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Abstract 
ingerprint pattern studies have been of significant use, and are the most commonly used 

biometric techniques that are considered legitimate proofs of evidence in courts of law.  This 

research was conducted to determine sexual dimorphism in fingerprint ridges density across F 
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two different age groups among Hausa ethnic group. Data was collected from 263 male and 208 

female participants of age range 12 to 24 years. Fingerprint reader was used to capture the 

thumbprints. The fingerprint ridges density (RD) was determined in 5 mm x 5 mm areas in ulna and 

radial sides of each thumbprint. Independent-samples t-test, MANOVA and MANCOVA were used 

in assessing sex differences. The result revealed significant differences in fingerprints RD between 

sexes and in both age groups, with females exhibiting higher mean URD 11.30 ridges/25 mm2 than 

males 10.86 ridges/25 mm2 (P = 0.019) for those between the ages of 12-17 years. For those between 

the ages of 18-24 years, the mean URD was 10.98 ridges/25 mm2 in female, and 10.64 ridges/25 mm2 in 

male (P = 0.017). The mean RD varies significantly across specific side of the thumb and even radial 

or ulna aspect of a fingerprint pattern, where ulna ridge compartments gave better result for sexual 

dimorphism. Multivariate analysis of variance presented significant differences between sexes in 

both sides on the combined depended variables, where left thumb presented the largest F = 41.28, p < 

0.001, eta squared = 0.31. But when age was considered a covariate and controlled, F shifted to 32.66, 

and eta squared to 0.177. In conclusion, sexual dimorphism exists in URD of Hausa Ethnic Group 

and thus can be applied by Forensic experts in reducing the number of suspects by considering the 

only sex detected in an investigation.  
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INTRODUCTION 

Fingerprint simply means an impression left by the friction ridges of human finger (Reka, 2012). 

Various types of equipments, inks, scanning devices, and techniques are used to record friction ridge 

detail. Normally a white card friction ridge can also be recorded digitally with a fingerprint reader 

using techniques called live scan (Tanesh et al, 2014). The science of fingerprints has been acclaimed 

and reputed as panacea for individualization particularly in forensic investigations (Adebisi, 2009). 

Security challenges and technological advancement in most environments brought about the 

increased interest in biometrics (Maltoni et al., 2003). Biometrics, which refers to automatic 

identification of people based on their physical or behavioral characteristics, is essentially more 

reliable than the traditional password or access card methods of identification (Anil et al, 2002).  

Dermatoglyphic features were found to differ between sexes, ethnic groups and age categories 

(Cummins et al, 1941). Like many traits, genes influence pattern formation indirectly by contributing 

to the timing of the onset of friction ridge skin, the timing of the onset of volar pad regression, the 

growth rate of the fetus among others. However, stresses across small areas of skin are not inherited, 

but to some extent they represent one of many intrauterine environmental factors that influence 

pattern formation (Kasey, 2011). It is well established that friction ridge patterning is also affected by 

the intrauterine environment (Chakraborty, 1991). Therefore, fingerprint ridges develop under the 

influence of genetic and intrauterine environmental factors (Omidiora et al, 2012). This to some extent 

contributes to understanding the reason why even fingerprints of identical twins vary (Anil et al, 

2010).  
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Sexual dimorphism was also observed in fingerprint pattern distribution (Igbigbi et al, 1994; 

Danborno and Idris, 2007). In using ridges density by counting the ridges in the upper portion of all 

fingers, it was found that a fingerprint ridge of < 13 ridges/25 mm2 is more likely to be of male origin 

and finger print ridge of > 14 ridges/25 mm2 is more likely to be of female origin (Gungadin, 2007). 

In a study conducted among male age group ranged 18-60 years, it was observed that the mean ridges 

density in male was 12.4 ridges/25 mm2, and in female was 12 ridges/25 mm2 (Sayed et al, 2013). It 

was reported that finger ridges density of 12 ridges/25 mm2 is more likely to be of males, and more 

than 13 ridges/25 mm2 is more likely to be of female origin in Chinese subjects, but in Malaysian male 

subjects, 11 ridges/25 mm2 or less and in female more than 13 ridges/25 mm2 was observed (Vinod 

et al, 2010). Ridges density was used in a particular space to classify sex using fingerprint. It showed 

that females have a higher ridges density compared to males (Acree, 1999).  

In another study males were found to have slightly higher ridges density compared to females, but 

there was no particular relationship between the age of subjects and their fingerprint pattern in the 

study (Omidiora et al, 2012). Fingerprint RD of two samples of the Argentinean population were 

analyzed and the result revealed that females consistently exhibit narrower epidermal ridges than 

males (Noemí et al, 2015). Result of a study of 50 participants of ages range 18-60 years, and 

comprising of 25 males, and 25 females, showed that fingerprint ridges of less than 12 ridges/25 mm² 

was more likely to be from a male respondent, while fingerprint ridges of more than 14 ridges/25 

mm² was more likely to be from a female respondent (Abdullah et al, 2015). Another study showed 

that males tend to have the lesser number of ridges compared to females with a maximum of 11 and 

12 ridges/25 mm2, where nearly 77% of males fall into this category. But, females were found to have 

more ridges (Lalit et al, 2013). The number of female with14 and 15 ridges was very high as compared 

to males, the ridges density ranges from 11-15 ridges/25 mm2 in males, and 11-16 ridges/25 mm2 in 

females. Thus, males have significantly lesser density than females (P<0.001), mean value of ridges 

density for males was 11.9 and that of females was 14.8 (Lalit et al, 2013).  

Sex and age determination of unknown individual can guide investigators to the correct identity 

among a large number of possible matches. Security of life and property is very important in any 

society. Despite the efforts made by police and other security agencies through various means of 

crime detection, some criminals go undetected because of challenges of overwhelming population in 

forensic investigations and the ever increase in different crime activities. This study will be useful in 

reducing the number of suspects by considering the only sex detected in a crime investigation. Even 

though, much research on the differences between sexes in fingerprint ridges density has already 

been conducted, there are limited studies on African population, and no study conducted on Nigerian 

Hausa ethnic group aged between 12 and 24 years. The aim of the study is therefore to determine sex 

differences in thumbprint ridge density of Nigerian Hausa ethnic group aged between 12 and 24 

years. 

MATERIALS AND METHODS 

Location and Participants of study 

This research was conducted in Bayero University Kano, Nigeria. Data was collected from the Faculty 

of Basic Medical Sciences, Faculty of Clinical Sciences, Faculty of Allied Health Sciences, Faculty of 
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Dentistry, Faculty of Arts & Islamic Studies, and the University Staff Secondary School. For the 

participants below 18 years of age, their participation was approved by their principal. Stratified 

probability sampling technique was applied in data collection, where four hundred and seventy one 

(471) subjects of undergraduates and secondary school students participated, with 263 males and 208 

females of age range 12-24 years. The population under study was divided into two groups with 

group 1: 12-17 years, and group 2; 18 to 24 years. To qualify the participants for the study, both of 

their paternal and maternal grandparents must be of Hausa ethnic group. Individuals with deformity 

or inflammation of the thumb, and those below the age of 12 years or above 24 years were excluded 

in the study. 

 

Capturing and Analysis of Fingerprint 

An application system designed by ZKTeco Inc. China, was modified by a software programmer, to 

capture the fingerprints of sampled population through a fingerprint scanner device interfaced to the 

computer system via Universal Serial Bus (USB). The application was created using Microsoft Visual 

Basic 6.0 integrated development environment (IDE). Fig. 1 a, shows how fingerprint was captured 

to the computer system via Universal Serial Bus (USB). Fig. 1 b, shows the runtime environment of 

the application for data collection. The fingerprints were saved both in their original and magnified 

sizes. Fig. 2 a, shows the fingerprint analysis environment page of the application. The application 

can automatically retrieve the data from the database. In counting the ridges, radial & ulna counts 

were selected separately from “ridge counts” selection box, the ridges count on mouse click on the 

ridge under the selected area. “Save” button was clicked to save the information obtained 

appropriately and transported to Microsoft Excel for further analysis.  

 
1 a                                                            1 b 

Figure 1: Thumbprinting through fingerprint reader and the runtime environment of the application   
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2 a                                                              2 b  

Figure 2:  Fingerprint analysis environment page and measurement of ridge density in ulnar and radial area 

 

In measurement of ridges density (RD), the count on the radial  and ulnar  areas was performed 

diagonally on a square measuring 5mm×5mm (Fig 2 b), according to the method described by Acree 

(1999), and modified by Gutiérrez-Redomero et al. (2008). RD was obtained as the number of ridges 

per 25mm2 of fingerprint surface. The fingerprint was divided into four sections by two perpendicular 

axes that crossed two ridges above the center of the type of pattern (fig. 2 b). In the case of the arches, 

without a defined nucleus, the axes intersect at the center of the dactylogram. Weight scale and 

stadiometer were used to measure height and weight. Biomass Index (BMI) was expressed as Kg/m2 

(Oladipo, et al, 2010) 

 

Statistical Analysis and Measurement Error 

Data was expressed in mean ± SD and frequency. Independent-samples t-test was used in assessing 

differences between sexes. Multivariate analysis (MANOVA) was used to determine the sex 

differences in the RD. The effect of height, weight, BMI on the RD density was evaluated using 

multivariate analysis of covariance (MANCOVA). P ≤ 0.05 was set as significant difference. The 

analysis was carried out using SPSS version 20. 

According to Shrout and Fleiss (1976) the values for the reliability coefficient ranged from 0 to 1, 

where Inter Class Correlation (ICC) ranging from 0.6 to < 0.8 indicated “substantial reliability”, and 

1 is “almost perfect reliability”. In the current study the Cronbach’s alpha coefficient was 0.87 for ulna 

ridges density and 0.94 for radial ridges density, therefore the reliability is almost perfect. According 

to Weinberg et al. (2004); scores ranging from 4% to 6.9% were deemed ‘‘good’’. In the current study 

the Relative TEM was 4.6 and 4.9 for ulna ridges density & radial ridges density respectively.  

 

RESULTS 

In males, the minimum ridges density/25 mm2 on both the radial and ulna count of both sides was 

8, except on the radial count of the right thumb with 7 ridges. But the maximum ridges density/25 

mm2 on both the radial and ulna count of both sides was the same, 14 ridges/25 mm2, with the largest 
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mean of 10.86 ± 1.21 in left ulna ridges density and the least was ulna ridges density of the right thumb 

where a mean of 10.67 ± 1.19 was observed (Table 1). 

In the case of female subjects, the minimum ridges density/25 mm2 on both the radial and ulna counts 

of both sides was 8, and the maximum ridges density/25 mm2 was 16 on the ulna count of the left, 

and 15 on the remaining. The largest mean observed was left ulna ridges density, 11.34 ± 1.29, and 

the least was left radial ridges density, 11.00 ± 1.26 (Table 1). 
 

Table 1: Descriptive statistics of thumbprint ridges density of the participants 

Sex  Side Minimum Maximum Mean ± SD 

Male Ulna ridges density Right 8 14 10.67±1.19 

  Left 8 14 10.86±1.21 

 Radial ridges density Right 7 14 10.80±1.22 

  Left 8 14 10.81±1.23 

Female Ulna ridges density  Right 8 15 11.13±1.24 

  Left 8 16 11.34±1.29 

 Radial ridges density  Right 8 15 11.01±1.20 

  Left 8 15 11.00±1.26 

 

 

An independent-sample t-test was conducted on the entire sample to compare the fingerprint ridges 

density on both sexes. There was a significant difference in fingerprint ridges density between sexes. 

For the subjects of 12-17 years, the mean ulna ridges density  on the right thumb of males was 10.86 

± 1.25, and for females it was 11.30 ± 1.28 (t = -2.37, p = 0.019). The mean radial ridges density for 

males was 10.92 ± 1.15 and for females it was 10.96 ± 1.23 (t =-0.24, p = 0.81).  For the sample 

population of 18-24 (Table 2), the mean ulna ridges density on the right thumb of males was 10.64 ± 

1.17, and for females it was 10.98 ± 1.17, (t = -2.41, p = 0.017). The mean radial ridges density for males 

was 10.78 ± 1.24 and for females it was 11.07 ± 1.17 (t = -1.91, p = 0.057).  The result of the analysis on 

the left thumb was equally the same. It is obvious from the results above that there was a significant 

difference in fingerprint ridges density on both age groups except on the radial ridges density of both 

sides of the 12-17 age groups (Table 2). 

Table 2: Independent sample t-test for sex difference in right and left thumbprints ridges density 

across different age groups 

   Male Female   

Side Age (Years)  Variables  Mean ± SD  Mean ± SD t P 

Right 12-17 Ulnar ridges density  10.86±1.25 11.30±1.28 -2.37 0.019 

  Radial ridges density 10.92±1.15 10.96±1.23 -0.24 0.810 

 18-24 Ulnar ridges density 10.64±1.17 10.98±1.17 -2.41 0.017 

  Radial ridges density 10.78±1.24 11.07±1.17 -1.91 0.057 

Left  12-17 Ulnar ridges density 10.92±1.31 11.30±1.25 -2.00    0.047 

  Radial ridges density 11.13±1.24 10.96±1.30 0.91    0.362 

 18-24 Ulnar ridges density  10.84±1.10 11.38±1.33 -3.62  <0.001 

  Radial ridges density 10.71±1.23 11.06±1.22 -2.29    0.023 
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Multivariate analysis of variance was performed to investigate the effect of weight, height and BMI 

on sex differences in fingerprint ridge density. Five depended variables were used: URD, RRD, BMI, 

height and weight. Sex was the independent variable. On the left thumb, the result showed 

statistically significant differences between sexes on the combined depended variables, F= 41.28, p < 

0.001; Wilks’ λ = 0.686; eta squared = 0.31 (Table 3). Higher alpha level was set to reduce the chance 

of Type 1 error. Thus, Bonferroni adjustment was applied, there by dividing the original alpha level 

of 0.05 by the number of dependent variables (5), giving a new alpha level of 0.01. Results were 

considered significant only if p < 0.01. Therefore when the results for the depended variables were 

considered separately, the only difference to reach statistical significance, using a Bonferroni adjusted 

alpha level of 0.01, was URD, Height and Weight (Table 3). Similarly on the right, there was a 

statistically significant difference between sexes on the combined depended variables, F = 39.41, p 

<0.001; Wilks’ λ = 0.694; eta squared = 0.31 (Table 3). When the results for the depended variables 

were considered separately, the only difference to reach statistical significance, was also URD, Height, 

and Weight. 

 
Table 3: Multivariate analyses for overall sex differences in URD, RRD, BMI, Height & Weight 

 Combined Depended Variable Variables Considered Separately 

Side Wilks' 

Lambda F P Eta Squared Variables F P Eta Squared 

Left 0. 686 41.28 <0.001 0.31 URD 18.54 <0.001 0.039 

     RRD 1.81 0.179 0.004 

     BMI 0.08 0.780 0.000 

     Height 185.42 <0.001 0.290 

     Weight 50.15 <0.001 0.099 

Right 0.694 39.41 <0.001 0. 31 URD 13.10 <0.001 0.028 

     RRD 2.78 0.096 0.006 

     BMI 0.011 0.915 0.000 

     Height 190.16 <0.001 0.297 

     Weight 53.16 <0.001 0.105 

 

Equally, when age was considered a covariate and controlled; there was a statistically significant 

difference between sexes on the combined depended variables on the left, F shifted to 32.66; Wilks’ λ 

= 0.733; eta squared to 0.177 (Table 4). When the results for the depended variables were considered 

separately, the only difference to reach statistical significance was URD, F = 15.51, p < 0.001, eta 

squared = 0.033, Height, F = 137.27, p < 0.001, eta squared = 0.233, and Weight, F = 23.06, p < 0.001, 

eta squared = 0.048 (Table 4). On the right, F shifted to 30.22; Wilks’ λ = 0.747; eta squared to 0.253 

(Table 4). When the results for the depended variables were considered separately, the only difference 

to reach statistical significance was URD, F = 7.08, p = 0.008, eta squared = 0.015, Height, F = 142.03, 

p < 0.001, eta squared = 0.240, and Weight, F = 25.65, p < 0.001, eta squared = 0.054 (Table 4). 
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Table 4: Multivariate analyses of covariance for overall sex differences in URD, RRD, BMI, Height & Weight with age as a 

covariate. 

 Combined Depended Variable Variables Considered Separately 

Side Wilks' 

Lambda F P Eta Squared Variables F P Eta Squared 

Left 0. 733 32.66 <0.001 0.177 URD 15.51 <0.001 0.033 

     RRD 0.26 0.614 0.001 

     BMI 4.45 0.035 0.010 

     Height 137.27 <0.001 0.233 

     Weight 23.06 <0.001 0.048 

Right 0.747 30.22 <0.001 0. 253 URD 7.08 0.008 0.015 

     RRD 1.34 0.247 0.003 

     BMI 3.50 0.062 0.008 

     Height 142.03 <0.001 0.240 

     Weight 25.64 <0.001 0.054 

 

DISCUSSIONS 

 Previous studies have been conducted on fingerprint but, mainly for ethnic determination (Igbigbi 

et al, 1994), genetic inheritance and sexual dimorphism of ridge pattern (Gutiérrez-Redomero et al, 

2011). The present study has been conducted to expand the sphere of ridges density .that is to 

determine sexual dimorphism in fingerprint ridges density. It was observed that males of Hausa 

population have significantly less ridges density as compared to females. Males tend to have less 

number of ridges compared to females, as no male was found to have more than 14 ridges. On the 

other hand, females were found to have more ridges with a maximum of 16 ridges. The number of 

females with 14 ridges was high as compared to males. This is in line with what was obtained by 

Gungadin (2007). The result is similar to the one obtained by Vinod et al, (2010) in Chinese subjects 

which reported that fingerprint ridges density was less in males as compared to females; Similar 

observation was made in Malaysian males and females (Vinod et al, 2010). In another study on 

Malaysian population, it was found that fingerprint ridges were less dense in male than in female 

(Abdullah et al, 2015). This may be due to the fact that males tend to have thicker fingerprint ridges 

(Kralik and Vladimir, 2003), compared to their female’ counterparts and that ridges thickness have 

an indirect relationship with ridges density. In another possible explanation it could be due to 

differences in body proportion between the sexes which is directly proportional to ridge thickness. In 

addition higher muscle mass observed in male may also cause higher increase in skin thickness, hence 

leading to thicker ridges and less ridge dense.  

 

Changes in ridge density with respect to age may likely affect sexual dimorphism. In right thumb it 

was found that both mean ulna and radial ridge densities decreased with age in the case of male 

individual, but in females only mean ulna ridge density of the right thumb decreased with age, in 

fact, the mean radial ridge density was found to be slightly higher in both thumbs of those between 

the ages of 18 – 24 years. Ravi et al. (2013) observed that fingerprints show constant variation from 
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one age group to the next. This may be due to the fact that fingerprint ridges complete development 

toward the end of 2nd trimester and remain fixed permanently (John et al, 1969). With growth, each 

ridge increases in thickness, thereby decreasing ridge density. 

 

From the analysis conducted in this study, the mean ridges density vary significantly across specific 

age groups, side of the thumb and even radial and ulna aspects of a fingerprint pattern. This could 

be the reason behind the significant difference in ulna ridges densities of both hands between the two 

sexes and in both age groups, but only left radial ridges density of those between the age of 18 – 24 

significantly differ between sexes. In a study conducted among male age groups ranged from 18-60 

years, Sayed et al. (2013) observed contrary to this finding; that the mean ridges density was higher 

in males than in females, the reason behind it was not clearly stated but could be attributed to the 

ethnicity of the subjects which is a genetic factor. A similar study to this finding, Lalit et al. (2013) 

showed that males had significantly less density than females; the mean value of ridges density for 

males was less than that of female. It was found in this study that radial ridges density did not present 

any significant difference between the two sexes of 12-17 years category. The reason behind it remains 

unclear. However, it was reported that different parts of the finger responded differently to the 

developmental instruction (Jantz  & Hawkinson, 1980) and the formation of fingerprint is not uniform 

(Kücken & Newell 2004). It could also be a genetic marker that may be related to hormonal activity 

which regulates sexual characteristics. Nevertheless it could be figured out from this study that ulna 

ridge compartments give a better result for sexual dimorphism than radial ridge compartments, 

which is an important aspect of variation in Human Biology. Existence of sexual dimorphism in 

fingerprint ridges density can be applied by forensic experts to reduce the number of suspects by half 

in an investigation. It is also important to note that this study uses only thumbprints due to the fact 

that it’s the commonly encountered prints in the criminal scene.  

 

Conclusion  

The study reveals that sex differences exist in fingerprint ridges density of Hausa population between 

the ages of 12 – 24 years where males tend to have less number of ridges/25 mm2 compared to 

females, and thus can be applied by Forensic experts in reducing the number of suspects by 

considering the only sex detected in an investigation.  
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