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ABSTRACT 

The variation in the epidermal ridge’s width between the sexes, during various growth 

stages, and among different populations has been previously assessed. However, the 

changes that occur with aging are barely known. 

The goal of this study was to analyse the degree of variation in epidermal ridge width due 

to aging. So that, fingerprint ridge density was estimated to establish their relationship 

with body and hand size changes that typically occur in adulthood. 

In this study, a sample of 213 adults of both sexes from a Spanish native population of 

different age ranges—18–30 years old ("junior" group) and 50–66 years old ("senior" 

group)—was used. Ridge density was assessed in three counting areas of the distal 
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phalanx of each finger (radial, ulnar, and proximal). Height, weight, and a set of 

anthropometric measurements for both hands were also taken.  

Our results show that ridge density is higher in females than males throughout adulthood 

and decreases with aging in the radial and ulnar areas (as the hands widen) but not in the 

proximal region. Thus, a relationship between hand dimensions and ridge density was 

found. 

The data indicate that aging changes may conceal the recognized sex differences in ridge 

density, and so a better understanding of the topological variations in the epidermal ridge 

width throughout the life cycle and the factors involved would facilitate the interpretation 

of the differences between the sexes and different age groups. 

 

 

KEYWORDS 

Fingerprints; Ridge density; Sex inference; Aging; Anthropometry 

 

1. INTRODUCTION 

Nowadays, dermatoglyphics are studied in different fields of knowledge, such as physical 

anthropology, forensic sciences, medicine, and technology. However, there is still no 

clear consensus regarding how some dermatoglyphic traits should be analysed. Studies on 

the breadth of the epidermal ridges started with Hecht [1], Abel [2], Cummins et al. [3], 

and Ohler and Cummins [4]. Since then, the methodology for these types of studies has 

undergone numerous changes. The epidermal ridge width has been analyzed in several 

ways [5-8], though the most widely used method is currently through the ridge density 

(RD), which is calculated by the number of ridges throughout the diagonal of a 5 × 5 mm 

square, as proposed by Acree [9]. 

Currently, it is accepted that changes in the width of the epidermal ridges are linked to 

age, sex, adult body size, hand size, and ethnicity [3,10-17]. Beyond the general trend of 

an increase in the width of the ridges throughout growth, it is not well-known how these 

changes are produced on the friction ridge skin in adulthood. A better understanding of 

this process would potentially allow the age determination of an unknown subject from 

fingerprints alone. 

Abel [2] was the first researcher who showed a relationship between epidermal ridges and 

anthropometric measurements in adults. He found a link between the length of distal 

phalanges and the number of epidermal ridges. Some years later, Cummins et al. [3] 
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established a relationship between hand measurements and epidermal ridges located in 

different areas of the hand. One year later, Ohler and Cummins [4] found clear sex 

differences in epidermal ridge width. Babler [18] has shown a relationship between 

epidermal ridges and the size of hand bones during embryologic development, 

specifically between distal phalanx length and epidermal ridge configuration.  The 

number of ridges does not change throughout the life cycle [19], and in the absence of 

wounds, it remains unaffected until it is lost by decomposition after death [20,21].  

Nevertheless, the changes that occur during adulthood are not well-known; there has only 

been a longitudinal study [22] that found significant differences in friction ridge skin 

between adulthood and old age. 

To understand the great variability of dermatoglyphics, their development should be 

considered. The epidermal ridges start to develop from around 11th week until sixth 

month of gestation. At this point, the system of epidermal ridges has the same 

morphology as in adulthood [23,24], but the width and the distance between epidermal 

ridges will change throughout the life cycle [3,10,11,13,15,18,25]; this process is 

controlled by the interaction of multiple genetic and environmental factors that affect 

ridge width. So that, the arrangement of the ridges comes from both polygenic inheritance 

and physical stresses, to which the ridges are subjected during development. This makes 

the path that epidermal ridges follow unique and unrepeatable [21,26].  

Much like the rest of the skin, friction ridge skin undergoes changes from wear and tear 

throughout the ontogeny [27]. So that, it is expected to find in an elderly individual’s 

fingerprints evidence of aging, as observed by Silva et al. [22]. Epidermal ridges undergo 

slight changes while the person ages, even though the arrangement of ridges and grooves 

do not change throughout the ontogeny. This stability of dermatoglyphics throughout the 

life cycle is because of the regulation of productivity and differentiation of keratinocytes 

that lie over the basement membrane; as these keratinocytes rise, a process of flattening 

and keratinization occurs. Cellular communication ensures that the stimulation and 

inhibition of basal cell proliferation occurs in a synchronized way [23,27]. As basal 

keratinocytes are divided, communication between adjacent cells ensures the movement 

of cells to the surface, depending on the needs of regeneration. Thus, the epidermis keeps 

the thickness of the stratum corneum over the life of the individual [28]. However, the 

ability of basal keratinocytes to proliferate decreases by 30–50% from 30 to 80 years 

[29]. The slower rate of proliferation results in a thinning of the living layers of 

epidermis. This contributes to the flattening of the epidermal ridges with age [30], which 
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could affect their density. In the same way, the gradual increase of the size of pores as a 

person ages [31] could affect the epidermal ridge breadth. 

Regarding the aging process of the surface of the dermis, according to Maceo [27], the 

papillae tend to intensify their differentiation as the individual ages and as exposure to 

sheering stress rises, so that an increased number of papillae improve the adhesion 

between the dermis and the epidermis. 

Over the years, the ridges’ surface tends to flatten because of a combination of epidermal 

atrophy and the remodeling of the dermal papillae. This flattening of the epidermal ridges 

occurs slowly over several decades and does not affect the ridges’ pattern. However, as 

the ridges flatten, their sharpness decreases [32]. This complicates tracking ridges and 

furrows in a fingerprint and is a handicap when it comes to estimating the ridge density of 

older individuals [22]. 

In addition, changes in body composition over the ontogeny could potentially affect the 

epidermal ridges. Some authors [13,15] showed that during the growth and development 

of the body (and consequently growth and development of the hand), the epidermal 

ridges increase in width. During adulthood, changes in body size still occur, with a clear 

tendency to gain weight with age [33-36]. This fact, coupled with the development of the 

muscles by the continued use of the hands, could produce slight changes in the size 

hands, which might affect the width of the epidermal ridges [3,4,37]. Overall, the 

evidence leads to the following hypothesis: Changes in body size and hand size 

throughout the aging process, coupled with wear and tear of friction ridge skin, could 

have a relationship with the possible variation in the width, and hence density, of the 

epidermal ridges that comes with aging. 

Therefore, the aim of the present work is to study the variations of the breadth the 

epidermal ridges that come with age; these will be estimated from fingerprint ridge 

densities (number of epidermal ridges per unit area, or RD) in adults of both sexes to find 

its likely relationship with indicators of body and hand size. 

2. MATERIALS AND METHODS 

2.1. Sample 

The sample comprises 213 healthy unrelated subjects (108 males and 105 females) 

belonging to a native Spanish population (born in Spain, and their parents and 

grandparents also born in Spain) grouped into two age ranges: a group of young adults 

from 18–30 years (“junior” group) and a group of elder adults from 50–66 years ("senior" 

group). All the analysed subjects were students from University of Alcalá (Madrid); the 
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“junior” group consists of undergraduate students majoring in biology, and the “senior” 

group comprises participants in complementary science courses for the elderly. All the 

participants were recruited through opportunity sampling. 

The participants were requested to fill out a personal data sheet in order to ensure the 

homogeneity of the sample (age, gender, birthplace, handedness, relevant illness, etc.). 

The data showed that the sample and their parents and grandparents mostly belong to 

Madrid county and the surrounding counties, which agrees with the Spanish migratory 

pattern during the last century [38]. 

As for age groups considered, for the junior group, 18 years old was established as lower 

limit, because at that age the sexual dimorphism in the width of epidermal ridges and 

significant differences between the radial and ulnar areas has been already settled 

[15,25,39]. Regarding the senior group, the lower age limit was established at 50 years 

because around this age, women undergo major physiological changes associated with 

menopause. These changes usually involve significant weight variations [35]. On the 

other hand, factors such as abundant water loss in the elderly and the increasing 

prevalence of arthritis that can deform the joints of the hands could cause variations in the 

width of the epidermal ridges. All these drawbacks make it difficult to obtain fingerprints 

with enough quality to allow for a proper analysis. To prevent the above-mentioned 

changes, individuals older than 66 years were excluded. In addition, individuals with any 

disease or abnormality that could affect the width of the epidermal ridges, such as 

osteoarthritis, were rejected. Before taking the fingerprints, informed consent was 

obtained in accordance with the World Medical Association Declaration of Helsinki [40]. 

2.2. Analysed characters 

The technique used to collect fingerprint impressions [41] is a variation of the adhesive 

paper and graphite method [42]. The finger ridges were homogenously stained with 

graphite powder and then rolled (from the ulnar to radial side of the fingertip) on the 

sticky side of an appropriately sized label. Thereafter, these adhesive labels were stuck on 

a transparent acetate, in which a template with 10 separate areas (one for each finger) had 

been previously printed (Fig. 1). All the fingerprint samples were obtained by two trained 

members of the research team. The impressions so obtained are a mirror image of the 

fingertip surface, similar to that obtained with the classic ink method. The fingers were 

assigned the numbers 1 through 10, starting from the right thumb, or finger 1 (F1), and 

ending with the left little finger, or finger 10 (F10). Once the samples were obtained, the 
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fingerprints were photocopied and amplified (x2), and the contrast was increased to 

facilitate the counting of the ridges. 

The analysed traits included fingerprint features and anthropometric measurements to 

measure the level of association between the width of the epidermal ridges with body and 

hand size. The anthropometric measurements comprised of height and weight as body 

size indicators (BMI was calculated as Weight (kg) / height2 (m)) while hand length, 

palm length, palm width, finger length, phalanx length, finger width, and wrist width 

were taken for both hands as hand-size indicators. All the anthropometric measurements 

were taken from the actual hand and finger by means of a GPM (Martin type) sliding 

caliper, by following the methodology described in Hall et al. [43] (Table 1 and Fig. 2a). 

The fingerprint features considered were the type of pattern (arch, radial or ulnar loop, 

and whorl), the pattern height (Table 1 and Fig. 2b), and the epidermal ridge density 

(RD). Because ridge breadth in fingerprints varies with the amount of pressure exerted 

when taking samples, we evaluated the breadth of a ridge as defined by Penrose [44], 

namely, as “the distance between the centre of one epidermal furrow and the centre of the 

next furrow along a line at right angles to the direction of the furrow.” Accordingly, the 

RD was assessed as the number of ridges that cross the diagonal of a 5 x 5 mm square, as 

proposed by Acree [9]. But, according to the methodology described in recent studies on 

RD variability, this was calculated in three different areas of the tip of every finger 

(radial, ulnar, and proximal) [16,45,46]. So, 30 counting areas were assessed for each 

individual. To set up the three counting areas, the fingerprint was divided into four 

sectors by two perpendicular axes that would cross two ridges above the pattern core 

(considering the core as the first ridge that gives a full turn). In the case of arches, the 

axes intersect at nearest ridge to the midpoint of the fingerprint. Just above the horizontal 

axis, the radial and ulnar areas (each one on its proper side of the vertical axis) were 

drawn. The proximal area was drawn from the first epidermal ridge above the 

interphalangeal flexion crease (Fig. 1, a-c). 

In addition, the 10-finger mean for each counting area (radial, ulnar, and proximal) for 

each subject was estimated and used as additional variables. 

2.3. Statistical analysis 

For each of the analysed variables, descriptive statistics (mean, standard deviation, 

minimum, and maximum) were estimated for every group considered: junior males (JM), 

junior females (JF), senior males (SM), and senior females (SF).  
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The topological variation was analysed by comparing, for each finger, the RD on each 

count area using the Friedman test (comparison of three areas: radial, ulnar, and 

proximal) and the Wilcoxon test (comparison of radial and ulnar and ulnar and proximal) 

for related samples. A Student t-test for related samples was used for analysing the 

bimanual variations in every analysed trait (both anthropometric measurements and 

fingerprint features). The finger width was compared using a Wilcoxon test for related 

samples because the distribution patterns did not fit normal distributions in any of the 

four groups (Kolmogorov-Smirnov test, p < 0.05). 

Sexual variability was analysed by separately comparing the means of each variable in 

both sexes in the two age groups, so a Student t-test was used to assess sex differences for 

RD and the anthropometric variables for each finger, except for finger width, for which 

the Mann-Whitney test was used. These same tests were used for the statistical analysis 

of variation with age (comparison between junior and senior groups in males and 

females). 

Subsequently, a principal component analysis (PCA) was performed to simplify how 

hand anthropometric variables explain the variation observed in the four study groups. 

The factor scores were estimated for each individual on the extracted component and 

stored as a variable for a subsequent regression analysis. In this analysis, the 10-finger 

average RD of each counting area (radial, ulnar, and proximal) was used as the dependent 

variable, whereas the first PCA factor was entered as the independent variable. In 

addition, a partial correlation analysis between this first PCA factor and RD controlling 

for BMI for each count area was performed to establish the degree of relationship 

between the anthropometric indicators and RD. 

The frequencies of the main pattern types (whorls, ulnar loops, radial loops, and arches) 

were estimated, and their association with different fingers were assessed using a chi-

squared test. In addition, the relative frequency (%) of the pattern type by age-sex group 

was calculated, and their dependence was assessed using a chi-squared test and 

correspondence analysis (CA).  

Fisher's least significant difference (LSD) at a 95% confidence level was used to assess 

the interaction of the mean RD by area (radial, ulnar, proximal) and pattern type for each 

age-sex group. 

All the statistical analyses were performed using IBM SPSS v 21, except for the 

regression analysis, for which Statgraphics v 17.0 was used and the CA, for which 
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Statistica v12.5 was used. In all cases, significant differences were considered when the 

p-value was less than 0.05. 

3. RESULTS 

Because this is a cross-sectional study, a chi-squared analysis was performed to identify 

possible differences in pattern type frequencies by finger (that could affect the RD 

values) between the junior and senior groups. No significant differences (p > 0.12) were 

found between the age groups for any finger. So the observed variations in RD among the 

age–sex groups could not be attributed to the variations of pattern type frequencies. 

3.1. Ridge density and anthropometric measurements 

RD was estimated in the three count areas (radial, ulnar, and proximal) of the 2,130 

fingerprints taken, and this involved assessing 6,390 count areas. This allowed for an 

estimate of the mean RD for each area for each subject. Table 2 shows the descriptive 

statistics of RD (10-fingers mean) by count area for every age–sex group. As can be seen, 

a decreasing gradient of the 10-finger mean RD according to topological area appears; the 

radial means are significantly higher than the corresponding ulnar means, and the 

proximal means are the lowest.  

When RD variation by finger is considered, this is very wide, but the same pattern (radial 

>ulnar>proximal) was found in the four age–sex groups, though the differences between 

the ulnar and proximal areas were not always significant, especially in senior males, 

where even the proximal area shows a higher RD than the ulnar for both thumbs. Also, 

the RD variation among fingers in the proximal area is lower than in the radial and ulnar 

areas, where the thumb and index fingers of both hands have a lower RD than the middle, 

ring, and little fingers (Fig.3). For both sexes, the junior groups showed a higher RD in 

the radial and ulnar areas than the senior groups. Nevertheless, no defined trend between 

the age groups was found in the proximal area. Similarly, variations among the four 

groups were found for every anthropometric measurement (Table 3). All hand 

measurements showed a clear sexual dimorphism (significant higher values in males than 

females; p < 0.001), whereas only the widths, but not the lengths, changed significantly 

(p < 0.001) with aging (Table 3).  

3.2. Bimanual variation 

First, over 90% of the individuals analysed were right-handed while a very small 

percentage was left-handed or both-handed (ambidextrous). The differences between the 

left and right hands in each individual for RD and anthropometric measurements were 

evaluated using a student t-test for the related samples.  
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Regarding the RD, a trend in the bimanual variation was found in the radial areas of the 

index fingers (F2, F7), showing significant differences in the four groups (p < 0.05), with 

a higher RD in left hand. In the SF, the bimanual differences were found in the ulnar area 

in both the thumbs and middle fingers (F1, F6; F3, F8), while in JF, the bimanual 

differences were found in the proximal regions of both index fingers (F2, F7) and in the 

ulnar area of the ring fingers (F4, F9). However, significant differences (p < 0.05) in 

bimanual variations were found in the proximal region of the little finger (F5, F10) of 

both male groups (JM and SM). These differences in the homologous regions follow a 

different pattern in the distal regions than in the proximal region. The RD is higher in the 

distal regions of the left hand, while in the proximal region, the RD is higher in the right 

hand. No significant differences were found among the rest of homologous finger regions 

(Fig. 3). 

Regarding the anthropometric measurements, a significant bimanual variation (p < 0.05) 

was found in the finger width for all groups (except for the little finger of the senior 

groups) (Fig.4). Whereas for finger length, bimanual significant differences were found 

for the index fingers and middle fingers of SM, JM, and SF, in addition to the ring and 

little fingers of SM. However, bimanual significant differences were not found in the 

finger length of JF. Regarding the phalanx length (Fig. 5a), bimanual significant 

differences were found for the thumbs of both senior groups, in addition to the index 

finger of SM and little finger of JM. Bimanual variation was not found in the phalanx 

length of JF. Regarding the other hand measurements, a bimanual significant variation (p 

< 0.05) was found in the palm width of all groups. In addition, bimanual differences were 

found in the wrist width of the female groups and hand length of SM. 

3.3. Sexual dimorphism and variation with age 

A student t-test for independent samples was used for the junior and senior groups to 

analyse sexual dimorphism on RD for each counting area. Significant differences (p 

<0.05) were found for all areas of each finger (except for the proximal area of F1, F5 and 

F8 in the senior groups). Females always had a higher RD than males in the same age 

group (Fig. 3). 

In the same way, variations with age were analysed, showing that the radial RD and ulnar 

RD of all fingers significantly decreased with age in both sexes. However, significant 

differences were not observed in the proximal area between the junior and senior groups 

of both sexes (Fig. 3). These same results were obtained when the 10-finger mean RD is 

compared (Table 2). There was similarity of the RD values between JM and SF, showing 
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no significant differences in 17 of the 30 count areas: differences in six proximal areas 

(F3, F4, F7, F8, F9, F10), four radial areas (F2, F3, F4, F6), and three ulnar areas (F3, F4, 

F9). JF and SM were the age–sex groups that differed the most when it came to RD 

values. 

Anthropometric measurements were taken to establish a relationship between hand and 

body size with RD variation, and they are shown in Table 3. Significant differences 

between the sexes were found in both the junior and senior groups (p < 0.001), with 

males showing higher values than females in all considered traits. Regarding variations 

with age, the senior groups tended to have bigger hand sizes than the junior groups. There 

were significant differences (p < 0.05) in weight, height, BMI, palm width, wrist width, 

and finger width between the junior and senior groups of each sex, but not in the hand or 

palm length. Furthermore, significant differences (p < 0.05) were found in the phalanx 

length of the thumbs (F1, F6) and index fingers (F2, F7) between the male groups, 

whereas between the female groups, significant differences (p < 0.05) were found in 

finger (F1, F6) and phalanx length (F1, F2, F3, F4, F6, F8, F9, F10). 

As it can be seen in Fig. 3 and Fig. 4, there is an inverse relationship between the RD 

gradient (JF>JM≈SF>SM) in the distal regions (ulnar and radial) and the finger width 

gradient (SM>SF≈JM>JF) for each group. The groups that have a higher RD have the 

lowest finger width values. Finger width did not show significant differences between JM 

and SF in six fingers (F1, F2, F3, F7, F8, F10). A similar pattern was found in phalanx 

length (Fig. 5a), whereas the rest of anthropometric measurements in these two groups 

(JM and SF) showed significant differences (p < 0.05), as can be seen in the pattern 

height in Fig. 5b.  

Given the substantial number of hand variables assessed, a principal component analysis 

(PCA) was performed to identify any anthropometric factor that could simplify the 

variability among the four groups. The first factor (hand factor) could explain 68% of the 

variance. When the individual factor scores for the hand factor were used as an 

independent variable and a 10-finger mean RD of each count area (radial, ulnar, and 

proximal) was used as the dependent variable in a regression analysis, the results showed 

to what extent RD can be predicted by the hand factor in each area (radial: R2=0.39; 

ulnar: R2=0.38; proximal: R2=0.20; p < 0.001). The regression plots in Fig. 6 show a 

negative relationship between the hand factor and RD. The results of the analysis of the 

partial correlations controlling for BMI (Table 4) show a significant negative correlation 

between the hand factor and RD (higher with ulnar and radial RD).  
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3.4. Pattern type and variation by age and sex 

A significant association was found between pattern type and finger in the four age-sex 

group. Here, the whorls were associated with the thumbs (F1, F6) and ring finger (F4, 

F9); ulnar loops with the middle (F3, F8) and little (F5, F10) fingers; and arches and 

radial loops with the index finger (F2, F7) (SM: Chi²=173.64 df=27 p<0.0001; JM: 

Chi²=162.90 df=27 p<0.0001; SF: Chi²=112.18 df=27 p<0.0001; JF: Chi²=139.47 df=27 

p<0.0001).  

Despite the fact that significant differences in the pattern type frequencies between age 

groups were not found for any finger, the global frequencies (without considering the 

finger) were calculated for comparison (Fig. 7a). A CA was performed to assess the 

association between pattern type and age-sex groups (Fig. 7b); here, the results showed a 

significant dependence (Chi2 = 44.787, df= 9, p<0.0001), which explains 98.92% of the 

inertia. The first dimension, which explains 95.87% of the inertia, separates males 

(associated with whorls and radial loops) from females (associated with ulnar loops).  

The values of the mean RD for each counting area by pattern type were assessed, and the 

results are shown in Fig. 8. Significant sex differences (p < 0.05) were found for each 

counting area (females higher RD than males), except for radial RD and proximal RD of 

the senior group’s radial loops.   

Regarding the age variation in radial and ulnar areas, significant differences were found 

for the four pattern types (juniors higher RD than seniors), except for the ulnar RD in 

arches in both sexes. However, in the proximal area, significant age differences were 

found in females for each pattern type (except the ulnar loops); but this was not case for 

the males. 

Moreover, the RD analysis for pattern type revealed that the groups with the most similar 

RD values (junior males and senior females) showed some significant differences: radial 

RD in the loops, ulnar RD in the ulnar loops, and proximal RD in the whorls, arches, and 

ulnar loops. However, although junior males showed a higher RD than senior females in 

distal region, the proximal region followed the opposite tendency. 

4. DISCUSSION 

Compared to other features, such as pattern type, ridge breadth has been studied less 

within the field of dermatoglyphics. Few studies have assessed age changes of the ridge 

breadth during the growth period [10,11,13,15], and only one longitudinal study looked at 

these changes throughout adulthood [22]. The latter only considered the age changes in 

ridge breath in an area of 1 cm2 in the right index finger.  The present study is the first 
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one to examine the aging changes of epidermal ridge breadth in all 10 fingers; moreover, 

in the current study, the relationship between ridge breadth and anthropometric 

measurements were assessed, following the steps marked by Abel [2], Cummins et al. [3], 

Loesch and Lafranchi [14], and, more recently, Mundorff et al. [37]. 

The methodology used to take the fingerprints may affect the results. Therefore, the 

standardisation method used must be taken into consideration when it comes to 

evaluating the results. Some of these influential factors might be how the fingerprints 

were taken (flat or rolled, pressure control) and the position of the counting area. Some 

attempts have been made to control the force applied to the fingerprint deposition 

[47,48]; for example, a device has been designed for flat impressions [49,50], but it was 

not considered in the present study because of the rolled technique we used.  

The RD differences showed a clear pattern of distribution. A high RD was found in the 

radial and ulnar areas where the epidermal ridges are narrower than in the proximal area. 

The RD gradient radial > ulnar > proximal obtained in the present study fit the proposed 

distal-proximal gradient from the fingertips to the proximal region of the hand [3,4,17]. 

However, the differences found in the senior group between the ulnar and proximal areas 

are lower compared with the junior groups’ ulnar and proximal areas both in the present 

study and in previous studies in Spanish [45,46,51] and Indian populations [52]. The 

lower RD observed in the proximal area could be because of wider ridges than what are 

found in the distal region, though a more oblique arrangement of the ridges when 

crossing the count area, especially in the case of ulnar loops, the most common pattern 

type, could also have affected this. This association between pattern type and proximal 

RD, which has already been assessed in other studies [16,45,46], has also been 

corroborated in the present study. 

Generally, thumbs have the lowest RD in the radial and ulnar areas, meaning they have 

wider epidermal ridges, while the ring fingers often show the highest RD values, meaning 

they have the narrowest epidermal ridges. However, in the proximal area, the thumbs, 

together with the ring fingers, show higher RD values than the other fingers, though they 

are lower than the values obtained in the distal region. This pattern of variation was 

previously found in studies performed with the same methodology in Spanish [45], 

Argentinean [46,53], Indian [52], and Sub-Saharan populations [16]. 

As mentioned before, in previous studies [16,45,46], there was an association observed 

between whorls and higher RD values in the proximal area. The highest RD values shown 

in the proximal area of the thumbs (F1, F6) and ring fingers (F4, F9) could be because of 
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the high frequency of the whorls in these fingers, as was found in our study. This implies 

that the RD in the proximal region could be determined by the number of ridges that are 

horizontal (which could swing depending on the type and height pattern), as well as by 

the epidermal ridge width and distance between ridges. This fits with the observed values 

of pattern height, which tend to show higher scores in the thumbs and ring finger for all 

groups (Fig. 5b), that is, the fingers in which a higher RD in the proximal area was found. 

However, this does not explain the differences between the sexes for the proximal area 

because significant differences for the pattern height were found between sexes in the 

present study: males showed to have higher pattern height values than females, though 

they showed lower RDs than females in the proximal area. That is, despite having a 

higher surface to accommodate more epidermal ridges, the RD values were lower. The 

lower RD values showed in males in the proximal area could be because of the greater 

width of epidermal ridges and the distance between the ridges, and this would be 

encouraged by the greater phalanx length in males compared to females, which would act 

as a longitudinal force widening the horizontal ridges of the proximal area during growth 

(Fig. 9). 

Regarding bimanual variation in the epidermal ridge breadth, a clear trend was only 

found in the radial area of the index fingers for all groups (higher RD in F7 than F2). In 

the rest of the fingers, bimanual differences fluctuated to a great degree. In previous 

studies, bimanual variations have not followed a clear pattern. In some studies [54,55,56], 

no relevant bimanual differences for RD were found. However, in other studies, bimanual 

variations were found for epidermal ridge width [3,4,57], showing wider ridges in the 

right hand compared to the left. Recently, using a similar method to the one in the present 

study, significant bimanual differences for RD were found for the mean radial and ulnar 

areas [16,45,46], showing higher RD values in the left hand than in the right hand. Some 

authors [39,46] have linked a higher RD in the non-dominant hand to its lowered usage 

and hence less muscle development, which translates to narrower epidermal ridges.  

Variations in the breadth of the epidermal ridges between the sexes have been studied 

since the 1940s when Cummins et al. [3] and Ohler and Cummins [4] showed that males 

tend to have wider epidermal ridges than females. However, the growing interest of 

dactyloscopy has allowed more recent studies [9,15,45,52,55,58-62] to confirm 

significant sex differences in the RD values in several populations, though not all of the 

studies used the same RD estimates or analysed the same count areas. In all these studies, 

a pattern arises, showing narrower epidermal ridges in females than in males. In the 
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present study, significant differences between the sexes were found in all three areas in 

both the junior and senior groups, and there were always wider ridges in males than 

females. Some previous studies [46,51-53,58] have also shown RD differences between 

the sexes in all three areas.  

The main factors that can be attributed to sexual variation in the epidermal ridges’ 

breadth are body size differences, which can be assessed by weight and height, and hand 

size differences [3,4,14]. Observed sex differences can be explained by the larger male 

hand and its further development of the muscles, which would lead to a larger area that 

could accommodate the ridges, making the hand wider and decreasing RD 

[9,17,46,52,55,58-60]. Nevertheless, in all the studies where this explanation has been 

proposed, no anthropometric measures were taken to assess this relationship. Only a few 

studies have tried to link the RD with height and weight [37] and finger width measures 

[54,63]. The present study focused on anthropometry to give a more precise explanation 

about patterns of variation in epidermal ridges. Although many anthropometric traits have 

shown to contribute, to a greater or lesser extent, to RD variation, finger width and 

phalanx length provide a more direct relationship with the epidermal ridge breadth.  

In all forensic studies that have analysed the sex differences in epidermal ridge breadth, 

either the sample has been composed of adults of all ages without consideration of age 

[9,56,59], or the age of individual was not specified [14,46]. In other studies, it has been 

common for the sample to be composed only of young adults [45,52,61-63]. 

Nevertheless, studies involved in the development and improvement of systems for 

fingerprint recognition have emphasized the assessment of sex differences for very 

specific age ranges [64-66] because in these studies, the aim is on identification problems 

of elderly people. Also, in studies on growth and development, children were classified in 

strict age groups, and here, the sex differences that emerged during adolescence were 

assessed [13,15,25].  

Regarding variations with age in epidermal ridge breadth, there is only one previous 

study that analysed age changes in adults [22], and in this study, significant differences in 

epidermal ridge breadth on a delimited area of right index finger were found. In the 

present study, where the distal region (radial and ulnar areas) of each fingertip was 

studied more thoroughly than in Silva et al. [22], an increase in the ridge breadth of the 

male and female senior groups was found, following the same trend shown in Silva et al. 

[22]. Most likely, the increment in hand size (especially in finger width), which can be 

associated with a higher BMI in the senior groups of both sexes, is the main cause of the 
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variation of the epidermal ridge width with aging. Epidermal ridges become wider as the 

hand and body widen. Therefore, the same as with the sex differences, variations in body 

size, hence hand dimensions, might be the cause of the lower RD observed in older 

people. Specifically, the variations with aging in the breadth of the epidermal ridges 

could be determined by increased width of the fingers while the length measurements 

would not be a relevant factor. Proof of this was the lack of variation with aging in the 

proximal area, where both RD and pattern height did not show differences between the 

young and elderly groups, but rather between the sexes. As mentioned by Silva et al. [22], 

the decrease of skin moisture with aging and the reduction of cellular proliferation to 

produce elastin added to a reduction in epithelium layers, and the remodeling of the 

dermal papillae and other factors such as surface size, stress level, or chafing could 

explain the width variations with aging. On the other hand, for both sexes, the size of the 

pores of the epidermal friction ridges has been shown to increase with aging [31], so this 

factor could also affect how aging changes ridge width. The different patterns observed 

among the counting areas could be explained by a differential contribution of these 

factors. 

Taking into account that the epidermal ridges of the proximal and distal regions follow 

different directions, the changes or differences in body composition, and consequently 

hand size (i.e., the width of the fingers), will not affect in the same way to the ridge breath. 

The epidermal ridges of the proximal region are located parallel to the spreading axis, and 

with aging, they tend to have narrower ridges, whereas the epidermal ridges of the distal 

region remain oblique to the spreading axis, so the ridge breadth increases (RD will 

decrease) as the finger width increases (Fig. 9). Moreover, the finger pad in the proximal 

region is flatter and less deformable than in the distal region. The proximal area shows this 

trend, but it would not be strong enough to obtain a significant difference in the epidermal 

ridge breadth. This, together with the fact that the number of ridges that remain horizontal 

changes depending on the pattern type, could affect the proximal RD in different ways. 

This may explain the lower prediction of the RD proximal in the regression analysis. 

When comparing different age–sex groups, the link between finger width with radial and 

ulnar RD is best appreciated. Senior males and junior females differed the most because of 

a high difference in finger width, whereas the RD values of junior males and senior 

females tended to be very similar, insomuch as the finger width of the women while aging 

tended to approach that of junior men. Therefore, the similarities observed in finger width 

and RD of the distal regions in the junior males and senior females, despite their huge 
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differences in other anthropometric measures, indicate that finger width prevails over the 

other variables in explaining the variation with aging in the epidermal ridge breadth in the 

distal region. Nevertheless, the proximal RD variation across agesex groups seems to fit 

the tendency of pattern height because there is no clear aging differences, but there is 

strong sexual dimorphism. 

Considering that the pattern type may affect ridge breadth (especially in the proximal area), 

the ridge density by area and pattern type was assessed. For each agesex group, the global 

frequencies of the four types of patterns showed statistically significant sexual differences 

in both age groups. Females presented a higher frequency than males when it came to ulnar 

loops and arches, whereas males showed higher values than females when it came to 

whorls and radial loops, despite ulnar loops being the most common pattern type in all four 

groups. These results follow the observed pattern in other populations [67-69].                  

The analysis of the RD by pattern type showed significant sexual differences in all three 

areas, except for the radial loops in both senior groups (where no differences were found in 

the radial and proximal areas). Therefore, whatever the pattern type, the obtained sexual 

differences in the RD, added to those observed in previous studies [9,15,25,45,46,51-

53,55,56,58-62], strengthen the hypothesis of a universal pattern of sexual dimorphism for 

the RD. 

Regarding the aging process, the RD values showed age differences in both distal areas for 

all pattern types, except for the arches in the ulnar area. As for proximal RD, significant 

age differences for all pattern types were only found in females (except for the ulnar loop).         

  

An interesting fact revealed in the current study was the similar values for the RD between 

junior males and senior females. However, when considering the pattern type, the radial 

and ulnar RD values are clearly different in the ulnar loops, whereas in the proximal area, 

the RD values are different in all pattern types, except for the radial loops (the least 

common pattern type in all human populations). 

In order to evaluate the impact that these factors could have when analysing the differences 

between adults of different age and sex, it would be advisable to assess indexes of hand 

shape to establish a link to the pattern of variation of the epidermal ridge width in different 

counting areas. An example is the difference in the pattern of variation of RD in the 

proximal region with sex and age, something that more recent studies [55,63] dealing with 

the inference of sex from fingerprints have not taken into account. 
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In view of these results, the study of sex inference from an unknown fingermark by 

means of RD should not only consider the sex of individuals, but also age because age 

could have a confounding effect. In this way, the results of the current study revealed that 

gender could be inferred from ridge density in the ulnar, radial, or proximal areas, 

whereas age could be inferred from the distal areas (ulnar or distal). However, proximal 

RD is the most discriminant factor between older females and young male adults; this is 

why the ridge density in this area should be taken into account regarding the sex and age 

inference from fingermarks.     

The fingerprint analysis method used so far for inferring the sex of an individual from a 

fingermark of unknown origin should be reconsidered because individuals of a different 

age and sex can have a very similar RD; here, the RD at the proximal area could be of 

great relevance. However, within the same sex, these differences in the RD that come with 

aging could be used to distinguish between age groups, which would be of forensic utility. 

Thus, once forensic experts have selected those fingermarks that may be relevant for the 

investigation, the suggested age inference from the RD could be applied to the fingermarks 

of interest as possible suspects since men perpetrate most of offences [70,71]. This would 

be especially useful in those unknown fingermarks that, after being searched in the 

Automated Fingerprint Identification System (AFIS), do not obtain a match; this would 

guide investigators and help track down possible suspects. 

In any case, a better understanding of the topological variation in the epidermal ridge 

breadth throughout the human life cycle and the factors involved will improve the 

interpretation of the differences between different sex and age ranges. 

5. CONCLUSION 

Sex differences in ridge density remain throughout adulthood and will always present as 

females showing thinner ridges than males of the same age group. The epidermal ridge 

breadth on the radial and ulnar areas (but not the proximal area) tends to increase with 

age in adults, parallel to the increase of hand size, especially finger width. This pattern of 

changes that comes with aging leads to the ridge breadth of older females tending to 

approach that of young adult males; this is why the proximal ridge density must be taken 

into account to distinguish these groups. 
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FIGURE CAPTIONS 

Fig. 1. Transparent acetate sheet showing the 10 fingerprints obtained per subject. 

Fingers: from F1 (right thumb) to F10 (left little finger). (a-c) Technique used to locate 

the counting areas for different pattern types. (a) Whorl (right hand, thumb) (b): Loop 

(right hand, middle finger) (c) Arch (left hand, index finger).  

Fig. 2. (a) Hand anthropometric measurements (taken from the actual hand or finger). (b) 

Pattern height (taken from the finger impression).  

Fig. 3. Mean ridge density by area and finger for each age–sex group. JM, junior male; 

SM, senior male; JF, junior female; SF, senior female. Finger: Fi = 1,…, 10. 
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Fig. 4. Mean finger width by finger for each age–sex group. JM, junior male; SM, senior 

male; JF, junior female; SF, senior female. Finger: Fi = 1,…, 10. 

Fig. 5. (a) Mean phalanx length by finger for each age–sex group. (b) Mean pattern 

height by finger for each age-sex group. JM, junior male; SM, senior male; JF, junior 

female; SF, senior female. Finger: Fi = 1,…, 10.  

Fig. 6. Regression plots between the 10-finger mean RD for each count area and hand 

factor. Junior male: red squares; Senior male: blue squares; Junior female: purple circles; 

Senior female: green circles.  

Fig. 7. (a) Relative frequency (%) of pattern type by agesex group. (b) Analysis of 

correspondence between pattern type and the agesex groups. JM, junior male; SM, 

senior male; JF, junior female; SF, senior female.  

Fig. 8. Mean ridge density (RD) by area (radial, ulnar, proximal) and pattern type for 

each agesex group. Fisher's LSD at a 95% confidence level is shown. SM, senior male; 

JM, junior male; SF, senior female; JF, junior female. 

Fig. 9. Hypothetical model of the epidermal ridge width variation in the distal and 

proximal regions as the finger width (left) or phalanx length (right) increases. 
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Table 1. Description of body and hand anthropometric measurements, taken from the 

actual hand according the methodology described in Hall et al. [43], except for pattern 

height (taken from the finger impression). 

 

Measurement (unit) Description 

Height, H (cm) Distance from the vertex to the ground 

Weight, W (kg) Total body mass 

Wrist Width, WW (mm) Distance between the styloid process of the radius and the ulna 

Hand Length, HL (mm) Distance from the distal flexion crease of the wrist to the tip of the middle 

finger 

Palm Length, PL (mm) Distance from the wrist flexion proximal crease to the middle finger flexion 

proximal crease 

Palm Width, PW (mm) Distance between both ends of the hand at the level of the 

metacarpophalangeal joints, with fingers forming an angle of 90º with the 

palm  

Finger Length, FL (mm) Distance from the finger proximal flexion crease to dactylion 

Phalanx Length, PhL (mm) Distance from the crease of interphalangeal flexion of the finger to the 

dactylion 

Finger Width, FW (mm) Width at the level of the joint between the middle and distal phalanx 

Pattern Height, PH (mm) Distance between the distal interphalangeal crease and defined epidermal 

ridge count for RD. Measured on the fingerprint  
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Table 2.- Descriptive statistics of ridge density (10-finger mean) by age and sex. 

 Males (n=108)**  Females (n=105)** 

 Ra

dial 

Ul

nar 

Prox

imal 
 

Ra

dial 

Ul

nar 

Prox

imal 

Junior group (18-30 years) (n= 111)* 

n 54      54 54  57 57 57 

Mean 16

.19 

14

.63 

12.2

5 

 18

.24 

16

.44 

13.2

7 

SD 1.

22 

1.

20 
1.11 

 1.

66 

1.

40 
1.10 

Minimum 13

.50 

12

.5 

10.2

0 

 14

.10 

13

.70 

10.4

0 

Maximum 19

.30 

17

.80 

15.0

0 

 20

.80 

19

.10 

15.6

0 

        

Senior group (50-66 years) (n=102)* 

n 54 54 54  48 48 48 

Mean 14

.22 

12

.81 

12.0

7 

 15

.81 

14

.25 

13.0

5 

SD 1.

07 

1.

08 
1.23 

 1.

21 

1.

24 
0.95 

Minimum 12

.33 

10

.50 
9.60 

 13

.50 

11

.88 

11.4

0 

Maximum 17 15 15.3  18 17 15.3
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.10 .40 0 .90 .20 0 

SD: standard deviation 

*Within the same age group, significant (p < 0.001) sex differences were found for radial, ulnar and proximal 
areas. 

**Within the same sex, significant (p < 0.001) age differences were found for the radial and ulnar areas, but 

not for the proximal area. 

Within the same age-sex group, significant differences were found when comparing radial vs. ulnar areas (p 
< 0.001), and when comparing ulnar vs. proximal areas (p < 0.01 for Senior males; p < 0.001 for the other 3 age -
sex groups). 
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Table 3. Descriptive statistics for anthropometric measurements in different age 

groups and sex. Sex differences for each age-group and age differences for each sex-

group. BMI, body mass index; WW-R, right wrist width; WW-L, left wrist width; 

HL-R, right hand length; HL-L, left hand length; PL-R, right palm length; PL-L, left 

palm length; PW-R, right palm width; PW-L, left palm width; SD, standard 

deviation.  

 

  Male   Female   
Sex 

differences 
Age 

differences 

  Junior   Senior   Junior   Senior   
J

unior 
Se

nior 
M

ale 
F

emale 

Vari

able 

M

ean 

S

D 

M

in-Max 
  

M

ean 

S

D 

M

in-Max 
  

M

ean 

S

D 

Mi

n-Max 
  

M

ean 

S

D 

Min-

Max 
  t t t t 

Wei

ght (kg) 

7

4.91 

1

1.84 

5

2-110 
  

8

2.11 

1

1.48 

5

4-110 
  

6

0.41 

1

0.28 

46

-90 
  

6

5.49 

1

1.64 

49-

107 
  

6

.76c 

7.

25c 

-

3.21b 

-

2.33a 

Hei
ght (cm) 

1
76.94 

7
.01 

1
58-197 

  
1

72.18 
6

.21 

1
60-

187 

  
1

63.29 
5

.87 
15

1-176 
  

1
58.87 

5
.71 

143-
173 

  
1

0.97c 
11

.22c 
3

.73c 
3.

84c 

BMI 
(kg/m2) 

2
3.91 

3
.49 

1
7.3-
35.5 

  
2

7.63 
3

.05 

2
0.8-
37.2 

  
2

2.63 
3

.54 
16

.4-32.7 
  

2
5.91 

4
.08 

19.3
8-40.77 

  
1

.89 
2.

43a 
-

5.89c 
-

4.33c 

WW
-R (mm) 

5
3.98 

3
.16 

4
5-45 

  
5

6.28 
3

.67 
4

9-64 
  

4
6.72 

2
.82 

41
-52 

  
5

0.48 
2

.77 
45-

59 
  

1
2.79c 

8.
92c 

-
3.48c 

-
6.86c 

WW

-L (mm) 

5

3.85 

3

.00 

4

6-46 
  

5

6.26 

3

.25 

5

1-63 
  

4

7.25 

3

.08 

39

-53 
  

4

9.98 

2

.86 

45-

59 
  

1

1.43c 

10

.24c 

-

4.00c 

-

4.65c 

HL-
R (mm) 

1
84.88 

8
.63 

1
69-169 

  
1

85.52 
8

.51 

1
68-

212 

  
1

68.74 
8

.45 
15

2-188 
  

1
70.13 

6
.67 

149-
184 

  
9

.95c 
10

.08c 
-

0.39 
-

0.92 

HL-
L (mm) 

1
84.85 

8
.59 

1
66-166 

  
1

86.39 
9

.27 

1
66-
213 

  
1

68.63 
9

.03 
15

0-188 
  

1
70.25 

6
.83 

151-
184 

  
9

.68c 
9.

91c 
-

0.89 
-

1.02 

PL-
R (mm) 

1
05.46 

5
.98 

9
3-93 

  
1

05.93 
5

.42 
9

4-117 
  

9
6.26 

5
.30 

85
-109 

  
9

7.13 
4

.07 
82-

105 
  

8
.59c 

9.
18c 

-
0.42 

-
0.92 

PL-

L (mm) 

1

05.41 

5

.64 

9

4-94 
  

1

06.63 

5

.50 

9

7-118 
  

9

6.42 

5

.21 

84

-105 
  

9

7.58 

4

.10 

86-

107 
  

8

.72c 

9.

33c 

-

1.14 

-

1.25 

PW-
R (mm) 

8
0.31 

4
.45 

6
9-69 

  
8

3.85 
4

.22 
7

6-93 
  

7
1.39 

3
.84 

64
-80 

  
7

4.17 
3

.73 
65-

82 
  

1
1.34c 

12
.21c 

-
4.24c 

-
3.74c 
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PW-

L (mm) 

7

9.24 

4

.62 

6

9-69 
  

8

2.22 

4

.36 

7

3-93 
  

6

9.82 

3

.87 

60

-79 
  

7

3.23 

3

.60 

66-

83 
  

1

1.67c 

11

.27c 

-

3.45c 

-

4.63c 

a p<0.05; b p<0.01; c p<0.001 
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Table 4. Partial correlation analysis between hand factor (first PCA component) and 

RD at each counting area controlling for BMI.  

 

 Hand Factor 

 r df p 

Radial RD -

0.567 
203 

<0.00

1 

Ulnar RD -

0.546 
203 

<0.00

1 

Proximal 

RD 

-

0.455 
203 

<0.00

1 

 

 

 

 

 

 

HIGHLIGHTS 

 Sex differences in ridge density (RD) remain throughout adulthood (RD females > RD 

males) 

 RD decreases with aging in radial and ulnar areas, but not in proximal  

 Finger width prevails over other variables in explaining the aging changes in RD 

 Ridge densities in elder females and young adult males tend to be very similar 

 Aging changes may conceal the assumed sex differences in ridge density 
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