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ABSTRACT 

 The purpose of this study was to follow Acree’s 1999 theory and demonstrate that 

there are significant differences in the loop ridge count of male subjects compared to that 

of female subjects.  This was based on the belief that women tend to have finer ridge 

detail, therefore more ridges, while men have coarse ridge detail, thereby fewer ridges 

[1].  This study, in contrast to Acree’s methodology of comparing ridge densities, 

compared fingerprint loop ridge counts from forty male and forty female subjects 

utilizing the FBI 1984 standards of ridge counting.  ANOVA analysis revealed no 

significant mean difference in the loop ridge counts across gender represented by these 

eighty subjects, F (1, 78) =.308, p>.05, MSE= 7.946.  There is no difference in the 

number of loop ridge counts that males have (13.18, SD = 2.735) then did females 

(13.53, SD = 2.900).   It was concluded there are no significant differences in loop ridge 

counts between genders. 
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The fingerprint discipline has had data collected and tested for more then 100 

years, making it one of the most precise activities within the forensic sciences [2].  Many 

individuals in the past and present have contributed to this discipline, such as Sir Francis 

Galton who demonstrated that friction ridge arrangements are both unique to an 

individual and unchanging through time [2].  In todays fingerprint discipline it is even 

more critical for latent examiners and those in the fingerprint field, to know why 

fingerprints are unique and unchanging.  The generic response of “because no two 

fingerprints have ever been found to be the same” is no longer an adequate representation 

of the profession [3].  Changing media and cultures are demanding more from fingerprint 

professionals, further knowledge into not only pattern recognition, but of the anatomical 

structure and of the beginnings of a fingerprint’s permanence.    

This study is no exception. To better understand the concept of loop ridge counts 

in fingerprints a brief overview of fingerprint permanence, uniqueness and anatomy will 

be discussed.  This will lend itself to the viability of the following research, and to why 

loop patterns are an acceptable means to determine ridge counts amongst genders.   

Permanence of fingerprints  

 A person’s fingerprint is permanent even before they are born.  Around 6-8 weeks 

after conception the volar pads (ball like structures that make up the contour of the fetal 

hand) form; by 10-12 weeks after conception the volar pads begin to recede; around the 

13th week skin ridges appear and take the shape of the receding volar pad; lastly around 

the 21st week after conception the fingerprint patterns are complete [4].   While this may 

break down into a relatively simple process, there are many components and anatomical 
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changes that go into making a fingerprint into the permanent, unique structure that we see 

on our fingertips.  

 The composition of the volar skin is composed of two layers, the outer epidermis 

and the inner dermis [3].  The permanence principle is due to three structural elements; 

(1) the adherence of the epidermal cells to each other, (2)  the basal cell layer of the 

epidermis and its attachment to the basement membrane, (3) the attachment of the 

basement membrane to the dermis [3].  The individuality in a fingerprint can most easily 

be described as being similar to the blueprints of a house.  You can follow the same 

blueprint to build several homes but when closely inspected, each home will have its own 

unique characteristics due to factors such as materials used, method of construction and 

the environment [3]. 

Types of fingerprint patterns 

 There are three basic fingerprint patterns; arch, loop, and whorl [5].  These 

patterns can be further classified into tented arches, plain arches, radial loops, ulnar 

loops, plain whorls, central pocket loop whorl, double loop whorl, and an accidental 

whorl [5].  The primary concern for this study is the radial and ulnar loop pattern type.  

To better understand the loop pattern it is important to know the general anatomy of the 

loop fingerprint (Figure 1).  

 The pattern area is the part of a loop or a whorl which contains the core, deltas 

and ridges [5].  This pattern area is surrounded by two innermost ridges which start 

parallel and diverge; these are known as the type lines [5].  The delta is the point at or in 

front of the nearest center of the divergence of the type lines [5].  During fingerprint 

development, the ridges form in three distinct locations on the end joint of the finger and 
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converge; it is where these three ridge fields meet that form the delta [3].  The delta plays 

an important role in determining where a loop ridge count is to begin, this topic with be 

further explained in the materials and method section.  

 The core, also important in loop ridge counts, is the center of the fingerprint 

placed on or within the innermost sufficient recurve [5]. 

 

 

Figure 1:  Anatomy of a loop pattern.  Pattern area in red (1) type lines (2) delta (3) core 

 

 What make certain patterns is dependent on the size of the volar pads at the time 

of ridge formation and the symmetry of the stress across the surface of the finger [3].  

Asymmetrical volar pads will form loop patterns and if ridges form early, on an 

asymmetrical pad then the pad will be large and a large loop count will result [3].  These 

asymmetrical volar pads are a result of symmetrical volar pads regressing, referred to as 

the regression scheme [3].  This is supported by the data that over half of all fingerprint 

patterns are ulnar loops [3].   

Ridge count 

 Holt 1968 reported that total finger ridge count (TFRC) is the most inheritable 

feature in dermatoglyphics.  Ridge count is related to two different timed events; the 

timing of the onset of volar pad regression versus the timing of the onset of primary ridge 
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formation [3].  For example, if ridges didn’t start to form until the pad was in a more 

regressed state, less ridges would form, which would lower the ridge count pattern, 

however, if there was late regression of the volar pad this would result in more ridges 

forming on the pad, which would raise the ridge count [3].   

The timing of the onset of primary ridge formation of large verses small ridge 

counts can be explained through the concept of converging ridge fields [3].  If the ridge 

formation begins at the apex first and then proceeds outward before the formation of 

ridges on the tip and joint areas then the ridges must travel a larger distance to meet, 

which results in a large ridge count [3].  If the ridge formation forms first on the outmost 

area and goes inward the formation of ridges on the apex would be last thus resulting in a 

small pattern or ridge count [3]. 

External factors can also affect ridge counts such as diet and chemical intake of 

the mother, hormone levels, and radiation levels [3].   Most any factor(s) that affect the 

growth rate of the fetus during the critical stage can directly or indirectly affect the ridge 

counts of developing fingerprints [3]. 

Bosco 2001 believes that sex chromosomes influence the size of the cells by 

controlling its fluid content.  The more sex chromosomes the higher the fluid content 

which would result in larger cells that would form larger pads, which would require more 

ridges to cover them [7].  These larger volar pads may then affect the timing events set 

forth by Holt 1968 in which he believed played the dominant role in determining total 

finger ridge count.  The larger the volar pad, perhaps the longer it would take for 

regression and thereby giving the primary ridge formation a longer time to form ridges, 

resulting in a higher ridge count. 
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Acree 1999 also sought to determine if gender had an impact on fingerprint ridge 

density.  It has been assumed that the fingerprints of women tend to have “fine” 

epidermal ridge detail, compared to that of men’s course ridge detail.  This “fine” ridge 

detail would reveal that women have a higher density of ridges compared to men [1].  

According to his study of 100 Caucasian males, 100 African American males, 100 

Caucasian females, and 100 African American males; women tended to have 

significantly higher ridge density then men both of Caucasian and African American 

descent ( F=81.96, P<0.001) [1].  A given fingerprint possessing a ridge density of 11 

ridges/25mm2 or less is most likely male and a ridge density of 12 ridges/25 mm 2 or 

greater is most likely female [1].  

The purpose of this study was to follow Acree’s theory involving ridge density 

and apply it to loop ridge counts.  The study will demonstrate that there will also be 

significant differences in the loop ridge count of male subjects compared to that of female 

subjects, in that female subjects will have a higher loop ridge count then males.  
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Materials and Methods     

 40 male and 40 female fingerprint cards were selected from both ink rolled and 

live scan cards.  The parameters for the cards to be used were that they need to have; 

three or more loop pattern types and the ridges had to have enough clarity an accurate 

ridge count could be performed.  The loop pattern types selected from each card were 

taken in the standard rolling sequence.  Starting with the right hand; thumb (1), index 

finger (2), middle (3), ring (4), and little (5), followed by the left hand; thumb (6), index 

(7), middle (8), ring (9), and little (10).  The first three legible loop pattern fingerprint 

ridges were counted and averaged for each of the 40 male and 40 female subjects.  Loop 

patterns were defined by meeting the three essentials of a loop; (1) a sufficient recurve, 

(2) a delta, (3) a ridge count across a looping ridge [5]. 

 Ridge counts were done by hand utilizing a Sirchie Finger Print Laboratories 

magnifying glass.  Ridge counts began at the first ridge after the delta and ended at the 

core (Figure 1).  The delta was defined at the point on a ridge at or in front of and nearest 

the center of the divergence of the type lines [5].  When there was a choice between two 

or more possible deltas the following FBI rules were followed; (1) the delta may not be 

located at a bifurcation which does not open toward the core, (2) when there is a choice 

between a bifurcation and another type of delta, the bifurcation is selected, (3) when there 

are two or more deltas that conform to the delta definition the one closest to the core is 

chosen, (4) the delta may not be located in the middle of a ridge running between the type 

lines toward the core, but at the nearer end only [5].   

 The core was the approximate center of the fingerprint, and was placed upon or 

within the innermost sufficient recurve [5].  The innermost sufficient recurve varied 
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amongst the loop patterns and the FBI rules were followed to determine which sufficient 

recurve was to be labeled at the core.  Those rules are as follows:  1) when there is no 

ending ridge or rod in the center of the fingerprint the sufficient recurve is placed on the 

shoulder of the loop farther from the delta, 2) when there is an uneven number of rods 

rising at high as the shoulders, the core is placed upon the end on the center rod, 3) when 

there is an even number of rods rising as high as the shoulders the core is placed upon the 

end of the farther one of the two center rods [5].   

Results 

 An ANOVA analysis was done for the data collected, the mean number of ridge 

counts for the entire sample was 13.35 (SD = 2.806).  Analysis revealed no significant 

mean difference in the loop ridge counts across gender represented by these eighty 

subjects, F (1, 78) =.308, p>.05, MSE= 7.946.  There is no difference in the number of 

loop ridge counts that males have (13.18, SD = 2.735) then did females (13.53, SD = 

2.900) (Table 1 and 2). 

 

 
 

95% Confidence Interval for 
Mean 

  N Mean 
Std. 

Deviation 
Std. 
Error Lower Bound Upper Bound Minimum Maximum 

male 40 13.18 2.735 .432 12.30 14.05 8 19 
female 40 13.53 2.900 .459 12.60 14.45 9 18 
Total 80 13.35 2.806 .314 12.73 13.97 8 19 

Table 1:  Descriptive statistics for sample population. 
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Sum of 

Squares df Mean Square F Sig. 
Between Groups 2.450 1 2.450 .308 .580 
Within Groups 619.750 78 7.946     
Total 622.200 79       

Table 2: ANOVA results for sample population. 
 
 

   Discussion   

 Results revealed that the initial hypothesis of significant differences in the loop 

ridge count of male subjects compared to that of female subjects, in that female subjects 

will have a higher loop ridge count then males was false, resulting in the null hypothesis 

of no significant difference in loop ridge counts amongst gender to be accepted. 

 Possible explanations for the null hypothesis being accepted may be due to a low 

sample size.  There may not have been enough data to accurately represent the population 

to be studied.  With over two billon people in the world, a sample size of eighty was 

probably not the best representation of the population.  A second point to consider was in 

the collection techniques.  Only one person performed the ridge counts for all eighty 

subjects, leaving the counts susceptible to human error.  While fingerprints are based in 

solid scientific research, there are still many aspects that are left to the “interpretation” of 

the examiner.  What one examiner may determine as a correct ridge count may vary by 1-

2 ridge counts to that of another examiner.  A third point to consider was the use of the 

average ridge count, based off of three loop pattern ridge counts, for each subject.  This 

may have lowered the sample data further resulting in less significance of data. 

 An area not documented was which hand the loop pattern was collected from.  

According to research done by Kunter & Ruhl, 1995, there are significant differences in 

the total amount of ridge values on the right and left hand.  They reported that males have 
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a higher ridge count value (138.43) then females (127.62).  By not accounting for 

handedness inadvertently, more loop patterns may have been used from one hand as 

opposed to the other, causing lower ridge count averages. 

 A second area not documented was that of race.  However, Salzano and 

Benevides 2005 found that with regards to the average of the index of pattern intensity 

and the total ridge count were small and non significant.  They believed that since 

fingerprint asymmetry has a significant hereditary component, but there is no increased 

or decreased asymmetry in subgroups of any admixture, this suggests that genetic 

adaptation in humans involves the species as a whole and are not based on racial 

groupings [9]. 

 Improvements for this study would include increasing the size of the 

sample to get a more accurate representation of the population.  Also it would be 

necessary to institute a two person rule when counting ridges.  This would help to better 

represent the ridge counts, and serve as a way to reduce the possibility of human error in 

counts and statistical calculations.  A higher magnification of viewing glass would also 

help to clarify the ridges being counted and could reduce the omission or addition of 

ridges not representing the actual count.  

 The Henry fingerprint classification system is an equation based on loop ridge 

counting which makes it possible to individually classify prints with unique identifiers, 

however is not able to distinguish gender with these classifications.  So it is possible that 

even by increasing the study population size, there would still not be enough of a 

significant different to determine gender. 
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 It may also prove beneficial to document from which finger the data is coming 

from.  This would help to refute or aid the research done by Salzano and Benevides 2005, 

that handedness has an impact on ridge counts. 

 Ridge densities may only exhibit differences on a small scale, as opposed to a 

larger representation as in the case of loop ridge counts.  Which is why it is possible that 

Acree’s theory is valid with regards to density however does not hold true with loop ridge 

counts.   
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