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INTRODUCTION 

 

 

 

  

Human identification and authentication in biometrics and 

forensic sciences have been key processes, particularly 

with the advent of smart technology (Saini and Kapoor, 

2016). Fingerprinting is crucial in this regard. Fingerprint 

is an impression left by the friction ridges of the finger tips 

(Reka, 2012). The formation of fingerprint ridges is under 

the influence of genetic and environmental factors. Hence, 

variation in fingerprint ridge configuration is unique 

among individuals including identical twins (Sharma et al., 

2022). Fingerprint features suggested to have the potential 

in personal identification include ridge pattern, ridge 

density, ridge thickness, minutiae, ridge pores, ridge 

contour, ridge shape, and white line, among others (Adamu 

et al., 2019; Atiku et al., 2023 & 2024). In an effort to 

improve forensic sciences, fingerprints have been studied 

in different parts of the world; African populations such as 

Nigerians (Atiku et al., 2018; Adamu et al., 2022), 

Sudanese (Ahmed & Osman, 2016), Egyptians (Eshak et 

al., 2013), Asian populations such as Chinese and 

Malaysians (Nayak et al., 2010; Vinod et al., 2010), Indian 

populations (Nithin et al., 2011). Indo-Mauritian 

populations (Agnihotri et al., 2012), European populations, 

Spanish Caucasians (Gutierrez-Redomero et al., 2008) 

Latin American populations, and Argentinean populations 
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(Noemí et al., 2015; Rivalderia et al., 2016). Even though 

researches have been conducted on fingerprints using ridge 

density, ridge thickness and other minutiae in sex 

determination and age prediction, only few studies have 

been reported so far on the potential role of Fingerprint 

White Line (FWL) in sex determination (Badawi et al., 

2006; Tadurana et al., 2016; Adamu et al., 2019). More so, 

no record of research had conducted on Fulani and Higgi 

ethnic groups as at the time this research was conducted. 

This study aimed to determine ethnic variation and sexual 

dimorphism in fingerprint white line of Fulani and Higgi 

tribes of Michika, Nigeria. 

MATERIALS AND METHODS 

This study was conducted in Michika Local Government 

Area, Adamawa State, Nigeria. Adamawa State derived its  

name from Madibbo Adama, a Fulani cleric who led the 

19th century Jihad in Upper Benue Region under Othman 

Dan Fodio (Diouf, 2003). Adamawa state is known for its 

diverse cultural heritage; in addition to the dominant 

Fulani, the state is inhabited by other minority ethnic 

groups, such as Margi, Bachama, Mumuye, Higgi, 

Chamba, Hausa, Kilba, Gude, Wurkum, Jukun, and Bata 

among others (Heine and Derek, 2008). The Higgi ethnic 

group lives mainly in the towns of Michika with the GPS 

coordinates of (10o 37’0.0012” N and 13o 22’59.9988” E) 

and Bazza in Adamawa state. However, another section of 

the Higgi ethnic group is located in the Republic of 

Cameroon. They are called Kapsiki (Van Beek, 2012).   

 

 

 

 

 

 
Figure 1: (a) Map of Nigeria with study location                   (b) Map of Adamawa with study area 
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Five hundred and eleven participants of 5 to 19 years were 

recruited in this study. These constituted both Fulani and 

Higgi male and female indigenous of Michika. Fingerprints 

of all the 10 digits were captured using live scanner device 

and white line counts were determined by counting the 

number of creases that crossed two or more ridges 

irrespective of the orientation and direction of the creases. 

 

 

 

FWL count for each digit was considered as the number of the observed white lines per unit plain fingerprints (Figure 2).  

 

 
Figure 2: White line count 

Data were expressed in mean ± SD, frequency and 

percentages. Sexual dimorphism and ethnic differences 

were determined using independent sample t test. SPSS 

version 26.0 statistical software was used for statistical 

analysis and p < 0.05 was set as the level of significance. 

 

RESULTS  

                In thumb, white lines showed significant differences 

between Fulani and Higgi in both male and female and on 

both hands, the largest t = 3.73, and p < 0.001 was recorded 

in female left hand. Fulani displayed more white lines with 

a larger mean of 2.18 ± 1.97 than the Higgi with a mean of 

1.34 ± 1.57. Fulani displayed more white lines in both 

sexes and on both hands (Table 1). In index, Fulani 

displayed more white lines with a larger mean of 0.96 ± 

1.84 than the Higgi with a mean of 0.44 ± 1.04 (t = 2.74, p 

= 0.01) (Table 1). In middle fingers, the significant 

difference was observed in all female, in the case of male 

only WL of the right middle finger significantly differed 

between Fulani and Higgi. Fulani displayed more white 

lines in both sexes and on both sides (Table 1). In ring 

fingers, Fulani displayed more white lines with a mean of 

1.61 ± 2.74 than Higgi with a mean of 0.87 ± 1.67, (t = 

2.62, p = 0.01) (Table 1). In little finger, white lines were 

found to showed significant difference in both sexes except 

male right, the largest t = 3.98, and p < 0.001 was recorded 

in female right hand. Fulani displayed more white lines 

with a mean of 0.94 ± 1.95 than Higgi with a mean of 0.20 

± 0.69 (Table 1). In Fulani ethnic group, white lines 

showed significant differences in all the fingers with a p – 

value of less than 0.001 all through, the largest t = 4.47, 

was recorded in index of the right hand, where female 

displayed more white lines with a larger mean of 0.96 ± 

1.84 than the male counterpart with a mean of 0.19 ± 0.55 

(Table 2). In Higgi ethnic group, white lines showed 

significance differences in all the fingers of both hands 

except right index and right little fingers. The largest t = 

3.37, was recorded in ring of the right hand, where female 

displayed more white lines with a larger mean of 0.71 ± 

1.48 than the male counterpart with a mean of 0.21 ± 0.75 

(Table 2). 
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TABLE 1: ETHNIC DIFFERENCES IN FINGERPRINT WHITE LINES COUNT 

    Fulani  Higgi   

Sex  Finger  Side n Mean± SD n Mean± SD   t     p 

Male  Thumb Left 123 1.20 ± 1.48 127 0.81 ± 1.15 2.28 0.023 

  Right 123 0.87 ± 1.22 131 0.55 ± 0.97 2.31 0.022 

 Index Left 123 0.33 ± 0.70 128 0.32 ± 0.81 0.05 0.961 

  Right 124 0.19 ± 0.55 128 0.30 ± 0.72 -1.38 0.170 

 Middle  Left 123 0.34 ± 0.86 129 0.26 ± 0.69 0.88 0.380 

  Right 124 0.37 ± 1.02 126 0.11 ± 0.42 2.63 0.011 

 Ring  Left 123 0.51 ± 1.33 128 0.42 ± 1.13 0.58 0.562 

  Right 123 0.29 ± 1.05 129 0.21 ± 0.75 0.73 0.473 

 Little  Left 122 0.20 ± 0.70 125 0.05 ± 0.28 2.18 0.031 

  Right 122 0.21 ± 0.68 130 0.25 ± 0.74 -0.45 0.654 

Female  Thumb  Left 125 2.18 ± 1.97 125 1.34 ± 1.57 3.73 <0.001 

  Right 124 1.66 ± 1.95 125 0.98 ± 1.37 3.21 <0.001 

 Index  Left 126 0.98 ± 1.90 125 0.58 ± 1.15 2.02 0.042 

  Right 126 0.96 ± 1.84 124 0.44 ± 1.04 2.74 0.012 

 Middle Left 127 1.27 ± 2.58 126 0.67 ± 1.66 2.20 0.031 

  Right 126 0.98 ± 1.96 124 0.36 ± 0.86 3.26 <0.001 

 Ring Left 128 1.61 ± 2.74 126 0.87 ± 1.67 2.62 0.013 

  Right 126 1.11 ± 2.10 126 0.71 ± 1.48 1.77 0.082 

 Little  Left 123 0.93 ± 2.04 123 0.33 ± 0.95 3.01 <0.001 

  Right 125 0.94 ± 1.95 124 0.20 ± 0.69 3.98 <0.001 

 

TABLE 2: SEX DIFFERENCES IN FULANI AND HIGGI LEFT AND RIGHT FINGERPRINT WHITE LINES 

    Male  Female   

Ethnicity  Side  Finger  n Mean± SD n Mean± SD   t     p 

Fulani  Left  Thumb 123 1.20 ± 1.48 125 2.18 ± 1.97 -4.44 <0.001 

  Index 123 0.33 ± 0.70 126 0.98 ± 1.90 -3.62 <0.001 

  Middle 123 0.34 ± 0.86 127 1.27 ± 2.58 -3.83 <0.001 

  Ring 123 0.51 ± 1.33 128 1.61 ± 2.74 -4.07 <0.001 

  Little 122 0.20 ± 0.70 123 0.93 ± 2.04 -3.80 <0.001 

 Right  Thumb 123 0.87 ± 1.22 124 1.66 ± 1.95 -3.82 <0.001 

  Index 124 0.19 ± 0.55 126 0.96 ± 1.84 -4.47 <0.001 

  Middle 124 0.37 ± 1.02 126 0.98 ± 1.96 -3.12 <0.001 

  Ring 123 0.29 ± 1.05 126 1.11 ± 2.10 -3.90 <0.001 

  Little 122 0.21 ± 0.68 125 0.94 ± 1.95 -3.91 <0.001 

Higgi Left  Thumb 127 0.81 ± 1.15 125 1.34 ± 1.57 -3.02 <0.001 

  Index 128 0.32 ± 0.81 125 0.58 ± 1.15 -2.04 0.042 

  Middle 129 0.26 ± 0.69 126 0.67 ± 1.66 -2.57 0.011 

  Ring 128 0.42 ± 1.13 126 0.87 ± 1.67 -2.47 0.013 

  Little 125 0.05 ± 0.28 123 0.33 ± 0.95 -3.12 <0.001 

 Right  Thumb 131 0.55 ± 0.97 125 0.98 ± 1.37 -2.87 0.010 

  Index 128 0.30 ± 0.72 124 0.44 ± 1.04 -1.23 0.223 

  Middle 126 0.11 ± 0.42 124 0.36 ± 0.86 -2.93 <0.001 

  Ring 129 0.21 ± 0.75 126 0.71 ± 1.48 -3.37 <0.001 

  Little 130 0.25 ± 0.74 124 0.20 ± 0.69 0.58 0.562 

DISCUSSION  

The present study has been conducted to expand the 

prospect of fingerprints white lines of all the ten fingers. 

This study revealed ethnic differences and sexual 

dimorphism in fingerprint white lines. Ethnic differences 

in fingerprint white lines were found to exist in both sexes. 

White lines were found to be more common in Fulani than 

Higgi in both sexes. However, due to Sexual dimorphism, 

asymmetry in fingerprint profile and variation within 

fingers of the same hand, ethnic differences were not 

observed uniformly (Taura et al., 2019).  
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These suggest that in determination of ethnic differences 

using fingerprint white lines, it is very important to 

consider sex of the individual, side of the hand and the 

digit. At the moment, data on fingerprint white line count 

were very limited due to the fact that little attention was 

given to FWLC in forensic community. Ethnic comparison 

of FWLC was not available in the literature, however, the 

mean values of FWLC found in Hausa population (Adamu 

et al., 2019) were higher than that of Fulani and Higgi 

found in this study in both sexes. Although the high mean 

values of FWLC found in Hausa population could be due 

to the age of the sampled population (18 years and above), 

because FWLC was found to increase with age (Ashbaugh, 

1999; Cummins & Midlo, 1943) perhaps due to its 

correlation with body fat (Adamu et al., 2022). Genetic and 

physical activities might have also contributed; this is 

obvious in the current study because comparison was done 

between sampled populations of the same age category; 

therefore, the significant differences observed in this study 

could be explained based on genetic and physical activities. 

Several studies have found that the expression of obesity-

related genes may predetermine the fingerprint pattern in 

obese people in utero (Cummins & Midlo, 1943). Body 

composition such as fat has been discovered to have a link 

with FWLC (Adamu et al., 2022), this is why female tend 

to have more white lines than male (Badawi et al., 2006; 

Tadurana et al., 2016; Adamu et al., 2019; Taura et al., 

2019; Adamu et al., 2022). Any physical activity that is 

directly related to body fat might influence changes in 

FWLC. Considering culture and occupation, Higgi 

population is relatively more physically active than both 

Fulani and Hausa populations hence are likely to shed more 

fat than either. Hausa communities are relatively more 

accustomed to a sedentary lifestyle followed by Fulani and 

then Higgi. Sedentary daily life, according to Kaur and 

Deol (2021), is a type of lifestyle that involves little or no 

physical activity or exercise. This might be the reason why 

the mean values of FWLC is higher in Hausa followed by 

Fulani and least in Higgi. This is also supported by the 

findings of this study where only three out of ten fingers 

showed significant ethnic differences in male compared to 

all fingers except one in female due to the fact that the 

relative sedentary life is more pronounced in female than 

male. Thus, for male; only thumb, right middle and left 

little fingers can be used in determination of ethnic 

differences of Fulani and Higgi using fingerprint white 

lines. But for female, one can use any finger except the 

right ring finger in determination of ethnic differences of 

Fulani and Higgi using fingerprint white lines. Sexual 

dimorphism in fingerprint white lines counts (FWLC) was 

found to exist in this study in both ethnic groups. FWLC 

were more common in female than male. In a study 

conducted on Hausa population, Females were equally 

found to have a significantly higher mean value of FWLC 

compared to males (Adamu et al., 2019; Taura et al., 2019; 

Adamu et al., 2022). In Philippines and different other 

populations, females were observed to have higher mean 

value of FWLC than male (Badawi et al., 2006; Tadurana 

et al., 2016). The differences might be as a result of 

relatively thin and denser ridges found in female (Atiku et 

al., 2018), it could also be as a result of genetic or hormonal 

influence. It has been observed that the level of prenatal 

hormones and a high level of testosterone in adult males 

were associated with dermatoglyphics asymmetry 

(Jamison et al., 1993; Richards, et al., 2022). It is not clear 

what exactly behind higher mean value of FWLC in left 

hand than right, and more common in thumb followed by 

ring and least in little finger. These trends exhibited the 

same pattern in both ethnic groups. Whatever the cause, 

variation of biological traits often provides additional 

information about an individual. Therefore, FWLC with 

sexual dimorphic features could be combined with other 

sex discriminating fingerprint features such as ridges 

thickness and ridges density for a better discrimination 

power than either alone. Some studies showed that absence 

of FWLC is indicative of male individual regardless of his 

ethnicity (Badawi et al., 2006; Tadurana et al., 2016; 

Adamu et al., 2019).  

CONCLUSION  

This study revealed ethnic differences and sexual 

dimorphism in fingerprint white lines of Fulani and Higgi 

tribes of Michika, Adamawa state, Nigeria. The fingerprint 

profile data generated in this study would be used as a 

reference data among Fulani and Higgi Ethnic groups of 

Adamawa state in forensic investigation. 
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