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ABSTRACT
Introduction: Enamel formation is a much planned dynamic
secretory process, in which the ameloblast lays down enamel
rods in an undulating and intertwining path. This reflects on the
enamel surface as a series of patterns that are described as
tooth prints. The tooth prints are unique, the variation exhibits
both between teeth of unlike individuals and of the same individual, and between males and females.
Objectives: To examine the reproducibility and reliability of the
enamel rod-end patterns as a reliable technique for personal
detection.
Materials and methods: Automated biometrics, recording patterns, and acid etching can be used to study the enamel rod-end
pattern on the outer surface as sequential steps for personal
identification. Digital images of minutiae are marked and stored
by VeriFinger SDX v5.0 software for identification, verification,
and comparison of patterns.
Conclusion: The use of dental evidence is the method of choice
in establishing an identity of the skeletonized remains from
manmade or natural disaster. Biometric analysis reveals that
the tooth prints are unique for each tooth. Hence, we suggest
that ameloglyphics may well be used as a reliable technique
for personal identification.
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INTRODUCTION
Forensics is a term denoting a field that is used in application of science and technology to the investigation of
crime and administration of justice, which needs the
combined efforts of a multidisciplinary team. Detection
of human identity is dealt with by the forensic departments. Identification by dental records is one of the most
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consistent and regularly used methods of identification,
chiefly by the evaluation of ante-mortem and postmortem records. The most regularly performed test is to
compare records and it establishes whether the sample
of a decedent and a person represented by ante-mortem
dental records matches. When ante-mortem records are
not existing and evidence to the possible existence of the
identity is lacking, a dental profiling is done in which
a postmortem dental outline is created by the forensic
odontologist to suggest uniqueness of the individual
likely to narrow the search for the ante-mortem materials.
The science of dealing with information from dental
and oral structures—“Forensic Odontology”—is a specialty by itself. The development of forensic dentistry as
a separate branch was established by Dr Oscar Amoeda
(Father of Forensic Odontology), who documented the
victims of a fire calamity in Paris, France, in 1898.1 The
various methods of identification that come under forensic odontology are cheiloscopy, palatal rugae patterns,
bite marks, and molecular methods like polymerase chain
reaction for pulp deoxyribonucleic acid (DNA) analysis.2
Teeth have the utmost holdout to most environmental
effects like fire, desiccation, and decomposition. Teeth
withstand most natural calamities and so are an excellent tool for personal detection of an unrecognizable
body along with other methods.3 In forensic odontology, human dentition is considered as a substitute to
fingerprints.4
Ameloglyphics or tooth prints has been gaining more
attention recently. Enamel rod-end patterns are studied
using ameloglyphics (amelo: enamel; glyphics: carvings).
The term “ameloglyphics” was coined by Manjunath
et al similar to the term dermatoglyphics.5 Amelogenesis
is an extremely controlled secretory process, wherein the
ameloblast secretes enamel in an undulating and interlacing path. This is reflected on the enamel surface as a
series of patterns described as tooth prints. These tooth
prints are unique, variations exhibit both between teeth
of unlike individuals and of the same individual, and
between males and females.6 This exclusiveness of the
tooth print can be used as an important tool in forensic
science for individual identification.
The fundamental unit of enamel is the enamel rod
(enamel prism). Mature enamel does not repair or
remodel. The enamel rods do not remain in close contact
with the cells, which synthesize them; rather, the inner
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enamel epithelial cells retract away from the enamel
surface once the matrix has formed and the tooth has
erupted. Morphology of enamel prism reflects that of
ameloblasts in a species-specific manner. Disturbances
in the structural organization of enamel are observed as
alterations in the mature matrix. Macroscopically, patterns
of enamel rods are manifested externally as perikymata,
but microscopically, groups of enamel rods are directed
specifically, which differ from adjacent group of enamel
rods, and result in grooves on the external surface. It has
been estimated that each tooth has millions of rods and
that the number varies from tooth to tooth.
In ameloglyphics, the enamel rod-end pattern on the
outer surface can be studied by using acid etching, recording patterns, and automated biometrics as sequential
steps for personal identification.

2. Type II with principal dissolution of prism peripheries
showing a cobble stone appearance (Fig. 2)
Other patterns which can also be noted to a lesser
extent are:
• Mix of types 1 and 2
• Pitted enamel surface as well as structures that look
like unfinished puzzle
• Flat, smooth surface
The effect of etching on enamel is influenced by different factors, such as the kind of acid used, concentration
of acid, etching time, form of etchant, rinse time, whether
enamel is instrumented prior to etching, chemical composition, and condition of enamel. Surface instrumentation,
age of patient, and external factors lead to fine differences
in features of enamel and have an effect on the ability of
an acid conditioner to correctly demineralize.

Acid Etching

Recording of Patterns

The mineral component on the surface enamel is removed
by acid etching. Etching results in an uneven dissolution of the surface enamel along with the removal of the
smear layer.
Etchants used are 10% citric acid, 10% phosphoric
acid, 10% maleic acid, 2.5% oxalic acid, and 2.5% nitric
acid; 10% orthophosphoric acid in gel form is the most
regularly used acid to etch the enamel for in vivo studies.7
The demineralization is selective at certain microregions
for the reason that the morphological nature changes
in the angulation of the prism crystals. A porous layer
(5–50 µm deep) forms, as 10 µm surface enamel is
removed by etching. Depending on the angulation of
rods, demineralization varies, greater at the prism head
or at the periphery.
Basically, the patterns can be classified into two:
1. Type I with principal dissolution of prism cores
showing a honeycomb pattern (Fig. 1)

In ameloglyphics, one of the important steps in obtaining
a tooth print is copying of enamel rod endings on tooth
surface using proper material for reproducing complete
and accurate enamel rod-end patterns for personal
identification. Recording and duplication of enamel rod
patterns on surface of enamel are achieved by cellulose
acetate film, cellophane tape, light body impression compound or metal-shadowed colloid ion film.

Cellulose acetate film records the complete pattern and
subpattern of the enamel rod ends accurately when compared with cellophane tape and light body rubber-base
impression compound. Hence, cellulose acetate film is
considered as a definitive material for recording enamel
rod endings on the superficial tooth surface for personal
identification.9 No empty spaces or incomplete patterns
are seen. Subsequent imprints taken from the same area

Fig. 1: Type I etching pattern (scanning electron microscopy)8

Fig. 2: Type II etching pattern (scanning electron microscopy)8

Cellulose Acetate Film/Peel Technique
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of the same tooth do not show any difference in minutiae
points and scores. This method reproduces the same
pattern and subpatterns in consequent marks taken from
the same area of the same tooth.
A peel is a duplication of an acid-etched mineral
surface, taken on acetate film. Peeling is a simple, cheap,
and swift way of making duplications of hard tissue surfaces. The peel system was first developed by paleobotanists to study the cellular structures of fossil plants. Shortly,
petrologists and paleontologists, to learn the texture and
structure of fossils and carbonate rocks, took this up.
Further modifications were done to study dental hard
structures. The peel is observed under microscope with
incident or transmitted light and stored for further steps.
The disadvantage of the peel technique is that it is
complex to record the surface enamel rod endings of the
complete teeth because of improper adaptations of cellulose acetate film on the irregular tooth surface. Hence,
it is recommended that a fibro-optic laser scanner that
can scan the complete teeth should be developed with a
software dedicated to study enamel rod endings.

Automated Biometric analysis
In this electronically interconnected society, steadfast and
user-friendly detection and verification system is fundamental in many sectors of our life. The person’s behavioral
or physiological characteristics, known as biometrics, are
the key and vital methods used for identification and
verification. The most popular biometric technique used
in automatic personal identification is fingerprint recognition. It is a technology for identification or validation of
a person, which transforms a morphological, biological,
or behavioral characteristic into a digital value.
When the patterns studied are consistently recognized
and provide greater confidence, they are referred to as
“positive identification.” Biometric-based identification
and verification methodologies, such as fingerprint recognition, facial recognition, and iris scanning have been
drastically refined in automated systems and software
tools, which have the capacity to distinguish individuals reliably. Unique identification of an individual based
on biometric information should have certain desirable
prerequisite characteristics, such as uniqueness to each
individual, easy transmittability, ability to acquire as
unintrusively as possible, and distinguishable by humans
without much special training.
Various software applications are available to analyze
fingerprints like M2SYS fingerprint SDK software system,
Sig ID biometric fingerprint software system, Verifinger
standard SDK, IdentiFi biometric identification system,
and the like. Verifinger® standard SDK version 5.0 software was developed by Neurotechnologia in 1998, to
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match up and analyze fingerprints. Verifinger SDK is
intended for biometric system developers and integrators.
It allows the rapid development of biometric applications
for Microsoft Windows, Linux, and Mac OS X platforms.
Verifinger can be easily included into a customer’s security system. The integrator totally controls SDK data input
and output; therefore, SDK functions in association with
any scanner, any database, and any user interface. It has
interfaces for image input from files and cameras. It uses
specific set of fingerprint points (minutiae) to lay down an
image in the form of outline in relation with the minutiae.
Ramenzoni and Line10 were the first to use the fingerprint identification and verification software (VeriFinger
Demo 4.2, SDK/Fingersec) and could satisfactorily evaluate the uniqueness of Hunter-Schreger bands for personal
identification. The Verifinger software also identified all
the surface patterns of a particular tooth with specific ID
number, which was stored in the database during previous recording. Studies show that VeriFinger software v5.0
is a reliable tool in copying enamel rod-end patterns and
has proved to be reproducible. Even the minutiae points
showed no significant change on reproduction.
VerFinger 10.0 Standard SDK and VeriFinger 10.0
Extended SDK are the latest versions available but not
tested for tooth prints.

Minutiae Points
Minutiae points are the discontinuities of the lines seen as
line endings, dots, very small lines, ponds, bifurcations,
and loops (Fig. 3).
A point where the ridge ends abruptly is termed ridge
ending and a ridge bifurcation is defined where a ridge
forks or deviates into branch ridges. Multiple bifurcations
are collectively termed minutiae. Most of the fingerprint
withdrawal and matching techniques contain the set of

Fig. 3: Minutiae points are the discontinuities of the lines seen as
line endings, dots, very small lines, ponds, bifurcations, and loops
(scanning electron microscopy)6
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features to two types of minutiae: Ridge endings and
ridge bifurcations. A good-quality fingerprint normally
shows about 40 to 100 minutiae.
Each of the ridge ending and ridge bifurcation types
of minutiae has three features, namely, the x-coordinate,
the y-coordinate, and the local ridge direction.11 This
basic three-dimensional feature vector has many other
features too. Given the minutiae image of fingerprints,
complementing a fingerprint against a database lessens
the problem of point matching. The minutiae are the most
distinctive and constant features, which are used in all
automated fingerprint detection systems (Fig. 4) and can
consistently be extracted from low-resolution fingerprint
images (~500 dpi). The same principle is used in ameloglyphics where the minutiae are marked and stored by
VeriFinger SDX v5.0 software for identification, verification, and comparison of patterns.
The minutiae sets can be coordinated using many
techniques. In the case of fingerprints, matching of a
print poses a big computational problem due to the
following three factors: (1) Poor quality, (2) very large
fingerprint database, and (3) structural alteration of the
fingerprint images. These become irrelevant in tooth
prints because being a hard surface, a cellulose acetate
film imprint of the enamel rod endings produces a goodquality digital image and does not show distortion as
in the fingerprints.

Enamel Rod-end Patterns
Each tooth print gained will be poised as series of
lines representing chain of adjacent enamel rod ends.
Subpatterns are lines running in varying directions.
Manjunath et al6 analyzed 30 tooth prints from canines
and 1st premolars in males and females, which yielded
eight distinct subpatterns, namely linear-branched,
linear-unbranched, wavy-branched, wavy-unbranched,
whorl-open, whorl-closed, loop, and stem-like. Each
tooth print was a combination of these subpatterns.
Gupta et al12 also put forward eight patterns of enamel
rod ends, namely wavy branched, straight, linear, turning
loops, wavy unbranched, open whorls, branching, loop
and radiating (Fig. 5).

A

B
Figs 4A and B: Two commonly used fingerprint features:
(A) ridge bifurcation; (B) ridge ending11

The Recording Procedure (Gupta et al12)
• Scale all the extracted teeth.
• Etch with 37% orthophosphoric acid for 2 minutes on
middle third of the facial/buccal surface of the tooth.
(The mid area is selected because the rods here run
horizontally from the dentinoenamel junction to the
enamel surface.)
• Wash the etched surface with water.
• Spray ethyl alcohol for quick drying without any
leftover residual moisture prior to taking an imprint.
• Apply extended cellophane tape applied over the
etched area without any pressure.
• Apply a small piece of cotton roll over the area for a
better adaptation of the cellophane tape.
• Immediately pull the cellophane tape gently.
• Cut the imprint portion of the cellophane tape and
transfer to a glass slide.
• Focus slide under conventional light microscope
attached with a good camera for photomicrography.
• View imprints at 10× and 40× magnification.
• A digital image at 40× magnification gives a much
clearer picture of the prints as compared with 10×.
• Subject the digital image to biometric conversion using
Verifinger standard SDK version 6.0 software.
• Further, the obtained images are subjected to analysis by Automated Fingerprint Identification System
software. [The Integrated Automated Fingerprint
Identification System (IAFIS) is a national automated
fingerprint identification and criminal history system
maintained by the Federal Bureau of Investigation.
The IAFIS offers automated fingerprint search
means, latent searching capability, electronic image
storage, and electronic exchange of fingerprints and
responses.) It has the potential to evaluate the similarity and differences of two patterns in the form of
lines (as used in fingerprint identification) and give
the result as matching or not matching.

Analysis of Enamel Rod-end Pattern at Different
Levels of Enamel and Its Significance in
Ameloglyphics
Biometric analysis of enamel rod-end patterns obtained
from 10 extracted teeth revealed that 10, 30, and 60% of
enamel rod-end patterns were similar up to 3, 4, and
5 μm depth of enamel respectively.13 In this study, 3 to
5 μm thickness of enamel showed similar enamel rod-end
pattern. On extrapolating the study results with prior
studies by Lambrechts et al14 and Joiner et al,15 the
authors assumed that each enamel rod-end pattern takes
approximately 4 to 6 years to show an alteration into the
subsequent pattern due to in vivo brushing. So, it appears
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Figs 5A to I: (A) Wavy branched, (B) straight, (C) linear, (D) turning loops, (E) wavy unbranched, (F) open whorls,
(G) branching, (H) loop, and (I) radiating12

that for at least every 4 years, the enamel rod-end pattern
should be recorded during its practical application.
However, rod-end patterns may be different at different
depths of enamel, age-related changes, such as abrasion,
attrition, and so on, which result in wearing out of surface
enamel; rod-end patterns should be analyzed in detail.

Ameloglyphics and Predilection of Dental Caries
Dental caries being a complex process involving
multiple factors, ameloglyphics should be studied in
relation to rod-end patterns of different areas of the
same tooth, particularly those from the tooth surface
affected by caries and those relatively unaffected. The
occurrence of divergent enamel rod-end patterns suggests that structurally there is no difference in enamel
surface of carious and noncarious teeth.16 Enamel does
not illustrate any predisposing structural variations in
the frequency of caries, other than the factors known
thus far. The carious process starts and progresses
whatever be the type of surface enamel, based on the
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relationship between factors like environmental, host,
substrate, and time.

CONCLUSION
The DNA analyses, finger prints, dental patterns, and
more are used for personal identification; but these identification methods may not be resourceful when bodies
are decomposed where only small fragments of calcified tissues are obtainable for identification. Since teeth
can withstand extreme temperatures, dental evidence
is the technique of choice in creating an identity from
the manmade or natural disasters. Biometric analysis
reveals that the enamel rod-end patterns are distinctive
for each tooth in an individual. The reproducibility and
reliability of these enamel rod-end patterns suggest that
ameloglyphics could be used as a reliable technique for
personal identification in such cases.
Pattern of rod ends in canine and first premolar is
documented. Evidence for the study of rod-end patterns
in different sets of teeth is lacking. Could there be an
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ethnic variation in the rod-end patterns? What differences are there in the rod-end patterns between humans
and animals? What all changes could affect the enamel
rod-end patterns in daily life? To what depth do these
changes reflect it? Are there other surface structures of
enamel which could be easily and reliably used for personal identification? What changes are expected in inherent dental defects? The exploration of enamel rod-end
pattern in the areas of developmental defects, which affect
enamel, might help in a better understanding of these
defects. The different type of dental caries lesions and
its effect on enamel rod-end patterns is not elucidated.
Does the tooth print have any association with age and
sex of the individual? If the reliability of ameloglyphics is
unquestionable, could there be better and easier ways to
record and assess the data from the complete set of teeth?
These are all avenues which need research attention.
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