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Abstract

:

Accurate sex prediction is a key step in creating a postmortem forensic profile as it excludes approximately half the population. It is our goal to develop a predictive model to establish sex through teeth mesiodistal widths in a Portuguese population. The pretreatment dental casts of 168 of Portuguese orthodontics subjects (59 males and 109 females) were included. Mesiodistal widths from right first molar to left first molar were measured on each pretreatment cast to the nearest 0.01 mm using a digital caliper. Overall, the mesiodistal widths of the upper and lower canines, premolars, and molars were found to be significantly different between females and males. Conversely, no significant differences between sexes were identified for incisors. A multivariate logistic regression model for sex prediction was developed and the teeth included in the final reduced model being the upper left canine (2.3), the lower right lateral incisor (4.2) and the lower right canine (4.3). There is a prevalence of sexual dimorphism in all teeth except the incisors. The canines present the most noticeable difference between sexes. The presented sex determination predictive model exhibits an overall correct classification of 75%, outperforming all available models for this purpose and therefore is a potential tool for forensic analysis in this population.
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1. Introduction


Forensic dentistry emerges as a part of forensic medicine and dental anthropology. This is the branch of dentistry that focuses on the issues of identifying human remains by direct comparison, bite mark identification, clinical malpractice, and forensic dental profiling, such as sex and age estimation, in cases of unknown human remains, in order to facilitate their subsequent identification [1,2].



Teeth are the hardest organ in the human body and very important in postmortem identification procedures. Although pelvic and cranial bones can be more accurate in identifying sex, they are rarely in optimal condition in extreme cases, such as natural disasters or mass graves, which may prevent accurate estimation through them. Teeth are considered quite useful in these scenarios as they are often recovered intact [3,4,5,6]. However, there may be some setbacks that prevent dental eruption of teeth useful for forensic identification [7,8,9,10].



Accurate sex prediction is a key step in creating a postmortem forensic profile as it excludes approximately half the population [11]. Several studies state that teeth have a high degree of sexual dimorphism [2,4,5,12,13]. Generally, male teeth are larger than female teeth, however data are not consensual and reverse dimorphism also occurs [4,12]. Sexual dimorphism may vary between different populations, possibly due to variations in the environment, available food resources, or genetic pool [3,14].



The most usual way to obtain data is from dental casts using a digital caliper. There are several measures to take into account and their analysis may be performed through direct comparison of measures, statistical analyses, or indexes.



Only two previous studies presented potential predictive sex models for Portuguese populations using dental measurements. Pereira et al. (2010) [1], using upper canine-to-canine teeth, rendered a combination of incisors mesiodistal and canine diagonal distances. As the proposed model was confined to only six teeth, it lacks a complete teeth analysis. On the other hand, Silva et al. (2015) [12] employed the mandibular canine index [15] with a modest success rate of 64.2%, concluding that this index should be restrictively applied to the Portuguese scenario in sex identification.



Given the lack of robust sex identification models for the Portuguese population, we aimed to use cast models of a previously studied sample (Machado et al., 2018) [16] to develop a new sex prediction model based on mesiodistal width measures. We hypothesize that there is a sex-based teeth dimorphism in this population and it is distinguishable through a predictive model; therefore our null hypothesis is that such dimorphism may not exist.




2. Materials and Methods


2.1. Study Design


This study used a previously reported sample [16] that has received approval by the Egas Moniz Ethics Committee (Number 600). Written informed consents were obtained from all participants during their first appointment at the Orthodontic Department of the Egas Moniz Dental Clinic.



This investigation follows the transparent reporting of a multivariable prediction model for individual prognosis or diagnosis (TRIPOD) reporting guidelines [17] for validation of prediction models (see supplementary material). This study was conducted on a triple-blind basis with respect to diagnosis and clinical outcome, data collection, and analysis.




2.2. Participants


The assessment tool consisted of pre-treatment dental casts, a part of standard orthodontic treatment planning, in dental stone selected from the archives of the Egas Moniz Dental Clinic Orthodontic Department (Almada, Portugal). From a total of 541 casts gathered from November 2010 to December 2017, 168 (59 males and 109 females) were selected according to the inclusion and exclusion criteria.



The inclusion criteria were: all teeth, from first molar in the right side to first molar in the left side in both upper and lower jaws, were fully erupted and present; no history of interproximal stripping; no proximal caries that might interfere with precise tooth measurement; no restorations, abrasions or attrition; no previous or ongoing orthodontic treatment; no abnormal tooth morphology or congenitally missing or impacted [16]. All patients failing to fulfil these criteria were excluded.




2.3. Dental Casts Analysis and Measurement Reproducibility


Dental cast measurements were performed by one researcher (VM) using a digital caliper to measure the mesiodistal tooth widths from the right first molar to the left first molar to the nearest 0.01 mm. The mesiodistal width of each tooth was measured at the widest distance between the mesial and distal contact points. The position of the caliper had to be perpendicular to the occlusal surface of the measured tooth [1,11,14,16,18,19,20,21].



Ten study casts were randomly chosen from the total of 168 and remeasured one week later by the same investigator (V.M.). Intraclass correlation coefficient (ICC) was calculated with an absolute agreement of ICC = 0.98.




2.4. Statistical Analysis


Data analysis was performed using IBM SPSS Statistics version 25.0 for Windows (Armonk, NY: IBM Corp.). Descriptive statistics as mean and standard deviation (SD) were determined for the mesiodistal width per tooth. Mean mesiodistal width for each tooth was compared according to sex and by Student’s t-test. A multivariate stepwise adjusted logistic regression procedure was applied to derive a reduced predictive model for sex determination based on the mesiodistal widths for each tooth. To test the performance of the obtained model and compare it to previous ones, the sensitivity, specificity, accuracy, and precision were determined for all models when applied to the studied sample [22]. Performance measurement was assessed by binary area under the curve (AUC) and through receiver operating characteristics (ROC) analysis. The level of significance was set at 5%, in all statistical inference analyses.





3. Results


3.1. Mesiodistal Width Per Tooth


In the studied sample the mean age was 20.1 (±7.3) (see Machado et al., 2018 [16] for a detailed description). The mean mesiodistal width for each tooth, according to sex, is presented in Table 1. Overall, the mean mesiodistal widths of upper and lower canines, premolars, and molars were found to be significantly different between females and males. Regarding the incisors, no significant differences were found as a function of sex.




3.2. Sex Prediction Model Development


In order to develop a model for sex prediction based on the teeth mesiodistal width, a multivariate logistic regression procedure was implemented considering a first stage that included all teeth that exhibited significant differences in the sex-based comparison: canines, premolars and molars. Then, a stepwise adjusted logistic regression procedure derived a reduced best fitting model that is depicted in Table 2. In this final optimized model, the upper left canine (2.3), the lower right lateral incisor (4.2) and the lower right canine (4.3) were the only teeth included.



From the fitted model data, the following formula can be derived:


ln (p/(1 − p)) = −14.546 + 1.208x + 1.800y − 1.317z








where p is the probability of an individual being classified as male, with a lower cutoff value of 0.5, and with x, y, and z representing the mesiodistal width of the upper left canine (2.3), lower right canine (4.3) and lower right lateral incisor (4.2), respectively.




3.3. Comparison with Previous Models


The achieved model was then compared to the previous sex prediction tools by means of performance when applied to this sample (Table 3).





4. Discussion


Sex estimation is a vital step in forensic medicine for body identification both in single and mass disaster events. In the Portuguese scenario, sex estimation models through dental hard tissues are scarce and previous proposed models lacked consistency and only accounted for a small subset of teeth. Therefore, we aimed to develop a potential model using mesiodistal widths of models cast previously for studies of orthodontic indexes. Then, we compared the performance of this model with other full-mouth mesiodistal models published elsewhere. Overall, our model outperformed all available strategies and might be used as a forensic tool for sex estimation in Portuguese samples.



As previously stated, sexual dimorphism may vary between populations, possibly due to a variety of reasons [3,14]. Therefore, this new model arises as a valuable tool to forensic dentistry.



Our results have prospective importance. (1) Until now, there were no models developed for the Portuguese population from complete models. (2) Dental hard tissues are of utmost interest because they are the most lasting tissue of human body, even in post-mortem difficult conditions. (3) This tool may be very useful in single or mass disasters or body identification cases in Portugal, especially due to the unpredictability of these situations. (4) These results confirm sexual dimorphism on teeth mesiodistal width in canines, premolars, and molars of the upper and lower arches.



Dental crown dimensions can be obtained through intraoral measurements [18], dental forms [4,11,13,14,16,19,24], or human remains [20,21]. The mesiodistal and buccolingual measurements of the crown were the two most commonly used and studied dimensions [1,11,14,18,19,20,21], followed by diagonal measurements (mesiobuccal-distolingual and distobuccal-mesiolingual) [1,21,25] and the canine mandibular index (expressed as the ratio between the mesiodistal dimension of the canines and the width of the intercanine arch [12,15,19,26]). These studies have shown that canine dimensions provide the highest sexual dimorphism [16,18,21,24,25], followed by premolars [21,25], first and second molars [20,21,25,27].



In this study, we analyzed the degree of sexual dimorphism in different teeth by measuring the maximum mesiodistal diameters of fully erupted permanent teeth from study casts. Overall, several teeth are sexually dimorphic and the crown mesiodistal dimensions were larger on average in males than in females. The results of this study confirm what was previously demonstrated, canine teeth are the most dimorphic teeth [1,2,3,4,5,7,19,21,24,25,26] but also molars present significant differences between sexes [11,13,23,25,28,29,30]. Within the elements that fit into our sex prediction model, the upper left canine, the lower right lateral incisor, and the lower right canine were the most appropriate and with better replicability.



Regarding the performance, our developed model outperformed previous published indexes in terms of AUC. In terms of accuracy and precision values, our model also outperformed the remaining models (75.0% and 77.2% for accuracy and precision, respectively). Furthermore, for sensitivity and specificity, this newly developed model presented the best combination of results, only being outperformed in sensitivity by Peckmann et al., 2016 [5] (model 4) and in specificity by Acharya et al., 2007 [23] (model 2).



Like other methodologies used in sex prediction, the amount and quality of evidence available for analysis are critical in forensic investigation. Some limitations of the applied methodology include any post-eruptive changes such as caries, interproximal wear, and interproximal restorations, which compromises the correct measurement of the teeth.




5. Strengths and Limitations


A possible limitation of this study is the fact that we have not accounted for second molars, mainly because the data that this analysis is derived from is an orthodontic population whose main purpose was to study a mesiodistal proportion measure. This measure, Bolton’s analysis [31], only accounts for the mesiodistal width from the first molar to the first molar. Nevertheless, two previous large-base studies from this population revealed that second molars are one of the most commonly missing teeth, aside from first molars and premolars [32,33]. Interestingly, none of them accounted for the final model. Another possible limitation is the fact that the new model emerged from the same sample being studied, which may influence the results. The new model should be further investigated with a new sample in a future study.




6. Conclusions


Considering the limitations of this study, the present study found that there is a prevalence of sexual dimorphism in all teeth except the incisors and that the canines exhibit the most noticeable difference between sexes, followed by the first mandibular molars and premolars.



Through a stepwise adjusted logistic regression procedure, a suitable model for sex determination was developed. The reduced model was based on the upper left canine (2.3), the lower right lateral incisor (4.2), and the lower right canine (4.3) and achieved an accuracy of 75%.
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Table 1. Descriptive values of mesiodistal width (mm), presented as mean and standard deviation (SD) for each tooth, as a function of sex (n = 168).
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Semi-Arch

	
Tooth Type

	
Tooth Code

	
Female (n = 109)

	
Male (n = 59)

	
p-Value *




	
Mean (±SD)

	
Range (Min–Max)

	
Mean (±SD)

	
Range (Min–Max)






	
Upper right

	
Molar

	
1.6

	
10.13 (±0.56)

	
8.50–12.52

	
10.40 (±0.60)

	
9.26–12.37

	
0.004




	
Premolars

	
1.5

	
6.62 (±0.47)

	
5.51–8.04

	
6.40 (±0.52)

	
5.71–8.30

	
0.008




	
1.4

	
6.93 (±0.47)

	
5.70–8.17

	
7.18 (±0.48)

	
6.35–8.50

	
0.001




	
Canine

	
1.3

	
7.67 (±0.46)

	
6.40–8.90

	
7.97 (±0.57)

	
6.10–9.22

	
<0.001




	
Incisors

	
1.2

	
6.64 (±0.61)

	
5.20–7.89

	
6.70 (±0.63)

	
5.25–8.55

	
0.565




	
1.1

	
8.60 (±0.58)

	
7.00–10.05

	
8.68 (±0.66)

	
6.47–10.78

	
0.414




	
Upper left

	
2.1

	
8.62 (±0.54)

	
7.39–9.88

	
8.69 (±0.67)

	
6.47–10.66

	
0.437




	
2.2

	
6.54 (±0.60)

	
4.73–7.89

	
6.71 (±0.65)

	
5.25–8.30

	
0.091




	
Canine

	
2.3

	
7.65 (±0.46)

	
6.40–8.70

	
8.04 (±0.52)

	
6.83–9.22

	
<0.001




	
Premolars

	
2.4

	
6.92 (±0.48)

	
5.70–8.17

	
7.17 (±0.50)

	
5.96–8.28

	
0.002




	
2.5

	
6.62 (±0.47)

	
5.51–8.04

	
6.84 (±0.52)

	
5.70–8.30

	
0.005




	
Molar

	
2.6

	
10.12 (±0.56)

	
8.50–12.52

	
10.33 (±0.59)

	
9.4–12.44

	
0.018




	
Lower right

	
Molar

	
4.6

	
10.63 (±0.61)

	
9.10–12.32

	
11.03 (±0.57)

	
9.82–12.17

	
<0.001




	
Premolars

	
4.5

	
7.19 (±0.52)

	
6.04–8.93

	
7.36 (±0.54)

	
6.17–8.98

	
0.050




	
4.4

	
7.08 (±0.43)

	
6.11–8.30

	
7.36 (±0.51)

	
6.22–8.50

	
0.001




	
Canine

	
4.3

	
6.63 (±0.42)

	
5.84–8.15

	
7.01 (±0.48)

	
6.03–8.91

	
<0.001




	
Incisors

	
4.2

	
5.89 (±0.43)

	
4.50–6.94

	
5.97 (±0.44)

	
4.98–6.95

	
0.253




	
4.1

	
5.38 (±0.43)

	
4.50–7.60

	
5.46 (±0.43)

	
4.68–6.51

	
0.280




	
Lower left

	
3.1

	
5.38 (±0.44)

	
4.50–7.60

	
5.41 (±0.47)

	
3.73–6.37

	
0.708




	
3.2

	
5.86 (±0.44)

	
4.50–6.78

	
5.99 (±0.42)

	
4.92–6.99

	
0.052




	
Canine

	
3.3

	
6.63 (±0.41)

	
5.84–8.16

	
7.00 (±0.50)

	
6.14–8.95

	
<0.001




	
Premolars

	
3.4

	
7.03 (±0.50)

	
5.65–8.30

	
7.35 (±0.52)

	
6.22–8.50

	
<0.001




	
3.5

	
7.14 (±0.50)

	
6.04–8.70

	
7.37 (±0.58)

	
6.00–8.98

	
0.008




	
Molar

	
3.6

	
10.62 (±0.57)

	
9.10–12.32

	
11.00 (±0.61)

	
9.76–12.17

	
<0.001








Note: * Student’s t-test. Significant p-values (p < 0.05) denoted in bold.
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Table 2. Final reduced logistic regression model (n = 168).
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Variables

	
B

	
p-Value

	
EXP (B)

	
EXP (B) 95% CI




	
Lower

	
Upper






	
Tooth 2.3

	
1.208

	
0.019

	
3.35

	
1.22

	
9.22




	
Tooth 4.3

	
1.800

	
0.003

	
6.05

	
1.84

	
19.91




	
Tooth 4.2

	
−1.317

	
0.018

	
0.27

	
0.09

	
0.80




	
Constant

	
−14.546

	
<0.001

	
-

	
-

	
-








R2(N) = 0.268, % correct classification = 75%; H&L: X2 = 6.767 (p = 0.562); Note: outcome variable (sex) coded as male: 1, female: 0.
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Table 3. Performance assessment of the different models when applied to the studied sample. Measures are presented as percentage. For AUC, estimation by a 95% confidence interval (95% CI) is also shown.
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Model

	
Sensitivity (%)

	
Specificity (%)

	
Accuracy (%)

	
Precision (%)

	
AUC within ROC Analysis (95% CI)






	
Acharya et al., 2007 [23]

	
Model 1

	
85.3

	
50.8

	
73.2

	
76.2

	
0.642 (0.551–0.733)




	
Model 2

	
13.8

	
93.2

	
41.7

	
78.9

	
0.637 (0.546–0.728)




	
Mitsea et al., 2014 [4]

	
65.1

	
45.8

	
58.3

	
68.9

	
0.681 (0.592–0.770)




	
Peckmann et al., 2016 [5]

	
Model 1

	
89.9

	
39.0

	
72.0

	
73.1

	
0.535 (0.445–0.625)




	
Model 2

	
59.6

	
49.2

	
56.0

	
68.4

	
0.555 (0.463–0.646)




	
Model 3

	
65.1

	
45.8

	
58.3

	
68.9

	
0.644 (0.553–0.736)




	
Model 4

	
88.1

	
37.3

	
70.2

	
72.2

	
0.544 (0.452–0.636)




	
Model 5

	
86.2

	
37.3

	
69.0

	
71.8

	
0.555 (0.463–0.646)




	
Model 6

	
82.6

	
45.8

	
69.6

	
73.8

	
0.627 (0.535–0.719)




	
Model 7

	
81.7

	
45.8

	
69.0

	
73.6

	
0.618 (0.525–0.710)




	
Neves et al., 2020

	
87.2

	
52.5

	
75.0

	
77.2

	
0.768 (0.693–0.843)








AUC—Area under the curve; ROC—Receiver operating characteristic.
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