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Abstract

Over the past decade, studies published for the evaluation of intraoral scanners (10S), have mainly considered two
parameters, precision and trueness, to determine accuracy. The third parameters, the resolution, not much studied,
seems essential for an application in dentistry.

Objective: The objective of this preliminary study is to create an original method (RTP protocol) to evaluate these
three main parameters - resolution trueness and precision- in the same time.

Material and Method: A ceramic tip with particular and calibrated dimensions is determined as the reference object
and its mesh recorded with a scanning micro tomograph, and compared with the one extracted to the 10S. It is the
particular geometric shape of the object that will make it possible to assess at the same time: resolution, trueness
and precision.

Results: Results shown a mean resolution of 79.2 pm, a mean for trueness of 17.5 and a mean for the precision of
12.3 um. These values are close to previously results published for this camera. So, the RTP protocol, is the first
including the three parameters at the same time. Simple, fast and precise, its application can be useful for
comparisons between 10S within research laboratories or test organizations. Finally, this study could be a first step
to create a reference kit for practitioners allowing them to control the quality of their 10S over time.
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1. Introduction

In the 1970s Frangois Duret proposed the use of intra oral scanners (I0S) as an alternative
to conventional dental impressions [1]. A 10S device measures the positions of many points in
3D while taking an optical image. Then, it is possible to build a 3D mesh, i.e. a set of faces
which vertices are the measured points and to project on it the image in order to get a
tridimensional representation of the teeth structure. Over the years, various applications of this
data acquisition system were developed in different aspects of dentistry, as in orthodontics or
prosthodontics treatments [2]-[6]. The performance of 10S for optical impressions in fixed
prostheses has been widely studied in recent years. Systematic review has concluded that 10S
digital impression have a better accuracy compare to conventional impressions and were
acceptable for a clinical practice [7]-[11].

Following the international standard (ISO 5725-1), accuracy is defined by trueness and
precision [12]. Trueness is the deviation of the object scanned with an I0S from its real
geometry and precision represents the deviation between the repeated scans of the same object
performed with the same 10S in the same conditions (see Fig. 1). The camera technology, the
scanning conditions and the software properties have an influence on those two parameters.
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Precision and trueness are considered by most authors as the main criteria of 10S qualities
and are generally studied individually [13]-[17].

However, in clinical practice, some areas of interest, such as preparation ridges, are difficult
to scan. This problem is related to the resolution of the 10S, which is defined by the smallest
change in the quantity being measured that causes a detectable change in the corresponding
indication [18]. Singularly, resolution is rarely provided by manufacturers or is substituted by
an indirect indicator based on the number of vertice of the image acquired by the 10S device
[19]. Notice that the number of vertices of the 3D mesh can not be directly related to the
resolution, as it depends mainly of the algorithm which reconstructs the mesh software.
Actually, just very few publications evaluate precisely the resolution whereas it is an important
additional element to assess 10S qualities [20].

In fact, the most adapted way to perform an IOS would be to evaluate from a single
manipulation the resolution, the precision and the trueness in a unified protocol. It is the aim of
this preliminary study in which we describe what we named the Resolution-Trueness-Precision
(RTP) protocol.

For this, it was created a reference object with a particular geometry, which makes it possible
to evaluate the minimum distance between points that an 10S can acquire. In a first time, the
reference object is scanned both by micro-CT to obtain a reference mesh and by the evaluated
IOS [15], [21]. In a second time, meshes obtained with the evaluated 10S mesh and the
reference one are compared to assess Resolution, Trueness and Precision. To validate the
potential of this protocol, we performed experiments with a Primescan camera (Dentsply
Sirona®, Charlotte, USA) which is a reference for many practitioners [22]-[26]. All scans were
performed by the same experimented operator respecting the scanning path recommended by
the manufacturer in order to limit inter-operator variability.
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Fig. 1. Representation of precision, trueness and the resulting accuracy. Each red point represents a measure.
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2. Material and methods
2.1. Reference object preparation

The reference object is a ceramic tip. It is a point-shaped object with a thin tip at the
extremity (See Fig. 2-A).

—0.02 mm —

Fig. 2. a) Ceramic tip. b) Tip profile recorded with optical measuring machine. ¢) Scheme of resolution in 10S;
in our study: the black arrows indicate the actual shape of the tip whereas red arrows show the shape recorded
with the 10S due to the resolution limit.

The tip prepared by longitudinally sectioning a Vita Mark 11 feldspathic ceramic blocks (Vita
Zahnfabrik) for CAD-CAM systems, with a high-speed diamond saw (Isomet 2000). The 2
mm*2 mm*4mm match like sample was then beveled cut to create the pointed tip. The cut face
is polished with abrasive discs with up to 1200 grit followed by polishing with diamond pastes
of 0.25 and 0.1-pum particle sizes using a polishing machine (Escil). Our sample is ultrasonically
cleaned in a distilled water bath. Verification of sharpness was done with Excel 502 Multisensor
Measuring machine (Windsor). See Fig. 2-B. Tip was made of a material chosen to be as close
as possible to the appearance of tooth enamel. CAD CAM ceramic is used for their esthetic
properties in dentistry. Ceramic for restorative dentistry permit to mill the reference object quite
easily, with optical properties close to the tooth is the for our RTP protocol. Moreover, the
dimensions were selected to obtain a macroscopic and recordable object as a tooth while being
not too large to be easily and quickly scanned.

2.2. Reference mesh

Our reference mesh was performed with micro-CT tomography of the tip system used is
EasyTom 150 kV system (RX Solution, Chavanod, France). Resolution (voxel size) was set to
5,4 micrometers with an error on the measure inferior to 0.5 micrometer. The X ray source had
a voltage of 70 kV, an intensity of 66 mA and an aluminum filter was placed in front of the X
ray generator.

2.3. Micro CT mesh construction

16-bit tiff microtomography slice images (1,315 files) were processed by Fiji software
(v1.51, National Institutes of Health). The threshold value, corresponding to distinction
between air and ceramic, was determined using the gray shade mean value of the internal
material of the tip. Then, 16-bit images were transformed into 8-bit format to permit
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thresholding and binarization. Plugin 3DViewer in Fiji software allows reconstructing the 3D
mesh, visualization of 3D surface, and exportation of such mesh in an STL binary file. The
reconstruction algorithm provides a mesh resolution in the range of the voxel size.

2.4. 10S mesh extraction and comparison

IOS meshes were obtained from Primescan software 5.0. Then, they were exported in
Meshlab v2022.02 (Istituto di Scienza e Tecnologie dell’Informazione ISTI, Italian National
Research Council, Italia), to compute the RTP parameters.

2.5. Resolution

In this study, we consider that the smallest detail recorded by IOS is the smallest distance of
two points of the mesh belonging to the two faces of the tip (see Fig. 4-C). Such distances were
measured several times, and their mean is considered as the Resolution. I0S meshes were
opened with Meshlab, and the distance tool of this software permits the manual selection of the
points of interest. For each mesh recorded with 10S or micro-CT, 40 measurements were
collected and averaged.

2.6. Trueness

Trueness was studied by registration point to point between the mesh recorded with 10S to
the reference mesh recorded by the reference high-resolution micro-CT system. (see Fig. 4-B)
To align similar meshes, region of interest (ROI) was selected.

Registration was performed with Meshlab, by fixing one mesh and defining manually some
point landmarks on each part of the two meshes. Then, Meshlab algorithm automatically
computes the optimal position of the other which minimize distances. This algorithm converges
with 3 or 4 iterations. CloudCompare software measure, for a mesh, the projected distance of
every vertex on each triangle face of the other. Micro-CT mesh is projected on 10S mesh. The
point of one mesh are then projected on the other mesh and all the projection distances are
averaged; the distances are exported in a file and measurements were extracted with excel.

2.7. Precision

Precision was measured by registration between 10S meshes and then, projection of vertex
on face. Variability of measurements was evaluated with four meshes of the tip (Fig. 4-A). We
superimposed them two at a time, with the same method as for trueness: registration was done
in Meshlab Software and cartography of distances was performed in CloudCompare software
(version 2.10-alpha, EDF R&D, France). We extracted 6 list of values for each comparison.

3. Results
3.1. Mesh

Scans of tips, based on micro tomography or directly recorded with 10S, exported in STL
files, were visualized, manipulated and measured with Meshlab, as explained above. Numbers
of vertices and faces depends on ROI chosen for registration. For 10S, number of vertices is in
the range of 3000, and 6000, and 2.5 to 3.8 millions for micro-CT extracted meshes. Meshes
and type scanned are shown in Fig. 3. A and B. Measurement of distance between mesh, by
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projection, is illustrated by distance map in Fig. 3 C and D. Look up table allows to link the
color to a distance, in mm.

A
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Fig. 3. a) Mesh of tip scanned with micro tomograph. b) Mesh of tip scanned with Primescan. c) Example of
distance cartography between mesh clouds vertices of Primescan and micro tomography to measure trueness.
d) example of distance cartography between two 10S meshes to measure precision; look up table unit is mm.

Fig. 4. Scheme of measures recorded to evaluate, with one object, the three parameters: a) precision where blue
round represents mean value of each triangle recorded and compared two by two. b) trueness: all the 10S meshes
are aligned with the reference one (in red) to get a reference position. We compute then the mean distance
between the 10S meshes. c) solution, red line represents the minimum distance between the two faces of the tip.

3.2. Resolution and trueness

Table 1 reported the median and mean distances between two faces of tip, considered as
resolution in our study. Those measures are compared to the distance founded with mesh
extracted of micro tomography: mean 25.5, median 25.8 and SD 8.0 um. Median, mean and
standard deviation values from the four meshes extracted from Primescan 10S were compared.
Table 1 reports also median and mean of trueness (distance between 10S and micro-CT mesh).

As expected, each resolution measured are far from data extracted from micro tomography.
Amplitude of difference between two measures of mean from IOS are around 10 micrometers,
and the standard deviation represent around 25% of the mean.
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Table 1. Resolution and trueness for each mesh recorded by Primescan 10S. Resolution: distance between two
plans of tip, measured on mesh. Trueness: mean distance between mesh recorded by 10S and mesh extracted

from micro-CT grey shade image.

Mesh 1 Mesh 2 Mesh 3 Mesh 4
Primescan Primescan Primescan Primescan
Median | Mean SD Median | Mean SD Median | Mean SD Median | Mean SD
(um) (um) | (um) (um) um) | (um) (um) (um) | (um) (um) (um) | (um)
Resolution | 729 | 720|189 | 836 | 834 (229 | 78,7 | 802|130 | 785 | 81,3 | 20,9
Trueness 162 | 271|240 | 149 | 151 | 9,3 115 | 13,2 | 8,7 17,3 | 17,2 | 9,7
3.3. Precision

To evaluate precision, distances comparison two by two of each four meshes recorded by
IOS are reported in table 2. This table represent the repeatability of our system, the deviation
between two measures. With Primescan system, measures of the mean range from 7 to 17
micrometers. These values need to be compared to usual value of practitioner.

Table 1. Resolution and trueness for each mesh recorded by Primescan 10S. Resolution: distance between two
plans of tip, measured on mesh. Trueness: mean distance between mesh recorded by 10S and mesh extracted
from micro-CT grey shade image.

Mesh 1 Mesh 2 Mesh 3 Mesh 4
Primescan Primescan Primescan Primescan
Median | Mean SD Median | Mean SD Median | Mean SD Median | Mean SD
(um) (um) | (um) (um) (um) | (um) (um) (um) | (um) (um) (um) | (um)
Resolution | 729 | 72,0 | 189 | 836 | 834|229 | 78,7 | 80,2 |13,0| 785 | 81,3 | 20,9
Trueness 16,2 | 27,1 | 240 | 149 | 151 | 9,3 115 | 13,2 | 8,7 173 | 17,2 | 9,7
4. Discussion

In recent literature, several studies have applied well known technics. [27] Those
experiments differ depending of the reference scanner used, number of scans, number of teeth
of full arch, instrument used to create a reference for comparison. Many papers were published
on the topic of 10S performance and particularly on the accuracy by mesh registration [9], [18],
[28]. Some protocols studies use several precision control methods as using vernier caliper or
micro Tomography (micro CT) [14]. Actually, micro CT appears as a reference method to
control the 10S accuracy and performances [15], [21], [29]. Moreover, some authors using
extraoral scanner (EOS) note an influence of teeth surface condition on the accuracy [16].
Others method, based on triangulation principles, are described but principally in case of full
arch [30].

Despite a large number of publications about the 10S accuracy, resolution is not really
studied for the moment. This fact is due to the easy of accessibility to accuracy, with meshes
obtains with micro-CT or 10S and then aligns together. Resolution and trueness could be
appeared close in certain circumstances. But trueness is a distance between the mean value of
measure and reality. In the case of a tip, or a small object recordable by 10S, the difference
between measure and real object is due to the impossibility to record under a critical size. In
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case of a sharp tip, the distance between the edge of the two plans represents this difference,
between which 10S could just mean the mesh to create a curve.

Such characteristics are not given systematically by 10S manufacturers. Frequently, these
characteristics are confused with the number of vertices of the acquired mesh. In 2018, a study
tried to link resolution and accuracy [19]. The authors take resolution as the number of “points”
by mm2. But number of pixels, points or vertex could be artificial increased by software
interpolation, not the resolution, as capacity for a 3D device to change his measurement at a
minimal change in the volume of field of view recorded. Indeed, for a same object recorded in
one time, some part could have more or less density of points in a mesh. For these reasons
distance between points could not be accepted as equivalent to the resolution.

As conventionally, a sample characterized by a sharp part is used to calculate the trueness
and precision. The specificity of the RTP-protocol is to use the sharp part to evaluate the
minimal distance between two plans recorded by 10S. So, resolution, trueness and precision
(RTP) are evaluated in the same time.

The range of values shown in table 1 and 2 is consistent with previous study. Indeed, trueness
values previously reported, based on mesh registration, are 18 um [13], 9.67 um [31], 17.7 um
(SD 3.6 um) [32], 17.3 um (SD 4.9) um [33], but others studies give values quite far from those
results: 33.9 um (SD 7.8 um) [34] and 56 um (SD 6.25 um) [35]. The same studies give a range
of values more dispersed with large standard deviation (when they are reported) for the
precision: 3.6 um [13], 10.73 um [31], 17.3um [33], 25.5 um (SD 5.1 um) [32], 31.3 um (SD
10.3 um) [34], 68.5 (SD 39.5) [35]. These last results indicate a large fluctuation in values. It
depends on object recorded and condition of scanning. They are additional arguments for
having a reference object with known dimensions, reproducible, for round robbing test in
laboratory, and finally, in the dental office.

We could consider using our sample as a caliber to validate the RPT of new 10S. This
protocol would free us from possible dependent operator interaction and manufacturers could
transparently communicate resolution values. Finally, several parameters must be evaluated to
precise condition for scanning, to reproduce results and avoid some bias du to gesture of
operator. Moreover, a well-designed specific sample of known size with specific geometry and
dimension provided with its reference mesh could help the practitioner and research laboratories
to compare their results with a reference mesh.

5. Conclusion

In this study, we demonstrate that the three main parameters for evaluating an 10S can be
measured in the same time, with an opto readable object. Another advantage of the protocol
presented is the repeatability of the experiment. We use The Primescan camera in our
experiments as several studies of accuracy and resolution were available but no specific feature
was used. It could then be generalized to any 10S. Next step of this preliminary stage will be
creation of benchmark for testing several 10S used actually in dental office.

An improvement of this protocol, however already exploitable, would provide for
laboratories a possibility to quickly assess 10S performances. It would be the first step to create
a known and controlled dimension object to control evolution 10S over time, directly in the
dental office.



A. Desoutter et al.: UNIFIED PROTOCOL TO EVALUATE INTRAORAL SCANNER RESOLUTION, TRUENESS AND PRECISION...

References

[1] Duret, F. (1973). Empreinte optique, Faculté Odontologie, 1973.

[2] Mangano, F., Gandolfi, A., Luongo, G., & Logozzo, S. (2017). Intraoral scanners in dentistry: a review of
the current literature. BMC Oral Health, 17(1), 1-11.

[3] Richert, R., Farges, J. C., Tamimi, F., Naouar, N., Boisse, P., & Ducret, M. (2020). Validated finite element
models of premolars: A scoping review. Materials, 13(15), 3280. https://doi.org/10.3390/ma13153280

[4] Sawase, T., & Kuroshima, S. (2020). The current clinical relevancy of intraoral scanners in implant dentistry.
Dental Materials Journal, 39(1), 57-61. https://doi.org/10.4012/dmj.2019-285

[5] Suese, K. (2020). Progress in digital dentistry: The practical use of intraoral scanners. Dental Materials
Journal, 39(1), 52-56. https://doi.org/10.4012/dmj.2019-224

[6] Radeke,J., Vogel, A. B., Schmidt, F., Kilic, F., Repky, S., Beyersmann, J., & Lapatki, B. G. (2022). Trueness
of full-arch 10 scans estimated based on 3D translational and rotational deviations of single teeth—an in vitro
study. Clinical Oral Investigations, 26(3), 3273-3286. https://doi.org/10.1007%2Fs00784-021-04309-5

[71 Amin, S., Weber, H. P., Finkelman, M., El Rafie, K., Kudara, Y., & Papaspyridakos, P. (2017). Digital vs.
conventional full-arch implant impressions: A comparative study. Clinical Oral Implants Research, 28(11),
1360-1367. https://doi.org/10.1111/clr.12994

[8] Nedelcu, R., Olsson, P., Nystrom, 1., Rydén, J., & Thor, A. (2018). Accuracy and precision of 3 intraoral
scanners and accuracy of conventional impressions: A novel in vivo analysis method. Journal of Dentistry,
69, 110-118. https://doi.org/10.1016/j.jdent.2017.12.006

[9] Kihara, H., Hatakeyama, W., Komine, F., Takafuji, K., Takahashi, T., Yokota, J., Oriso, K., & Kondo, H.
(2020). Accuracy and practicality of intraoral scanner in dentistry: A literature review. Journal of
Prosthodontic Research, 64(2), 109-113. https://doi.org/10.1016/].jpor.2019.07.010

[10] Zimmermann, M., Ender, A., & Mehl, A. (2020). Local accuracy of actual intraoral scanning systems for
single-tooth preparations in vitro. The Journal of the American Dental Association, 151(2), 127-135.
https://doi.org/10.1016/j.adaj.2019.10.022

[11] D’haese, R., Vrombaut, T., Roeykens, H., & Vandeweghe, S. (2022). In vitro accuracy of digital and
conventional impressions for Full-Arch Implant-Supported prostheses. Journal of Clinical Medicine, 11(3),
594. https://doi.org/10.3390/jcm11030594

[12] International Organization for Standardization. (1994). Accuracy (trueness and precision) of measurement
methods and results — Part 1: General principles and definitions (ISO 5725-1:1994).
https://www.iso.org/obp/ui/#iso:std:is0:5725:-1:ed-1:v1:en

[13] Vag, J., Renne, W., Revell, G., Ludlow, M., Mennito, A., Teich, S. T., & Gutmacher, Z. (2021). The effect
of software updates on the trueness and precision of intraoral scanners. Quintessence International, 52(7),
636-644. https://doi.org/10.3290/j.qi.b1098315

[14] Amornvit, P., Rokaya, D., & Sanohkan, S. (2021). Comparison of accuracy of current ten intraoral scanners.
BioMed Research International, 2021. https://doi.org/10.1155/2021/2673040

[15] Sacher, M., Schulz, G., Deyhle, H., Jager, K., & Miiller, B. (2019, September). Comparing the accuracy of
intraoral scanners, using advanced micro computed tomography. In Developments in X-Ray Tomography XII
(Vol. 11113, pp. 386-395). SPIE. https://doi.org/10.1117/12.2530728

[16] Ellakany, P., Tantawi, M. E., Mahrous, A. A., & Al-Harbi, F. (2022). Evaluation of the accuracy of digital
impressions obtained from intraoral and extraoral dental scanners with different CAD/CAM scanning
technologies: an in  vitro study. Journal of  Prosthodontics,  31(4), 314-319.
https://doi.org/10.1111/jopr.13400

[17] Waldecker, M., Rues, S., Rammelsberg, P., & Bomicke, W. (2021). Accuracy of complete-arch intraoral
scans based on confocal microscopy versus optical triangulation: A comparative in vitro study. The Journal
of Prosthetic Dentistry, 126(3), 414-420. https://doi.org/10.1016/j.prosdent.2020.04.019

[18] Chiu, A., Chen, Y. W., Hayashi, J., & Sadr, A. (2020). Accuracy of CAD/CAM digital impressions with
different intraoral scanner parameters. Sensors, 20(4), 1157. https://doi.org/10.3390/s20041157



https://doi.org/10.3390/ma13153280
https://doi.org/10.4012/dmj.2019-285
https://doi.org/10.4012/dmj.2019-224
https://doi.org/10.1007%2Fs00784-021-04309-5
https://doi.org/10.1111/clr.12994
https://doi.org/10.1016/j.jdent.2017.12.006
https://doi.org/10.1016/j.jpor.2019.07.010
https://doi.org/10.1016/j.adaj.2019.10.022
https://doi.org/10.3390/jcm11030594
https://www.iso.org/obp/ui/#iso:std:iso:5725:-1:ed-1:v1:en
https://doi.org/10.3290/j.qi.b1098315
https://doi.org/10.1155/2021/2673040
https://doi.org/10.1117/12.2530728
https://doi.org/10.1111/jopr.13400
https://doi.org/10.1016/j.prosdent.2020.04.019
https://doi.org/10.3390/s20041157

Metrol. Meas. Syst., Vol. 31 (2024), No. 1
DOI: 10.24425/mms.2024.148541

[19] Medina-Sotomayor, P., Pascual-Moscardo, A., & Camps, 1. (2018). Relationship between resolution and
accuracy of four intraoral scanners in complete-arch impressions. Journal of Clinical and Experimental
Dentistry, 10(4). https://doi.org/10.4317/jced.54670

[20] Desoutter, A., Subsol, G., Fargier, E., Sorgius, A., Tassery, H., Fages, M., & Cuisinier, F. (2022). New
method to analyze resolution acquisition for intraoral scanners. Metrology and Measurement Systems, 2(29),
391-404. https://doi.org/10.24425/mms.2022.140032

[21] Yamamoto, M., Kataoka, Y., & Manabe, A. (2017). Comparison of digital intraoral scanners by single-image
capture system and full-color movie system. Bio-Medical Materials and Engineering, 28(3), 305-314.
https://doi.org/10.3233/BME-171676

[22] Diker, B., & Tak, O. (2020). Comparing the accuracy of six intraoral scanners on prepared teeth and effect
of scanning sequence. The Journal of Advanced Prosthodontics, 12(5), 299.
https://doi.org/10.4047%2Fjap.2020.12.5.299

[23] A Nulty, A. B. (2021). A comparison of full arch trueness and precision of nine intra-oral digital scanners
and four lab digital scanners. Dentistry Journal, 9(7), 75. https://doi.org/10.3390/dj9070075

[24] Jorquera, G. J., Sampaio, C. S., Bozzalla, A., Hirata, R., & Sanchez, J. P. (2021). Evaluation of trueness and
precision of two intraoral scanners and a conventional impression: an in vivo clinical study. Quintessence
Int, 52(10), 904-910. https://doi.org/10.3290/j.9i.b1901329

[25] Fattouh, M., Kenawi, L. M. M., & Fattouh, H. (2021). Effect of posterior span length on the trueness and
precision of 3 intraoral digital scanners: A comparative 3-dimensional in vitro study. Imaging Science in
Dentistry, 51(4), 399. https://doi.org/10.5624%2Fisd.20210076

[26] Kontis, P., Giith, J. F., & Keul, C. (2022). Correction to: Accuracy of full-arch digitalization for partially
edentulous jaws—a laboratory study on basis of coordinate-based data analysis. Clinical Oral Investigations,
26(4), 3663. https://doi.org/10.1007%2Fs00784-022-04418-9

[27] Abduo, J., & Elseyoufi, M. (2018). Accuracy of Intraoral Scanners: A Systematic Review of Influencing
Factors. The European Journal of Prosthodontics and Restorative Dentistry, 26(3), 101-121.
https://doi.org/10.1922/ejprd_01752abduo21

[28] Ferrini, F., Sannino, G., Chiola, C., Capparé, P., Gastaldi, G., & Gherlone, E. F. (2019). Influence of intra-
oral scanner (I0S) on the marginal accuracy of CAD/CAM single crowns. International Journal of
Environmental Research and Public Health, 16(4), 544. https://doi.org/10.3390%2Fijerph16040544

[29] Sacher, M., Schulz, G., Deyhle, H., Jdger, K., & Miiller, B. (2021). Accuracy of commercial intraoral
scanners. Journal of Medical Imaging, 8(3), 035501-035501. https://doi.org/10.1117/1.jmi.8.3.035501

[30] Waldecker, M., Rues, S., Rammelsberg, P., & Bomicke, W. (2021). Accuracy of complete-arch intraoral
scans based on confocal microscopy versus optical triangulation: a comparative in vitro study. The Journal
of Prosthetic Dentistry, 126(3), 414-420. https://doi.org/10.1016/j.prosdent.2020.04.019

[31] Passos, L., Meiga, S., Brigagdo, V., & Street, A. (2019). Impact of different scanning strategies on the
accuracy of two current intraoral scanning systems in complete-arch impressions: an in vitro study.
International Journal of Computerized Dentistry, 22(4), 307-319.

[32] Dutton, E., Ludlow, M., Mennito, A. S., Kelly, A., Evans, Z., Culp, A., Kessler, R., & Renne, W. (2019).
The effect different substrates have on the trueness and precision of eight different intraoral scanners. Journal
of Esthetic and Restorative Dentistry, 32(2), 204-218. https://doi.org/10.1111/jerd.12528

[33] A Nulty, A. B. (2021). A comparison of full arch trueness and precision of nine intra-oral digital scanners
and four lab digital scanners. Dentistry Journal, 9(7), 75. https://doi.org/10.3390/dj9070075

[34] Ender, A., Zimmermann, M., & Mehl, A. (2019). Accuracy of complete-and partial-arch impressions of
actual intraoral scanning systems in vitro. International Journal of Computerized Dentistry, 22(1), 11-19.
https://doi.org/10.5167/uzh-180700

[35] Diker, B., & Tak, O. (2022). Accuracy of six intraoral scanners for scanning complete-arch and 4-unit fixed
partial dentures: An in vitro study. The Journal of Prosthetic Dentistry, 128(2), 187-194.
https://doi.org/10.1016/j.prosdent.2020.12.007



https://doi.org/10.4317/jced.54670
https://doi.org/10.24425/mms.2022.140032
https://doi.org/10.3233/BME-171676
https://doi.org/10.4047%2Fjap.2020.12.5.299
https://doi.org/10.3390/dj9070075
https://doi.org/10.3290/j.qi.b1901329
https://doi.org/10.5624%2Fisd.20210076
https://doi.org/10.1007%2Fs00784-022-04418-9
https://doi.org/10.1922/ejprd_01752abduo21
https://doi.org/10.3390%2Fijerph16040544
https://doi.org/10.1117/1.jmi.8.3.035501
https://doi.org/10.1016/j.prosdent.2020.04.019
https://doi.org/10.1111/jerd.12528
https://doi.org/10.3390/dj9070075
https://doi.org/10.5167/uzh-180700
https://doi.org/10.1016/j.prosdent.2020.12.007

A. Desoutter et al.: UNIFIED PROTOCOL TO EVALUATE INTRAORAL SCANNER RESOLUTION, TRUENESS AND PRECISION...

\rzooas

1068871
15.621921 X 196807‘
1120561 " ey

Q187508

C2M signed distances = -0.064283
1860122
15586810
1221989

C2M signed distances = 0055918 C2M signed distances = -0.057062

0446931 H 1848807
18062778 18855138 2

vioroes [ e

"& S SN AT
G
~.§'_X_A_k\‘_ "’&”‘_ _" \

Supplementary Fig. 1. a) Exemple of meshes registration, with some points selected, with a distance associated.
This distance is the length between a vertex and the point corresponding to the projection of this vertex on the
other mesh. All these distances are averaged to evaluate the trueness of the 10S. b) Exemple of measurements to
evaluate the resolution, ie the distance between a vertex on the edge of a face and another, on the other face.
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