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Abstract
Non-metric traits are anatomical variants of the human skeleton that are commonly used as morphological descriptors 
and have shown potential for personal identification. Although their frequencies are reported for different contemporary 
and archaeological populations, very little is known about their origins and even less is reported about their reciprocal 
correlations.

This study aims at assessing the possible correlation among 21 different non-metric traits of the cranium (12 pair and 
symmetric, 9 unpaired and median) to verify if they are correlated one with each other. The variants were observed on 733 
CT-scan collected from the radiological databases of two Italian hospitals. A pairwise correlation analysis among features 
was performed using Pearson’s correlation index (|r|).

Results show that only four significant positive correlations were found, namely between number of septa and scal-
lops in the frontal sinuses, between the pneumatization of pterygoid processes and greater wings bilaterally, and between 
the pneumatization of greater wings and clinoid processes on the left side with a |r| between 0.333 and 0.650. The single 
negative correlation was between metopism and number of scallops in the frontal sinuses with a |r| of -0.408 (p < 0.05).

This study shows that most of anatomical variants are largely independent one from the others: this novel information 
represents a starting point for an in-depth study on the origin of non-metric traits and confirms their potential for personal 
identification.
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scan · personal identification

Received: 22 December 2025 / Accepted: 23 March 2026
© The Author(s) 2026

Non-metric traits of the cranium: are they related one with each other? 
A novel approach to skeletal variants

Andrea Palamenghi1,2  · Sofia Alemanno3 · Antonio José Aragon Molina4 · Giulia Caccia1,3 · Michaela Cellina5 · 
Salvatore Cappabianca6 · Alfonso Reginelli6 · Ferdinando Caranci6 · Ruggero Donida Labati4 · Fabio Scotti4 · 
Vincenzo Piuri4 · Debora Mazzarelli1 · Annalisa Cappella2,7 · Carlo Pietro Campobasso3 · Cristina Cattaneo1 · 
Danilo De Angelis1 · Daniele Maria Gibelli2

1 3

https://doi.org/10.1007/s00414-026-03783-4
http://orcid.org/0000-0002-9292-6761
http://crossmark.crossref.org/dialog/?doi=10.1007/s00414-026-03783-4&domain=pdf&date_stamp=2026-3-28


International Journal of Legal Medicine

Introduction

In biological anthropology, non-metric traits represent skel-
etal variants, qualitatively assessable and lacking a Mende-
lian transmission [1]; for this reason, some authors refer to 
them as “discrete”, “discontinuous or quasi-continuous” or 
“epigenetic”, although their origin is far from being clarified, 
especially for what concerns the respective contribution of 
genes and environment. For more than two centuries these 
variants have been considered mere skeletal anomalies and 
most of them are commonly used as general descriptors in 
the analysis of skeletal remains. In bioarchaeology, the pres-
ence of the same non-metric traits in different skeletons is 
considered a hint of their common familiar groups, although 
their heritability is highly debated [2]. In the last years non-
metric traits are gaining a novel importance especially for 
the chance of classifying human remains for identification 
purposes.

In forensic anthropology, non-metric traits may be 
used as individualizing features in personal identification 
of human remains, which represents the goal of a death 
investigation, with crucial legal and ethical implications 
[3, 4]. Personal identification is a comparative scientific 
procedure between biological details obtained from the 
remains, i.e., postmortem (PM) data, and information 
related to missing persons (antemortem, AM) with a 
similar biological profile (sex, population affinity, age-at-
death and stature) to the unidentified remains [5]. While 
conventional primary identifiers (i.e., DNA, fingerprints 
and odontological features) are the most reliable to pro-
vide identification [6, 7], in some instances they may be 
inconsistent or unavailable. Such limitations have been 
documented across a wide range of contexts, including 
routine forensic casework, humanitarian investigations, 
and mass disaster scenarios [8–10]. In these situations, 
direct biological relatives necessary for DNA comparison 
be unreachable, unknown or may even refuse to coop-
erate, as well as access to fingerprints and antemortem 
dental records may be limited, entirely absent or impos-
sible to obtain. These constraints can significantly hinder 
the identification process based on primary identifiers 
and highlight the need for complementary approaches. 
Indeed, secondary identifiers are increasingly gaining 
attention as valid markers [11], especially for what con-
cerns skeletal features visible and easily detectable from 
medical imaging techniques such as conventional X-rays 
analysis and CT-scan [12–15]. The range of possible 
identifying features is very large, including morphology 
of skeletal and dental anatomical details [16–22], and 
even skin descriptors such as nevi and scars [23–27].

In the last decade, several authors have explored the poten-
tial of non-metric traits for personal identification [28–34]. 

In addition to the assessment of their presence, location and 
morphology to evaluate possible correspondences between 
antemortem and postmortem records, these variants allow 
the anthropologist to apply a statistical framework based on 
known frequencies within groups. Watamaniuk and Rogers 
[35]recorded frequencies of morphological traits on thoracic 
vertebrae from X-rays and suggested their use to calculate 
the strength of matches and the expected number of people 
showing a specific pattern of traits in the Identification Uni-
verse (i.e., the group of individuals that should represent the 
unidentified remains, such as a missing person list). Fre-
quencies of multiple traits can be multiplied together via the 
product rule (compound frequencies) and Likelihood Ratios 
(LR) can be produced as well to strengthen the observation 
based on morphological elements and support the identifica-
tion within a statistical framework, similarly to DNA results 
[36–38]. Palamenghi et al. applied this approach to different 
population groups [39, 40]. The results showed strong LR 
and very low probabilities to find two people sharing the 
same set of cranial traits, demonstrating the potential of cre-
ating a unique pattern or code based on presence or absence 
of specific non-metric traits, univocally referring to a single 
individual [40].

However, this approach, although it seems promising, 
requires the independence of non-metric traits one from 
each other: in fact, possible correlation, if significant and 
with a high correlation index, may lead to a repetition of 
frequencies and the compound frequency [35]. Therefore, 
the independence of traits should be carefully assessed and 
proven before using the statistical tools offered by the fre-
quencies of these features.

The present study specifically aims at consolidating the 
statistical framework for personal identification by system-
atically investigating reciprocal correlations among cranial 
non-metric traits in two samples from two Italian cities, 
assessed through CT-scan examinations. Verifying the 
assumption of independence is a fundamental step to sup-
port the robust application of compound frequencies, while 
also providing additional insights into the biological origin 
of these variants.

Materials and methods

In total, 733 CT-scans were acquired from two Italian hos-
pitals in the cities of Milan (200 CT-scans, 109 from male 
and 91 from female patients) and Naples (533 CT-scan, 305 
from male and 228 from female patients), respectively. The 
research was conducted in accordance with the Declaration 
of Helsinki and the study was approved by the local ethi-
cal committees of the two hospitals (7331/2019 for Milan, 
0001708/I for Naples).
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The acquisition protocol included the following set-
tings: 120 kV, 320 mAs, 40 × 0.6 mm collimation, 1-second 
tube rotation, 1  mm reconstruction thickness, with H21s 
(smooth) filters for soft tissue and H60 (sharp) filters for 
bone structures. The scans were primarily performed to 
investigate suspected cranial fractures in cases of trauma, 
sinusitis, or neurological conditions. Patients affected by 
traumatic lesions, congenital or acquired cranial deformi-
ties, or diseases affecting the cranium were excluded from 
the analysis. Overall, the sample included 414 males (mean 
age: 53.5 ± 19.3 years) and 319 females (mean age: 54.2 ± 19 
years).

Each CT-scan was loaded individually on the open-
source DICOM visualizer software ITK-SNAP [41] to 
evaluate the anatomical variants in sagittal, coronal and 
transverse planes. A set of 21 cranial non-metric traits (12 
pair and symmetric, 9 unpaired and median) was assessed 
and scored as described in Table 1. Eventually, since 12 
traits were bilateral, 33 variants were concurrently assessed 
for each CT-scan by two observers.

Statistical analyses

A pairwise correlation analysis between features was 
performed using Pearson’s correlation coefficient (|r|). 
Pearson’s correlation coefficient was selected because 
the dataset includes both binary traits and ordinal/count 
variables (e.g., number of septa and scallops in frontal 
sinuses), and a unified correlation framework was pre-
ferred for comparability across all traits. The primary 
objective of this study was to test pairwise independence, 
which is the critical assumption underlying the product 
rule and compound frequency calculations used in foren-
sic identification frameworks. Positive correlations imply 
that both features tend to appear together, while nega-
tive correlations indicate that the presence of one fea-
ture is associated with the absence of the other. To ensure 
relevance, the study focused on correlations with an 
absolute value greater than 0.3, as this threshold helped 
distinguish meaningful associations from background 
noise, based on comparisons with randomized data. From 
a methodological perspective, it is acknowledged that 
the absence of linear correlation (Pearson’s coefficient) 
does not strictly imply stochastic independence, unless 
the variables follow a joint Gaussian distribution. How-
ever, given the discrete and predominantly binary nature 
of non-metric traits, the pairwise correlation analysis 
represents the most robust proxy to detect dependencies. 
Consequently, traits showing negligible correlation were 
considered unlikely to introduce substantial redundancy 
in compound frequency calculations.

Results

The Milan and Naples samples were grouped together to 
analyze the significant positive and negative correlations 
among the variants in the entire dataset. Among all the pos-
sible correlations according to 12 pair and symmetric and 9 
unpaired and median non-metric traits, only five were found 
significant (p < 0.05); four out of five presented positive cor-
relations, namely between the number of septa and scallops 
in the frontal sinuses, between the pneumatization of ptery-
goid processes and greater wings bilaterally, and between 
the pneumatization of greater wings and clinoid processes 
on the left side (Figs. 1, 2 and 3) with a |r| between 0.333 and 
0.650. Only the correlation between metopism and number 
of scallops in the frontal sinuses was negative, with a |r| of 
-0.408 (Table 2; Fig. 4).

The correlations are confirmed when data are analyzed 
separately according to sex, except for the correlation 
between pterygoid process and the greater wings on the 
right side which was observed in males, but not in females. 
Moreover, a novel correlation was found between the pneu-
matization of the greater wings and the clinoid processes, 
but only in males. For positive correlations, |r| ranged 
between 0.311 and 0.659, whereas for the unique negative 
correlation (between metopism and scallops of the frontal 
sinuses) it was -0.438 in males, -0.370 in females (Table 3)

The descriptive statistics of each trait considered in the 
study are reported in Table 4

Discussion

Anatomical variants represent the modifications of the 
body anatomy due to genetic and environmental causes. 
With time, the concept of anatomical variant has changed, 
passing from a mere “joke of nature” (lusus naturae) [1] to 
important factors possibly influencing different disciplines, 
from clinics and surgery to forensic anthropology, although 
its precise definition is still elusive.

In the field of personal identification of human remains, 
skeletal and dental morphological features are gaining a 
growing importance thanks to their high individualizing 
power [11, 28, 42]. Among these, non-metric traits are 
included and are worth being explored in depth for their 
individualizing potential. The value of non-metric traits in 
the process of personal identification has been extensively 
demonstrated in a comparative qualitative process [28–33]. 
In addition, novel statistical approaches can be built upon 
frequencies of variants providing a code which can support 
the preliminary search of possible suspects of identity, it can 
be used in the comparison between antemortem and post-
mortem data, and it quantifies the individuality of a specific 

1 3



International Journal of Legal Medicine

several studies have investigated this issue, but the findings 
have often been inconsistent or inconclusive [1].

The present article aimed at verifying the reciprocal cor-
relation among 21 cranial non-metric traits (12 pair and 
symmetric and 9 unpaired and median, for a total of 33 
features) throughout CT-scan assessment. Results showed 
that, among the possible 1024 correlations which could be 

mix of variants [40, 43]. However, this statistical approach 
requires reciprocal independence of non-metric traits as 
compound frequency needs to be calculated starting from 
independent traits [36–38]. Despite this crucial point, the 
independence of cranial non-metric traits remains a highly 
debated topic in anthropology Indeed, over the years, 

Trait Description Pair and 
symmetric

Unpaired 
and median

Scoring

Metopism Persistent suture along the mid-
line of the frontal bone

X Present/absent

Number of septa in 
the frontal sinuses

Number of bony laminae divid-
ing each sinus in pouches

X Number of septa

Number of scal-
lops in the frontal 
sinuses

Number of pouches in the supe-
rior portion of each sinus

X Number of 
scallops

Foramen of 
Vesalius

Additional foramen anterior to 
the oval foramen in the medial 
portion of the greater sphenoid 
wing

X Present/absent

Pharyngeal tubercle Tubercle on the inferior aspect of 
the pars basilaris of the occipital 
bone

X Present/absent

Pharyngeal canal Complete or incomplete canal on 
the pars basilaris of the occipital 
bone

X Present com-
plete/present 
incomplete/absent

Supraorbital 
foramen

Foramen on the superior margin 
of the orbit instead of the supra-
orbital notch

X Present/absent

Number of acces-
sory supraorbital 
foramina

Accessory foramen close to the 
supraorbital notch

X Present/absent

Number of acces-
sory zygomatic 
foramen

Accessory foramina on the zygo-
matic bone

X Present/absent

Nasal septal spur Bony spur in the nasal septum X Present/absent
Palatine torus Bony protuberance along the 

median part of the hard palate
X Present/absent

Maxillary torus Bony protuberance on the palatal 
surface of the molar alveoli

X Present/absent

Pneumatization of 
crista galli

Pneumatized crista galli of the 
ethmoid bone

X Present/absent

Pneumatization of 
middle turbinate

Pneumatized middle turbinate X Present/absent

Paradoxical middle 
turbinate

Convexity of the middle turbi-
nate laterally oriented

X Present/absent

Pneumatization of 
dorsum sellae

Pneumatized dorsum sellae of 
the sphenoid bone

X Present/absent

Pneumatization of 
clinoid processes

Pneumatized clinoid processes of 
the sphenoid bone

X Present/absent

Pneumatization of 
greater wings

Pneumatized greater wings of 
the sphenoid bone

X Present/absent

Pneumatization of 
pterygoid processes

Pneumatized pterygoid processes 
of the sphenoid bone

X Present/absent

Lesser palatine 
foramina

Accessory foramina close to the 
greater palatine foramina

X Present/absent

Palatine bridge Bony spicules partly or com-
pletely connecting the surface of 
palatine bones

X Present com-
plete/present 
incomplete/absent

Table 1  Description and scoring 
of the cranial non-metric traits 
included in the study
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deterministic, meaning that the presence or absence of one 
variant cannot reliably predict the presence or absence of 
another correlated trait. Such evidence may therefore sup-
port the usefulness of compound probability approaches 
in personal identification, since largely independent traits 
can increase discriminatory power when considered jointly. 
Nevertheless, although the correlations appear modest, it is 
important to stress that pairwise independence constitutes 
a necessary but not sufficient condition for full joint inde-
pendence among multiple traits. In other words, even weak 

found among all the 33 features, only five showed a signifi-
cant correlation: this information highlights that non-metric 
traits seem to be largely independent one from each other. As 
non-metric traits have combined genetic and environmental 
causes, one may conclude that these vary according to a 
single variant, although their precise origin is still unknown. 
The significant correlations observed are generally weak, as 
their absolute correlation coefficients remain below 0.7 for 
positive associations and above − 0.7 for negative ones. This 
indicates that the relationships between traits are far from 

Fig. 2  A Bilateral pneumatization of the greater wings of the sphenoid bone (white arrows); B Bilateral pneumatization of the pterygoid processes 
of the sphenoid bone (white arrows)

 

Fig. 1  Septa (white arrows) and 
scallops (white asterisks) of the 
frontal sinuses
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dependencies between individual trait pairs may accumu-
late when several variants are analyzed together, potentially 
introducing bias into compound frequency estimates. This 
issue should be carefully evaluated in forensic applications, 
where accurate probability assessments are essential for 
reliable identification.

As for the few significant correlations, an explanation 
can be proposed. For instance, the number of septa clearly 
influences the number of scallops in the frontal sinuses: an 
increase in septa naturally results in a greater subdivision of 
the pneumatized space, thereby producing a higher number 
of scallops [44]. The correlations between different variants 
of pneumatization of the sphenoid bone (pterygoid processes 
and greater wings, greater wings and clinoid processes) can 
be justified by the same biological pneumatizing processes 

Table 2  Significant correlations between features in the entire dataset 
(Table 3)
Trait 1 Trait 2 Correlation
Number of septa in the 
frontal sinuses

Number of scallops in the 
frontal sinuses

0.650

Pneumatization of ptery-
goid processes (left)

Pneumatization of greater 
wings (left)

0.377

Pneumatization of ptery-
goid processes (right)

Pneumatization of greater 
wings (right)

0.355

Pneumatization of greater 
wings (left)

Pneumatization of clinoid 
processes (left)

0.333

Metopism Number of scallops in the 
frontal sinuses

-0.408

Table 3  Significant correlations between features in males and females. 
NS: not significant correlation 
Trait 1 Trait 2 Correlation |r|

Males Females
Number of septa in the 
frontal sinuses

Number of scallops in 
the frontal sinuses

0.659 0.630

Pneumatization of 
pterygoid processes 
(left)

Pneumatization of 
greater wings (left)

0.429 0.311

Pneumatization of 
pterygoid processes 
(right)

Pneumatization of 
greater wings (right)

0.418 NS

Pneumatization of 
greater wings (right)

Pneumatization of cli-
noid processes (left)

0.330 NS

Pneumatization of 
greater wings (left)

Pneumatization of cli-
noid processes (left)

0.325 0.349

Metopism Number of scallops in 
the frontal sinuses

-0.438 -0.370

Fig. 4  Persistent metopic suture (white arrow) and scallops of the fron-
tal sinuses (white asterisks)

 

Fig. 3  A Bilateral pneumatization of the greater wings of the sphenoid bone (white arrows); B Bilateral pneumatization of the clinoid processes 
of the sphenoid bone (white arrows)
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Males Naples Males Milan Females Naples Females Milan
Trait Feature N Frequency N Frequency N Frequency N Frequency
Metopism 0 288 0.94 107 0.98 217 0.95 91 1.00

1 18 0.06 2 0.02 11 0.05 0 0.00
Number of septa in the frontal sinuses 0 74 0.24 13 0.12 60 0.26 11 0.12

1 65 0.21 22 0.20 48 0.21 32 0.35
2 52 0.17 34 0.31 61 0.27 24 0.26
3 55 0.18 31 0.28 33 0.14 18 0.20
4 35 0.11 5 0.05 14 0.06 3 0.03
5 16 0.05 2 0.02 7 0.03 1 0.01
6 6 0.02 1 0.01 3 0.01 1 0.01
7 3 0.01 0 0.00 0 0.00 0 0.00
8 0 0.00 1 0.01 2 0.01 1 0.01

Number of scallops in the frontal sinuses 0 17 0.06 2 0.02 8 0.04 1 0.01
1 7 0.02 2 0.02 7 0.03 0 0.00
2 31 0.10 1 0.01 28 0.12 1 0.01
3 44 0.14 4 0.04 36 0.16 9 0.10
4 44 0.14 14 0.13 55 0.24 16 0.18
5 57 0.19 23 0.21 47 0.21 18 0.20
6 41 0.13 20 0.18 25 0.11 17 0.19
7 32 0.10 15 0.14 15 0.07 14 0.15
8 25 0.08 15 0.14 5 0.02 8 0.09
9 6 0.02 4 0.04 0 0.00 3 0.03
10 1 0.00 6 0.06 1 0.00 3 0.03
11 1 0.00 2 0.02 1 0.00 1 0.01
12 0 0.00 1 0.01 0 0.00 0 0.00

Foramen of Vesalius (right) 0 68 0.22 31 0.28 52 0.23 40 0.44
1 238 0.78 78 0.72 176 0.77 51 0.56

Foramen of Vesalius (left) 0 59 0.19 40 0.37 54 0.24 48 0.53
1 247 0.81 69 0.63 174 0.76 43 0.47

Pharyngeal tubercle 0 19 0.06 4 0.04 29 0.13 5 0.05
1 287 0.94 105 0.96 199 0.87 86 0.95

Pharyngeal canal 0 (absent) 257 0.84 83 0.76 201 0.88 71 0.78
1 (incomplete) 44 0.14 23 0.21 25 0.11 20 0.22
2 (complete) 5 0.02 3 0.03 2 0.01 0 0.00

Pneumatization of dorsum sellae 0 169 0.55 104 0.95 115 0.50 88 0.97
1 137 0.45 5 0.05 113 0.50 3 0.03

Supraorbital foramen (right) 0 207 0.68 96 0.88 147 0.64 77 0.85
1 99 0.32 13 0.12 81 0.36 14 0.15

Supraorbital foramen (left) 0 209 0.68 94 0.86 127 0.56 74 0.81
1 97 0.32 15 0.14 101 0.44 17 0.19

Number of accessory supraorbital foramina (right) 0 203 0.66 66 0.61 163 0.71 64 0.70
1 103 0.34 43 0.39 65 0.29 27 0.30

Number of accessory supraorbital foramina (left) 0 205 0.67 62 0.57 153 0.67 54 0.59
1 101 0.33 47 0.43 75 0.33 37 0.41

Number of accessory zygomatic foramen (right) 0 107 0.35 8 0.07 103 0.45 7 0.08
1 199 0.65 101 0.93 125 0.55 84 0.92

Number of accessory zygomatic foramen (left) 0 102 0.33 5 0.05 92 0.40 5 0.05
1 204 0.67 104 0.95 136 0.60 86 0.95

Nasal septal spur 0 179 0.58 69 0.63 130 0.57 54 0.59
1 127 0.42 40 0.37 98 0.43 37 0.41

Pneumatization of crista galli 0 289 0.94 101 0.93 217 0.95 85 0.93
1 17 0.06 8 0.07 11 0.05 6 0.07

Pneumatization of middle turbinate (right) 0 269 0.88 80 0.73 177 0.78 69 0.76
1 37 0.12 29 0.27 51 0.22 22 0.24

Table 4  Descriptive statistics of the non-metric traits. Number of individuals (N) and related frequencies of each trait
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possible correlations between metopism and size of frontal 
sinuses.

Finally, the analysis of correlations among non-metric 
traits produced the same results when males and females 
were considered separately: this result possibly suggests 
that the chosen non-metric traits do not show significant dif-
ferences according to sex, once again stressing their impor-
tance for a possible identification procedure.

This article is nevertheless affected by some limitations, 
such as the origin of CT-scans from two different hospitals: 
this choice was taken to provide a large number of individu-
als for statistical analyses. Although the two groups belong 
to the same country, possible local geographical variations 
cannot be excluded. The next studies will focus on increas-
ing the sample size of both populations to verify possible 
geographic differences.

and the anatomical proximity of its air-filled structures 
within the same bone. In fact, the tendency of pneumatized 
areas to expand into adjacent regions may result in develop-
mental overlap, producing the observed associations among 
these variants [45, 46].

Correlation between persistence of metopic suture and 
development of frontal sinuses is a highly debated topic 
in literature: some authors found that metopism is weakly 
related to the agenesis of frontal sinuses [47], whereas other 
articles did not find any relationship between the persis-
tence of metopic suture and the size of pneumatized fron-
tal areas [48, 49]. The present article found that the frontal 
sinuses show less subdivisions in scallops in case of per-
sistent metopic suture, which may be indirectly linked to 
a small size. However, as metrical measurements were not 
taken into consideration, no conclusions can be drawn about 

Males Naples Males Milan Females Naples Females Milan
Trait Feature N Frequency N Frequency N Frequency N Frequency
Pneumatization of middle turbinate (left) 0 254 0.83 73 0.67 183 0.80 60 0.66

1 52 0.17 36 0.33 45 0.20 31 0.34
Paradoxical middle turbinate (right) 0 252 0.82 82 0.75 195 0.86 69 0.76

1 54 0.18 27 0.25 33 0.14 22 0.24
Paradoxical middle turbinate (left) 0 242 0.79 82 0.75 200 0.88 70 0.77

1 64 0.21 27 0.25 28 0.12 21 0.23
Pneumatization of pterygoid processes (right) 0 258 0.84 88 0.81 186 0.82 71 0.78

1 48 0.16 21 0.19 42 0.18 20 0.22
Pneumatization of pterygoid processes (left) 0 246 0.80 83 0.76 186 0.82 72 0.79

1 60 0.20 26 0.24 42 0.18 19 0.21
Pneumatization of greater wings (right) 0 270 0.88 81 0.74 191 0.84 73 0.80

1 36 0.12 28 0.26 37 0.16 18 0.20
Pneumatization of greater wings (left) 0 258 0.84 83 0.76 186 0.82 72 0.79

1 48 0.16 26 0.24 42 0.18 19 0.21
Pneumatization of clinoid processes (right) 0 275 0.90 91 0.83 205 0.90 73 0.80

1 31 0.10 18 0.17 23 0.10 18 0.20
Pneumatization of clinoid processes (left) 0 271 0.89 90 0.83 207 0.91 78 0.86

1 35 0.11 19 0.17 21 0.09 13 0.14
Lesser palatine foramina (right) 0 23 0.08 5 0.05 13 0.06 9 0.10

1 283 0.92 104 0.95 215 0.94 82 0.90
Lesser palatine foramina (left) 0 23 0.08 4 0.04 12 0.05 9 0.10

1 283 0.92 105 0.96 216 0.95 82 0.90
Palatine bridge 0 (absent) 63 0.21 6 0.06 54 0.24 2 0.02

1 (incomplete) 224 0.73 89 0.82 167 0.73 83 0.91
2 (complete) 19 0.06 14 0.13 7 0.03 6 0.07

Palatine bridge 0 (absent) 59 0.19 5 0.05 56 0.25 4 0.04
1 (incomplete) 229 0.75 94 0.86 157 0.69 83 0.91
2 (complete) 18 0.06 10 0.09 15 0.07 4 0.04

Palatine torus 0 232 0.76 87 0.80 159 0.70 75 0.82
1 74 0.24 22 0.20 69 0.30 16 0.18

Maxillary torus (right) 0 289 0.94 99 0.91 214 0.94 85 0.93
1 17 0.06 10 0.09 14 0.06 6 0.07

Maxillary torus (left) 0 291 0.95 98 0.90 217 0.95 86 0.95
1 15 0.05 11 0.10 11 0.05 5 0.05

Table 4  (continued) 
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Conclusions

In the last decades non-metric traits have been recognized as 
important factors possibly influencing clinics, surgery and 
pathology. Although their origin remains largely unclear, 
they may have a potential for personal identification in 
forensic anthropology, especially throughout frequential 
approaches aiming at calculating rareness of specific mix 
of variants and helping comparisons among different codes. 
However, this approach requires the independence of each 
variant from the other one. This study showed that the cra-
nial skeletal variants considered are substantially unrelated 
one with each other, and the few correlations have a weak 
correlation coefficient. In conclusion, the present study con-
tributes with valuable and original data to the understanding 
of cranial non-metric traits. In particular, the lack of signifi-
cant patterns of correlation provides important hints about 
the development of these variants and strengthens, upon 
further investigations, their possible application to personal 
identification.
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