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ABSTRACT
The temporomandibular joint (TMJ) is one of the most 
complex joints in the human body and it has been 
demonstrated to possess morphological features that 
are potentially valuable for forensic identification, both 
comparative and reconstructive. Cone beam computed 
tomography (CBCT) has exhibited increasing utilisation in 
dentistry due to its lower radiation dose, cost-effectiveness 
and expedited processing time. Given the substantial 
challenges encountered in forensic identification, we 
present a scoping review of TMJ studies for forensic 
identification through CBCT. From a total of 115 articles 
identified, seven were selected, all published between 
2013 and 2024 by authors from Asian countries and 
without international collaborations. Several proposals for 
identification were ascertained, predominantly focused on 
reconstructive identification. Only one article postulated 
a comparative identification method. This indicates there 
is interest in utilising CBCT to study the TMJ for forensic 
identification; however, as there are no population 
validations, standardised protocols or technical capabilities 
for field work, further research is warranted. 
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INTRODUCTION 
The temporomandibular joint (TMJ) is one of the most 
complex and mobile joints in the human body. The TMJ 
articulates the mandibular condyles with the mandibular 
fossa and the articular tubercle of the temporal bone to, in 
conjunction with the soft tissues, perform functions such 
as mastication, deglutition and speech, among others.1 
The mandible is the largest and most robust bone of the 
facial skeleton. Consequently, in the absence of the pelvis 
or cranium, the mandible is highly valuable for forensic 
identification purposes.2 It has been observed that the 

mandibular condyle exhibits sexual and age-related 
morphological variability and adaptive changes resulting 
from anomalies, trauma and malocclusion.3 These variations 
are of significant interest in forensic sciences as they may 
facilitate the identification process in individuals with minimal 
prior interventions.4-6 Furthermore, the utilisation of the TMJ 
in forensic facial reconstruction procedures in traditional 
environments in combination with virtual modelling has been 
documented.7

Two distinct types of identification exist: “comparative” 
identification, wherein information collected from the deceased 
individual (postmortem or PM) is compared with information 
from the suspected individual in life (antemortem or AM) 
and “reconstructive” identification (wherein, in the absence 
of AM information, PM data facilitates the reconstruction of 
the individual’s biological profile). Comparative identification 
is consistently preferred as it is the sole method that can 
definitively establish an individual’s identity.8 While visual 
identification can resolve various circumstances of medico-
legal interest,9 significant cadaveric alterations (such as 
putrefaction, carbonisation, fragmentation or skeletonisation) 
not only impede the process but also necessitate the 
application of scientifically validated methodologies.10 In 
these contexts, imaging/radiological identification methods 
have demonstrated their utility, efficiency and fundamentally 
non-invasive nature for both comparative and reconstructive 
identification purposes.11

In the field of dentistry, while conventional and panoramic 
radiographs provide information for the morpho pathological 
study of the TMJ,12 three-dimensional images, such as 
those obtained through computed tomography (CT), offer 
a substantially greater level of detail.13 Nevertheless, CT 
presents drawbacks, including high cost and significant 
radiation exposure.14 Conversely, cone beam computed 
tomography (CBCT) has gained increasing prevalence in 
dentistry due to its lower radiation dose, affordability and 
faster processing time.15 Moreover, the data acquired from 
CBCT can be transformed into conventional radiographic 
images enabling, for instance, the extraction of information 
about a specific tooth, the generation of a panoramic 
radiograph and the performance of volumetric analysis of the 
skull. These factors contribute to the consideration of CBCT 
as a valuable and accurate tool for human identification.16

Given the significant challenges faced in forensic 
identification, where both technological advancements 
and a comprehensive approach are essential for resolving 
routine and extraordinary circumstances,17 we present a 
scoping review of TMJ studies for forensic identification 
through CBCT. The aim is to establish analysis variables by 

Cone beam computer tomography 
imaging of temporomandibular joint for 
forensic identification: A scoping review

Authors’ information
1. �Lorena Vio-Allel, DDS (c), School of Dentistry and Centro de 

Investigación en Odontología Legal y Forense (CIO), Faculty of 
Dentistry, Universidad de La Frontera (Temuco, Chile)

2. �Gabriel M Fonseca, DDS, PhD, Centro de Investigación en 
Odontología Legal y Forense (CIO), Faculty of Dentistry, Universidad 
de La Frontera (Temuco, Chile)ORCID: 0000-0001-7397-5907

Corresponding author
Name:	 Gabriel M Fonseca
Email: 	 gabriel.fonseca@ufrontera.cl

Author’s contribution
1. �Lorena Vio-Allel – conceptualisation, draft preparation (40%)
2. �Gabriel M Fonseca – draft preparation, review and editing (60%)

L Vio-Allel1, GM Fonseca2

SADJ MARCH 2025, Vol. 80 No.2 P78-P82



www.sada.co.za / SADJ Vol. 80 No.2
https://doi.org/10.17159/sadj.v80i02.20670
The SADJ is licensed under Creative Commons Licence CC-BY-NC-4.0.

SCOPING REVIEW <
 79

considering proposals that incorporate technical, logistical 
and procedural elements, while taking into account the 
standards, scope and limitations of current identification 
paradigms. 

METHODOLOGY
A scoping review was conducted following the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) protocol18 of the PubMed/Medline database 
utilising the search strategy “(CBCT OR “Cone Beam”) AND 
(condyle OR TMJ) AND forensic”. The search was executed 
on September 2 2024 with the categorisation, analysis 
and evaluation of relevance of the titles and abstracts 
conducted between September 3 and September 9 2024. 
Subsequently, the full articles were reviewed on September 

10 2024. As a supplementary search, a review of the 
articles cited in the references of the latter was performed. 
Original full articles and case reports were included, while 
reviews, letters to the editor, theses and animal studies were 
excluded. The results of interest encompassed forensic 
identification methods using CBCT in TMJ. The selected 
articles were grouped and categorised according to their 
proposed methodologies.

RESULTS
From a total of 115 articles identified, seven were ultimately 
selected that met the pre-established criteria (Fig. 1). The 
results of the various variables identified are presented in 
Table 1, which demonstrates an absolute predominance of 
Asian countries (India: 3 articles,12,19,20 Turkey: 2 articles,3,21 

Fig. 1. Flow of selection process for eligible studies for inclusion
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Saudi Arabia22 and China23: 1 article each). The publication 
years ranged from 2013 to 2024. No international 
collaborations, multicentred studies or applications of 
artificial intelligence (AI) technologies were identified.

The methods proposed in the reviewed articles were 
categorised into three groups of potential applications of 
CBCT in TMJ for forensic identification purposes:

I. Sex and/or age estimation through analysis of TMJ 
morphological patterns

Three articles3,12,22 proposed this reconstructive 
methodology for human identification, which involved 
analysing the morphological variations of the mandibular 
condyle using CBCT to estimate sex and age. CBCT 
provides measurements of condylar height, width and 
length as variables to estimate age using linear regression 
analysis equations. All articles concurred that there is a 
significant relationship between the shape of the condyle 
and the age of the individual, but not with sex, where the 
authors do not reach a consensus. According to Alam et 
al  22 condyle morphometry is an unreliable indicator for sex 
estimation.

II. Age estimation through assessment of the mandibular 
condyle bone cortex status

Three articles20,21,23 proposed the analysis of the degree of 
bone cortication of the mandibular condyle through CBCT to 
estimate the age of an individual. Three types of cortication 
are described from CBCT images: “Type I: No bone cortex 
is observed in the condyle”; “Type II: The bone on the 
surface of the condyle appears to have a lower density than 
the structures around the condyle”; “Type III: The surface of 
the condyle appears to have a density equal to or greater 

than the surrounding cortical areas”. It was established that 
the age of complete bone cortical formation is 22 years in 
females and 21 years in males.23 A significant relationship 
was determined between the level of bone cortication and 
the chronological age of the individual. 

III. AM-PM comparison of condylar morphological patterns

This comparative identification method was proposed 
by authors from India,19 which involved comparing the 
information from an AM CBCT with one from a PM CBCT. 
Morphological patterns can be identified in the mandibular 
condyle, which can be classified as round, angled, convex 
or flat condyle. The round shape is the most prevalent, 
representing 38.7% of cases. Additionally, differences are 
observed between the right and left condyle: the round 
shape predominates in the right, while the angled shape is 
more frequent in the left. These findings demonstrate that 
CBCT enables the identification of significant morphological 
diversity for human identification.

DISCUSSION

A significant limitation of this review is its potential contribution 
to the notion that the use of an TMJ CBCT in human 
identification procedures constitutes an “extraordinary” 
situation, either due to the fortuitous discovery of an AM CBCT 
or through the deliberate implementation of this technological 
approach in a disaster victim identification (DVI) procedure. 
Nevertheless, this review is grounded on the premise that in 
cases of identification involving fragmented human remains, 
which cannot be analysed using primary identifiers (according 
to INTERPOL, fingerprints, comparative dental analysis or 
DNA24), such situations are not “extraordinary” and necessitate 
not only these technologies but also forensic practitioners 
trained in their application.25 TMJ has demonstrated its 

Article Country Outcomes Strengths Limitations

P & T (2024)19 India
Round shape most frequent on the 
right side and angled shape on the left 
side

CBCT is useful in 
forensic dentistry

Further research is 
necessary

Sethna Muthlakshmi et al. 
(2022)20 India

Significant correlation between age 
estimation and cortication of the 
mandibular condyle

CBCT is useful in 
forensic dentistry

Further research is 
necessary

Alam et al. (2020)22 Saudi Arabia Accuracy on sex prediction is 55.2% Not declared
Condyle morphometry is a 
weak predictor for sex

Bayrak et al. (2018)21 Turkey
Significant correlation between age 
estimation and cortication of the 
mandibular condyle

CBCT is useful in 
forensic dentistry

Further research is 
necessary

Tassoker et al. (2017)3 Turkey

Significant correlation between 
age estimation and condyle shape 
on coronal sections. There was 
no significant correlation with sex 
estimation

CBCT is useful in 
forensic dentistry

Morphological changes 
depend on genetic, 
hormones, habits and 
activity of the temporal 
muscle

Chaurasia & Giri (2017)12 India
Significant correlation between condyle 
dimensions (width and height) with age 
and sex estimation

CBCT is useful in 
forensic dentistry

Condylar length was 
statistically non-significant 
in both sides

Lei et al. (2013)23 China

Significant correlation between cortical 

formation and age estimation in ado-

lescents

CBCT is useful in 

forensic dentistry. 

The study used a 

large sample

Further research is nec-

essary

Table 1. Distribution of variables studied in the review
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significance as a focus of attention for forensic investigation 
using PM CT;26,27 furthermore, substantial evidence in the 
literature corroborates the potential utility of CBCT in field 
identification procedures.28,29 We concur with Nickell & Fischer 
that the available AM information will determine the type of 
identification procedure, and even in the absence of such 
information, any anatomical peculiarity could prove decisive 
for reconstructive identification or corroborate information 
obtained through other sources.30 We consider that there 
exists a knowledge gap regarding the applicability of CBCT 
in TMJ within forensic contexts, thus warranting further 
investigation.

CBCT has demonstrated significant utility in contemporary 
dental practice, with notable applications in diagnostic 
clinics, precise indications and substantial potential in the 
forensic field.31,32 This review corroborates the interest in 
studying the TMJ in the forensic scene through CBCT, 
which presents new avenues for the development of 
scientific research in both comparative and reconstructive 
identification. Nevertheless, we consider that there exist 
limitations which, when applied to field conditions, continue 
to preclude this tool from being a viable alternative. We 
concur with de Boer et al (2020) that “incidents with severely 
fragmented, compromised or commingled human remains 
pose complex logistical, practical and ethical challenges that 
may prolong the DVI operation or even preclude identification 
of some individuals altogether”;33 substantial evidence in the 
literature indicates that CBCT requires specific protocols, 
methodological considerations and technical expertise that 
present significant challenges in domestic situations,34 and 
even more so in circumstances of forensic identification in the 
field. To our knowledge, there are no reported techniques or 
protocols for standardising CBCT imaging of TMJ in cadavers 
under field conditions. Although there are studies using PM 
CBCT,35,36 these have been conducted in ideal laboratory 
environments and without the recognised challenges of a DVI 
procedure. Of particular note is the technical note published 
by Leite Beaini et al   regarding a device designed to position 
skulls for extraoral radiographic recordings and CBCT.37 We 
agree with the authors that designs of this nature increase 
the feasibility of implementing these techniques in forensic 
environments, thus warranting further studies to provide the 
forensic scientific community with appropriate methods to 
standardise and validate the procedure in situations of tissue 
vulnerability. As early as 2004, Rötzscher et al   demonstrated 
that the positive identification of injured individuals using 
dental morphological and radiological methods is only 
feasible if the fragile remains of a charred human skull can be 
adequately stabilised.38 

This review demonstrates that the predominant focus of 
CBCT utilisation in TMJ research has been in reconstructive 
identification. Age estimation through evaluation of the 
mandibular condyle’s cortical bone presents a promising 
technique for forensic identification. This method is particularly 
valuable in circumstances where cadaveric deterioration 
precludes the application of established methods documented 
in the literature.21 However, this optimism appears to contrast 
with the findings of Alam et al, who reported the non-feasibility 
of sex estimation through evaluation of TMJ morphological 
patterns.22 Several researchers posit that morphological 
variables in TMJ structures may be influenced by genetic, 
ethnic, hormonal and degenerative factors, as well as by 
habits, trauma or socioeconomic status – all of which hold 
significant identifying value in the medico-legal field.3,39-41 It 

is noteworthy that all studies identified in this review were 
conducted on Asian populations with limited additional 
information, necessitating cautious interpretation of results 
when considering application in other contexts.   

It is noteworthy that, while it has been asserted that 
comparative identification methods are the primary and 
priority methods,8 only one article in this review proposed 
CBCT as a viable tool in these kind of methods.19 It has been 
suggested that in medico-legal procedures, resources may 
not align with needs, and certain technological requirements 
may only be feasible for specific agencies or services, due 
to their costs and accessibility.42 Possessing an AM CBCT 
would be a clearly advantageous but potentially problematic 
situation (although Mowafey et al   indicate that US officers 
assigned to international missions in high-risk areas undergo 
a CBCT as an AM record,43 this practice is far from being 
standard in developing countries). Even if such an AM CBCT 
is available, forensic agencies should obtain a comparable 
PM image in order to compare and match both sets of data, 
which is the foundation for comparative identifications.8 
Some authors have already proposed that the comparison of 
skeletal and interventional findings on medical imaging should 
be considered as a “primary biological identifier” rather than 
a secondary one, thus enhancing AM information gathering 
strategies and best practice guidelines for quantifying 
identification coincidences would improve successful results, 
even in circumstances such as circumstantial or random 
findings of identifiers in TMJ.17,25 It would be advantageous for 
these agencies and services to have previously established 
agreements to ensure the availability of these technological 
resources when necessary. It is evident that this approach, 
beyond conforming to international standards, would facilitate 
the identification process and provide greater scientific 
support for it. The use of CBCT for comparative identifications 
has been minimally reported in the literature, enabling 
three-dimensional AM-PM superposition and comparison, 
assisting in establishing an approximate age range by 
evaluating the bone cortex, and addressing the situation of 
insufficient other information.44 We posit that challenging the 
methodology in all its possibilities and scenarios would allow 
it to be validated in accordance with the new international 
scientific and legal standards.45 The interest of Asian 
countries in forensic dental research has been previously 
documented, as well as their propensity toward research in 
reconstructive identification.46 We consider that international 
collaboration and multicentred studies would facilitate the 
expansion of the database for corresponding population 
validations in cases of reconstructive identifications. Similarly, 
AM-PM simulation exercises would enable the development 
of skills necessary for matching in DVI environments in 
comparative identifications. The emerging challenges in the 
application of AI tools would potentially enable new avenues 
of research and validation in CBCT of the TMJ, considering 
that forensic identification through AI has already become a 
widely disseminated reality.47

It is evident that in DVI procedures, each operation is unique, 
rendering generic recommendations challenging. Prior 
planning is essential, and agreements on technical roles both 
at the scene and in the morgue must be precise yet flexible. 
The appropriate management of AM and PM imaging 
information is integrated into a chain of key procedures 
where strategies for remains recovery, reconciliation and 
quality control must align with validated technical standards 
and, fundamentally, demonstrate utility in their cost-benefit 
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analysis.33 Although the utilisation of CBCT in TMJ for human 
identification demonstrates significant potential, it continues 
to face considerable challenges that require addressing. 
Adserias-Garrica et al assert that further research is necessary 
regarding the frequency of certain anatomical variations within 
a population, a crucial element for establishing hierarchies 
of identifying value according to their frequency, as well as 
the interpretation of these variations in images generated 
by novel technologies.25 Moreover, the implementation and 
validity of these techniques in legal settings necessitate 
a robust scientific foundation, including peer review, 
knowledge of the error rate and acceptance by the scientific 
community. In the absence of a standardised protocol for 
obtaining images in compromised postmortem conditions, 
the practical implementation of CBCT remains unsystematic 
and contingent on conditions that are excessively specific to 
be considered a reliable resource in the field at present.

CONCLUSION
This review demonstrates that there is considerable interest 
in investigating the potential of CBCT imaging of TMJ for 
forensic identification, although the focus is primarily on 
reconstructive rather than comparative identification. While 
the utilisation of TMJ CBCT in human identification procedures 
may be considered an exceptional circumstance, cases 
involving fragmented human remains are not uncommon 
and necessitate not only these advanced technologies but 
also forensic practitioners trained in their application. It is 
recommended to further explore the proposed methods, 
implement AI tools, develop networks and international 
collaborations to enhance and validate multicentre studies, 
and establish protocols for the technical application of these 
technologies in the field.
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