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QUANTIFYING THE POTENTIAL OF MORPHOLOGICAL PARAMETERS FOR HUMAN DENTAL IDENTIFICATION: 

PART 1 PROOF OF CONCEPT 

 

ABSTRACT 

In forensic identification, lack of eccentric characteristics of intact dentitions hinders correct ante-

mortem/post-mortem (AM/PM) matching. It remains unclear which morphological dental parameters 

hold strong potential as identifiers. This study aimed to establish a method to quantify and rank the 

identifying potential of one (or a combination of) continuous morphological parameter(s), and to provide 

a proof of concept. 

First, a statistic was defined that quantifies the identifying potential: the mean potential set (MPS). 

The MPS is derived from inter-observer agreement data and it indicates the percentage of subjects in 

the AM reference dataset who at least need to be considered to detect the correct PM subject. This 

was calculated in a univariate and a multivariate setting. 

Second, the method was validated on maxillary first molar crowns of 82 3D-digitally scanned cast 

models. Standardized measurements were registered using 3D modeling software (3-Matic Medical 

12.0, Materialise N.V., Leuven, Belgium): tooth depth, angles between cusps, distances between cusps, 

distances between the cusps and the mesial pit. A random sample of 40 first molars was measured by 

a second examiner.  

Quantifying and ranking the parameters allowed selecting those with the strongest identifying 

potential. This was found for the tooth depth (1 measurement, MPS=17.1%, ICC=0.879) in the 

univariate setting, and the angles between cusps (4 measurements, MPS=3.9%) in the multivariate 

setting. As expected, the multivariate approach held significantly stronger identifying potential, but more 

measurements were needed (i.e. more time-consuming). 

Our method allows quantifying and ranking the potential of dental morphological parameters as 

identifiers using a clear-cut statistic. 

KEY WORDS: forensic sciences, forensic odontology, human dental identification, tooth morphology 
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INTRODUCTION 

The human dentition is particular as it comprises a definite arrangement of the teeth, distinct 

morphological characteristics of each tooth and possible presence of pathology and/or dental treatment. 

The combined information of these particular features holds a strong identifying potential in case post-

mortem (PM) remains of a human body are found.[1, 2] Furthermore, due to their great resistance to 

peri-mortem and post-mortem events that cause destruction of other body tissues, the teeth are a 

powerful tool for human identification. 

However, classical dental identification methods become increasingly challenging and eventually 

less powerful, since they are mainly based on comparisons of ante-mortem (AM) and PM dental 

treatment and pathology registrations. Conversely, the emphasis on prevention and patient education 

about the etiology of dental caries[3, 4] and periodontal disease[5], combined with improved oral hygiene 

have resulted in reduced treatment needs and increased numbers of intact, healthy teeth.[6, 7] 

Therefore, comparing tooth morphology has become an important tool for human identification.[8] 

Dental morphology can be compared using clinical observation of tooth specific features, such as the 

position of a cusp in relation to another, or measurements of a tooth surface. This can be useful in an 

AM or PM context. Metric comparisons can be made with a caliper or computer-aided using digital 

images. Geometric shape analysis by superimposition of digital images of teeth or tooth parts may also 

contribute to identification based on morphological features[9, 10], using two and/or three-dimensional 

medical registrations.[10, 11] Still, numerous morphological parameters can be considered, and it 

remains unclear which ones hold a strong potential as identifiers, i.e. which ones are most unique. 

In the forensic literature, attempts have been reported to determine uniqueness of the human 

dentition or parts of it. Morphological patterns of the anterior teeth have been analyzed in the context of 

human bite mark examinations.[12–14] Yet, uniqueness of the human dentition lacks sustainable 

proof.[9] Also in the fields of fingerprint or handwriting analysis, ideals of unique features have been 

sought. Although it would hypothetically be of value for the forensic practice, the belief of unique features 

to each individual is rather naive. In mathematics and logic, the term "uniqueness" refers to the property 

of being the one and only object satisfying a certain condition, i.e. “no two objects are ever the same”. 

In fact, one may question this proposition, as studies are mandatorily done in a closed set of individuals 

and as such cannot represent the global population, even when advanced statistics are applied. 

Furthermore, the idea of the need to establish uniqueness to achieve identification is somewhat 
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obsolete. This holds especially true in a legal context: it is less important to rely on a “unique” feature of 

the individual´s dentition than to systematically prove the veracity of one´s actions within the present 

evidence. Thus, although thoroughly intended, the uniqueness of the human dentition has not yet been 

proven. In the lack of established uniqueness, the reliability of forensic evidence analysis is of utmost 

importance.[15, 16]  

Nevertheless, in specific situations, especially in a closed scenario where the individuals are known 

and great amounts of information is present, identification may be possible based on individual 

characteristics. Evaluation of the morphology of the crowns of posterior teeth by means of metric 

measurements and non-metric shape analysis by superimposition of AM/PM images (i.e. photographs 

of an AM cast model and PM photographs of the cast model obtained from the remains) has been 

reported as useful in the identification of a victim of a car accident.[17] Photographs and radiographs 

are commonly taken in a clinical dental context to define a treatment plan or as auxiliary diagnostic tools. 

They register clinically detectable dental identifiers which were validated for human identification 

purposes, with morphological identifiers being the most unique, compared to treatment-based 

identifiers.[10] 

The current study aims to establish a method to quantify and rank the identifying potential of one (or 

a combination of) continuous morphological parameters, and to provide a proof of concept for this 

method using a sample of 3D first molar scans.  

 

MATERIALS AND METHODS 

 

Quantifying the potential for identification  

Mean potential set (MPS) 

Fig. 1 provides a summary overview of the method we propose in the current study.  

To quantify the potential of a dental parameter for subject identification, it is not sufficient to evaluate 

the number of observed unique values relative to the total number of subjects. After all, even if each 

subject has a unique value, a parameter might be of limited use for subject identification if it has a low 

inter-observer agreement. In practice, the parameter will be compared between a PM unknown subject 

and the AM reference database. Typically, the examiner of the PM information is not the same as the 

examiner(s) of the AM information. Therefore, we used the inter-observer agreement to quantify the 
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potential of a parameter for subject identification. More specifically, we studied the between-subject 

variability and within-subject variability. Intuitively, the lower the within-subject variability 𝜎𝑊
2  (due to 

different examiners) relative to the between-subject variability 𝜎𝐵
2, the higher is the inter-observer 

reliability and the more useful the measurement for identification. The intra-class correlation coefficient 

(ICC), being the ratio of 𝜎𝐵
2 and the total variability (𝜎𝐵

2 + 𝜎𝑊
2 ) can therefore be used in a univariate setting 

to compare different parameters regarding their potential for subject identification.  

However, instead of solely focusing on the ICC we have introduced another quantification also based 

on both sources of variability: the potential set (Fig. 2). A mean potential set (MPS) of candidate 

matches was established, referring to the expected number of possible matches that at least needed 

to be considered for the correct subject not to be excluded. In fact, the MPS refers to the expected 

percentage of subjects in a population (e.g. an AM database) being as likely to match (or more likely) 

as the true subject. The percentages of subjects in the subset for whom the potential set was smaller 

than 20%, 10%, 5% and 1% of the complete sample were also calculated. The reason to use the 

potential set was twofold. First, the potential set has a more relevant interpretation in the current setting, 

compared to the ICC. Second and more important, the potential set allowed extrapolating the 

established method to the multivariate setting, i.e. the quantification of the identifying potential of a 

combination of parameters. The intuitive interpretation of the potential set is “the proportion of subjects 

in the AM reference dataset who at least need to be considered in order to detect the target subject, 

i.e. the unknown subject in the AM reference dataset who corresponds with the examined PM subject”.  

Hence, the lower the MPS of a parameter or a set of parameters, the higher the identifying potential. 

 

Univariate setting 

To calculate the potential set in the univariate setting, we proceeded as follows for each parameter: 

- We simulated 10000 values (i=1,…,10000) from a normal distribution with variance 𝜎𝐵
2. These 

were values which were not observed (latent values) and served only as a starting point to 

generate the AM and the PM values, respectively. 

- For each of these latent values, we simulated two realizations (the AM and the PM values), 

adding for both a normal variate from a distribution with variance 𝜎𝑊
2 . These realizations were 

referred to as yAMi and yPMi (forming a pair of measurement referring to the same subject). These 

values from all subjects constitute the AM set and the PM set, respectively. 
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- For a value yPMi we calculated the proportion of values in the AM set which were closer to yPMi 

than the value yAMi. This proportion was referred to as the potential set and can be calculated 

analytically or estimated using all simulated yAMi values.  

- We did this for each of the 10000 yPMi values. 

- This method allowed to calculate the mean potential set (over the 10000 subjects) as well as 

the percentage of subjects with a potential set smaller than a certain cut-off.  

Multivariate setting  

For the multivariate setting (i.e. the combination of parameters for subject identification) we followed 

the same approach. In the multivariate setting, the between- and within-subject variability refer to 

covariance matrices Σ𝐵
2  and Σ𝑊

2 . These matrices were obtained by fitting a multivariate mixed model on 

the data from all observers, using a random intercept for each parameter. These random intercepts 

were allowed to be correlated (Σ𝐵
2  is the covariance matrix of these random intercepts) as were the error 

components (Σ𝑊
2  is the covariance matrix of these error components). Given the number of parameters, 

it was not feasible to fit this model directly. Instead, a pairwise approach was used.[18]  

Corresponding with the univariate approach, 10000 values were drawn (albeit now for each 

combination of parameters instead of for each parameter separately), followed by the creation of the 

realizations yPMi and yAMi. These realizations were now multivariate instead of univariate. To quantify 

the distance between these two multivariate measurements, the Mahalanobis distance was used.[19]   

Analyses were performed using SAS software, version 9.4 of the SAS System for Windows.  

 

Test sample 

To provide a proof of concept of the established method, dental morphological parameters which 

were expected not to differ much between subjects were selected, since they are the least likely to lead 

up to a positive identification. Therefore parameters measured in upper first molar crowns were chosen. 

A sample of 82 dental cast models, three-dimensional (3D) digitally scanned, were retrospectively 

selected from dental record files at the University Hospital UZ Leuven. The images were saved as 

stereolithography (STL) file format. Upper 3D scanned dental cast models were selected with right and 

left intact and fully erupted first molars, from Belgian female and male subjects ranging in age between 

7 and 12 years of age. This age range further reduced the variability in upper first molar morphology, 

because the effect of tooth wear was negligible. 3D scanned dental cast models with incomplete 
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registration of the first molars, first molars with caries, restorations, marked wear of the cusps or 

orthodontic brackets were excluded.  

The scanned dental cast models were imported into 3-Matic Medical 12.0 software (Materialise N.V., 

Leuven, Belgium). The first molars were segmented from each scanned dental cast model and the 

anatomic crowns isolated for standardized dimension registrations. On all right and left maxillary first 

molars, five landmarks were indicated, which rendered 15 measurements. A detailed description of the 

measurements is provided in Fig. 3. The 15 measurements were classified into four groups: tooth depth 

(1 measurement, in mm), distances between the cusps (6 measurements, in mm), distances between 

the cusps and the mesial pit (4 measurements, in mm), and angles between cusps (4 measurements, 

in degrees). In the analyses, the identifying potential was studied for each dental parameter separately, 

as well as for groups of parameters 

The central pit has been used by other authors as a landmark for various cusp dimensions, since it 

is a characteristic of upper molars that is easily allocated.[11] In the current study, the mesial pit was 

considered as the deepest point of the tooth and it was used as a landmark to establish different 

measurements. The uniform allocation of the landmarks was facilitated by visualizing the model in 

transparency with allowing rotating and translating the model in the software. In fact, due to the 

advanced features of the software, the recognition of the deepest point of the tooth by the two examiners 

was relatively easy. Furthermore, all measurements were registered three-dimensionally by the 

software; the landmarks were in different planes according to the allocation on the model. This allowed 

for a semi-automated measurement calculation, improving the reproducibility. 

All measurements were registered by a first examiner. After a month, a subset of 20 scanned dental 

cast models (40 teeth) was randomly selected and re-analyzed by the first and a second examiner.   

In the main analysis, no distinction was made between information from left and right teeth. In an 

additional analysis, this distinction was made, yielding 30 measurements per subject for identification. 

Note however that results considering left and right as separate parameters were based on inter-

observer data based on only 20 cases, as opposed to the 40 cases used for evaluation of the inter-

observer reliability in the main analysis. Hence, these results were less stable. 

Fig. 4 shows the application of the suggested method to the dental parameters we selected in our 

test sample.  
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RESULTS 

Univariate setting 

Based on a single measurement, the MPS ranged between 17.1 and 32.2%. The strongest identifier 

was tooth depth, as it presented the lowest mean potential set (17.1%) and a high ICC (0.879). This 

was followed by the distance between the distal cusps (MPS=19.9%; ICC=0.855) and the distance 

between the mesial pit and the disto-palatinal cusp (MPS=20.9%; ICC=0.840).  

Multivariate setting 

Based on a combination of measurements, the MPS ranged between 2.6 and 24.1%. The strongest 

identifier was the distance between the mesial pit and the cusps, combined with the angles between the 

cusps, presenting the lowest mean potential set (2.6%), but at a cost of an increased number of 

measurements (8). Combining the information of the right and left molar only increased the identifying 

potential of measurements between the mesial pit and the cusps (MPS=5.0% for the 8 measurements 

versus MPS=7.8% for the 4 measurements) (Table 2). 

 

DISCUSSION  

Situating the method in literature 

The rationale behind the development of the current method was the lack of clear guidelines on 

which morphological dental parameters, and in particular combinations of parameters, may have the 

strongest potential as identifiers. As a result, the choice of one or more parameters is dependent on the 

case at hand, based on the available AM and PM data, and is subjective to the examiner's expertise 

and qualification.[21] This is mainly due to the abundant possible dental parameters that could be used 

as identifiers, and the lack of studies that quantify the identifying capacity of those parameters. A series 

of case reports can be found in literature, where different parameters were used to achieve victim 

identification. These are, however, case-specific, depending on which information is available, and the 

analysis can be made through radiographs, photographs or clinical observation of morphologic 

features.[10, 17, 22–25]  

To our knowledge, no standardized approach has been attempted. In one study, the pattern of the 

central fissures showed important variation in digital imaging and was proposed as an important 

parameter for subject identification.[26] Another study from our research group aimed to quantify 

clinically detectable dental identifiers using mean potential sets [10], but different to the current method, 
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inter-observer agreement was not taken into account and discrete variables (e.g. the presence or 

absence of a certain feature) were analyzed. 

Using continuous parameters implicates that theoretically, a unique parameter value can be 

observed for every subject. In fact, the observed number of subjects with a unique value depends on 

the number of decimals used in the chosen measurement system. The current study results were based 

on digital length and angle measurements with two decimals, expressed in millimeters and degrees 

respectively. This approach potentially increases the uniqueness of the parameters, compared to 

(combinations of) features being present or not.  

Still, commonly used computer assisted dental identification tools are not based on continuous 

variables. Instead, ranking is based on an algorithm using dental coding for tooth conditions and 

treatment. The detail of the coding system and the precision of the algorithm will determine the 

performance of the program.[27, 28] Furthermore, provided that each system is thoroughly tested, 

meeting the scientific criteria for reproducibility and subject to peer review, these software tools can 

reliably give the forensic team an indication of which data collection and comparison protocols to 

use.[27, 29] A first tool is WinID[30] that combines dental and anthropometric characteristics to rank 

possible AM/PM matches, sorting for the requested identifiers and considering changes in time. WinID 

is reportedly reliable for initial sorting of records or identification cases with relatively small amounts of 

data and especially in the presence of dental treatment.[27, 28] However, when the case load is high 

and large amounts of records are to be analyzed, the performance of this system is hindered, especially 

when no AM pathology was registered[31] or significant body fragments are present.[27, 31] A second 

tool is OdontoSearch[32], which does not compare AM and PM dental records, but assesses the 

frequency of a certain dental (treatment) pattern in the general population. Therefore, it provides the 

user with an empirical probability that can be quantified for use in a report or in a court of law. These 

tools are rather descriptive in contrast with the analytical statistical approach of the current method by 

which a series of pre-determined parameters is quantified and ranked according to their identifying 

potential.  

 

Practical application 

In forensic practice, the parameters used for identification are determined by the available PM 

material. We proposed a method to determine which of the available morphological dental parameters 
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has the highest potential for identification. To prove the method’s robustness, we applied it in a test 

sample, focusing on morphological parameters that usually only differ slightly between individuals. In 

particular we used continuous morphological parameters of the first upper molars, measured on dental 

cast models that were 3D digitally scanned. Thus, an upper first molar crown was considered as 

available PM material in this theoretical setting.  

In this scenario, a digital dental cast model should be available from all individuals in the AM set and 

should be obtained from the PM remains. This may be either by scanning existing AM dental cast 

models, obtained by conventional impression techniques or using AM taken intraoral scans. The PM 

intraoral scan can easily be obtained using an intraoral scan, as current devices are relatively small, 

portable, easy to use and provide a fast image acquisition. 

A standardized registration of parameters is essential to keep the inter-observer agreement as high 

as possible. Numerous measurements can be taken in the human dentition, but to be useful as 

identifiers, they need to be defined unambiguously. In an initial phase of this study an effort was made 

to take numerous measurements that could contribute to characterize the tooth. Many were excluded 

due to the great discrepancy of inter-observer agreement.  

To determine the potential of a parameter for identification, the mean potential set (MPS) was 

proposed. This statistic served three purposes: (1) it reflected how “easy” it will be to find the correct 

subject in a practical context, (2) it allowed quantifying and ranking the potential of different parameters 

for identification, and (3) it allowed quantifying and ranking the potential of combined parameters for 

identification. The lower the MPS of a parameter or a set of parameters, the stronger the identifying 

potential.  

In identification assignments, the balance must be kept between gathering as much information as 

possible, and providing results as soon as possible. Therefore, the current method will help selecting 

the most suitable parameters for human dental identification. After all, quantifying and ranking the 

potential of studied parameters for identification allows establishing a workflow of steps that the forensic 

odontologist can take in actual casework. The workflow will differ in high versus low caseload 

assignments, with the former requiring a highly efficient (univariate) approach, whereas the latter might 

require a more elaborate (multivariate) approach. Logically, when considering the usefulness of the 

measurements in forensic identification practice, not only their identifying potential is relevant. The work 

and time necessary to obtain the measurements also has to be considered and both weighted in relation 
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to each other. Obviously, the easiest parameter to obtain, with the least number of measurements, will 

be the most useful for subject identification. Thus, when multivariate approaches have similar MPS, the 

most useful measurement combination will be the one with the least parameters to consider. Take for 

example all 30 parameters combined in the right and left upper first molars. Although the MPS of that 

combination is one of the best (3.4%), the fact that all 30 parameters need to be measured makes it 

complex and time consuming, and thus impractical. A more useful choice is to measure the four angles 

between cusps, with a similar MPS of 3.9%. On the same line of reasoning, when univariate 

measurements have similar MPS, the most useful will be the one which can be obtained the easiest. 

Tooth depth was found to be the strongest identifier (MPS=17.1%, ICC=0.879). However, to measure 

tooth depth, all cusp point-landmarks and the point corresponding to the mesial pit had to be placed. 

As such, tooth depth may not be the most useful measurement but the distance between the distal 

cusps (MPS=19.9%), as it involves the placement of only two cusp point-landmarks. 

Furthermore, over time, changes occur which are important to consider, such as changes in the 

position of the cusp landmark as a result of abrasive and/or erosive tooth wear, caries or enamel/dentine 

loss. Consequently, the landmarks will differ in position and related parameter measurements will vary, 

increasing the mean potential set values. The closer the AM information was obtained to the time of 

death, the less changes will have occurred, increasing the chances for a positive match.  

 

Study limitations and future prospects 

In practice, the potential set is expected to be larger than the values obtained in the current study, 

since our inter-observer agreement was based on measurements on the same image. By contrast, in 

practice, the AM and PM registrations are performed at different moments by different observers based 

on different images. Unfortunately, the variability due to differences in time of image acquisition, image 

quality, and center-specific measuring techniques were not taken into account in the current study.  

Two further limitations can be pointed out. First, it is unlikely that the upper first molars would be the 

only available evidence. Still, they were suitable to study the proof of concept of our proposed method, 

and future studies will have to clarify more practical approaches to bring the established method into 

practice. Second, our current method can only handle continuous data. Nonetheless, expansion of our 

method to include nominal and/or categorical data could be the subject to future research. 
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CONCLUSION 

Our method allows quantifying the potential of dental morphological parameters as identifiers, and 

summarizing that potential in one clear-cut statistic, the mean potential set. Consequently, the method 

allows ranking parameters according to their identifying potential, which can be translated into practice 

by selecting the most suitable parameters for human identification. The proof of concept was 

demonstrated, and further studies should clarify which dental morphological parameters hold the 

strongest potential for human identification.  
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Table 1: Identifying potential of the different parameters in the univariate setting, and inter-observer 

agreement. The considered parameters were: distances between cusps (D), distances between the 

mesial pit and the cusps (d), and angles between cusps (a). The parameters are ranked according to 

the mean potential set. 

Measurement              MPS (%) Size of the potential set# (%) 

 
Inter-observer 

agreement 
  ≤1% ≤5% ≤10% ≤20% 

Tooth depth 0.879    17.1 3.9 19.0 36.8 64.7 

D2: distal 0.855    19.9 3.3 16.6 32.4 57.8 

d4: mp-DP 0.840    20.9 3.2 15.8 30.9 55.6 

d3: mp-DB 0.834    21.9 3.2 15.4 30.0 53.8 

a3: DB-DP 0.864    22.7 4.3 18.0 31.6 53.8 

d1: mp-MB 0.767    23.4 2.7 13.3 26.5 50.1 

D5: MP-DP 0.795    23.8 2.8 13.8 26.9 49.7 

D6: MB-DB 0.770    23.8 2.6 13.3 26.2 49.3 

a2: MB-DB 0.848    24.0 4.1 17.2 30.3 51.4 

d2: mp-MP 0.777    24.0 2.6 13.4 26.3 49.2 

D4: MP-DB 0.787    25.2 2.9 13.6 26.2 47.6 

a1: MP-MB 0.805    27.0 3.8 15.5 27.4 46.5 

D1: mesial 0.598    29.8 2.0 10.1 19.7 39.1 

a4: DP-MP 0.757    29.9 3.5 14.0 24.9 42.7 

D3: MB-DP 0.524    32.2 1.8 9.2 17.9 35.7 

     Legend: Mesio-buccal (MB); mesio-palatinal (MP); disto-buccal (DB); disto-palatinal (DP). mp: mesial pit.  

ICC: Intra-class Correlation Coefficient. MPS: Mean Potential Set. #Proportion of subjects for which the potential 

set is smaller than or equal to the considered size. 

Note: The measurements are ordered in decreasing potential for identification, expressed by MPS values. The 

most powerful measurement was the tooth depth (ranked no.1), followed by the distance between distal cusps (D2) 

no.2, and the distance between the mesial pit and the disto-palatinal cusp (d4), no.3. The least identifying 

measurement was the diagonal measurement D3 (distance between the mesio-buccal and disto-palatinal cusps), 

ranked no.15.  
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Table 2: Identifying potential of the different parameters in the multivariate setting. The parameters 

are ranked according to the mean potential set.  

Measurement combinations Nº of parameters    MPS (%) Size of the potential set# (%) 

   ≤1% ≤5% ≤10% ≤20% 

Mesial pit-cusp + angles 8 2.6 64.2 86.6 93.3 97.6 

All 30 parameters*  30 3.4 52.8 80.1 90.2 96.8 

Angles between cusps 4 3.9 42.3 76.9 89.2 96.6 

Angles between cusps*  8 4.7 55.5 78.4 87.0 93.5 

Angles between cusps + depth 5 4.5 45.0 76.1 86.8 95.0 

Mesial pit-cusps *  8 5.0 49.9 75.6 85.7 93.1 

Distance between cusps + angles between cusps 10 5.4 51.9 75.8 85.0 92.1 

Distance between cusps + mesial pit-cusps 10 5.7 49.8 74.6 83.9 91.6 

Mesial pit-cusps + depth 5 6.9 33.7 64.5 78.6 90.0 

All parameters except depth 14 7.5 43.8 68.2 78.6 88.2 

Mesial pit-cusps 4 7.8 26.2 58.9 75.1 88.8 

Distance between cusps + depth 7 7.9 39.3 66.3 77.5 87.7 

All 15 parameters 15 8.1 42.0 66.1 77.3 87.0 

Distance between cusps 6 10.1 31.4 58.9 71.4 87.0 

Distance between cusps*  12 24.1 23.5 39.0 48.0 59.1 

Legend: *Left and right as separate parameters. #Proportion of subjects for which the potential set is smaller 

than or equal to the considered size. 

Note: The measurements are ordered in decreasing potential for identification. The strongest measurement 

combination was the mesial pit-cusp + angles, ranked no.1. The weakest measurement combination was the 

distance between cusps, when both right and left upper molars were considered, ranked no.15. 
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Fig. 1 Schematic representation of the suggested method in casework for forensic identification. The selection of 

morphologic parameters is specific for each case in hands. Any available morphological structure with measureable 

features (continuous variables; e.g. distances, angles) may be included (for example skeletal parameters). Note 

that the morphological parameters are continuous variables (e.g. distances, angles). 
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Fig. 2 Graphic illustration of the concept potential set based on a single parameter (univariate setting), assuming 

the parameter has a normal distribution with a mean value equal to 100, and a standard deviation (SD) equal to 

10. Note that this SD is the square root of the total variability (𝜎𝐵
2 + 𝜎𝑊

2 ). The post-mortem value of the parameter 

equals 90 in this subject. The ante-mortem value equals 85, which is the target of the identification process. Within 

the ante-mortem database, 24.2% of the subjects have a closer value than the target. This percentage is defined 

as the potential set and is represented by the grey area. 
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Fig. 3 Landmark placement and measurements obtained from the isolated anatomic crown of tooth 26, using 3-

Matic Medical 12.0, (Materialise N.V., Leuven, Belgium).  

Upper panels: Landmarks were manually placed after evaluating the model from various points of view with 

rotation, translation and variations in transparency of the model. a. Cusp point-landmark, occlusal view: the highest 

point of each cusp (n=4) (gray dots). Mesio-buccal (MB), mesio-palatinal (MP), disto-buccal (DB), disto-palatinal 

(DP). Mesial pit (mp): the deepest point of the mesial pit of the central fissure, as seen from the inside of the crown 

(black dot). b. Cusp point-landmarks and mesial pit, side view, model in transparency.  

Lower panels: In total, 15 measurements per tooth were registered. All distances and angles were measured in 

3D, i.e. the true lines connecting the landmarks were considered, not their 2D projection on the tooth’s occlusal 

plane. c. Distance between cusps: distance between the cusp point-landmark of each cusp; every combination 

possible (n=6): D1: MP-MB, mesial cusps; D2: DP-DB, distal cusps; D3: MB-DP, diagonal cusps; D4: MP-DB, 

diagonal cusps; D5: MP-DP, palatinal cusps; D6: MB-DB, buccal cusps. d. Tooth depth: distance between the 

mesial pit and a plane throughout the highest cusp-point landmarks. e. Distance mesial pit to cusp point-landmark: 

distance between the mesial pit to the cusp point-landmark (n=4): d1: C-MB; d2: C-MP; d3: C-DB; d4: C-DP. f. 

Angles between cusps: angle between the lines traced from the mesial pit to each cusp point-landmark (n=4): a1: 

MP-MB; a2: MB-DB; a3: DB-DP; a4: DP-MP. 
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Fig. 4 Schematic representation of the practical implementation of the method displayed in Fig 1, according to the 

set-up in the current test sample. First, the morphological parameters available in the PM case and the AM set were 

measured on digitized upper first molar crowns. Second, the parameters were ranked according to their identifying 

potential. Note that we only show the univariate approach in this illustration. 

A hypothetical scenario could be that we want to find the AM match of a PM case, in a set of eight AM cases. 

According to the ranking, the depth has the highest identifying potential, so we start with that (step 1). Five AM 

cases show a depth that is close to the one from the PM case. To further narrow down the AM set, we apply the 

next step (step 2) which is the distance between the distal cups. Two AM cases remain possible matches to the PM 

case. To find the exact match, further steps could be taken, be it univariate or multivariate, or other identification 

methods could be applied. Note that it is never guaranteed that the exact match can be found. Moreover, it cannot 

be excluded that the exact match is discarded in some stage of the process. 

 

 

 

 

 

 


