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Reliability of automated biometrics in the 
analysis of enamel rod end patterns

Introduction

Personal identification is becoming increasingly 
important in modern life, and regardless of the method, 

is ubiquitous in our daily lives. Conventionally, personal 
identiÞ cation was performed using passports, keys, badges, 
tokens, access cards, passwords, secret codes, personal 
identiÞ cation numbers (PINs), and the like. Unfortunately, 
passports, keys, badges, tokens, and access cards can be 
lost, duplicated, stolen, or forgott en; and passwords, secret 
codes, and PINs can easily be forgott en, compromised, 
shared, or observed. Such deÞ ciencies of conventional 
personal identification techniques have caused major 
problems to all concerned. 

On the other hand, certain features of human body are 
unique to each and every individual and can be used as a 
tool for personal identiÞ cation. Such physical or biological 

measurement pertaining to an individual is termed 
biometrics. Some frequently used measurements are height, 
weight, hair color, eye color, and iris[1] and skin colors of an 
individual. These measurements can aid in describing an 
individual, but is not speciÞ c, as more than one individual 
can Þ t such a description. To uniquely identify an individual 
based on biometric data,[2] it should be
� Highly unique to each individual. 
� Easily obtainable. 
� Time-invariant (should not undergo any signiÞ cant 

change over a period of time). 
� Easily transmitt able, able to be acquired as nonintrusively 

as possible.
� Distinguishable by humans without much special 

training. 

Biometrics are being automated to eliminate the need 
for human veriÞ cation, and a number of new biometric 
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measurements have been developed, taking advantage of 
improved understanding of the human body and advanced 
sensing techniques. Automated biometrics-based personal 
identification systems can be classified into two main 
categories: veriÞ cation and identiÞ cation. 

In the process of veriÞ cation (one-to-one comparison), the 
biometric information of an individual, who claims certain 
identity, is compared with the biometric information of 
that particular individual in the database. The comparative 
results determine whether the identity claims shall be 
accepted or rejected. On the other hand, in the process 
of identiÞ cation (one-to-many comparison) a biometric 
information obtained is compared with information of a 
group of individuals that is stored on the database.[2] 

Advancements in information technology over a decade 
are directed toward the development of various soft ware 
applications for the purpose of analysis, storage, and 
comparison of various biometric measurements. For 
instance, various soft ware applications are available to 
analyze finger prints like Sig ID biometric fingerprint 
soft ware system, M2SYS Þ ngerprint SDK soft ware system, 
IdentiFi biometric identiÞ cation system, VeriÞ nger standard 
SDK, and the like. VeriÞ nger® standard SDK version 5.0 
soft ware was developed by Neurotechnologia in 1998, 
to compare and analyze finger prints. Liza et al. used 
this soft ware for automated biometric analysis of Hunter 
Schreger bands in enamel for personal identiÞ cation.[3] In 
our earlier study, we used VeriÞ nger® standard SDK version 
5.0 to analyze the enamel rod end patt erns (tooth prints) 
obtained using acetate peel technique.[4] 

As the soft ware VeriÞ nger® standard SDK version 5.0 was 
primarily designed to analyze Þ nger prints, the reliability 
and credibility of the soft ware in analysis of tooth prints 
need to be veriÞ ed. Hence, the present study was designed 
to analyze the reliability and sensitivity of automated 
biometrics system (VeriÞ nger® standard SDK version 5.0) 
in analyzing enamel rod end patt erns.

Materials and Methods

In this present study, extracted teeth with clinically normal 
crown from ten diff erent individuals were collected. Teeth 
with decay, att rition, abrasion, erosion, hypoplasia, fracture, 
and/or restoration were not selected for the study. All the 
extracted teeth were scaled and polished. 

Recording enamel rod patterns using acetate peel 
technique
In order to avoid error in positioning the acetate Þ lm over 
recording area during serial recordings, a circle of 5-mm 
diameter was drawn on the comparatively ß at area (middle 
thirds) of the labial surface of the tooth. The labial surface 
of the tooth was ground using aerotor handpiece except 

the circular area [Figure 1a]. Ungrounded circular area of 
the tooth was etched with 10% orthophosphoric acid for 
20 seconds, washed with water, and dried; a thin layer of 
acetone was applied over a small piece of cellulose acetate 
film and placed immediately over the etched surface 
of the tooth without any Þ nger pressure for 20 minutes 
[Figure 1b]. The acetone dissolves a layer of cellulose acetate 
and the dissolute sett les down along the irregularities on the 
enamel surface. The Þ lm is gently peeled aft er 20 minutes 
and observed under light microscope. A photomicrograph 
of the acetate peel is obtained at 40x magnification 
[Figure 1c]. To assess the reliability of the soft ware, three 
individual acetate peel recordings were performed on each 
tooth.

In order to minimize bias during recording of enamel rod 
end patt erns, the following measures were taken:
� All the photomicrographs were taken at a magniÞ cation 

of 40x objective and 10x eyepiece of an Olympus 20i 
microscope.

� The photomicrographs were taken without zooming the 
camera lens.

� The circular phomicrographs hence obtained were 
cropped to 2000 × 1500 pixels in Microsoft  Offi  ce picture 
manager [Figure 1d].

Analysis of acetate peel recordings
The cropped photomicrograph was subjected to biometric 
analysis using VeriÞ nger® standard SDK version 5.0. The 
soft ware obtains the patt erns and subpatt erns of enamel rod 
endings as series of lines running in varying directions, and 
assigns a speciÞ c identiÞ cation number, minutiae score, and 
stores the patt ern in the database [Figure 1e].

VeriÞ nger® standard SDK version 5.0 uses certain points 
called minutiae for identiÞ cation and comparison of various 
patt erns analyzed. Minutiae are discontinuities of lines, line 
endings, dots, very small lines, ponds, and/or empty spaces 
between two lines [Figure 1f].

Statistical analysis
Each recording was coded with two-digit alpha-numeric 
code. The Þ rst digit (alphabet) represented the tooth (A, B, 
� J) and the second digit (numeric) represented recording 
of the same tooth (1, 2, 3). The minutiae scores of all the three 
recordings of each tooth were tabulated and statistically 
analyzed using Cronbach�s test. A Cronbach�s test reliability 
score of ≥0.6 represents that two or more values compared 
were not signiÞ cantly diff erent, which indirectly means 
that the two or more recordings are identical to each other.

Results

In the present study, three enamel rod patt erns each of ten 
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diff erent teeth were obtained using acetate peel technique, 
analyzed using Verifinger® standard SDK version 5.0 
software. Each tooth print was stored in the database 
of VeriÞ nger® with a speciÞ c identiÞ cation number and 
minutiae score [Table 1].

Each tooth yielded a similar patt ern of tooth print in all the 
three recordings, and VeriÞ nger identiÞ ed each duplicate 
recording of a tooth to be identical to the original tooth 
print of that particular tooth stored in the database [Figures 
2 and 3].

For instance, if A1, A2, and A3 were the three consecutive 
recordings of the tooth A. B1, B2, and B3 of tooth B and so 
forth, then the records, 
A1 = A2 = A3 
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Figure 1: Automated biometrics using acetate peel technique
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i.e., all the three recordings of the tooth A are identical 
to each other.
A1 ≠ B1/ B2/ B3�J1/ J2/ J3
A2 ≠ B1/ B2/ B3�J1/ J2/ J3
A3 ≠ B1/ B2/ B3�J1/ J2/ J3

i.e., all three recordings of tooth A are not identical to 
recordings of other tooth. 
Even though each duplicate tooth print of a particular tooth 
was found to be identical, the minutiae scores obtained 
were not equal. 
A1 ≠ A2 ≠ A3 B1 ≠ B2 ≠ B3 �  J1 ≠ J2 ≠ J3

Comparison of the minutiae scores of records 1 and 2 of 
each tooth using Cronbach�s test, showed the reliability 
score of 0.96. Similarly, comparison of record 2 with record 
3, record 3 with record 1, and record 1 with records 2 and 3 
yielded reliability scores of 0.98, 0.92, and 0.97, respectively 
[Table 2]. All the four reliability scores were >0.6, indicating 
that each duplicate record was identical to the original 
record of each tooth.

Discussion

Teeth have been extensively used as a source of information 
in human identiÞ cation, especially when soft  tissue cannot 
provide reliable information.[5,6] Enamel covering the crown 
of the tooth, is the hardest biological tissue and while 
highly mineralized, withstands both shearing and impact 
forces well.[7] The undulating course of ameloblasts during 
amelogenesis results in the formation of a patt ern by series 
of adjacent enamel rod ends. These patt erns on the enamel 
surface are called as tooth prints. The study of enamel rod 
end patt erns on tooth surface is termed as ameloglyphics. 
These enamel rod end patt erns could be duplicated by 
various methods like acetate peel technique, rubber base 
impression, etc.[4] 

In our previous study,[4] we reported the use of VeriÞ nger® 
standard SDK version 5.0 soft ware for analysis of enamel 
rod end patterns obtained by acetate peel technique 
and its application in forensic odontology for personal 

Table 1: Minutiae scores of each tooth

 Minutiae scores

Tooth ID Record 1 Record 2 Record 3

A 1770 1690 1710
B 1310 1085 1274
C 1640 1447 1528
D 1770 1740 1566
E 1760 1740 1633
F 1240 1175 1073
G 1370 1110 1262
H 1290 1167 1241
I 1572 1533 1418
J 1610 1530 1448

Table 2: Comparison of three records obtained for each tooth

Pattern Mean Standard Reliability score
  deviation (Cronbach’s test)

1 1533.2 211.8 
0.962 1421.7 265.7 

1 1533.2 211.8 
0.983 1415.3 200.4 

2 1421.7 265.7 
0.923 1415.3 200.4 

1 1533.2 211.8 
0.972 1421.7 265.7 

3 1415.3 200.4 
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Figure 2: Three successive tooth prints of tooth A. All the three prints show a similar pattern of enamel rod ends (a, d, g and b, e, h), and similar 
distribution of minutiae points (c, f, i) 
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Figure 3: Three successive tooth prints of tooth B. All the three prints show a similar pattern of enamel rod ends (a, d, g and b, e, h), and similar 
distribution of minutiae points (c, f, i)
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identiÞ cation. In this study, we found that each tooth print 
was composed of combination of eight diff erent subpatt erns, 
and each tooth print was unique to a particular tooth.[4] This 
uniqueness of the tooth print could be used as a valuable 
tool in forensic science for personal identiÞ cation.

Verifinger® standard SDK software being the software 
primarily designed to analyze Þ nger prints, the reliability 
and credibility of the software in analysis of enamel 
rod patt erns need to be questioned. The results of the 
present study, suggest that VeriÞ nger® could be used with 
considerable accuracy and reliability in analysis of enamel 
rod end patt erns obtained from a speciÞ c area on the tooth 
surface. 

Even though VeriÞ nger® soft ware was able to recognize a 
duplicate tooth print from the same area of the tooth to be 
identical to an original tooth print stored in the database, 
the minutiae scores obtained for each tooth print varied. 
This could be att ributed to the variation in the positioning 
of the acetate Þ lm, variation in the area of the print that was 
photographed, and variation in the area that was cropped 
for VeriÞ nger® analysis. All the three factors were taken 
into consideration and each procedure was standardized 
to maximum extent possible. In spite of standardization, 
there can be variation, as inclusion or deletion of even a 
single cluster of enamel rods, could lead to variation in the 
minutiae score.

Variation in the minutiae score, does not affect the 
identiÞ cation ability of the soft ware, as the soft ware does 
not take into account the number of minutiae points for 
comparison. Instead this soft ware uses the distribution 

and relationship of these minutiae points to each other in 
a particular area. 

Hence, acetate peel technique with VeriÞ nger® standard 
SDK version 5.0 is a reliable technique in analysis of 
enamel rod end patt erns, and as a forensic tool in personal 
identiÞ cation. But, further studies are needed to verify the 
reliability to this technique in a clinical sett ing, as obtaining 
an acetate peel record from the same area of the tooth in-
vivo, is litt le diffi  cult.
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