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ABSTRACT

Fingerprint identification is the first simple individual identification before using complicat-

ed techniques such as DNA analysis. Identification of sex plays a vital role in medicolegal in-

vestigations. The aim of the present study was to find out sex differences based on fingerprint

ridge density and its possible applicability in determination of sex in forensic medicine. The

present study was conducted on 300 students (150 males and 150 females) in faculty of Medi-

cine, Sohag University. For collection of fingerprints, plates uniformly smeared with thin layer

of black printer ink were prepared. Subjects were asked to apply their fingers on the smeared

plate and then transferred to the prepared fingerprint card. Epidermal ridges of both men and

women were counted within a square of 5 mm * 5 mm drawn on a transparent film fixed to a

lens. The results revealed that the mean values of the number of fingerprint ridges in females in

the right and left hands was 17.73 ± 1.69 and 17.74 ± 1.73 respectively. The mean value of fin-

gerprint ridges of both hands were 17.74 ± 1.63. The mean values of fingerprint ridges of the

right and left hands in males was 14.82 ± 1.52  and 15.22 ± 1.32  respectively. The mean value

of fingerprint ridges of both hands were 15.02 ± 1.33. Analysis of Receiver Operating Curve re-

sults showed that the mean of right finger ridges of 15.9 is the most accurate cut point to differ-

entiate females from males. Meanwhile the mean of 16.3 ridges is the most accurate cut point

for the left fingers. The present study revealed that females have a statistically significant ridge

density more than males. The mean ridge densities can be used as a presumptive indicator of

sex of an unknown print left at the crime scene.

Fingertip ridges evolved over the years to
allow persons to grasp and grip objects.
Fingerprints are unique to every single in-
dividual and are formed in the human fe-
tus before birth. It does not change

INTRODUCTlON

A fingerprint is the representation of
the epidermis of a finger. It consists of a
pattern of interleaved ridges and valleys.
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Sex is among the most important informa-
tion that discriminates individuals. Re-
searchers addressed the use of fingerprint
for sex identification which will be more
helpful in short listing of the suspects. Fin-
gerprint identification is the first simple
technique before using complicated ones
such as DNA analysis. Now it has become
more automated due to advancements in
the computing capabilities (Karki and
Singh 2014).

The aim of the present work was to find
out sex differences based on fingerprint
ridge density and its possible applicability
in determination of sex in forensic medi-
cine.

SUBJECTS AND METHODS

The present study was conducted on
300 students (150 males and 150 females)
in faculty of Medicine, Sohag University.
They were aged between 18 and 25 years.
The protocol of the study was approved
by the Ethical Committee in Sohag Faculty
of Medicine. The purpose of the study was
explained and the written informed con-
sent was obtained from all participants.

Exclusion criteria :
Subjects with any evidence of disease or

injury of the fingertips that was likely to
alter the fingerprint pattern (leprosy, lac-
erations, scars of the fingertips, etc.) were
excluded.

throughout life unless damage occurs to
the dermal of the finger skin layer (Han et
al., 2004). During growth, the overall size
of the palm increases, the fingerprint in-
creases in size without adding new ridges.
Ridge breadth is defined as the measure-
ment from the center of one furrow across
the ridge to the center of the next furrow
(Penrose, 1969). Therefore, there are not
two fingers were found to have identical
prints even identical twins who share the
same DNA profile. It has been estimated
that chances of two persons having identi-
cal finger impressions are about one in six-
ty-four thousand million of the world
population (Nithin et al., 2011). Identifica-
tion means that determination of a person
individuality may be complete (absolute)
or incomplete (partial). Complete identifi-
cation means the absolute fixation of the
identity of a person. Partial identification
implies ascertainment of only some facts
about the identity like (sex, age, stature,
etc.), while others still remain unknown
(Gutiérrez-Redomero et al., 2008).

Identification of sex plays a vital role in
forensic and medicolegal investigations.
Recently, there is an increasing interest in
biometric technologies for human identifi-
cation based on the individual features.
The various used identification data are
fingerprints, handwriting, and bite marks.
DNA fingerprinting is the most effective
identification of evidence, especially in
case of missing person or disaster victims.
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index, middle, ring, and little fingers re-
spectively on the right and left hands.

After taking the fingerprints, the upper
portion of the radial side of the prints was
chosen as an area for data collection be-
cause all fingerprint pattern types showed
a similar ridge flow in this region (Kumar
et al., 2013). In this selected area, epider-
mal ridges of both men and women were
counted carefully within a square of 5 mm
* 5 mm drawn on a transparent film fixed
to a magnifying lens (Grieve and Dunlop,
1992). Counting started from one corner of
the square to the diagonally opposite cor-
ner in a zigzag manner. Some specific cri-
teria were observed during the counting
procedure such as dots, which were not
counted, but the fork (excluding the han-
dle) and the lake were counted as two
ridges. Hence this value represented the
number of ridges in 25 mm2 area and re-
flected the ridge density value (Figure 1).

Material :
Printer black ink, glass plate, roller,

magnifying lens, transparent film, and pin
were used.

Methods :
The subjects included in the study were

asked to wash their hands to remove any
dirt or/and grease. For collection of fin-
gerprints, a glass plate 12 * 12 inches was
cleaned and uniformly smeared with thin
layer of black printer ink by using the roll-
er. The subjects were asked to apply their
fingers on the smeared plate and then
transferred to the prepared fingerprint
card. By this way the entire prints of ten
fingers were prepared. Only plain prints
were taken.

A total of 3000 fingerprints were ob-
tained. Fingerprints obtained from differ-
ent digits were denoted as R 1, R 2, R 3, R
4, R 5 and L I, L 2, L 3, L 4, L 5 for thumb,

Fig. (1) : Counting of fingerprint ridges in a square of 5 mm * 5 mm
within the redial side of the print (Kumar et al., 2013).
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value of ridge density between males and
females in the right hand (P < 0.001).Each
individual finger in females has nearly 3
ridges more than males (Figure 2 and Ta-
ble 3).

Comparing the mean value of ridges
density between males and females in the
left hand, there was a highly significant
difference where P value was < 0.001.
Each individual finger in females has
nearly 2.5 ridges more than males (Figure
3 and table 3). Also a highly significant
difference was found on comparing the
mean value of ridge density between
males and females in both hands (P <
0.001). Each individual finger in females
has nearly 2.7 ridges more than males
(Figure 4 and Table 3).

Analysis of Receiver Operating Curve
(ROC) results revealed that the ring finger
showed the highest difference between
males and females in the right hand, fol-
lowed by the little finger, thumb, index
and lastly the middle finger (Table 4). On
the other hand, the little finger showed the
highest difference between males and fe-
males in the left hand, followed by the
ring finger, index, middle and lastly
thumb finger (Table 5).

As expected, recording the ridges in
both hands together showed the most ac-
curate differentiation between males and
females. Using each hand alone, the right

Statistical analysis :
Statistical Package for the Social Scienc-

es (SPSS), version (19) was used for statis-
tical analysis of the data. Mean, standard
deviation and Student t test were used to
compare the mean ridge density between
males and females. Receiver operating
curve (ROC) analysis was used to com-
pare the difference in ridge density be-
tween males and females and to calculate
the most appropriate cutoff value. Also,
the standard error was calculated.

RESULTS

The mean values of the number of fin-
gerprint ridges in 25 mm2 of the right and
left hands in females were 17.73 ± 1.695
and 17.74 ± 1.735 respectively. The mean
value of the number of fingerprint ridges
in 25 mm2 of both hands in females was
17.74 ± 1.630. Generally, the mean value of
ridge density in the five fingers in both
hands in females was more or less equal
(Table 1).

The mean values of the number of fin-
gerprint ridges in 25 mm2 of the right and
left hands in males  were 14.82 ± 1.517 and
15.22 ± 1.323  respectively. The mean val-
ue of ridges in the  left  hand  was a little
higher than  in  the  right  hand.  The
mean value of  the  number of fingerprint
ridges of both hands in males  was 15.02 ±
1.326 (Table 2). A highly significant differ-
ence was found on comparing the mean
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culate the likelihood ratio. The probability
density for males (C) and for females (C1)
was used to calculate the likelihood ratios
(C/C1) and (C1/C) . Odds ratio was calcu-
lated for subjects. It was found that in the
range from 12-15 ridge count, the likeli-
hood ratio for males is higher than fe-
males (ranged from 14 to 80, compared to
0.013 to 0.071 for females). This of course
reflected highly favored odds ratio for
males (ranged from 0.934 to 0.988) com-
pared to (0.012 to 0.067 for females). The
opposite can be seen just by changing into
the range of 16-21 ridge count. The likeli-
hood ratio showed female predominance
(ranged from 1.667 to 233.3) compared to
males (0.004 - 0.600). This reflected high
favored odd for females (ranged from
0.625 to 0.996) compared to males (0.004 -
0.375). This means that a fingerprint ridge
count of 15/25 mm2 or less is more likely
of male origin and a fingerprint ridge
count of more than 15/25 mm2 is more
likely of female origin (Table 8).

hand was more accurate than the left one
(Table 6).

Table 7 and figure 5 revealed the fre-
quency distribution of the mean finger-
print ridge densities among males and fe-
males. It was observed that 47.33% of
males have a mean ridge density of 15
compared to 2.67% of the females. On the
other hand, 22.67% of the females have a
mean ridge density of 17 and 23.33 % of
the females have a mean ridge density of
19. Males showed a peak  at 15 ridges,
compared to two peaks for females, one at
17 ridges and another at 19 ridges Also, it
was observed that none of males have a
mean ridge density of more than 18 and
none of females have a mean ridge density
below 14. So, seventy six percent of sub-
jects in the study were in the overlapping
zone.

Probability densities, derived from the
frequency distribution, were used to cal-
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Table (1) : The number of fingerprint ridges in 25 mm2 in the right and left
hands of females (n=150).

R 1 : Right thumb finger, R 2: Right index finger, R 3: Right middle finger, R 4:
Right ring finger, R 5: Right little finger, L 1: Left thumb finger, L2: Left in-
dex finger, L 3: Left middle finger, L 4: Left ring finger, L 5: Left little finger,
SD: standard deviation.

Table (2) : The number of fingerprint ridges in 25 mm2 in the right and left
hands of male (n=150).

R 1: Right thumb finger, R 2: Right index finger, R 3: Right middle finger, R 4:
Right ring finger, R 5: Right little finger, L 1: Left thumb finger, L2: Left in-
dex finger, L 3: Left middle finger, L 4: Left ring finger, L 5: Left little finger,
SD: standard deviation.



35  

Vol. XXIII,  No. 2,  July   2015Mansoura J. Forensic Med. Clin. Toxicol.

Hilal and  Mohamed

Fig. (2) : The number of fingerprint ridges in 25 mm2 in the right and left hands
of females (n=150).

Fig. (3) :  Comparison of the mean number of fingerprint ridges in the left
hand between males and female.

Table (3) : Comparison of the mean number of fingerprint ridges in the left hand be-
tween males and female (n = 300). 

* Highly significant., P is significat < 0.05.
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Fig. (4) : Comparison of the mean number of fingerprint ridges between males
and females.

Table (4) : Receiver operating curve analysis of the right hand fingers of both males and
females  (n = 300). 

R 1: Right thumb finger, R 2: Right index finger, R 3: Right middle finger, R 4: Right ring
finger, R 5: Right little finger, P is significat < 0.05.

Table (5) : Receiver operating curve analysis of the left hand fingers of both
males and females  (n = 300). 

Left thumb finger, L2: Left index finger, L 3: Left middle finger, L 4: Left ring fin-
ger, L 5: Left little finger, P is significat < 0.05.
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Fig. (5) : Frequency distribution of mean fingerprint ridge densities.

Table (6) : Receiver operating curve analysis of the right, left and both hand fingers of
both males and females  (n = 300). .

Table (7) : Frequency distribution of the mean fingerprint ridge densities
(n = 300). 
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were recruited in the present study to en-
sure that growth had been stopped. Hsieh
et al. (2005) recorded that patterns of fin-
gerprints become fixed when a person is
about 14 years or older. The upper portion
of the radial side of the central core region
of the prints was chosen as an area for
data collection as all fingerprint pattern
types showed a similar ridge flow in this
region (Gungadin, 2007). 

 
In the present study, the mean value of

the number of fingerprint ridges in 25
mm2 of the right and left hands of females
was more or less equal. On the other hand,
the mean value of the number of finger-
print ridges in 25 mm2 of the left hand of

DISCUSSION

Many human body features have been
used to estimate sex.  Fingerprint is one of
the most commonly employed biometric
features (Jain et al., 1997). Fingerprints of
an individual have been used as one of the
vital parts of identification in both civil
and criminal cases because of their unique
properties of absolute identity (Nandy,
2001).

The present study was designed to
broaden the horizon of ridge count i.e. sex
determination by fingerprint ridge densi-
ty. Ridge width varies according to age;
subjects of similar ages (18 - 25 years)

Table (8) : Probability densities and likelihood ratios derived from the observed
ridge count (n = 300). 

 (C): The probability density for males, (C1): The probability density for females
 LR: Likelihood Ratio
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females have higher ridge density. Kralik
and Novotny, (2003) reported that males
have higher ridge breadth than females,
and hence the number of ridges should be
more in females than in males. Eshak et al.
(2013) explained sexual dimorphism (fe-
males had higher values than males) as
the average body proportions of males are
larger than females. Hence, when the
same number of ridge is accommodated in
a larger surface area, a lower density is ob-
served among males. Moore (1994) added
that the mean ridge to ridge distance,
which was more in males compared to fe-
males can explain the higher ridge density
encountered in females. On contrary to the
present results, Hall and Kimura (1994)
and Cote et al. (2002) recorded that males
had higher ridge density than females. 

In the present work it was found that,
in the range from 12 - 15 ridge count, the
likelihood ratio for males was higher than
females. The opposite could be seen just
by changing into the range of 16 - 21 ridge
count. The likelihood ratio showed female
predominance compared to males. This
means that a fingerprint ridge count of
15/25 mm2 or less is more likely of male
origin and a fingerprint ridge count of
more than 15/25 mm2 is more likely of fe-
male origin. Similarly, Acree (1999) stated
that the favored odds showed that finger-
print ridge density <13 ridges/25 mm2 is
most likely to be of male origin. Likewise,
fingerprints having ridge count >14 ridg-

males was a little higher (15.22 ± 1.32)
than in the right hand (14.82 ± 1.52). Eshak
et al. (2013) found that in males, the mean
ridge count for the left hands (20.15 ± 2.15)
was lesser than the right hands (20.86 ±

2.34). However in females, the mean ridge
count for the left hands (21.43 ± 3.37) was
higher than the right hands (21.3 ± 2.43).
Green and Young (2000) reported that
both males and females have higher finger
ridge count on their right hand than on
their left hand, but Wang et al.(2008) re-
ported that Chinese males and females
had higher finger ridge count on their left
hands than on their right hands. This in-
consistency may be caused by the differ-
ent ridge count measurement method em-
ployed or by the difference between the
tested populations. The mean value of the
number of fingerprint ridges in both
hands in females was 17.74 ± 1.63. The
mean value of the number of fingerprint
ridges in both hands in males was 15.02 ±
1.33.

Comparing the mean value of ridge
density between males and females in
both hands, there was nearly three ridges
for the right hand (higher in females than
males), around 2.5 ridges difference for
the left hand, and 2.7 ridges difference for
both hands. The result showed highly sig-
nificant differences for all these compari-
sons.

Acree (1999) used the ridges density for
determination of sex. It was found that the
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This population differences were found
between these studies could be of method-
ological nature due to the lack of stan-
dardization in the position of the counting
area, as well as to the differences in the
method used for obtaining the fingerprint.

As expected, recording the ridges in
both hands together showed the most ac-
curate differentiation between males and
females. Using each hand alone, right
hand was more accurate than left one.

This study has proved that there is an
increased ridges density in female gender
rather than male gender because of less
coarseness of ridges. The study of sex
identification by density is more specific
and highly significant.

These results are helpful for fingerprint
experts as they can be used as a presump-
tive indicator of gender based on the de-
gree of ridge density.

CONCLUSION

The present study revealed that females
have a statistically significant ridges den-
sity more than males. Fingerprint ridge
density of 15 ridges/25 mm2 or less is
more likely to be of males. Likewise, a
mean ridge density of more than 15 ridg-
es/25 mm2 is more likely to be of female
origin. The mean ridge densities can be
used as a presumptive indicator of gender

es/25 mm2 are most likely to be of female
origin. 

Vinod et al. (2010) reported that signifi-
cant gender differences were found in Chi-
nese subjects. The finger ridge count of 12
ridges is more likely to be of males and
more than 13 ridges is more likely to be of
females. Also, the same author recorded
that in Malaysian subjects, 11 ridges or
less is likely to be of male and in female
more than 13 ridges were observed. In
contrary to the present study, Khadri et al.
(2013) observed that the mean ridge densi-
ty for females were lower than that for
males (12 ridge density for females com-
pared to 12.4 for males). The variations in
the results could be due to the difference
in the counting method, small number of
subjects under study or due to geographi-
cal variations.

By analyzing the results of ROC for the
right hand, the ring finger showed the
highest difference between males and fe-
males, followed by little finger, thumb, in-
dex and lastly middle finger. By analyzing
the results of ROC for the left hand, the lit-
tle finger showed the highest difference
between males and females, followed by
ring finger, index, middle and lastly
thumb finger. On contrary to the present
results, Gutiérrez-Redomero et al. (2014)
found that thumbs and index fingers
showed a higher ridge density than mid-
dle, ring, and little fingers in both sexes.
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RECOMMENDATIONS

Further studies on fingerprint ridges
density in different population groups are
proposed. In order for the results of differ-
ent studies to be comparable, it is neces-
sary to standardize the position of the
counting area and to use the same method
of obtaining the fingerprint, especially
when involving a forensic application.
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دراسة كثافة تعرجات بصمات الأصابع ومصداقيتها في تحديد الجنس
في عينة من سكان محافظة سوهاج

شتركون فى البحث ا

مها عبد الحمـيد هـلال           سهــير علـى محمـد
قسم الطب الشرعي والسموم الإكلينيكية  – كلية الطب  – جامعة سوهاج - مصر

يزة لـكل فرد والـتعرف عـلى الأشخـاص بإستـخدام بصـمات الأصـابع من الطرق الأولـية الـبسيـطة من قبل تعـتبر بـصمات الأصـابع فريـدة و

عقدة مثل تحليل الحامض النووي. ويلعب تحديد الجنس دوراً حيوياً في تحقيقات الطب الشرعي.  استخدام التقنية ا

     وتهـدف هذه الدراسة إلى الـعثور على الـفروق ب الجنـس استنـاداً على كثافـة تعرجات بـصمات الأصابع وإمـكانية تـطبيقـها في تحديد

الجـنس في مجـال الـطب الشـرعي. وقـد أجريـت هذه الـدراسة عـلى ٣٠٠ طـالب وطالـبـة (١٥٠ من الذكـور و ١٥٠ من الإنـاث) من كـليـة الطب

شـارك عن طريـق أسلوب التـحبيـر. وبعد ذلك  عـد تعرجـات الأصابع من خلال مربع جـامعة سوهـاج.  الحصول عـلى بصمـات الأصابع من ا

أبعاده ٥×٥  مرسوم على فيلم شفاف مثبت على عدسة.

ـتوسـطة لـكثـافة التـعرجـات في اليـد اليـمنى من الإناث ١٧٫٧٣  ± ١٫٦٩ وفــي اليـد اليـسـرى كـــانت  وقد أظـهرت الـنتـائج أن القـيمة ا

ـتـوسـطــــة لكـثـافــــــة التـعـرجـــــات في الـيد الـيـمـنـــى من الـذكــور ١٧٫٧٤ ± ١٫٧٣ ولـكـلتـا الـيديـــن ١٧٫٧٤  ± ١٫٦٣ وكـانت الـقـيـمة ا

١٤٫٨٢  ± ١٫٥٢ واليـد اليسرى كانت ١٥٫٢٢  ± ١٫٣٢ بـينما لكـلتا اليدين ١٥٫٠٢  ± ١٫٣٣ . وقد وجد مـا يقرب من ٢-٣ تعرجات

تـزيد في كل إصبع في الإناث عن الرجال وهـذه الفروق ذات دلالة إحصائـية. وأظهر البنصـر أعلى فارق ب الذكور والإنـاث في اليد اليمنى في

ح أظهر الخنصر أعلى فارق في اليد اليسرى. وقد وجـد أن متوسط كثافة التعرجات بقيمة ١٥٫٩ لليد اليمنى من القيمة الأكثر دقة والفاصلة

ب الإناث والذكور. وكان متوسط كثافة التعرجات بقيمة ١٦٫٣ لليد اليسرى من القيمة الأكثر دقة والفاصلة ب الإناث والذكور.       

كن أن تستخدم كمؤشر للجنس في حالة ترك      ولقد أثبتت هذه الدراسة أن كثافة التعرجات تكون أكبر في الإناث من الرجال; وبالتالي 

شوهة المجهولة. ة وأيضاً في التعرف على الأجسام ا بصمات في مسرح الجر


