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Abstract: Background: Cheiloscopy, a forensic technique based on the uniqueness of labial
traces, has traditionally relied on analog methods. While simple, these methods present
significant limitations in terms of precision and reproducibility. The introduction of 3D
technology, specifically high-resolution optical scanners, represents a pivotal advance-
ment in overcoming these challenges. Objective: This pilot study aimed to explore the
feasibility and potential advantages of 3D cheiloscopy in forensic science by analyzing
its precision and repeatability compared to traditional analog methods. Methods: Two
participants were selected as a pilot sample, and their lip impressions were captured using
both analog techniques and a high-resolution intraoral scanner (Medit i700). A total of
40 samples were collected, equally distributed among operators with varying levels of
experience. Surface deviation analysis was performed to compare the methods. Results:
The 3D models demonstrated greater uniformity and resolution compared to the analog
impressions, which were more prone to errors caused by material quality or operator
pressure. Surface deviation analysis showed an average similarity of 70%, with a standard
deviation of 0.229 mm. The digital methods also significantly reduced operator-dependent
variability. Conclusions: This pilot study highlights the potential of 3D cheiloscopy to
improve precision and standardization in forensic applications. While the small sample
size limits the generalizability of the findings, the results provide a foundation for further
research with larger and more diverse datasets. Future studies should explore the capability
of 3D cheiloscopy to accurately match individuals and further validate its applicability in
forensic and clinical contexts.

Keywords: 3D cheiloscopy; forensic analysis; digital forensic techniques

1. Introduction

Cheiloscopy, derived from the Greek words keilos (lips) and skopein (to observe),
is a forensic identification technique based on the uniqueness of the patterns present in
the labial vermilion, much like fingerprints [1]. The distinctive folds and grooves in this
region form a unique “lip print” that can be used for individual identification [2]. First
introduced in the 20th century, cheiloscopy has since been employed in various forensic
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applications, including crime scene investigations and post-mortem identification [3].
However, its practical application has been historically constrained by the limitations of lip
print collection and analysis methods [4].

Traditional cheiloscopy relies on lipstick and adhesive tape to transfer lip impressions
onto a physical medium. These analog techniques, being simple and accessible, have been
widely used due to their ease of application [1]. Typically, a layer of lipstick is applied to
the subject’s lips, and the impressions of the upper and lower lips are captured on strips
of transparent adhesive tape, then transferred to blank cards for analysis. The prints are
subsequently examined for unique features and compared with latent lip prints recovered
from crime scenes using powders or other lifting techniques. However, despite their
widespread use, the reliability of these methods has been questioned, because this process
is inherently complex and subjective, as there is no standardized database for systematic
matching [2,5]. Additionally, factors such as pressure variation, lipstick type, and adhesive
tape handling can affect the quality of the impressions, making consistent results difficult
to achieve [4,6].

Although these analog approaches remain prevalent due to their practicality and low
cost, their limitations underscore the need for more precise and reproducible methods.
Previous research has highlighted the importance of developing a standardized database
for comparison, which would significantly enhance the utility of cheiloscopy in forensic
investigations [7,8].

Another challenge lies in the numerous classification systems used to categorize lip
prints [9]. While these systems aim to organize and interpret lip print patterns, they are
often overly didactic and fail to capture the full complexity of lip morphology, limiting
their forensic applicability. Moreover, inconsistencies in lip print classification, particu-
larly regarding sex determination, further hinder the reliability of cheiloscopy [10]. While
some studies suggest sex-based differences in lip print patterns, findings remain highly
discordant, with no universally accepted correlation between lip characteristics and bio-
logical sex [1,7,11]. This variability complicates the role of cheiloscopy as a forensic tool,
emphasizing the need for standardized and objective methodologies.

In contrast, other forensic identification techniques, such as fingerprint analysis and
dental profiling, have benefited from advancements in digital and 3D technologies, improv-
ing precision, reproducibility, and data management [12,13]. Cheiloscopy, however, has
been slower to adopt similar innovations, remaining reliant on traditional analog methods
that are less effective in complex forensic scenarios.

The advent of 3D imaging technology presents a transformative opportunity for
cheiloscopy. High-resolution optical scanners, such as intraoral devices, enable the capture
of detailed three-dimensional representations of the lips, addressing many of the limitations
of traditional methods. This approach minimizes operator dependence, reduces artifacts,
and improves long-term data storage. Furthermore, 3D cheiloscopy facilitates advanced
digital manipulation and interdisciplinary collaboration by enabling the sharing of stan-
dardized digital models [14]. By enhancing systematic matching and reducing human
error, this technology offers the potential for a robust, standardized digital database for lip
print analysis.

This pilot study aimed to explore the feasibility and advantages of applying 3D tech-
nology to cheiloscopy. Specifically, it evaluated the precision, repeatability, and potential
for standardization of 3D cheiloscopy in comparison to traditional analog methods. By ad-
dressing these aspects, this research sought to establish a foundation for future studies and
forensic applications of 3D cheiloscopy. The findings could contribute to the development
of a standardized lip print database, ultimately improving the accuracy and reliability of
forensic lip print analysis.



Appl. Sci. 2025, 15,1726

30f15

2. Materials and Methods

This preliminary experimental study aimed to compare two different methodologies
for acquiring lip morphology, one analog and one digital, evaluating their reliability
and repeatability.

2.1. Selection of Subjects

Two female participants were selected based on specific inclusion and exclusion criteria
and enrolled in the study after providing written informed consent:
Inclusion criteria:

= Lips free of active lesions or inflammation;

= No previous allergic reactions to lipstick or other cosmetics;

= Stable and confirmed general health condition;

s Clear indication of the subject’s sex for potential future analysis of sex-based morpho-
logical differences.

Exclusion criteria:

s Lack of informed consent from participants;
. Presence of active lesions (cold sores or keratitis) or lip surgery;
= Congenital malformations that could alter the labial morphology, such as cleft lip.

Ethical approval for the study was obtained from the Ethics Committee of the University
of Palermo Policlinico “Paolo Giaccone” (Minutes No. 04/2024, Session of 8 February 2024).

2.2. Acquisition Protocols

Labial morphologies were acquired in a single session using two different method-
ologies to evaluate their precision, repeatability, and operator dependence. For the analog
method, a standardized liquid lipstick (NYX Professional Makeup, Los Angeles, CA, USA)
was applied in a homogeneous layer using disposable brushes, ensuring uniform coverage.
The subject was asked to rub their lips together to ensure an even distribution of the lipstick.
The resulting lip prints were then transferred to transparent adhesive tape and stored on
white paper sheets for subsequent digitization (Figure 1).

Figure 1. Tools used for analog lip prints capture.
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In contrast, the digital method involved direct scanning of the lips using high-
resolution 3D intraoral optical scanners. Two intraoral scanners were utilized in this
study: the IS 3600 from Dexis (Quakertown, PA, USA) and the 1900 from Medit (Seoul,
Republic of Korea), which captured the labial surface without the need for any intermediate
steps, such as lipstick application. This allowed for direct acquisition of the lip morphology
without the influence of external substances (Figure 2).

.
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Figure 2. Tools used for digital lip prints capture. (Images from https:/ /www.medit.com/it/medit-
i900-intraoral-scanner/ and https://dexis.com/it-it/dexis-is-3600 (accessed on 2 February 2025)).
2.3. Operators Involved

The acquisitions were carried out by two operators, as follows:

= Expert operator: a dentist with experience in the use of intraoral scanners and analog
acquisition techniques in the forensic field;
= Neophyte operator: a beginner with minimal training in the field.

Each operator collected 10 samples for each participant with both methodologies for a
total of 40 impressions (20 analog and 20 digital) (Figure 3).

DIGITAL

ANALOG

Figure 3. Comparison between digital and analog acquisition.
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2.4. Analysis of the Acquired Data
2.4.1. Analog Acquisitions

e The analog lip prints were digitized using a high-resolution document scanner, allow-

ing direct comparison with the digital samples.

o The prints were analyzed using a transparency overlay method, which required

manual alignment of the images. The visual concordance between the samples was

assessed by counting the number of captured lip wrinkles, which provided a measure

of the macroscopic detail. This method was highly operator-dependent and enabled

evaluation of visible differences between the prints.

2.4.2. Digital Acquisitions

e  The analysis of the 3D models, resulting from optical scanning, was carried out using
MEDIT DESIGN software v2.1.4, which allowed management and analysis of the 3D
models. The main phases of the analysis were as follows:

1.

Preliminary alignment: each participant’s scans were aligned using landmark
matching algorithms;

Cleaning of the model: using software tools, the outside edges of the vermilion,
considered potential noise, were eliminated (Figure 4);

Precision alignment: application of a best-fit algorithm to obtain optimal overlap
between scans of the same subject;

Surface deviation analysis: the software measured the differences between the

superimposed models, providing quantitative values useful for evaluating the
repeatability of the scans.

Figure 4. Cleaning the model: the vermilion edges were removed using software tools, with each

color representing a different 3D lip scan.

Each 3D model was composed of approximately 795,000 triangles, ensuring sufficient res-
olution to detect complex morphological details, such as micro-furrows and labial curvatures.

2.5. Classification of Usable vs. Non-Usable Prints

In terms of determining which prints were usable, impressions were considered

non-usable if they exhibited certain flaws, such as the following:

e  Excessive smudging or blurred edges, which would distort the integrity of the lip
morphology;
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e  Lack of detail, where large areas of the print were missing features such as wrinkles or
micro-furrows;

e  Opverload of lipstick, which could lead to the print being overly saturated with color,
masking fine details and preventing accurate analysis.

2.6. Comparison Between Methods

e  Repeatability: The precision of the results was compared between the two operators
and the two methodologies. For the analog impressions, the visual concordance
between the samples was evaluated, while for the 3D scans, the average value of the
surface deviation was analyzed (Figures 5 and 6).

Figure 6. High repeatability of analog prints.

e  Efficiency: the time required for data acquisition and analysis was recorded for each
methodology.

e Data quality: the 3D scans showed higher resolution and less variability than the
analog impressions, which were more prone to errors resulting from the pressure of
the tape or the amount of applied lipstick.
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2.7. Statistical Analysis

To evaluate operator-dependent variability and methodological consistency, lip wrin-
kle counts obtained from analog and digital cheiloscopy were analyzed descriptively.

For each operator (expert and novice), the mean, standard deviation (SD), and coeffi-
cient of variation (CV) were calculated to assess intra-operator consistency. Inter-operator
variability was quantified by computing the absolute difference in mean wrinkle counts
between the operators for both analog and digital methods.

Surface deviation metrics (e.g., average similarity, standard deviation, and variance)
from the 3D scans were derived using MEDIT DESIGN software [13,14], following mesh
alignment and noise removal. All analyses were performed using R (v4.4.2), with a focus
on descriptive statistics due to the exploratory nature of the pilot study.

3. Results

In this pilot study, although a quantitative wrinkle count was performed, the primary
focus was on assessing the repeatability of the methodologies and the level of detail
captured. Given the exploratory nature of the research, numerical data were not the main
objective. Our analysis highlighted that the analog impressions were often incomplete to
varying degrees, influenced by both the operator and the acquisition method (Figure 5).
In contrast, the digital impressions consistently provided complete and analyzable data,
regardless of the operator (Figure 6). This finding underscores the greater reliability and
standardization offered by 3D cheiloscopy compared to traditional analog techniques.

A significant difference emerged in terms of the homogeneity and level of detail
between the analog lip prints and the digital scans. The analog impressions obtained by
the two operators were not always legible and, when they were, sometimes displayed
different morphologies due to variables such as the pressure applied by the adhesive tape
or inconsistencies in lipstick application. Out of a total of 20 analog samples, only 12 were
deemed usable, eight acquired by the expert and only four by the neophyte operator.

The digital scans, however, showed significant uniformity across both the patients and
the operators, with slight differences observed mainly in the areas outside the perimeter
border of the vermilion. However, once these discrepant areas were eliminated, the re-
sulting 3D models presented substantially overlapping morphologies. These data suggest
an important greater repeatability in the collection of information using 3D technology
compared to traditional methods.

To assess potential inconsistencies, the analog data were subjected to a manual wrinkle
count and classified according to the Suzuki and Tsuchihashi classification. The same
classification was applied to the digital scans, but with an additional step: alongside the
manual wrinkle counting, a surface curvature analysis of the 3D meshes was performed
(Figure 7). This analysis highlighted the main visible wrinkles, providing an additional
dimension of detail that is difficult to achieve with traditional methods. The Suzuki and
Tsuchihashi classification was easier to apply in the digital models due to the higher level
of detail available.

Finally, the meshes obtained from optical scans were aligned using MEDIT DESIGN
software to conduct a surface deviation analysis, evaluating similarities and differences
between the various samples [13,14]. Each scan, after noise removal, contained approxi-
mately 795,000 triangles. The surface deviation analysis showed an average similarity of
70% between scans of the same participant, regardless of the operator. Additionally, the
data presented a standard deviation of 0.229 mm and a variance of 0.052 mm.

In our study, we focused on a descriptive analysis of the data to evaluate the consis-
tency and reliability of the two operators (an expert and a novice) in counting lip wrinkles
using both the analog and digital methods:
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Figure 7. Curvature analysis.

3.1. Analog Method

3.1.1. Descriptive Analysis

e  Operator 1 (expert):
Mean = 42.6, standard deviation = 6.35.
Coefficient of variation (CV) = 14.9%.

e  Operator 2 (novice):

Mean = 31.2, standard deviation = 6.96.

Coefficient of variation (CV) = 22.3%.

The average difference between the two operators was 11.4 wrinkles, indicating a
significant discrepancy in their counts.

3.1.2. Intra-Operator Consistency

Operator 1 (expert) showed greater consistency in their counts, with a lower
CV (14.9%).
Operator 2 (novice) showed more variability, with a higher CV (22.3%).

3.2. Digital Method
3.2.1. Descriptive Analysis

e  Operator 1 (expert):
Mean = 66.89, standard deviation = 0.93.
Coefficient of variation (CV) = 1.39%.

e  Operator 2 (novice):

Mean = 66.20, standard deviation = 0.92.
Coefficient of variation (CV) = 1.39%.

3.2.2. Intra-Operator Consistency

Both operators showed excellent consistency in the digital method, with very low CVs
(1.39% for both).

The average difference between the two operators was 0.69 wrinkles, indicating much
better agreement compared to the analog method.

3.2.3. Comparison Between Analog and Digital Methods
e Analog Method:

High operator dependency, with significant differences between the expert and
novice operators (average difference = 11.4 wrinkles).

Operator 1 (expert) was more consistent (CV = 14.9%) than Operator 2 (novice,
CV =22.3%).
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e  Digital Method:

Low operator dependency, with minimal differences between the expert and novice
operators (average difference = 0.69 wrinkles).

Both operators showed excellent consistency (CV = 1.39% for both).

The observed differences in the means, variability, and CVs highlight the operator
dependency of the analog method and the superior reliability of the digital method.

These findings align with previous literature, confirming that 3D technology pro-
vides a more precise and repeatable alternative to analog methods, significantly reducing
operator-dependent variability [15]. The preliminary data suggest that 3D cheiloscopy
represents a promising advancement in the collection and analysis of lip impressions,
offering substantial improvements in standardization and reliability.

The operator-dependent variability and technical performance metrics are summa-
rized in Tables 1 and 2.

Table 1. Operator-dependent variability in analog vs. digital cheiloscopy.

Mean Wrinkle Standard Coefficient of
Method Operator Count Deviation Variation (%)
Analog Expert 42.6 6.35 14.9
Analog Novice 31.2 6.96 22.3
Digital Expert 66.89 0.93 1.39
Digital Novice 66.20 0.92 1.39

Table 2. Reproducibility and technical performance.

Metric Analog Method Digital Method
Usable prints (%) 60% (12/20) 100%

Surface deviation (SD) N/A 0.229 mm
Variance N/A 0.052 mm?
Operator variability High (CV: 14.9-22.3%) Low (CV: 1.39%)

4. Discussion

Cheiloscopy has long been considered a potentially useful forensic identification
method; however, its practical applicability has been limited by a lack of standardization
and high operator-dependent variability [16]. While analog techniques, such as lipstick
impressions transferred to adhesive surfaces, are simple and cost-effective [5], our findings
align with previous studies demonstrating their significant reproducibility and reliability
issues [2,7]. For instance, analog lip prints in our study were often incomplete or distorted,
with a usability rate of only 60%, consistent with literature reporting high exclusion rates
due to poor imprint quality [7,17]. In contrast, 3D cheiloscopy provided 100% usable
impressions with minimal inter-operator variability, underscoring its potential to overcome
the limitations of traditional methods.

4.1. Limitations of Analog Methods vs. Advantages of 3D Standardization

Our analysis demonstrates that digital cheiloscopy achieves significantly higher re-
peatability than traditional analog methods, a finding consistent with recent studies ad-
vocating digital tools to improve forensic data quality [13,15]. Unlike analog techniques,
where variability arises from methodological challenges such as pressure inconsistencies
during impression transfer, material degradation, and operator-dependent handling, 3D
scanning eliminates these sources of error by directly capturing the lip surface topography.
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This approach preserves intricate morphological details, such as groove branching and
depth, with minimal human intervention. Quantitative validation via surface deviation
analysis revealed a 70% average similarity between repeated 3D scans, with a standard
deviation of 0.229 mm, confirming superior reproducibility. These results underscore that
digital methods enhance not only analytical accuracy but also enable the development of
standardized, long-term forensic databases for reliable comparative analyses.

4.2. Challenges in Sex Determination and Lip Print Classification

A critical challenge in cheiloscopy lies in the classification of lip prints, particularly
for sex determination, a task complicated by the inherent subjectivity of analog methods.
While the Suzuki and Tsuchihashi classification system has been widely adopted [16,18], its
reliability is undermined by ambiguities in pattern definitions and inter-observer variability,
as highlighted in prior critiques [19-21]. Our findings corroborate these limitations: analog
prints frequently exhibited overlapping vertical and branched grooves, complicating unam-
biguous categorization. This variability was most pronounced in sex-based analyses, where
subtle morphological differences (e.g., groove density and curvature gradients) proved
inconsistently detectable via visual inspection alone.

Digital cheiloscopy addresses these challenges by enabling quantitative curvature
mapping of 3D lip models, thereby reducing reliance on subjective pattern matching. For
instance, digital scans can allow precise measurements of groove angles and branching
frequencies, metrics unavailable in analog workflows. Although some studies posit lip
prints as potential sex determinants [22], our results emphasize that analog methods,
lacking standardized digital protocols. are inherently prone to interpretive inconsistencies.
Thus, the transition to 3D methodologies is not merely advantageous but necessary to
establish forensic credibility in this domain.

4.3. The Introduction of 3D Cheiloscopy: Advantages and Future Prospects

The introduction of 3D cheiloscopy marks a paradigm shift in forensic identifi-
cation, moving away from subjective, operator-dependent methods toward objective,
technology-driven analysis [23]. Using advanced intraoral scanners, extremely detailed
three-dimensional images of the lips can be acquired, ensuring superior precision and
significantly reducing the variability resulting from human intervention [19,24].

One of the most significant improvements is the ability of 3D cheiloscopy to eliminate
operator-dependent variability [23]. Thanks to the standardization of the acquisition
process and the use of digital technologies, this methodology offers greater repeatability
and less dependence on the operator [25]. Furthermore, the possibility of obtaining digital
models allows for much more detailed analysis compared to analog techniques, which
previously did not allow equally precise data manipulation [13].

Besides improving data quality, 3D technology is also less invasive than traditional
impression collection [13]. The scanners operate remotely, avoiding direct contact with the
skin and thus reducing discomfort for the subject [14]. This is particularly advantageous in
clinical and forensic settings, where patient comfort is essential for accurate results [24,26].

Moreover, digitizing lip impressions allows for more efficient and secure data manage-
ment. 3D scans can be stored in digital format, easily shared, and repeatedly analyzed with-
out loss of quality, improving reproducibility and interdisciplinary collaboration [23,25]. In
forensic settings, this data retention capacity is crucial, as it allows lip prints to be accessed
at any time without risk of deterioration [27].

A crucial aspect of the adoption of 3D cheiloscopy concerns the choice and optimiza-
tion of both the software and hardware used [28]. While 3D technology offers enormous
advantages, the quality of the results strongly depends on the resolution of the scanners
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and the precision of the analysis algorithms [23]. The use of devices with insufficient
resolution or inadequately calibrated software could compromise the accuracy of the three-
dimensional models and the reliability of the analyses [29]. Therefore, careful selection and
calibration of technological tools is essential to ensure that the benefits of 3D cheiloscopy
can be fully exploited in forensic settings [2].

While this pilot study involved a limited sample of two participants, both the 3D
and analog impressions of each participant were systematically compared. This included
cross-comparisons between the participants to demonstrate that the lip prints belonged to
different individuals. The 3D scans provided quantitative data, such as standard deviation
and surface deviation metrics, which allowed for an objective and precise assessment of
differences between the individuals.

In contrast, the analog impressions relied solely on visual evaluation, which not
only lacked quantitative metrics but also exhibited operator-dependent variability. This
difference highlights the limitations of analog methods in ensuring consistent and reliable
comparisons, further underscoring the potential of 3D technology to provide standardized
and reproducible results.

These findings provide a foundation for further investigations with larger and more
diverse datasets. Future research should focus on refining digital lip print classification algo-
rithms and exploring the integration of artificial intelligence to enhance pattern recognition
and automate forensic analysis [26,30].

4.4. Forensic Applications of 3D Scanning and Lip Print Simulation

Although the intraoral scanner in this study was used to acquire the direct morphology
of the lips rather than lip prints, its potential forensic applications should not be overlooked.
Unlike traditional analog methods that require powder or adhesive tape to visualize
and transfer lip prints, the scanner directly captures the three-dimensional anatomy of
the lips. This could represent an advantage in forensic scenarios, as it eliminates the
need for intermediary materials and post-processing while ensuring a more accurate and
reproducible acquisition of labial morphology.

Future studies could explore the possibility of generating simulated lip prints from
3D models, either through digital simulations or by 3D printing physical models. These
approaches would allow for the controlled study of how labial morphology interacts
with different surfaces and materials, replicating forensic conditions more precisely. By
using printed models, it would also be possible to directly simulate lip print deposition,
facilitating comparative analyses between traditional and digital methodologies.

4.5. Future Possibilities: Integration with Al and Machine Learning

3D technology, combined with artificial intelligence (AI) and machine learning (ML),
promises to further revolutionize the analysis of lip prints. Al algorithms trained to
recognize specific patterns in 3D scans will be able to identify unique characteristics of
the lips with high precision, accelerating the identification process and further reducing
operator-dependent errors [10,12]. The possibility of applying Al algorithms for the auto-
matic recognition of lip impressions could also reduce the need for manual interpretations,
improving the overall efficiency of the process [31].

4.6. Legal and Epistemological Considerations on 3D Cheiloscopy
4.6.1. A Technological and Epistemological Paradigm Shift

The introduction of 3D technology in cheiloscopy represents a significant step forward
compared to traditional methodologies [13]. Three-dimensional scans offer unprecedented
precision, reducing the operator’s subjective influence and ensuring more reproducible
results [30]. This not only improves the accuracy of the analyses, but also redefines the
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concept of forensic “evidence” [26]. 3D technology allows us to obtain detailed and
objective data, which overcomes the limits linked to analog methods, where the operator’s
experience and the quality of the materials used could significantly influence the reliability
of the evidence [28].

4.6.2. Specific Roles and Skills Among Dentists and Medical Examiners

The use of 3D cheiloscopy in the forensic field requires highly specialized skills, where
dentists and forensic doctors make complementary contributions [32]. Dentists, thanks
to their in-depth training on orofacial morphology and the management of advanced
technologies such as the 3D scanner, can precisely detect and analyze lip impressions,
identifying unique details [29,33]. Forensic doctors, on the other hand, contextualize
this data in the context of judicial investigations, ensuring its validity and integrity as
forensic evidence [2]. This interdisciplinary collaboration strengthens the reliability and
effectiveness of identification through lip prints [34].

4.6.3. Epistemological Implications and Operational Transformations

The transition from traditional to 3D cheiloscopy is not just a technical evolution but
also a change that profoundly affects our conception of identity and scientific truth [35].
Forensic “truth”, in fact, turns out to be increasingly related to available technology, which
shapes both the scientific method and the legal interpretation of the evidence [36]. 3D
cheiloscopy, by reducing variability and ambiguity, offers a clearer and more reliable
representation of the evidence, but at the same time requires reflection on the new ethical
and legal responsibilities linked to the use of advanced instruments [37-39].

4.6.4. Study Limitations

While this study provides valuable insights into the operator dependency and reliabil-
ity of analog and digital methods for counting lip wrinkles, it has some limitations:

e  Small sample size: The study was conducted on a limited number of lip imprints,
which may affect the generalizability of the results. A larger sample size would
improve the statistical power and reliability of the findings.

e  Exploratory nature: This study was exploratory and primarily descriptive. Advanced
statistical analyses, such as intraclass correlation coefficient (ICC) or Bland-Altman
analysis, were not performed due to the preliminary nature of the investigation.

e  Operator variability: Only two operators were involved in the study, with different
levels of experience. Including more operators with varying expertise would provide
a more comprehensive evaluation of operator-dependency.

e  Methodological constraints: The analog method relies heavily on subjective inter-
pretation, which may introduce bias. Although the digital method showed greater
consistency, its implementation requires specialized equipment and software, which
may not be universally accessible.

e  Lack of ground truth: The study did not include a “ground truth” or reference standard
for the exact number of lip wrinkles in each imprint. This limited our ability to assess
the absolute accuracy of the methods.

Despite these limitations, our findings highlight important differences between the
analog and digital methods and underscore the need for further research with larger sample
sizes and more robust statistical analyses.

5. Conclusions

3D cheiloscopy offers significant advantages over traditional methods, especially in
complex cases like partial or distorted impressions, where analog techniques fall short. The
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use of 3D technology allows more reliable data, greater standardization and precision in
acquisition and advanced manipulation on digital models for deeper analysis.

The transition towards 3D cheiloscopy represents a paradigm shift, not only from a
technological point of view, but also for future prospects. With the advancement of portable
3D scanners and the implementation of Al this technology is likely to become increasingly
accessible and integrated into forensic and clinical settings, improving the speed, accuracy,
and objectivity of results.

Ultimately, the adoption of 3D technology in cheiloscopy could mark the beginning of
anew era, where the identification and analysis of lip prints will be faster, more precise and
reliable, paving the way for numerous practical applications in the forensic field, clinical
and beyond.

Author Contributions: Conceptualization, E.D.V,, A.C.,, EM.S., PM., EM.C. and G.A.S.; methodology,
A.C. and EM.S,; formal analysis, EM.C., S.Z., A.A. and G.D.A,; investigation, A.C., ED.V. and EM.S;
writing—original draft preparation, A.C., ED.V,, EM.S,,S.Z., AA,, G.D.A. and G.C.; writing—review
and editing, E.D.V. and E.M.C,; supervision, PM. and G.A.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the University of Palermo Policlinico “Paolo
Giaccone” (Minutes No. 04/2024, Session of 8 February 2024).

Informed Consent Statement: Written informed consent was obtained from all participants involved
in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Chaves, T.; Azevedo, A.; Caldas, .M. Cheiloscopy in sex estimation: A systematic review. Forensic Sci. Med. Pathol. 2024,
20, 280-292. [CrossRef] [PubMed] [PubMed Central]

2. Bhattacharjee, R.; Kar, A.K. Cheiloscopy: A crucial technique in forensics for personal identification and its admissibility in the
Court of Justice. Morphologie 2024, 108, 100701. [CrossRef] [PubMed]

3. Utsuno, H.; Kanoh, T.; Tadokoro, O.; Inoue, K. Preliminary study of post mortem identification using lip prints. Forensic Sci. Int.
2005, 149, 129-132. [CrossRef] [PubMed]

4. Bajpai, M.; Pardhe, N.; Chandolia, B.; Arora, M. Cheiloscopy—An Overview of its Limitations and Future Perspectives. J. Forensic
Med. Leg. Aff. 2016, 1, 106-107. [CrossRef]

5. Abedi, M.; Afoakwah, C.; Bonsu, D.N.O.M. Lip print enhancement: Review. Forensic Sci. Res. 2020, 7, 24-28. [CrossRef] [PubMed]
[PubMed Central]

6. Dolly, A.; Rodrigues, C.; Bankur, R.; Gopinathan, P.A.; Sharma, R.; Doddamani, A. Evaluation of Efficacy of Three Different
Materials Used in Cheiloscopy—A Comparative Study. J. Clin. Diagn. Res. 2016, 10, ZC67-ZC71. [CrossRef] [PubMed] [PubMed
Central]

7. Thermadam, T.P; Chatra, L.; Ahsan, A. Cheiloscopy in gender determination: A study on 2112 individuals. J. Fam. Med. Prim.
Care 2020, 9, 1386-1390. [CrossRef] [PubMed] [PubMed Central]

8.  Garcia, ].L.Y. Eficacia del método de vahanwala en la determinacién del sexo a través de la queiloscopia en impresiones escaneadas
de un grupo de estudiantes peruanos [Effectiveness of the vahanwala method in determining sex through cheiloscopy in scanned
impressions of a group of peruvian students]. Rev. Cient. Odontol. 2021, 9, €067. (In Spanish) [CrossRef] [PubMed] [PubMed
Central]

9. Sangam, M.R.; Praveen, K.; Bokan, R.R.; Vinay, G.; Kaur, A.; Deka, R. Distribution and Uniqueness in the Pattern of Lip Prints.

Cureus 2024, 16, €53692. [CrossRef] [PubMed] [PubMed Central]


https://doi.org/10.1007/s12024-023-00648-9
https://www.ncbi.nlm.nih.gov/pubmed/37243840
https://pmc.ncbi.nlm.nih.gov/articles/PMC10944408
https://doi.org/10.1016/j.morpho.2023.100701
https://www.ncbi.nlm.nih.gov/pubmed/37890284
https://doi.org/10.1016/j.forsciint.2004.05.013
https://www.ncbi.nlm.nih.gov/pubmed/15749352
https://doi.org/10.19104/jfml.2016.106
https://doi.org/10.1080/20961790.2020.1751396
https://www.ncbi.nlm.nih.gov/pubmed/35341131
https://pmc.ncbi.nlm.nih.gov/articles/PMC8942486
https://doi.org/10.7860/JCDR/2016/21410.8653
https://www.ncbi.nlm.nih.gov/pubmed/27891462
https://pmc.ncbi.nlm.nih.gov/articles/PMC5121808
https://pmc.ncbi.nlm.nih.gov/articles/PMC5121808
https://doi.org/10.4103/jfmpc.jfmpc_1046_19
https://www.ncbi.nlm.nih.gov/pubmed/32509620
https://pmc.ncbi.nlm.nih.gov/articles/PMC7266203
https://doi.org/10.21142/2523-2754-0903-2021-067
https://www.ncbi.nlm.nih.gov/pubmed/38464862
https://pmc.ncbi.nlm.nih.gov/articles/PMC10919818
https://pmc.ncbi.nlm.nih.gov/articles/PMC10919818
https://doi.org/10.7759/cureus.53692
https://www.ncbi.nlm.nih.gov/pubmed/38455788
https://pmc.ncbi.nlm.nih.gov/articles/PMC10918305

Appl. Sci. 2025, 15,1726 14 0f 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Franco, A.; Lima, L.K.G.; de Oliveira, M.N.; de Andrade Vieira, W.; Blumenberg, C.; Costa, M.M.; Paranhos, L.R. The weak
evidence of lip print analysis for sexual dimorphism in forensic dentistry: A systematic literature review and meta-analysis. Sci.
Rep. 2021, 11, 24192. [CrossRef] [PubMed] [PubMed Central]

Ariyani, N.PP; Auerkari, E.I; Gultom, EP. The accuracy between palatoscopy method and cheiloscopy method for sex determi-
nation in Asian population. AIP Conf. Proc. 2022, 2537, 030005.

Pallivathukal, R.G.; Kumar, S.; Idiculla, J.J.; Soe, HH.K,; Ke, Y.Y.; Donald, P.M.; Ismail, N.M. Evaluating Digital Photography
for Lip Print Recording: Compatibility with Traditional Classification Systems. Cureus 2024, 16, €58238. [CrossRef] [PubMed]
[PubMed Central]

Revilla-Leén, M.; Gémez-Polo, M.; Drone, M.; Barmak, A.B.; Guinot-Barona, C.; Att, W.; Kois, J.C.; Pérez-Barquero, J.A. Impact of
scanning distance on the accuracy of a photogrammetry system. J. Dent. 2024, 142, 104854. [CrossRef] [PubMed]

Vag, ].; Stevens, C.D.; Badahman, M.H.; Ludlow, M.; Sharp, M.; Brenes, C.; Mennito, A.; Renne, W. Trueness and precision of
complete arch dentate digital models produced by intraoral and desktop scanners: An ex-vivo study. J. Dent. 2023, 139, 104764.
[CrossRef] [PubMed]

Canullo, L.; Di Domenico, A.; Marinotti, F.; Menini, M.; Pesce, P. Soft Tissue Contour Impression with Analogic or Digital Work
Flow: A Case Report. Int. J. Environ. Res. Public Health 2018, 15, 2623. [CrossRef] [PubMed] [PubMed Central]

Augustine, J.; Barpande, S.R.; Tupkari, J.V. Cheiloscopy as an adjunct to forensic identification: A study of 600 individuals. J.
Forensic Odontostomatol. 2008, 26, 44-52. [PubMed]

Tandon, A.; Srivastava, A.; Jaiswal, R.; Patidar, M.; Khare, A. Estimation of gender using cheiloscopy and dermatoglyphics. Natl.
J. Maxillofac. Surg. 2017, 8, 102-105. [CrossRef] [PubMed] [PubMed Central]

Udin, N.H.M.; Rahman, N.S.S.A ; Gabriel, G.F; Hamzah, N.H. Digital Approach for Lip Prints Analysis in Malaysian Malay
Population (Klang Valley): Photograph on Lipstick-Cellophane Tape Technique. ]. Sains Kesihat. Malays. 2019, 17, 43-49.
[CrossRef]

Furnari, W.; Janal, M.N. Cheiloscopy: Lip Print Inter-rater Reliability. ]. Forensic Sci. 2017, 62, 782-785. [CrossRef] [PubMed]
Regan, E.S; Bradshaw, B.T.; Bruhn, A.M.; Melvin, W.; Sikdar, S. Populational Variations of Cheiloscopy Patterns: A cross-sectional
observation pilot study. J. Dent. Hyg. 2023, 97, 196-204. [PubMed]

Nayak, A.; Nayak, M.T; Solanki, J.; Mathur, H.; Srivastava, A.; Gupta, A. Comparative analysis of cheiloscopy, pulpal tissue and
fingerprint for gender identification. J. Oral Maxillofac. Pathol. 2023, 27, 585-591. [CrossRef] [PubMed] [PubMed Central]
Ramakrishnan, P; Bahirwani, S.; Valambath, S. Assessment of cheiloscopy in sex determination using lysochrome—A preliminary
study. . Forensic Dent. Sci. 2015, 7, 195-200. [CrossRef] [PubMed] [PubMed Central]

Herrera, L.M.; Fernandes, C.M.D.S.; Serra, M.D.C. Evaluation of Lip Prints on Different Supports Using a Batch Image Processing
Algorithm and Image Superimposition. J. Forensic Sci. 2018, 63, 122-129. [CrossRef] [PubMed]

Sciarra, EM.; Messina, P.; Scardina, G.A. Bitemarks in forensic odontology: Aspects, study methodology and critical analysis
issues. Dent. Cadmos 2023, 91, 642—650. [CrossRef]

Algarni, A. Analysis of total lip score system and total groove score for gender identification: A cross-sectional study. J. Oral
Maxillofac. Pathol. 2024, 28, 351-357. [CrossRef] [PubMed] [PubMed Central]

Trizzino, A.; Messina, P; Sciarra, EM.; Zerbo, S.; Argo, A.; Scardina, G.A. Palatal Rugae as a Discriminating Factor in Determining
Sex: A New Method Applicable in Forensic Odontology? Dent. J. 2023, 11, 204. [CrossRef] [PubMed] [PubMed Central]
Nakamura, Y.; Kasahara, N.; Hashimoto, M. New Method of Dental Personal Identification of Disaster Victims Using Oral
Scanner. Bull. Tokyo Dent. Coll. 2022, 63, 67-73. [CrossRef] [PubMed]

Revilla-Leén, M.; Kois, D.E.; Kois, J.C. A guide for maximizing the accuracy of intraoral digital scans. Part 1: Operator factors. J.
Esthet. Restor. Dent. 2023, 35, 230-240. [CrossRef] [PubMed]

Chiu, A.; Chen, Y.W,; Hayashi, J.; Sadr, A. Accuracy of CAD/CAM Digital Impressions with Different Intraoral Scanner
Parameters. Sensors 2020, 20, 1157. [CrossRef] [PubMed] [PubMed Central]

Cicciu, M.; Fiorillo, L.; D’Amico, C.; Gambino, D.; Amantia, E.M.; Laino, L.; Crimi, S.; Campagna, P.; Bianchi, A.; Herford, A.S,;
et al. 3D Digital Impression Systems Compared with Traditional Techniques in Dentistry: A Recent Data Systematic Review.
Materials 2020, 13, 1982. [CrossRef] [PubMed] [PubMed Central]

Gordon, A.R.; Schreiber, J.E.; Tortora, S.C.; Ferreira, S.; Dorfman, R.G.; Sadaat, S.; Roostaeian, J.; Levine, J.B.; Tepper, O.M. Turning
Back the Clock with Lip Lift: Quantifying Perceived Age Reduction Using Artificial Intelligence. Facial Plast. Surg. Aesthet. Med.
2024, 26, 347-349. [CrossRef] [PubMed]

Albano, D.; Argo, A.; Bilello, G.; Cumbo, E.; Lupatelli, M.; Messina, P; Sciarra, EM.; Sessa, M.; Zerbo, S.; Scardina, G.A. Oral
Squamous Cell Carcinoma: Features and Medico-Legal Implications of Diagnostic Omission. Case Rep. Dent. 2024, 21, 2578271.
[CrossRef] [PubMed] [PubMed Central]

Nagare, S.P.; Chaudhari, R.S.; Birangane, R.S.; Parkarwar, P.C. Sex determination in forensic identification, a review. J. Forensic
Dent. Sci. 2018, 10, 61-66. [CrossRef] [PubMed] [PubMed Central]


https://doi.org/10.1038/s41598-021-03680-3
https://www.ncbi.nlm.nih.gov/pubmed/34921209
https://pmc.ncbi.nlm.nih.gov/articles/PMC8683473
https://doi.org/10.7759/cureus.58238
https://www.ncbi.nlm.nih.gov/pubmed/38745819
https://pmc.ncbi.nlm.nih.gov/articles/PMC11091944
https://doi.org/10.1016/j.jdent.2024.104854
https://www.ncbi.nlm.nih.gov/pubmed/38246309
https://doi.org/10.1016/j.jdent.2023.104764
https://www.ncbi.nlm.nih.gov/pubmed/37898433
https://doi.org/10.3390/ijerph15122623
https://www.ncbi.nlm.nih.gov/pubmed/30477091
https://pmc.ncbi.nlm.nih.gov/articles/PMC6313340
https://www.ncbi.nlm.nih.gov/pubmed/22717789
https://doi.org/10.4103/njms.NJMS_2_17
https://www.ncbi.nlm.nih.gov/pubmed/29386811
https://pmc.ncbi.nlm.nih.gov/articles/PMC5773982
https://doi.org/10.17576/jskm-2019-1702-05
https://doi.org/10.1111/1556-4029.13308
https://www.ncbi.nlm.nih.gov/pubmed/27907241
https://www.ncbi.nlm.nih.gov/pubmed/37816610
https://doi.org/10.4103/jomfp.jomfp_178_23
https://www.ncbi.nlm.nih.gov/pubmed/38033940
https://pmc.ncbi.nlm.nih.gov/articles/PMC10683879
https://doi.org/10.4103/0975-1475.172434
https://www.ncbi.nlm.nih.gov/pubmed/26816459
https://pmc.ncbi.nlm.nih.gov/articles/PMC4714407
https://doi.org/10.1111/1556-4029.13507
https://www.ncbi.nlm.nih.gov/pubmed/28382629
https://doi.org/10.19256/d.cadmos.08.2023.04
https://doi.org/10.4103/jomfp.jomfp_540_23
https://www.ncbi.nlm.nih.gov/pubmed/39157853
https://pmc.ncbi.nlm.nih.gov/articles/PMC11329097
https://doi.org/10.3390/dj11090204
https://www.ncbi.nlm.nih.gov/pubmed/37754324
https://pmc.ncbi.nlm.nih.gov/articles/PMC10528044
https://doi.org/10.2209/tdcpublication.2021-0035
https://www.ncbi.nlm.nih.gov/pubmed/35613863
https://doi.org/10.1111/jerd.12985
https://www.ncbi.nlm.nih.gov/pubmed/36479807
https://doi.org/10.3390/s20041157
https://www.ncbi.nlm.nih.gov/pubmed/32093174
https://pmc.ncbi.nlm.nih.gov/articles/PMC7071446
https://doi.org/10.3390/ma13081982
https://www.ncbi.nlm.nih.gov/pubmed/32340384
https://pmc.ncbi.nlm.nih.gov/articles/PMC7215909
https://doi.org/10.1089/fpsam.2020.0560
https://www.ncbi.nlm.nih.gov/pubmed/34287019
https://doi.org/10.1155/2024/2578271
https://www.ncbi.nlm.nih.gov/pubmed/39346800
https://pmc.ncbi.nlm.nih.gov/articles/PMC11438507
https://doi.org/10.4103/jfo.jfds_55_17
https://www.ncbi.nlm.nih.gov/pubmed/30745778
https://pmc.ncbi.nlm.nih.gov/articles/PMC6344795

Appl. Sci. 2025, 15,1726 15 0f 15

34.

35.

36.

37.

38.

39.

Kasprzak, J.; Fonseca, G.M. Lip print evidence: Poland as the Last Bastion of Practical Cheiloscopy. Forensic Sci. Rev. 2024,
36, 55-70. [PubMed]

Machoy, M.E.; Szyszka-Sommerfeld, L.; Vegh, A.; Gedrange, T.; WoZniak, K. The ways of using machine learning in dentistry.
Adv. Clin. Exp. Med. 2020, 29, 375-384. [CrossRef] [PubMed]

Lin, H.; Chen, J.; Hu, Y.; Li, W. Embracing technological revolution: A panorama of machine learning in dentistry. Med. Oral Patol.
Oral Cir. Bucal. 2024, 29, e742—-e749. [CrossRef] [PubMed] [PubMed Central]

Morch, C.; Atsu, S.; Cai, W.; Madathil, S.; Liu, X.; Mai, V.; Tamimi, F; Dilhac, M.; Ducret, M. Artificial Intelligence and Ethics in
Dentistry: A Scoping Review. J. Dent. Res. 2021, 100, 1452-1460. [CrossRef] [PubMed]

Rekow, E.D. Digital dentistry: The new state of the art—Is it disruptive or destructive? Dent. Mater. 2020, 36, 9-24. [CrossRef]
[PubMed]

Schwendicke, F.; Samek, W.; Krois, J. Artificial Intelligence in Dentistry: Chances and Challenges. J. Dent. Res. 2020, 99, 769-774.
[CrossRef] [PubMed] [PubMed Central]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.ncbi.nlm.nih.gov/pubmed/38297427
https://doi.org/10.17219/acem/115083
https://www.ncbi.nlm.nih.gov/pubmed/32207586
https://doi.org/10.4317/medoral.26679
https://www.ncbi.nlm.nih.gov/pubmed/39418127
https://pmc.ncbi.nlm.nih.gov/articles/PMC1158496
https://doi.org/10.1177/00220345211013808
https://www.ncbi.nlm.nih.gov/pubmed/34060359
https://doi.org/10.1016/j.dental.2019.08.103
https://www.ncbi.nlm.nih.gov/pubmed/31526522
https://doi.org/10.1177/0022034520915714
https://www.ncbi.nlm.nih.gov/pubmed/32315260
https://pmc.ncbi.nlm.nih.gov/articles/PMC7309354

	Introduction 
	Materials and Methods 
	Selection of Subjects 
	Acquisition Protocols 
	Operators Involved 
	Analysis of the Acquired Data 
	Analog Acquisitions 
	Digital Acquisitions 

	Classification of Usable vs. Non-Usable Prints 
	Comparison Between Methods 
	Statistical Analysis 

	Results 
	Analog Method 
	Descriptive Analysis 
	Intra-Operator Consistency 

	Digital Method 
	Descriptive Analysis 
	Intra-Operator Consistency 
	Comparison Between Analog and Digital Methods 


	Discussion 
	Limitations of Analog Methods vs. Advantages of 3D Standardization 
	Challenges in Sex Determination and Lip Print Classification 
	The Introduction of 3D Cheiloscopy: Advantages and Future Prospects 
	Forensic Applications of 3D Scanning and Lip Print Simulation 
	Future Possibilities: Integration with AI and Machine Learning 
	Legal and Epistemological Considerations on 3D Cheiloscopy 
	A Technological and Epistemological Paradigm Shift 
	Specific Roles and Skills Among Dentists and Medical Examiners 
	Epistemological Implications and Operational Transformations 
	Study Limitations 


	Conclusions 
	References

