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BRIDGING PERIODONTICS AND FORENSICS: EMERGING TRENDS AND AI-DRIVEN INNOVATIONS
:A NARRATIVE REVIEW

ABSTRACT: Forensic odontology plays a crucial role in human identification by analyzing dental structures that remain resilient even under extreme postmortem conditions. Within this domain, periodontics contributes significantly by offering key morphological and pathological indicators that support age estimation, biological profiling, and individual identification. The present review explores the collective relevance of periodontal tissues—periodontal ligament, cementum, alveolar bone, and gingival architecture—in forensic investigations, while also highlighting the expanding integration of artificial intelligence (AI) in forensic periodontology. Periodontal structures can be used as markers for chronological assessment since they experience predictable age-related changes. In both antemortem and postmortem situations, techniques including Gustafson's criteria, gingival recession analysis, alveolar bone loss assessment, and tooth cementum annulation (TCA) offer useful information. Additionally, dental implants are trustworthy identifiers in times of severe decomposition and mass disasters because of their thermal stability and traceable batch numbers. AI has become a potent tool in forensic odontology as a result of technical developments. When dental records are not available, machine-learning algorithms can help with morphological comparisons, forecast age more accurately, and identify pathological changes in radiographs. Additionally, implant-recognition software speeds up the classification of implant systems, and AI-assisted 3D printing and reconstruction provide precise visualisation of broken remains.
In order to demonstrate the transdisciplinary importance of periodontology in forensic practice and the revolutionary potential of AI in enhancing accuracy, efficiency, and standardisation, this review summarises recent research. A potential future for forensic identification is represented by the merging of traditional periodontal assessment with AI-driven computational tools, strengthening the vital connection between dental science and the legal system.
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INTRODUCTION
Forensic odontology is the area of dentistry that deals with the appropriate management, analysis, and presentation of dental evidence in the service of justice. In order to help identify the deceased, forensic dental research is supported by all branches of dentistry. The clinical dentistry specialty of periodontics is utilized to determine a person's periodontium's morphology and pathology.6Additionally, there are studies that employ periodontics expertise to determine age by measuring root length, root transparency, and the degree of attachment of the periodontal ligament.(1)
METHOD OF ACQUISITION OF DATA
To find pertinent research published up until May 2025, a PubMed and Google Scholar search was conducted using the following keywords: "forensic odontology," "age estimation," "dental implants," "forensic periodontology," and "AI in Forensic science." All the necessary information was gathered to develop the evaluation, which sought a believable connection between the field of forensic odontology—with an emphasis on the importance of periodontology for personal identification—and the application of artificial intelligence (AI) to increase process speed and accuracy.

HISTORICAL BACKGROUND
The application of dental evidence in forensic identification has ancient origins. One of the earliest cases dates back to 49 A.D., when Lollia Paulina was allegedly executed on the orders of Agrippina the Younger, wife of Emperor Claudius. Her identity was confirmed based on distinctive dental traits, marking an early anecdotal use of dental recognition.
A historically documented instance occurred in 1453, when John Talbot was identified posthumously after the Battle of Castillon through his dental features.
In 1775, Dr. Paul Revere made the first scientifically documented forensic dental identification in the United States, recognizing a silver and ivory dental prosthesis he had made for Dr. Joseph Warren.
Contrary to some claims, the first forensic dental identification did not occur in the year 2000; by then, the field was already well established and widely used in criminal cases and mass disaster victim identification.(5)
LIMITATIONS AND CONTROVERSIES OF CONVENTIONAL APPROACHES
Traditional forensic dental determination techniques are useful, but they have a number of drawbacks. Morphological and odontometric assessments may not be repeatable and frequently rely on examiner experience. Despite their value, radiographic comparisons can be hampered by insufficient records, variations in angulation, or poor picture quality.(24, 25)
Age estimate techniques sometimes exhibit population-specific variability, which restricts their applicability to a variety of groups. Furthermore, bite mark analysis's scientific validity has been hotly contested in recent years due to issues with subjectivity, inter-examiner disagreement, and a lack of empirical support.(23)
Critical debates concerning the admissibility of specific forensic dentistry procedures in legal systems have been sparked by these concerns, especially in light of the Daubert or Frye criteria that control expert testimony.(26)
AGE DETERMINATION BASED ON DENTAL DATA
Since teeth are the strongest part of the human body, they are known to be incredibly resilient to environmental stresses such as fire, explosions, putrefaction, and chemicals. As a result, they are available for a long period of time after death. A person's age can be determined from their teeth using a variety of methods, such as the eruption of teeth, which is recognized as a reliable indicator of age. Additional changes that become apparent as one ages include attrition, periodontal disease, the development of secondary dentine, root translucency, root resorption, root roughness, cementum apposition, and color changes in the crown and roots. (2) 
In 1947, Gustafson introduced a pioneering technique for estimating human age based on structural changes in teeth. This method utilized six specific criteria: attrition, gingival recession, secondary dentin deposition, cementum apposition, root resorption, and root transparency. Each parameter was scored on a scale from 0 to 3, and a linear regression equation was applied to estimate age, yielding a high correlation coefficient of 0.98. Gustafson’s method has since been widely regarded as a foundational standard in forensic age estimation. However, a key limitation of the technique lies in the assumption that all six criteria contribute equally to age determination, which may not reflect biological variability.(2)
Fig 1: Assessing human age based on structural changes in teeth
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Ao- no attrition, S0 - no secondary dentin, P0-no periodontosis  ,C0- normal layer of cementum laid down R0- no root resorption visible
A1 = attrition within Chamel; S1- secondary dentine has begun to form in upper part of pulp cavity; P1= periodontosis just begun ; C1=  apposition a little greater than down normal; R1 = root resorption only on small isolated spots
A2=attrition reaching dentin ; S2- pulp cavity is half filled ; P2= periodontosis along first one-third of root C2= great layer of cementum ; R2= greater loss of substance
A3= attrition reaching pulp ; S3= pulp cavity is nearly or wholly filed with secondary dentin ; P3=periodontosis has passed two-thirds of root
C3= heavy layer of cementum ; R3= great areas of both cementum and dentin affected
EMERGENCE OF DIGITAL DIAGNOSTICS IN FORENSIC ODONTOLOGY
The area of forensic dentistry has been progressively shaped by technological innovation in response to these issues. Digital diagnostics provide non-invasive, high-resolution, and repeatable methods for dental analysis. These methods include CBCT, micro-computed tomography (micro-CT), three-dimensional surface scanning, and sophisticated radiography procedures. In particular, CBCT has become a potent tool for visualising skeletal and dental structures in three dimensions, making postmortem imaging, trauma assessment, and age estimation easier. In a similar vein, intraoral scanners and digital radiography have improved the accuracy and effectiveness of forensic investigations.(22,23)
AI and ML are at the cutting edge of these advancements. These technologies are being used more and more to automate activities like age or sex estimate, pattern recognition, and morphometric analysis [20].Although problems with dataset diversity, validation, and explainability are still unresolved, preliminary research indicates that AI models may perform more accurately and consistently than conventional techniques. The transdisciplinary potential of forensic odontology is further enhanced by integration with DNA analysis, biometric databases, and digital health information, allowing for more comprehensive and trustworthy identification frameworks.(21)
Forensic odontology has already used a number of AI and ML techniques. For automatic age assessment, panoramic radiographs and CBCT scans have been used to train convolutional neural networks (CNNs). Support vector machines (SVMs) have been used to classify dental images into diagnostic categories, while artificial neural networks (ANNs) have been used to classify morphometric data for sex determination. To increase the explainability and resilience of forensic predictions, hybrid deep learning architectures that combine CNNs with attention mechanisms are also being researched.
THE ROLE OF PERIODONTICS IN SUPPORTING FORENSIC ODONTOLOGY:
Periodontal ligament :
The legal definition of adulthood in China and most European countries gives the age of 18 legal significance. When estimating age from teeth, the main predictor of chronological age is the level of dental mineralization. By the age of 18, a person's third molars are the only teeth that are still developing. In lower third molars with full root mineralization, the periodontal ligament was visible in varied degrees. The stages are determined by the outer periodontal ligament's exposure on the mesial region of the mesial root and the distal portion of the distal root of the lower third molar root. The explanation is as follows: (1) Stage 0: The periodontal ligament shows the entire length of the root. (2) Stage 1: The periodontal ligament is invisible from the apex to more than half of a root. (3) Stage 2: The majority of the periodontal ligament is concealed throughout the length of one root or along a segment of two roots. (4) Stage 3: The periodontal ligament is absent from both roots for almost their whole length. 
According to Guo et al., stage zero is reached around age 17.05 for men and 17.46 for women. Stage one appears in males and females at 17.47 and 17.86 years old, respectively. Stage two symptoms start to appear in men at age 21.43 and in women at age 21.96, respectively. Stage three was observed to start at 25.83 years of age for men and 23.14 years of age for women.(3)

Gingival Margin Recession in Age Estimation
Marginal gingival recession has been identified as one of several periodontal indicators used in age estimation methods, as described by Solheim (1992)(8)

Alveolar Bone Loss in Forensic Identification
The alveolar bone, which anchors teeth in their sockets, undergoes physiological changes with age. In forensic cases, the degree and pattern of alveolar bone loss—whether due to natural aging or periodontitis—can serve as supplementary evidence for victim identification. Studies suggest that age estimation based on alveolar bone loss from dry dental remains can be accurate within ±5 years in individuals aged 25–40 years.⁽¹³⁾ Additionally, comparison with antemortem dental records can aid in narrowing down identity based on bone loss patterns.(8,13)

Cementum as a Marker for Age 
Cementum, a mineralized component of the periodontium, is deposited in annual incremental lines, known as tooth cementum annulations (TCAs), making it a reliable tool for age estimation. Age is calculated by adding the tooth's eruption age to the number of cementum lines observed under light, polarized, or phase-contrast microscopy.(16)
The number of lines (n) is calculated using the formula:
n = X / Y,
where X = total cementum width (from dentino-cemental junction to surface),
and Y = width between two adjacent incremental lines.
Dental cementum increment analysis (DCIA) also allows estimation of the season of death. According to Wedel (2007), translucent and opaque bands correspond to summer and winter, respectively, enabling seasonal profiling.(11)
TCAs are more accurate in healthy teeth; periodontal disease may reduce reliability. A landmark case used DCIA to determine age and season of death 37 years postmortem, demonstrating its forensic significance.(13)
Interrelationship of Periodontics & Implants with forensic odontology
Gingival morphology and pathology :
a. Enlargements, interproximal craters, focal/diffuse, contour, and recession
b. Colour: pathological pigmentations, physiological (racial), or inflammatory alterations 
b. Deposits in calculus
Periodontal ligament morphology and pathology :
a. Widening 
b. Thickness 
c. Lateral periodontal cysts 
Alveolar process and lamina dura :
a) Crestal bone height, shape, and density
b) Interradicular bone thickness
c) Exostoses and tori 
d) Lamina dura pattern 
e) Horizontal and vertical bone loss f. Bone's trabecular pattern 
f) Remaining root pieces
Periodontal cosmetic surgeries :
a. Crown lengthening technique
 b. Regenerative surgery combined with root hemisection 
c. Periodontal microsurgery
ROLE OF DENTAL IMPLANTS IN FORENSIC IDENTIFICATION
Dental implants have emerged as a valuable tool in forensic identification due to their thermal stability and resistance to corrosion. Unlike traditional restorative materials such as amalgam or resin, titanium implants can withstand temperatures over 1650°C, making them identifiable even after incineration.
One notable feature is the laser-etched batch number on implant surfaces, which often remains legible post-incineration, depending on the etching depth and oxidation layer. This makes implants useful for victim identification in high-heat scenarios.
Additionally, implant recognition software now allows forensic experts to identify implant systems using radiographic and clinical features, providing access to detailed manufacturer information and aiding in case resolution.(7,14)

IMPLANT RECOGNITION SOFTWARE
One of the most recent developments is an implant recognition program created by G. Michelinakis. It uses a database that is given a series of questions to identify the various implant systems. Additionally, the software database contains clinical and radiological photographs of the implant systems. Complete manufacturing facts are discovered at the end of the search, which can help identify cases and make a forensic odontologist's task easier.(19)

ARTIFICIAL INTELLIGENCE: AN AID TO FORENSICS ODONTOLOGY IN PERIODONTICS 
1.Disease Detection from Dental Images
Artificial intelligence (AI) can be utilized to analyze dental radiographs or photographs obtained from forensic investigations. Through image recognition and pattern analysis, AI systems can detect pathological conditions such as periodontitis, caries, or enamel anomalies, contributing valuable information toward victim profiling and identification.(11)
2.Determination of time of death by –gingival tissues
Determining the post mortem interval (PMI), which is the amount of time that has elapsed following a person's death, has always been a challenging task in forensics. The value of histological and immunohistochemical analyses of different postmortem tissues has increased throughout time because they may offer fresh perspectives that could aid in determining the amount of time that has passed since death. One such technique is the use of gingival tissue to calculate the amount of time since death. Numerous changes are analysed to determine the post mortem interval, such as: a) histological changes; b) ultrastructural changes; c) electrolyte changes; d) immunohistochemistry distribution and mRNA expression of hypoxia inducible factor (HIF-1alpha).
When the epithelium reaches maximum thickness, the duration progressively rises to 16–24 hours [4]. Research has demonstrated the connection between the degree of cellular degenerative alterations in gingival tissues and postmortal time intervals. The decomposition process starts at the cellular level within 10 hours following death, and the remaining clinical signs of decomposition follow [9]. An analogous investigation examined the electrolytic and histopathologic alterations in the gingival tissues at regular intervals after death. The findings show that, although there was an ultra-structurally significant difference in morphology, there was no statistically significant difference between 2- and 4-hour postmortem samples. Light microscopic changes could be observed as soon as 2 hours after death.
Research has demonstrated the connection between postmortal time periods and the extent of gingival tissue cellular degenerative alterations. The decomposition process starts at the cellular level within ten hours of death, and the remaining clinical features of decomposition follow . The electrolytic and histopathologic alterations in the gingival tissues at regular intervals after death were compared in a related investigation. Although there was an ultra-structurally significant variation in morphology between 2- and 4-hour postmortem samples, the results show that light microscopic changes might be observed as soon as 2 hours after death. 
3. Age Estimation Using Dental Parameters
AI models can be trained on established forensic age estimation techniques, such as Gustafson’s method, which involves parameters like cementum apposition, root transparency, root resorption, attrition, periodontitis, and secondary dentin formation. The integration of additional factors, such as alveolar bone loss linked to systemic diseases or genetic predispositions, further enhances the accuracy of AI-driven age estimation.(11)
4. 3D Imaging and Reconstruction
Advanced AI algorithms, particularly those involving image reconstruction and diffusion-based modeling, can create detailed three-dimensional (3D) representations of dental structures. These models offer a high degree of anatomical accuracy, aiding in the analysis of fragmented or degraded dental remains.(11)
5. 3D Printing of Digital Models
The AI-generated 3D reconstructions can be translated into physical models through 3D printing technologies. These printed models serve as valuable tools for forensic analysis, case documentation, educational demonstrations, and courtroom presentations.(11)
6. Identification in the Absence of Dental Records
When recent dental records are unavailable, AI systems can analyze existing dental evidence and compare morphological features with large-scale population datasets. This enables probabilistic matching based on traits such as wear patterns, restorations, and anomalies, thus assisting in narrowing down possible identities.(5)
Future implications and research
The field of periodontal tissue utilisation in forensic trauma examination is active and constantly changing. As developments in science and technology continue to change the field of forensics, this section examines potential research directions and future ramifications to enhance the use of periodontal tissue analysis.There will probably be major advancements in molecular approaches for periodontal tissue analysis in forensic trauma assessment. 
In order to identify certain diseases, chemicals, or compounds linked to trauma, DNA and RNA analysis could become even more precise and sensitive. As a result, using cutting-edge imaging technologies like micro-computed tomography and 3D imaging (micro-CT), could improve the quality of trauma evaluation by offering a more comprehensive view of periodontal tissues through the visualisation of anatomical and structural alterations, fractures, and microfractures. 
Forensic specialists could benefit greatly from the development of a comprehensive reference database that contains molecular profiles of periodontal tissues and histology specimens. To establish the accuracy and dependability of periodontal tissue analysis for various forms of trauma, extensive validation studies are required. These studies should include a range of trauma scenarios and settings to assess the methodologies' robustness and limitations.
The programs commonly in use today are:
Odontosearch: This software was developed by Central Identification Lab, USA' It compares an individual's pattern of missing, filled and unrestored teeth to a large sample group, representative of the US population.The database of the odontosearch receives inputs from various participants in dental health programs (Adams, 2003).
Automatic dental identification system (ADIS): 
Is software similar to the automatic fingerprinting identification system and assesses radiographic data like the bone, root and tooth morphology. This can be achieved by tracing the outline of the root and tooth on a radiograph (bitewing or periapical) (Nassar, 2003)
Computerized assisted post-mortem identification System(CAPMI):
The US Army Dental Research Institute created the Computerised Assisted Post-Mortem Identification System (CAPMI) in order to locate lost people. It was discovered 
that a person could be isolated from the group as a whole if they had four or more traits. Additionally, it was shown that even a single diversity trait significantly enhanced identification in people without any missing or filled teeth (Lorton, 1988). A dental computer system called WinlD connects unidentified human remains to missing people.A Microsoft Access database is used to hold the data. Numerous methods are employed in problem situations to help with the identifying problem. These consist of (1) investigations on the racemization of amino acids, particularly aspartic acid; (2) incremental line and other histology studies; and (3) scanning electron microscopy with and without energy-dispersive X-ray analysis; (4) metal ratio analysis in teeth and bone; (5) blood group, serum protein, and polymorphic enzyme studies; and (6) most recently, DNA analyses.
By comparing the gingiva's clinical characteristics—such as contour, recession, enlargements, and interproximal craters—with ante mortem records, it is possible to identify the person. Conversely 
the clinical characteristics of the periodontal ligament, such as thickness, broadening, and diseases, have been taken into account in order to determine the individuals' identities. 
The identification of the individuals has been aided by comparing the ante and postmortem radiographic records for alveolar bone height, crestal bone density and contour, interradicular bone thickness, lamina dura pattern, bone loss, trabecular bone pattern, and bone islands. Periodontal aesthetic procedure records have been utilised to identify an individual (Shamim, 2011).
Dental Profiling: 
If ante-mortem dental records are not accessible and alternative forms of identification, such as age, gender, or ethnic origin, are employed, this data will allow a 
by conducting a targeted search for ante-mortem dental records, the forensic dentist can reduce the population pool to which the ill person belongs, increasing the possibility of finding such data. Post-mortem dental profiling is the term for this procedure (Pretty, 2001).
Conclusion
Forensic odontology is increasingly recognizing the value of periodontics in human identification and trauma analysis. Periodontal tissues, due to their resilience and unique histological responses, serve as significant forensic markers in both antemortem and postmortem contexts. Advances in imaging, molecular diagnostics, and implant recognition software have further broadened this scope. However, accurate interpretation demands interdisciplinary collaboration and standardized protocols. The role of periodontists in maintaining detailed dental records and understanding tissue changes is crucial for forensic investigations. Integrating periodontics with forensic odontology not only enhances the accuracy of identification but also strengthens the link between dentistry and the legal system.
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