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ABSTRACT: Fingerprints from 61 pairs of male monozygotic twins (MZ), 47 pairs of female 
MZ, 40 pairs of same-sex male dizygotic twins (DZ), 44 pairs of same-sex female DZ, 4 pairs of 
opposite-sex DZ, and 28 brothers and 31 sisters of those twins are used for the study of finger- 
print similarities. Similarities of fingerprint pattern, ridge count, and minutiae are evaluated for 
two population groups genetically related to each other in different degrees. It is concluded that 
fingerprint similarities, including pattern, ridge count, and possibly minutiae, between MZ in- 
dividuals are significantly higher than those between other population groups, including DZ 
twins. 

KEYWORDS: criminalistics, fingerprints, human identification, pattern, ridge count, minu- 
tiae, monozygotic twin, dizygotic twin 

Earlier studies on papillary patterns of human fingers were reviewed by Bonnevie ]1]. It 
was concluded as early as 1892 by Galton [2] that fingerprint patterns are inheritable. 
Wilder [3] further concluded in 1919 that monozygotic twins (MZ) were found to be strik- 
ingly alike with regard to the occurrence of patterns. However, he stated: "The cor- 
respondence in the friction-skin configuration is confined to the general plan of the surface 
as a whole and does not extend in the least to the fingerprint details, the 'minutiae'  of 
Galton" [3]. These dermatoglyphic findings were later widely applied in studies of twins 
[4,5]. Based on the studies of inherited patterns and pattern sequences in ten fingers, a 
genetic theory was developed by Slatis et al [6]. Recently, an interesting minutiae-count 
study [7] on the calcar area of the sole indicated a higher correlation coefficient between 
monozygotic twins in comparison with dizygotic twins (DZ). 

From a criminalist's viewpoint, the fact that there are no identical fingerprints has 
rendered the characterization of fingerprints the best method of personal identification. 
However, the similarity of fingerprints, especially those of twins, in pattern and ridge count 
and the possible similarity in minutiae may pose problems in the identification of in- 
complete, smudged, or vague latent fingerprints. On the other hand, inherited similarity 
may provide additional information to help adjudicate questions of paternity [8]. 

The purpose of this study is to examine the similarity of fiagerprints (by pairs) in the 
following populations: MZ twins, same-sex DZ twins, opposite-sex DZ twins, same-sex sib- 
lings, opposite-sex siblings, and an unrelated population. The similarities compared include 
three classes of fingerprint characteristics: ridge pattern, ridge count, and Galton minutiae. 
Perhaps the most important question that needs to be answered is whether there is any 
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similarity in the minutiae of fingerprints.  If there are similarities, to what  extent do they ex- 
ist? Can these similarities lead to f ingerprint  misidentification, especially in regard to a par- 

tial fingerprint? 

Experimental Procedure 

The data  base used for this study includes 196 pairs of MZ and  DZ twins and 59 bro thers  
and sisters of these twins (as classified in Table  1). For example, there are 44 pairs of same- 
sex female DZ twins and 4 pairs of opposite-sex DZ twins. With  this da ta  base, the possible 
types of comparison and  the maximum n u m b e r  of pairing in each type without duplication 
or bias are shown in Table 2. There  are eleven possible types of pairings. The max imum 
number  of pairings is obvious for Type 1 through Type 5. The max imum n u m b e r  of other  
types of pairings is limited by the consideration tha t  only one sibling can be selected for com- 
parison. Th i s  consideration is based on the  assumption that  there may be similarities be- 
tween the fingerprints of twins or other siblings. Once one of them is selected for corn- 

TABLE 1--Data base used for fingerprint comparison. 

Number of Male Number of Female 
Zygotics Number of Pairs Siblings" Siblings ~ 

MZ 
Male 61 5 9 
Female 47 9 9 

DZ 
Same sex, male 40 4 5 
Same sex, female 44 9 7 
Opposite sex 4 1 1 

Total 196 28 31 

aThe sibling whose age is nearestto that of the subject twin was selected for comparison. 

TABLE 2--Types and numbers of pairh~g of persons (not 
.fingers). 

Maximum Possible 
Relationship Type Number of Pairings 

MZ 
Male 1 61 
Female 2 47 

DZ 
Same sex, male 3 40 
Same sex, female 4 44 
Opposite sex 5 4 

Sibling 
Same sex, male 6 10" 
Same sex, female 7 17" 
Opposite sex 8 34 ~ 

Unrelated population b 
Same sex, male 9 52" 
Same sex, female 10 47" 
Opposite sex 11 95" 

aSee Ref 9. 
bThese samples were obtained by pairing fingerprints listed in 

Table 1. 
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parison, the use of the others would bias the result and degrade the randomness. A detailed 
description of the procedure used in arriving at the number of pairings listed in Table 2 is 
described elsewhere [9]. 

All possible pairings of fingerprints in the data base shown in Table 2 are used for pattern 
comparison. Fingerprints are classified into eight patterns [10-12]: plain arch (A), tented 
arch (T), ulnar loop (U), radial loop (R), plain whorl (W), central pocket loop (C), double 
loop (D), and accidental (X). 

At the conclusion of the pattern comparison, those fingerprints having the same patterns 
in the corresponding fingers are selected for the comparison of ridge counts. The selected 
data base is shown in Table 3. Ridge counts are defined as follows [10-12]: plain arch and 
tented arch have no ridge count and are coded as zero; ulnar loops and radial loops are 
counted in accordance with the Henry System [10]; plain whorl, central pocket loop, and ac- 
cidental are counted from the right delta for left-hand fingers and from the left delta for right- 
hand fingers; and double loop is counted from the delta to the core of the upright loop. If the 
two loops of a double loop are horizontal, the core that gives a lower ridge count is used. 
With the exception of plain and tented arches, all finger pairs having the same patterns are 
used in this comparison. 

The last part of this study compares the similarity of minutiae in fingerprints. The 
criterion used in selecting a data base for this comparison is that only fingerprints having the 
same pattern and same ridge count from MZ groups will be considered. Since the major in- 
terest of this study is to investigate the highest possible level of fingerprint similarity (and, 
therefore, the possibility of fingerprint misidentification), only fingerprints from the MZ 
group are employed in this part of the study. This selection is based on a reasonable assump- 
tion that if there are going to be any identical (or closely related) fingerprints in terms of 
minutiae characteristics, they would most likely be found in the comparisons among an MZ 
twin population. The number of fingerprint pairs that meet this criterion are listed in Table 
4. Because of the lengthy process of minutiae coding, only 38 pairs of fingerprints were ar- 
bitrarily selected and are listed in Table 5. For this comparison, minutiae are classified into 
nine types: ending ridge, short ridge, dot, fork, spur, double bifurcation, eye, broken ridge, 

TABLE 3--Number of fingerprint pairs with matching patterns {data base used,for jbzgerprint ridge 
count comparison). 

Number of Pairs of Fingerprints 

Relationship A a T" U R W C D X Total % 

MZ 
Male 4 1 234 5 288 1 1 0 534 87.5 
Female 2 0 208 2 207 0 2 0 413 87.9 

DZ 
Same sex, male 0 0 112 3 125 0 4 0 244 61.0 
Same sex, female I 2 126 1 132 1 2 0 265 60.2 
Opposite sex 0 0 9 0 8 0 0 0 17 42.5 

Sibling 
Same sex, male 0 0 30 1 14 0 2 0 49 49.0 
Same sex, female 2 0 52 0 31 0 1 0 86 80.6 
Opposite sex 0 0 82 1 72 0 3 0 158 46.5 

Unrelated population 
Same sex, male 0 0 111 1 150 0 1 0 263 50.6 
Same sex, female 0 0 95 0 102 1 0 0 198 42.1 
Opposite sex 0 0 191 1 236 0 0 0 428 4S.1 

apatterns A and T are used for matching patterns but are not used for ridge count comparisons. 
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TABLE 4--Number of pairs of fingerprints with the same pattern and ridge count 
(data base for minutiae eomparison). 
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Number of Pairs of Corresponding Fingerprints Pairs of 
Fingers 

Relationship U R W C D X Total Used" % 

MZ 
Male 35 l 41 0 3 0 80 529 15.1 
Female 27 0 33 0 l 0 61 411 14.8 

DZ 
Same sex, male 14 0 12 0 0 0 26 244 10.7 
Same sex, female 11 0 11 0 0 0 22 262 8.40 
Opposite sex 0 0 0 0 0 0 0 17 0 

Sibling 
Same sex, male 1 0 2 0 0 0 2 49 4.08 
Same sex, female 4 0 2 0 0 0 6 84 7.14 
Opposite sex 7 1 4 0 0 0 12 158 7.59 

Unrelated population 
Same sex, male 6 0 12 0 0 0 18 263 6.84 
Same sex, female 1 0 6 0 0 0 7 198 3.54 
Opposite sex 11 0 15 0 0 0 27 428 6.31 

OPatterns A and T were discarded because of undefined ridge count. For example, of the total 534 
pairs of MZ males, we use only 529 since 4 A's and 1 T have no ridge counts and must be subtracted 
(534 -- 4 -- 1 = 529). 

TABLE 5--Number of pairs of fingerprints chosen as the data base jbr m&utiae compar&on. 

Ridge Count 

Pattern l-5 5-10 11-15 16-20 21-25 26-30 Total 

U 4 2 7 2 1 0 16 
R 1 0 0 0 0 0 1 
w 0 0 9 8 1 0 18 
C 0 0 0 0 0 0 0 
D 0 0 0 1 1 1 3 
X 0 0 0 0 0 0 0 

Total 5 2 16 11 3 1 38 

and  angle  ridge.  Def in i t ions ,  m e t h o d  of coding ,  a n d  the  c o m p a r i s o n  m e c h a n i s m  are de ta i led  

in Ref 13. 

Results  and  Discuss ion  

In principle,  the re  are th ree  d i f fe rent  ways [4] of compa r i son .  H a n d s  can  be  pa i red  

bilaterally (left and  r ight  h a n d s  of the  s a m e  person) ,  homola te ra l ly  ( same-s ide  h a n d s  of a 

pair), and  heterola tera l ly  (left of A with r ight  of  B, a n d  r ight  of A with left of B). It h a s  been  

shown [4] t ha t  the  degree  of b i la tera l  a s y m m e t r y  is s imilar  in MZ,  DZ,  a n d  s ing le -borns ;  t h a t  

homola tera l  d i f ference  increases  as t he  genet ic  re la t ionsh ip  of the  pai rs  decreases ;  a n d  t h a t  

heterolateral  d i f fe rences  are  g rea t e r  b u t  follow t he  pa t t e rn  of homola t e ra l  d i f ference .  Since 

th is  s tudy  is ba sed  on d e t e r m i n i n g  t h e  possibil i ty of  a e r imina l i s t ' s  mi s iden t i fy ing  f inger-  

pr ints  f r om two d i f fe rent  individuals ,  homola t e ra l  c o m p a r i s o n s  are  u sed  for t h e  c o m p a r i s o n s  

of pa t t e rn  a n d  r idge coun t .  
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Pattern Comparison 

The number and percentage of pairs of fingerprints found (by group) to have the same 
patterns are listed in the last two columns of Table 3. To read these results, one should refer 
to appropriate rows in the last column of Table 2. For example, there are 534 of 610 pairs (or 
87.5%) of fingerprints in the male MZ group that match in pattern comparison�9 

The most significant result is the high degree of pattern similarity in MZ groups. Same-sex 
DZ groups also show significantly higher similarities. No significant difference in pattern 
similarities is observed in the eomparison of other groups, The result obtained on the 
opposite-sex DZ group was unanticipated. However, this may merely be a result of the small 
population in this group. 

Ridge Count Comparison 

Except for A and T categories, all fingerprint pairs that have matched patterns (Table 3) 
are listed in Table 4 (second column from the right). These pairs are used for comparison of 
ridge count. 

Results listed in the last column of Table 4 indicate that MZ groups have a significantly 
higher percentage of fingerprint pairs that match in ridge count. Since matches in both pat- 
tern and ridge count represent a high degree of similarity, it is reasonable to speculate that 
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the MZ group will be distinctly different from the other groups in other respects, for example 
in similarity of minutiae�9 A further comparison of ridge counts is made by plotting the ridge 
counts in corresponding fingers. Representative correlations are shown in Figs. 1 through 4. 
All correlation coefficients are listed in Table 6. It appears that correlation decreases in the 
following order: 

1. MZ male and MZ female, 
2. DZ same-sex male and DZ same-sex female, 
3. DZ opposite-sex, 
4. sibling same-sex male, sibling same-sex female, and sibling opposite-sex, and 
5. unrelated population same-sex male, unrelated population opposite-sex, and unrelated 

same-sex female�9 

Minutiae Comparison 

Table 7 summarizes the results of the comparison of minutiae using the data base listed in 
Table S. With the matching mechanism described in Ref 13, similarities in minutiae in two 
fingerprints are measured by numbers of minutiae matched or by the scores accumulated 
from these matches. The former measurement treats each type of minutia equally; the latter 
measurement gives different minutiae different weights depending on their frequency of oc- 
currence. 
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TABLE 6--Correlation of ridge count in corresponding fingers. 

Number  of Number"  of Number  Correlation 
Relationship Total Da ta  A and T Used Coefficient 

MZ 
Male 534 5 529 0.89 
Female 413 2 411 0.88 

DZ 
Same sex, male 244 0 244 0.70 
Same sex, female 265 3 262 0.71 
Opposite sex 17 0 17 0.57 

Sibling 
Same sex, male 49 0 49 0.49 
Same sex, female 86 2 84 0.51 
Opposite  sex 158 0 158 0.48 

Unrelated populat ion 
Same sex, male  263 0 263 0.38 
Same sex, female 198 0 198 0.29 
Opposite sex 428 0 428 0.37 

aPat terns A and T were not used because  of undef ined ridge count.  
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FIG. S--Fingerprints 9 and 10." the best matching prints of twins. 
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tained by comparing other fingerprints in the data set. This is shown by the significant dif- 
ferences between entries in Columns 4 and 5 and between entries in Columns 7 and 8. For 
example, in comparing Person 1 with his twin (Person 2), there are 26 minutiae matched 
with a score of 30.566, the corresponding values obtained in comparison with the two groups 
(who are twins to each other) of 37 persons are 19.6, 25.100 and 20.5, 24.150. 

These results demonstrate, in most cases, that minutiae similarities between same-pattern 
and same-ridge count fingerprints from MZ twins a r e  significantly higher than minutiae 
similarities between random pairs of fingerprints. Whether these similarities are associated 
with pattern and ridge count or result from a genetic relationship is not clear at this stage. 
Further study will be directed toward the comparison of minutiae in same-pattern and same- 
ridge count fingerprints of MZ groups with those of a random population. This proposed 
study will separate the pattern ridge count parameter from the genetic relationship 
parameter. 

It is also clear that although fingerprints may have a high degree of similarity, as shown in 
Fig. 5, variations in minutiae distribution still permit their differentiation. 
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