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Introduction:

Bitemark analysis depends on the uniqueness of the human dentition and the accuracy of teeth recording on the bitten material [START_REF] Franco | The uniqueness of the human dentition as forensic evidence: a systematic review on the technological methodology[END_REF]. Currently, photography protocols exist [START_REF] Golden | Standards and practices for bite mark photography[END_REF]. The presence of a reference scale (for example, ABFO n°2) is required and it must be in the same plane as the bitemark. These two elements have to be perpendicular to the digital camera. However, if protocols are not strictly respected, some distortions can appear, damaging the correct analysis [START_REF] Sheasby | A forensic classification of distortion in human bite marks[END_REF]. In order to conserve the three-dimensional aspect, bitemark scans can be performed. In odontology, an intraoral camera is used to make dental impressions for prosthetic design [START_REF] Seelbach | Accuracy of digital and conventional impression techniques and workflow[END_REF].

Digital impressions are accurate, editable and stable. In forensic odontology, an intraoral scanner can be used to scan bitemarks. It could allow the recording of indentation reliefs and suspect dentition, after which 3D point processing software could compare these two objects [START_REF] Molina | Accuracy of 3D scanners in tooth mark analysis[END_REF][START_REF] Georget | A perspective on bitemark analysis: From empiricism to ccientific rationality[END_REF]. The aim of this technical note is to study the feasibility of a three-dimensional analysis protocol of bitemarks by using an intraoral scanner in order to objectify the congruence of a dentition with indentations.

Materials and methodology:

Bitemarks:

In order to study the feasibility of this method, a preliminary study was conducted. For this purpose, eight whole dentitions (8 maxillary arches and 8 mandibular arches) were obtained from eight volunteers. After alginate dental impressions were taken, they were cast with a dental type III stone. Each volunteer bit into three materials: a double thickness of dental wax (Support 1), a false forearm in silicon covered with a dental wax thickness (Support 2) and a hard cheese to make an avulsive bite (Support 3). Dental wax was chosen because its recording power was similar to that of human skin [START_REF] Martin-De-Las-Heras | Comparison of simulated human dermal bitemarks possessing three-dimensional attributes to suspected biters using a proprietary three-dimensional comparison[END_REF], while hard cheese was selected because it exactly recorded class characteristics and individual characteristics [START_REF] Radford | Biomechanical approach to human bitemark reconstruction[END_REF]. Therefore, 24 different bitemarks and 8 pairs of stone models were obtained.

Three-dimensional scan:

Dentitions and bitemarks were scanned using the intraoral digital scanner PlanMeca Emerald, and Romexis ® , which is the software for digital acquisition and prosthetic 3D design (www.planmeca.com, Version 5.1.0.R).

The shot is a video flux, not requiring powder coating of the surface to be recorded. It produces a monochrome image as well as a colored image by the transposition of tissue color. The process of digital impression involves triangulation. Laser light is projected onto the surface and the angle of reflected light is analyzed by the receiver.

The live acquisition was visible thanks to the software, which allowed the missing zones to be easily visualized and scans to be corrected. The same operator scanned all bitemarks and dentitions. Scans were exported in ply format and forwarded to the software CloudCompare ® (www.cloudcompare.org, Version 2.9.1). This is a 3D point processing software package which allows two meshes to be compared by calculating the distances between two points. A colorimetric scale illustrated these differences (Fig. 1). Moreover, in order to control the camera's intrinsic error and configure the color scale, the same dentition was scanned fifteen times [START_REF] Gabriel | A pilot study to analyze the uniqueness of anterior teeth using a novel three-dimensional[END_REF].

Preliminary treatments:

To facilitate comparative analysis, preparation steps were necessary for 3D images. On dentitions scans, only incisors, canines and first pre-molar teeth were kept. The surrounding tissues (palate and gingival mucosa) were also removed. Thanks to the 3D modelling software MeshMixer ® (www.meshmixer.com, Version 3.4.35), a planned cut was created to only conserve the occlusal edges. Bitemark scans from materials 1 and 2 were also modified. On the same bitemark, maxillary indentations were separated from mandibular indentations. Indeed, maxillary indentations were compared separately from mandibular indentations. Bitemark scans from material 3 were not modified.

Three-dimensional comparison:

To configure the colorimetric scale, the intraoral scanner's accuracy must be known. A color map created with CloudCompare ® was used to display the topography of the geometric discrepancies.

Thus, fifteen scans from the same dentition were overlaid by choosing landmarks that were easily distinguishable as the middle of the incisor edges or the canine cuspid tips. These fifteen models were compared and distances were visualized by a histogram. Comparisons between dentitions and bitemarks were not done blind. In order to make comparisons, bitemark indentations and dentitions were overlaid. First, the teeth were roughly superimposed on indentations. Then, the middle of the incisor edges were chosen as landmarks. At least three landmarks had to be chosen for alignment calculations with CloudCompare ® . Also, the two meshes were aligned, ready for comparison. Bitemarks were chosen like reference elements and the dentitions were the elements to compare [START_REF] Blackwell | 3-D imaging and quantitative comparison of human dentitions and simulated bite marks[END_REF]. CloudCompare ® calculated the distance to the nearest point in a few seconds. It gave information regarding minimal distance, maximal distance, mean distance and standard deviation. It created a histogram according to color scale, and it automatically generated overlays represented by a colorimetric variation in the bitemark images. A first comparison was made. The whole bitten material was compared with the occlusal edges of the dentition, which left marks on the bitten support. We visualized whether the colored mark corresponded to the indentations. This was simply a visual comparison; the presence of different colors was irrelevant. A second comparison was made where the indentations were isolated from the rest of the material and the dental edges were compared with these indentations alone. Therefore, only dental surfaces in contact with indentations were taken into account in the colorimetric comparison. In that case, the presence of different colors was essential for comparative analysis. This second comparison was only performed for bitemarks on wax.

The smallest and largest discrepancies were displayed on the map in green and red, respectively. The upper and lower extremes of the color map were the maximum and minimum distances between the two reconstructions of each pair considered.

Results:

Intrinsic error of the intraoral camera:

To control the intrinsic error of the intraoral camera, a same dentition was scanned fifteen times. In Cloudcompare, we overlaid the fifteen scans. All scans were compared between them. Thus; we obtained a mean difference of 0.035 mm (SD ± 0.0248; minimal value : 0.0002 mm and maximal value : 0.12 mm). These small differences were found essentially in the contact areas between two adjacent teeth; they were not found in occlusal edges. Based on this result, the intraoral scanner's accuracy was in the order of 0.15 mm (Fig. 2). Therefore, we confirmed that a difference of less than 0.15 mm did not rule out a perfect match; these areas are shown in green. After comparing all dentition with bitemarks, three other levels were chosen: blue for slight differences between 0.15 mm and 0.35 mm, yellow for moderate differences between 0.35 mm and 0.70 mm and red for differences greater than 0.70 mm.

Three-dimensional comparison:

Each bitemark on wax was compared with the corresponding dentition but also with all other dentitions. Analysis was essentially visual. Sometimes, the non-match was easily observed, especially when tooth malposition was present combined with a high proportion of red color. Regarding cheese bites, matches or nonmatches were also easily observed (Fig. 3, 4 and5). Sometimes with matching dentition, the presence of artefacts from the wax generated a red color. However, these areas were minimal and highly localized. In the end, all of the bitemarks matched their respective dentition. Exclusions were quickly and easily observed.

Discussion:

The aim of this technical note was to study the feasibility of a 3D analysis protocol for bitemarks using intra-oral camera and mesh comparison software. Above all, according to the American Board of Forensic Odontology (ABFO) guideline revised in 2018, three conclusions are possible at the end of bitemark analysis. A dentition can be excluded as having made the bitemark; a dentition cannot be excluded as having made this mark (ABFO also uses the term inclusion); and experts cannot conclude whether the information gathered is insufficient. Consequently, forensic odontologists cannot confirm perfect concordance for sure, but only exclusion or probable inclusion [START_REF]ID & bitemark guidelines[END_REF].

Scanning a stone model or a bitemark only took a few minutes after some practice. It was very easy to rectify the 3D object obtained by completing the recording. However, if important artefacts were observed on the 3D image, it was better to repeat the scan. With the Romexis ® software, the 3D modelling was very fast; a few seconds was enough for the 3D object to be ready to be exported. With our protocol, the full analysis took approximately 20 minutes. Therefore, the wrong dentition can be rapidly excluded. The conservation of the 3D aspect allowed the easy analysis of bitemarks and interactively meshing dentition. With this 3D technique, it is easy to match teeth with indentations, even for avulsive bitemarks. Photography does not allow this dynamic analysis. Therefore, an intra-oral camera could be easily used for bitemark analysis on food or inanimate materials.

Handling of the intraoral scanner is intuitive and requires little practice to perform correctly. PlanMeca Emerald has a universal scale system, which avoids using the ABFO n°2 scale as a rule to calibrate images. No specific shooting angle or distance between the intraoral scanner and surface are required during recording, since all hardware devices are pre-calibrated. This facilitates 3D recording as well as comparisons. In fact, dentitions and indentations will be directly exported at the same scale, which minimizes bias. Other intra-oral scanners can be used as soon as their accuracy is known. It could be interesting to test the protocol with other currently available intraoral scanners and desktop scanners, so that their precision can be compared.

Our colorimetric scale can be criticized. The green color depends on the camera's intrinsic error. Before any comparison, it is therefore necessary to know this precision. Initially we had chosen red for differences greater than 0.50 mm. However, red could sometimes be found in a significant proportion when comparing bitemarks and the corresponding dentition. The causes of this could be multiple, such as a defect during the optical impression or the poor recording quality of the bitten material. Thus, we chose 0.70 mm as the exclusion level. With this 0.7 mm threshold, red areas corresponding to wax inaccuracies were not completely eliminated. However, on their own, they cannot lead to the exclusion of dentition. This colorimetric scale can become more refined by increasing the comparison number and by carrying out blind comparisons with test samples.

In our study, only eight whole dentitions were compared. They contained some specific individual characteristics such as tooth rotations or translations, meaning that it was sometimes very easy to exclude a dentition. The next step will include more participants who have undergone orthodontic treatment to make the analysis more complex, to validate the protocol and improve the colorimetric scale.

Finally, PlanMeca intraoral scanners do not record real colors but rather an approximation. This can be an obstacle for the analysis of bitemarks on skin. The conservation of real tissue colors can be interesting in order to observe correctly lacerations or abrasions and tissue changes over time. Therefore, we suggest testing this camera on human skin. We could evaluate the minimum necessary depth of indentations that a camera can accurately record. Nevertheless, bitemark analysis on skin is more delicate because of tissue distortions and skin elasticity. It is not unusual for the same dentition to produce different bitemarks depending on the anatomical location or even the body's position at the time of the bite [START_REF] Lewis | Effects of skin elasticity on bite mark distortion[END_REF].

Additional studies, such as a probabilistic approach on larger samples to calculate thresholds of positive predictive value (PPV) of "confirmation" or negative predictive value (NPV) of "exclusion", need to be performed to confirm our observations and explain these results more clearly.

Conclusion:

Intraoral scanners allow the rapid recording of bitemarks and dentition. The 3D images thus obtained can be transferred to surface comparison software, allowing direct analysis and the comparison of bitemarks. The 3D aspect is preserved, which facilitates analysis and reduces bias. Therefore, 3D analysis is more objective than other methods. The comparison is interactive, by meshing teeth with indentations. Using our protocol, we can quickly exclude wrong dentitions. However, we must test our protocol on the skin and on a large number of subjects whose teeth are morphologically similar. Fig. 5 On the left, comparison between a bitemark and its corresponding dentition. The presence of green and blue supports the match. On the right, the same bitemark is compared with another maxillary dentition. A nonmatch is correlated with the presence of red correlated with a colored trace, which does not correspond to indentations.
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 :1 Figure captions:Fig.1In A, B and C, photographs of supports 1, 2 and 3, respectively, and the corresponding 3D images in D, E and F, respectively.

Fig. 2

 2 Fig. 2 Illustration of an overlay and comparison of the same dentition scanned fifteen times in order to observe the scanner's intrinsic error.

Fig. 3

 3 Fig.3Comparison of two maxillary dentitions with the same bitemark on dental wax. On the left, mesh between them and on the right, no-match. The arrow underlines the zones of non-alignment.

Fig. 4

 4 Fig.[START_REF] Seelbach | Accuracy of digital and conventional impression techniques and workflow[END_REF] Comparison of two mandibular dentitions with the same avulsive bitemark on hard cheese. On the left, match and on the right, no-match.
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