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Abstract: Three-dimensional files featuring patients’ geometry can be obtained through common
tools in dental practice, such as an intraoral scanner (IOS) or Cone Beam Computed Tomography
(CBCT). The use of 3D files in medical education is promoted, but only few methodologies were
reported due to the lack of ease to use and accessible protocols for educators. The aim of this work
was to present innovative and accessible methodologies to create 3D files in dental education. The
first step requires the definition of the educational outcomes and the situations of interest. The second
step relies on the use of IOS and CBCT to digitize the content. The last “post-treatment” steps involve
free software for analysis of quality, re-meshing and simplifying the file in accordance with the
desired educational activity. Several examples of educational activities using 3D files are illustrated
in dental education and discussed. Three-dimensional files open up many accessible applications for
a dental educator, but further investigations are required to develop collaborative tools and prevent
educational inequalities between establishments.

Keywords: 3D files; healthcare education; innovation in teaching; digital training; clinical teaching

1. Introduction

Historically, 3D files are considered as relatively inaccessible educational tools, mainly
because they required 3D designers and significant technological and human resources.
However, in the medical field, imaging devices are already well developed, such as in den-
tistry for many clinical applications [1,2]. These devices could also open up many applica-
tions through the use of digitized 3D files [3–7]. They were reported to improve the capacity
of medical and dental students of learning disciplines such as anatomy [4,7,8]. Moreover,
the development of educational platforms and hybrid teaching is especially useful in these
times of COVID-19, as they increase the educational possibilities, that include learning
of spatial ability, interactivity, critical thinking and decision-making [8,9]. However, the
available resources for teaching are often limited in dental schools, and the lack of ease
to use and accessible protocols for educators complicate the production of 3D education
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content [7,10]. Therefore, an alternative proposal appears necessary for dental educators to
create, visualize and interact with 3D educational contents in a format and a weight that
allows for use on the institutional educational platform or in additional software.

The aim of this article was to present innovative and accessible methodologies to create
3D educational files in dental education with common imaging devices such as intraoral
scanner (IOS) or Cone Beam Computed Tomography (CBCT), and using free software.

2. Methodology
2.1. Alignment of Educational Objective to Educational Content

The first step requires us to clarify the educational objectives and the method of evalu-
ation. Indeed, the teacher has to carefully organize and align all the objectives, teaching
context and activities [11,12] (Figure 1). For example, does the educator plan to measure
“how a student is able to estimate the volume of a decay”, “how a student is able to visual-
ize the design of the future endodontic access cavity” or “how student is able to indicate
the required treatment or to select the adapted instrument”? These three questions could
be asked using similar 3D files, but they actually measure completely different capacities.
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Figure 1. Concept of educational alignment between the objectives, teaching context and activities.

2.2. Create or Collect the Situation

Once the educational alignment has been thought through, the next step is to create
or collect 3D situations. It could be simple or complex cases clinically encountered, or
artificial situations from educational materials such as typodont teeth, or from extracted
teeth [13] (Figure 2). Finally, all these decisions will drive the choice of whether to digitize
with IOS or the CBCT.
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2.3. Scan with an IOS

Clinical situations can be digitized with an IOS to obtain three-dimensional (3D)
files. The raw file collected by the IOS can either be black and white triangular mesh
(standard triangle language (STL), or triangles with additional information about color and
texture (.ply and .obj). The areas of interest for the educational tool can be scanned in high
dimension (HD) in order to obtain highest definition and more details. Immersivity can
also be improved using operating field and materials, for example using rubber dam or
occlusal contact with articulating paper.

2.4. Scan with a CBCT

Settings of CBCT are first optimized according to the object size. When selecting
the clinical situation and in order to facilitate image interpretation, images deformed
by artefacts, for example if large volumes of metallic materials are present, should be
rejected. The segmentation could be conducted using different strategies such as gray-level
threshold, a region-based technique or a deep learning method [14,15]. The different dental
structures can be marked on the 3D image using labels and segmented with a free software
depending on their Hounsfield units (3D Slicer, ITK-SNAP). The 3D-labelled image is then
meshed and exported as an STL file for further educational activities (Figure 3).

Healthcare 2021, 9, x  3 of 7 
 

 

 
Figure 2. Example of two 3D educational contents using IOS with artificial teeth (a) and a clinical 
situation (b). 

2.3. Scan with an IOS 
Clinical situations can be digitized with an IOS to obtain three-dimensional (3D) files. 

The raw file collected by the IOS can either be black and white triangular mesh (standard 
triangle language (STL), or triangles with additional information about color and texture 
(.ply and .obj). The areas of interest for the educational tool can be scanned in high dimen-
sion (HD) in order to obtain highest definition and more details. Immersivity can also be 
improved using operating field and materials, for example using rubber dam or occlusal 
contact with articulating paper. 

2.4. Scan with a CBCT 
Settings of CBCT are first optimized according to the object size. When selecting the 

clinical situation and in order to facilitate image interpretation, images deformed by arte-
facts, for example if large volumes of metallic materials are present, should be rejected. 
The segmentation could be conducted using different strategies such as gray-level thresh-
old, a region-based technique or a deep learning method [14,15]. The different dental 
structures can be marked on the 3D image using labels and segmented with a free soft-
ware depending on their Hounsfield units (3D Slicer, ITK-SNAP). The 3D-labelled image 
is then meshed and exported as an STL file for further educational activities (Figure 3). 

 
Figure 3. Conception of an educational model with carious process using a free software 3DSlicer. 
(a) 3D image from a cone beam computed tomography of a maxillary molar presenting a cavity. 
(b) Attribution of pixel labels for air (green), dentin (yellow), pulp (red), cavity (blue) and bone 
(purple) using the “paint” tool on the 3D image. (c) Segmentation of the 3D image using the 
“Grow from seeds” tool. (d) Export of the pulp, cavity and tooth STL models and visualization in 
the software Blender using transparent labels. 

  

Figure 3. Conception of an educational model with carious process using a free software 3DSlicer. (a) 3D image from a
cone beam computed tomography of a maxillary molar presenting a cavity. (b) Attribution of pixel labels for air (green),
dentin (yellow), pulp (red), cavity (blue) and bone (purple) using the “paint” tool on the 3D image. (c) Segmentation of the
3D image using the “Grow from seeds” tool. (d) Export of the pulp, cavity and tooth STL models and visualization in the
software Blender using transparent labels.

2.5. Post Treatement
2.5.1. Quality Analysis of 3D File

The 3D file obtained from IOS or CBCT corresponds to a point cloud forming triangles.
This mesh corresponds to a network of different density and quality of triangles that can
be analyzed using free software such as Meshlab (ISTI and CNR, Rome, Italy) or Blender
(Blender Foundation, Amsterdam, Netherlands). An ideal mesh corresponds to fairly
equilateral, or at least fairly identical, triangles. In order to be as fair as possible, it could
be suggested that one removes the color during the analysis of the 3D file [6]. The 3D file
could also be repaired, closed or smoothed to improve the rendering using free software
such as Meshmixer (Autodesk, San Rafael, EU) (Figure 4).
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Figure 4. Cleaning and repairing the 3D file of a segmented pulp using the free software Meshmixer
(Autodesk, San Rafael, EU). (a) STL presenting holes (yellow arrow) and stair-steps (blue arrow) due
to the resolution of the cone beam computed tomography, could be automatically smoothed and
repaired using “Smooth” and “Inspector” tools in the software (b).

2.5.2. Re-Meshing and Simplification

Redefining or reducing the size of the 3D file facilitates its integration into the ed-
ucational software. Indeed, a large file has a large definition and therefore a greater
weight (Figure 5).
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This high definition is less useful for an educational model, where immersivity is
enhanced by a fast-loading time. Once again, free software (Meshlab or Blender) can be
used for this step. Finally, the 3D file could also be prepared and transformed in 3D PDF
(Adobe, San josé, EU) [7] to improve visualization and enhance their spatial ability, or for
3D printing, using a “model builder” tools [16]. Semi-automatic tools are generally offered
by most of the dental Computer-Aided Design (CAD) softwares, but it could also be done
manually using free software such as Blender.

3. Discussion

Digital technologies open up the possibility to improve dental education. A proposi-
tion is made here to help educators easily prepare 3D files. However, several questions
regarding the educational outcomes and the way 3D files will be used remain.

The most challenging points for universities to integrate 3D files will be to reach
a consensus regarding the outcomes of these tools, and define a way to measure their
effectiveness [17]. These tools are not intended to replace all forms of pedagogy validated
for decades. Yet they may lever the current limitations of video or 2D images in lack
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of immersivity or complexity for several students to visualize and transform 2D infor-
mation in 3D [18]. Indeed, faced with this difficulty of 3D visualization, several authors
already proposed 3D files in prosthetic dentistry, endodontic anatomy or for presenting
maxillofacial prosthetics concepts [7,19,20] (Figure 6a–c). Indeed, the capacity of 3D vi-
sualization could be predictive of the learning of complex tasks [21]. Recently, a mobile
application was developed to use 3D visualization to learn and assess the decision making
in restorative dentistry [9].
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Figure 6. Two innovative activities using 3D files. 3D-PDF format could be used to offer simplified visualization of
maxillofacial prosthetics concepts to dental students, by interacting with different volumes, or using preselected views (a–c).
An incorrect 3D endodontic cavity (d) could be used to ask student to: -determine the root canal (green), -the form of the
future endodontic access cavity (red) and the corrections to realize (orange), using 3D “painting” tools (e) (here using the
Vertex paint mode of Blender).

A large number of other applications based on IOS and 3D files to improve learning
and assessment of students during tooth preparation is possible [22–24]. It was also pro-
posed to use 3D files as 3D printed educational tools in medical education [25]. Authors
reported that it could be useful also in dental education, to teach for example endodontol-
ogy [26]. A recent study also reported the use of 3D files based on real patient situation
to teach dental surgery [27]. Moreover, these files can be easily integrated into preclinical
simulation using haptic or virtual reality simulators, which is regarded with interest in
dental education [7,28,29].

The generalization of 3D files should be approached with caution, because it is still
emerging in the field of education. The prime limitation in following such a protocol is the
need for educators with experience in non-dental software, that may impose collaborations
with other universities or training. Moreover, 3D files can sometimes lack an entertaining
aspect and be too complex for students to manipulate [30], and therefore require the devel-
opment of more user-friendly interphase. As the resources for the development of these
educative tools are not always known, a dental faculty network, open-access publications
or educational congresses could be relevant strategies to share tips and tools, such as 3D
PDF files [7], free software to interact and paint on 3D files (Paint 3D, Microsoft, Redmond,
EU) or Blender (Figure 6d,e), free web-based platforms (Metaciel, Université Clermont
Auvergne, Clermont-Ferrand, France) [31], or open source codes of applications [9]. How-
ever, these practices are still recent, and additional studies will be necessary to deeply
evaluate how these tools will help dental educators to teach and students to achieve their
educational goals.
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4. Conclusions

This article presented digital methodologies, tips and tools to create immersive 3D
contents for dental education using IOS or CBCT and free software. These procedures open
up many applications and possible educational collaborations for dental educators. Further
comparisons with current practices will be required to identify and select 3D tools that
really improve teaching and learning.

Author Contributions: Conceptualization, S.B., R.R., F.V. and M.D.; methodology, R.R., M.E. and
A.N.; software, R.I., resources, C.W., M.E. and A.N.; writing original draft preparation, S.B., R.R. and
M.D.; writing, review and editing S.B., R.R., F.V., C.W., R.I., M.E., A.N. and M.D. 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.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wulfman, C.; Bonnet, G.; Carayon, D.; Lance, C.; Fages, M.; Virard, F.; Daas, M.; Rignon-Bret, C.; Naveau, A.; Millet, C.; et al.

Digital removable complete denture: A narrative review. Fr. J. Dent. Med. 2020. [CrossRef]
2. Rekow, E.D. Digital Dentistry: The New State of the Art—Is It Disruptive or Destructive? Dent. Mater. 2020, 36, 9–24. [CrossRef]
3. Bogomolova, K.; Hierck, B.P.; van der Hage, J.A.; Hovius, S.E.R. Anatomy Dissection Course Improves the Initially Lower Levels

of Visual-Spatial Abilities of Medical Undergraduates. Anat. Sci. Educ. 2020, 13, 333–342. [CrossRef]
4. Kato, A.; Ziegler, A.; Utsumi, M.; Ohno, K.; Takeichi, T. Three-Dimensional Imaging of Internal Tooth Structures: Applications in

Dental Education. J. Oral Biosci. 2016, 58, 100–111. [CrossRef]
5. Peters, M.; Laeng, B.; Latham, K.; Jackson Zaiyouna, R.; Richarson, C. A Redrawn Vandenberg and Kuse Mental Rotations Test:

Different Versions and Factors That Affect Performance. Brain Cogn. 1995, 28, 39–58. [CrossRef] [PubMed]
6. Richert, R.; Goujat, A.; Venet, L.; Viguie, G.; Viennot, S.; Robinson, P.; Farges, J.C.; Fages, M.; Ducret, M. Intraoral Scanner

Technologies: A Review to Make a Successful Impression. J. Healthc. Eng. 2017, 2017, 8427595. [CrossRef] [PubMed]
7. Elbashti, M.; Aswehlee, A.; Nguyen, C.T.; Ella, B.; Naveau, A. Technical Protocol for Presenting Maxillofacial Prosthetics Concepts

to Dental Students Using Interactive 3D Virtual Models within a Portable Document Format. J. Prosthodont. 2020, 29, 546–549.
[CrossRef]

8. Goodacre, C.J. Digital Learning Resources for Prosthodontic Education: The Perspectives of a Long-Term Dental Educator
Regarding 4 Key Factors. J. Prosthodont. 2018, 27, 791–797. [CrossRef] [PubMed]

9. Iozzino, R.; Champin, P.A.; Richert, R.; Bui, R.; Palombi, O.; Charlin, B.; Tamimi, F.; Ducret, M. Assessing Decision-Making in
Education of Restorative and Prosthetic Dentistry: A Pilot Study. Int. J. Prosthodont. 2020. [CrossRef]

10. Schwindling, F.S.; Deisenhofer, U.K.; Porsche, M.; Rammelsberg, P.; Kappel, S.; Stober, T. Establishing CAD/CAM in Preclinical
Dental Education: Evaluation of a Hands-On Module. J. Dent. Educ. 2015, 79, 1215–1221. [CrossRef] [PubMed]

11. Biggs, J. Enhancing Teaching through Constructive Alignment. High. Educ. 1996, 32, 347–364. [CrossRef]
12. Biggs, J. What the Student Does: Teaching for Enhanced Learning. Int. J. Phytoremediation 1999, 21, 57–75. [CrossRef]
13. Decurcio, D.A.; Lim, E.; Chaves, G.S.; Nagendrababu, V.; Estrela, C.; Rossi-Fedele, G. Pre-Clinical Endodontic Education

Outcomes between Artificial versus Extracted Natural Teeth: A Systematic Review. Int. Endod. J. 2019, 52, 1153–1161. [CrossRef]
14. Bücking, T.M.; Hill, E.R.; Robertson, J.L.; Maneas, E.; Plumb, A.A.; Nikitichev, D.I. From Medical Imaging Data to 3D Printed

Anatomical Models. PLoS ONE 2017, 12, e0178540. [CrossRef] [PubMed]
15. Rengier, F.; Mehndiratta, A.; Von Tengg-Kobligk, H.; Zechmann, C.M.; Unterhinninghofen, R.; Kauczor, H.U.; Giesel, F.L. 3D

Printing Based on Imaging Data: Review of Medical Applications. Int. J. Comput. Assist. Radiol. Surg. 2010, 5, 335–341. [CrossRef]
16. Etemad-Shahidi, Y.; Qallandar, O.B.; Evenden, J.; Alifui-Segbaya, F.; Ahmed, K. Accuracy of 3D-Dimensiobally printed full-arch

dental models: A systematic review. Clin. Med. 2020, 9, 3357. [CrossRef]
17. Khalaf, K.; El-Kishawi, M.; Mustafa, S.; Al Kawas, S. Effectiveness of Technology-Enhanced Teaching and Assessment Methods of

Undergraduate Preclinical Dental Skills: A Systematic Review of Randomized Controlled Clinical Trials. BMC Med. Educ. 2020,
20, 286. [CrossRef]

18. Hoyek, N.; Collet, C.; Rastello, O.; Fargier, P.; Thiriet, P.; Guillot, A. Enhancement of Mental Rotation Abilities and Its Effect on
Anatomy Learning. Teach. Learn. Med. 2009, 21, 201–206. [CrossRef]

19. Versiani, M.A.; Basrani, B.; Sousa-Neto, M.D. The Root Canal Anatomy in Permanent Dentition. Root Canal Anat. Perm. Dentition;
Springer International Publishing: Cham, Switzerland, 2018; pp. 391–425.

http://doi.org/10.36161/FJDM.0005
http://doi.org/10.1016/j.dental.2019.08.103
http://doi.org/10.1002/ase.1913
http://doi.org/10.1016/j.job.2016.05.004
http://doi.org/10.1006/brcg.1995.1032
http://www.ncbi.nlm.nih.gov/pubmed/7546667
http://doi.org/10.1155/2017/8427595
http://www.ncbi.nlm.nih.gov/pubmed/29065652
http://doi.org/10.1111/jopr.13210
http://doi.org/10.1111/jopr.12987
http://www.ncbi.nlm.nih.gov/pubmed/30307085
http://doi.org/10.11607/ijp.7228
http://doi.org/10.1002/j.0022-0337.2015.79.10.tb06015.x
http://www.ncbi.nlm.nih.gov/pubmed/26427781
http://doi.org/10.1007/BF00138871
http://doi.org/10.1080/0729436990180105
http://doi.org/10.1111/iej.13116
http://doi.org/10.1371/journal.pone.0178540
http://www.ncbi.nlm.nih.gov/pubmed/28562693
http://doi.org/10.1007/s11548-010-0476-x
http://doi.org/10.3390/jcm9103357
http://doi.org/10.1186/s12909-020-02211-4
http://doi.org/10.1080/10401330903014178


Healthcare 2021, 9, 178 7 of 7
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