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ABSTRACT
Aim: Fingerprint patterns, influenced by both genetic and prenatal factors, serve as unique dermatoglyphic marker. Concurrently, myopia, a growing public health concern, disproportionately affects children and young adults. Recognizing parallels in the developmental pathways of dermal ridges and ocular structures, researchers have embarked on elucidating potential shared genetic or environmental networks. This study investigated the relationship between fingerprint patterns and myopia among secondary school students in Nigeria.
Study Design: Study sample consisted of 100 participants from the Junior Secondary student population of Integrity High School, Sagamu, Nigeria.
Materials and methods: Fingerprint data were collected using standard ink and paper methods, while myopia was identified utilizing the Snellen’s chart and refractive error lenses. Statistical analysis employed was Pearson chi-square correlation at a significance level of p < 0.05.
Results:  Analysis revealed ulnar loop pattern as the most commonly found fingerprint pattern with 57% and 59% in male and female students respectively. However, chi-square correlation analysis unveiled noteworthy distinctions: myopic males exhibited a significantly higher prevalence of arch patterns in the right thumb (28.6%) compared to non-myopic counterparts (7%). Conversely, non-myopic males displayed a significantly higher occurrence of whorl patterns (23%) in both right and left hands compared to myopic peers (5.7%).
Conclusions: This study contributes to existing research affirming dermatoglyphics as morphological biomarkers, particularly in myopic males. Adding novel specificity of the right thumb as a distinctive marker. These findings underscore the potential utility of fingerprint analysis in identifying individuals at risk of myopia. Further investigation with larger sample is warranted to validate these preliminary results.
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INTRODUCTION
The assessment of cutaneous ridges and furrows present on the fingers, palm, sole, and toes is termed Dermatoglyphics, a Greek word meaning skin carving (Cummins & Midlo, 1926). Fingerprint patterns are unique epidermal ridges configurations on the volar aspect of digits (Cummins & Midlo, 1976). Fingerprint patterns are unique personalities of an individual such that no two fingers have the same fingerprints patterns and no two people have ever been found to have the same fingerprints (Prabha & Thenmozhi, 2014). Interestingly, it does not change from womb to tomb (Babler, 1991). It is used to establish the identity of individuals (Gutierrez-redomero et al., 2011). Additionally, personality and potential of a person can be determined based on the ten fingerprints (Offei et al., 2014). 
Skins of the human fingers have some ridges which create special forms. This ridge formations begins to appear during the 6th to 7th week of embryonic development (Kücken & Newell, 2005). Dermatoglyphic pattern configurations are completed after the sixth prenatal month and will no longer change (Schaumann & Alter, 2012). During this crucial period dermal ridges may form in some abnormal patterns, thus they can be used in etiology of diseases (Cummins, 1926). This process is further influenced by genetic factors and environmental forces, with ridge configurations being genetically determined and influenced by the fetal volar pads (Swamynathan, 2013). Medical experts have confirmed that fingerprints provide accurate analysis of a person's multiple intelligences and also reflect one's genetic potential (Kumari et al., 2014). Furthermore, fingerprint patterns have also been established to be an indicator of chromosomal abnormalities and for diagnosis of some important diseases (Bhat et al., 2014). Dermatoglyphics have been confirmed to be related to various diseases, such as; Diabetes (Nezhad & Shah, 2012), myocardial infarction (Jalali & Hajian, 2002), Schizophrenia (Salvador et al., 2023), Alzheimer (Weinreb,1985), intellectual Disability such as Down Syndrome, Autism Spectrum Disorder and Attention-Deficit Hyperactivity Disorder (Sariza et al., 2021). Additionally, correlation between fingerprint patterns and different blood groups have been established (Fayrouz et al., 2012; Rastogi & Pillai, 2010). Genetics play a significant role in determining the unique patterns of human fingerprints. Galton, (1892) was the first to propose a connection between the human prints and genetics in 19th century. This relationship is further supported by Slatis et al., (1976), who proposed genetic theory for the inheritance of fingerprint patterns, he suggested that the involvement of various genes causes deviations from the basic fingerprint pattern sequence. Furthermore, Voitenko et al., (1979) developed a polygenic threshold model of finger dermatoglyphics inheritance. Recently, the significant influence of genetics on the development and inheritance of human fingerprint patterns have been evaluated. Ho et al., (2015) highlight the role of genetic factors in influencing fingerprint type by identifying common genetic variants that influence fingerprint patterns. Furthermore, Li et al., (2022) specifically identified 18 loci associated with fingerprint types.
Eye development is a genetically determined process regulated by transcription factors and homeobox genes (Zagozewski et al., 2014).  Alteration in this process is associated with myopia, a defect of vision in which far objects appear blur and near objects are seen clearly (Marshall, 2020). Myopia is inherited defect that results from combined and interacting effects of hereditary and environmental factors. (King, 2017). Myopia, or nearsightedness, is a major public health issue, with a global increase in prevalence (Bremond-Gignac, 2020), particularly among children and young adults, due to increased digital screen use (Subudhi & Agarwal, 2022). More severe myopia known as high myopia, leads to severe vision related complications and a significant cause of social blindness, especially in East Asian countries (Ikuno, 2017). Genetic predisposition, prolonged near work, and lack of outdoor activities have been identified as risk factors for myopia (Marshall, 2020).
The etiology of myopia has been established to be related to certain ocular biometric parameters. Li et al., (2018) found that premyopic eyes have longer axial lengths and thinner lenses, indicating a potential link between biometric characteristics and development of myopia. Additionally, Xie et al., (2009), noted that myopia in young adults is linked to an increase in vitreous length and a decrease in para-foveal thickness. Furthermore, Fan et al., (2012), linked a genetic locus on chromosome 1q41, particularly the zinc-finger 11B pseudogene ZC3H11B, to ocular axial length and high myopia, suggesting a potential genetic basis for myopia. Malachkova et al., (2018) explored the role of TGF-β1 polymorphism in myopia, particularly in different degrees of myopia among European populations, concluding that increased scleral matrix remodeling can lead to exaggerated eye growth causing myopia.
 The eye, crucial for vision, and the fingerprint, pivotal for individual identification, despite their disparate functions, their developmental trajectories exhibit striking parallels and share intriguing similarities. Both the eye and the epidermal ridges which give rise to fingerprints originate from ectodermal germ layer during early embryogenesis (Slack, 2021). Consequently, there are similarities in the intricate morphogenetic processes involving epithelial-mesenchymal transition (EMT), that sculpt the final structures eye (Firsova, 2008) and fingerprints (Koster, 2004) during development.
Furthermore, the molecular signaling pathways governing the differentiation and patterning of the eye and the epidermal ridges also share intriguing similarities. Key signaling molecules such as; Sonic hedgehog (Shh) signaling, which is crucial for eye patterning (Swamynathan, 2013), also participates in the patterning of apical epidermal ridge (AER) (Laufer et al., 1994), which ultimately determine fingerprint patterns.  Additionally, bone morphogenetic proteins (BMPs), fibroblast growth factors (FGFs) and Wnt proteins also play crucial role in the development both the eye and the epidermal ridges (Lopez-Pajares, 2013; Pincha, 2022). These connections suggest a potential link between fingerprint patterns and myopia, warrants. Thus, fingerprint analysis could be used in etiology eye defects and potentially serve as a non-invasive screening tool for identifying individuals at risk of developing myopia.


















MATERIAL AND METHODS
Research sample comprised 100 Junior Secondary students of Integrity High School, Sagamu, Nigeria. They were selected according to sex and grouped into two: males (N=50) and females (N=50). Fingerprints were taken by standard ink and paper method described by Cummins & Midlo, (1976). Fingerprint patterns were classified according to Galton’s pattern classification; Arch, Composite, loops and whorls (Galton, 2004). They are differentiated according to landmark structures-triradius, a point from which three ridge systems course in three different directions at angles of about 1200, and a core point referring to the center of the pattern:
· Arches were the simplest pattern with no triradius, formed by succession of parallel ridges in which radiant flow in from one side and then out on the other side without making a return circle. 
· Loops have one triradius and consist of series of ridges entering pattern area on one side, recurving and exiting from the same side. They are designated as radial, if the loop ridges open toward radius bone or thumb (RL), and ulnar, if the ridges open toward ulna bone or little finger (UL). 
· Whorl patterns, with two triradii, have ridges arranged as circles, ellipses or spirals around the core of the pattern. 
· Composite pattern, contains combination of two or more patterns either of same or different types in one print. The Core contains both in clockwise and anti-clockwise positions.

With the help of ophthalmologist with more than 20 years’ experience at Olabisi Onabanjo University Teaching Hospital Sagamu, Visual Acuity Assessment and Refraction Test were conducted to identify Myopic students. Snellen's chart was used to assess the clarity of vision at 20 feet distance for standard testing. refractive error lens was used to determine the extent of refractive error and confirm myopia diagnosis. Students with refractive error between -0.5 to -6.0 diopters(D) were diagnosed with common myopia (Maduka et al., 2009). Comparisons of patterns distribution between groups were made using chi-square test, with p value less than 0.05 considered as the minimum level of significance. 



RESULTS
Table 1 presents myopic status distribution of the participants; 13% of the whole population were diagnosed with common myopia (14% of males and 12% females).

Table 1: Myopic status distribution of the participants
	
MYOPIC STATUS
	GENDER (%)
	
TOTAL (%)

	
	MALE 
	FEMALE 
	

	MYOPIC
	7(14)
	6(12)
	13(13)

	NON-MYOPIC
	43(86)
	44(88)
	87(87)

	TOTAL
	50(100)
	50(100)
	100(100)



Table 2 presents patterns distribution on participants Right Digits (RD1-RD5) and left Digits (LD1- LD5) in males. Ulnar loop pattern was the most common pattern. However, Comparison between myopic status revealed significant Increase of arch patterns in Right Hand first digit (Thumb) of Myopic male students and significantly increased Composite pattern in Nonmyopic male students.


	
	MYOPA
	NONMYOPIA
	PEARSON CHI-SQUARE

	
	ARCH
(%)
	COMPO
(%)
	RADIAL LOOP
	ULNAR LOOP
	WHORL
(%)
	ARCH
(%)
	COMPO
(%)
	RADIAL LOOP
	ULNAR LOOP
	WHORL
(%)
	P
	X2

	RD1
	[bookmark: _Hlk159601489]2(28.6)
	0(0)
	1(14.3)
	3(42.9)
	1(14.3)
	3(7.0)
	12(27.9)
	0(0)
	20(46.5)
	8(18.6S)
	0.027
	10.98

	RD2
	2(28.6)
	0(0)
	1(14.3)
	4(57.1)
	0(0)
	5(11.6)
	4(9.3)
	2(4.7)
	16(37.2)
	16(37.2)
	0.198
	6.02

	RD3
	1(14.3)
	0(0)
	0(0)
	6(85.7)
	0(0)
	4(9.3)
	1(2.3)
	0(0)
	26(60.5)
	12(27.9)
	0.413
	2.86

	RD4
	1(14.3)
	1(14.3)
	0(0)
	2(28.6)
	3(42.9)
	0(0)
	4(9.3)
	0(0)
	21(48.8)
	18(41.9)
	0.077
	6.83

	RD5
	1(14.3)
	0(0)
	0(0)
	6(85.7)
	0(0)
	1(2.3)
	2(4.7)
	0(0)
	33(76.7)
	7(16.3)
	0.298
	3.68

	LD1
	3(42.9)
	0(0)
	0(0)
	4(57.1)
	0(0)
	3(7.0)
	5(11.6)
	2(4.7)
	29(67.4)
	4(9.3)
	0.080
	8.34

	LD2
	2(28.6)
	1(14.3)
	0(0)
	4(57.1)
	0(0)
	5(11.6)
	2(4.7)
	7(16.3)
	19(44.2)
	10(23.3)
	0.272
	5.15

	LD3
	1(14.3)
	1(14.3)
	0(0)
	5(71.4)
	0(0)
	4(9.3)
	2(4.7)
	2(4.7)
	28(65.1)
	7(16.3)
	0.630
	2.58

	LD4
	2(28.6)
	1(14.3)
	0(0)
	4(57.1)
	0(0)
	5(11.6)
	8(18.6)
	0(0)
	19(44.2)
	11(25.6)
	0.347
	3.30

	LD5
	1(14.3)
	1(14.3)
	0(0)
	5(71.4)
	0(0)
	2(4.7)
	3(7.0)
	1(2.3)
	31(72.1)
	6(14.0)
	0.649
	2.47

	TOTAL
	16
	5
	2
	43
	4
	32
	43
	14
	242
	99
	
	


Table 2: Patterns distribution on participants Right Digits (RD1-RD5) and left Digits (LD1- LD5) in males

Table 3 presents Patterns distribution on participants Right Digits (RD1-RD5) and left Digits (LD1- LD5) in females. Ulnar loop pattern was also the most common pattern. However, there was no significant dominant pattern in the right and left digits of both Myopic and nonmyopic male students.

Table 3: Patterns distribution on participants Right Digits (RD1-RD5) and left Digits (LD1- LD5) in females
	
	MYOPA
	NONMYOPIA
	PEARSON CHI-SQUARE

	
	ARCH
(%)
	COMPO
(%)
	RADIAL LOOP
	ULNAR LOOP
	WHORL
(%)
	ARCH
(%)
	COMPO
(%)
	RADIAL LOOP
	ULNAR LOOP
	WHORL
(%)
	P
	X2

	RD1
	1(16.7)
	0(0)
	0(0)
	3(50)
	2(33.3)
	5(11.4)
	6(13.6)
	0(0)
	18(40.9)
	15(34.1)
	0.790
	1.04

	RD2
	1(16.7)
	0(0)
	0(0)
	4(66.7)
	1(16.7)
	5(11.4)
	4(9.1)
	3(6.8)
	20(45.5)
	12(27.3)
	0.772
	1.80

	RD3
	1(16.7)
	0(0)
	0(0)
	5(83.3)
	0(0)
	4(9.1)
	0(0)
	2(4.5)
	32(72.7)
	6(13.6)
	0.688
	1.47

	RD4
	0(0)
	1(16.7)
	0(0)
	5(83.3)
	0(0)
	2(4.5)
	2(4.5)
	3(6.8)
	24(54.5)
	13(29.5)
	0.342
	4.50

	RD5
	0(0)
	0(0)
	0(0)
	6(100)
	0(0)
	3(6.8)
	0(0)
	3(6.8)
	35(79.5)
	3(6.8)
	0.683
	1.49

	LD1
	1(16.7)
	2(33.3)
	0(0)
	3(50)
	0(0)
	5(11.4)
	2(4.5)
	4(9.1)
	19(43.2)
	14(31.8)
	0.080
	8.10

	LD2
	2(33.3)
	0(0)
	1(16.7)
	2(33.3)
	1(16.7)
	8(18.2)
	0(0)
	3(6.8)
	20(45.5)
	13(29.5)
	0.629
	1.73

	LD3
	1(16.7)
	0(0)
	0(0)
	5(83.3)
	0(0)
	7(15.9)
	0(0)
	2(4.65)
	23(52.3)
	12(27.3)
	0.420
	2.82

	LD4
	0(0)
	0(0)
	0(0)
	5(83.3)
	1(16.7)
	3(6.8)
	5(11.4)
	1(2.0)
	25(56.8)
	10(22.7)
	0.748
	1.93

	LD5
	0(0)
	0(0)
	0(0)
	5(83.3)
	1(16.7)
	1(2.3)
	1(2.3)
	2(4.5)
	37(84.1)
	3(6.8)
	0.880
	1.18

	TOTAL
	7
	3
	1
	43
	6
	43
	20
	23
	253
	101
	
	




Table 4 presents patterns distribution, both hands pooled together, in myopic and nonmyopic students from male and female group. Comparison within the same gender revealed significance dominant arch patterns in myopic males in relation to nonmyopic males. Conversely, there was high frequency of whorl in nonmyopic males. However, there was no significant dominant pattern type in both myopic and nonmyopic students of the female group (Table 4).







	
                                                             
	
PATTERN TYPE N (%)

	GENGER
	MYOPIC STATUS
	ARCH
	COMPOSITE
	RADIAL LOOP
	ULNAR LOOP
	WHORL
	P
	X2

	

MALE
	MYOPIA
	16(22.9)
	5(7.1)
	2(2.9)
	43(61.4)
	4(5.7)

	

0.00
	

24.47

	
	NON-MYOPIA
	32(7.4)
	43(10)
	14(3.3)
	242(56.3)
	99(23)
	
	

	
	TOTAL
	48(9.6)
	48(9.6)
	16(3.2)
	285(57.0)
	103(20)
	
	

	

FEMALE
	MYOPIA
	7(11.7)
	3(5.0)
	1(1.7)
	43(71.7)
	6(10)
	
             0.110
	

7.53

	
	NON-MYOPIA
	43(9.8)
	20(4.5)
	23(5.2)
	253(57.5)
	101(23)
	
	

	
	TOTAL
	50(10)
	23(4.6)
	24(4.8)
	296(59.2)
	107(21.4)
	
	


Table 4: Patterns distribution on both hands in males and females



DISCUSSION
The uniqueness of each person's ridge patterns has been utilized primarily by law enforcement officials for personal identification purposes (Kotzerke et al., 2016). However, broader medical interest in epidermal ridges has emerged upon discovering that individuals with chromosomal abnormalities often exhibit distinctive ridge formations (Cummins, 1926). Consequently, the examination of skin ridges offers a straightforward and cost-effective method to ascertain the presence of specific chromosomal defects in patients (Schaumann & Alter, 2012).
The utilization of dermatoglyphics as a diagnostic tool has become firmly established across various diseases with a strong hereditary component. This approach serves as a screening method for detecting anomalies and aids in predicting the diagnosis of genetic disorders (Bhat et al., 2014). Fingerprint patterns are considered dermatoglyphic markers, reflecting skin ridge development influenced by genes and prenatal stressors (Bhat et al., 2014). Padma (1980), suggest these markers might also indicate susceptibility to other developmental anomalies like myopia. Several hypotheses attempt to explain this potential link; both fingerprint patterns and eye development occur during critical stages of embryonic development and their developmental processes are similar (Schaumann & Alter, 2012). Sretić et al., (2019), propose that shared genetic or environmental factors influencing early development might affect both traits. This implies a potential shared regulatory network and possible genetic overlap. While genes likely play a role in both traits, identifying specific genes and understanding their interactions remains a challenge, Complex polygenic inheritance patterns and environmental factors further complicate the picture (Williams, 2017). However, the specific relationship between fingerprint patterns and myopia have not been directly addressed
Epidermal ridge patterns have been established as an etiological marker for ocular conditions. Padma (1980) found that retinal detachment patients had distinct dermal ridge configurations, with a significantly high frequency of whorls. These studies, although limited in scope, laid the groundwork for further investigation. Sretić (2018), observed significantly altered dermatoglyphic configuration of arch patterns in individuals with myopia compared to those with normal vision. Furthermore, (Sretić et al., 2019) has shown a potential association between fingerprint patterns and myopia, particularly in myopic males and confirmed altered dermatoglyphic configuration in myopic individuals. However, this study further contributes to this by discovering significant increased arch pattern in myopic males.

CONCLUSION
This study supports the hypothesis that dermatoglyphics is a morphological biomarker and plays a role in detecting diseases.  This study discovered prevalence of arch pattern in right thumb as a diagnostic marker of myopia males, confirming Dermatoglyphics as a convenient tool to explain, compare and contrast, events. However, future investigations with larger sample and diverse populations of ethnicity and socioeconomic status would shed more light on both fingerprint formation and myopia development, potentially leading to improved diagnostic and preventive strategies.
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