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Abstract

:

This review was carried out to analyse the functions of three Vector Graphic Editor applications (VGEs) applicable to clinical or research practice, and through this we propose a two-dimensional image analysis protocol in a VGE. We adapted the review method from the PRISMA-ScR protocol. Pubmed, Embase, Web of Science, and Scopus were searched until June 2020 with the following keywords: Vector Graphics Editor, Vector Graphics Editor Dentistry, Adobe Illustrator, Adobe Illustrator Dentistry, Coreldraw, Coreldraw Dentistry, Inkscape, Inkscape Dentistry. The publications found described the functions of the following VGEs: Adobe Illustrator, CorelDRAW, and Inkscape. The possibility of replicating the procedures to perform the VGE functions was analysed using each study’s data. The search yielded 1032 publications. After the selection, 21 articles met the eligibility criteria. They described eight VGE functions: line tracing, landmarks tracing, linear measurement recording, angular measurement recording, image calibration, image overlay, file transfer, and vector graphics development. The features offered by the VGEs bring great precision and objectivity to two-dimensional image analysis. The image analysis and editing procedures are currently not protocolised. Thus, a protocol for image calibration and measurement recording is proposed in order to guarantee the protocol’s replication.
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1. Introduction


Vector Graphic Editors (VGEs) are software programmes developed in graphic design to edit and create images. The appearance of these tools determined the beginning of “computer-aided graphic design”, which involved implementing CAD-CAM (Computer-Aided Design–Computer-Aided Manufacturing) in illustration, signage, editorial printing, fashion design, and multimedia. VGEs enable one to assess, measure, and modify the digital project’s dimensions to adapt it to the physical format it will have [1,2]. Three of the most used VGEs are Adobe Illustrator, CorelDRAW, and Inkscape. The first to be commercialised was Adobe Illustrator version 1.0 in 1987. Illustrator was only for Macintosh until 1989 [3,4,5], when a version for PC was launched, coinciding with the appearance of CorelDRAW version 1.0 [4,6,7], an application aimed mainly at PCs [2]. Inkscape was the last to be launched in 2003, and unlike the other two, is free open source software [4,8].



These programmes are based on mathematical systems such as the Bezier curve and produce images called vector graphics (VG) or object-oriented images, formed by a series of joined points called nodes [3,9,10]. This differentiates VGEs from raster graphics editors such as Adobe Photoshop and Corel Paint, which work with bitmap images formed by pixels [1,2,3,4,11]. The graphic elements present in a vector file are named “objects”, and each one has a complete entity with properties such as colour, form, size, and position on the screen, all included in its mathematical definition [1,2,3]. In vector graphics, an object can be manipulated by changing its properties successively without losing its quality or affecting the other objects in the image. VGEs have certain advantages that justify their use in graphic design and their usefulness in other disciplines, such as biomedical sciences. These advantages are inherent in the characteristics of vector graphics, namely, their scalability; (i.e., their size can be changed without loss of image quality); their small size compared to bitmap files; and their ability to have different formats such as EPS, PDF, WFL, and SVG, which make vector graphics compatible and versatile to work with other software [1,2,7,12]. Once the vector graphic is generated and saved in different formats, the most used being Scalable Vector Graphics (SVG) or Portable Document Format (PDF), the file can be reopened, even with a different VGE, and the objects that compose it will keep being independent and modifiable. Additionally, the objects in the file remain independent, enabling one to modify them or even to add new objects without loss of quality [13,14,15].



In dentistry, the two-dimensional analysis of photographs, radiological tests, or other images is paramount for diagnosis and treatment planning in clinical practice and research. Implementing the functions offered by the VGEs can be advantageous to reduce work time or provide more objective analyses. Among these functions is the compatibility between programmes, the linear and angular measurement records, image superposition, the development of digital illustrations [10,16], and the calibration of images to create scale, that is, to establish a mathematical relationship between the dimensions of an object and those that appear in its image on the screen [2,17,18].



The purpose of this review was to analyse the functions of three VGEs described in the literature applied to clinical and research practice. Through this analysis, a two-dimensional analysis protocol of images was created and described in order to serve as a basis for further research and practice.




2. Materials and Methods


2.1. Protocol


This section was planned following the PRISMA-ScR Protocol (Preferred Reporting Items for Systematic Reviews and Meta-analyses: Extension for Scoping Reviews) [19].




2.2. Focused Question


Do Vector Graphic Editors have application in clinical practice and/or dental research?




2.3. Eligibility Criteria


The following eligibility criteria were considered: Studies that describe in their methodological section a function of the following Vector Graphic Editors: Adobe Illustrator, CorelDRAW, or Inkscape.



2.3.1. Type of Study


There were no restraints regarding the type of study.




2.3.2. Language


The selected articles had to be written in English or Spanish as primary sources, and a second language was also allowed.




2.3.3. Years Considered


There were no restraints regarding the publication dates of the works.



Comments or letters, patents, posters, lectures, and narrative reviews were considered as exclusion criteria.





2.4. Information Sources


The search was developed under the electronic system of the following sources: PubMed, Embase, Web of Science, and Scopus. The search was initiated on 22 January and ended on 27 May 2020. Search. The following keywords were included in the strategy: Vector Graphics Editor, Vector Graphics Editor Dentistry, Adobe Illustrator, Adobe Illustrator Dentistry, Coreldraw, Coreldraw Dentistry, Inkscape, Inkscape Dentistry.




2.5. Study Selection and Data Collection Process


Duplicated articles from different sources were detected, and duplicates removed. Subsequently and independently, two authors (R-L and G-P) carried out the selection of the articles that met the inclusion criteria based on the title, abstract, or full text if necessary. A third reviewer (F-V) intervened when there was no agreement between the first two. The articles that fulfilled the eligibility criteria were selected for full-text review.




2.6. Data Items


For each study, the name of the first author, the year of publication, and the objectives were listed. Additionally, the following variables were considered: country in which the study was carried out, dental specialty of the publication, VGE used, image type on which the analysis was performed, study design and VGE functions, considering the image analysis and editing procedures performed with a VGE. The procedures were grouped into eight terms according to their functions: “Trace Landmarks”, “Trace Lines”, “Linear Measurements”, “Angular Measurements”, “Overlap Images”, and “Image Calibration”, to establish a scale or position relationship, using an object with known dimensions or other references. “Vector graphics development” was to carry out work with a vector graphic, and “File transfer” was for the transfer and compatibility of files between different programmes. In addition, to determine if it was possible to replicate the measurement recording and image calibration protocols used, all the data provided by each study in the text, images, and figures, as well as in the Supplementary Materials, if any, were analysed. To classify the level of precision in the description of the procedures carried out on the VGEs, four degrees were set: the first one includes the studies that cite the functions performed without enabling the replication of the procedures; the second contains the studies that provide explanations or images of the procedures without guaranteeing their replication; the third consists of those studies that provide explanations and images of the procedures carried out, making it possible to replicate a large part of the protocol steps; and the fourth consists of those with a level of precision in the explanation of the procedures that ensures their reproducibility.




2.7. Synthesis of Results


The results were reached through the descriptive analysis of the variables.





3. Results


3.1. Study Selection


PubMed provided 115 articles (1989–February 2020), Embase yielded 128 (1991–March 2020), Scopus brought 380 (1989–April 2020), and Web of Science 409 (1986–February 2019), forming a total of 1032 articles. After removing duplicates (n = 356) using the title and author(s), the sample was reduced to 676 articles. The remaining selection steps are depicted in Figure 1.



From all the samples, 47 dealt with biomedical sciences and described VGEs functions. A total of 33 that did not deal with aspects related to dentistry were excluded. After reading the full text and reviewing the bibliography, 21 publications were selected for the preparation of this review, with a 100% agreement of the reviewers (R-L and G-P) (Kappa Index = 1).



The selected papers date between 2006 and 2019 [20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40], are written in English, and are from the following countries: Brazil (n = 8), Bulgary (n = 1), Canada (n = 1), China (n = 1), Estonia (n = 1), Japan (n = 1), Jordan (n = 1), India (n = 2), Poland (n = 1), Saudi Arabia (n = 1), and Turkey (n = 3). Supplemental Table S1 shows the results of the variables analysed in the selected papers.




3.2. Study Characteristics


The registered studies were: in vitro study (n = 4) [22,23,29,31], fine element study (n = 1) [27], cross-sectional study (n = 9) [20,21,25,30,32,34,35,37,39], case–control (n = 4) [24,28,33,36], and cohort study (n = 3) [26,38,40].



The dental specialties covered in the research were: endodontics (n = 3) [22,23,31], restorative dentistry (n = 3) [27,33,36], orthodontics (n = 8) [24,25,29,30,32,37,38,39], and prosthodontics (n = 7) [20,21,26,28,34,35,40].



3.2.1. Types of VGEs Analysed


CorelDRAW (Corel Corp and Coral Ltd., Ottawa, ON, Canada) (n = 19), in its different versions, was the most used VGE among the included works [20,21,22,23,24,26,27,28,29,30,31,32,33,34,35,36,38,39,40]. Adobe Illustrator (Adobe Systems Inc, San Jose, CA, USA) was used in two studies [25,37], and none of the selected articles described applications with Inkscape.




3.2.2. Types of Images Analysed


Radiological images were the most frequently used, such as: periapical radiographs (n = 7) [22,23,26,33,36,38,40], cross-sectional images of CBCT (Cone Beam Computed Tomography) (n = 3) [27,31,39], cephalometric radiographs (n = 2) [24,25], and panoramic radiographs (n = 3) [26,28,40]. The second-most used source of images was standardised photographs of the smile (n = 3) [20,21,35], face (n = 1) [34], and dental casts or typodonts (n = 2) [29,37]. Paranhons et al. in two included publications used 3D dental model images from STL files (Standard Triangle Language) (n = 2) [30,32].




3.2.3. VGEs Functions


The trace landmark functions (n = 6) [22,24,30,32,34,39] and reference lines (n = 13) [20,21,22,23,24,25,30,32,33,36,37,38,39] on key anatomical structures, along with image calibration (n = 8) [26,28,31,34,37,38,39,40], facilitate and improve the accuracy of other functions such as image overlay or measurement recording.



Overlapping images (n = 4) were used to compare the studied areas before and after treatments or experimental interventions. In the works of Constante et al. and Gianastasio et al., in vitro effects of different root canal instrumentation techniques were evaluated [22,23,31]. Menon et al. compared images before and after pulp coatings [36], and Liu et al. compared cephalometrics before and after orthodontic treatment [24].



In the two-dimensional analysis of images, linear measurement (n = 16) [20,21,22,23,24,25,26,28,33,34,35,36,37,38,39,40] or angular measurement (n = 4) [22,24,29,39] can be recorded. The review of the selected articles, grouped according to their specialty, provided the following information on the application of these linear and angular measurements. In endodontics, it was the analysis of the alterations that occur in the root canals after practicing different instrumentation techniques and analysis of the influence of the curvature of the canal in the effectiveness of different instrumentation techniques [22,23]. In restorative dentistry, it was the quantification of secondary dentin formation on periapical radiographs after performing pulp coverings [33,36]. In prosthodontics, it was the recording on photographs of the necessary measurements to calculate the aesthetic dental [20,21,35] and facial [34] proportions and to quantify crestal bone loss around implants through radiographs [26,28,40]. In orthodontics, it was the calculation of the orientation and position of the lower incisors in photographs and thus analysis of the influence of certain types of arches on the alignment of teeth [29], and in CBCT cuts it was the analysis of their influence on the level of the alveolar bone [39]. Liu et al. recorded the measurements resulting from cephalometric tracings to contrast the effects of a treatment technique [24]. Nassif et al. quantified root resorption after applying two orthodontic techniques [38]. Disthaporn et al. recorded measurements from dental cast photographs to analyse dental positions in patients and occlusal relationships in patients with repaired unilateral cleft of the lip and palate [37], and Nomura et al. measured the position of the lower lip in facial profiles outlined from cephalographies [25].



The development of vector graphics (n = 4), was performed to generate a cephalometric tracing template [24] to delineate the contour of a tooth on a CBCT section [27] that served as the basis for a finite element model or to generate illustrations for surveys [25,30].



File compatibility (n = 7) to complement the functions of different software was used by Constante et al. for recording measurements in radiographs using AutoCAD and CorelDRAW [23]. Disthaporn et al. modified the photo formats through Photoshop to work in Illustrator [37]. Gianastasi et al. [31] calibrated CBCT cuts from iCAT in CorelDRAW to transfer them to Photoshop. Manchorova-Velev et al. generated a vector graphic with CorelDRAW and transferred it to a finite element model engineering programme [27]. Paranhons et al. translated images from 3D scan models into CorelDRAW for editing [30,32], and Srebrzyńska-Witek et al. transferred CBCT cuts from the iCAT view to Irfan Viewer to calibrate the images and record measurements in CorelDRAW [39].




3.2.4. The Classification of the Precision Level in the Description of the Procedures to Record Measurements and Image Calibration in the VGEs


Among the selected works, five cite the functions performed with the VGEs in their methodological section, without providing explanations that make possible the replication of the protocol followed [22,24,25,26,40]. Nine provide explanations or images to facilitate the understanding of the procedures that were carried out to conduct the functions in the VGEs [20,21,28,31,33,34,35,36,38], and four provide explanations and images detailing many of the procedures carried out [23,37,39]. Nevertheless, the reader should interpret some steps in order to follow the protocol carried out in these studies. The description of the protocol is undertaken in the next section.






4. Protocol Description of a Two-Dimensional Image Analysis


The following protocol details the steps to follow in a VGE to perform a two-dimensional analysis of an image calibrated from an object with standardised dimensions included in a photograph, thus establishing a scale. The example shows the photograph of a smile, taken according to the American Academy of Cosmetic Dentistry guide’s protocol [41]. To calibrate the image, a rectangular adhesive calibrated at 1 cm, used as a tab for scale, was placed with an incorrect orientation to explain how to correct tab displacement in the VGE. The objective was to measure the dimensions of the teeth from a frontal view.



In Figure 2, the components of the workspace (programme interface) are graphically represented: the artboard (digital representation of an area in reality), menu bar, tools bar, and the controls for the selected object bar. Only those functions that are used in this protocol are indicated. In Figure 3, Figure 4 and Figure 5 are the screenshots of the example with the different steps described below, and in Table 1 the computer typing necessary to follow the protocol (Steps) is detailed (Video 1 shows all the procedures described below).



The programme works with a coordinate system (X and Y), where the positions occupied by the objects on the artboard are defined. The information of the position of the objects appears in the Info Panel (Figure 2), where the parameters Width (W) and Height (H) are related to X and Y, respectively. There is also the parameter angulation ( [image: Ijerph 18 04497 i001]) with respect to the artboard. To make linear measurements, the parameter Distance (D) is used, and it has the same value as W, when H has a value of 0 and the angular component is 0° or 180°. Additionally, it has the same value as H when W is 0 and the angular component is 90° or 270°. To consult D, an object is selected and the selection tool is positioned in one of the ends of the object (V), on expanding the Info Panel by clicking on the three points in the lower-left corner (Figure 2 and Figure 3), or on the measure tool panel (Figure 5) [42].



The first step is to create a new artboard. Open Adobe Illustrator CC (Adobe Systems Inc, San Jose, CA, USA) and on the Start screen click on Create new. Once opened, on the right side of the screen in the preset details menu, select the artboard dimensions, orientation, and measurement units. To set the artboard dimensions, consider whether the file is planned to be transferred to other software and/or the type of rendering (such as printing) of the project. In the example provided, units in centimetres (cm) and a landscape orientation were chosen.



Once the new blank artboard is created, the image to be worked on via the Embedded artwork mode is uploaded (Table 1, Step 1) (Figure 2) [43]. The first line is traced with the appropriate orientation, occupying the entire extension of the tab for scale. This line is called the Line on the verifying tab (LOV) (Table 1, Step 2) (Figure 3A). If corrections are needed, the steps to be followed are described in Table 1: Step 3, 4, and 5. The second step is to draw a parallel of LOV, called the horizontal line on the verifying tab (HLV) (Table 1, Step 6) (Figure 3A), and its orientation will be corrected by setting the parameters  [image: Ijerph 18 04497 i001] and H to 0.



The third step is to draw a parallel to HLV, which is referred to as the calibrated parallel horizontal line (CPL) (Table 1, Step 6) (Figure 3A). With CPL selected, a length (D) of 1 cm is settled by modifying the W parameter. To facilitate the calibration work, it is recommended to work with a CLP of 10 cm. This way, the image size will not be excessively reduced and the zoom control and mouse movements will be improved (Figure 3A). Nevertheless, by resizing the CPL, the obtained scale will change from 1:1 to 10:1. In the case of working with a CPL of 10 cm, it is recommended to adopt a line thickness of 3 or 4 points (pt) (Figure 2); on the other hand, for a 10-mm CPL, the recommended thickness is 0.75–1-pt lines. The choice of thickness facilitates their drawing on the image and does not influence the measurements since Illustrator measures from the center of the line. Therefore, each line is an object and is mathematically defined in the software.



The next step is to mark the points where the central zone of the proximal contact area between the two teeth is located. This is performed by drawing vertical lines, which are called the vertical line over contact poin” (VLCP) (Table 1, Step 7) (Figure 3B). Next, the HLV image and all of the VLCP lines, except CLP, are selected (Table 1, Step 8). With the entire set selected, the mouse pointer is displaced from a corner of the image to proportionally resize it and the selected objects. (Table 1, Step 9) (Figure 4A). It will be observed that as the size decreases, the image is displaced towards a corner of the workspace. (Figure 4A). All of the selected sets will be resized to make both HLV and CPL lines with the same length. For this, W or D parameters will be consulted. It is possible that the set might be moved and the step repeated, since, once resizing, the references are displaced (Table 1, Step 9 and 10) (Figure 4B) [44]. It is recommended to vary the zoom, since by increasing it we will achieve more precise size modifications.



At the end of this procedure, the image will be calibrated according to the object with known dimensions in a 1:1 scale (in this example 10:1), and the measurements are related to the real dimensions of the element included in the image. It is important to mention that when the image is uploaded to Adobe Illustrator, it will appear in the workspace with its full resolution size [45,46]. The photograph is a bitmap image composed of pixels, and it loses quality when resized since the number of pixels is modified. Due to this, it is recommended to draw the lines before reducing the image size. When the measurements are between lines or landmarks with a VGE, the measurement is taken between independent objects; their position is mathematically determined, and they are not made up of pixels. The default Adobe Illustrator unit is points (pt), and a pt equals 0.3528 mm [47].



The measurement record can be carried out either by drawing new lines (Table 1, Step 7) (Figure 5A,B) or using the measure tool (Table 1, Step 11) (Figure 5A,B) [48]. This way, it is possible to take horizontal linear measurements such as the mesio-distal width of the teeth, measuring between two contiguous VLCPs, or the intercanine width, measuring the most distal VLCP from one side to its counterpart. Additionally, it is possible to take vertical linear measurements such as the gingivo-incisal length of a tooth from the gingival zenith to the incisal edge (Table 1, Step 7 and 11) (Figure 5A). The measure tool also allows one to record angular measurements (Table 1, Step 11) (Figure 5A).



On the other hand, there are several vector programmes developed to design in Engineering or Architecture, such as AutoCAD [49]. All of the editing and analysis functions described in this paper would be carried out in those programmes. This work describes the procedure in Adobe Illustrator due to its nature of image processing software, presenting a more straightforward interface for image tracing and scaling.




5. Discussion


The present scoping review of twenty-one scientific articles shows that the functions of the VGEs are useful for the development and collection of data in dental studies. These programmes were used in four dental specialities, the most frequent being orthodontics and prosthodontics (38% and 33%, respectively). The studies were carried out in 10 different countries, evidencing the high availability of these programmes. VGEs have been used for the development of VGs and file transfer in medicine since the 1990s [50,51,52,53]. However, measurement recording and image calibration were not developed until the 2000s [44,45], coinciding with the first dental studies [20,21].



In recent decades, three-dimensional analysis technologies such as CBCTs and 3D scanners have been incorporated into dentistry. This has represented a great advance in the diagnosis and planning of treatments [54,55,56]. In spite of this, the tests that allow a two-dimensional analysis are still valid in many cases [57,58] since they provide the most objective projection or, from a cost–benefit point of view, they are the most reasonable option due to the shorter registration times and radiation dose or because the equipment is simpler and more accessible [59,60,61].



The studies analysed in the area of dentistry that used VGEs have relied mainly on CorelDRAW. This can be justified in that this has been the most widespread for PC equipment [2]. In this review, no article describing procedures with Inkscape was found, although it is the programme with the easiest access since it is free and, therefore, can be used without the need to purchase any license [8]. Nevertheless, it is the most recent program, and it is not developed by any company that commercialises it.



The two-dimensional analyses of digital images in the research included in this review have been carried out essentially on radiological images (n = 13) [22,23,24,25,26,27,28,31,33,36,38,39,40] and photographs (n = 6) [20,21,34,35,37]. These images were calibrated and reference points and lines were drawn on them in order to record linear and angular measurements, that is, to collect the data necessary to perform the statistical analysis in the studies.



The possibility of superimposing images allows for more extensive analyses since it is possible to carry out comparisons of images recorded before and after the intervention of the researcher. An example of this is the endodontic studies by Constante et al. [22,23] and Giannastasi et al. [31] or pulp response to aggressions by Menon et al. [36]. However, there are protocols describing procedures for overlapping images with clinical purposes in the medical literature, such as 3D CT images and fluoroscopies to facilitate catheterisation techniques in cardiology [62]. Another example is the work of Coobes et al. [54], who studied the overlapping of facial photographs to record the necessary measures for the evaluation and follow-up of patients who are candidates for oculoplasty.



The easy transfer of files and compatibility of the formats that VGEs support and generate allow the completion of the functions that these programmes have with other programmes. Among the selected articles, that by Srebrzyńska-Witek et al. [39] must be highlighted. In this work, the authors recorded the measurements in CBCT slices, which were then transferred from the 3D iCat viewer software to CorelDRAW. The authors justified this procedure because with the viewer software they could not record all the measurements they needed. Manchorova-Veleva and Neshka [27] also performed a file transfer of CBCT cuts, generating a VG outlining the tooth contour on the cuts to create a vector graphic compatible with finite element modeling software.



The main limits of this review derive from the heterogeneity of the studies and the lack of precise descriptions of the processes carried out to calibrate images and record measurements. Therefore, a reference protocol was not found, nor similar procedures to guarantee that the steps to apply the VGE functions are replicable. Consequently, it is possible that variations in the precision of the recorded measurements may arise between different studies using VGEs. Nevertheless, there are publications that describe in detail all the steps needed to create scientific illustrations with VGEs [10,11,16,63,64].



Due to the lack of a unified protocol to analyse images with VGEs and apply it to dental clinical practice and research, this work proposes a protocol with Adobe Illustrator to record measurements and calibrate images, resizing them from a reference object. The aim is to create a scale that facilitates image overlapping procedures, taking more precise measurements and facilitating the replication of procedures.



With the VGEs proposed in the protocol of the previous section, it was possible to calibrate the images by adjusting to two decimals. However, other factors that significantly influence the precision, such as the resolution and quality of the image or its standardisation, in addition to the capacity of the software must be considered. This is related to the recording device and the protocol followed during the image collection process. This means that parameters such as the distance and position of the sensor with the object, luminosity, or radiation must be taken into account. These, and other issues, are needed to ensure the least possible bias and that the vision or projections collected are equivalent in order to be comparable and analysable.



In summary, VGEs present a series of advantages for two-dimensional analysis compared to other types of programmes such as raster graphics editors (Photoshop, Paint, Corel Photo-Paint) that work with bitmaps and, therefore, measure pixels that may vary in number and size when resizing the image [3,65]. In the VGEs dealt with here, the work is carried out through a digital coordinate system in which the measurement is taken from the lines or reference points, measuring between objects mathematically defined both in position and size.




6. Conclusions


The present scoping review shows that VGEs are a useful and accessible tool for clinical professionals and researchers. The functions offered by these tools provide greater precision and objectivity to the two-dimensional analysis of images, namely, file transfer and compatibility between programmes, drawing lines or reference points, recording linear and angular measurements, and image calibration and overlaying.



Clinical Relevance


The present view highlights and synthesises the different functions of the VGEs described in the literature that are useful for clinical practice and research. Given the limitations observed in this review, a protocol for image calibration and measurement recording is proposed. This protocol is applicable to photographic, radiological, and other images and can serve as a basis for other researchers who want to propose more complex two-dimensional analyses.









Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/ijerph18094497/s1, Table S1: Applications of Vector Graphic Editors in dentistry described in the bibliography, Video S1: two-dimensional analysis protocol of a digital image. Using adobe illustrator.





Author Contributions


Conceptualisation, S.R.-L., M.G.-P., and M.F.E.M.; methodology, S.R.-L. and M.G.-P.; validation, L.J. and M.F.E.M.; formal analysis, S.R.-L. and M.G.-P.; investigation, S.R.-L. and M.G.-P.; data curation, M.F.E.M. and L.J.; writing—original draft preparation, S.R.-L. and M.G.-P.; writing—review and editing, L.J. and M.G.-P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Acknowledgments


We would like to thank Sergio Fernández Ramos and Gabriela Robles Corradini for the work carried out by them and who helped to develop and improve the image editing and analysis protocols with their extensive knowledge of graphic design. We would also like to acknowledge the help provided by Alejandra Fernanz Vigil.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Arntson, A.E. Graphic Design Basics, 5th ed.; Thomson Wadsworth: Kendallville, IN, USA, 2011. [Google Scholar]

	



López, A.M. Graphic Design Fundamentals and Techniques; ANAYA: Madrid, Spain, 2014. [Google Scholar]

	



Murray, J.D.; van Ryper, W. Encyclopedia of Graphics File Formats, 2nd ed.; O’Reilly & Associares Inc.: Sebastopol, CA, USA, 1996. [Google Scholar]

	



Salomon, D. Historical Notes. In The Computer Graphics Manual; Gries, D., Schneider, F.B., Eds.; Springer: London, UK, 2011; pp. 9–27. [Google Scholar]

	



Adobe Inc. Adobe Illustrator. Available online: https://www.adobe.com (accessed on 1 April 2020).

	



Metrailler, G. CorelDRAW Community: A little History of CorelDRAW Graphics Suite. Available online: https://community.coreldraw.com (accessed on 13 December 2020).

	



Corel Corporation. CorelDRAW: Our Story. Available online: https://www.corel.com (accessed on 13 December 2020).

	



Inkscape.org. Frequently Asked Questions-for Inkscape. Available online: https://inkscape.org (accessed on 1 April 2020).

	



Xiao, G.; Xu, X. Study on bezier curve variable step-length algorithm. Phys. Procedia 2012, 25, 1781–1786. [Google Scholar] [CrossRef]

	



McLean, D. Adobe Photoshop and Illustrator techniques. J. Audiov. Media Med. 2001, 24, 132–135. [Google Scholar] [CrossRef] [PubMed]

	



Wang, S. Preparing effective medical illustrations for publication (Part 2): Software processing, drawing and illustration. Biomed. Imaging Interv. J. 2008, 4, e12. [Google Scholar] [CrossRef] [PubMed]

	



Inkscape.org. Develop, about SVG. Available online: https://inkscape.org/develop/about-svg/ (accessed on 1 April 2020).

	



Adobe Illustrator User Guide. Import Artwork Files. Available online: https://helpx.adobe.com/illustrator/user-guide.html/illustrator/using/importing-artwork-files.ug.html (accessed on 10 April 2020).

	



Colman, J.R.; Nowocin, K.J.; Switzer, R.C.; Trusk, T.C.; Ramsdell, J.S. Mapping and reconstruction of domoic acid-induced neurodegeneration in the mouse brain. Neurotoxicol. Teratol. 2005, 27, 753–767. [Google Scholar] [CrossRef]

	



Swanson, L.W. Brain maps 4.0-structure of the rat brain: An open access atlas with global nervous system nomenclature ontology and flatmaps. J. Comp. Neurol. 2018, 526, 935–943. [Google Scholar] [CrossRef]

	



Culley, J. Creating a digital medical illustration. J. Vis. Commun. Med. 2016, 39, 77–84. [Google Scholar] [CrossRef]

	



Lupton, E.; Phillips, J.C. Graphic Design: The New Basics: Second Edition, Revised and Expanded, 2nd ed.; Chronicle Books: New York, NY, USA, 2015. [Google Scholar]

	



Ching, F.D.K. Proportion & Scale. In Architecture-Form, Space, & Order; Wilson, F., Ed.; John Wiley & Sons Inc.: Hoboken, NJ, USA, 2007; pp. 294–336. [Google Scholar]

	



Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.J.; Horsley, T.; Weeks, L.; et al. PRISMA extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann. Intern. Med. 2018, 169, 467–473. [Google Scholar] [CrossRef]

	



De Castro, M.V.M.; de Santos, N.C.M.; Ricardo, L.H. Assessment of the “golden proportion” in agreeable smiles. Quintessence Int. 2006, 37, 597–604. [Google Scholar]

	



Fayyad, M.A.; Jamani, K.D.; Agrabawi, J. Geometric and mathematical proportions and their relations to maxillary anterior teeth. J. Contemp. Dent. Pract. 2006, 7, 62–70. [Google Scholar] [CrossRef]

	



Constante, I.G.T.; Davidowicz, H.; Barletta, F.B.; Moura, A.A.M. Location and angulation of curvatures of mesiobucal canals of mandibular molars debrided by three endodontic techniques. Braz. Oral Res. 2007, 21, 22–28. [Google Scholar] [CrossRef]

	



Constante, I.G.T.; Davidowicz, H.; Barletta, F.B.; de Moura, A.A.M. Study of the areas and thicknesses of mesiobucal root canals prepared by three endodontic techniques. Braz. Oral Res. 2007, 21, 118–126. [Google Scholar] [CrossRef]

	



Liu, J.; Zou, L.; Zhao, Z.; Welburn, N.; Yang, P.; Tang, T.; Li, Y. Successful treatment of postpeak stage patients with class II division 1 malocclusion using non-extraction and multiloop edgewise archwire therapy: A report on 16 cases. Int. J. Oral Sci. 2009, 1, 207–216. [Google Scholar] [CrossRef]

	



Nomura, M.; Motegi, E.; Hatch, J.P.; Gakunga, P.T.; Ng’ang’a, P.M.; Rugh, J.D.; Yamaguchi, H. Esthetic preferences of european american, hispanic american, japanese, and african judges for soft-tissue profiles. Am. J. Orthod. Dentofacial. Orthop. 2009, 135, 87–95. [Google Scholar] [CrossRef]

	



Bilhan, H.; Mumcu, E.; Arat, S. The comparison of marginal bone loss around mandibular overdenture-supporting implants with two different attachment types in a loading period of 36 months. Gerodontology 2011, 28, 49–57. [Google Scholar] [CrossRef] [PubMed]

	



Manchorova-Veleva, N.A. Three-dimensional analysis of cavity wall deformation after composite restoration of masticatory teeth. Folia Med. 2011, 53, 53–59. [Google Scholar] [CrossRef]

	



Mumcu, E.; Bilhan, H.; Cekici, A. Marginal bone loss around implants supporting fixed restorations. J. Oral Implantol. 2011, 37, 549–558. [Google Scholar] [CrossRef] [PubMed]

	



Baratieri, C.; Rocha, R.; Campos, C.; Menezes, L.; Ribeiro, G.L.U.; Ritter, D.; Borgato, A. Evaluation of the lower incisor inclination during alignment and leveling using superelastic niti archwires: A laboratory study. Dent. Press J. Orthod. 2012, 17, 51–57. [Google Scholar] [CrossRef]

	



Paranhos, L.R.; Lima, C.S.; da Silva, R.H.A.; Daruge, E.J.; Torres, F.C. Correlation between maxillary central incisor crown morphology and mandibular dental arch form in normal occlusion subjects. Braz. Dent. J. 2012, 23, 149–153. [Google Scholar] [CrossRef] [PubMed]

	



Giannastasio, D.; Rosa, R.A.; Peres, B.U.; Barreto, M.S.; Dotto, G.N.; Kuga, M.C.; Pereira, J.R.; Só, M.V.R. Wizard CD Plus and ProTaper Universal: Analysis of apical transportation using new software. J. Appl. Oral Sci. 2013, 21, 468–474. [Google Scholar] [CrossRef]

	



Paranhos, L.R.; Ramos, A.L.; de Benedicto, E.N.; Maltagliati, L.A.; de Cardoso, M.A.; Filho, L.C. Is there any association between facial type and mandibular dental arch form in subjects with normal occlusion. Acta Sci. Health Sci. 2014, 36, 129–134. [Google Scholar] [CrossRef]

	



George, V.; Janardhanan, S.K.; Varma, B.; Kumaran, P.; Xavier, A.M. Clinical and radiographic evaluation of indirect pulp treatment with MTA and calcium hydroxide in primary teeth (in-vivo study). J. Indian Soc. Pedod. Prev. Dent. 2015, 33, 104–110. [Google Scholar]

	



Nguyen, M.S.; Saag, M.; Le, V.N.; Nguyen, T.T.; Nguyen, B.B.T.; Jagomägi, T. The golden proportion in facial soft-tissues of Vietnamese females. Stomatologija 2016, 18, 80–85. [Google Scholar] [PubMed]

	



Niranjan, N.T.; Kanaparthy, A.; Kanaparthy, R.; Kiran, H.Y. Photographic and manual evaluation of golden percentage and recurrent aesthetic dental proportion in aesthetic smiles. J. Evol. Med. Dent. 2016, 5, 2267–2270. [Google Scholar]

	



Menon, N.P.; Varma, B.R.; Janardhanan, S.; Kumaran, P.; Xavier, A.M.; Govinda, B.S. Clinical and radiographic comparison of indirect pulp treatment using light-cured calcium silicate and mineral trioxide aggregate in primary molars: A randomized clinical trial. Contemp. Clin. Dent. 2016, 7, 475–480. [Google Scholar] [PubMed]

	



Disthaporn, S.; Suri, S.; Ross, B.; Tompson, B.; Baena, D.; Fisher, D.; Lou, W. Incisor and molar overjet, arch contraction, and molar relationship in the mixed dentition in repaired complete unilateral cleft lip and palate: A qualitative and quantitative appraisal. Angle Orthod. 2017, 87, 603–609. [Google Scholar] [CrossRef] [PubMed]

	



Nassif, C.E.; Cotrim-Ferreira, A.; Conti, A.C.C.F.; Valarelli, D.P.; de Almeida Cardoso, M.; de Almeida-Pedrin, R.R. Comparative study of root resorption of maxillary incisors in patients treated with lingual and buccal orthodontics. Angle Orthod. 2017, 87, 795–800. [Google Scholar] [CrossRef]

	



Srebrzyńska-Witek, A.; Koszowski, R.; Różyło-Kalinowska, I. Relationship between anterior mandibular bone thickness and the angulation of incisors and canines-a CBCT study. Clin. Oral Investig. 2018, 22, 1567–1578. [Google Scholar] [CrossRef]

	



Mumcu, E.; Beklen, A. The effect of smoking on the marginal bone loss around implant-supported prostheses. Tob. Induc. Dis. 2019, 17, 43. [Google Scholar] [CrossRef]

	



American Academy of Cosmetic Dentistry. Photographic Documentation and Evaluation in Cosmetic Dentistry. Available online: https://aacd.com (accessed on 13 December 2020).

	



Adobe Illustrator User Guide. Workspace, Navigate the info Panel. Available online: https://helpx.adobe.com/illustrator/user-guide.html/illustrator/using/rulers-grids-guides-crop-marks.ug.html (accessed on 13 December 2020).

	



Adobe Illustrator User Guide. Import, Export, and Save, Place (Import) Artwork Files. Available online: https://helpx.adobe.com/illustrator/using/importing-artwork-files.html (accessed on 13 December 2020).

	



Adobe Illustrator User Guide. Reshape Objects, Scale Objects with the Bounding Box. Available online: https://helpx.adobe.com/illustrator/using/scaling-shearing-distorting-objects.html (accessed on 13 December 2020).

	



Adobe Illustrator User Guide. Import, Export, and Save: About Linked and Embedded Artwork. Available online: https://helpx.adobe.com/illustrator/user-guide.html/illustrator/using/importing-artwork-files.ug.html (accessed on 13 December 2020).

	



Adobe Illustrator User Guide. Import, Export and Save: About Bitmap Images. Available online: https://helpx.adobe.com/illustrator/using/importing-bitmap-images.html. (accessed on 13 December 2020).

	



Adobe Illustrator User Guide. Workspace, Rulers, Grids, and Guide: Change the Unit of Measurement. Available online: https://helpx.adobe.com/illustrator/user-guide.html/illustrator/using/rulers-grids-guides-crop-marks.ug.html (accessed on 13 December 2020).

	



Adobe Illustrator User Guide. Workspace, Measure Distance between Objects. Available online: https://helpx.adobe.com/illustrator/user-guide.html/illustrator/using/rulers-grids-guides-crop-marks.ug.html (accessed on 13 December 2020).

	



Autodesk, Inc. Overview, What Is AutoCAD? Available online: https://www.autodesk.com/products/autocad/overview?plc=ACDIST&term=1-YEAR&support=ADVANCED&quantity=1 (accessed on 13 December 2020).

	



Schambra, U.B.; Silver, J.; Lauder, J.M. An atlas of the prenatal mouse brain: Gestational day 14. Exp. Neurol. 1991, 114, 145–183. [Google Scholar] [CrossRef]

	



Notghi, A.; Mills, A.; Hutchinson, R.; Kumar, D.; Harding, L.K. Reporting simplified colonic transit studies using radionuclides: Clinician friendly reports. Gut 1995, 36, 274–275. [Google Scholar] [CrossRef] [PubMed]

	



Whiten, S.; Smart, S.D.; Mclachlan, J.C.; Aiton, J.F. Computer-aided interactive three-dimensional reconstruction of the embryonic human heart. J. Anat. 1998, 193, 337–345. [Google Scholar] [CrossRef] [PubMed]

	



Yu, J.; Paessler, H.H. Relationship between tunnel widening and different rehabilitation procedures after anterior cruciate ligament reconstruction with quadrupled hamstring tendons. Chin. Med. J. 2005, 118, 320–326. [Google Scholar] [PubMed]

	



Coombes, A.G.; Sethi, C.S.; Kirkpatrick, W.N.; Waterhouse, N.; Kelly, M.H.; Joshi, N. A standardized digital photography system with computerized eyelid measurement analysis. Plast. Reconstr. Surg. 2007, 120, 647–656. [Google Scholar] [CrossRef] [PubMed]

	



Mangano, C.; Luongo, F.; Migliario, M.; Mortellaro, C.; Mangano, F.G. Combining intraoral scans, cone beam computed tomography and face scans: The virtual patient. J. Craniofac. Surg. 2018, 29, 2241–2246. [Google Scholar] [CrossRef]

	



Walter, C.; Schmidt, J.C.; Dula, K.; Sculean, A. Cone beam computed tomography (CBCT) for diagnosis and treatment planning in periodontology: A systematic review. Quintessence Int. 2016, 47, 25–37. [Google Scholar] [CrossRef] [PubMed]

	



Flores-Guillen, J.; Álvarez-Novoa, C.; Barbieri, G.; Martín, C.; Sanz, M. Five-year Outcomes of a randomized clinical trial comparing bone-level implants with either submerged or transmucosal healing. J. Clin. Periodontol. 2018, 45, 125–135. [Google Scholar] [CrossRef]

	



Rodrigo, D.; Sanz-Sánchez, I.; Figuero, E.; Llodrá, J.C.; Bravo, M.; Caffesse, R.G.; Vallcorba, N.; Guerrero, A.; Herrera, D. Prevalence and risk indicators of peri-implant diseases in Spain. J. Clin. Periodontol. 2018, 45, 1510–1520. [Google Scholar] [CrossRef]

	



Kadesjö, N.; Lynds, R.; Nilsson, M.; Shi, X.-Q. Radiation dose from X-ray examinations of impacted canines: Cone beam CT vs two-dimensional imaging. Dentomaxillofac. Radiol. 2018, 47, 20170305. [Google Scholar] [CrossRef]

	



Christell, H.; Birch, S.; Bondemark, L.; Horner, K.; Lindh, C. SEDENTEXCT consortium. The impact of cone beam CT on financial costs and orthodontists’ treatment decisions in the management of maxillary canines with eruption disturbance. Eur. J. Orthod. 2018, 40, 65–73. [Google Scholar] [CrossRef]

	



Signori, C.; Collares, K.; Cumerlato, C.B.F.; Correa, M.B.; Opdam, N.J.M.; Cenci, M.S. Validation of assessment of intraoral digital photography for evaluation of dental restorations in clinical research. J. Dent. 2018, 71, 54–60. [Google Scholar] [CrossRef]

	



Valdigem, B.P.; da Silva, N.J.C.; Dietrich, C.O.; Moreira, D.; Sasdelli, R.; Ibraim, M.; Pinto Cirenza, C.; de Paola, A.A.V. Accuracy of epicardial electroanatomic mapping and ablation of sustained ventricular tachycardia merged with heart CT scan in chronic chagasic cardiomyopathy. J. Interv. Card. Electrophysiol. 2010, 29, 119–125. [Google Scholar] [CrossRef] [PubMed]

	



McLean, D. Adobe Photoshop and Illustrator techniques. J. Audiov. Media Med. 2002, 25, 79–81. [Google Scholar] [CrossRef] [PubMed]

	



Wang, S. Preparing effective medical illustrations for publication (Part 1): Pixel-based image acquisition. Biomed. Imaging Interv. J. 2008, 4, e11. [Google Scholar] [CrossRef] [PubMed]

	



Adobe Photoshop User Guide: 3D and Technical Imaging, about Measurement. Available online: https://helpx.adobe.com/photoshop/using/measurement.html (accessed on 10 April 2020).








[image: Ijerph 18 04497 g001 550] 





Figure 1. Flow diagram with the information through the phases of study selection based on PRISMA (Moher et al., 2009) [19]. 
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Figure 2. Adobe Illustrator workspace. (V): selection tool command, (A): direct selection tool command, (\) line segment tool command, (I): measure tool or eyedropper command, (X): fill and stroke box command to change color, (W): linear segmentlLength, pt: points that compose the linear segment thickness. 
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Figure 3. Screenshots of the sample image with the different steps of the protocol. LOV: line on the verifying witness. HLV: horizontal line on the verifying tab for scale. CPL: calibrated parallel horizontal line. VLVP: vertical line over contact point. D: distance. Screenshots of the sample image with the different steps of the protocol (A,B). 
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Figure 4. Screenshots of the sample image with the different steps of the protocol. LOV: line on the verifying witness. HLV: horizontal line on the verifying tab for scale. CPL: calibrated parallel horizontal line. D: distance. Screenshots of the sample image with the different steps of the protocol (A,B). 
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Figure 5. Screenshots of the sample image with the different steps of the protocol. Screenshots of the sample image with the different steps of the protocol (A,B). 
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Table 1. Adobe Illustrator functions described in the protocol. LOV: line on the verifying witness. HLV: horizontal line on the verifying witness. CPL: calibrated parallel horizontal line. VLVP: vertical line over contact point. Controls. (V): selection tool command. (A): direct selection tool command. (\): line segment tool command. (I): measure tool or eyedropper command.
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Adobe Illustrator Functions Described in the Protocol




	
Step:

	
Performance

	
Selected Tool

	
Procedure






	
1

	
Place (import) files in the artwork

	

	
Menu bar “File” > “Place” > select the file > deselect “Link” to embed in the artwork > “Click Place”.




	
2

	
Draw a line (LOV)

	
Line Segment Tool (\)

	
+Hold click + Drag mouse + Drop mouse.




	
3

	
Modify dimension of a line

	
Selection Tool(V)

	
+Hold click + Drag mouse + Drop mouse.




	
4

	
Move object

	
Direct Selection Tool (A) or Selection Tool (V)

	
+Hold click + Drag mouse + Drop mouse

*Shift: to orientate in right angles (only Selection Tool).




	
5

	
Correct/Go back

	

	
Control + Z/Menu bar “Edit” + “Undo”.




	
6

	
Draw a parallel line (HLV/CPL/VLCP)

	
Selection Tool (V) or Direct Selection Tool (A)

	
+Hold click over the line (HLV) + Hold Alt + Hold Shift + Drag mouse up or down+ Drop mouse + release Alt and Shift.




	
7

	
Draw a perfect horizontal or vertical line (LOV/VLCP)

	
Line Segment Tool (\)

	
+Hold click + Hold Shift + Drag mouse horizontally/vertically + Drop mouse




	
8

	
Select multiple objects

	
Selection Tool (V)

	
+Hold Shift + Click over object or drag mouse.




	
9

	
Set scaling

	
Selection Tool (V)

	
Step 8 + Hold Shift + Drag mouse to a corner of the image + Reduction symbol appears + Drag mouse towards the center of the screen.




	
10

	
Set movement

	
Selection Tool (V)

	
Step 8+ Hold Shift + Drag mouse + Drop mouse.




	
11

	
Use the measure tool

	
Measure tool (I)

*Double click on the Eyedropper Tool

	
+Hold click on point of origin + Drag mouse + Hold mouse over end point. *If we want to measure perfect horizontals or verticals or angles of 45°, 90°, 135°, 180° and successively use Shift
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