
 

13 XII December 2025

https://doi.org/10.22214/ijraset.2025.76221



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 13 Issue XII Dec 2025- Available at www.ijraset.com 
     

 
1292 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

3D Imaging in Forensic Odontology: A Review 
 

Dr. Vijila K V1, Dr. Priya Ramani2, Sri Vikram R3, Shrinithi MR4, Subhiksha D5 

1Senior lecturer,Department of Oral Medicine and Radiology, Thai Moogambigai Dental College and Hospital, Dr. M.G.R. 
Educational and Research Institute, Chennai, Tamil Nadu, India 

2Professor and Head of the Department, Department of Oral Medicine and Radiology, Thai Moogambigai Dental College and 
Hospital, Dr. M.G.R. Educational and Research Institute, Chennai, Tamil Nadu, India 

3, 4, 5Compulsory Rotatory Residential Intern, Thai Moogambigai Dental College and Hospital, Dr. M.G.R. Educational and 
Research Institute, Chennai, Tamil Nadu, India 

 
Abstract: Forensic odontology integrates dentistry and law to aid in human identification, age estimation, bite mark analysis, 
and disaster victim identification. The advent of three-dimensional (3D) imaging technologies, including Cone Beam Computed 
Tomography (CBCT), Micro-CT, Multislice CT (MSCT), magnetic resonance imaging (MRI), 3D surface scanning, and 3D 
printing, has revolutionized the field by providing high-resolution, volumetric, and interactive visualization of dental and 
craniofacial structures. These modalities enable precise morphological analyses, accurate antemortem-postmortem comparisons, 
trauma assessment, and facial reconstruction, while enhancing reproducibility, courtroom admissibility, and non-invasive 
evidence preservation. Despite challenges such as cost, radiation exposure, and the need for standardized protocols, 3D imaging 
significantly improves the accuracy, reliability, and legal robustness of forensic investigations. Future directions include 
integration with artificial intelligence, virtual and augmented reality simulations, expanded use in Disaster Victim Identification 
(DVI), and the development of global forensic 3D databases, further advancing precision, efficiency, and applicability in 
complex forensic scenarios. 
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I. INTRODUCTION 
Forensic odontology, a specialized discipline at the intersection of dentistry and law, is dedicated to the examination, handling, and 
presentation of dental evidence for purposes such as personal identification, age estimation, bite mark evaluation, and the 
investigation of abuse or mass disaster cases.1 Traditionally, forensic investigations relied on two-dimensional radiographic 
techniques like intraoral periapical (IOPA) and orthopantomogram (OPG) films, which, despite their utility, were limited by image 
distortion, superimposition, and incomplete anatomical representation.1 The advent of advanced three-dimensional (3D) imaging 
technologies including Cone Beam Computed Tomography (CBCT), intraoral scanners, 3D surface scanning, and digital modelling 
has revolutionized forensic odontology by enabling high-resolution volumetric visualization, precise spatial reconstruction, and 
interactive manipulation of dental and craniofacial structures. CBCT provides high-resolution, undistorted 3D visualization of 
craniofacial and dental anatomy, making it invaluable for postmortem imaging, age estimation, and anatomical reconstruction.2 3D 
intraoral scanners and surface digitizers facilitate the capture of detailed dental arch data, which can be stored digitally for future 
antemortem/postmortem comparisons especially vital for Disaster Victim Identification (DVI). 3D imaging empowers quantitative 
morphological analysis and identification, allowing forensic specialists to match unique dental features such as restorations, 
fractures, or natural variations between individuals. These innovations provide unparalleled accuracy in capturing unique anatomical 
features, enhance reproducibility through digital dataset storage and global accessibility, and improve visualization with multiplanar 
reconstructions and quantitative analyses.3 As a result, 3D imaging has significantly strengthened the authenticity, reliability, and 
court acceptability of forensic dental evidence, transforming traditional approaches into scientifically robust workflows that are 
faster, more detailed, and better equipped to handle complex cases involving fragmented or compromised remains.4 This article 
gives an overview on 3D imaging in forensic odontology 
 

II. HISTORICAL BACKGROUND OF RADIOGRAPHY IN FORENSIC ODONTOLOGY 
Radiography has played a central role in forensic odontology since its inception, serving as a reliable tool for dental identification 
and investigative work. The discovery of X-rays by Conrad Roentgen in 1895 marked the beginning of forensic radiology, with 
postmortem applications emerging as early as 1898 to aid in human identification.5,6 Traditional two-dimensional radiographs, 
including intraoral and panoramic films, became standard for comparing antemortem and postmortem dental features such as tooth 
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arrangement, restorations, bone morphology, sinus anatomy, and bite marks, with early landmark examples including Paul Revere’s 
identification of Dr. Joseph Warren in 1775 using a dental prosthesis.5 However, static 2D imaging was limited by distortion, 
superimposition, and incomplete anatomical detail, prompting the transition to advanced three-dimensional modalities like Cone 
Beam Computed Tomography (CBCT) and digital surface scanning.6 These technologies introduced volumetric, undistorted, and 
interactive visualization with multiplanar reconstruction, virtual manipulation, and quantitative comparison, significantly enhancing 
accuracy in fragment analysis, dental segmentation, and reconstruction of incomplete remains. Foundational milestones further 
shaped the field, such as Oscar Amoedo’s 1898 treatise on forensic odontology following a Paris disaster, Yoshino’s studies on 
frontal sinus radiographic identification, and landmark legal cases including the Webster-Parkman trial (1849) and People v. Marx 
(1975), which validated dental evidence in court. The integration of CBCT into forensic practice in the late 20th century established 
new benchmarks in postmortem imaging and virtual reconstruction, solidifying radiology both 2D and 3D—as a cornerstone of 
modern forensic identification.7 

 
III. CONE-BEAM COMPUTED TOMOGRAPHY (CBCT) IN FORENSIC ODONTOLOGY 

Cone-Beam Computed Tomography (CBCT) is a transformative three-dimensional imaging modality that has become indispensable 
in forensic odontology due to its precision, efficiency, and broad analytical utility.8 Using a cone-shaped X-ray beam and flat-panel 
detector, CBCT acquires multiple multiplanar images during a rapid 5–40 second rotation, which are then reconstructed into a 
volumetric dataset.9 Compared to conventional CT, it provides high spatial resolution with up to 96% lower radiation exposure, 
reduced metal artifacts, greater portability, and costs comparable to panoramic radiography, making it both effective and 
accessible.10 The digital images, typically stored in DICOM format, can be enhanced for contrast, color, and sharpness and 
seamlessly integrated with forensic or third-party software for advanced analysis and archiving.11 In forensic practice, CBCT is 
highly valuable for dental age estimation through precise evaluation of pulp/tooth ratios, root morphology, and developmental 
stages; bite mark analysis by enabling accurate three-dimensional visualization and matching of occlusal patterns in assault or abuse 
cases; skull reconstruction for identification, trauma assessment, and facial approximation from fragmented remains; and 
documentation of anatomical variations, restorations, and structural anomalies critical for individual identification, sex or ancestry 
assessment, and post-trauma evaluation.12 By combining low radiation exposure with versatile forensic applications, CBCT has 
established itself as the gold standard for postmortem dental identification, age estimation, and complex forensic reconstructions.13 

 
IV. MICRO-CT AND MULTISLICE CT (MSCT) IN FORENSIC ODONTOLOGY 

Micro-CT is an advanced high-resolution imaging technique capable of visualizing dental microstructures such as enamel, dentin, 
pulp chambers, and cementum at a microscopic scale with voxel sizes in the micrometer range, making it especially valuable for 
non-destructive forensic analysis.14 Its applications include precise dental age estimation through quantification of cementum 
thickness, root morphology, and enamel-dentin junction characteristics, as well as the assessment of developmental and pathological 
changes that contribute to individual identification and reconstruction of dental health history. In contrast, Multislice CT (MSCT) 
provides rapid, volumetric imaging of the entire body along with high-resolution craniofacial scans, allowing comprehensive 
evaluation of skeletal, dental, and soft tissue structures.15 It plays a crucial role in Disaster Victim Identification (DVI) by enabling 
quick postmortem reconstructions and supporting virtual autopsy protocols through non-invasive documentation of forensic 
evidence. While Micro-CT is best suited for microstructural analysis of teeth at a highly detailed level, MSCT complements 
modalities like CBCT by offering a broader field of view for whole-body and craniofacial examinations, together enhancing 
precision, versatility, and reliability in forensic odontology.16 

 
V. MAGNETIC RESONANCE IMAGING (MRI) IN FORENSIC ODONTOLOGY 

Magnetic Resonance Imaging (MRI) has emerged as a valuable tool in forensic odontology due to its unique capability to visualize 
soft tissues, which are often inadequately represented by conventional radiographic techniques that focus on hard structures. MRI 
provides high-contrast, non-invasive, and radiation-free imaging of dental pulp, periodontal ligaments, facial muscles, and 
surrounding soft tissue, allowing detailed assessment of pulp vitality by depicting vascularity and structural integrity without the 
need for extraction or sectioning.17 Contrast-enhanced MRI further enhances visualization of subtle tissue alterations resulting from 
trauma or pathology. In forensic applications, MRI enables precise evaluation of pulp status postmortem, which is essential for age 
estimation, and facilitates detailed trauma analysis, including detection of soft tissue injuries, hemorrhages, nerve damage, and 
muscular trauma, thereby providing critical evidence in cases of assault, abuse, or accidents.  
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Advanced techniques such as MR spectroscopy and micro-imaging can aid in determining injury timing and postmortem intervals 
by analyzing biochemical tissue changes. By offering unparalleled soft tissue detail, MRI complements conventional dental 
imaging, enhancing forensic investigations through accurate pulp vitality assessment, trauma detection, and comprehensive 
documentation of soft tissue evidence.18 

 
VI. 3D SURFACE SCANNING AND STEREOPHOTOGRAMMETRY IN FORENSIC ODONTOLOGY 

3D surface scanning and stereophotogrammetry are advanced, non-contact imaging technologies that provide highly accurate, 
detailed three-dimensional data of dental and facial structures, playing a pivotal role in modern forensic odontology. In facial 
reconstruction, these techniques enable precise digital capture of facial surfaces to create 3D models, facilitating virtual 
reconstruction of a person’s appearance from skeletal remains and aiding identification in cases involving decomposed, burned, or 
mutilated bodies.19 The methods allow rapid, flexible, and realistic reconstruction, with the ability to generate multiple facial 
approximations for investigative comparison. In bite mark analysis, 3D scanners accurately replicate bite marks on skin or objects, 
preserving spatial and depth information often lost in traditional 2D photographs, while digital overlays of suspects’ dental casts 
enable detailed matching of shape, angles, and dimensions, improving objectivity and courtroom reliability.20 For antemortem-
postmortem comparison, 3D digitization of dental records such as casts and intraoral scans allows interactive alignment with 
postmortem models, enabling high-precision matching of unique dental morphology, restorations, and anatomical variations that are 
difficult to discern in 2D images. Overall, the integration of 3D surface scanning and stereophotogrammetry enhances forensic 
investigations by providing reproducible, interactive, and precise analyses essential for facial reconstruction, bite mark evaluation, 
and accurate antemortem-postmortem comparison.21 
 

VII. 3D PRINTING IN FORENSIC ODONTOLOGY 
3D printing has emerged as a transformative tool in forensic odontology, enabling the conversion of digital imaging data into precise 
physical models that replicate anatomical structures with high fidelity.22 Digital datasets obtained from CBCT, MSCT, and 3D 
surface scans can be transformed into tangible replicas using additive manufacturing technologies such as stereolithography and 
fused deposition modeling.23 These models provide anatomically accurate, three-dimensional representations that allow tactile 
interaction and visualization beyond what photographs or 2D images can convey. They can be reproduced multiple times from a 
single dataset, preserving fragile evidence and facilitating distribution among investigative and legal teams.24 In courtroom settings, 
3D printed models serve as powerful demonstrative evidence, helping juries and judges understand injury patterns, dental features, 
and trauma through tangible, non-threatening representations that enhance expert testimony. For craniofacial reconstruction, printed 
models of skulls or fragmented remains assist forensic artists and odontologists in approximating soft tissue contours and anatomical 
landmarks, aiding identification of unknown individuals.25 Additionally, bite mark analysis benefits from 3D printed replicas of 
dental impressions, preserving spatial and morphological details to improve accuracy and objectivity in comparisons.26 While 
advantages include enhanced three-dimensional visualization, re-evaluation of evidence, and non-invasive preservation of delicate 
biological data, limitations involve material constraints, cost, the need for precise modeling parameters, and evolving ethical and 
legal guidelines. Overall, 3D printing bridges digital imaging with physical evidence demonstration, advancing forensic 
investigation, courtroom communication, and victim identification in contemporary forensic odontology.27 

 
VIII. APPLICATIONS OF 3D IMAGING IN FORENSIC ODONTOLOGY 

 

Application Role of 3D Imaging Key Benefits 

Human Identification 
Comparison of antemortem and postmortem dental 
records using CBCT or surface scans; assessment of 
unique dental and craniofacial features. 

High accuracy, precise matching, improved 
reliability of identification. 

Age Estimation Analysis of root and pulp volumes, secondary dentin 
deposition, and third molar development using CBCT. 

Non-invasive, reproducible, precise estimation of 
chronological age in adolescents and adults. 

Sex Determination 
Morphometric analysis of dimorphic features in 
mandible and skull (e.g., ramus, gonial angle, cranial 
landmarks). 

Higher accuracy in distinguishing male and female 
skeletal remains. 
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Application Role of 3D Imaging Key Benefits 

Bite Mark Analysis 
3D scanning of bite marks and digital superimposition 
with dental casts. 

Preserves depth and surface texture, reduces 
distortion, objective and robust forensic 
documentation. 

Trauma and Injury 
Analysis 

CBCT and MSCT for fractures, gunshot wounds, and 
maxillofacial injuries. 

Comprehensive visualization, pattern analysis, 
evidence preservation, aids medico-legal 
interpretation. 

Disaster Victim 
Identification (DVI) 

Rapid postmortem dental and skeletal examination using 
CBCT and whole-body CT. 

Non-invasive, reduces handling of fragile remains, 
expedites antemortem-postmortem comparison, 
supports virtual autopsy. 

Facial Reconstruction 
3D surface scanning and printing for reconstruction from 
skeletal remains. 

Detailed, realistic facial models; improves 
recognition, forensic analysis, and court 
presentations. 

 
IX. ADVANTAGES AND LIMITATIONS OF 3D IMAGING IN FORENSIC ODONTOLOGY 

3D imaging has significantly enhanced forensic odontology by providing high precision and reproducibility, capturing millions of 
data points for accurate measurements and consistent results that minimize human error in documentation and analysis.28 It enables 
non-invasive recording of crime scenes, skeletal remains, and dental evidence, preserving original materials intact while allowing 
detailed digital archiving for re-examination. Interactive 3D models facilitate better visualization of complex evidence such as 
wounds, skeletal structures, and dental features, while digital storage ensures permanence and easy sharing among investigative and 
legal teams.29 Moreover, 3D reconstructions and printed models improve courtroom communication by providing juries and judges 
with tangible, comprehensible representations of forensic evidence, enhancing the persuasiveness and clarity of expert testimony. 
Despite these advantages, challenges remain, including the high cost and limited accessibility of advanced 3D imaging technologies, 
concerns regarding cumulative radiation exposure in repeated or pediatric cases, and the absence of universally accepted standards 
for data acquisition, processing, and interpretation, which can affect legal credibility. Additionally, legal and ethical considerations 
regarding evidence admissibility, privacy, consent, and data security must be carefully addressed. While 3D imaging offers 
unparalleled benefits in precision, visualization, and evidentiary value, its effective and responsible use in forensic practice requires 
careful management of technological, safety, procedural, and legal factors.30 

 
X. CONCLUSION 

The future of 3D imaging in forensic odontology is poised to be transformed by the integration of artificial intelligence (AI) and 
machine learning, which can automate analysis, improve pattern recognition, and enhance the speed and accuracy of identification, 
age estimation, and bite mark comparisons. Virtual and augmented reality technologies offer new avenues for immersive forensic 
case simulations, allowing investigators, students, and legal professionals to interact with digital reconstructions in a realistic, 
controlled environment. The broader application of 3D imaging in Disaster Victim Identification (DVI) protocols can streamline 
postmortem examinations, reduce handling of fragile remains, and accelerate the reconciliation of antemortem and postmortem data. 
Additionally, the development of global forensic 3D imaging databases would facilitate standardized data sharing, cross-institutional 
collaboration, and the creation of reference models to support research, training, and legal investigations. Together, these 
innovations promise to enhance precision, reproducibility, and the legal robustness of forensic odontology while expanding its 
applicability in complex and large-scale investigative scenarios. 
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