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Abstract:

The human tongue, with its unique surface topography, has emerged as a promising biometric identifier and forensic
tool. This literature review comprehensively examines the anatomy of the tongue, the classification of tongue print
patterns, methods of recording, forensic applications, clinical significance in systemic and oral disease diagnosis, and
emerging biometric technologies utilizing tongue morphology. Evidence suggests that tongue prints are highly unique,
stable over time, and possess considerable forensic and clinical utility. Further standardization of recording techniques

and larger population studies are warranted.
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Introduction

Forensic identification has long relied on fingerprints,
dental records, and DNA analysis. However, situations
arise where these conventional methods are inadequate
— fingers may be mutilated, dental records may be
unavailable, and DNA analysis may be costly and time-
consuming. In such scenarios, alternative biometric
identifiers assume critical importance. The human
tongue has attracted increasing attention as one such
identifier.

The tongue is the most mobile organ in the oral cavity
and is entirely composed of skeletal muscle covered by
a specialized mucosa. Its dorsal surface bears a variety
of papillae whose arrangement, morphology, and
density form a pattern unique to each individual —

analogous to the friction ridge patterns of the fingertip.
This surface topography, collectively referred to as the
tongue print or lingual impression, has been proposed
as a reliable, non-invasive biometric modality.

The concept of tongue prints is not entirely new. Early
investigators in the mid-20th century observed that the
surface patterns of the tongue differed among
individuals. However, systematic scientific
investigation gained momentum only in the late 1990s
and early 2000s, paralleling advances in digital imaging
and biometric technology. Today, tongue print research
spans forensic odontology, clinical oral medicine,
biometric engineering, and systemic medicine.

Figure 1: AnatmeﬂieahRegionyof the Human Tongue
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Figure 1: Anatomical regions of the human tongue showing major papillary types relevant to tongue print analysis

Anatomy of the Tongue Relevant to Tongue Prints

A thorough understanding of tongue anatomy is
prerequisite to appreciating the basis of tongue print
uniqueness. The tongue is divided by the sulcus
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terminalis into an anterior two-thirds (oral tongue /
body) and a posterior one-third (base / pharyngeal
part). The foramen cecum, located at the apex of the
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sulcus terminalis, marks the embryological origin of the
thyroid gland.

Papillary Types

Filiform papillae are the most numerous, covering the
entire dorsal surface of the oral tongue. They are
conical, keratinized, and devoid of taste buds. Their
density and arrangement form the primary substrate for
the tongue print pattern. Fungiform papillae are
scattered among the filiform papillae, especially at the
tip and lateral margins; they are mushroom-shaped,
vascular, and contain taste buds on their superior
surface. Their distribution contributes to the unique
topographic pattern of each individual's tongue.
Circumvallate (vallate) papillae are arranged in a V-
shaped row anterior to the sulcus terminalis, numbering
7-12 in humans. They are large, surrounded by a
circular furrow (vallum), and contain taste buds in their
lateral walls. Foliate papillae are leaf-shaped folds on
the posterior lateral borders of the tongue, also bearing
taste buds. The distribution and relative proportions of
all these papillary types, together with the configuration
of fissures and grooves on the dorsal surface, constitute
the tongue print.

The Median Sulcus and Fissures

The median sulcus runs along the midline of the dorsal
tongue surface and serves as an important reference
landmark in tongue print analysis. Additional fissures
and grooves may be present, contributing to fissured
tongue patterns. The depth, length, and branching
pattern of these sulci are individually variable and thus
contribute to the uniqueness of each tongue print.

Historical Background

The earliest documented reference to the uniqueness of
tongue surface morphology dates to Buhtz and
Erhardt (1942), who noted inter-individual differences
in tongue papillary patterns. However, the first
systematic study proposing the tongue as a forensic
identifier was conducted by Gondivkar et al. (2010),
who demonstrated statistically significant differences in
tongue morphology between individuals using
standardized impressions.

A landmark contribution was made by Kapali et al.
(1997), who published a classification system for
tongue prints based on the surface pattern of papillae.
Their work formed the foundation for subsequent
classification schemes. In the early 2000s, researchers
in China and India began exploring tongue prints as
biometric identifiers in security systems, culminating in
the development of automated tongue recognition
algorithms.

The field received considerable impetus from the work
of Zhang et al. (2003), who proposed that tongue
diagnosis in Traditional Chinese Medicine (TCM) —
which uses tongue color, coating, and shape — could
be objectified using image analysis. While tongue
diagnosis in TCM is distinct from forensic tongue
printing, the two fields share methodological overlap.
Subsequently, Zhang and Zhang (2009) developed the
first automated tongue recognition system using
geometric features and texture analysis, achieving over
93% recognition accuracy.

Year of Publication

Figure 5: Growth of Tongue Print Research Publications (2000-2023)
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Figure 5: Approximate growth of tongue print research publications from 2000 to 2023 (compiled from multiple
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Classification of Tongue Print Patterns
Several classification systems have been proposed for
tongue print patterns. The most widely cited is that of
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Kapali et al. (1997), which categorizes dorsal tongue
patterns into five basic types based on the morphology
of papillary ridges.

Figure 2: Classification of Tongue Print Patterns (Kapali et al.)
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Figure 2: Schematic representation of the five tongue print pattern types according to the Kapali et al. (1997)
classification
Type I (Normal) Wavy / Irregular lines No specific pattern; random ridges ~35%

Type I (Branched) Main ridge with branches Fork-like extensions from primary li nes~25%

Type III (Intersected) Grid / Cross-hatched Lines intersect at right angles ~18%
Type IV (Encircled) Concentric ovals Closed loop patterns ~12%
Type V (Mixed) Combination of above Two or more pattern types present ~10%

Table 1: Classification of Tongue Print Patterns (Kapali et al., 1997). *Approximate frequency based on pooled data
from population studies.

A modified classification was proposed by Saraswathi
et al. (2011), who added subtypes to account for mixed
patterns and  fissured tongue  configurations.
Gondivkar et al. (2010) further refined the
classification by incorporating depth and distribution of
the median sulcus as additional discriminatory
variables.

Methods of Recording Tongue Prints

Standardization of tongue print recording is essential
for both forensic and clinical applications. Various
techniques have been described in the literature,
ranging from simple ink impressions to sophisticated
digital imaging systems.

Figure 4: Steps in Tongue Print Collection for Forensic/Biometric Use

1. Prepare 2. Apply Ink

Ink Pad to Tongue

Ink Impression Method

The traditional ink impression method, described by
Kapali et al. (1997), involves applying a thin layer of
non-toxic ink (such as stamp pad ink or fingerprint ink)
to the dorsal surface of the tongue using a cotton swab
or pad. The tongue is then pressed firmly against a
white paper or card, held for 2—3 seconds, and carefully
removed. The resulting impression is allowed to dry
and then photographed for analysis. While simple and
inexpensive, this method has limitations including
inconsistent ink distribution, variable pressure, and
hygiene concerns.

Digital Imaging and Photographic Methods

4. Scan &
on Paper Analyze

3. Press Tongue

Figure 4: Sequential steps in tongue print collection for forensic and biometric applications

Advances in digital photography have enabled high-
resolution imaging of the tongue surface without
contact. Standardized intraoral photography using
retractors, consistent lighting, and a calibration scale
provides reproducible images. Shubha and Sequeira
(2012) wvalidated digital photographs against ink
impressions and found comparable pattern recognition
accuracy. The digital approach is preferred in clinical
settings due to its non-invasive nature and ease of
archiving.

3D Imaging and Structured Light Scanning
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Three-dimensional surface scanning using structured
light or laser profilometry captures the full topography
of the tongue surface, including depth of fissures and
height of papillae. Singh et al. (2020) demonstrated
that 3D tongue models provided superior
discriminatory power compared to 2D photographs,
particularly for distinguishing Type III (intersected) and
Type IV (encircled) patterns.

Though technically demanding, 3D methods represent
the gold standard for research purposes.

Alginate Impressions

Dental alginate materials have been used to create
three-dimensional molds of the tongue surface. The
patient protrudes the tongue maximally, and a tray

Figure 3: Flowchart of Forensic Identification Using Tongue Prints

loaded with fast-set alginate is pressed against the
dorsal surface. While this technique yields excellent
anatomical detail, patient compliance is challenging
due to the gag reflex, making it impractical for routine
use.

Forensic Applications

The application of tongue prints in forensic
identification constitutes the most compelling rationale
for this field of study. Forensic odontology contributes
to victim identification in mass disasters, criminal
investigations, and cases of decomposed or mutilated
remains. Tongue prints offer several potential
advantages in this context.

Crime Scene / Forensic Case

Ante-mortem
Tongue Print

Pattern
Analysis

Post-mortem
Tongue Print

Pattern
Analysis

Comparison & Matching

IDENTIFICATION

Figure 3: Flowchart illustrating the process of forensic victim identification using tongue print comparison
Uniqueness and Stability

Gondivkar et al. (2010) analyzed tongue prints of 100
individuals and found no two prints to be identical,
supporting the hypothesis that tongue prints are unique.
A follow-up study by Sivapathasundaram et al.
(2011) involving 500 subjects confirmed this finding.
Importantly, several studies have reported that tongue
surface morphology remains essentially stable
throughout adult life, barring major pathological
changes — a prerequisite for any reliable forensic
identifier.

Resistance to Environmental Degradation

The tongue is a protected intraoral structure, shielded
by the teeth, lips, and cheeks. In forensic scenarios
involving fire, trauma, or decomposition, the oral
cavity may offer relative protection to the tongue
compared to external biometric markers. Bharath et al.
(2011) reported that tongue surface patterns remained
identifiable in post-mortem specimens up to 48 hours,

and suggested that refrigerated preservation could
extend this window considerably.

Application in Bite Mark Analysis

While distinct from tongue printing per se, tongue
morphology has been proposed as a complementary
tool in bite mark analysis. The shape and dimensions of
the tongue influence the pattern of lingual cusp
impressions in bite marks, potentially providing
additional discriminatory information when combined
with dental arch analysis.

Biometric Applications

Biometrics — the automated recognition of individuals
based on physiological or behavioral characteristics —
has expanded beyond conventional fingerprint and iris-
based systems. The tongue has been proposed as a
biometric modality, particularly for anti-spoofing
applications in liveness detection.
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Fiiure 6: Comparison of Biometric Identification Methods

Fingerprint High

Tongue Print High

Dental Record High
Iris Scan V. High
DNA V. High

High Yes Extensive
High Yes Emerging
High No Established
V. High Yes Limited
Perm. No Extensive

= Tongue Print (highlighted)
Figure 6: Comparison of tongue prints with other established biometric and forensic identification methods

Automated Recognition Systems

Zhang and Zhang (2009) developed an automated
tongue recognition system using a combination of color
features (hue, saturation, value), texture features
(Gabor wavelets), and shape features (tongue outline),
achieving a recognition rate of 93.4% on a database of
120 subjects. Subsequent improvements by Weng et al.
(2014) incorporating deep learning approaches raised
accuracy to over 97%. These systems typically involve
image acquisition, preprocessing (normalization,
segmentation), feature extraction, and classification
stages.

Liveness Detection and Anti-Spoofing

A critical advantage of tongue-based biometrics is the
inherent  liveness  detection capability.  Unlike
fingerprints or faces, which can be spoofed using
artificial replicas, the tongue is difficult to simulate.
Furthermore, dynamic tongue movements — protrusion
distance, speed, and lateral deviation — can be
incorporated as behavioral biometric features,
substantially reducing spoof vulnerability. This has led
to interest in tongue biometrics for high-security
applications.

Multimodal Biometric Systems

Several researchers have proposed combining tongue
features with other oral biometric markers (palatal
rugae, dental arch, lip prints) in multimodal systems.
Nazeri et al. (2019) demonstrated that a multimodal
system combining tongue and iris features achieved
near-perfect  identification  accuracy  (99.2%),
significantly outperforming either modality alone.

Clinical and Systemic Significance

Beyond forensic and biometric applications, tongue
morphology carries important clinical significance.
Systematic studies have documented associations
between tongue surface patterns and various systemic
and oral conditions.

Fissured Tongue and Systemic Associations

Fissured tongue (lingua plicata) is a developmental
anomaly characterized by one or more grooves or
fissures on the dorsal surface. Its prevalence ranges
from 2-21% in various populations. Associations with
Melkersson-Rosenthal syndrome, Down syndrome,
and geographic tongue have been well documented.
Sawair et al. (2009) found fissured tongue to be
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significantly more prevalent in patients with psoriasis,
suggesting a shared immunological basis.

Geographic Tongue

Geographic tongue (benign migratory glossitis)
presents as well-demarcated erythematous areas with
white borders, altering the normal tongue print pattern.
Its transient and migratory nature represents a
challenge for tongue print permanence, as affected
areas may produce atypical impressions. Sedano et al.
(1989) reported geographic tongue in 1.0-2.5% of the
general population, with higher prevalence in patients
with atopy.

Gender Differences

Multiple  studies have reported gender-based
differences in tongue print patterns. Saraswathi et al.
(2011) found Type I (normal/wavy) patterns to be more
prevalent in females, while Type III (intersected)
patterns were more common in males. These
differences may reflect hormonal influences on lingual
musculature and mucosal texture. Such gender-related
patterns have potential utility in forensic sex
determination.

Age-Related Changes

While tongue print patterns are generally considered
stable in adults, age-related changes have been
documented. Atrophy of filiform papillae, increase in
fissure depth, and alterations in tongue color are
recognized features of aging. Kullaa-Mikkonen et al.
(1987) reported progressive atrophy of lingual papillae
in subjects over 60 years, with implications for tongue
print stability in elderly individuals.

Limitations and Challenges

Despite its promise, tongue print research faces several
significant challenges that must be addressed before
widespread forensic and clinical adoption becomes
feasible.

Lack of standardization: No universally accepted
protocol  exists for tongue print recording,
classification, or comparison. Variability in technique
introduces inconsistency between studies and
laboratories.

Population databases: Existing studies are limited in
sample size and geographic diversity. Large-scale,
multi-ethnic population databases are needed to
establish population frequencies for each pattern type.
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Pathological alterations: Oral conditions (geographic
tongue, fissured tongue, candidiasis, lichen planus) and
systemic  diseases may alter tongue surface
morphology, potentially compromising the permanence
of the tongue print.

Postmortem changes: Decomposition and
environmental exposure alter tongue tissue, limiting the
postmortem window for successful tongue print
identification.

Technical complexity: Advanced imaging and
automated recognition systems require specialized
equipment and expertise not readily available in most
forensic or clinical settings.

Legal admissibility: Unlike fingerprints and DNA,
tongue print evidence lacks established legal precedent
and judicial acceptance in most jurisdictions.

Future Directions

The trajectory of tongue print research suggests several
promising avenues for future investigation. The
application of artificial intelligence and deep
learning to tongue image analysis holds particular
promise; convolutional neural networks (CNNs) trained
on large datasets can potentially automate pattern
classification and comparison with high accuracy and
reduced examiner bias.

The integration of tongue biometrics into mobile
health (mHealth) platforms — using smartphone
cameras to capture tongue images for health monitoring
or identification purposes — represents an emerging
application with broad public health implications. Pilot
studies using smartphone-based tongue image
acquisition have shown feasibility.

Collaborative international research establishing
standardized recording protocols and large
population databases is urgently needed. Multi-center
studies spanning diverse ethnic and geographic
populations will enable robust population frequency
data, essential for forensic probability calculations
(likelihood ratios). The development of a universally
accepted tongue print atlas — analogous to the OSAC
standards for fingerprints — would substantially
advance the field.

Conclusion

Tongue prints represent a scientifically grounded, non-
invasive, and potentially powerful biometric and
forensic identifier. The uniqueness, relative perman
ence, and accessibility of tongue surface patterns make
them a viable complement to established identification
methods. While challenges in standardization, database
development, and legal admissibility remain, the rapid
evolution of digital imaging and artificial intelligence is
expected to accelerate the maturation of this field.
Dental professionals — particularly oral medicine
specialists and forensic odontologists — are uniquely
positioned to contribute to and benefit from advances in
tongue print research. Systematic recording of tongue
prints as part of routine dental records, combined with
awareness of pathological alterations, can enhance both
clinical diagnosis and forensic readiness. Dr. Madhura

Bhave Joshi and colleagues advocate for the inclusion
of tongue print documentation in forensic dental
protocols and encourage prospective multi-center
research to address the existing evidence gaps.
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