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COMPARATIVE BILATERAL DERMATOGLYPHIC ASYMMETRY OF FINGERPRINT AND TOEPRINT RIDGE TRAITS AMONG IJAW AND IBIBIO POPULATIONS IN NIGERIA’S NIGER DELTA REGION
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ABSTRACT 
Dermatoglyphic characteristics are permanent biological traits with applications in forensic anthropology and biometric research; however, comparatively limited attention has been given to bilateral asymmetry involving both fingerprints and toeprints among Nigerian populations. This study compared bilateral dermatoglyphic asymmetry of fingerprint and toeprint ridge traits among Ijaw and Ibibio adults in Nigeria’s Niger Delta region. A descriptive cross-sectional design was employed among 565 adults aged 18–40 years, comprising 250 Ijaw participants (120 males and 130 females) and 315 Ibibio participants (150 males and 165 females). Fingerprint and toeprint impressions were obtained bilaterally and assessed for pattern type, ridge count, and ridge density. Paired-samples t-tests were used to compare corresponding left- and right-sided measurements, with statistical significance set at p < 0.05. The findings demonstrated predominantly bilateral symmetry in both populations. Among Ijaw females, no significant left–right differences were observed across the measured fingerprint and toeprint ridge traits. Ijaw males similarly showed general bilateral symmetry, except for a significant difference in thumb ridge count between the left and right sides (p = 0.01). Ibibio males displayed one significant difference in index-finger ridge density (p=0.02), whereas all bilateral comparisons among Ibibio females were not significant. The toeprint measurements did not show any statistically significant bilateral differences in either population. Ijaw male thumb ridge count and Ibibio male index-finger ridge density showed isolated discrepancies, but overall, the results showed largely equivalent left–right measures. These results imply that when fingerprints are unavailable or inappropriate for analysis, toeprints may offer additional dermatoglyphic information. However, the study did not do data-merging analysis or fingerprint–toeprint correlation; instead, it simply evaluated bilateral differences.	Comment by Maher: P≤0.05	Comment by Maher: P	Comment by Maher: P	Comment by Maher: Replace in all research with P
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1. INTRODUCTION 
From the earliest stages of development, the human skin develops distinctive friction-ridge patterns that form a permanent biological signature. These patterns, collectively referred to as dermatoglyphs, occur on the fingers, palms, toes, and soles and develop during fetal life, remaining essentially stable throughout an individual's lifetime apart from changes associated with normal growth. Their permanence, individual distinctiveness, and quantifiable characteristics have established dermatoglyphics as an important tool in several fields, including forensic science, biometric identification, medical genetics, and biological anthropology (Kelvin et al., 2026; Bécue & Champod, 2022; Bécue et al., 2020). Consequently, friction-ridge patterns have become relevant in numerous practical applications, including criminal identification, border and identity verification, banking authentication, and civil registration. The forensic significance of dermatoglyphic patterns extends beyond their permanence, as their ridge characteristics can be systematically examined and compared between questioned and known impressions. However, contemporary forensic research highlights that the reliability of such comparisons is also influenced by factors such as the quality of the impressions, distortion, examiner expertise and training, and the transparency of reporting and interpretation practices (Bécue et al., 2020; Bécue & Champod, 2022).	Comment by Maher: Replace this references 2020 then 2026
The conventional approach to fingerprint analysis relies heavily on classifying patterns into three broad categories: arches, loops, and whorls. Arches are formed by ridges that enter from one side of the finger and leave through the other without producing a clear triradius. Loops contain ridges that enter, recur, and leave from the same side and commonly possess one triradius. Whorls display circular, spiral, or concentric ridge arrangements and usually possess two triradii. While this system offers a useful starting point, it tells only part of the story. Two individuals or even two fingers on the same hand may share the same pattern type yet differ markedly in the fine details of their ridge structure. To capture this complexity, researchers increasingly turn to quantitative measures such as ridge count (the number of ridges crossed by a standardized line drawn between the core and triradius) and ridge density (the number of ridges present within a defined area of the print) (Ujaddughe et al., 2015; Anyanwu, 2020; Adamu et al., 2022; Cao et al., 2022). These metrics reveal nuances that pattern classification alone cannot: two prints may both be classified as loops but differ significantly in ridge count or density, offering additional discriminatory power.
Ridge density, in particular, has emerged as a promising tool in forensic anthropology due to its reported variation by sex, population group, digit, and anatomical region. Gutiérrez-Redomero et al., (2016) examined fingerprint ridge density in an Argentine population and considered its application to sex inference. Gupta et al., (2022) reviewed the use of fingerprint ridge density for sex estimation and emphasized the importance of population-specific reference data. Kaur et al., (2020) also investigated sex identification using fingerprint ridge density. In Nigeria, Nandi et al., (2021) examined variation in thumbprint patterns and ridge-density counts between major Nigerian ethnic groups, while Adamu et al., (2022) examined sexual dimorphism and adjacent-digit fingerprint ridge-density differences. These studies demonstrate that ridge density may vary across populations and between sexes, but they also show the importance of analyzing the specific population under investigation rather than relying entirely on reference values obtained elsewhere.
Another layer of complexity arises from the very origin of these ridge patterns. Fingerprint and toeprint ridges are formed during prenatal development, and their final configurations are influenced by genetic factors and developmental conditions. Genetic research has shown that fingerprint patterns are influenced by multiple genetic variants and developmental processes: Ho et al., (2016) identified genetic variants associated with whorl patterns, demonstrating that fingerprint formation has a complex biological basis. The formation of the ridges is also related to the growth of the developing digits and the prenatal environment (Graham et al., 2010; Neiswanger et al., 2020; Wijerathne et al., 2020). This prenatal origin renders dermatoglyphs sensitive to the subtle asymmetries that naturally occur as the left and right sides of the body develop. Although the left and right sides develop under broadly similar conditions, the processes may not be exactly identical. Consequently, corresponding structures may differ in pattern type, ridge count, ridge density, or other ridge characteristics a phenomenon generally described as bilateral asymmetry.
Bilateral asymmetry does not mean that the two sides are completely unrelated. An individual may have the same general pattern on corresponding digits but still show different quantitative measurements. For example, both index fingers may display loop patterns while differing in ridge count or ridge density. The same type of variation may occur between corresponding toes. Research has examined bilateral differences in dermatoglyphic features in different populations and contexts: Neiswanger et al., (2020) reported increased asymmetry of fingerprint patterns among individuals with nonsyndromic orofacial clefts; Wijerathne et al., (2020) examined qualitative and quantitative dermatoglyphic features and considered asymmetry in relation to developmental and health conditions; Saini et al., (2022) investigated sexual dimorphism and bilateral asymmetry in fingerprint patterns among a North Indian population. Bilateral comparison has also been investigated in forensic and dermatoglyphic contexts: Kuznetsov et al., (2020) examined palmar dermatoglyphic signs in relation to establishing whether body parts belonged to the same or different corpses; Kanchan et al., (2015), Sudha et al., (2021), and Tadesse et al., (2022) also highlighted the forensic and biological significance of dermatoglyphic traits.
Despite these advances, a significant gap persists particularly in the Nigerian context. Toeprints are also friction-ridge impressions, but they have received considerably less attention than fingerprints. This limited research may be related to the stronger development of fingerprint databases, the relative ease of collecting finger impressions, and the technical challenges associated with capturing clear toeprint images. Nevertheless, toeprints may provide supplementary information when fingerprints are unavailable, damaged, incomplete, or unsuitable for comparison. The fingers and toes share important developmental features, but they have different anatomical and functional roles: fingers are involved mainly in grasping, manipulation, and fine tactile perception, while the toes contribute to balance, weight-bearing, and locomotion. These differences may affect the distribution and density of the ridges, meaning toeprints should be investigated directly rather than assumed to have the same characteristics as fingerprints.
In Nigeria, the relationship between fingerprints and toeprints has been examined in limited studies. Ominde, Jaiyeoba-Ojigho, and Igbigbi (2021) studied 100 Anioma participants and analysed the patterns and ridge counts of 1,000 fingers and 1,000 toes. They reported that loops were the dominant pattern in both fingers and toes. Their analysis also identified significant positive correlations between the ridge counts of some corresponding fingers and toes, particularly among female participants. The authors concluded that corresponding finger and toe ridge counts may have forensic relevance. This study provides a direct Nigerian basis for examining the relationship between upper- and lower-limb friction-ridge characteristics. Beyond this, Nigerian studies have examined dermatoglyphic variation in several populations: Ujaddughe et al., (2015) investigated dermatoglyphic patterns and sex distribution among the Esan ethnic group of Edo State; Anyanwu (2020) examined variations in finger dermatoglyphics among the Esan ethnic group, concerned with the scarcity of dermatoglyphic information on this population; Nandi et al., (2021) examined thumbprint patterns and ridge-density counts between two Nigerian ethnic groups, finding that some ridge-density measures differed between populations and that sex-related variation was present. Other Nigerian investigations have examined fingerprint patterns among different ethnic groups, including the Ijaw, Esan, Igbo, Yoruba, Fulani, Higgi, Itsekiri, Urhobo, and Hausa: Ojigho and Oladipo (2018) examined fingerprint patterns in Delta State; Atiku et al., (2024) compared the fingerprint patterns of Fulani and Higgi populations in Adamawa State; Usman and Danborno (2025) investigated the distribution of fingerprint pattern indices and sexual dimorphism among Hausa populations in Kano and Zaria. These studies support the importance of establishing population-specific dermatoglyphic reference data.
This brings us to the Niger Delta, a region rich in cultural and biological diversity but underrepresented in dermatoglyphic research. The Ijaw are strongly associated with the riverine and coastal areas of the Niger Delta, particularly Bayelsa, Rivers, and neighbouring areas. The Ibibio are principally associated with Akwa Ibom State and adjoining areas of southeastern Nigeria. Despite the importance of these populations, there is limited comparative research on bilateral asymmetry in their fingerprint and toeprint ridge traits. The existing literature has examined fingerprint pattern distribution, ridge density, sex variation, ethnic comparison, bilateral asymmetry, and finger–toe correspondence. However, these areas have rarely been combined in one study involving Ijaw and Ibibio adults. There is therefore a need for research that compares corresponding left- and right-sided fingerprints and toeprints and determines whether the magnitude of bilateral variation differs between the two populations.
The problem addressed by this study is the inadequate knowledge of bilateral asymmetry in fingerprint and toeprint ridge traits among Ijaw and Ibibio adults. Specifically, it is not sufficiently known whether corresponding left- and right-sided digits differ in pattern type, ridge count, or ridge density, or whether the degree of bilateral asymmetry differs between the two populations. This gap is important because the Ijaw and Ibibio are major populations in southern Nigeria and are associated with the Niger Delta and neighbouring areas. Without population-specific information, it is difficult to determine whether findings from other Nigerian groups can be applied to them. It is also difficult to know whether the two populations differ in the magnitude of left–right variation in their fingerprint and toeprint traits. The absence of adequate data may limit the development of Nigerian dermatoglyphic reference databases and restrict the ability of forensic anthropologists and biometric researchers to interpret ridge characteristics in a population-sensitive manner.
To address this problem, the present study is designed to compare bilateral dermatoglyphic asymmetry in fingerprint and toeprint ridge traits among Ijaw and Ibibio adults in Nigeria’s Niger Delta region. It will examine pattern types, ridge counts, and ridge densities on corresponding left- and right-sided digits. It will also compare the magnitude of bilateral variation between the two populations and assess the possible influence of sex. The study will focus on adult Ijaw and Ibibio participants who satisfy the approved age, ethnic-identification, health, and print-quality requirements. Individuals with amputations, major scars, burns, deformities, active dermatological conditions, or other factors affecting ridge visibility will be excluded. The study is concerned with population-level statistical comparison and will not attempt to determine the ethnic identity of an individual from fingerprints or toeprints, nor investigate medical diagnosis, intelligence, personality, criminal behaviour, or disease prediction.
This work is justified on several fronts. First, it expands dermatoglyphic research beyond the traditional emphasis on fingerprints by incorporating toeprints as permanent, measurable friction-ridge characteristics that remain underexplored in Nigerian forensic and anthropological literature. Second, it addresses bilateral asymmetry—a dimension of variation that cannot be captured by overall pattern frequency alone—thereby enabling a more accurate description of left–right differences and their population-specific patterns. Third, the selection of Ijaw and Ibibio populations is justified by their importance in southern Nigeria and their association with the Niger Delta region. Comparing the two populations within the same research design may provide useful information about population-level differences in bilateral dermatoglyphic traits. Finally, the study responds to the limited availability of Nigerian data that combine fingerprint analysis, toeprint analysis, bilateral comparison, and ethnic population comparison. Existing Nigerian studies have addressed these areas separately (Adamu et al., 2022; Anyanwu, 2020; Atiku et al., 2024; Nandi et al., 2021; Ominde et al., 2021), but there remains a clear need for an integrated investigation among Ijaw and Ibibio adults. The findings will contribute to forensic anthropology, biometric research, biological anthropology, and the development of more representative dermatoglyphic reference databases for Nigerian populations.



2. material and methods 

A descriptive cross-sectional study design was employed to collect and compare fingerprint and toeprint characteristics among Ijaw and Ibibio adults in Nigeria’s Niger Delta region. The study focused on bilateral differences in print pattern type, ridge count, and ridge density.
The study was conducted in Bayelsa State and Akwa Ibom State, Nigeria. Bayelsa State represented the Ijaw population, whereas Akwa Ibom State represented the Ibibio population. Both states are located in the Niger Delta region and contain substantial populations of the ethnic groups examined in the study. Data were collected in community centers, educational institutions, and public venues within selected local government areas of the two states.
A total of 565 adults aged 18-40 years, comprising 250 Ijaw participants and 315 Ibibio participants, were examined. The Ijaw group consisted of 120 males and 130 females, whereas the Ibibio group consisted of 150 males and 165 females. Each participant provided fingerprint impressions from both hands and toeprint impressions from both feet. The impressions were assessed for ridge density, ridge count, and pattern type.
A multistage sampling technique was employed. In the first stage, Bayelsa State and Akwa Ibom State were selected to represent the Ijaw and Ibibio populations, respectively. In the second stage, eligible adults were recruited based on age, self-reported ethnic identity, sex, willingness to participate, and the condition of their fingers and toes. Participants were approached sequentially until the required sample for each group was obtained.
Data acquisition and analysis were carried out using an HP 650 G1 laptop connected to a Canon PIXMA E3370 multifunction Wi-Fi colour inkjet scanner and printer for image capture. A portable power station with a capacity of 600 watts provided electricity during fieldwork. Image acquisition was managed using PIXMA software, whereas Windows 11 Pro was used for image enlargement and preliminary review. Ridge count and ridge-density measurements were performed using CorelDRAW 2023, and statistical analyses were conducted using IBM SPSS Statistics version 25.
Fingerprint and toeprint impressions were collected using the Canon PIXMA E3370 scanner connected to the HP 650 G1 laptop. Before scanning, the scanner surface and the participants’ fingers and toes were cleaned with alcohol wipes to remove dirt, oil, or moisture that could obscure ridge details. Fingerprints were obtained by placing the hands in a relaxed, flat position on the scanner surface, whereas toeprints were obtained by gently placing the feet on the same surface while the participant was seated.
All images were recorded using a standardized coding system that identified the body region, side, and anatomical position of each digit. The letters RD represented the right-hand digits, whereas LD represented the left-hand digits; similarly, RT denoted the right-foot toes and LT denoted the left-foot toes. The superscript numbers identified the individual digits such that RD¹ referred to the right thumb, RD² to the right index finger, RD³ to the right middle finger, RD⁴ to the right ring finger, and RD⁵ to the right little finger, with corresponding codes LD¹ through LD⁵ for the left hand, whereas for the toes RT¹ represented the right hallux or first toe, RT² the right second toe, RT³ the right third toe, RT⁴ the right fourth toe, and RT⁵ the right fifth toe, while LT¹ through LT⁵ denoted the left hallux through the left fifth toe
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Figure 1. Finger digit coding system.
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Figure 2. Toe digit coding system.
For ridge count measurement, each image was imported into CorelDRAW 2023 and placed on a standardized 100 mm × 100 mm canvas. A straight line was drawn from the core, defined as the central point of the pattern, to the triradius, defined as the point where three ridge systems converge. The number of ridges intersected by the line was then counted. (Ominde et al., 2021; Gupta et al., 2022).
Ridge density was measured by placing a 25 mm × 25 mm square over the selected region of each print, usually the area of highest ridge clarity near the core. The number of ridges fully or partially contained within the square was counted. The same procedure was applied to corresponding fingers and toes on both sides (Gutiérrez-Redomero et al., 2016; Gupta et al., 2022).
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Figure 3. Ridge count extraction from a print pattern.
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Figure 4. Ridge-density extraction from a print pattern.
Participants aged 18-40 years who identified as Ijaw or Ibibio, provided written informed consent, and produced clear fingerprint and toeprint impressions were included in the study. Individuals with finger or toe malformations, amputations, major scars, burns, significant trauma, or impressions unsuitable for reliable pattern classification, ridge counting, or ridge-density measurement were excluded. All participants underwent a brief visual screening of their digits prior to scanning to ensure print quality.
Bilateral asymmetry was defined as a difference between corresponding measurements obtained from the left and right sides of the same participant, such as differences in ridge count or ridge density between the left and right equivalent digits.
In this study, bilateral asymmetry was assessed by comparing the mean measurements of corresponding left- and right-sided digits. Because only paired-samples t-tests were performed, the analysis tested whether the mean difference between the two sides differed significantly from zero. It did not calculate an asymmetry index and did not distinguish between directional asymmetry and fluctuating asymmetry. Therefore, significant paired-test results should be described as statistically significant left–right differences rather than definitive evidence of fluctuating asymmetry.
The data were analysed using IBM SPSS Statistics version 25. Descriptive statistics were calculated for all variables. Means and standard deviations were used for ridge counts and ridge densities, whereas frequencies and percentages were used for print-pattern distributions.
Paired-samples t-tests were used to compare corresponding left- and right-sided fingerprint and toeprint measurements within the Ijaw and Ibibio groups. Independent-samples t-tests were used to compare measurements between the two ethnic groups and, where applicable, between males and females. Statistical significance was set at 𝑝<0.05.
The ethnic and sex distributions of the participants were presented in the results section. The corresponding figure should not be mentioned in the methods section.

3. results and discussion
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Figure 5. Sex and ethnic distribution of the study participants.	Comment by Maher: Re-write according to journal style

The pie charts show that, out of the 565 participants, females were slightly more represented (295; 52.2%) than males (270; 47.8%). Among the ethnic groups, the Ibibio comprised 315 participants, including 165 females (29.2%) and 150 males (26.5%), while the Ijaw comprised 250 participants, consisting of 130 females (23.0%) and 120 males (21.2%). Overall, both ethnic groups showed a relatively balanced sex distribution, with females having a slightly higher representation than males. 

Table 1- Bilateral comparison of fingerprint and toeprint ridge characteristics among Females of Ibibio Population.	Comment by Maher: Also re-write according to journal style 

	Parameter
	Left
	Right
	t-test
	p-value
	Inference

	LD¹RC / RD¹RC
	15.95±0.515
	15.83±0.454
	0.18
	0.86
	Non-significant

	LD¹RD / RD¹RD
	17.79±0.076
	17.82±0.076
	-0.22
	0.83
	Non-significant

	LD²RC / RD²RC
	16.99±0.551
	16.97±0.550
	0.03
	0.98
	Non-significant

	LD²RD / RD²RD
	17.77±0.074
	17.77±0.072
	0.00
	1.00
	Non-significant

	LD³RC / RD³RC
	16.13±0.515
	16.53±0.583
	-0.54
	0.59
	Non-significant

	LD³RD / RD³RD
	17.64±0.072
	17.80±0.073
	-1.62
	0.11
	Non-significant

	LD⁴RC / RD⁴RC
	17.74±0.492
	17.74±0.456
	0.00
	1.00
	Non-significant

	LD⁴RD / RD⁴RD
	17.84±0.073
	17.84±0.082
	-0.06
	0.95
	Non-significant

	LD⁵RC / RD⁵RC
	15.66±0.507
	15.46±0.471
	0.30
	0.76
	Non-significant

	LD⁵RD / RD⁵RD
	17.81±0.068
	17.82±0.070
	-0.13
	0.90
	Non-significant

	LT¹RC / RT¹RC
	14.41±0.459
	14.54±0.460
	-0.22
	0.83
	Non-significant

	LT¹RD / RT¹RD
	16.78±0.072
	16.68±0.078
	0.95
	0.35
	Non-significant

	LT²RC / RT²RC
	15.24±0.426
	15.03±0.489
	0.34
	0.74
	Non-significant

	LT²RD / RT²RD
	16.89±0.064
	16.86±0.075
	0.29
	0.77
	Non-significant

	LT³RC / RT³RC
	14.92±0.471
	14.78±0.488
	0.21
	0.84
	Non-significant

	LT³RD / RT³RD
	16.79±0.074
	16.88±0.077
	-0.81
	0.42
	Non-significant

	LT⁴RC / RT⁴RC
	14.42±0.438
	14.51±0.405
	-0.15
	0.88
	Non-significant

	LT⁴RD / RT⁴RD
	16.74±0.074
	16.83±0.077
	-0.74
	0.46
	Non-significant

	LT⁵RC / RT⁵RC
	13.51±0.444
	13.89±0.399
	-0.65
	0.52
	Non-significant

	LT⁵RD / RT⁵RD
	16.66±0.073
	16.81±0.080
	0.18
	0.86
	Non-significant


Key: RD¹ = Right Thumb; RD² = Right Index Finger; RD³ = Right Middle Finger; RD⁴ = Right Ring Finger; RD⁵ = Right Little Finger; LD¹ = Left Thumb; LD² = Left Index Finger; LD³ = Left Middle Finger; LD⁴ = Left Ring Finger; LD⁵ = Left Little Finger; RT¹ = Right Hallux; RT² = Right Second Toe; RT³ = Right Third Toe; RT⁴ = Right Fourth Toe; RT⁵ = Right Fifth Toe; LT¹ = Left Hallux; LT² = Left Second Toe; LT³ = Left Third Toe; LT⁴ = Left Fourth Toe; LT⁵ = Left Fifth Toe; RC = Ridge Count; RD = Ridge Density.
Table 1 presents a comprehensive bilateral comparison of fingerprint and toeprint ridge traits among females of the Ibibio population, encompassing 20 paired measurements 10 from the hands (five fingers for ridge count and five for ridge density) and 10 from the feet (five toes for ridge count and five for ridge density). For every parameter, the mean values for the left and right sides were remarkably similar, and all paired t-tests yielded non-significant P-values ranging from .11 to 1.00, well above the .05 threshold for statistical significance.
Specifically, fingerprint ridge counts showed near-identical means between sides: for example, the left and right index fingers differed by only 0.02 ridges (16.99 vs. 16.97; P = .98), and the ring fingers were exactly equal (17.74 on both sides; P = 1.00). Ridge density values were even more consistent, with the index finger showing identical means to three decimal places (17.77 on both sides; P = 1.00) and the little finger differing by merely 0.01 units (17.81 vs. 17.82; P = .90). Toeprint measurements followed the same pattern of symmetry. Hallux ridge counts differed by only 0.13 ridges (14.41 left vs. 14.54 right; P = .83), and ridge densities varied minimally across all toes, with the largest difference being 0.15 units on the fifth toe (16.66 vs. 16.81; P = .86). Even the third toe ridge density, which showed one of the relatively larger numerical differences (16.79 vs. 16.88), remained statistically non-significant (P = .42).	Comment by Maher: P	Comment by Maher: P	Comment by Maher: P




Table 2 Bilateral comparison of fingerprint and toeprint ridge characteristics among Males of Ibibio Population.	Comment by Maher: Replace with bold line or according to journal style
	Parameter
	Left
	Right
	t-test
	p-value
	Inference

	LD¹RC / RD¹RC
	15.08±6.905
	14.94±7.272
	0.18
	0.86
	Non-significant

	LD¹RD / RD¹RD
	14.26±0.908
	14.21±0.914
	0.51
	0.61
	Non-significant

	LD²RC / RD²RC
	15.41±7.995
	15.11±8.212
	0.33
	0.74
	Non-significant

	LD²RD / RD²RD
	14.13±0.937
	14.38±0.924
	-2.34
	0.02
	Significant

	LD³RC / RD³RC
	15.83±8.399
	15.74±7.458
	0.10
	0.92
	Non-significant

	LD³RD / RD³RD
	14.31±0.938
	14.32±0.974
	-0.11
	0.91
	Non-significant

	LD⁴RC / RD⁴RC
	16.34±7.617
	15.39±8.017
	1.11
	0.27
	Non-significant

	LD⁴RD / RD⁴RD
	14.28±0.870
	14.11±1.038
	1.57
	0.12
	Non-significant

	LD⁵RC / RD⁵RC
	13.16±8.092
	14.62±7.213
	-1.78
	0.08
	Non-significant

	LD⁵RD / RD⁵RD
	14.34±0.978
	14.31±0.978
	0.35
	0.72
	Non-significant

	LT¹RC / RT¹RC
	13.46±6.551
	13.13±7.262
	0.43
	0.67
	Non-significant

	LT¹RD / RT¹RD
	13.26±0.928
	13.33±0.943
	-0.72
	0.47
	Non-significant

	LT²RC / RT²RC
	14.84±6.736
	13.82±7.050
	1.36
	0.18
	Non-significant

	LT²RD / RT²RD
	13.30±0.937
	13.24±0.887
	0.61
	0.54
	Non-significant

	LT³RC / RT³RC
	14.28±6.781
	14.03±6.999
	0.32
	0.75
	Non-significant

	LT³RD / RT³RD
	13.24±1.002
	13.29±0.969
	-0.46
	0.65
	Non-significant

	LT⁴RC / RT⁴RC
	12.74±6.834
	12.64±7.017
	0.12
	0.90
	Non-significant

	LT⁴RD / RT⁴RD
	13.34±0.905
	13.27±0.881
	0.79
	0.43
	Non-significant

	LT⁵RC / RT⁵RC
	13.45±6.546
	12.45±6.599
	1.50
	0.14
	Non-significant

	LT⁵RD / RT⁵RD
	13.18±0.813
	13.25±1.009
	0.18
	0.86
	Non-significant



Key: RD¹ = Right Thumb; RD² = Right Index Finger; RD³ = Right Middle Finger; RD⁴ = Right Ring Finger; RD⁵ = Right Little Finger; LD¹ = Left Thumb; LD² = Left Index Finger; LD³ = Left Middle Finger; LD⁴ = Left Ring Finger; LD⁵ = Left Little Finger; RT¹ = Right Hallux; RT² = Right Second Toe; RT³ = Right Third Toe; RT⁴ = Right Fourth Toe; RT⁵ = Right Fifth Toe; LT¹ = Left Hallux; LT² = Left Second Toe; LT³ = Left Third Toe; LT⁴ = Left Fourth Toe; LT⁵ = Left Fifth Toe; RC = Ridge Count; RD = Ridge Density.

The table reveals that among Ibibio males, dermatoglyphic traits are overwhelmingly symmetric between the left and right sides, with only one statistically significant exception: ridge density of the index finger is significantly lower on the left (14.13 ± 0.937) than on the right (14.38 ± 0.924; t = –2.34, P = .02). All other fingerprint parameters including ridge counts and densities for the thumb, middle, ring, and little fingers as well as all toeprint measurements (both ridge count and density for all five toes) showed no significant left-right differences (P > .05), indicating high bilateral concordance across the vast majority of digits. Even the little-finger ridge count, which displayed a notable numerical disparity (13.16 vs. 14.62) and a P-value of .08, fell just short of significance, suggesting this variation is likely due to chance rather than a consistent biological pattern. This localized asymmetry confined to a single fingerprint trait underscores that bilateral variation in this population is digit-specific and not systemic, supporting the broader anthropological observation that the present findings showed few statistically significant left–right differences in the measured friction-ridge traits.  in developmentally stable traits like friction ridges, with any differences tending to be subtle and restricted to particular upper-limb features.	Comment by Maher: P
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	Parameter
	Left
	Right
	t-test
	P-value
	Inference

	LD¹RC / RD¹RC
	15.70±6.743
	16.52±5.966
	-1.135
	0.258
	Non-significant

	LD¹RD / RD¹RD
	16.49±1.009
	16.51±0.897
	-0.172
	0.864
	Non-significant

	LD²RC / RD²RC
	17.41±6.273
	17.91±6.109
	-0.801
	0.424
	Non-significant

	LD²RD / RD²RD
	16.66±0.945
	16.52±0.951
	1.225
	0.223
	Non-significant

	LD³RC / RD³RC
	17.69±5.673
	17.76±5.997
	-0.12
	0.905
	Non-significant

	LD³RD / RD³RD
	16.39±0.905
	16.59±0.878
	-1.888
	0.061
	Non-significant

	LD⁴RC / RD⁴RC
	17.48±6.769
	17.06±7.046
	0.591
	0.556
	Non-significant

	LD⁴RD / RD⁴RD
	16.58±0.955
	16.52±0.997
	0.439
	0.661
	Non-significant

	LD⁵RC / RD⁵RC
	16.02±6.287
	15.83±6.191
	0.268
	0.789
	Non-significant

	LD⁵RD / RD⁵RD
	16.57±0.922
	16.48±0.890
	0.903
	0.368
	Non-significant

	LT¹RC / RT¹RC
	14.26±5.637
	14.34±5.887
	-0.13
	0.896
	Non-significant

	LT¹RD / RT¹RD
	15.47±0.945
	15.56±1.020
	-0.844
	0.400
	Non-significant

	LT²RC / RT²RC
	15.41±5.458
	15.34±5.462
	0.103
	0.918
	Non-significant

	LT²RD / RT²RD
	15.40±0.933
	15.46±0.971
	-0.599
	0.550
	Non-significant

	LT³RC / RT³RC
	14.38±6.408
	14.83±6.335
	-0.623
	0.534
	Non-significant

	LT³RD / RT³RD
	15.38±0.931
	15.35±0.913
	0.316
	0.752
	Non-significant

	LT⁴RC / RT⁴RC
	14.63±5.527
	14.13±5.857
	0.802
	0.424
	Non-significant

	LT⁴RD / RT⁴RD
	15.45±0.983
	15.43±1.079
	0.165
	0.869
	Non-significant

	LT⁵RC / RT⁵RC
	14.08±5.478
	13.61±5.808
	0.710
	0.479
	Non-significant

	LT⁵RD / RT⁵RD
	15.56±0.923
	15.46±0.938
	-1.135
	0.258
	Non-significant


Key: RD¹ = Right Thumb; RD² = Right Index Finger; RD³ = Right Middle Finger; RD⁴ = Right Ring Finger; RD⁵ = Right Little Finger; LD¹ = Left Thumb; LD² = Left Index Finger; LD³ = Left Middle Finger; LD⁴ = Left Ring Finger; LD⁵ = Left Little Finger; RT¹ = Right Hallux; RT² = Right Second Toe; RT³ = Right Third Toe; RT⁴ = Right Fourth Toe; RT⁵ = Right Fifth Toe; LT¹ = Left Hallux; LT² = Left Second Toe; LT³ = Left Third Toe; LT⁴ = Left Fourth Toe; LT⁵ = Left Fifth Toe; RC = Ridge Count; RD = Ridge Density.

This table demonstrates that among females of the Ijaw population, there is no statistically significant bilateral asymmetry in any of the 20 fingerprint and toeprint ridge traits examined. All paired comparisons covering ridge counts and ridge densities for all five fingers and all five toes yielded P-values well above the .05 threshold, ranging from .061 to .918. The closest to significance was ridge density of the middle finger (LD³RD/RD³RD), with a P-value of .061, but this still falls short of statistical significance and likely reflects random variation rather than a true biological difference. Mean values for left and right sides were highly similar across all digits; for example, thumb ridge count differed by less than one ridge (15.70 left vs. 16.52 right; P = .258), and toe ridge densities varied by no more than 0.11 units between sides. The complete absence of significant asymmetry in both upper and lower limbs indicates that no statistically significant left–right differences were detected in the measured traits. among Ijaw females, reinforcing the pattern observed in other female populations that friction-ridge traits are developmentally stable and highly symmetric between corresponding left and right digits.


Table 4 Bilateral comparison of fingerprint and toeprint ridge characteristics among Males of Ijaw Population

	Parameter
	Left
	Right
	t-test
	P-value
	Inference

	LD¹RC / RD¹RC
	12.52±8.283
	14.81±7.563
	-2.51
	0.01
	Significant

	LD¹RD / RD¹RD
	12.99±0.865
	12.99±0.987
	0.00
	1.00
	Non-significant

	LD²RC / RD²RC
	13.90±9.194
	13.41±8.921
	0.50
	0.62
	Non-significant

	LD²RD / RD²RD
	13.04±0.971
	12.96±0.871
	0.87
	0.38
	Non-significant

	LD³RC / RD³RC
	15.18±8.196
	13.57±9.146
	1.70
	0.09
	Non-significant

	LD³RD / RD³RD
	13.11±0.918
	13.03±0.890
	0.87
	0.39
	Non-significant

	LD⁴RC / RD⁴RC
	12.88±9.556
	13.09±9.149
	-0.20
	0.84
	Non-significant

	LD⁴RD / RD⁴RD
	13.03±0.921
	12.91±1.039
	1.12
	0.27
	Non-significant

	LD⁵RC / RD⁵RC
	13.68±8.296
	12.77±8.204
	1.02
	0.31
	Non-significant

	LD⁵RD / RD⁵RD
	12.95±0.957
	12.98±0.931
	-0.23
	0.82
	Non-significant

	LT¹RC / RT¹RC
	11.03±7.853
	10.49±7.802
	0.58
	0.56
	Non-significant

	LT¹RD / RT¹RD
	11.92±1.046
	12.10±0.960
	-1.68
	0.10
	Non-significant

	LT²RC / RT²RC
	13.04±7.803
	12.42±7.961
	0.73
	0.47
	Non-significant

	LT²RD / RT²RD
	12.09±0.860
	12.06±0.899
	0.38
	0.70
	Non-significant

	LT³RC / RT³RC
	11.49±8.035
	12.03±7.777
	-0.58
	0.56
	Non-significant

	LT³RD / RT³RD
	12.08±0.962
	11.95±0.853
	1.26
	0.21
	Non-significant

	LT⁴RC / RT⁴RC
	11.68±7.542
	11.74±7.810
	-0.08
	0.94
	Non-significant

	LT⁴RD / RT⁴RD
	11.96±0.977
	11.99±1.006
	-0.29
	0.77
	Non-significant

	LT⁵RC / RT⁵RC
	11.91±6.931
	11.40±7.426
	0.67
	0.50
	Non-significant

	LT⁵RD / RT⁵RD
	12.03±0.941
	12.00±0.945
	0.30
	0.76
	Non-significant



Key: RD¹ = Right Thumb; RD² = Right Index Finger; RD³ = Right Middle Finger; RD⁴ = Right Ring Finger; RD⁵ = Right Little Finger; LD¹ = Left Thumb; LD² = Left Index Finger; LD³ = Left Middle Finger; LD⁴ = Left Ring Finger; LD⁵ = Left Little Finger; RT¹ = Right Hallux; RT² = Right Second Toe; RT³ = Right Third Toe; RT⁴ = Right Fourth Toe; RT⁵ = Right Fifth Toe; LT¹ = Left Hallux; LT² = Left Second Toe; LT³ = Left Third Toe; LT⁴ = Left Fourth Toe; LT⁵ = Left Fifth Toe; RC = Ridge Count; RD = Ridge Density.

The analysis of bilateral differences in ridge count (RC) and ridge density (RD) among the participants showed that the left and right sides were generally comparable across the fingers and toes. For the fingers, the only statistically significant difference was observed in LD¹RC/RD¹RC (left and right thumb ridge count), where the left thumb had a lower mean ridge count (12.52 ± 8.283) than the right thumb (14.81 ± 7.563), with t = −2.51 and p = 0.01. In contrast, the corresponding ridge density of the thumbs showed no significant difference (p = 1.00), while ridge count and ridge density of the index, middle, ring, and little fingers also showed no significant bilateral differences (p > 0.05). Similarly, none of the corresponding toe ridge count or ridge density measurements demonstrated a statistically significant left–right difference, with p-values ranging from 0.10 to 0.94. Although some numerical differences were observed between the left and right means for example, the middle finger ridge count (15.18 ± 8.196 vs. 13.57 ± 9.146) and second-toe ridge count (13.04 ± 7.803 vs. 12.42 ± 7.961) these differences did not reach statistical significance. Overall, the findings indicate predominant bilateral symmetry in ridge count and ridge density, with the exception of the significant difference in right versus left thumb ridge count.

DISCUSSION
This chapter discusses the bilateral fingerprint and toeprint findings presented in Chapter Four for the Ijaw and Ibibio populations. The discussion combines the results for males and females within each ethnic group, focusing on similarities and differences between the left and right sides. The findings are compared with previous studies on dermatoglyphic symmetry, ridge count, ridge density, and finger toe variation.
The results for the Ijaw population showed that fingerprint and toeprint characteristics were generally bilaterally symmetrical in both males and females. Among Ijaw females, none of the measured fingerprint or toeprint ridge counts and ridge densities showed a statistically significant difference between the left and right sides. This pattern indicates a high degree of bilateral consistency across all five fingers and all five toes.
The Ijaw males also showed general bilateral symmetry, although one significant difference was observed in thumb ridge count. The right thumb had a higher mean ridge count than the left thumb, and the difference was statistically significant (p=0.01). Apart from this finding, the remaining fingerprint ridge counts, fingerprint ridge densities, and all toeprint measurements were not significantly different between the two sides.
When the Ijaw males and females are considered together, the results indicate that bilateral symmetry was the dominant pattern in the population. The isolated thumb ridge count difference among males does not indicate widespread asymmetry because it was not accompanied by significant differences in the other fingers or toes. The finding suggests that any bilateral variation among Ijaw participants was limited to a particular digit and measurement rather than being a general feature of the population.
The greater bilateral consistency observed among Ijaw females agrees with the general understanding that dermatoglyphic traits are developmentally stable and remain relatively symmetrical after formation (Wijerathne et al.,2020). The isolated difference observed among Ijaw males is consistent with Saini et al., (2022), who reported that bilateral asymmetry may be restricted to specific digits rather than affecting all fingerprint characteristics.
The Ijaw findings also agree with Ominde et al., (2021), who reported that finger and toe characteristics should be examined separately because significant relationships or differences may occur in some digits but not in others. In the present study, the thumb ridge count among Ijaw males was the only significant bilateral difference, while the toeprint measurements remained generally symmetrical.
However, the Ijaw results differ from Adamu et al., (2022), who reported more extensive bilateral ridge count asymmetry among Nigerian participants, particularly among males. The difference may be related to the population examined, sample composition, measurement method, or the specific ridge variables analysed. Adamu et al., focused mainly on fingerprint ridge count asymmetry, whereas the present study examined both fingerprints and toeprints and included ridge density.
The Ijaw results also differ from Neiswanger et al., (2020), who reported increased fingerprint asymmetry in individuals with nonsyndromic orofacial clefts. The difference may be explained by the fact that the Ijaw participants in the present study were members of a general population, while Neiswanger et al., studied a clinical population with a developmental condition associated with altered asymmetry.
The Ibibio population also demonstrated a predominantly symmetrical pattern in fingerprint and toeprint characteristics. Among Ibibio females, none of the left–right comparisons reached statistical significance. The ridge counts and ridge densities of the thumbs, index fingers, middle fingers, ring fingers, little fingers, halluces, and smaller toes were statistically comparable between the two sides.
The Ibibio males showed a similar pattern of bilateral consistency. Most measurements were not significantly different between the left and right sides. The only exception was index-finger ridge density, which differed significantly between the left and right sides (p=0.02). The remaining fingerprint ridge counts and densities and all toeprint measurements were not significantly different. When the Ibibio males and females are considered together, the results indicate that the population was largely bilaterally symmetrical. The significant difference in index-finger ridge density among males was isolated and did not extend to the other fingers or toes. Therefore, it should be interpreted as a localized difference rather than evidence of general bilateral asymmetry among the Ibibio population.
The findings among Ibibio females are consistent with the results for Ijaw females. Both female groups showed no significant left-right differences across the measured traits. This similarity suggests that sex-specific bilateral consistency may be more apparent than ethnic differences in the present dataset.
The Ibibio results support the findings of Wijerathne et al., (2020), who described dermatoglyphic traits as generally stable but capable of showing limited variation in selected characteristics. They also agree with Saini et al., (2022), whose findings indicate that bilateral differences may occur in individual fingers rather than uniformly across the hands.
The Ibibio results are partly consistent with Ominde et al., (2021), who identified limited and digit-specific relationships between finger and toe characteristics. In the present study, the toeprint measurements were largely symmetrical, while the only significant difference occurred in the index-finger ridge density.
The Ibibio findings contrast with Adamu et al., (2022), who observed more extensive bilateral asymmetry in Nigerian males. They also differ from the findings of Neiswanger et al., (2020), who reported increased asymmetry in a clinical population. The contrast again suggests that bilateral dermatoglyphic variation may depend on population background, health status, age range, sample structure, and the particular measurement used.
The Ijaw and Ibibio populations showed a similar general pattern. In both groups, most fingerprint and toeprint characteristics were bilaterally symmetrical. The female participants in both ethnic groups showed no statistically significant left–right differences across the measured variables.
The only significant differences occurred among males. Ijaw males showed a significant difference in thumb ridge count, while Ibibio males showed a significant difference in index-finger ridge density. The affected characteristics were therefore different in the two populations. This suggests that the two groups did not display a common, widespread pattern of asymmetry.
The toeprint measurements were particularly consistent in both populations. No significant bilateral differences were observed across the toeprint traits reported for the male and female subgroups. This finding suggests that the left and right toeprint characteristics were highly comparable in the sample.
The absence of statistically significant bilateral differences in the toeprint measurements may reflect the functional and developmental roles of the toes. Unlike the fingers, which are frequently involved in grasping, manipulation, fine tactile discrimination, and repeated unilateral use, the toes primarily contribute to weight-bearing, balance, and locomotion. These functions generally involve coordinated use of corresponding structures on both sides of the body and may therefore be associated with relatively similar mechanical and developmental conditions. In addition, the toes are subjected to comparable loading during standing and walking, although individual differences in footwear, posture, gait, and activity may also influence the quality of toeprint impressions. The greater bilateral similarity observed in the toeprints should therefore be interpreted cautiously as a finding within the present sample, rather than as evidence that toeprints are universally more symmetrical than fingerprints. The result is broadly comparable with the observations of Ominde et al., (2021), who examined finger and toeprints among the Anioma people and reported that finger and toe characteristics should be evaluated separately because their patterns and ridge measurements may not behave identically.
The similarities between the Ijaw and Ibibio populations may be explained by the common developmental basis of friction-ridge formation. Although the populations have distinct ethnic identities, fingerprint and toeprint ridges are formed through similar prenatal processes. The results therefore suggest that bilateral developmental stability was more evident than population-specific asymmetry in the traits examined.
The present findings do not support the claim that one of the two ethnic groups were generally more bilaterally asymmetric than the other. The Ijaw group had one significant male thumb ridge count difference, and the Ibibio group had one significant male index-finger-density difference. Since these differences occurred in different traits and most comparisons were non-significant, they do not establish a consistent ethnic effect.

4. Conclusion

Fingerprint and toeprint ridge characteristics were generally comparable between the left and right sides among the Ijaw and Ibibio participants examined. A statistically significant difference was observed in thumb ridge count among Ijaw males (p=0.01), and another significant difference was observed in index-finger ridge density among Ibibio males (p=0.02). No statistically significant bilateral differences were detected in the toeprint measurements.	Comment by Maher: P	Comment by Maher: P
The findings suggest that bilateral differences in the measured traits were limited and occurred in particular digits rather than across all fingers and toes. Toeprints may provide supplementary dermatoglyphic information when fingerprints are unavailable, damaged, incomplete, or unsuitable for examination. However, this study assessed left–right differences only; it did not merge fingerprint and toeprint data or determine their correlation. Further studies should calculate asymmetry indices, distinguish directional from fluctuating asymmetry, and examine fingerprint–toeprint relationships using correlation or multivariate statistical methods.
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