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Abstract
Background  This study aims to validate a machine learning algorithm previously developed in a training population 
on a different randomly chosen population (i.e., test set). The discrimination potential of the palatal intraoral scan-
based geometric and superimposition methods was evaluated.

Methods  A total of 23 participants (16 females and seven males) from different countries underwent palatal 
scans using the Emerald intraoral scanner. Geometric-based identification involved measuring the height, width, 
and depth of the palatal vault in each scan. These parameters were then input into Fisher’s linear discriminant 
equations with coefficients determined previously on a training set. Sensitivity and specificity were calculated. For 
the superimposition method, scan repeatability was compared to between-subjects differences, calculating mean 
absolute differences (MAD) between aligned scans. Multiple linear regression analysis determined the effects of sex, 
longitude, and latitude of country of origin on concordance.

Results  The geometric-based method achieved 91.2% sensitivity and 97.1% specificity, consistent with the results 
from the training set, showing no significant difference. Latitude and longitude did not significantly affect geometric-
based matches. In the superimposition method, the between-subjects MAD range (1.068–0.214 mm) and the 
repeatability range (0.011–0.093 mm) did not overlap. MAD was minimally affected by longitude and not influenced 
by latitude. The sex determination function recognized females over males with 69.0% sensitivity, similar to the 
training set. However, the specificity (62.5%) decreased.

Conclusions  The assessment of geometric and superimposition discrimination has unequivocally demonstrated 
its robust reliability, remaining impervious to population. In contrast, the distinction between sexes carries only 
moderate reliability. The significant correlation observed among longitude, latitude, and palatal height suggests the 
feasibility of a comprehensive large-scale study to determine one’s country of origin.

Clinical significance  Portable intraoral scanners can aid forensic investigations as adjunct identification methods by 
applying the proposed discriminant function to palatal geometry without population restrictions.

Trial registration  The Clinicatrial.gov registration number is NCT05349942 (27/04/2022).
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Introduction
In recent research, a groundbreaking discovery show-
cased the remarkable accuracy of palatal geometry-based 
human identification through an intraoral scanner (IOS) 
[1]. A supervised machine learning algorithm, incorpo-
rating height, width, and depth as variables, was success-
fully developed and tested on a Caucasian population 
from the same country. However, a significant ques-
tion remains to be addressed: Can this equation deliver 
equally reliable results in a randomly selected test pop-
ulation? The implications for forensic practice are sub-
stantial, as the full potential of this function can only be 
harnessed if it proves applicable without limitations.

In forensic science, dental records are one of the pri-
mary habituated approaches in human postmortem iden-
tification [2–4]. IOSs have emerged as a portable and fast 
alternative for data collection in mass disasters, although 
their use in the investigation field is not yet widespread. 
The superimposition of intraoral scans is highly sensitive, 
specific, and widely used in digital dentistry to measure 
accuracy [5, 6]. Since the hard palate is shielded by the 
alveolar arch, teeth, cheeks, and lips, there will be a more 
negligible risk of deterioration in case of trauma com-
pared to deoxyribonucleic acid (DNA) or fingerprints [7]. 
Therefore, studies suggested [8–12] using palatal scan 
superimposition for identification. Previously, we found 
that it even distinguished identical twin siblings with 99% 
accuracy [11]. The method remains effective despite vari-
ations in IOS hardware and software [13, 14], regardless 
of changes over 2 years [14]. In contrast, the conventional 
gypsum cast method’s inferior accuracy restricts its use 
for identification [14]. Hence, IOSs hold promise for the 
future of forensic dentistry and 3D comparison [15–17].

However, the alignment algorithm runs long and is 
impractical for searching an extensive database. Recently, 
it has been indicated that the alignment of two palatal 
scans is primarily driven by the geometry of the palatal 
vault rather than the surface morphology, such as pala-
tal rugae [1]. Geometric data, including the palatal vault’s 
height, width, and depth, require less storage space, lead-
ing to faster database searches and matching processes. 
Consequently, geometric-based identification could be 
an alternative to the superimposition method, especially 
when the rugae pattern deteriorates after death. To sup-
port this notion, a linear discriminant function was 

developed using height, width, and depth as variables to 
distinguish between individuals and determine sex [1]. 
The coefficient of the three variables was determined in a 
Caucasian population (from the same country). The dis-
criminant function resulted in a high success rate of find-
ing an individual’s scan with 91.2% sensitivity and 97.8% 
specificity. However, the accuracy of a new classification 
function can be biased and artificially inflated (i.e., over-
parameterized) if the same training set is used (internal 
validation) [18]. Therefore, an external validation for a 
machine learning model is essential before use in a real 
scenario [19, 20].

Nevertheless, in a forensic investigation, especially in 
disaster victim identification (DVI), the victims might 
come from different countries (i.e., different populations) 
[4, 21]. Consequently, the previous discriminant function 
developed on a homogenous population might fail in a 
mixed population due to the difference in dimensional 
characteristics between training and the test sets.

Sex determination is also crucial for victim identifica-
tion [22, 23]. However, when using palatal geometry, 
the accuracy of sex determination was moderate, with 
82.2% sensitivity and 89.3% specificity [1]. This method’s 
effectiveness may be further reduced in mixed popula-
tions due to differences in palatal size among different 
populations.

Thus, this study aimed to perform an external valida-
tion of the previously developed A) palatal geometric [1] 
and (B) superimposition-based [11] discrimination algo-
rithm on a different population. Our first null hypothesis 
was that the accuracy of either method does not change 
in the test population. The second null hypothesis was 
that the accuracy of the sex determination did not change 
in the test population.

Materials and methods
We conducted a cross-sectional observational study. 
The study was retrospectively registered in ClinicalTri-
als.gov, and the registration number was NCT05349942 
(27/04/2022). The participants were recruited from 
postgraduate students who attended a one-week meth-
odological research training at the [REMOVED FOR 
BLINDED REVIEW] University and contributed to using 
their scanned data anonymously. The investigators did 
not influence the composition of the participants, the 
countries of origin, or the sex distribution. Upon arrival, 
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no inclusion or exclusion criteria except the consent to 
participate in the study were applied to avoid any inten-
tional inflation of the accuracy of the discrimination 
algorithms. The presented participants were considered 
a unique cohort simulating a real forensic (i.e., disaster) 
scenario.

Twenty-three subjects (16 females and seven males; 
23–35 years) from 11 countries of Asia and Europe were 
included in the study (Table  1). Written informed con-
sent was obtained from the participants, and the study 
was carried out according to the Declaration of Hel-
sinki. Ethical approval was granted from the national 
committee (36699-2/2018/EKU). The method protocol 
is summarized in a flowchart (Fig. 1). The subjects were 
scanned three times each. The critical step during scan-
ning was considering a specific pattern (zigzag) for utiliz-
ing the Planmeca Emerald IOS (software version 6.2.1.19, 
Planmeca, Helsinki, Finland) starting from the incisive 
papilla.

The global coordinates (longitude and latitude) of the 
countries for each subject were recorded. The difference 
between the coordinates of the two subjects was utilized 
to assess the population diversity.

Measurement of the palatal vault geometry
The height, depth, and width were measured accord-
ing to Simon et al. [1] in GOM Inspect software (GOM 
GmbH, Braunschweig, Germany). The palatal width was 
defined by the distance between the right molar (R.M.) 
palatal grooves at the level of the gingival margin to left 
molar ones (L.M.) (Fig. 2A). The depth was measured by 
projecting a line perpendicular to the width line from 
the most anterior point of the incisive papilla (I.P.). The 
I.P., R.M., and L.M. points defined the bottom horizontal 
plane (BHP). The second horizontal plane parallel to BHP 
and tangent to the highest point of the palate determined 
the top horizontal plane (THP). The tangent point was 
found by Chebyshev’s best-fit algorithm (Fig.  2B). The 
palatal height was calculated by the distance between the 
two planes (THP and BHP).

Identification by geometry
The difference between the geometry parameters of the 
two scans was used to recognize the two scans as ‘iden-
tity’ or ‘stranger’. One subject had a missing first molar 
on both sides; one had a missing one on the left and 
another one on the right side (affects nine scans). Out of 
the total 60 scans from the remaining 20 subjects, two 
scans were found to be defective. All scans were paired in 
MS EXCEL using a customized combination algorithm; 
the order of the items in the subset did not matter. The 
combinations of scans resulted in 57 identities and 1 596 
stranger pairs. First, the absolute value of the differences 
between the geometric parameters measured in the cur-
rent validation data set was calculated and square-rooted 
to normalize the distribution (sqrd_height, sqrd_depth, 
and sqrd_width). These three variables (square-rooted 
parameter differences) were loaded into the following 
two Fisher’s linear discriminant functions developed in 
the training set previously [1].

	

Yidentity = 1.01 × sqrd_height + 1.00
× sqrd_width + 1.73 × sqrd_depth − 2.46.

Table 1  Countries of origin with sample numbers
Female Male Sum

Belgium 1 0 1
Bulgaria 1 0 1
China 0 2 2
Croatia 0 2 2
Germany 1 1 2
Greece 2 0 2
Hungary 1 0 1
Iran 1 0 1
Italy 0 1 1
Portugal 2 0 2
Turkey 7 1 8
sum 16 7 23

Fig. 1  The protocol is summarized in a flowchart
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Ystranger = 3.59 × sqrd_height + 3.27
× sqrd_width + 3.65 × sqrd_depth − 9.23.

The higher Y score indicates the predicted class, ‘identity’ 
vs. ‘stranger’.

The coefficients in Fisher’s linear discriminant func-
tions were previously determined using the Linear Dis-
criminant Analysis process in the SPSS statistical package 
(V28, IBM, USA). The training set was based on a single 
Caucasian population with 118 subjects (three scan 
repeats) providing 62,481 combinations of scan pairs [1].

Identification based on scan superimposition
In the first step, the scans were cropped in the GOM 
software (GOM GmbH, Germany) to keep only the inci-
sive papilla and the area of palatal rugae. In the second 
step, the scans were superimposed by the pre-alignment 
procedure with an additional best-fit process using the 
iterative closest-point algorithm.

Two replicate scans of the same subject were aligned 
to determine the repeatability. For each subject, three 
comparisons were made: scan1-scan2, scan1-scan3, and 
scan2-scan3. In the between-subjects group, one scan 
of each subject was aligned with the scans of the other 
22 subjects. From the 69 scans, one scan in 3 subjects 
was not successful. Therefore, the number of aligned 
pairs was 66 for repeatability. In addition, one alignment 
between two subjects was not successful even though it 
was manually forced. Thus, 253 pairs were used for the 
between-subjects group. The alignment algorithm offers 
three options, which can be selected manually: short, 
normal, and long. The preference was to have the out-
comes in the shortest time. In the cases of repeatabil-
ity, the alignment process ran generally in the shortest 
time. On the other hand, in the between-subjects group, 

the software needed more time to bring the two differ-
ent scans with different anatomies as close as possible to 
each other.

The difference between the aligned scans was assessed 
by calculating the mean absolute distance (MAD), the 
ratio of the integrated absolute distance between aligned 
surfaces, and the measured surfaces’ area.

Sex determination by geometry
Fisher’s linear discriminant functions for sex determi-
nation were developed previously on a Caucasian twin 
population [1]. The following two functions calculate dis-
crimination scores for the female and the male.

	

Yfemale = 6.45 × height + 5.56
× width + 4.23 × depth − 204

	

Ymale = 7.35 × height + 5.91
× width + 4.33 × depth − 233

The highest score predicts the sex. These functions were 
applied without modification to the current population 
to evaluate their consistency and generalizability.

Statistical analysis
In the geometric-based identification method, the sensi-
tivity, specificity, and accuracy were calculated by count-
ing the correct and incorrect matches in n = 1653 pairs. 
The relationship between successful matches (dependent 
outcome), the longitude and latitude between the coun-
try of origin (covariate independent), and sex differ-
ence (categorical independent) were explored by logistic 
regression analysis.

In the superimposition-based identification method, 
a multiple linear regression analysis was done with the 

Fig. 2  The distance between the molars in picture A shows the width of the palate. The distance between the incisive papilla and the C.P. shows the 
depth of the palate. In picture B, the distance between the top horizontal plane (THP) and the bottom horizontal plane (BHP) shows the height of the 
palate
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between-subjects MAD (n = 253) as dependent factors 
and longitude, latitude, and sex as independent factors.

In sex determination, the sensitivity, specificity, and 
accuracy were calculated considering the correct and 
incorrect matches in n = 58 pairs.

Multiple linear regression analysis evaluated the cor-
relation between height, width, and depth as dependent 
factors and longitude, latitude, and sex as independent 
factors.

The sensitivity, specificity, and accuracy were given 
with their 95% confidence interval in brackets (95% CI). 
The results (sensitivity and specificity) of the test set were 
compared to the results of the training set by chi-square 
statistics. The accepted level of statistically significant dif-
ference was p < 0.05. All statistical analysis was done in 
SPSS (V28, IBM, USA).

Results
Identification by palatal geometry
The former linear discriminant function with the vari-
ables (height, depth, and width) measured in the cur-
rent population could distinguish between identity and 
stranger by 91.2% sensitivity (95% CI: 0.800-0.967%) 
and 97.1% specificity (95% CI: 0.961–0.978%). Based on 
chi-square statistics, these values were not significantly 

different from sensitivity (91.2%, 95%CI: 0.877–0.939%, 
p = 0.99) and specificity (97.8%, 95% CI: 0.976–0.979%, 
p = 0.058) determined in the homogenous Caucasian 
population [1]. The overall accuracy was 97.1 (95% CI: 
96.12–97.82%).

Logistic regression indicated no effect of latitude (odds 
ratio = 1.010, p = 0.735) and longitude (odds ratio = 1.000, 
p = 0.972) on the number of correct matches. However, 
if the compared palatal pairs belonged to strangers with 
an opposite sex, the prediction rate increased 5.4 times 
(odds ratio = 5.4, p < 0.001).

Identification based on scan superimposition
Representative cases for the intra- and between-subject 
superimposition are illustrated in Fig.  3. The between-
subjects variability (1.068–0.214 mm) did not overlap the 
repeatability range (0.011–0.093  mm) (Table  2; Fig.  4). 
Sex differences did not significantly affect the MAD in 
the multiple linear regression analysis (partial correla-
tion = -0.06, p = 0.343). Longitude difference showed a 
weak negative correlation with MAD (partial correlation 
= -0.16, p < 0.01), whereas latitude difference had a weak 
correlation with marginal significance level (partial cor-
relation = -0.12, p = 0.058).

Table 2  The intra- (repeatability) and between-subjects mean absolute deviation (in mm)
Mean C.I. lower C.I. upper Median Q1 Q3 Min Max

Repeatability 0.029 0.025 0.033 0.025 0.010 0.040 0.011 0.093
Between-subjects 0.476 0.460 0.493 0.457 0.309 0.605 0.214 1.068
C.I. 95% Confidence interval

Q1, First quartile

Q3, Third quartile

Min, The lowest values

Max, The highest value

Fig. 3  Color heat maps of scan superimposition of representative cases. The color code shows the difference between the two scans between − 800 mi-
crons and + 800 microns in the positive and negative directions. Green indicates a value close to zero. The deeper in red or blue, the greater the distance 
is between the two scans in the particular area. Yellow is the intermediary range. The grey area indicates a part that was not included in one of the scans. 
(A) The color map displays the superimposition of two repeated scans from a female individual of Turkish descent. (B) A superimposed image showcases 
a Turkish female and a male of Chinese origin. (C) The comparison involves the superimposition of scans from two distinct Turkish female individuals
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Although ethnicity and sex influenced neither geomet-
ric discrimination nor the accuracy of superimposition 
identification, height significantly correlated with latitude 
(partial correlation = 0.59, p < 0.001), longitude (partial 
correlation = -0.46, p < 0.001), and sex (partial correla-
tion = 0.71, p < 0.001). The depth was significantly depen-
dent on longitude (partial correlation = -0.32, p < 0.05) 
and sex (partial correlation = 0.31, p < 0.05), but not on 
latitude (partial correlation = -0.13, p = 0.332). The width 
was significantly influenced by sex (r = 0.38, p < 0.01) but 
not by latitude (partial correlation = 0.18, p = 0.174) and 
longitude (partial correlation = 0.21, p = 0.117).

Sex determination by geometry
The former linear discriminative function with the vari-
ables measured in the current population could recog-
nize females over males with 69.0% sensitivity (95% CI: 
0.53–0.82%), which was not significantly (p = 0.089) lower 
compared to the homogenous Caucasian (82.2%, 95% CI: 
0.72–0.89%) [1]. Contrarily, the specificity (62.5%, 95% 
CI: 0.36–0.84%) was significantly (p < 0.05) lower than in 
the homogenous population (89.3%, 95% CI: 0.71–0.97%). 
The overall accuracy was 67.24 (95% CI: 53.66–78.99%).

Discussion
Identification based on palatal geometry and by 
superimposition of digital scans
Based on our findings, digital forensic analysis of the 
palatal vault emerges as an efficient, rapid, and accurate 

method for human identification, with no limitations 
imposed by the population. The palatal geometric-based 
method demonstrated a sensitivity of 91.2% and speci-
ficity of 97.1% in the test or validation population from 
different countries. Incredibly, these results showed 
remarkable similarity (no overlap in confidence intervals) 
to the values (91.2% and 97.8%) obtained in the training 
set using a homogenous Caucasian population [1]. In 
conclusion, the previously proposed discriminant func-
tion could be successfully applied to a different mixed 
population.

Similarly, the superimposition method exhibited 
minimal deviations, with 214  μm for the smallest 
between-subjects deviation and 93  μm for the highest 
repeatability in the current mixed population. These val-
ues were remarkably close to that of the previously inves-
tigated Caucasian population, which reported 208  μm 
and 106  μm, respectively [11]. Notably, the previous 
study set the lower between-subjects threshold using the 
difference between mono-zygotic twin siblings, which is 
expected to be smaller than between two non-relatives.

Hence, the superimposition and geometric identifica-
tion methods demonstrated consistency across diverse 
populations, irrespective of race and sex, indicating their 
generalizability.

Taneva et al. [8] found that both the indirect (gyp-
sum model scan) and direct (intraoral scan) methods 
can be used to distinguish between subjects based on 
the superimposition method in the U.S. population. 

Fig. 4  Scatterplot of the mean absolute distance (MAD) among subjects. Green dots depict the repeatability, and the blue color indicates between-
subjects MAD. The blue dot shows the alignment between subjects having the same sex. The blue cross shows the alignment between subjects having 
the opposite sex. The box label indicates the highest repeatability and the lowest between-subjects MAD
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They measured the deviation of the rugae’s endpoint. 
Depending on the landmarks, the threshold values were 
set between 23 and 97  μm for identical subjects and 
15–248 μm for strangers.

Gibelli et al. [9] used scanned gypsum models to super-
impose palates. However, they set a 500  μm threshold 
value to distinguish between an individual and a stranger. 
The high threshold value could be due to the indirect 
digitization method. In line with this, a recent study [14] 
indicated that the inaccuracy of indirect digitization 
might limit identification. First, making a palatal impres-
sion without flaws and bubbles is challenging. Second, 
the additional steps, such as creating a gypsum cast and 
laboratory digitization, increase the overall error. Fur-
thermore, the IOS is quicker and more straightforward at 
a disaster site and does not tear deteriorated tissue.

In another study [10], the IOS was used to discrimi-
nate between strangers and identical scans. The applied 
threshold for discrimination was lower (300  μm) than 
that of the study using indirect digitization [9]. Never-
theless, this value was still high compared to the current 
study (218  μm). Furthermore, in some cases, the devia-
tion between identical twin siblings was as low as 208 μm 
[11]. The 300  μm value might relate to the older IOS 
version, the Omnicam (Dentsply Sirona) [10]. However, 
the graphical illustration in that manuscript indicated 
that the intra-subject repeat was less than 100 μm. Con-
sequently, their selection of an excessively high cut-off 
value probably was too conservative.

Sex determination based on palatal geometry and by 
superimposition of digital scans
The sex difference between subjects did not improve the 
discriminative potential of the superimposition tech-
nique, and the subject’s country of origin had only a 
minor effect. Therefore, the superimposition method 
seems unsuitable for sex determination. Neverthe-
less, the sex discriminative function based on geom-
etry resulted in lower sensitivity and specificity (69.0%, 
62.5%) in a population with different countries com-
pared to homogenous ones (82.2% sensitivity and 89.3% 
specificity) [1]. Interestingly, the male had a lower match 
(specificity) than the female (sensitivity) in the current 
data set. However, in the training set, the opposite was 
found. The male had a higher match (specificity) than the 
female. The height had the highest discrimination poten-
tial in the Fisher’s Linear Discriminant function [1] and 
was strongly correlated with sex. The standard deviation 
of height, depth, and width were 1.1, 2.6, and 2.5 mm in 
females and 3.1, 3.6, and 2.4 mm in males in this mixed 
ethnical population. As females have three times less 
variation (standard deviation) in height, it might cause a 
higher sensitivity to find them. However, in the previous 
training set, the height standard deviation was slightly 

different between the sexes. The function was developed 
in the training set and was applied without any modifi-
cation to the test set. Therefore, the difference in height 
standard deviations between populations could cause the 
weaker and opposite sensitivity of the current results.

Furthermore, Males had a larger palate than females in 
the Hungarian population [1], in the Lebanese popula-
tion [24], and in India [25]. However, the height was sig-
nificantly influenced by the latitude and longitude in our 
study, suggesting a synergetic effect of sex and population 
on height. Consequently, the variance between popula-
tions could prevent accurate sex determination.

An implication for ethnic differentiation based on palatal 
geometry
Antemortem and postmortem scan comparisons could 
be valuable in mass disasters by suggesting the likeli-
hood of ethnic differences. This could help direct further 
forensic investigation by indicating the country of origin 
where antemortem data should be explored.

There is no precise definition of race or ethnicity. 
While the differences between distant populations, such 
as Chinese and Caucasians, are clear, more subtle—like 
those between Germans and Greeks or Persians and 
Iraqis—are less pronounced. We hypothesized that the 
geographic distance between countries of origin is more 
reliable (objectively measured on a continuous scale) 
than subjective classifications such as Black, Caucasian, 
Arabic, Indian, or Asian.

Our results indicated that the identification based on 
either method is not affected by the country of origin, 
suggesting that the particular person primarily deter-
mines the palatal vault. However, sex, latitude, and lon-
gitude significantly affected height and depth. Thus, 
northern and western people have a higher palate than 
southern and eastern people. Westerners also have a 
slightly deeper palate than Easterners.

The stronger correlation of sex with the geometry com-
pared to the latitude and longitude suggests that ethnic-
ity cannot be reliably predicted without first determining 
sex. Therefore, a large-scale study, including a well-bal-
anced distribution of males and females across various 
countries, is necessary. Based on our current findings, 
such a study would have the potential to provide a gen-
eralized discriminant function for ethnic prediction. Our 
pilot study may facilitate the start of international collab-
oration for that purpose.

Strengths and limitations
The strength of the study is that the validation of the 
geometric and superimposition-based identification and 
sex determination method was done in an unforeseen 
scenario without the intention to affect the participant’s 
inclusion or exclusion. As a result, the countries of origin 
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and the sex distribution were coincidental. The unevent-
ful distribution could be the reason that sex determina-
tion was significantly lower than previously found in a 
more significant subset. Consequently, new sex deter-
mination classification functions should be developed in 
an extensive training dataset where the participants are 
selected consciously from several geographic locations, 
each including many males and females.

Another limitation may be that only one quadrant is 
routinely scanned for restorations with only one or three 
teeth. Therefore, the ante-mortem scan may include 
only half of the arch, while the post-mortem scan may 
be damaged on the ipsilateral side, making the matching 
process difficult. Recently, it has been shown that the pal-
ate is quite symmetrical in the sagittal plane [26]. How-
ever, the morphology of the rugae and the overall vault 
are significantly different between the sides [27], which 
prevents the use of the contralateral side for matching.

The geometric-based identification method performed 
excellently in unplanned forensic scenarios. However, 
only 87% of the participants can be analyzed as three 
subjects had at least one maxillary first molar missing, 
making distance measurements impossible. During the 
previous development of the identification algorithm, 
a slightly higher percentage (16%) should have been 
excluded due to missing first molars [1]. The inclusion of 
some older subjects may explain this. The percentage of 
missing molars in the extensive forensic dental database 
Odontosearch is similar to our results [3]. Contrarily, the 
superimposition-based method could be applied accu-
rately in cases where the palatal geometry could not be 
determined. However, superimposition has the limita-
tion of being slower and more computationally intensive. 
Without automatized software, the manual alignment 
limits the evaluation of between-subject comparisons in 
research as more subjects are included in the sample; the 
number of pairs or combinations can overgrow, following 
the quadratic function. Therefore, the researcher usually 
makes a subset by randomly selecting pairs from all pos-
sible combinations [9, 10].

The current limitation of both methods is the missing 
centralized database for ante-mortem intraoral scans; 
however, some attempts have been made recently [28].

While dental records, fingerprints, and DNA remain 
the primary identification methods [29, 30], intraoral 
scanners have emerged as a potential tool for human 
identification using dental morphology and the anterior 
palate [1, 8–10, 15–17, 31, 32]. Digital records offer faster 
database searches, and a statistically based comparison 
algorithm not only provides binary match/no-match 
results but also assigns a probability to each outcome 
[18], enhancing the reliability of identification. How-
ever, this method should not be considered a primary 
identifier. Instead, it complements existing methods by 

narrowing down the pool of antemortem data and sup-
porting other identification approaches. Given the clear 
advantages of intraoral scanners, we suggest they be con-
sidered an additional forensic investigation tool, though 
they are not yet part of standard practice.

Conclusion
Palatal vault geometry is a good candidate for forensic 
feature comparison because the proposed discriminant 
function can be used universally, making this iden-
tification method independent of population. Rapid 
pre-screening of palatal geometric data followed by 
superimposition of the selected scans can increase the 
accuracy of human identification.

Sex can also be determined from palatal geometry but 
with moderate accuracy. However, an international study 
with a large sample size is needed to determine the coef-
ficient of such a discriminant function.
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