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PREFACE 

PREFACE 

The human tongue is a unique organ of the human body. Dorsal surface of the tongue 

is unique from person to person as human DNA, the color, shape, and surface features 

are characteristic of every individual. This property makes it possible for the tongue to 

serve as a tool for biometric identification. Tongue print being the new biometric 

authentication tool is unique and cannot be forged. 

This study provides valuable insights into the diversity of tongue morphology within a 

population, underscoring the feasibility of using these features for non-invasive 

identification purposes. This research contributes to the growing interest in tongue 

analysis for medical diagnostics and forensic applications. Further exploration and 

validation of these findings may pave the way for the integration of tongue biometrics 

in diverse fields, including healthcare and law enforcement. 

tongue is definitely one of the unique structures which can add as an adjunct in 

forensic identification with other aids like rugoscopy, finger prints analysis and many 

others. One very important fact other than the uniqueness of the tongue is that it is 

encased in the oral cavity and is well protected and can only be protracted with 

consent. Tongue has many properties which are quite unique to an individual. Tongue 

examination is a field which is quite unexplored as compared to other forensic 

identification tools. It is now being considered suitable for recognition of identity. 

Tongue has geometrical shape information and physiological texture details which 

when recorded can prove to be very useful in identification. The main reason for 

introducing tongue prints in forensic odontology is because of its usefulness in human 

identification. Biometrics is a very important tool for identification and like 

commonly used fingerprints, facial scans, iris or voice recognition tongue scans can 

also be used. Our study is targeted to present the morphological differences proving 

the evident uniqueness of the tongue. Unlike other forensic identification tools forging 

of tongue prints is almost impossible. No two tongues as we are aware are similar or 

are completely unique to each, it is protected inside the oral cavity and highly stable. 

Hence this study which analysis the morphological differences on the dorsal surface 

of the tongue in the people of Solan was done to find out and compare if the fact that 

the tongue is unique actually holds true. Preservation of antemortem tongue 
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impressions and photographs for forensic identification has great scope and can prove 

to be of great help. Studies like ours which are used to collect information which can 

be used as a reference for further studies should be encouraged to collect more proof 

on the fact that tongue is a unique tool. 

In our study the Digital photographs of the tongue were captured. The study sample 

included 316 participants. The geometrical shape, colour and surface texture details 

were observed and analyzed. Differences based on gender and age were studied and 

analyzed.  

The results we got suggested that shape of the tongue, surface texture of the tongue, 

apex of the tongue, color of the tongue differs based on gender but surface texture, 

shape of the tongue, apex of the tongue, median septum does not differ based on age 

groups, color of the tongue differs based on age group. 

To conclude the individual lingual shape is consistent and the physiological texture is 

invariable. In addition to rugoscopy and cheiloscopy, the study of lingual morphology 

may be one of the secure methods for identification in forensic dentistry. Hence the 

present study is to analyze the various lingual morphological aspects like shape, color, 

apex, median septum and other characteristics which can aid in the identification 

This observational study provides valuable insights into the morphological differences 

present on the dorsal surface of the tongue among the people of Solan. The findings 

contribute to our understanding of regional variations in tongue anatomy and may 

have implications for oral health practices, diagnosis of systemic conditions, and the 

development of targeted healthcare interventions in this specific population. Further 

research is warranted to explore the underlying factors influencing these 

morphological differences and their potential clinical significance. 

The observed morphological differences on the dorsal surface of the tongue in the 

population of Solan not only enrich our comprehension of regional variations but also 

hold potential implications for various aspects of healthcare. The findings of this 

study can be instrumental in shaping oral health practices tailored to the specific 

characteristics of this population. Understanding the unique morphological features 
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may aid in the development of region-specific oral hygiene recommendations, 

preventive strategies, and educational initiatives to promote better overall oral health. 

Moreover, the identified variations in tongue anatomy could have diagnostic 

significance in the detection of systemic conditions. The tongue is recognized as a 

mirror reflecting the overall health of an individual, and deviations from normal 

morphology may serve as indicators of underlying health issues. Clinicians in Solan 

and similar regions can leverage this knowledge to enhance their diagnostic 

capabilities, potentially leading to earlier detection and intervention for systemic 

diseases. 

The potential clinical significance of these morphological differences also opens 

avenues for targeted healthcare interventions. Tailoring medical approaches to the 

specific characteristics of the population in Solan may improve the efficacy of 

treatments and interventions, ultimately enhancing healthcare outcomes. This 

knowledge could be integrated into medical education curricula and clinical practice 

guidelines to better equip healthcare professionals in the region. 

Despite the valuable insights gained from this study, it is acknowledged that further 

research is essential. Exploring the underlying factors influencing these 

morphological differences would provide a more comprehensive understanding. 

Additionally, investigating the long-term health implications and establishing 

associations between tongue morphology and specific health outcomes would 

contribute to the development of evidence-based healthcare strategies in Solan and 

potentially inform broader healthcare practices globally. This study lays the 

groundwork for continued research endeavours aimed at unravelling the intricate 

relationship between tongue morphology and health in specific populations. 
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AN OBSERVATIONAL STUDY TO ANALYSE AND COMPARE THE 

MORPHOLOGICAL DIFFERENCES ON THE DORSAL SURFACE OF THE 

TONGUE IN THE PEOPLE OF SOLAN 

INTRODUCTION 

• Basic Background 

• Rationale 

• The Objectives of the Study 

• Consequences of studying and analyzing Dorsal Tongue Morphology 

• Possible scope and Limitations 

The dorsal surface of the tongue exhibits unique morphological characteristics that 

have the capacity or potential to be used as a biometric identifier for medical 

applications and forensic identification. 

Tongue analysis has gained increasing popularity and interest in recent years due to 

its non-invasive nature, contactless examination, and the distinctive features present 

on its surface. This observational study aims to analyse and compare the 

morphological differences on the dorsal surface of the tongue in a diverse population. 

1. Basic Background: Traditional medicine systems, such as Traditional Chinese 

Medicine (TCM) and Ayurveda, have long utilized tongue examination as a 

diagnostic tool to assess an individual's health status and identify underlying 

imbalances or diseases. 

In these systems, the tongue's appearance, colour, texture, and coating are 

considered reflections of the body's internal health and provide valuable 

diagnostic information. 

2. Rationale: The growing interest in biometric identification methods and the 

need for non-invasive techniques in forensic science and medical diagnostics 

have led to exploring the potential of the tongue as a unique biometric 

identifier. 

Unlike traditional biometrics like fingerprints and iris scans, tongue analysis 

offers a non-contact, hygienic, and easily accessible means of identification. 

3. Objectives of the Study: The main objectives of this observational study are as 

follows: 

a. To find out or analyse and list or document the structural features 

present on the dorsal surface of the tongue. 
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b. To figure out and identify any significant variations in tongue 

morphology among individuals of different gender or age. 

c. To analyse the probability of morphological differences in tongue 

analysis as a biometric identifier for human identification. 

d. To document and discuss the inferences of tongue analysis in forensic 

studies and medical researches and diagnostics. 

4. Consequences of studying and analysing -Dorsal Tongue Morphology: 

Tongue analysis has the probability to match the existing biometric 

identification methods, contributing an additional layer of identification and 

verification. 

The structural variations observed on the dorsal surface of the tongue can give 

a unique and individual-specific pattern, making it a valuable tool for forensic 

investigations, postmortem identifications, and access control systems. 

5. Possible scope and Limitations: The scope of this study is limited to the 

morphological examination of the dorsal surface of the tongue.  This study 

does not involve invasive procedures and subjects with underlying medical 

conditions are not included. 

Human identification is a very demanding, challenging and difficult area. 

Forensic odontologists are able to identify human beings if only there are 

some unique features associated with that individual’s oral cavity and 

associated organs. 

Forensic odontology demands the contribution of dentists especially in 

criminal and legal cases. This is because they provide dental records, 

photographs and radiographs which are quite useful in human identification. 

The basic need for studying various structures useful in forensics is that a 

thorough understanding can be created and a data base can be updated and 

stored for comparative analysis. 

Teeth are not always present and are liable to changes but in the absence of 

teeth tongue can be easily accessed. 

Tongue can prove to be very useful in both forensic identification and in 

biometrics. From the above documented facts its quite clear that our tongue is 

definitely one of the unique structures which can add as an adjust in forensic 

identification with other aids like rugoscopy, finger prints analysis and many 

others. 
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One very important fact other than the uniqueness of the tongue is that it is 

encased in the oral cavity and is well protected and can only be protracted with 

consent. 

Tongue has many properties which are quite unique to an individual. Tongue 

examination is a field which is quite unexplored as compared to other forensic 

tools. It is now being considered suitable for recognition of identity. 

Tongue has geometrical shape information and physiological texture details 

which when recorded can prove to be very useful in identification. 

The main reason for introducing tongue prints in forensic odontology is 

because of its usefulness in human identification. 

Biometrics is a very important tool for identification and like commonly used 

fingerprints, facial scans, iris or voice recognition tongue scans can also be 

used. 

Our study is targeted to presents the morphological differences proving the 

evident uniqueness of the tongue. Unlike other forensic identification tools 

forging of tongue prints is almost impossible. No two tongues as we are aware 

are similar or are completely unique to each, it is protected inside the oral 

cavity and highly stable. 

Hence this study which analysis the morphological differences on the dorsal 

surface of the tongue in the people of Solan was done to find out and compare 

if the fact that the tongue is unique actually holds true. 

Preservation of antemortem tongue impressions and photographs for forensic 

identification has great scope and can prove to be of great help. Studies like 

our which are used to collect information which can be used as a reference for 

further studies should be encourage to collect more proof on the fact that 

tongue is a unique tool. 
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• Human identification by Forensic Odontology 

• Methods used for biometric identification 

• Tongue Anatomy and Physiology 

• Tongue as a Biometric Identifier 

• Medical uses and Applications of Tongue examination and Analysis 

• Permitted, Principled or Ethical (legal) Considerations involved in tongue analysis 

Review of Literature 

Forensic Odontology and Human Identification 

Human identification is very crucial and forensic identification proves to be a very 

important parameter in it especially when outdated methods of proof of identity do not 

provide conclusive and precise results or are difficult to use. This review documents 

how forensic odontology has proved to be of great help in human identification 

focussing on the dental aspect. This literature explains how records from dentists like 

radiographs, tongue analysis reports, bite marks, dental biometrics has proved to be of 

importance in forensic identification. Also, it is brought to picture that how data 

received from dentists, medical professionals and forensic experts has time an again 

proved to be a boon in achieving precise and correct identifications. This review also 

presents the shortcomings, challenges, future prospects and legal implications 

associated with forensic odontology and human identification. 

1. Dental Archives or records and Identification: Nambiar P states that dental 

records are important in forensic identification. He also discusses that dental 

features like dental charting, missing teeth, dental restorations can be used as 

features for comparison. The forensic odontologists can assess dental records 

and also play an expert witness in the court1. 

Thampan N et at states that Forensic odontology plays an essential role in the 

identification of victims in mass disasters utilizing "preserved dental records" 

or "ante-mortem records" available with the general dental practitioners. 

Identification of an individual by comparing postmortem and antemortem 

records is more consistent and easier as compared to other methods 2. 

2. Bite Mark Examination in Forensic Odontology: Authors: Pretty IA, Sweet D 

Journal: Journal of Clinical Forensic Medicine Year: 2017 Summary: This 

review focuses on bite mark analysis in forensic odontology, detailing the 

methods used in bite mark comparisons, pattern analysis, and the limitations of 
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the technique. The paper highlights the need for proper documentation and 

expertise in bite mark analysis for accurate results3. Rothwell BR suggested that 

Bite marks are crucial and sometimes debated aspect of forensic odontology. 

He also states that bite marks have received a lot of attention lately in media and 

scientific connections. There are many reported cases in which bite marks 

evidence has been very critical in the release and conviction of many criminals 

4. 

3. Advancements in Dental Radiography for Human Identification: Authors Silva 

RF et al mention the recent advancements in radiography involved in dentistry 

like the panoramic radiography, digital radiography and CBCT (Cone - Beam 

computed tomography) and their uses in human identification. In their paper 

they have stated the importance of forensic odontology for legal purposes. The 

use of radiology CBCT in odontology forensic5. 

Andi Izham  and Elza Ibrahim Auerkari, 2021 in their paper state that Forensic 

radiology is utilized to help doctors and are a field in medical imaging. Through 

CBCT forensic odontology has taken a different turn. It has assisted in various 

applications, like the age estimation through teeth, the role of dentists in 

hearings in courts or forensic witnesses, bite marks analysis, investigation 

especially of trauma cases, and determination of race and sex. 

The advantages of digital CBCT radiographs are that the speed at which 

radiographs are retrieved is really good. radiograph becomes visible on a 

computer screen wherein application of density, contrast, sharpness, image, and 

colour adjustments can be made on the CBCT digital radiograph software which 

helps significantly in identification checks in forensic, especially in skeletal and 

odontology cases 6. 

Developing Skills in Forensic Odontology: Kaul B, Vaid V, Gupta S, Kaul S, 

2021 in their paper have discussed that dental biometrics helps us regulate and 

determine many parameters that help in forensics like population affinity, type 

of specimen, race, age, sex, stature and other individual factors. 

So, relative or comparative dental identifications with the assistance of a 

biometric recognition system will prove to play a big role in identifying dead 

individuals in crimes, disasters or any other mass tragedies7. 

4. Tongue as an effective Forensic Tool: Potential for Human Identification: This 

topic examines the potential of using tongue examination as a forensic tool for 
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human identification. The paper discusses the unique morphological 

characteristics of the tongue and its applications in biometric identification and 

postmortem identification. 

Abraham J, Binita G, Sandra E J, 2018 state that Forensic odontology is that 

branch of dentistry that majorly deals with the identification based on 

individual’s oral structures. The tongue is a unique structure that shows both 

geometric shape as well as physiological texture information that may be useful 

in identity confirmation. The paper presents research which was taken over the 

people to study and analyse the morphological shape and texture of the tongue 

and show their use as an aid in human identification. The authors after the results 

came to a conclusion that the human tongue promises to cater a level of 

uniqueness in shape and texture and is suitable for the use in identity recognition 

8. 

Khan T et al ,2023 discusses that tongue has unique features which vary from 

individual to individual. This is even true in identical twins. For this reason, 

tongue prints can be used as a secure method of biometric verification in 

Forensic Odontology 9. 

5. Challenges and Future goals in Forensic Odontology: 

Kavitha B, Einstein A, Sivapathasundharam B, Saraswathi TR have discussed 

that though forensic odontology has gained a lot of popularity in recent times, 

various methods and modalities used are encountered by limitations. These 

restrictions or limitations are to remembered when responding to queries in the 

court of law while prosecuting a suspect, because an inappropriate conclusion 

can alter affect the lives of the accused. Hence responsible conclusions and 

results should be presented. 10 

The Biometric Identification Methods 

Biometric identification methods are very important in varied applications which 

includes forensic sciences and personal identification also. This discussion includes 

different biometric identification methods like iris recognition, fingerprint recognition, 

facial recognition, voice recognition and tongue analysis. We will discuss some 

principles, advantages, disadvantages and limitations here. Also, recent advances, 

effectiveness and reliability will be discussed here. 
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1. Fingerprint analysis and Recognition: Jain AK, Nandakumar K, Ross A have 

suggested the basic principles of fingerprint recognition, including the anatomic 

structure of fingerprint ridges and valleys. It discovers different fingerprint 

matching algorithms and highlights the implication of fingerprint recognition in 

investigations and forensic law enforcement.11 

2. Iris Recognition:  Arezou Banitalebi Dehkordi & Syed AR. 2015 

Iris recognition is a precise biometric system. Recently iris recognition is 

established in several active areas of research, such as; “Image Acquisition, 

restoration, quality assessment, image compression, segmentation, noise 

reduction, normalization, feature extraction, iris code matching, searching large 

database, applications, evaluation, performance under varying condition and 

multibiometrics”. This paper gives a background of iris recognition and also 

discusses recent proposed methods in different fields of iris recognition system 

from 2007 to 2015. 12 

3. Facial Recognition: Kortli Y, Jridi M, Falou AA, Atri M have stated that Interest 

in theories and algorithms for face recognition has been increasing. criminal 

identification, Video surveillance, building access control, and unmanned and 

autonomous vehicles are just a few examples of concrete applications that are 

becoming popular among industries. Various systems are being developed 

including local, holistic, and hybrid approaches, which provide a face image 

portrayal using only a few face image features or the whole facial features. In 

this paper, a detailed comparison between these methods is presented by 

documenting the advantages and the disadvantages of their schemes. To 

conclude this paper actually discusses the future goals in terms of techniques to 

be used for facial recognition.13 

4. Voice Recognition: Authors: Reynolds DA and Rose RC have examined the 

voice recognition methods, including speaker authentication and speaker 

identification. This article discusses the difficulties of voice recognition, such 

as differences in speech and background noise, and its applications in forensic 

voice analysis. 14 
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Biometric identification systems 

 

Tongue Analysis 

 

Dental Biometrics 

 

Iris Recognition 

 

Fingerprint Recognition 

 

Facial Recognition 

 

Voice Recognition 

 

Hand Geometry 

 

 

Tongue Anatomy and Physiology 

The Basic Physiology and Anatomy of The Tongue:  an overview. 

Tongue as we all know is a vital organ in the oral cavity. It serves multiple functions 

like assistance in speech, swallowing and mastication. As we know the primary roles 

of tongue are in the respiratory and digestive systems but due its very unique 

physiological and anatomical appearance and characteristics it has gathered a lot of 

interest in various applications like diagnosis in both traditional and modern medicine 

and forensic identification. In this review we will be discussing the physiology, 

anatomy, the structure, blood supply, innervation, functions and its relevance in various 

fields. 

1. Structure of the Tongue: The tongue is an organ which is muscular and it is 

made up of extrinsic and extrinsic muscles. The muscles helping with the gross 

movements and protrusion are the extrinsic muscles and the shape modulations 

and fine movements are taken care by the intrinsic muscles. The dorsal surface 

of the tongue which is the top part has characteristic features which are different 

in each individual. It contains papillae which are filiform, fungiform, 

circumvallate and foliate distributed on the tongue. Tongue has tastebuds 

associated with fungiform and circumvallate papillae which are responsible for 

taste sensations. The ventral surface of the tongue contains lingual frenulum 

which connects the floor of the mouth to the tongue. 
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2. Tongue Innervation: The Tongue gets its sensory nerve supply or innervation 

from the Cranial nerves which are: 

The Facial Nerve (CN VII), Glossopharyngeal nerve (CN IX), and Vagus nerve 

(CNX). 

The taste perception is facilitated by the gustatory fibers from chorda tympani 

branch of CN VII and the lingual branch of CN IX. Also, the motor innervation 

going to the tongue muscles is by the hypoglossal nerve (CN XII) which is 

responsible for controlling tongue movements. 

3. Tongue and its blood supply: Basic function of the artery supplying blood to the 

tongue is delivery of oxygen and nutrients which is done through the branches 

of lingual artery that comes from the external carotid artery. The extrinsic and 

the intrinsic fibres get their blood supply from Lingual artery. 

4. Functions of the Tongue: 

a. Ability to Speak and Pronunciation: It is through the tongue that speech 

is produced. It is because of the tongue that various alphabets, words, 

sentences and sounds are produced because of which verbal 

communication is possible. 

b. Deglutition and Mastication: Tongue helps in chewing the food and also 

swallowing by its movement. 

c. Taste Sensation: The dorsal surface of the tongue contains papillae 

which bear taste buds responsible for the taste sensation (salty, sweet, 

bitter and sour) 

Tongue as a Biometric Identifier 

Biometrics is important for identification and tongue has proved to be an important 

biometric tool for identification due to its unique morphological characteristics and 

appearance and its contactless and non-invasive nature of identification.  The Unique 

morphological appearance which is specific to each individual and its relative stability 

makes tongue a potential biometric identifier. 

1. Contactless and Non-Invasive: For biometric identification tongue analysis is 

contactless and non- invasive this is very comfortable and convenient for the 

analysis. On the other hand, fingerprints and iris recognition are more 

demanding as they require physical contact, cooperation from the subject. 
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2. Resistance to Bluffing: A very crucial point is that the tongue morphology is so 

unique that replication changes are fewer reducing frauds related to identity and 

unlawful access. 

3. Combination Biometrics: Another important aspect of tongue analysis is it can 

be used as an adjunct with other biometric identification tools like facial 

recognition, voice recognition and lip prints etc. This multimodal approach 

really increases the accuracy of identification. 

4. Forensic identification: Tongue is well protected inside the mouth and in cases 

of decomposed bodies tongue analysis provides valuable insights. This can be 

used when traditional methods are not possible. 

5. Medical Diagnosis: Diagnosis with the help of the tongue appearance and 

changes are used extensively in Ayurveda and Traditional Chinese Medicine. It 

helps in the assessment of an individual’s health. 

Medical uses and Applications of Tongue examination and Analysis 

Tongue analysis can be used for many diagnostic and curative purposes particularly in 

Ayurveda and traditional medicine systems like Traditional Chinese Medicine (TCM). 

Just by observing the tongue we can get a lot of information regarding an individual’s 

health and imbalances 

1. Disease Diagnosis and Treatment: In various treatment modalities, ayurveda 

and in TCM the appearance of the tongue has been given a lot of importance 

and its thought that tongue is a reflection of the health of an individual. The 

findings based on the tongue appearance guides a lot of treatment approaches 

and dietary changes. 

2. Traditional Medicine Diagnosis: A lot of importance is given to the tongue 

appearance and the coating on the tongue to diagnose and assess overall health 

in the traditional Korean and Japanese medicine., 

3. Tongue observation and evaluation in Ayurveda: A very important concept of 

diagnosis in Ayurveda is “Jihva Pariksha” which is analysing the shape, colour, 

coating and texture of the tongue to find out about the dosha Vata, Pitta, or 

Kapha imbalance which in turn helps in the treatment of the individual. 

4. Tongue analysis in Traditional Chinese Medicine (TCM): In this study (TCM), 

the examination of tongue is called "She Zhen”. many characteristics of the 

tongue like the shape, colour, coating and moisture are analysed to find out the 
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disharmonies in (Qi) the body’s vital energy and the distribution of Yin and 

Yang energies. Also, acupuncture, herbal thrapies and dietary modifications are 

made by TCM practioners on the basis of tongue analysis. 

5. Tongue analysis and Diagnosis in Modern Medicine: We are now aware of how 

tongue has been used for the diagnosis of diseases in traditional medicine. 

Modern medical practitioners and researchers are also exploring medical 

conditions like cardiovascular diseases, nutritional deficiencies and respiratory 

diseases with the help of tongue analysis. 

Permitted, Principled or Ethical Considerations involved in tongue analysis 

Ethical and legal considerations are extremely important when it comes to tongue 

prints. Consent for recording data, confidentiality, privacy, storage and its security are 

of paramount importance and cannot be neglected at any point. 

1. Informed Consent: Whenever a study has to be done its crucial to firstly explain 

the procedure, purpose and storage of the data for evaluation and research then 

take consent of the patient. 

2. Data Privacy and Confidentiality: As analysis of tongue is a procedure which 

involves collection of a lot of sensitive biometric data it is of high importance 

to maintain privacy and prevent unwanted access to the information so it cannot 

be misused. 

3. Data Preservation and Removal: To prevent misuse and breaches once the data 

has been used for analysis it should be deleted. 

4. Security Procedures: to make sure that unauthorized access, hacking, or cyber 

threats does not hamper the data. Encryption, access controls, and secure 

networks can be used to safeguard all the sensitive information and data. 

5. Data collected for Ethical Use only: Medical and forensic identification should 

be the sole purpose for data collection with consent. 

6. Consent extraction or withdrawal: Every individual should have the right to 

withdraw their consent for tongue analysis. 

7. Special considerations for vulnerable: children, elderly individuals, or those 

with cognitive impairments should be segregated for special considerations to 

make sure their rights are protected during tongue analysis. 

8. Multicultural Understanding: when interpreting toungue characteristics it is 

very important to take into consideration the cultural diversity.Unique 
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interpretations of tongue features can exist for different cultures so  assumptions 

should not be made. 

9. Proof and Accurateness: Researchers and practitioners should authenticate the 

correctness and dependability of tongue analysis techniques to make sure that 

they can be trusted. 

10. Legal Acceptability: In forensic circumstances, tongue analysis should meet 

legal acceptability or admissibility requirements, and presence of specialists is 

required to offer evidence on the validity and the reliability of the analysis in 

court. 

Conclusion: The analysis of tongue has great potential in forensic identification and 

medical diagnostics. This analysis should be conducted very responsibly and ethically 

as adhering to these ethical and legal attentions, safeguards the privacy and rights of 

individuals. Also, by adapting these principles of analysis forensic experts, researchers 

and practitioners can benefits from tongue analysis. 
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• Uniqueness of Tongue Characteristics 

• Tongue Surface Analysis for Human Identification 

• Ethical Concerns in tongue analysis. 

The Uniqueness of Tongue Characteristics 

The tongue has very unique characteristics, especially its dorsal surface. Which 

proves to be a very important key when we consider tongue to be a potential tool in 

human identification or as a biometric identifier for human forensic identification. 

Here we will review the literature to understand the evidence or proof to support the 

uniqueness of the tongue, its morphology and its surface details. 

Multiple studies have been done to investigate the unique nature of the tongue in 

comparison to other biometric identifiers. Fingerprints and iris which are other 

biometric tools can undergo minor changes over time due to multiple external factors 

but tongue morphology is considered to be more consistent and stable relatively. 

Gaganpreet K and Dheerendra S. 2015 have stated that Tongue print is a unique 

biometric tool that cannot be forged easily. Advantages of tongue prints over other 

biometric systems are genetic independence as no two tongues are similar, physical 

protection as it is encased inside the mouth and its stability over time.15 

A study by Diwakar and Maharshi, 2013 reported the tongue as a reliable member of 

the biometrics family.16 Application of the tongue biometrics system in a public use 

system such as the banking system has been proved by Naaz et al. in 2011.17 There 

has been significant research in biometrics over the last two decades. No biometric 

has yet been developed that is perfectly reliable or secure. For example, fingerprints 

and palm prints are usually frayed. Signatures, Voice, hand shapes, and iris images 

are easily forged. Face recognition can be made difficult by occlusions or face lifts, 

and biometrics such as fingerprints, iris, and face recognition are susceptible to 

spoofing attacks.18 

Traditional biometrics like face, iris, fingerprint, palm print, and voice have been used 

in biometric authentication but has an inherent limitation in that they are easily 

forged. Research on the tongue print recognition system was first proposed by Liu et 

al. in 2007.19 

Numerous advantages exist in using tongue print because lingual morphological 

aspects are difficult to forge and display stability over time. The use of photographs as 
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forensic identification remains unexplored in the field of dentistry. The geometric 

shape of the tongue is usually constant, and surface texture varies due to pathological 

changes of the body. 20, 21 

Studies on tongue surface features and their uniqueness for human identification have 

been conducted and the researchers the results demonstrated that tongue features 

showed a remarkable level of individual distinctiveness, even among identical twins. 

Other studies have explored the potential of combining tongue analysis with other 

biometric modalities for multimodal biometrics. For instance, Zhang et al. (2018) 

investigated the fusion of tongue and facial recognition for enhanced human 

identification. Their research found that the fusion of tongue and facial biometrics 

resulted in improved accuracy and reduced false acceptance rates compared to using 

either modality alone. 18 

While the existing literature shows promising evidence of the uniqueness and stability 

of tongue characteristics, it is essential to acknowledge potential limitations. The 

sample sizes in some studies may be relatively small, and further research with larger 

and more diverse populations would strengthen the findings. Additionally, the 

accuracy of tongue-based identification may be affected by certain factors, such as 

tongue positioning during imaging or variations in imaging devices. 

In conclusion, the reviewed literature provides enough evidence suggesting the 

uniqueness of tongue characteristics for human identification. The dorsal surface of 

the tongue exhibits distinct features that are consistent among individuals and remain 

stable over time. With further research and advancements in imaging technologies, 

the tongue holds great potential as a reliable and robust biometric identifier, 

contributing to the field of forensic science and beyond. 

Tongue Surface Analysis for Human Identification 

Tongue surface analysis for human identification is an emerging field that holds 

promising potential as a reliable biometric identifier. This section will review relevant 

literature to explore the use of tongue surface features for individual identification and 

its applications in forensic science and security. 

The uniqueness of the tongue print is that no two tongues are the same, and studies 

have found that the tongue of identical twins also does not resemble each other.22 
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Database creation is mandatory to explore the use of tongue prints in forensic 

dentistry. Dentists can play an important role by collecting images of the tongue and 

prepare a cast routinely for the patients along with their other dental records. This 

would serve as a database and a guide for identification purposes. To conclude, 

tongue print being a unique record and one that cannot be forged is a better biometric 

authentication tool than others, and since it is personalized and constant, it can be 

used for forensic identification purposes too.20 

Sivakumar et al in 2018 stated that the tongue can be considered a good biometric 

system since it fulfils all the parameters, particularly the one regarding circumvention 

which is a problem with existing biometrics such as fingerprints. The tongue is less 

susceptible to forgery due to its well protected nature and consent is needed for its 

inspection, which might not be the case for other biometrics such as fingerprints. One 

of the main questions regarding this novel mode of identification is how to analyze it 

for such purposes. A group of researchers has reported a 97.05% accuracy rate in 

identifying people via their tongue by acquiring images of the patterns on the tongue 

and comparing pixel intensities of those images 23 

The reviewed literature provides valuable insights into the use of tongue surface 

analysis for human identification. Studies have demonstrated the uniqueness and 

stability of tongue surface features, supporting its potential as a reliable biometric 

identifier. The development of tongue-based identification systems and the 

exploration of multimodal approaches show promise in enhancing identification 

accuracy and security. As research in this area continues to expand, tongue surface 

analysis may contribute significantly to the field of forensic science and other security 

applications. 

Ahmed Shallal Obaid et al. 2023 discussed about the uniqueness of the tongue and 

mentioned that it is well protected hence difficult to forge. They pointed out various 

aspects in their paper like how traditional biometrics cause obstacles and challenges in 

investigations and can be easily forged and are very expensive. New more secure less 

expensive and reliable systems should be used in today’s modern world, ditching the 

traditional methods. This will increase security measures. 24 

Poojya R. 2023 in a paper discussed Tongue print or lingual impression is a new 

biometric authentication method used in forensics. That recent advances have been 

made using uniqueness of the tongue as a valid fact. She documented that algorithms 
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for tongue image analysis have been prepared. lingual moulded impressions, Digital 

photographs, rugoscopy, cheiloscopy, ultrasound, histological analysis are some ways 

of tongue print collection. She stated that there is an urgent need for more secure 

authenticated forensic tools like the tongue prints. This should be considered and 

used.25 

Bansal et al. 2021 stated that tongue prints can be used as an adjunct to other 

biometric systems. Hence creation of a good database is very important. He also state 

the advantages of tongue prints. 26 

Latif H. 2020 stated that the term biometrics is taken from two ancient Greek words 

‘bios’ and ‘metron,’ which mean ‘life’ and ‘measure’ respectively. It involves the 

identification of humans based on intrinsic physical or behavioural traits that are 

unique to individuals. 27 

Physical characteristics most used as modes of identification include fingerprints, 

dental records, the iris, and facial recognition amongst others whereas behavioural 

characteristics used for identification purposes include voice recognition, handwriting, 

keystroke patterns. Although identification by biometrics is never 100%. 

Pradkhshana et al . 2019 formulated a Working classification system of tongue pattern 

after conducting a study on 30 individuals (15 male and 15 females) where they used 

digital images to record information.28 

Working classification formulated by Pradkhshana et al. 2019 28 

1 Size of 

tongue 

Small and  Large     

2 Shape of 

tongue 

Long and 

Broad  

 

long and 

narrow 

short and 

broad 

short 

and 

narrow 

  

3 Colour of 

tongue 

Pale 

 

Pink Reddish Whitis

h 

Brown Pigmen

ted 

4 Texture 

of tongue 

Smooth Rough Ulcerate

d 

Hairy, Edemat

ous 

Nodula

r 

5 Pattern 

on tongue 

surface 

1. Fissured: 

V shaped, 

Coated 

2.Branched: 

-Horizontal 

-Vertical 

Pattern 

less 

Cleft Geograp

hic 

pattern 

Hairy 

tongue 
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tongue  

6 Margins 

of 

tongue: 

Smooth Scalloped Ulcerate

d 

Nodul

ar 

  

7 Tip of 

tongue:  

Pointed  

(V shaped) 

Blunt  

(U shaped) 

    

 

Sivakumar et al. 2018 discussed the modes of identification and analysis mentioning 

how a group of researchers reported 97.05% accuracy rate in human identification by 

their tongue. This was done by taking images of the tongue patterns and comparing 

pixel intensities of those pictures. They further converted these images into 3 D plots 

of pixels of the image giving the researchers unique plots for each image. 23 They also 

documented about the researchers suggesting that the tongue exhibits sexual 

dimorphism which again can aid in human identification. Our study also has 

significant data proving sexual dimorphism. These researchers used alginate 

impressions to match the tongue getting 90% matching rate. 

Abraham Johnson et al. 2018 conducted a study on 225 people (male and female) of 

age group 20 to 50 and concluded that 8 

GEOGRAPHIC TONGUE  FEMALE MORE THAN MALE  

Also corelated with Stefansu et al  

PLAQUED TONGUE  MORE IN ELDERLY MALES  

GEOGRAPHIC TONGUE > SCROTAL 

TONGUE  

Abraham Johnson et al 

SCROTAL TONGUE > GEOGRAPHIC 

TONGUE   

Stefansu et al 

 

Reddy MV et al. 2017, Suggested that the unique characteristics of the tongue are 

impossible to be reverse engineered. Tongue prints have way superior quality than 

other biometric systems used traditionally. He stated the use of lingual templates or 

tongue templates with two lateral views (left and right) and one profile views.29 
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Reddy MV et al also discussed that when comparing tongue scanning to other 

biometric techniques Tongue due to its uniqueness and anatomy has many 

advantages29 like 

Characteristic features  Unique shape and texture in each individual  

Projected when required  It’s an internal organ but can be struck out for 

inspection  

Unaffected by environment As it is protected and encased in the oral cavity 

it is not affected by the external environment  

Inspected with Permission of 

the individual   

only with the consent of the individual can the 

tongue be examined hence chances of forgery 

are less 
 

Zang B and Zang H ,2015 Suggested that a cast can be used to transfer the unique 

features of the tongue and later used for studies. Digital software for colour and hue 

corrections of the tongue are used to match with the digital databases. The mentioned 

that algorithms are being used for image analysis of the tongue.30 

Many authors on the basis of features observed on the dorsal surface of the tongue 

made classifications for the ease of other researchers. Like Stefanescu CL et al. 

2014.31 

CLASSIFICATION OF FEATURES ON THE DORSAL SURFACE OF THE 

TONGUE 

TEXTURAL 

VARIATIONS IN 

TONGUE 

SHAPES OF TONGUE TONGUE GEOMETRY 

FEATURES 

TONGUE FISSURES OF 

TONGUE CRACKS  

ELLIPTICAL  LENGTH 

SMOOTH TONGUE  HAMMER WIDTH 

 RECTANGULAR THICKNESS 

 ACUTE TRIANGULAR   

 OBTUSE TRIANGULAR  

 SQUARE   

 ROUND  
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CLASSIFICATION OF TONGUE FEATURES by Stefanescu CL et al. 

TONGUE 

TEXTURE 

SHAPES OF 

TONGUE 

LONGITUDINAL 

GROOVES 

LINGUAL 

APEX 

PHYSIOLOGICAL OVOID PERCEPTIBLE/ 

IMPERCEPTIBLE 

SHARP 

SCROTAL ELLIPSOID RECTILINEAR/TWIS

TY 

SEPTATE 

GEOGRAPHICAL RECTANGULAR SUPERFICIAL /DEEP  

 PENTAGONAL   

 TRAPEZOIDAL 

TO 

ASYMETRICAL 

  

Menard L et al. 2012 developed an ultrasound technique using an ultrasound 

transducer. The process involved placing it in the sublingual area to analyse the 

tongue function. 32 

Bhattacharyya D et al. 2009 stated that tongue is a very good biometric tool as the 

other tools like finger prints, voice, skin colour, retinal scans all prove to have some 

shortcomings affecting their reliability and stability.33 He also documented the 

disadvantages of various biometric systems: 

Disadvantages of various biometric systems: Bhattacharyya D et al. 2009 

FINGER PRINTS  CHANGED BECAUSE OF WORK, ERODED, 

ALTERED DUE TO SURGERY, CHANGE CAUSED 

BY BURNS, INJURIES HENCE NOT STABLE 

VOICE  ALTERED BY SICKNESS, COLD AND COUGH, 

EMOTIONAL PROBLEMS 

SKIN COLOUR  CHANGES DUE TO AGE, DISEASES BURNS, 

ADVERSE EFFECTS OF TOPICAL CREAMS OR 

MEDICATIONS. 

RETINAL SCAN DISEASES LIKE ASTIGMATISM, CATARACT OR 

BRIGHT LIGHT. 
 

Yan Z et al. 2009 discussed that as tongue is a non-rigid organ images can be 

extracted in study by the help of capturing a video. He mentioned another method 

which is sublingual vein analysis method used for diagnosis of tongue.34 
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Multiple techniques have been employed to evaluate tongue prints and one such 

mention was made by Liu Z et al, that a polytechnic university in Hong Kong 

developed a tongue image database which captured both surface textures and 

geometric shape of the tongue (3-dimensional analysis of the tongue) This could 

prove as a very important base for information in assessments, comparisons and 

evaluations of tongue patterns. 

Liu et al. 2007 stated that the tongue is an internal organ which is well encased and 

protected in the oral cavity, which makes it less prone to being reverse engineered. 

The pattern of the ridges on the tongue along with the shape of the tongue and its 

texture are quite unique to every individual. Most importantly these tongue 

characteristics are thought to remain unchanging over time. All these features of the 

tongue make it a fine biometric tool. 35 

Jain et al. 2005 mentioned different parameters that need to be fulfilled for a trait to 

be considered a biometric tool 

A UNIVERSALITY EVERY PERSON SHOULD POSSESS THE 

TRAIT. 

B DISTINCTIVENESS EACH PERSON SHOULD BE UNIQUE FOR 

THE TRAIT. 

C PERMANENCE THE TRAIT SHOULD REMAIN RELATIVELY 

STABLE OVER TIME 

D COLLECTABILITY THE TRAIT SHOULD BE EASILY 

MEASURABLE. 

E CIRCUMVENTION THE TRAIT SHOULD NOT BE DISPOSED TO 

EASY IMITATION, REVERSE ENGINEERING 

OR FORGERY. 
 

The tongue proves to be a good model as a biometric since it fulfils all these 

constraints, especially the one regarding circumvention which is a problem with 

existing biometrics such as fingerprints. Also, the tongue is less prone to forgery due 

to its well protected nature also consent is needed for its inspection, which might not 

be the case for other biometrics such as fingerprints. 36 

(OECDiLibrary 2004) This article discussed that biometric based systems operate in 

similar manner which involves Biometric Sample captured, digitalizing it, perform 
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feature extraction or data set creation then tune the sample ultimately match the input 

sample with known samples in database.37 

Ethical Concerns in tongue analysis. 

Any form of data required for forensic or biometric identification has many ethical 

and legal concerns which need to be dealt with and handled with a lot of sensitivity. 

The data we are handling during the study of tongue analysis or other forensic 

investigations involves a lot of data which is private and sensitive. Hence documented 

below are some points to be kept in mind: 

1. Consent to be always informed. Any form of study using data from individuals 

requires a prior informed consent. It is of paramount importance to protect the 

privacy of the subject. Every individual should be completely be aware about 

the reason, risks and benefits of the examination or data collection for the 

study. We should make sure that the rights of every individual should be 

protected. 

2. Protection of data: Biometric data or data collected for the study of tongue 

needs to be stored very carefully so that there is no access without permission. 

Data protection regulations should be followed religiously. 
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• Research Gaps identified in the proposed field of investigation 

• Objectives 

• Research Methodology 

• Tongue Image Attainment Techniques 

• Data Collection and sampling 

sample size calculation 

inclusion criteria 

exclusion criteria 

• Data Investigation and Interpretation 

RESEARCH GAPS IDENTIFIED IN THE PROPOSED FIELD OF 

INVESTIGATION 

The human tongue has the potential to deliver a high level of uniqueness in geometrical 

shape, physiological texture which cannot be changed and is suitable for the use in 

forensic identification. 

Tongue Prints, as an upcoming and new biometric authentication technique has been 

found advantageous for identification although in India this identification system is still 

at a very basic or grass-root level and definitely needs more amount of investigation, 

examination, research and planning to implement and dental practitioners can play a 

significantly important role in making Tongue Prints as a widely available and 

acceptable tool. Despite the fact that tongue is an important organ, it has not been given 

equal share in the detailed anatomical studies allotted to other organs in the body. 

As we all know that tongue is encased and well protected in the oral cavity, it is very 

difficult to forge. Details of tongue can be evaluated by visual inspection, digital 

photography and lingual impressions techniques. Additional methods like biometrics 

validation can be used which promises to convey an intensity of distinctiveness to 

recognition applications, that uses tongue print, fingerprint, facial scans, iris or voice to 

recognize users. Tongue print is a distinctive biometric tool which cannot be forged 

easily. Advantages of tongue prints over other biometric systems are genetic 

independence (no two tongues are similar), physical protection (well encased in the oral 

cavity) and its stability over time. 8 
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OBJECTIVES OF THE PROPOSED STUDY 

• To observe and analyze the various lingual morphological characteristics like 

tongue shape, dorsal surface texture details, apex and visibility of medial septum 

which can prove the uniqueness of the tongue, aid in forensic identification and 

forms a part of the existing Data base.8 

• To analyze with respect to: various morphological characteristics on the dorsal 

surface of the tongue. 

• To analyze prevalence of: various aspects of tongue morphology with respect to 

gender of the study group.8 

• This study motivates to fulfill the need of more alike studies, based on 

morphological aspects and biometric analysis, for educational and forensic 

purpose.8 

RESEARCH METHODOLOGY 

Null Hypothesis (HO): There is no difference in various aspects of tongue morphology 

with respect to age and sex.8 

Alternative Hypothesis (AH): There is a difference in various aspects of tongue 

morphology with respect to age and sex.8 

Sources of information:  Journals, papers, Internet, etc. 

Tongue Image Attainment Techniques 

Tools and Techniques of Research: 

1. The pictures will be taken under the same environmental and lighting conditions 

and from a predetermined distance using a professional camera (Nikon D5200) 

placed on a tripod. This will enhance the picture quality and stability of the 

camera. 
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Nikon D5200 

 

 

 

 

 

 

 

 

2. Before the clinical examination of the tongue, the patients will be asked to 

thoroughly rinse their mouth with water in order to remove any surface debris 

or food particles. 

3. Additionally, the subjects will be asked not to suddenly extend their tongue up 

to maximum protraction, but in a more relaxed position which would prevent a 

marked contraction of the striated lingual muscles, which would alter the 

characteristic aspects, as well as the shape of the tongue. 
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4. The purpose of the direct examination of the tongue is to analyse and record 

various parameters such as tongue shape, (dorsal surface details) like surface 

texture, median septum, lingual apex type. 

5. Photographs will be taken after clinical examination. 

Data Collection and Sampling Method 

The study is conducted after the approval from the ethical committee of the institute. 

The signed copy of which will be attached. 

1. It is an observational study with random sampling. 

2. Data will be collected from the patients in the outpatient department of the 

dental college after briefing the patient about the study, giving him instructions 

documented earlier and most importantly taking an informed consent to use the 

data for this study. 

3. The pictures of the dorsal surface of the tongue will be taken from OPD patients 

in the college following all the guidelines for successful data collection. 

4. All the data will be recorded on a Google form by me for the convenience of 

the patient which will include some of the details of the patient as well as details 

of the surface of the tongue (morphological characteristics) along with some 

demographic variables. 

5. Photograph of the dorsal surface of the tongue will be attached by me as an 

attachment in the google form for systematic data collection. 

6. Link of the google form 

 https://docs.google.com/forms/d/e/1FAIpQLSdYF43FfnfJ9HhwspRRtEzCaX

bqgc8ykiaFzd1DVx5OT4jDhw/viewform?usp=sf_link 

attached copy of the google form. 
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GOOGLE FORM DETAILS: 
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SAMPLE SIZE CALCULATION: 

n = Z2p (1 – p) / d2 

n = sample size, z = level of confidence 95% = 1.96, p = expected highest prevalence 

71%, d= Precision (5% = 0.05) 

sample size was estimated to be 316 subjects. 

The subjects were carefully selected for the study so that errors in evaluation do not 

occur. After a lot of study and evaluation of previously done researches a criterion for 

inclusion and exclusion were selected. Age lot of importance was given to the age group 

in order to come to an age-related conclusion. 

As this study was selected amidst the COVID PERIOD a lot of care was taken to 

simplify the study in terms of patient selection. The Data collection was done after the 

second wave of COVID. 

INCLUSION CRITERIA: 

• Patients both male and female of age group 20 – 60 was decided to be included in 

the study till the total number of patients (316) details are recorded. 

• Data collection will be random as the patients report to the OPD and age and gender 

will not be given preference. 

• Those patients who are willing to sign the consent form and agreeing to 

photography will be a part of this study in order to conduct the study ethically. 

EXCLUSION CRITERIA: 

Patients with Smoking habits and history of systemic illness. 

Patients suffering from 

hyperthyroidism, gigantism, dwarfism, 8 

contagious diseases, syphilis 8 

Down syndrome 

tongue deformity cases were excluded.8 
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TECHNIQUE TO BE USED FOR RECORDING SHAPE OF TONGUE DURING 

DATA COLLECTION: 

 

 

 

 

 

 

 

 

 

 

 

Reference points for the determination of shape of the tongue in contact with the 

commissures (A, B) of the lips and Tip of the tongue (C) showing a ‘U’ SHAPED 

TONGUE 

Showing a ‘V’ SHAPED TONGUE 

 

 

  

C 
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Data Investigation and Interpretation 

DATA ANALYSIS: 

• The observed data will be tabulated and descriptive analysis would be done using 

Microsoft Excel and SPSS software. 

• Cross tabulation of various aspects of dorsal surface of the tongue with respect to 

age dummies and sex will be studied. 

• Statistical analysis will be carried out using Chi – Square test to analyse prevalence 

of various aspects of tongue morphology with respect to age and sex of the study 

group.8 
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STATISTICAL ANALYSIS AND RESULTS 

Shape of the Tongue: 

The original data collected for the shape of the Tongue comprised of: acute triangular, 

asymmetrical, ellipsoid, obtuse triangular. Ovoid, rectangular, U shape, V shape and 

W shape. However, the data was merged into four categories: Asymmetrical, U shape, 

V shape and W shape. Fig 1 presents the distribution of the respondents on the basis 

of these shapes of the tongue. It can be seen that about 60% of the respondents have U 

shape tongue, about 23% of them have V shape tongue, about 10% have W shape and 

about 7% have asymmetrical shape of the tongue. 

 

 

 

 

 

 

 

 

Surface Texture of the Tongue: 

Fig 2 presenting the distribution of the respondents on the basis of the surface texture 

of the tongue shows that “Tongue fissures/cracks” (59% app) and “Smooth Tongue” 

are the two prominent surface textures amongst all the respondents. “Plaqued” (3%), 

“Geographic” (1%) and “Bifid” (1%) surface textures of the tongue are found in very 

less respondents. 
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Median Septum of the Tongue: 

Fig 3 presenting the distribution of the respondents on the basis of the median septum 

of the tongue shows that in about 69% of the respondents, median septum is not 

visible in the tongue while in remaining 31%   of the respondents, median septum is 

visible in the tongue. 

 

 

 

 

 

 

 

 

 

Apex of the Tongue 

Fig 4 presenting the distribution of the respondents on the basis of the apex of the 

tongue shows that in about 68% of the respondents, the apex is rounded. In another 

24% of the respondents, the apex is pointed while in remaining 7% of the 

respondents, the apex is septate. 
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Color of the Tongue: 

The original data collected for the color of the Tongue comprised of: baby pink, pale 

pink, pink, pinkish purple, pinkish red, pinkish white, purple, purplish pink, red, 

reddish pink and whitish pink. However, the data was merged into three categories: 

pale pink, pink and pinkish purple. Fig 5 presents the distribution of the respondents 

on the basis of these colours of the tongue. It can be seen that about 72% of the 

respondents have pink colour tongue, about 24% of them have pale pink tongue and 

remaining about 4% have pinkish purple tongue. 

 

 

 

 

 

 

 

 

 

Gender: 

Fig 6 presenting the pie chart on the basis of the gender shows that about 61% of the 

respondents are female while in remaining 39% of the respondents are male. 
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Age Groups: 

The data for age was categorized into binary variable using less than equal to 30 years 

and greater than 30 years age groups. Fig 7 presenting the pie chart for age groups 

shows that about 79% of the respondents are less than equal to 30 years while 

remaining 21% of the respondents are more than 30 years. 

 

 

 

 

 

 

 

 

Shape of the Tongue by Gender: 

Fig 8 presenting the column chart for shape of the tongue by gender shows that of the 

female respondents, about 5% respondents have asymmetrical shape, 61% have U 

shape, 27% have V shape and 7% have W shape. While amongst the male 

respondents, about 9% respondents have asymmetrical shape, 59% have U shape, 

17% have V shape and 15% have W shape. Table 1 shows that p-value of Chi-square 

test is 0.016 which concludes that the shape of the tongue differs based on gender. 
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Table 1: Shape of the Tongue by Gender 

 Asymmetrical U Shape V Shape W Shape Total Sig 

Female 10 117 52 13 192 0.016 

Male 11 73 21 19 124  

Total 21 190 73 32 316  

 

Surface Texture of the Tongue by Gender: 

Fig 9 presenting the column chart for surface texture of the tongue by gender shows 

that of the female respondents, about 53% respondents have tongue fissures / cracks, 

44% have smooth tongue, and only 3% of the remaining female respondents have 

plaqued, geographic or bifid tongue. While amongst the male respondents, about 69% 

respondents have tongue fissures / cracks, 22% have smooth tongue, and about 9% of 

the remaining male respondents have plaqued, geographic or bifid tongue. Table 2 

shows that the p-value of Chi-square test is 0.001 which concludes that the surface 

texture of the tongue differs based on gender. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Surface Texture by Gender 

 Bifid 

tongue 

Geographic Plaqued Smooth 

Tongue 

Tongue 

fissures 

/ cracks 

Total Sig 

Female 1 2 4 84 101 192 0.001 (HS) 

Male 2 2 7 27 86 124  

Total 3 4 11 111 187 316  
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Median Septum by Gender: 

Fig 10 presenting the column chart for median septum by gender shows that of the 

female respondents, for about 28% respondents median septum is visible while for 

remaining 72% female respondents median septum is not visible. The percentage is 

higher for male respondents where for about 36% respondents median septum is 

visible and for remaining 64% male respondents median septum is not visible. Table 3 

shows that the p-value of Chi-square test is 0.137 which concludes that the median 

septum does not differ based on gender. 

 

 

 

 

 

 

 

 

Table 3: Median Septum by Gender 

 Not Visible Visible Total  

Female 138 54 192 0.137 (NS) 

Male 79 45 124  

Total 217 99 316  

 

Apex of the Tongue by Gender: 

Fig 11 presenting the column chart for apex of the tongue by gender shows that of the 

female respondents, about 69% respondents have rounded apex, 26% have pointed 

apex, and only 5% of the remaining female respondents have septate apex of the 

tongue. While amongst the male respondents, about 67% respondents have rounded 

apex, 22% have pointed apex, and only 11% of the remaining male respondents have 

septate apex of the tongue. Table 4 shows that the p-value of Chi-square test is 0.077 

which concludes that the apex of the tongue differs based on gender. 
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Table 4 : Apex of the tongue by Gender 

 Pointed Rounded Septate Total Sig 

Female 50 133 9 192 0.077 (NS) 

Male 27 83 14 124  

Total 77 216 23 316  
 

Color of the Tongue by Gender: 

Fig 12 presenting the column chart for color of the tongue by gender shows that of the 

female respondents, about 75% respondents have pink, 21% have pale pink, and only 

4% of the remaining female respondents have pinkish purple. While amongst the male 

respondents, about 69% respondents have pink, 27% have pale pink, and only 4% of 

the remaining male respondents have pinkish purple. Table 5 shows that the p-value 

of Chi-square test is 0.443 which concludes that the color of the tongue differs based 

on gender. 
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Table 5: Colour of the tongue by Gender 

 Pale pink Pink Pinkish purple Total Sig 

Female 41 144 7 192 0.443 (NS) 

Male 34 85 5 124  

Total 75 229 12 316  

 

Shape of the Tongue by Age groups: 

Fig 13 presenting the column chart for shape of the tongue by age groups shows that 

of the younger respondents, about 6% respondents have asymmetrical shape, 60% 

have U shape, 24% have V shape and 10% have W shape. While amongst the middle 

age respondents, about 9% respondents have asymmetrical shape, 60% have U shape, 

19% have V shape and 12% have W shape. Table 6 shows that the p-value of Chi-

square test is 0.69 which concludes that the shape of the tongue does not differ based 

on age groups. 

 

 

 

 

 

 

 

Table 6: Shape of the tongue by age groups 

 Asymmetrical U Shape V Shape W Shape Total Sig 

<= 30 15 150 60 24 249 0.69 (NS) 

> 30 6 40 13 8 67  

Total 21 190 73 32 316  
 

Surface Texture of the Tongue by Age groups: 

Fig 14 presenting the column chart for surface texture of the tongue by age groups 

show that of the younger respondents, about 59% respondents have tongue fissures / 

cracks, 37% have smooth tongue, and only 4% of the remaining younger respondents 

have plaqued, geographic or bifid tongue. While amongst the middle aged 
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respondents, about 61% respondents have tongue fissures / cracks, 30% have smooth 

tongue, and about 9% of the remaining male respondents have plaqued, geographic or 

bifid tongue. Table 7 shows that the p-value of Chi-square test is 0.283 which 

concludes that the surface texture of the tongue does not differ based on age groups. 

 

 

 

 

 

 

 

 

 

 

Table 7: Surface Texture of the tongue by age groups 

 Bifid 

tongue 

Geographic Plaqued Smooth 

Tongue 

Tongue 

fissures 

/ cracks 

Total Sig 

<= 30 3 2 7 91 146 249  

> 30 0 2 4 20 41 67 0.283(NS) 

Total 3 4 11 111 187 316  

 

Median Septum by Age groups: 

Fig 15 presenting the column chart for median septum by age groups show that of the 

younger respondents, for about 33% respondents median septum is visible while for 

remaining 67% younger respondent’s median septum is not visible. The percentage is 

lower for middle aged respondents where for about 27% respondent’s median septum 

is visible and for remaining 73% middle aged respondents median septum is not 

visible. Table 8 shows that the p-value of Chi-square test is 0.375 which concludes 

that the median septum does not differ based on age groups. 
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Table 8: Median Septum by age groups 

 Not Visible Visible Total Sig 

<= 30 168 81 249  

> 30 49 18 67 0.375 (NS) 

Total 217 99 316  
 

Apex of the Tongue by Age groups: 

Fig 16 presenting the column chart for apex of the tongue by age groups show that of 

the younger respondents, about 68% respondents have rounded apex, 26% have 

pointed apex, and only 6% of the remaining younger respondents have septate apex of 

the tongue. While amongst the middle aged respondents, about 69% respondents have 

rounded apex, 19% have pointed apex, and only 12% of the remaining middle aged 

respondents have septate apex of the tongue. Table 9 shows that the p-value of Chi-

square test is 0.183 which concludes that the apex of the tongue does not differ based 

on age groups. 
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Table 9: Apex of the tongue by age groups 

 Pointed Rounded Septate Total Sig 

<= 30 64 170 15 249  

> 30 13 46 8 67 0.183 (NS) 

Total 77 216 23 316  

 

Color of the Tongue by Age groups: 

Fig 17 presenting the column chart for colour of the tongue by age groups show that 

of the younger respondents, about 78% respondents have pink, 18% have pale pink, 

and only 4% of the remaining younger respondents have pinkish purple. While 

amongst the middle-aged respondents, about 54% respondents have pink, 45% have 

pale pink, and only 2% of the remaining middle-aged respondents have pinkish 

purple. Table 10 shows that the p-value of Chi-square test is 0 which concludes that 

the colour of the tongue differs based on age groups. 

 

 

 

 

 

 

 

 

Table 10 : Color of the tongue by age groups 

 Pale pink Pink Pinkish purple Total Sig 

<= 30 45 193 11 249  

> 30 30 36 1 67 0 (HS) 

Total 75 229 12 316  
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DATA COLLECTED FROM GOOGLE FORMS: 
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SUMMARY OF RESULTS AND CONCLUSION 

Shape of the Tongue: 

The original data comprised of: acute triangular, asymmetrical, ellipsoid, obtuse 

triangular. Ovoid, rectangular, U shape, V shape and W shape. The data was merged 

into four categories: Asymmetrical, U shape, V shape and W shape. [Figure 1a] shows 

that about 60% of the respondents have U shape tongue, about 23% have V shape 

tongue, about 10% have W shape and about 7% have asymmetrical shape of the 

tongue. 
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Surface Texture of the Tongue: 

[Figure 1b] shows that “Tongue fissures/cracks” (59% app) and “Smooth Tongue” are 

the two prominent surface textures amongst all the respondents. “Plaqued” (3%), 

“Geographic” (1%) and “Bifid” (1%) surface textures of the tongue are found in very 

less respondents. 

Median Septum of the Tongue: 

[Figure 1c] shows that in about 69% of the respondents, median septum is not visible 

in the tongue while in remaining 31%   of the respondents, median septum is visible 

in the tongue. 

Apex of the Tongue: 

[Figure 1d] shows that in about 68% of the respondents, the apex is rounded. In 

another 24% of the respondents, the apex is pointed while in remaining 7% of the 

respondents, the apex is septate. 

Color of the Tongue: 

The original data comprised of: baby pink, pale pink, pink, pinkish purple, pinkish 

red, pinkish white, purple, purplish pink, red, reddish pink and whitish pink. The data 

was merged into three categories: pale pink, pink and pinkish purple. [Figure 1e] 

shows that about 72% of the respondents have pink color tongue, about 24% of them 

have pale pink tongue and remaining about 4% have pinkish purple tongue. 

 

  

[Figure 1a] [Figure 1b] 
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[figure 1 a – figure 1e] 

Gender: 

[Figure 1f] shows that about 61% of the respondents are female while in remaining 

39% of the respondents are male. 

Age Groups: 

Age variable was categorized into binary variable using less than equal to 30 years 

and greater than 30 years age groups. [Figure 1g] shows that about 79% of the 

respondents are less than equal to 30 years while remaining 21% of the respondents 

are more than 30 years. 

  

[Figure 1c] [Figure 1d] 

[Figure 1e] 
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Shape of the Tongue by Gender: 

Figure 2a shows that of the female respondents, about 5% respondents have 

asymmetrical shape, 61% have U shape, 27% have V shape and 7% have W shape. 

While amongst the male respondents, about 9% respondents have asymmetrical 

shape, 59% have U shape, 17% have V shape and 15% have W shape. Chi-square 

results from [Table – 1a] (p<0.05) concludes that the shape of the tongue differs 

based on gender. 

Surface Texture of the Tongue by Gender: 

Figure- 2b shows that of the female respondents, about 53% respondents have tongue 

fissures / cracks, 44% have smooth tongue, and only 3% of the remaining female 

respondents have plaqued, geographic or bifid tongue. While amongst the male 

respondents, about 69% respondents have tongue fissures / cracks, 22% have smooth 

tongue, and about 9% of the remaining male respondents have plaqued, geographic or 

bifid tongue. Chi-square results from [Table -1b] (p<0.05) concludes that the surface 

texture of the tongue differs based on gender. 

Median Septum by Gender: 

Figure 2c shows that of the female respondents, for about 28% respondents median 

septum is visible while for remaining 72% female respondents median septum is not 

visible. The percentage is higher for male respondents where for about 36% 

respondents median septum is visible and for remaining 64% male respondents 

median septum is not visible. Chi-square results from [Table - 1c] (p>0.05) concludes 

that the median septum does not differ based on gender. 

 

 

[Figure 1f] [Figure 1g] 
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Apex of the Tongue by Gender: 

Figure 2d shows that of the female respondents, about 69% respondents have rounded 

apex, 26% have pointed apex, and only 5% of the remaining female respondents have 

septate apex of the tongue. While amongst the male respondents, about 67% 

respondents have rounded apex, 22% have pointed apex, and only 11% of the 

remaining male respondents have septate apex of the tongue. Chi-square results from 

[Table – 1d] (p=0.077) concludes that the apex of the tongue differs based on gender. 

Color of the Tongue by Gender: 

Figure 2e shows that of the female respondents, about 75% respondents have pink, 

21% have pale pink, and only 4% of the remaining female respondents have pinkish 

purple. While amongst the male respondents, about 69% respondents have pink, 27% 

have pale pink, and only 4% of the remaining male respondents have pinkish purple. 

Chi-square results from [Table – 1e] (p=0.443) concludes that the color of the tongue 

differs based on gender. 

Shape of the Tongue by Age groups: 

Figure 2f shows that of the younger respondents, about 6% respondents have 

asymmetrical shape, 60% have U shape, 24% have V shape and 10% have W shape. 

While amongst the middle age respondents, about 9% respondents have asymmetrical 

shape, 60% have U shape, 19% have V shape and 12% have W shape. Chi-square 

results from [Table - 1f] (p=0.69) concludes that the shape of the tongue does not 

differ based on age groups. 

Surface Texture of the Tongue by Age groups: 

Figure 2g shows that of the younger respondents, about 59% respondents have tongue 

fissures / cracks, 37% have smooth tongue, and only 4% of the remaining younger 

respondents have plaqued, geographic or bifid tongue. While amongst the middle 

aged respondents, about 61% respondents have tongue fissures / cracks, 30% have 

smooth tongue, and about 9% of the remaining male respondents have plaqued, 

geographic or bifid tongue. Chi-square results from [Table - 1g] (p=0.283) concludes 

that the surface texture of the tongue does not differ based on age groups. 

Median Septum by Age groups: 

Figure 2h shows that of the younger respondents, for about 33% respondents median 

septum is visible while for remaining 67% younger respondent’s median septum is 

not visible. The percentage is lower for middle aged respondents where for about 27% 
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respondent’s median septum is visible and for remaining 73% middle aged 

respondent’s median septum is not visible. Chi-square results from [Table-1h] 

(p=0.375) concludes that the median septum does not differ based on age groups. 

Apex of the Tongue by Age groups: 

Figure 2i shows that of the younger respondents, about 68% respondents have 

rounded apex, 26% have pointed apex, and only 6% of the remaining younger 

respondents have septate apex of the tongue. While amongst the middle-aged 

respondents, about 69% respondents have rounded apex, 19% have pointed apex, and 

only 12% of the remaining middle-aged respondents have septate apex of the tongue. 

Chi-square results from [Table - 1i] (p=0.183) concludes that the apex of the tongue 

does not differ based on age groups. 

Color of the Tongue by Age groups: 

Figure 2j shows that of the younger respondents, about 78% respondents have pink, 

18% have pale pink, and only 4% of the remaining younger respondents have pinkish 

purple. While amongst the middle-aged respondents, about 54% respondents have 

pink, 45% have pale pink, and only 2% of the remaining middle-aged respondents 

have pinkish purple. Chi-square results from [Table - 1j] (p<0.05) concludes that the 

color of the tongue differs based on age groups. 
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[Figure 2 d ] Apex of the tongue by Gender 
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SUMMARY OF RESULTS AND CONCLUSION 

[Table – 1a] : Shape of the Tongue by Gender 

 Asymmetrical U Shape V Shape W 

Shape 

Total Sig 

Female 10 117 52 13 192 0.016 

Male 11 73 21 19 124 

Total 21 190 73 32 316 

[Table – 1b] : Surface Texture by Gender 

 Bifid tongue Geographic Plaqued Smooth 

Tongue 

Tongue 

fissures 

/ cracks 

Total Sig 

Female 1 2 4 84 101 192 0.001 

(HS) Male 2 2 7 27 86 124 

Total 3 4 11 111 187 316 

 

[Table – 1c]: Median Septum by Gender 

 Not Visible Visible Total Sig 

Female 138 54 192 0.137 (NS) 

Male 79 45 124 

Total 217 99 316 

 

[Table – 1d]: Apex of the tongue by Gender 

 Pointed Rounded Septate Total Sig 

Female 50 133 9 192 0.077 (NS) 

Male 27 83 14 124 

Total 77 216 23 316 
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[Table - 1e]: Color of the tongue by Gender 

 Pale pink Pink Pinkish 

purple 

Total Sig 

Female 41 144 7 192 0.443 (NS) 

Male 34 85 5 124 

Total 75 229 12 316 

 

[Table - 1f] : Shape of the tongue by age groups 

 Asymmetrical U Shape V Shape W 

Shape 

Total Sig 

<= 30 15 150 60 24 249 0.69 (NS) 

> 30 6 40 13 8 67 

Total 21 190 73 32 316 

 

[Table - 1g]: Surface Texture of the tongue by age groups 

 Bifid tongue Geographic Plaqued Smooth 

Tongue 

Tongue 

fissures 

/ cracks 

Total Sig 

<= 30 3 2 7 91 146 249 0.283 

(NS) > 30 0 2 4 20 41 67 

Total 3 4 11 111 187 316 

 

[Table - 1h]: Median Septum by age groups 

 Not Visible Visible Total Sig    

<= 30 168 81 249 0.375 (NS) 

> 30 49 18 67 

Total 217 99 316 

[Table - 1i]: Apex of the tongue by age groups 

 Pointed Rounded Septate Total Sig 

<= 30 64 170 15 249  

0.183 (NS) > 30 13 46 8 67 

Total 77 216 23 316 

[Table - 1j]: Colour of the tongue by age groups 

 Pale pink Pink Pinkish 

purple 

Total Sig 

<= 30 45 193 11 249  

0 (HS) > 30 30 36 1 67 

Total 75 229 12 316 

 

[TABLE -1]                                                                      [TABLE – 1 a – TABLE-  1j] 
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Concluding what our study reveals is it: 

• shows that about 60% of the respondents have U shape tongue, about 23% have V 

shape tongue, about 10% have W shape and about 7% have asymmetrical shape 

of the tongue suggesting the variability in the shape of the tongue. Although the 

‘U’ shape is most common in both males and females. 

• It is very clear form our study that there is reasonable amount of difference 

in the geometrical shape of all the patients. The shape most common in our 

study in both males and female patients is u shaped which is, 190 patients out 

of 316 

• “Tongue fissures/cracks” (59% app) and “Smooth Tongue” are the two prominent 

surface textures amongst all the respondents. 

• “Plaqued” (3%), “Geographic” (1%) and “Bifid” (1%) surface textures of the 

tongue are found in very less respondents. 

• It is noticed in our study that 187 patients out of 316 have tongue fissures and 

cracks on the surface and 111 patients have smooth tongue. 

• about 69% of the respondents, median septum is not visible in the tongue while in 

remaining 31%   of the respondents, median septum is visible in the tongue. 

• shows that in about 68% of the respondents, the apex is rounded. In another 24% 

of the respondents, the apex is pointed while in remaining 7% of the respondents, 

the apex is septate. Septate being the least common type. 

• shows that about 72% of the respondents have pink color tongue, about 24% of 

them have pale pink tongue and remaining about 4% have pinkish purple tongue. 

Gender 

• 61% of the respondents are female while in remaining 39% of the respondents are 

male. Females have been more cooperative in terms of agreeing to be 

photographed for the study. 

Age 

• about 79% of the respondents are less than equal to 30 years while remaining 21% 

of the respondents are more than 30 years. 

Statistical analysis also 

• concludes that the shape of the tongue differs based on gender. 

• shows that of the female respondents, about 5% respondents have asymmetrical 

shape, 61% have U shape, 27% have V shape and 7% have W shape. While 
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amongst the male respondents, about 9% respondents have asymmetrical shape, 

59% have U shape, 17% have V shape and 15% have W shape. Again, stating that 

U shape is more common both in male and female patients. 

• concludes that the surface texture of the tongue differs based on gender. 

• concludes that the apex of the tongue differs based on gender. 

• concludes that the colour of the tongue differs based on gender. 

• concludes that the median septum does not differ based on gender. 

• concludes that the shape of the tongue does not differ based on age groups. 

• concludes that the surface texture of the tongue does not differ based on age 

groups. 

• concludes that the median septum does not differ based on age groups. 

• concludes that the apex of the tongue does not differ based on age groups. 

• concludes that the colour of the tongue differs based on age groups. 
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FUTURE PERSPECTIVES 

 Advancements in Tongue Analysis Technologies 

 Standardization 

 Tongue Analysis formal education and training 

 Use of tongue in forensic practice. 

Technologies have been on the advancing front and with there has been evolution in 

the analysis of tongue also. This has made changes giving more accurate and reliable 

results in medical and biometric applications. Some known advances are: 

1. Artificial Intelligence (AI) and Machine Learning: Recently the use of 

Artificial intelligence using algorithms and machine learning has gained a lot 

of popularity in tongue analysis which has made automated feature extraction 

and the recognition of patterns possible. AI encompassed systems can really 

help humans in identifying the unique tongue characteristics which are 

required in diagnosing medical conditions and help in forensic and biometric 

identification. 

2. Increased resolution of imaging: Intraoral cameras and Optical Coherence 

Tomography (OCT) give very good quality images in terms of resolution 

especially of the dorsal surface of the tongue. If the image is of good quality, it 

positively enhances the visualization and interpretation of the images giving 

more accurate analysis after tongue examination. 

3. Computer vision techniques: We are quite aware that any form of study is 

prone to subjective differences and human prejudices to overcome these 

factors Computer vision techniques can be used. They can automatically use 

tongue images for analysis. These can be used for detection of abnormalities 

and analysing other features of the tongue. 

4. Phone applications for Tongue analysis: Tongue is such a promising 

diagnostic and biometric tool that smartphone applications are being 

developed to help medical diagnosis and for individual use. Patients can just 

take the picture of their tongue with the smartphone and get information 

regarding  

5. Advances in imaging techniques: traditionally images which were 2 – 

Dimensional were used for study and diagnosis but recent advances have 

made 3- Dimensional imaging possible. This gives better examination 
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opportunities making variations in structure and abnormalities in surface 

details more apparent to diagnosis. 

6. Tongue as an adjunct: Greater accuracy can be attained by the use of tongue 

analysis in collaboration with other forensic tools. This can be explained by 

stating that finger print scanning can be used with tongue scans. This can give 

very reliable results. Better identification systems can be made on this model. 

7. Other modes like Data Analytics can be used for tongue diagnosis. 

8. Health tracking with wearable trackers especially for the tongue can be 

worked on. As literature proves the tongue be very helpful in overall health 

diagnosis. 

9. Misuse of Data and unauthorised access should be taken care of. Privacy is 

paramount. 

10. With technological advancement comes security and privacy issues which 

need to dealt with in order to use data efficiently. 

STANDARDISATION IN TONGUE ANALYSIS: 
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TONGUE ANALYSIS FORMAL EDUCATION AND TRAINING: 

 

In order to use the technology well we need a workforce which is skilled enough, with 

experience to carry out the procedures. This is only possible if there are enough 
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training formally acquired to carry out the process. To make this possible it is very 

important to pay attention to the areas responsible for the education and training. 

USE OF TONGUE IN FORENSIC PRACTICE 

 

Proof of identity in Humans  

 

Since tongue has unique characteristics, it can 

used for identification 

 

In association with Bite Mark  

 

Tongue prints in conjunction with bite marks 

can be used in forensic identification for more 

reliable results. 

 

Identification in dead bodies  

 

During postmortem when body is disfigured, 

tongue comes to rescue. 

 

Forensic investigations  

 

Tongue due to its stability and reliability acts 

an excellent tool for forensic investigation 

 

Estimation of Time Since Death 

 

Tongue changes in colour after death can help 

us calculate the postmortem interval 

 

Guilty or not Guilty in criminal 

cases 

 

This can be done with the help of tongue 

prints. 
 

Khan et al. 2023 stated that even though tongue due to its distinctive properties is one 

of the primary tools in TCM diagnosis not much has been done with the tongue in 

relation to disaster. Its role in manmade disaster and natural disasters should be 

evaluated. 

They also spoke about the future scopes related to tongue prints and documented that 

Methods like spectrum analysis and Gabor filter are being to analyse tongue prints. 

These are producing noteworthy outcomes. They state that only after the tongue prints 

have undergone pre- processing for form analysis and texture, they can be used for 

tongue print biometric verification. This requires expensive tools and specialised 

knowledge. If these constrains are removed in future tongue prints can really help 

humans.
9
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