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Abstract

Fingerprints are one of the common forensic tools used in per-
sonal identification. However, the associated secondary epidermal
creases of fingerprints, fingerprint white line count (FWLC), has
received less attention within the forensic community. This study
was conducted with an aim to determine the potential of FWLC in
sex inference among adult Nigerians.

A cross sectional study was carried out with 150 males and
150 females with age range of 18-30 and 18-33 years, respectively.
Live scanner (Digita persona, China) was used to capture the plain
fingerprint for FWLC. Mann Whitney, Kruskal Wallis and logis-
tic regression analyses were employed for determination of digit
variation (based on side and type), sexual dimorphism and predic-
tion models, respectively. Likelihood ratio and posterior probabil-
ity were used to determine the favour odd for sex inference from
FWLC.

A significant higher mean value of FWLC was observed in fe-
males (2.24 + 2.03) compared to males (0.85 + 1.29). Absence of
white line was indicative of male origin in all the digits except for
left index digit (favor odd of 0.72 for females and 0.29 for males).
However, FWLC from 5 to 11 were more likely to be of female
origin. The best discriminator of sex was the left FWLC with a
percentage accuracy of discrimination of 72%. The percentage con-
tribution of the left FWLC in the discrimination of the sexes was
observed to range from 23.0 to 30.20%.

The FWLC was found to be a potential predictor of sex among
adult Nigerians of Hausa ethnic origin.

Keywords: Forensic Science, Identification, Fingerprint, White
Line Counts, Sex Inference.
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1. Introduction

The fingerprint epidermal ridge pattern depends on
the cornified layer of epidermis and dermis configuration.
The main events that lead to establishment of the epider-
mal ridge pattern occur during the 10th to 16th week of
intra uterine life. Embryonol volar skin is made up of two
main structures, the superficial layered epidermis and deep
amorphous fibrous dermis [1, 2, 3]. The basal layer con-
sisting of columnar epithelium becomes undulated. This
results in the formation of the folds of the epidermis into
dermis called primary ridges, which establish the future
surface fingerprint patterns [1, 4, 5]. The primary features
of the fingerprint resulting from the epidermal ridge con-
figuration include ridge pattern (basically arches, whorls
and loops), ridge density, ridge pores, minutiae, ridge con-
tour and shape which are all of forensic interest. In some
instances, after formation of the fingerprint, the associated
ridges undergo ridge hypoplasia, resulting in a decrease in
their height, giving them a “worn-off” appearance. These
areas of worn off ridges are also covered with number of
fine secondary creases that become visible, producing an
additional feature “called white lines” [6, 7, 8].

The potential of features like ridge density has already
gained popularity for sex inference since the introduction
of quantitative mean of ridge count per unit area by Acree
[9]. This fingerprint feature found at the scene of a crime
has been proven to be a useful indicator of the sex of the
perpetrator. This helps the forensic experts to minimize the
time and effort spent on each case by directing the inves-
tigation process toward the suspects belonging to the most
likely sex [10]. To reinforce the above claim, studies on
African populations such as Nigerians [11], Sudanese [12],
Egyptians [13], Asian populations such as Chinese and
Malaysians [14], and South Indian populations have been
conducted [15]. Other studies have concentrated on Indo-
Mauritian populations [16], and central Indian (Marathi)
populations [17], European populations, Spanish Cauca-
sians [10], Latin American populations, and Argentinean
populations [18].

Despite the wide application of fingerprints in the fo-
rensic community in personal identification and the wide

population data in the ridge density, the associated second-

ary epidermal creases of fingerprints, the fingerprint white
lines, have received less attention in the literature. This
study provides an in-depth analysis of FWLC to fill in the
gap in the literature, especially among the Hausa ethnic
group. There are ongoing global efforts to discover more
predictors of human identity. This justifies the need for the
present effort of providing reference data on FWLC among
the Hausa ethnic group for sex discrimination and personal
identification. Furthermore, there is a need to recognize
biological traits which can provide additional information
about individuality. The present study aimed to determine
the potential of FWLC in sex inference among adult Nige-
rians of Hausa ethnic background through three objectives
as follows: (i) to determine the level of sexual dimorphism
in FWLC (ii) to determine the probability of sex inference
of each FWLC per unit area of plain fingerprint and (iii) to
provide models and prediction accuracy of FWLC in sex

inference among adult Nigerians of Hausa ethnic origin.

2. Materials and Methods
2.1 Study Area and Population

The study was conducted at Bayero University Kano
and Maitama Sule University, Kano. Using simple random
sampling, a total of 300 students (150 males and 150 fe-
males) were selected for the study. The mean ages of male
and female participants were 21.94+ 2.31 years (18 -30
years) and 20.13+2.33 years (18-33 years), respectively.
The inclusion criteria included any participant without any
physical deformity in the tip of the fingers who belongs to
the Hausa ethnic group. The study was conducted follow-
ing the ethical guidelines of the Helsinki Declaration. The
protocol involved in the study was approved by the Depart-
ment of Anatomy, Faculty of Basic Medical Sciences, Col-
lege of Health Science, Bayero University Kano. Informed

consent was also obtained from the participants.

2.2 Collection of Biodata and Fingerprints

The study was cross-sectional which involved the col-
lection of the bio-data (sex, age and ethnicity) using profor-
ma. The plain fingerprints were captured using live scanner
(Digita Persona, China) in accordance with Adamu et al.
[11].
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2.3 Fingerprint White-Line Counts

The white lines were determined according to the pre-
vious method [19] as skin folds in the friction ridges that
appear as white lines in a fingerprint (Figure-1). The white
lines were considered when more than one epidermal ridge
is crossed by the white lines. This was irrespective of the
orientation and direction of the white line. Fingerprint pores
(formed by sweat glands) associated with ridges were not
included in the counts. The number of white lines per unit

fingerprints gives the white line count.

2 Counts 31 Counts

L Caunts

Figure 1- Plain fingerprint and method of FWLC observed in arches,
whorls and loop patterns.

2.4 Measurement Error

The Cronbach’s Alpha of the white line counts of the
ten digits range from 0.98-1.00. Repeated measurement
was carried out on 30 selected participants. According to
Shrout and Fleiss [20], Cronbach’s Alpha of 0.6 to < 0.8
represents “substantial reliability”, and 1 represents “al-

most perfect reliability”.

2.5 Calculation of Likelihood Ratio (LLR), Posterior

Probability (PP) and Favour Odd (FO)

The calculated LR gives the strength of support for one
of the hypotheses: C or C’. Posterior probabilities P(C/
FWLC) and P (C’/FWLC) were calculated using Bayes’ the-
orem [21]. Favored odds for support of the most likely hy-
pothesis for a given FWLC P(FWLC/C) and P (FWLC/C’)
were obtained from information of both LR computations
and posterior probabilities. The likelihood ratio (LR) was
calculated using relative frequency of FWLC.

Relative FWLC =(Frequency of a given FW LC)/( To-
tal frequency of all FWLC)

The likelihood ratio (LR) was calculated as;

LR = (probability of observing a given FWLC if the

donor was male (C) / (probability of observing a given

Naif Arab University for Security Sciences

FWLC if the donor was female (C’)= P (FWLC/C) /P
(FWLC/C’), where C is the male donor, and C’ is the fe-
male donor, and assuming the equal probability between
the sexes P(C) = P(C’) = 0.5.

The FWLC with likelihood ratio of > 1 is more likely
to be of male origin, and < 1 is likely to be of female origin.
The favor odd (FO) was calculated as FO = P (FWLC/C) /
P (FWLC/C) + P (FWLC/C’)

Frequencies for different types of patterns and mean

ridge density were also determined.

2.6 Statistical Analysis

The data were expressed in mean + SD, frequency and
percentages. The data were not normally distributed (Sha-
piro Wilk test, p < 0.05), which indicate the need for non-
parametric tests. Mann-Whitney and Kruskal Wallis tests
[Dunn’s pair-wise multiple comparisons with Benferoni
correction (adjusted significance)] were used to compare
differences in FWLC. Step-wise multiple logistic regres-
sion analyses were used to generate a model for sex infer-
ence and accuracy of prediction. SPSS version 20 (IBM
Corporation, for Windows) was employed for analysis of

data. p < 0.05 was set as the level of significance.

3. Results

Table-1 shows variation of fingerprint white lines
counts across digits and sides among the Hausa ethnic
group of adult Nigerians. In males, the thumb had signifi-
cantly higher FWLC compared to all other digits in both
left and right sides of the hand. In females, a significant
difference was observed in only FWLC of the index and
ring fingers in both sides, and between the thumb and in-
dex finger in the right hand. The ring and thumb digits had
higher FWLC compared to index digits.

Figure-2 shows sexual dimorphism in FWLC among
the Hausa ethnic group of Nigeria. It was observed that
females tend to have significantly (p<0.001) higher mean
values compared to males. In both sides of the hand, males
had higher FWLC in the thumb compared to other digits.
However, in females, the higher count was observed in the
ring digits.

Table-2 shows the predictive potential of FWLC in

sex inference among the Hausa ethnic group of Nigerian
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Table 1- Variation of fingerprint white line counts across digits and sides among the Hausa ethnic group of adult Nigerians.

DIGITS Kruskal Wallis
Test
Sex Side
. . . 2 p
Thumb Index Middle Ring Little X Value
Male
. Mean * abed a b c d
Right SD 103 £1.13% 047+092" 056+094 058+1.22¢ 049+1.20 4402 <0.001
Left Mgzg * 124 +1.293bed (1)23? 092+138° 093+147° 066+1.15¢ 27.80 <0.001
Z Value -1.32 -2.86 -2.07 -2.16 -1.60
Mann-
Whit-
ney test
P Value 0.188 0.004 0.039 0.031 0.110
Female
. Mean + . ab b
Right SD 2.13 £1.66 143+1.78" 1.87+2.06 235+£281° 2.03+240 18.61 0.001
Mean +
Left SD 271 £1.90 224 £2.03* 253+£254 331+£299* 2.77+2.89 1286 0.012
Z Value -2.381 -4.08 -2.46 -3.40 -2.35
Mann-
Whit-
ney test
P Value 0.005 <0.001 0014 0.001 0.019

Similar superscript letters indicate significant difference along the raw using Dunn’s pair-wise multiple comparisons with Benferoni correction (adjusted

significance).

Mean FWLC

Right Digits

Left Digits

Figure 2- Sexual dimorphism in FWLC among the Hausa ethnic group of Nigeria (*p < 0.001).

OMale

B Female
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Table 2- Predictive potential of FWLC in sex inference among the Hausa ethnic group of adult Nigerians.

Cox & Snell Nagel kerke

Models FWLC B OMT Exp(B) Accuracy R? R?
Step 1 Left ring 0.55 78 34% 1.73 72.00 023 031
Constant -1.00 0.37
Step 2 Left ring 041 87.55% 1.51 71.00 0.25 0.34
Left Thumb 0.33 1.39
Constant -1.35 0.26
Step 3 Left Little 0.28 93.82* 132 71.00 0.27 0.36
Left Ring 0.25 1.29
Left Thumb 0.29 134
Constant -1.38 0.25

*p <0.01, OMT; omnibus test of coefficients of the regression models

adults. Using step wise binary logistic regression, FWLC
from three digits were significant predictors of sex. It was
observed that the best sex predictor was the left ring fin-
ger FWLC followed by the left thumb FWLC and then the
left little finger FWLC. The percentage accuracy obtained
for the best predictor significantly inferred sex higher than
sex inference by chance (50%). The variance of sex infer-
ence explained by this predictor ranged from 23% to 31%,
which was significant at the level of p <0.01.

Tables-3, 4, 5 show the probability of sex inference
of each FWLC per unit area of plain fingerprint using the
three significant predictors. In all the three digits, absence
of FWLC was indicative of male origin. The FWLC greater
than seven in the left ring digits was an absolute (probabil-
ity =1) indication of female origin (Table-3). For left thumb
and left little digits, the FWLC greater than five were an
absolute (probability =1) indication of female origin (Ta-
ble-4 & 5). Any increase in FWLC was more indicative of
female than male gender in all the ten digits.

4. Discussion

Fingerprints are a valued forensic tool and one of the
commonly encountered evidences at crime scenes which
prove to be useful in identification of the suspect [22]. The
widely used features include pattern type, pattern intensity

index, ridge counts/density/thickness, and minutiae [23].

However, other characteristic features including FWLC
have received less attention in the literature. The current
study explored the potential of white line counts as a pos-
sible additional feature of forensic significance.

The higher FWLC observed in females compared to
males in the present study is in keeping with previous stud-
ies among different populations [19, 24]. The increase in
the FWLC in females may be explained by the fact that fe-
males tend to have more ridge density compared to males.
Thus, more FWLC are accommodated by higher ridge den-
sity digits. This may also suggest the influence of sex hor-
mones, especially testosterone, in the sex differences ob-
served in the FWLC. This is more so since previous studies
documented that in human populations dermatoglyphics
asymmetry is affected by the level of prenatal hormone
[25]. It has been documented that a high level of testoster-
one in adult males was associated with more pronounced
dermatoglyphics asymmetry [26].

The relatively higher percentage accuracy of sex infer-
ence from FWLC may also portray significance of the vari-
able as an isolative entity in sex prediction without con-
sidering other features like ridge density. Thus, additional
variables such as ridge density and finger anthropometry,
which are also reported to have sex discriminating poten-
tial [11, 27] when combined with FWLC, will for sure in-
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Table 3- Probability of sex inference of each FWLC per unit area of plain fingerprint using left ring digit among adult Nigerians.

Posterior Prob-

Frequency Relative FWLCD ability Likelihood/0.5 Favour odd
FWLC Male Female Male Female Male Female Male Female ls)lll)m of Male Female

0 90 29 0.60 0.19 1.20 0.39 3.10 0.32 1.59 0.76 0.24
1 22 17 0.15 0.11 0.29 0.23 1.29 0.77 0.52 0.56 044
2 15 22 0.10 0.15 0.20 0.29 0.68 1.47 0.49 041 0.59
3 15 23 0.10 0.15 0.20 0.31 0.65 1.53 0.51 0.39 0.61
4 4 19 0.03 0.13 0.05 0.25 0.21 4.5 0.31 0.17 0.83
5 - 9 0.00 0.06 0.00 0.12 0.00 0.12 0.00 1.00
6 2 11 0.01 0.07 0.03 0.15 0.18 5.50 0.17 0.15 0.85
7 2 6 0.01 0.04 0.03 0.08 0.33 3.00 0.11 0.25 0.75
8 - 5 0.00 0.03 0.00 0.07 0.00 - 0.07 0.00 1.00
9 - 4 0.00 0.03 0.00 0.05 0.00 - 0.05 0.00 1.00
10 - 1 0.00 0.01 0.00 0.01 0.00 - 0.01 0.00 1.00
11 - 2 0.00 0.01 0.00 0.03 0.00 - 0.03 0.00 1.00
13 - 1 0.00 0.01 0.00 0.01 0.00 - 0.01 0.00 1.00
17 - 1 0.00 0.01 0.00 0.01 0.00 - 0.01 0.00 1.00

PP; posterior probability

Table 4- Probability of sex inference of each FWLC per unit area of plain fingerprint using left thumb digit among adult Nigerians.

Posterior Prob-

Frequency Relative FWLCD ability Likelihood/0.5 Favour odd
FWLC Male Female Male Female Male Female Male Female f,lll,m of Male Female

0 52 13 0.35 0.09 0.69 0.17 4.00 0.25 0.87 0.80 0.20
1 47 26 0.31 0.17 0.63 0.35 1.81 0.55 0.97 0.64 0.36
2 30 40 0.20 0.27 0.40 0.53 0.75 133 0.93 043 0.57
3 10 30 0.07 0.20 0.13 040 0.33 3.00 0.53 0.25 0.75
4 6 19 0.04 0.13 0.08 0.25 0.32 3.17 0.33 0.24 0.76
5 5 11 0.03 0.07 0.07 0.15 045 2.20 0.21 0.31 0.69
6 - 2 0.00 0.01 0.00 0.03 0.00 - 0.03 0.00 1.00
7 - 8 0.00 0.05 0.00 0.11 0.00 - 0.11 0.00 1.00
12 - 1 0.00 001 0.00 0.01 0.00 - 0.01 0.00 1.00

PP; posterior probability
-
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Table 5- Probability of sex inference of each FWLC per unit area of plain fingerprint using left little digit among adult Nigerians.

Posterior Prob-

Frequency Relative FWLCD ability Likelihood/0.5 Favour odd
FWLC Male Female Male Female Male Female Male Female Is)lll)m of Male Female

0 102 40 0.68 0.27 1.36 0.53 255 0.39 1.89 0.72 0.28
1 19 24 0.13 0.16 0.25 0.32 0.79 1.26 0.57 044 0.56
2 14 20 0.09 0.13 0.19 0.27 0.70 143 045 041 0.59
3 10 17 0.07 0.11 0.13 0.23 0.59 1.70 0.36 0.37 0.63
4 3 18 0.02 0.12 0.04 0.24 0.17 6.00 0.28 0.14 0.86
5 2 11 0.01 0.07 0.03 0.15 0.18 5.50 0.17 0.15 0.85
6 - 3 0.00 0.02 0.00 0.04 0.00 - 0.04 0.00 1.00
7 - 3 0.00 0.02 0.00 0.04 0.00 - 0.04 0.00 1.00
8 - 6 0.00 0.04 0.00 0.08 0.00 - 0.08 0.00 1.00
9 - 1 0.00 0.01 0.00 0.01 0.00 - 0.01 0.00 1.00
10 - 2 0.00 0.01 0.00 0.03 0.00 - 0.03 0.00 1.00
11 - 3 0.00 0.02 0.00 0.04 0.00 - 0.04 0.00 1.00
12 - 2 0.00 0.01 0.00 0.03 0.00 - 0.03 0.00 1.00

PP; posterior probability

crease the accuracy of the sex inference as well as reduce
the chances of error that may occur when a single variable
is considered.

Population based comparison showed that the absence
of FWLC is indicative of male origin and is preserved
across different ethnic groups [19, 24]. However, the de-
fined frequency that infers actual sex varies. This may fur-
ther support the genetic influence on the associated FWLC
feature. This suggests that in addition to sex inference, the
FWLC may be an important tool for ethnic differentiation.
The possible heritability of FWLC, just like other finger-
print features, may also need to be investigated as this may
reveal the probable role of genetics in the embryogenesis
and formation of FWLC.

Despite the promising results of sex inference from
FWLC, earlier studies suggested that this feature increases
in frequency with advancement in age and also with signifi-
cant positive alteration in subcutaneous body fat [6, 7]. This

report needs to be investigated further, since a reliable and

valid forensic tool should always be a unique and constant
feature throughout life. Although a previous study sug-
gested alterations of FWLC [7], the study designed was not
longitudinal; as such, the claim of the alteration of FWLC
may be due to possible variation of FWLC across differ-
ent age groups. However, a longitudinal and retrospective
study conducted by Vieira Silva et al. [28] demonstrated
significant increase in white line count among the elderly
population. If this is the case, the stability of FWLC as
forensic tool will be at stake. It was suggested that aging
decreases skin moisture, oils, vascularization and cellular
proliferation, leading to a low turn of elastin proteins of the
extracellular matrix and consequent degradation of elastic
fibers [29]. Cumulatively, these changes decrease the elas-
ticity and support of the tissue and lead to a subsequent
increase in brittleness and probable appearance of lesions
and spots, due to mitochondrial and nuclear DNA repair
mechanisms impairment in the aging process [30]. Addi-

tionally, it was further suggested that the increase in white
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lines may be due to the loss of resilience of the skin, which
is the property by which it regains its normal shape after
being subjected to the process of elastic deformation [28].
It should also be noted that other features of the fingerprint
like ridge thickness and density changes with age advance-
ment [31] as a continuum of body development in general.
But these change in the fingerprint features do not alter the
uniqueness and consistency of fingerprints. Also, females
tend to have more accumulated fat compared with their
male counterparts. This may support the hypothetical posi-
tive relationship between the FWLC and subcutaneous fat.
It is hoped that the mechanism that influenced the forma-
tion of the fingerprint features incorporate FWLC among
the associated features of fingerprints.

In the context of forensic sciences, the present study
could be useful, as FWLC offers a potential sex discrimi-
nation tool for sex inference in conditions such as aviation
disasters, murder-mutilation, forensic scenes and natural
disasters where other body parts that could aid sex identifi-
cation are mutilated beyond identification.

In conclusion, FWLC was found to be a sex predictor
among adults of Hausa ethnic origin in Nigeria. Females
had a significantly higher mean value of FWLC compared

to males.
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