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ABSTRACT

Background: Panoramic radiographs provide comprehensive visualization of dental structures and treatment
findings that may support forensic human identification through antemortem and postmortem comparisons.
Purpose: This study aimed to evaluate radiographic dental treatment patterns on panoramic radiographs and
their potential role as supportive markers for forensic human identification. Methods: This retrospective
observational study evaluated 100 digital panoramic radiographs of subjects aged 21-40 years obtained from a
dental radiology database. Radiographic variables including missing teeth, dental caries, dental restorations,
impacted teeth, endodontic treatment, residual roots, and periapical lesions were assessed using standardized
radiographic interpretation procedures. Descriptive statistics and Chi-square analysis were performed to
evaluate associations between radiographic dental treatment patterns, age group, and sex. Results: Impacted
teeth represented the most frequent radiographic finding (84.0%), followed by missing teeth (60.0%) and dental
caries (52.0%). Significant associations were identified between age group and dental caries (p=0.048), dental
restorations (p=0.036), and impacted teeth (p=0.006). Subjects aged 31-40 years demonstrated higher
frequencies of dental caries and dental restorations, whereas impacted teeth were more prevalent among
subjects aged 21-30 years. No statistically significant association was identified between sex and radiographic
dental treatment patterns (p>0.05). Frequency combination analysis demonstrated considerable variation in
radiographic dental treatment combinations among individuals. Conclusion: Panoramic radiographic dental
treatment patterns may provide supportive forensic information in human identification because combinations
of radiographic findings and previous dental treatment history may demonstrate considerable individual
variation.
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INTRODUCTION

Human identification plays an important role in forensic investigations, particularly in cases involving
mass disasters, decomposed remains, criminal investigations, and unidentified bodies. Accurate identification is
necessary for humanitarian, legal, and social purposes because it assists in determining the identity of victims
and supports judicial processes." Dental identification remains one of the most reliable methods in forensic
science because teeth and surrounding oral structures demonstrate high resistance to decomposition, trauma, and
extreme environmental conditions compared to soft tissues. Dental radiographs are frequently used for
antemortem and postmortem comparison because they provide detailed information regarding anatomical
structures, pathological conditions, and previous dental treatment history.**

Panoramic radiography is widely used in dental practice because it enables simultaneous visualization
of the maxillary and mandibular structures in a single radiographic image.** Digital panoramic radiographs
provide several advantages in forensic analysis due to their accessibility, image storage capability, and
retrospective evaluation potential. In addition to anatomical structures, panoramic radiographs also record
cumulative dental treatment history throughout an individual’s lifetime.®’ Various radiographic findings such as
missing teeth, dental caries, restorations, impacted teeth, root canal treatment, and periapical lesions may create
individualized radiographic characteristics among different individuals.® These dental treatment patterns may
function as supportive biological markers in forensic identification because combinations of dental conditions
and treatment history are rarely identical between individuals. Therefore, panoramic radiography has become an
important tool in forensic human identification and disaster victim identification procedures.’

Radiographic dental treatment patterns may reflect cumulative oral health conditions and previous
dental interventions throughout an individual’s life." Dental restorations, root canal treatment, and extraction
patterns can produce distinct radiographic appearances that contribute to individualized dental signatures.®
These characteristics may assist forensic experts in comparing antemortem and postmortem records for
identification purposes.’® Digital radiographic databases have increased the feasibility of retrospective forensic
investigations using panoramic imaging.>** Variations in the morphology, location, and distribution of dental
treatment findings may contribute to radiographic individuality useful for forensic comparison procedures.®

In addition, digital radiographic databases have increased the feasibility of retrospective forensic
investigations and enhanced the application of panoramic radiographs as supportive forensic evidence in human
identification.®*? Most previous panoramic radiographic studies in forensic odontology have focused on age
estimation, sex estimation, and craniofacial morphometric analysis. Limited studies have evaluated combined
radiographic dental treatment findings as supportive forensic markers, particularly in Southeast Asian or
Indonesian populations. Furthermore, the forensic significance of combined panoramic radiographic findings
involving missing teeth, restorations, impacted teeth, and periapical lesions remains insufficiently explored.
Evaluation of these combined radiographic findings may provide additional forensic information regarding
individual variation and radiographic uniqueness. Therefore, this study aimed to evaluate radiographic dental
treatment patterns on panoramic radiographs and their potential role as supportive markers for forensic human
identification.

MATERIALS AND METHODS
Materials

This retrospective observational study used digital panoramic radiographs obtained from a dental
radiology database in Surabaya, Indonesia. A total of 100 panoramic radiographs from subjects aged 21-40
years were included in this study. The radiographs were collected from January to December 2024 using
purposive sampling based on predefined inclusion and exclusion criteria. Inclusion criteria consisted of good
radiographic quality, clear visualization of maxillary and mandibular anatomical structures, and complete
visibility of radiographic dental treatment findings. Radiographs with severe distortion, positioning errors,
extensive artifacts, unclear anatomical structures, or incomplete imaging records were excluded from the study.

The evaluated radiographic variables included missing teeth, dental caries, dental restorations,
impacted teeth, endodontic treatment, residual roots, and periapical lesions. All radiographic evaluations were
performed using standardized digital panoramic radiographic interpretation procedures. Ethical approval for this
study was obtained from the Ethics Committee of Faculty of Dental Medicine Universitas Airlangga, Surabaya,
Indonesia (No. 1022/HRECC.FODM/X2025).
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Methods

Radiographic evaluation was performed to assess radiographic dental treatment patterns associated with
forensic human identification. All panoramic radiographs were independently analyzed by two calibrated
observers with experience in dental radiographic interpretation. Observer calibration was performed prior to
data collection to minimize interpretation bias and improve consistency of radiographic evaluation. The
presence or absence of missing teeth, dental caries, restorations, impacted teeth, endodontic treatment, residual
roots, and periapical lesions was recorded for each radiograph. Subjects were categorized into two age groups
consisting of 21-30 years and 31-40 years. Statistical analysis was performed using IBM SPSS Statistics
version 26.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics were used to determine the frequency,
percentage, mean, and standard deviation of radiographic findings. Chi-square analysis was performed to
evaluate the association between radiographic dental treatment patterns, age group, and sex. Statistical
significance was determined at p<0.05.
Steps of Procedure

All panoramic radiographs were anonymized before evaluation to maintain subject confidentiality and
comply with ethical standards. Each radiograph was systematically assessed to identify radiographic findings
including missing teeth, dental caries, dental restorations, impacted teeth, endodontic treatment, residual roots,
and periapical lesions. The presence or absence of each variable was recorded for every subject using a
standardized data collection form.

Subjects were subsequently categorized according to age group and sex for statistical analysis.
Descriptive statistical analysis was used to determine the distribution of radiographic findings. Chi-square
analysis was performed to evaluate associations between radiographic dental treatment patterns, age group, and
sex. In addition, frequency combination analysis was conducted to identify common combinations of
radiographic dental findings that may contribute to individualized radiographic dental signatures in forensic
human identification.

RESULTS

A total of 100 panoramic radiographs were evaluated to assess radiographic dental treatment patterns
associated with forensic human identification. Several radiographic findings including missing teeth, dental
caries, dental restorations, impacted teeth, endodontic treatment, residual roots, and periapical lesions were
identified with varying frequencies among subjects. Descriptive statistical analysis was performed to determine
the distribution of radiographic findings, while Chi-square analysis was conducted to evaluate the association
between radiographic dental treatment patterns, age group, and sex. In addition, frequency combination analysis
was performed to identify common combinations of radiographic dental findings that may contribute to
individualized radiographic dental signatures in forensic human identification.
Table 1. Distribution of Radiographic Dental Treatment Patterns

Variable Frequency (n) Percentage (%) Mean +SD
Missing Teeth 60 60.0 1.23+1.56
Dental Restorations 34 34.0 0.81+1.58
Endodontic Treatment 11 11.0 0.13+£0.39
Impacted Teeth 84 84.0 224+141
Residual Roots 21 21.0 042+1.13
Periapical Lesions 25 25.0 0.40+0.88
Dental Caries 52 52.0 0.98+1.30

Impacted teeth represented the most frequent radiographic finding (84.0%), followed by missing teeth
(60.0%) and dental caries (52.0%). Endodontic treatment showed the lowest frequency among the evaluated
variables (11.0%). The mean number of impacted teeth was 2.24 + 1.41, while missing teeth demonstrated a
mean value of 1.23 + 1.56.
Table 2. Analysis of Radiographic Dental Treatment Patterns and Age Group

Variables 21-30 Years Present 3140 Years Present Chi-square p-value Interpretation
n (%) n (%) Value
Missing Teeth 39 (54.2%) 21 (75.0%) 2.829 0.093 Not significant
Dental Caries 33 (45.8%) 19 (67.9%) 3.900 0.048 Significant
Dental 20 (27.8%) 14 (50.0%) 4.397 0.036 Significant

Restorations

Impacted Teeth 65 (90.3%) 19 (67.9%) 7.690 0.006 Significant
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Figure 1. Representative panoramic radiographs demonstrating radiographic dental treatment patterns associated with
forensic human identification. Light blue circles indicate impacted teeth, pink circles indicate dental restorations, yellow
circles indicate residual roots, green circles indicate missing teeth, purple circles indicate dental caries, red circles indicate
periapical lesions, and orange circles indicate endodontic treatment findings.

Chi-square analysis demonstrated no statistically significant association between age group and missing
teeth (p=0.093). However, subjects aged 31-40 years demonstrated a higher proportion of missing teeth (75.0%)
compared to subjects aged 21-30 years (54.2%). Chi-square analysis demonstrated a statistically significant
association between age group and dental caries (p=0.048). Subjects aged 31-40 years demonstrated a higher
prevalence of dental caries (67.9%) compared to subjects aged 21-30 years (45.8%). Chi-square analysis
demonstrated a statistically significant association between age group and dental restorations (p=0.036).
Subjects aged 31-40 years demonstrated a higher prevalence of dental restorations (50.0%) compared to
subjects aged 21-30 years (27.8%). Chi-square analysis demonstrated a statistically significant association
between age group and impacted teeth (p=0.006). Subjects aged 21-30 years demonstrated a higher prevalence
of impacted teeth (90.3%) compared to subjects aged 3140 years (67.9%).

Table 3. Analysis of Radiographic Dental Treatment Patterns and Sex

Variables Male Present n (%) Female Presentn (%) Chi-square Value p-value Interpretation
Missing Teeth 28 (56.0%) 32 (64.0%) 0.375 0.540 Not significant
Dental Caries 22 (44.0%) 30 (60.0%) 2571 0.109 Not significant

Dental Restorations 12 (24.0%) 22 (44.0%) 3.610 0.057 Not significant
Impacted Teeth 44 (88.0%) 40 (80.0%) 1.176 0.278 Not significant

Chi-square analysis demonstrated no statistically significant association between sex and missing teeth
(p=0.540), dental caries (p=0.109), dental restorations (p=0.057), or impacted teeth (p=0.278). Female subjects
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demonstrated a higher prevalence of dental caries and dental restorations compared to male subjects, although
these associations were not statistically significant.

Table 4. Most Frequent Combination Patterns

No Combination Pattern Frequency (n) Percentage (%)

1 Impacted teeth only 15 15.0

2 Missing teeth + impacted teeth 14 14.0

3 Impacted teeth + dental caries 10 10.0

4 Missing teeth + impacted teeth + dental caries 6 6.0

5 Missing teeth + restorations + impacted teeth 6 6.0

6 Missing teeth + impacted teeth + residual roots + 5 5.0
periapical lesions + dental caries

7 Impacted teeth + periapical lesions + dental caries 3 3.0

8 Missing teeth only 3 3.0

9 Missing teeth + restorations + endodontic treatment + 3 3.0
impacted teeth + dental caries

10 Missing teeth + restorations + impacted teeth + dental 3 3.0
caries

Frequency combination analysis demonstrated considerable variation in radiographic dental treatment
patterns among subjects. The most frequent pattern was impacted teeth only (15.0%), followed by the
combination of missing teeth and impacted teeth (14.0%). Several subjects demonstrated complex combinations
involving restorations, endodontic treatment, residual roots, periapical lesions, and dental caries. These findings
suggest that panoramic radiographic dental patterns may provide individualized characteristics that support
forensic human identification.

DISCUSSION

This study demonstrated that impacted teeth represented the most frequent radiographic finding
identified on panoramic radiographs, followed by missing teeth and dental caries. These findings suggest that
panoramic radiographs may reflect cumulative oral health conditions and previous dental interventions that
contribute to individualized radiographic dental signatures useful for forensic human identification.>'° The high
prevalence of impacted teeth observed in this study may be associated with eruption disturbances, limited arch
space, and delayed extraction of third molars, which are commonly detected on panoramic radiographs and may
contribute to radiographic individuality in forensic identification.®® Previous studies reported that impacted teeth
and anatomical variations identified on panoramic imaging may provide valuable forensic information because
radiographic dental morphology and tooth position differ among individuals.***> These radiographic findings
may therefore support antemortem and postmortem comparison procedures in forensic investigations.*

Significant associations were identified between age group and the prevalence of dental caries, dental
restorations, and impacted teeth. Individuals aged 31-40 years demonstrated higher frequencies of dental caries
and restorative treatment findings compared to subjects aged 21-30 years. These findings may reflect
cumulative oral disease progression and greater lifetime exposure to restorative dental treatment with increasing
age.”®'” Dental restorations possess important forensic value because the morphology, distribution, and
radiographic appearance of restorative materials may produce distinctive characteristics that remain relatively
stable over time.®*® Previous studies have reported that restorative treatment history and radiographic dental
findings may support antemortem and postmortem comparison during forensic human identification
procedures.! Conversely, impacted teeth were more frequently identified among younger adults, possibly due to
incomplete eruption or delayed extraction of third molars.**?

No statistically significant association was identified between sex and radiographic dental treatment
patterns in the present study. These findings suggest that treatment-related radiographic characteristics may be
more strongly influenced by oral health history and treatment exposure than by biological sex.>* However,
female subjects demonstrated slightly higher frequencies of dental caries and dental restorations compared to
male subjects. These findings may be influenced by differences in oral health behavior, aesthetic awareness,
hormonal factors, and dental treatment utilization between sexes.? Previous studies similarly reported that sex
differences in dental treatment prevalence are often inconsistent and may vary according to population
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characteristics, socioeconomic status, oral hygiene behaviour, and access to dental care.*?*. Therefore,
radiographic dental treatment patterns may possess greater forensic value as individualized characteristics rather
than as sex-specific indicators. In forensic human identification, the uniqueness of combined dental findings is
generally considered more important than isolated demographic associations.®

Frequency combination analysis demonstrated substantial variation in radiographic dental treatment
combinations among subjects. The most frequent combination pattern observed in this study was impacted teeth
only, followed by the combination of missing teeth and impacted teeth. Several subjects demonstrated more
complex combinations involving restorations, endodontic treatment, residual roots, periapical lesions, and dental
caries. These findings support the concept that panoramic radiographs may produce individualized radiographic
dental signatures because combinations of dental conditions and treatment history are rarely identical among
individuals.® Previous forensic studies emphasized that the combination of anatomical characteristics,
pathological findings, and restorative treatment patterns may increase the accuracy of antemortem and
postmortem dental comparison.”® Digital panoramic radiography additionally provides advantages for
retrospective forensic investigations because radiographic records can be stored, retrieved, and compared
efficiently using digital databases.”

The increasing application of artificial intelligence in digital panoramic radiography may improve the
efficiency, accuracy, and standardization of forensic human identification through automated radiographic
analysis.>® However, ethical considerations regarding data privacy, informed consent, algorithm transparency,
and responsible use of artificial intelligence remain important issues that must be carefully addressed in forensic
dental practice.” This study has several limitations. The study population was limited to subjects aged 21-40
years and used a relatively limited sample size from a single radiographic database. In addition, this study
evaluated only selected radiographic dental treatment variables without assessing detailed restorative
morphology or advanced radiographic characteristics. Observer interpretation bias may still occur despite the
use of standardized radiographic evaluation procedures and calibrated observers. Future studies involving larger
multicentre populations and artificial intelligence-assisted radiographic analysis may provide more
comprehensive forensic evaluation of individualized dental signatures. Nevertheless, the present study
demonstrated that panoramic radiographic dental treatment patterns may provide supportive individualized
forensic markers that contribute to forensic human identification.

CONCLUSION

Panoramic radiographic dental treatment patterns demonstrated potential as supportive individualized
forensic markers in human identification. Combinations of radiographic findings such as impacted teeth,
missing teeth, dental caries, and dental restorations may contribute to individualized radiographic dental
signatures that support antemortem and postmortem comparison procedures in forensic investigations.
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