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ABSTRACT 

A fingerprint is an imprint left by friction ridges that are nearly parallel and have a consistent 

wavelength from crest to crest. Whorls, loops, arches, and triradii are some of the pattern's 

most prominent centre elements. Forensic and medical fields have employed fingerprints for 

many years. The primary features that forensic investigators use are those of originality, 

consistency, and universality. During intrauterine development, individuals become skilled in 

identification procedures. knowing embryogenesis of fingerprints is crucial in connecting its 

characteristics to some medical situations. This review's goal was to Emphasize details about 

fingerprint establishment, formation, theories, and influences. Applications of the fingerprints 

in forensic and medical disciplines were also addressed. both environmental The 

development of fingerprints is influenced by environmental (in utero) and genetic variables. 

The main responsibility of Personal identification is done by fingerprints, which can be 

obtained by disclosing sex, race, nutrition, and lifestyle of a person. In a different light, the 

fingerprints can be utilised as diagnostic and verification tools. Disease conditions are 

present, but this varies depending on the population. 
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INTRODUCTION 

A fingerprint is an imprint created by friction ridges that are nearly parallel and have a 

consistent wavelength from crest to crest. Central elements including whorls, loops, arches, 

and triradii dominate the pattern. [1] A thorough investigation shows dozens of additional 
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flaws, including island ridges, ridge bifurcations, and ridge ends. The basis for the 

fingerprints' individuality is the type and relative geometry of these dislocations. [1, 2] One 

of the characteristics utilised for personal identification is the distinctiveness and consistency 

of each fingerprint throughout the course of a lifetime. [2, 3] The relationship between 

fingerprints and disease conditions is necessary due to the genetic factor's function in 

fingerprint embryogenesis. [4] 

This review's main goal was to draw attention to data on embryogenesis and the use of 

fingerprint patterns in forensic and medical fields. This analysis might assist in disclosing 

details that are helpful to the forensic community in establishing identity. Additionally, it 

might shed more light on the potential of fingerprint features as screening and diagnostic 

tools for various disorders. 

Materials and Methods 

Data from PubMed and ScienceDirect were used, while other information was found directly 

using the Google search engine. We searched the identified articles' reference lists for related 

articles. In the headings and subheading of the articles, certain keywords were utilised singly 

or in combination. Original research and reviewed publications were incorporated to keep the 

review's emphasis. Editorial, case reports, and abstracts were not included. 

Fingerprint Embryology 

The dermal pattern and cornified layer of the epidermis both influence the epidermal ridge 

pattern.The dermis thickened in regular intervals as a result of cell proliferation in the lower 

zone of the epidermis. Dermal papillae are epidermal hollows into which the dermis also 

protrudes. The result was the development of elevations on the skin's surface known as 

epidermal ridges. [5] 

the creation of fingerprints 

The 10th to 16th weeks of development are critical for the creation of the epidermal ridge 

pattern. Embryonal volar skin at the tenth week is composed of a layered epidermis on top of 

a more amorphous fibrous dermis. The periderm on the outside, the intermediate layer, and 

the basal layer at the dermis-epidermis contact make up the three layers of the epidermis at 

that time. [6,7] 
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During the eleventh week, columnar cells with an axis perpendicular to the skin surface make 

up the basal layer of the epidermis. It has been noticed that the basal layer begins to undulate, 

which quickly stands out and creates creases in the epidermis and dermis. 

The future surface patterns, which are well pronounced by the 16th week, are established by 

these folds, which are referred to as main ridges. Fingerprint patterns cannot be altered by 

superficial skin lesions because they are encoded at the dermis-interface. [8,9] 

Epidermal ridges are spreading 

On the surface of the volar skin, the primary ridge does not form synchronously. The 

formation typically begins at a certain location along the interphalangeal flexion creases and 

along the ridge anlage, which is located in the middle of the volar pad.If such a pattern 

appears, the ridge anlage area typically coincides with the whorl and loop centres. 

The nail furrow, the flexion creases, and the ridge anlage are the three ridge systems on the 

fingertips that gradually extend over the fingertip. Triradii appear at the point where these 

ridge systems ultimately come together. [10-12] Due to this, a complete fingerprint pattern is 

produced. 

The major ridge system is probably dynamic until the 16th week, at which point it becomes 

stable. For instance, it has been noted that at such time, the number of minutiae significantly 

increases. This observation might be the result of the finger growing more quickly than the 

ridges' bridge, which would cause the insertion of additional ridges as minute details. [13] 

Ridge Formation Theory Hypotheses 

The various hypotheses, which are crucial to comprehending the embryology of fingerprints, 

were established. The following assumptions are crucial in understanding how fingerprints 

are formed, despite the fact that there is still no widespread agreement on the mechanism for 

ridge creation. 

Influences on fingerprint features 

Fingerprints have a number of characteristics.Several factors in utero have an impact on how 

fingerprints form. 

Usage of fingerprints 
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Forensic sciences 

The distinctiveness and consistency of fingerprints, once generated, are the primary factors in 

their use. [14] Additionally, it has been demonstrated that even when subjected to 

temperatures as high as 600°C, non-volatile inorganic components of eccrine secretion from 

fingerprints maintain their integrity. [15] The use of the novel scanning Kelvin probe 

fingerprinting method, which avoids physical contact with the fingerprint and does not call 

for the use of chemicals, has the ability to record fingerprints while preserving data that might 

later be subjected to DNA analysis. [16,17] Establishing identity is the only goal of utilising a 

fingerprint. Sex, race, and lifestyle predictions are all possible for the identity. 

Sex determination 

The characteristics of fingerprints can be used to identify an individual's sex. It has been 

discovered that using fingerprint patterns, males have more whorls and females have more 

arches. Urea levels in male prints are often higher than those in female prints. [18] 

Additionally, males were said to have 10% coarser ridges than females. [19] In the right 

thumb of the Hausa population of Kano state, females have a considerably higher ulnar ridge 

density. [32] According to MatacoMataguayo [20], Sudanese [21], and Argentinian [22] 

populations, females showed higher ridge counts in all the ulnar, radial, and proximal zones. 

Compared to their male counterparts, women typically have finer ridge. 

Ethnic Difference 

A population-based comparison showed that Africans (Sudanese and Nigerians) recorded 

higher ridge densities. [23] were less than those Argentinians reported. Spanish people [24] 

and Central Indians [25], employing the same approach. This may shed light on the 

likelihood that people of African heritage have lower ridge counts. [26]  

When comparing the sexes of the research populations, confounding factors like age must be 

taken into account. This is due to the fact that, at all ages, ridge density is higher on the distal 

(radial and ulnar) area, followed by the proximal sides. Ridge density is permanent after 

development but declines with age. In the Mataco-Mataguayo population, it was discovered 

that females had higher ridge densities than males when they were older than 12 years old, 

but not when they were younger. [23] This is in line with variations in body composition and 
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proportions, which vary between groups and are more strongly influenced by sex at a given 

age. [27] 

Prediction of personal style 

The chemical and metabolic composition of a fingerprint is revealed by using gelatine-based 

tape and sophisticated chemical analysis under a spectroscopic microscope.According to the 

study, particular amino acids might tell if a "suspect" consumed meat or not.[28] The 

examination of chemicals and metabolic features with a fingerprint using a spectroscopic 

microscope can also disclose the usage of substances like cigarettes, narcotics, grooming 

products, etc. [25] 

Risk of Illness 

Cummins was the first researcher to examine the possibility of fingerprints in clinical 

medicine. [29] Many disorders that have a high genetic component can be diagnosed using 

fingerprints. [30] Two various strategies are used. a) A quantitative technique, which is based 

on fingerprint patterns, primarily loops, arches, and whorls For instance, in patients with 

cervix cancer, there is a drop in the frequency of ulnar loops and an increase in arches. [31] b) 

The qualitative approach, which makes use of total or absolute ridge counts. [32] For 

instance, in Klinefelter's syndrome, a complete decrease in the number of finger ridges was 

documented (Schaumann and Alter, 1976; Chimne and Ksheersagar, 2012). [44] In contrast, 

patients with essential hypertension showed an increase in the overall number of finger 

ridges. [33] The idea of linking some particular illnesses with fingerprints has generally seen 

a significant improvement. [34] 

The results, it should be stressed, are population-specific. In a healthy population, one may 

see a specific trait that is present in a group with a sickness. For instance, both the right and 

left hands of the female and male patients with multiple sclerosis showed significantly greater 

overall ridge counts than the control group (MS). In contrast, ridge counts in the fingertips of 

MS patients in a different population were lower than those of the control group. These case 

patients had more arches and loops and fewer whorls than those with schizophrenia, 

according to research [35]. Contrarily, it was shown that male schizophrenia patients had a 

large rise in whorls and a decrease in loops. [36] 

Conclusion 
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The 10th to 16th weeks of development are critical for the creation of the epidermal ridge 

patterns. These formed the upcoming surface patterns, which start to stand out during the 

sixteenth week. On the volar skin surface, primary ridge development does not take place 

simultaneously. The various hypotheses, which are crucial to comprehending the embryology 

of fingerprints, were established. 

Despite the lack of widely acknowledged processes for ridge formation, environmental and 

genetic variables both contribute to the development of fingerprints.The main goal of using 

fingerprints is personal identification, which can be accomplished by disclosing a person's 

sex, food, and lifestyle. The risk of contracting certain diseases can also be determined using 

fingerprints.This potential should, however, be interpreted differently depending on the 

population because it is population-specific. 
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