the central core region). This
method is not only reproducible but also helps demarcate a uniform
region in all the samples which is not affected by pattern type. Cho-
vancova et al. [29], on the other hand, ensured effective and universally
applicable delimitation of the evaluated area by developing their own
methodology based on the dermatoglyphic pattern of each fingerprint;
(i) a1l x 1 cm template with a marked centre was prepared followed by
identifying the centre of each dermatoglyphic pattern, (ii) the template
was then placed such that its centre overlapped with the central point of
the pattern to create a precisely defined area of the desired size, lastly
(iii) these marked areas were evaluated using a USB digital microscope
[29].

5. Conclusions

Fingerprints recovered from crime scenes are often incomplete and
lack sufficient minutiae for effective matching. Moreover, the absence of
necessary details for determining sex further complicates the identifi-
cation process. The current study effectively demonstrated that females
possess a higher number of sweat pores i.e., a fingerprint with 45 pores/
9 mm? or fewer is more likely to be of male origin, while one with 49
pores/9 mm? or more is more likely to be of female origin. Additionally,
it can be inferred that a sweat pore density of < 36 pores/9 mm? is most
likely (100 %) to be of male origin, whereas a density of > 68 pores/
9 mm? is most likely (100 %) to be of female origin. Furthermore, in-
dependent samples t-test results indicate a statistically significant dif-
ference in the number of pores between the two biological sexes (p <
0.001), demonstrating that males and females can be distinguished
based on the number of epidermal sweat pores. However, no statistically
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significant bilateral differences in epidermal ridge sweat pore density
between the left and right thumbs was observed for either sex, sug-
gesting that handedness does not influence the number of epidermal
sweat pores.

The methodology used in the present work is reproducible and helps
demarcate a uniform region in all the samples so as to eliminate vari-
ability due to pattern type and recurving ridges. Thus, like FPRD, sweat
pores can also help in determining the sex from an unknown fingerprint
retrieved from the SOC especially when the retrieved print is fragmen-
tary or partial in nature.

Future research can be carried out on a larger sample population,
various ethnic groups can be considered, moreover, the sweat pore
density of all ten digits can be explored using the methodology used in
the present work.
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