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ABSTRACT

Statement of problem. Intraoral scanners (I0Ss) have some inherent distortions caused by optical and/or software imperfections. However,
how other factors such as operator experience, scan time, scanner type, and scan size influence scan accuracy is not clear.

Purpose. The purpose of this in vitro study was to evaluate the trueness and precision of scans performed by 3 professionals with different
levels of experience by using 2 I0Ss.

Material and methods. Three operators with low, medium, and high levels of experience scanned a master model 10 times by using 2 10Ss
(CEREC Omnicam; Dentsply Sirona and TRIOS 3; 3Shape), resulting in 10 standard tessellation language files for each group (N=60). Each
standard tessellation language file was divided into 2 areas (prepared teeth and complete arch). Precision was evaluated by comparing
the 10 scans from each examiner for each system. Trueness was evaluated by comparing each scan file with a reference scan obtained
from a laboratory scanner (D2000; 3Shape). A 3D analysis software program (Geomagic Control; 3D Systems) was used to perform all the
comparisons and superimpositions. The 3-way ANOVA test followed by the Tukey HSD test were used to assess precision and trueness.
The 2-way ANOVA followed by the Tukey HSD test was used to assess scan time. The Pearson correlation test was performed between
scan time and trueness for both scanners. An additional correlation was performed between scan time and number of images, as well as
between number of images and trueness for the TRIOS 3.

Results. Statistically significant influences of operator (P<.001), scanner (P<.001), scan size (P<.001), operator and scan size (P<.001), and
scanner and scan size (P<.001) were observed. The TRIOS 3 group reported higher precision than the CEREC Omnicam group for
complete-arch scans (P<.001), although no difference was observed for scans of the prepared tooth. Medium- (P=.002) and
low-experience operators (P<.001) reported lower precision for complete-arch scans performed with CEREC Omnicam when compared
with TRIOS 3. The low-experience operator reported significantly worse results for complete-arch scans in comparison with the
medium- (P=.008 and P<.001) and high-experience operators (P<.001 and P=.001), by using TRIOS 3 and CEREC Omnicam, respectively.
Medium- and high-experience operators reported similar results among themselves. The CEREC Omnicam scanner reported lower
trueness for complete-arch scans when compared with the prepared tooth (P<.001); for TRIOS 3, a difference was only observed for the
low-experience operator when compared with the high-experience operator (P<.001). The CEREC Omnicam reported lower trueness than
the TRIOS 3, except for the medium-experience operator with the prepared tooth scan. Comparing the trueness between operators and
considering the same scanner and scan size, all groups were similar. The low-experience operator had a longer scanning time than the
medium- and high-experience operators. For TRIOS 3, the low-experience operator obtained the highest number of images during each scan.

Conclusions. The accuracy of intraoral scans was influenced by operator experience, type of I0Ss, and scan size. More experienced operators
and smaller scan sizes made for more accurate scans. In addition, more experienced operators made faster scans, and the TRIOS 3 was more
accurate than the CEREC Omnicam for complete-arch scans. (J Prosthet Dent 2020;m:m-m)
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Clinical Implications

Operator experience and scanner type play an
important role in accuracy and scanning time.
Moreover, larger scans (complete arch versus partial
arch) tend to be less accurate, especially when
associated with low-experience operators and
should be limited when not required. As an accurate
scan is essential for the long-term success of
restorative treatment, understanding the influence
of the scan type, size, and operator experience on
the scan quality is essential.

Digital technology in dentistry has evolved rapidly since
the introduction of computer-aided imaging, computer-
aided design, and computer-aided manufacturing (CAL
CAD, and CAM) to oral rehabilitation, allowing the
analysis, planning, and fabrication of dental crowns and
veneers, implant frameworks, 3D printed models, dental
aligners, and surgical guides."' Impressions or scans of the
oral cavity represent an important step, and intraoral
scanners (IOSs) enable direct data acquisition without
the need for impression materials or devices.' In addi-
tion, the digital workflow allows 3D previsualization of
hard and soft-tissues, is able to avoid distortions from
impression materials and stone casts, can reduce labo-
ratory and clinical time, and increases patient acceptance
and comfort, providing a cost-effective and time-effective
workflow.>® If a physical cast is necessary, it can be
fabricated by prototyping (3D printing or milling) of the
intraoral scan data.” "'

Digital scans have disadvantages. Besides the costs
involved, scanner accuracy plays a major role in the
definitive result. Accuracy is determined by trueness and
precision (ISO 5725-1).">*' Trueness describes how far
the measurement deviates from the actual dimensions of
the measured object. A high trueness delivers a result
that is close or equal to the actual dimensions of the
measured object. Precision describes how close repeated
measurements are to each other. The higher the preci-
sion, the more predictable is the measurement.** In
addition, a few studies have reported the importance of
the learning curve,'”'" and a variation in the trueness of
an IOS could be associated with the experience of the
practitioner.”'>** Another important concern is related
to the number of images made. This will increase when
scanning larger areas and/or taking longer to scan, as
with a less experienced operator, as each new image is
aligned to the previous ones by the software program,
thereby introducing inherent errors."”

Considering the lack of studies assessing the impact
of operator experience on the intraoral scanning process,
the purpose of this in vitro study was to evaluate the
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Table 1.Scanners evaluated

Scanner Necessity of
Scanners  Manufacturer Technology Acquisition Coating
CEREC Dentsply  Active triangulation Color Video Free
Omnicam Sirona
TRIOS 3 3Shape A/S Ultrafast Optical ~ Color Video Free
sectioning
D2000 3Shape A/S  Multiline scanning Color Video Free

2 components of the accuracy (trueness and precision) of
2 intraoral scanning systems operated by 3 professionals
with different levels of experience (low, medium, and
high) and with 2 scan sizes (prepared tooth and complete
arch). In addition, the present study assessed the influ-
ence of the operator experience on the scan time and file
size, as well as their relationship with accuracy.

The null hypotheses tested were that no differences in
accuracy would be found between the different scanners
regardless of the operator; that no differences in accuracy
would be found between the different scanners regard-
less of the scan size; that no differences in scan time
would be found regardless of the operator and scanner;
and that no correlation would be found between scan
time and trueness.

MATERIAL AND METHODS

The present study followed a 3x2x2 factorial design
having as main study factors the operator experience at 3
levels: low, medium, and high experience; IOSs at 2
levels: Omnicam (CEREC Omnicam v4.5.1; Dentsply
Sirona) and TRIOS 3 (TRIOS 3 Dental Desktop v1.6.4.1;
3Shape); and scan size at 2 levels: complete arch and
single prepared tooth, having as response variables the
precision and trueness assessed by using a 3D analysis
software program Geomagic Control (3D Systems). In
addition, the scanning time (for both scanners) and
number of images (for TRIOS 3) were assessed as sec-
ondary outcomes.

The experimental unit was composed of 10 scans in
standard tessellation language (STL) files for each group
(N=60), which were compared among themselves (pre-
cision) or with a master scan of the same model (true-
ness) obtained by using a high-precision laboratory
scanner (D2000 Dental Desktop v1.6.4.1; 3Shape)
(Table 1).

All the scans were obtained based on a 3D printed
typodont (master maxillary model) (Fig. 1) with 2 pre-
pared teeth (first maxillary right premolar and first
maxillary right molar) and 3 implants (from first maxillary
left premolar to first maxillary left molar) to receive a fixed
dental prosthesis. Before image acquisition, CEREC
Omnicam, TRIOS 3, and D2000 scanners were calibrated
following the calibration guidelines of the respective
manufacturers.
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Figure 1. Master model.

Three dentists with different levels of experience (high
experience, medium experience, or low experience)
scanned the master model 10 times for each of the 2
tested scanners. All 3 evaluators had the same training
for the IOS. The high-experience operator, in addition to
the training, had used the scanner for more than 2 years
with at least 3 scans a day. The medium-experience
operator, in addition to the training had used the scanner
for more than 1 year with at least 1 scan a week. The low-
experience operator had only the training experience.
The scanning was divided into 3 steps: scanning the
occlusal surface, scanning the buccal surface by inclining
the scanner wand toward the buccal surface while
moving the reference model, and scanning the lingual
surface by inclining the scanner wand toward the lingual
surface and scanning the lingual surface.” Each scan was
evaluated in 2 areas: prepared teeth and complete arch
by using analysis software (Geomagic Control; 3D Sys-
tems, Inc). A researcher (T.Q.) recorded the scan time by
using a digital stopwatch.

All obtained files were exported to STL by using the
respective manufacturers software program (by using the
highest quality available) and imported into the 3D
analysis software program. For precision, all acquired
images from each of the groups (CEREC Omnicam and
TRIOS 3) were paired and superimposed (in a total of 45
analyses for each group) by using a best fit algorithm
tool, which automatically aligned both reference and test
model files, allowing subsequent objective measurements
of variances across the 3D models.”® For each pair of
scans, irregular parts of the gingiva, including the buccal
vestibule (beyond 2 to 3 mm apical of the gingival
margin), were cut out to make the refined alignment
(second best fit alignment) more accurate. Each super-
imposed file was analyzed with the 3D comparison tool,
which assessed the average maximum and minimum
deviation (in um) and the standard deviation between
the scanned files. For trueness, the same protocol was
followed, but each of the 10 scans for each group was
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compared with the master scan file (D2000). Addition-
ally, the TRIOS 3 scanner system recorded the number of
images per scan, which was also evaluated.

Data were evaluated for normality by using the
Shapiro-Wilks test. The 3-way ANOVA test followed by
the Tukey test were used to assess precision and true-
ness. The 2-way ANOVA followed by the Tukey test
were used to assess scan time. The Pearson correlation
test was performed between scan time and trueness for
both scanners. An additional correlation was performed
between scan time and number of images, as well as
between number of images and trueness for TRIOS 3
(=05 for all tests).

RESULTS

Precision was influenced by operator (P<.001), scanner
(P <.001), scan size (P <.001), scanner and scan size
(P<.001), and operator and scan size (P<.001). All oper-
ators reported lower precision (higher values) for
complete-arch scans when compared with prepared
tooth scans, except for the medium-experience operator
by using TRIOS 3. Considering the complete-arch scans,
the medium- and low-experience operators reported
lower precision with the CEREC Omnicam when
compared with the TRIOS 3 scanner. In addition, the
low-experience operator reported significantly worse re-
sults for complete arch scans with both scanners when
compared with the medium- and high-experience oper-
ators, who had similar results. The highest precision
(lowest values) was observed for all prepared tooth scans
performed with TRIOS 3. The lowest precision was
observed for the complete-arch scan performed by the
low-experience operator by using the CEREC Omnicam
scanner (Table 2).

Analysis of trueness found the influence of scanner
(P<.001), scan size (P<.001), scanner and scan size
(P=.004) and operator, scanner, and scan size (P=.023).
All operators reported similar results considering the
same scanner and scan size. All complete-arch scans
performed with the CEREC Omnicam presented lower
trueness (higher deviation) than the tooth preparation
scans. For the TRIOS 3, this was observed only for the
low-experience operator. All operators had lower true-
ness with the CEREC Omnicam when compared with
the TRIOS 3 scanner, except the medium-experience
operator with the prepared tooth scan. The highest
trueness (lowest values) was observed for the prepared
tooth scans with the TRIOS 3. The lowest trueness was
observed for the complete-arch scans with the CEREC
Omnicam scanner (Table 3).

Operator (P<.001) and scanner (P=.025) played an
important role in scan time. The low-experience operator
took significantly more time to perform the scans when
compared with the medium- and high-experience
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Table 2. Precision (mean tstandard deviation) considering different
scanners, scan size, and operators

Table 3. Trueness (mean tstandard deviation considering different
scanners, scan size, and operators

High Low High Low

Medium Experience Experience Medium Experience Experience
ScannerxArch Size Experience (1m) (um) (m) ScannerxArch Size Experience (um) (um) (um)
CEREC Omnicam and 0.12 £0.06 Aa1l  0.10 £0.029 Aa1 0.16 +0.12 Ab1 CEREC Omnicam and 0.14 £0.02 Aal  0.12 £0.01 Aal 0.12 +0.03 Aal
Complete Arch Complete Arch
CEREC Omnicam and 0.04 £0.05 Aa2  0.04 £0.020 Aa2 0.04 +0.02 Aa2 CEREC Omnicam and 0.06 £0.01 Aa2  0.07 £0.04 Aa2 0.08 +0.04 Aa2
prepared arch prepared arch
TRIOS 3 and Complete 0.05 £0.04 Ba1l  0.07 +£0.040 Aal 0.11 £0.06 Bb1 TRIOS 3 and Complete 0.06 £0.01 Ba1l  0.06 +0.003 Ba1 0.07 +0.005 Ba1l
Arch Arch
TRIOS 3 and prepared 0.03 £0.02 Aa1  0.03 £0.04 Aa2 0.03 +0.02 Aa2 TRIOS 3 and prepared 0.03 £0.01 Aa1 0.03 £0.02 Ba1 0.03 +0.02 Ba2
arch arch

Uppercase letters indicate difference between scanners considering same operator
(column) and scan size. Lowercase letters indicate difference among operators
considering same scanner and scan size (difference between columns). Numbers indicate
difference between scan size considering same operator and scanner.

operators. Although the TRIOS 3 resulted in faster scans
than the CEREC Omnicam (P<.025), no significant dif-
ferences were observed between scanners with the same
operator (P=.322) (Table 4). The Pearson correlation
found very weak to weak correlation between time and
trueness for both scanners (0.342—TRIOS 3 and 0.153—
CEREC Omnicam). For TRIOS 3, there was a strong
correlation between scan time and the number of images
(0.729), but a weak correlation between the number of
images and trueness (0.202).

DISCUSSION

Different factors play important roles in determining the
success of an indirect restoration. With the development
of digital technologies, IOSs are able to avoid distortions
from impression materials, as well as save time and space
from impression processing and transportation.”®
Nevertheless, digital scanners can introduce inherent
errors of alignment within the software program, and the
effects of the scan size, scan type, scanner time, and
operator experience on the definitive results is
unclear. 1,3,10,11,19

Based on the results of the present study, the first 3
null hypotheses (that no differences in accuracy would be
found between the different scanners regardless of the
operator; that no differences in accuracy would be found
between the different scanners regardless of the scan
size; and that no differences in scan time would be found
regardless of the operator and scanner) were rejected.
The fourth null hypothesis (that no correlation would be
found between scan time and trueness) was accepted.

Accuracy is determined by precision and trueness.'**!
Precision describes how close repeated measurements
are to each other and was influenced by the operator
experience (P<.001), scanner (P<.001), and scan size
(P<.001), as well as by the interaction between operator
and scan size (P<.001). Complete-arch scans had lower
precision than tooth scans, probably because of the
larger area involved; within this context, more
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Uppercase letters indicate difference between scanners considering same operator
(column) and scan size. Lowercase letters indicate difference among operators
considering same scanner and scan size (difference between columns). Numbers indicate
difference between scan size considering same operator and scanner.

experienced operators (medium and high experience)
reported higher precision than low-experience opera-
tors, especially with TRIOS 3. These results evidence the
importance of operator experience. However, the
average 6-im lower precision when compared with
more experienced operators is probably not clinically
relevant. The results of precision for the present study
are consistent with those of previous reports,®'*!?
except for the results of CEREC Omnicam for com-
plete arches (which is not an indication of the scanner)
and TRIOS 3 for the complete arch scanned by the low-
experience operator (which might be explained by the
use of experienced operators in previous studies).

Considering trueness, the increase in the scan area
resulted in lower trueness for all groups, except medium
and high experience by using TRIOS 3, indicating that
the experience of the operator can play an important role.
Considering the same scan size, TRIOS 3 reported higher
trueness than CEREC Ominicam for all groups, except
the medium experience operator for the prepared tooth
scan, which indicated that a medium-experienced oper-
ator could obtain similar results with both scanners and
supported the use of the CEREC Omnicam as a chairside
scanner for single and short-span fixed dental prosthe-
ses. Nevertheless, with the same scanner and scan size,
all operators obtained similar trueness, indicating that
even the low-experience operator can achieve adequate
results. Thus, it seems that precision (variation of points)
depended more on the experience of the operator,
although the differences may not be clinically significant.
The tendency of higher trueness (lower values) for op-
erators with longer experience was also observed previ-
ously, although only in the short term."!

As expected, the learning curve and level of experi-
ence played an important role in the scan time for both
scanners, with the low-experience operator taking
significantly longer times when compared with the me-
dium- and high-experience operators. Such results are
consistent with those of a previous study.'® Moreover,
although the TRIOS 3 tends to be faster than the CEREC
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Table 4. Scanning time and number of images considering operator and
scanner

Scanning Time (sec) Number of Images

OperatorxScanner (Mean) (Mean)
Medium experience and TRIOS 3 186.22 A 1720
High experience and TRIOS 3 189.88 A 2046
High experience and CEREC 191.88 A -
Omnicam

Medium experience and CEREC 212.88 AB -
Omnicam

Low experience and TRIOS 3 242.77 BC 2405
Low experience and CEREC 260.66 C -

Omnicam

Different letters indicate statistically significant difference between groups (P<.05).

Omnicam, with the same scan size and operator, both
scanners performed similarly. Nevertheless, the longer
postprocessing time for the CEREC Omnicam scanner
could be an important factor in daily practice.

Correlations between time and trueness for both
scanners were low, as well as between the number of
images and trueness for TRIOS 3. This might indicate
that the scan technique and movement play a more
important role than the time and number of images by
itself. Such results are supported by the increased dit-
ferences with complete-arch scans, especially for the
low-experience operator.

The CEREC Omnicam is a powder-free, color video
speed scanning system which uses active triangulation
and emits white light to measure surfaces.”” It was
designed as a chairside solution for single unit and fixed
partial dentures in a single visit when a milling machine
is also available. The TRIOS 3 is based on video tech-
nology (based on confocal microscopy) that captures the
anatomy and color of the oral tissues with a broad focal
depth camera.””*" It was designed mostly to send
intraoral scans to laboratories for all prostheses, although
it can also be used with a chairside milling machine.

Evaluation of the accuracy of digital scans is treated
differently and has been reported in the literature to be
accurately analyzed with sophisticated 3D software pro-
grams.”*!!" The software program used in the present
study relied on best-fit mathematical algorithms to
overlay a digital scan and a digital master file to objec-
tively measure variances across the entire experimental
model in relation to the master.”'* !

Trueness was based on the comparison with a master
model scan performed with the laboratory scanner,
which acquires the image by using built-in cameras with
5 megapixels for texture mapping and features multiline
technology, resulting in precision <20 pm (ISO 12836).**

This study evaluated scans of a typodont performed
extraorally, which reduced some differences because it
is more complicated to perform intraoral scans in pa-
tients. Nevertheless, the present results reported the
importance and the impact of the scan size, scanner type,
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and operator experience on the accuracy of digital scans.
Future studies should research the influence of the scan
size, scanners, and operator experience on the accuracy
of scans performed intraorally.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:

1. The accuracy of intraoral scans was influenced by
operator experience, type of 10S, and scan size.

2. More experienced operators and smaller scan sizes
contribute to more accurate and faster scans.

3. The TRIOS 3 was more accurate than the CEREC
Omnicam for complete-arch scans.

REFERENCES

1. Buda M, Bratos M, Sorensen JA. Accuracy of 3-dimensional computer-aided
manufactured single-tooth implant definitive casts. ] Prosthet Dent 2018;120:
913-8.

2. Christensen GJ. Impressions are changing: deciding on conventional, digital
or digital plus in-office milling. ] Am Dent Assoc 2009;140:1301-4.

3. Arakida T, Kanazawa M, Iwaki M, Suzuki T, Minakuchi S. Evaluating the
influence of ambient light on scanning trueness, precision, and time of intra
oral scanner. ] Prosthodont Res 2018;62:324-9.

4. Mizumoto RM, Yilmaz B. Intraoral scan bodies in implant dentistry: a sys-
tematic review. ] Prosthet Dent 2018;120:343-52.

5. Ragain JC, Grosko ML, Raj M, Ryan TN, Johnston WM. Detail reproduction,
contact angles, and die hardness of elastomeric impression and gypsum die
material combinations. Int J Prosthodont 2000;13:214-20.

6. Renne W, Ludlow M, Fryml J, Schurch Z, Mennito A, Kessler R, et al.
Evaluation of the accuracy of 7 digital scanners: an in vitro analysis based on
3-dimensional comparisons. ] Prosthet Dent 2017;118:36-42.

7. Ender A, Mehl A. Accuracy of complete-arch dental impressions: a new
method of measuring trueness and precision. ] Prosthet Dent 2013;109:121-8.

8. Ender A, Zimmerman M, Attin T, Mehl A. In vivo precision of conventional
and digital methods for obtaining quadrant dental impressions. Clin Oral
Investig 2016;20:1495-504.

9. Patzelt S, Emmanouilidi A, Stampf S, Strub JR, Att W. Accuracy of full-arch
scans using intraoral scanners. Clin Oral Investig 2013;18:1687-94.

10. Kim J, Park JM, Kim M, Heo S]J, Shin TH, Kim M. Comparison of experience
curves between two 3-dimensional intraoral scanners. ] Prosthet Dent
2016;116:221-30.

11. Lim JH, Park JM, Kim M, Heo SJ, Myung J. Comparison of digital intraoral
scanner reproducibility and image trueness considering repetitive experience.
J Prosthet Dent 2018;119:225-32.

12. DIN Deutsches Institut fur Normung. Accuracy (trueness and precision) of
measurement methods and results - Part 1: general principles and definitions
(ISO 5725-1). 1th ed. Berlin: Beuth Verlag; 1994. p. 1-7.

13. Cho SH, Schaefer O, Thompson GA, Guentsch A. Comparison of accuracy
and reproducibility of casts made by digital and conventional methods.

J Prosthet Dent 2015;113:310-5.

14. Ender A, Mehl A. In-vitro evaluation of the accuracy of conventional and
digital methods of obtaining full-arch dental impressions. Quintessence Int
2015;46:9-17.

15. An S, Kim S, Choi H, Lee JH, Moon HS. Evaluating the marginal fit of zir-
conia copings with digital impressions with an intraoral digital scanner.

] Prosthet Dent 2014;112:1171-5.

16. Jeong ID, Lee J], Jeon JH, Kim JH, Kim HY, Kim WC. Accuracy of complete-
arch model using an intraoral video scanner: an in vitro study. J Prosthet
Dent 2016;115:755-9.

17. Guth JF, Keul C, Stimmelmayr M, Beuer F, Edelhoff D. Accuracy of digital
models obtained by direct and indirect technique data capturing. Clin Oral
Investig 2013;17:1201-8.

18. Fleming PS, Marinho V, Johal A. Orthodontic measurements on digital study
models compared with plaster models: a systematic review. Orthod Craniofac
Res 2011;14:1-16.

19. Flugge TV, Att W, Metzger MC, Nelson K. Precision of dental implant
digitization using intraoral scanners. Int ] Prosthodont 2016;29:277-83.

20. Hack GD, Sebastian B, Patzelt M. Evaluation of the accuracy of six
intraoral scanning devices: an in-vitro investigation. ADA Prof Prod Rev
2015;10:1-5.

THE JOURNAL OF PROSTHETIC DENTISTRY


http://refhub.elsevier.com/S0022-3913(20)30016-0/sref1
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref1
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref1
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref2
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref2
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref3
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref3
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref3
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref4
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref4
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref5
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref5
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref5
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref6
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref6
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref6
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref7
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref7
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref8
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref8
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref8
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref9
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref9
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref10
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref10
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref10
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref11
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref11
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref11
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref12
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref12
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref12
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref13
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref13
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref13
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref14
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref14
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref14
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref15
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref15
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref15
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref16
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref16
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref16
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref17
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref17
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref17
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref18
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref18
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref18
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref19
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref19
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref20
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref20
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref20

Volume m Issue m

21.

22.

23.

24.

Su T, Sun J. Comparison of repeatability between intraoral digital scanner
and extraoral digital scanner: an in-vitro study. | Prosthet Dent 2015;59:
236-42.

Ziegler M. Digital impression taking with reproducibly high precision. Int J
Comput Dent 2009;12:159-63.

O'Toole S, Osnes C, Bartlett D, Keeling A. Investigation into the accuracy
and measurement methods of sequential 3D dental scan alignment. Dent
Mater 2019;35:495-500.

International Organization for Standardization. ISO 12836. Dentistry

— digitizing devices for CAD/CAM systems for indirect dental restorations —
test methods for assessing accuracy. Geneva: International Organization for
Standardization; 2015. ISO Store Order: OP-1106001 (date 2015-07).
Available at: http://www.iso.org/iso/home.html.

THE JOURNAL OF PROSTHETIC DENTISTRY

Corresponding author:

Dr Gustavo Mendonga

Department of Biologic & Materials Sciences & Prosthodontics
University of Michigan School of Dentistry

1011 N University Avenue, Room 1393, Ann Arbor, MI 48104
Email: mgustavo@umich.edu

Acknowledgments

The authors are thankful to FAPEMIG, CNPq, CAPES, NEPRO Research Group,
and EFF-Dental components for the technical support.

Copyright © 2020 by the Editorial Council for The Journal of Prosthetic Dentistry.
https://doi.org/10.1016/j.prosdent.2019.12.011

Resende et al


http://refhub.elsevier.com/S0022-3913(20)30016-0/sref21
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref21
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref21
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref22
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref22
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref23
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref23
http://refhub.elsevier.com/S0022-3913(20)30016-0/sref23
http://www.iso.org/iso/home.html
mailto:mgustavo@umich.edu
https://doi.org/10.1016/j.prosdent.2019.12.011

	Influence of operator experience, scanner type, and scan size on 3D scans
	Material and methods
	Results
	Discussion
	Conclusions
	References


