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Abstract

Background: 3D printing technology is a reality in Dentistry and presents several ways to obtain a printed model.
The aim of this study was to verify the influence of different types of intraoral scanners and 3D printers on the
accuracy of printed models in comparison to plaster models obtained from conventional impressions.

Material and Methods: A dental study model was used as the reference model and was molded with polyvinyl si-
loxane to produce the plaster models. It was also scanned with two types of intraoral scanners and the digital files
were printed by two types of 3D printers. The plaster and printed models formed five groups (n=50), which were
analyzed using linear measurements at six dimension sites. In order to test the equivalence in the precision of the
measurements made in the reference model and in the different models of the experimental groups, the Schuirmann
Two-One Sided t-test was applied. The trueness of the measurements of the experimental models was tested in
comparison to those of the reference model by applying tests for paired data. In all statistical tests, the significance
level of 5% (o = 0.05) was adopted.

Results: In relation to precision, all five groups presented similar and acceptable results. The trueness analysis indi-
cated that both the printed and the plaster models had average measurements that were different from the reference
model.

Conclusions: It was concluded that the accuracy of printed and plaster models was impaired due to the trueness of
the models. The type of printer influenced the accuracy of the printed models, while the type of scanner did not.
The standardization of the method of obtaining printed models must be carried out in order to provide the produc-
tion of quality models. However, there will be differences between the technologies.

Key words: Dental models, three-dimensional printing, dimensional accuracy.

Introduction

The use of printed models is a reality in Dentistry. 3D
printers produce models that enable laboratory (1,2) and
clinical (3) applications, providing an efficient work-
flow. There are several ways to obtain printed models,
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such as stereolithography, digital light processing and
polyjet printers, among others. The printed models can
be made with different types of materials (4). The main
characteristic of the models obtained by 3D printing is
their manufacture through the deposition of the mate-
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rial in an additive and selective manner, which, unlike
milling, builds the physical model without wearing and
tearing, but through the addition of material. This pro-
cess saves material and allows models with varied geo-
metric shapes (5).

Several steps must be analyzed when obtaining printed
models, as they influence the overall quality of the mo-
del: the scanner that generates the digital file (6,7), the
scanning strategy (8-10), operator experience (11) and
the type of printer (12-14) are some of them. All of these
variables impact the accuracy of the models, since they
can add error to the process if not executed the proper
way.

Accuracy consists of the conjunction of two terms, pre-
cision and trueness. The term precision refers to the abi-
lity of a method to generate several models with similar
measures. In this context, an imprecise method would
result in the production of different sized models, which
is not desirable, since a single reference model is being
replicated. On the other hand, trueness refers to the abi-
lity of a method to generate models with measures that
are similar to the reference model to be replicated. The
final desired feature for a model-generating method is
to present clinically acceptable precision and trueness
(15-18,14).

The method of comparative analysis of the models used
in Dentistry, in many cases, is based on scanning proto-
cols of the physical models with a reference scanner and,
after this process, the analysis is carried out using image
superimposing programs (19-21,10,14). These programs
overlap the models of the experimental groups in rela-
tion to the reference model, thus demonstrating which
experimental group has the best accuracy. However, in
these types of analysis, the texture and surface finish
of the physical model are not taken into consideration,
since the model is virtual. Another method of analysis
with computer programs is the linear measurement (22-
24,7,18) that performs the comparison between the mo-
dels by means of linear measurements.

Plaster models, obtained through conventional impres-
sions, are still widely used and have established clinical
applicability, within their characteristics. However, the
plaster model may have problems related to the quality
of the impression or its manufacture, which can com-
promise the quality of the work to be performed (25).
The physical and virtual models that are used in oral
rehabilitation demand a clinically acceptable accuracy
(26). Therefore, it is necessary that the printed models
and plaster models are analyzed to verify their accura-
cy in relation to a reference model, taking into account
the influence of surface characteristics and their general
finish.

The aim of this study was to verify the influence of di-
fferent types of intra oral scanners and 3D printers on the
accuracy of printed models in comparison to plaster mo-
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dels obtained from conventional impressions. The null
hypothesis is that there are no significant differences in
the accuracy of the printed and plaster models used in
the present study, in comparison to the reference model.

Material and Methods

A dental study model (P-Oclusal, Sdo Paulo, Brazil)
served as reference for the making of the experimental
models. It featured intact dental elements and elements
with partial and total dental preparations for prosthetic
purposes.

The printed experimental models were obtained from
scans made by two different types of intraoral scanners,
and were printed on two 3D printers. The Trios Pod Co-
lors intraoral scanner (3shape, Copenhagen, Denmark)
and the Cerec Omnicam intraoral scanner (Sirona, Bens-
heim, Germany) were used by operators who were trai-
ned by the manufacturers.

A single scanning strategy, recommended by the scan-
ners manufacturers, was adopted for both scanners. The
scanning started on the occlusal surface of the Maxillary
right second molar of the reference model, followed by
the occlusal surfaces of the upper teeth until the occlusal
surface of the Maxillary left second molar was reached.
The scanning continued through the buccal surfaces of
the teeth, starting with the buccal surface of the Maxillary
left second molar until the buccal surface of the Maxillary
right second molar was reached. Soon afterwards, the pa-
latal surfaces of the teeth were scanned, starting with the
palatal surface of the Maxillary right second molar, conti-
nuing with the scanning until reaching the palatal surface
of the Maxillary left second molar.

After obtaining the scan files of the reference model, the
models were printed. Miicraft 125 series (Miicraft, Ami-
tyville, USA) and Eden 500V (Stratasys, Eden Prairie,
USA) printers were used. The Miicraft 125 series prin-
ter performs printing using the DLP method. The layer
thickness that was used in the study was of 5 pm. The
printing of a set of two models in the horizontal position
took approximately two hours. After this process, the
model was transferred to the Visio Beta Vario® model
polymerizer (3M, Two Harbors, USA) which carried out
the final polymerization of the model. Each set of two
models was kept in the polymerizer for 14 minutes. Ten
models were printed from the Trios intraoral scanner and
ten models from the Omnicam intraoral scanner, totaling
twenty models printed by the Miicraft 125 series printer.
The second printer that was used in this study was the
Eden 500V printer. This printer performs with the poly-
jet® method. The experimental models were printed
with 16um thick resin layers, which was the lowest layer
thickness of this printer. In this type of printing techno-
logy, there is no final polymerization procedure for the
model, as this occurs during the printing process. Ten
models were printed from the Trios intraoral scanner,
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and ten models from Omnicam, totaling twenty models
printed by the Eden 500V printer.

The plaster models were obtained from conventional
impressions using polyvinyl siloxane (Express, 3M, Su-
maré, Brazil) using the double impression technique. For
that, a custom tray was made with a relief, in order to
standardize the thickness of the impression material. Ten
impressions were made, to obtain ten physical models of
type IV plaster. Each impression generated only one plas-
ter model. After molding, a type IV plaster (GC, Tokyo,
Japan) was used. It was handled with the ratio of 20ml
of water to 100g of plaster, what is recommended by the
manufacturer. The plaster/water ratio was manipulated in
a vacuum manipulator to avoid the inclusion of bubbles in
the plaster and also to obtain a more homogeneous mix-
ture. The plaster was poured into the mold and, after this
process, 45 minutes were taken for the total crystalliza-
tion, and it was then removed from the mold.

Four experimental groups were formed with ten models
each (n = 10), according to the combination of the two
printers and the two scanners. A fifth group, formed by
the plaster models, was added. In view of the purpose
of evaluating the quality of the models generated in the
5 different groups, the definitions trueness and precision
expressed in the ISO-5725 (27) standard were used, to
evaluate the capacity of the methods to generate precise
and true models. The groups are shown in Table 1.
Comparative measurements of the models of the five
experimental groups (TrEd, OmEd, TrMi, OmMi and
P1) were performed using linear measurements at six di-
mension sites, located in different regions of the models
(Fig. 1). These measurements were compared with the
reference model, which served as reference.

Accuracy analysis of printed models

Table 1: Description of the methods used to create the models.

Groups Description
TrEd Scanner: Trios
Printer: Eden 500V
OmEd Scanner: Omnican
Printer: Eden 500V
TrMi Scanner: Trios
Printer: Miicraft 125 series
OmMi Scanner: Omnican
Printer: Miicraft 125 series
Pl Type IV Plaster (Conventional)

Dimension site number 1 was the distance between the
buccal surfaces of the Maxillary right second molar and
the Maxillary left second molar. Dimension site number
2 was the distance between the distal part of the buccal
surface of the Maxillary right canine and the Maxillary
left canine. Dimension site number 3 was the distance
between the distal surface of the Maxillary right second
molar and the mesial surface of the Maxillary right cani-
ne. Dimension site number 4 was the height of the me-
siobuccal cusp of the Maxillary right first molar. Dimen-
sion site number 5 was the cervical-incisal height of the
preparation for the total crown of the Maxillary central
left incisor and the dimension site 6 was the distance be-
tween the mesial and distal walls of preparation for total
crown of the Maxillary central left incisor.

An image measuring machine called Quick Scope (Mi-

Fig. 1: Dimension sites. A: dimension site 1 e 2; B: dimension sites 3 e 4; C: dimension site 5; D:
dimension site 6.
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tutoyo, Kawasaki, Japan) was used to perform mea-
surements of physical models. This machine captures
images and performs measurements based on the enlar-
ged image of the physical model. Its camera system is
polychromatic and determines the limits of the region
to be measured by means of differences in image con-
trast, with an accuracy of 2.0 pm. It also features a fixed
change magnification system by changing the type of
lens, enlarging the obtained image without the use of an
optical zoom, what improves the definition of the image.
An individual adjustment of contrast and light was also
performed. These steps were necessary due to the nature
of the experimental models, composed of different types
of materials, such as the Eden 500v printer resin, Mii-
craft125 series printer resin, the reference model resin
and the type IV plaster of the P1 models.

In order to test the equivalence in the precision of the
measurements made in the reference model and in the
different models of the experimental groups, the Schuir-
mann Two-One Sided t test was applied in the standard
deviation measurements. In the test, an upper equiva-
lence limit of 0.1mm was established and the null value
specified was that of the standard deviation of the three
measurements made in the reference model.

In addition to the precision based on the idea of equa-
lity of the standard deviations, the trueness of the me-
asurements of the experimental models was tested in
comparison to those of the reference model by applying
tests for paired data. The tests for applied paired data test
the hypothesis that the difference between the means is
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equal to 0, proving that the measures of the reference
model do not differ significantly from the experimental
model under study. The test for paired data was selected
by assessing the assumptions that underlie them, appl-
ying the Student’s t test on data adhering to the Gaus-
sian distribution, the Wilcoxon test of the orders marked
on data not adhering to the Gaussian distribution, but
symmetrical, and the test of the signal when even the
symmetry is not reasonable. In all statistical tests, the
significance level of 5% (a = 0.05) was adopted and the
calculations were made using the SAS system.

Results

To evaluate the precision, the Schuirmann test was adop-
ted with the hypothesis that the models have standard
deviations similar to the standard deviations observed
in the reference model. The results of the test are shown
in Table 2.

The TrEd dimension site number 1, the OmMi dimen-
sion site number 4 and the Pl dimension site number
6, indications of equivalence (p <0.05) were observed
between the standard deviations observed in the referen-
ce model. In all the others, there was a strong evidence
(p <0.01) that the standard deviations observed in the
groups are equivalent to the standard deviations of the
measures taken directly in the reference model. Therefo-
re, it can be established, within the adopted criteria, that
the precision is similar in all methods.

After the precision assessment was completed, the true-
ness assessment was carried out. It was based on testing

Table 2: Standard deviations of the reference model, acceptable lower and upper limits for equivalent measures (Upper and Lower Bound)
and, for each of the dimension sites, statistics of the standard deviations of the 5 groups (mean) and p-value for test of null hypothesis (Overall

p-value).
Dimension sites
1 3 4 5 6

Reference model Std Deviation (HO) 0.0115 0.0058 0.0173 0.0200 0.0058 0.0058
Bound Lower -0.0770 -0.0880 -0.0650 -0.0600 -0.0880 -0.088
Upper 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

Group Statistic
TrEd Mean 0.0555 0.0348 0.0539 0.0574 0.0255 0.0326
Overall p-value 0.0163 0.0001 0.0001 0.0003 0.0001 0.0001
OmEd Mean 0.0543 0.0493 0.0280 0.0519 0.0574 0.0278
Overall p-value 0.0008 0.0001 0.0001 0.0001 0.0016 0.0001
TrMi Mean 0.0191 0.0188 0.0496 0.0586 0.0159 0.0137
Overall p-value 0.0001 0.0001 0.0005 0.0001 0.0001 0.0001
OmMi Mean 0.0181 0.0128 0.0602 0.0789 0.0382 0.0119
Overall p-value 0.0001 0.0001 0.0023 0.0149 0.0001 0.0001
Pl Mean 0.0177 0.0123 0.0402 0.0566 0.0121 0.0223
Overall p-value 0.0001 0.0001 0.0001 0.0031 0.0001 0.0338

Unit=mm
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the existence of a difference between the measurements
obtained in the experimental models in relation to the
measurement obtained in the reference model. If there
was a significant difference value of an experimental
model dimension site in relation to the reference model
(p <0.05), this difference could be positive, showing that
the experimental model dimension site was larger than
the reference model, or negative, showing that the expe-
rimental model dimension site was smaller than the re-
ference model. The recommended tests were calculated
and the results are shown in Table 3.

Accuracy analysis of printed models

the measurements obtained in the experimental models
were greater than those observed in the reference model,
with no evidence of differences in measures 4 and 5. In
TrMi, there were signs that measures 1, 3, 5 and 6 were
significantly lower in the experimental models than in
the reference model and that measure 4 is significantly
higher. There was no evidence of differences between
the measurements at the dimension site number 2. The
results of OmMi were very similar to those of TrMi,
with the difference that measure 1 was not significantly
different in this group. Moreover, there were signs that

Table 3: Mean, standard deviation (Std deviation), recommended statistic and p-value to test the null hypothesis of absence of dif-
ferences in reference model measures to the experimental models measures (HO: p =).

Dimension sites
Group Statistic 1 2 3 4 5 6
TrEd Mean 0.25 0.32 0.08 0.15 -0.07 0.17
Std deviation 0.16 0.07 0.11 0.21 0.05 0.07
Statistic 4.99 13.82 2.07 2.22 -4.69 7.94
p-value 0.0007° 0.0001° 0.0682° 0.0532° 0.0011° 0.0001°
OmEd Mean 0.40 0.20 0.12 -0.01 -0.01 0.15
Std deviation 0.18 0.08 0.09 0.05 0.10 0.09
Statistic 6.93 8.2 4.13 -0.57 -0.19 5.34
p-value 0.0001° 0.0001° 0.0026° 0.58142 0.8565° 0.0005°
TrMi Mean -0.29 -0.02 -0.29 0.25 -0.11 -0.11
Std deviation 0.13 0.05 0.05 0.07 0.06 0.03
Statistic -6.86 -1.17 -16.70 11.04 -5.19 -5.00
p-value 0.0001° 0.2727 0.0001* 0.0001° 0.0006* 0.002°
OmMi Mean -0.02 0.07 -0.33 0.23 -0.12 -0.11
Std deviation 0.20 0.13 0.10 0.07 0.06 0.04
Statistic -0.35 1.62 -10.10 10.10 -5.94 -8.88
p-value 0.73722 0.1387 0.0001° 0.0001° 0.0002¢ 0.0001°
Pl Mean 0 0.12 -0.08 0.08 -0.02 0.00
Std deviation 0.07 0.03 0.08 0.10 0.05 0.05
Statistic -0.01 11.00 -3.22 2.62 -15.5 -0.33
p-value 0.989: 0.0001° 0.0105° 0.0278* 0.125¢ 0.7458°

“Indicates the adoption of the Student t test; "Indicates the adoption of the signal test; ‘Indicates the adoption of the Wilcoxon test

of the indicated orders.
Unit=mm

Starting with TrEd, with the comparisons illustrated in
Figure 2, it iwas observed that the averages of measures
1, 2 and 6 were significantly higher in the experimental
models than in the reference model, and the average of
measure 5 was significantly lower than that of the re-
ference model. There were no signs of differences be-
tween measurements 3 and 4 of the reference model and
the experimental models built by the TrEd method. The
OmEd experimental models, there were signs of signi-
ficant differences in measures 1, 2, 3 and 6. In all cases,
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measures 3, 5 and 6 were significantly lower in the ex-
perimental models than in the reference model, when the
test results were evaluated. Measure 4 was significantly
higher in the experimental models than in the referen-
ce model. Also, there was no evidence of differences in
measure 2.

The results of PI (Fig. 3) showed the least amount of
significantly different measures, since only measures 2,
3 and 4 showed significant diferences. Measures 2 and
4 were significantly greater in the reference model than
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Fig. 3: Average of the difference calculated between the measurements made in the reference model and in
the P1 experimental models (confidence limits of the mean (95%) and tests for selected paired data).

in the experimental models while measure 3 was sig-
nificantly lower. There was no evidence of differences
between reference models and models in measures 1, 5
and 6.

Discussion

The present study evaluated the accuracy of two methods
of printed and type IV plaster models in comparison to
a reference model. The methods generated models that

presented similar measures to each other, within the same
experimental group, in printed and plaster models. In re-
lation to the printed models, the type of printer and the
type of intraoral scanner did not negatively influence the
production of physical models, with regard to precision.

There were problems with trueness in all methods of
obtaining the experimental models. The results showed
that both the printed models and the plaster models pre-
sented average measurements that were different from
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the reference model, within the same dimension site.
There were sites that did not show significant differen-
ces with the reference model, but no experimental group
showed absence of significant differences in all dimen-
sion sites. Therefore the null hypothesis was rejected,
since the trueness of the printed and plaster models pre-
sented significant differences with the reference model.
PI was the experimental group that presented the largest
number of dimensions sites without significant differen-
ces with the reference model. This might mean that there
is a tendency of PI presenting better accuracy, but not
statistically significant. Studies found in literature indi-
cate that plaster models show a better accuracy when
compared to printed models (28,29).

A study found in the literature showed the influence of
the layer height of the model in accuracy (30). The sma-
llest layer height of models printed with Eden 500V was
bigger than the smallest layer height of Miicraft 125 se-
ries, which led to a worse surface finish on Eden 500V.
When compared to TrMi, OmMi and the plaster models,
the printed models of TrEd and OmEd showed a worse
surface finish. These results suggest that the type of prin-
ter might have influenced the results.

The type of scanner did not significantly influence the
discrepancy values. TrEd and OmEd models were prin-
ted with Eden 500V printer (Polyjet method) and showed
more sites with positive measurements (bigger than the
reference model). TrMi and OmMi models, printed with
the Miicraft 125 series printer (DLP method), presented
more sites with negative measurements (smaller than
the reference model), regardless of the type of scanner.
Similar results were found in the literature (31). The-
se outcomes might be related to the final polymeriza-
tion process that the models printed by the Miicraft 125
series printer require. The process might have caused
shrinkage of the models. The combination of printer and
scanner must be analyzed to obtain a printed model with
a great quality (32). However, the results suggest that the
type of printer had a greater influence than the type of
scanner in the accuracy of the printed models.

It should be pointed out that there were dimensions sites
in the same experimental group in which significant diffe-
rences occurred, and other sites within the same experi-
mental group that did not present significant differences.
Similar results were found in other studies (14). These
results indicated that the dimension site also influenced
the discrepancy of the models in this study. Dimension
site number 1, which had a large dimension, was the site
that presented the greatest dispersions in TrEd, OmEd and
TrMi. In OmMi and Pl, this site did not show significant
differences with the reference model, but it also showed
great dispersion. Dimension sites with smaller dimen-
sions, in general, had the smallest dispersions. Dimension
site number 5 (small) did not present large dispersions in
the average measures in any of the experimental groups.

Accuracy analysis of printed models

This study was carried out with standardization of the
entire process of obtaining printed and plaster physical
models. The intra oral scanning process was performed
by operators who were trained by the scanner manufac-
turers, reducing the influence of this factor on the qua-
lity of scanning (11). A single scanning strategy was
also used, what reduced its influence on the quality of
the digitized models (8,9). The printing process of the
models was conducted in a standardized manner and in
accordance with the specifications of the printer manu-
facturer.

The impression process was also carried out in a stan-
dardized manner and each mold generated only a single
plaster model. The making of a custom tray was imple-
mented in order to standardize the amount of impression
material and generate more stable molds, reducing the
possibility of important dimensional changes. The dou-
ble impression technique, used in this study, promoted
the achievement of a mold with greater dimensional sta-
bility. All these factors when put together showed the im-
portance of analyzing the process of obtaining the physical
model as a whole, whether being printed or not.

For this is an in vitro study, it was not possible to simulate
the clinical conditions that could impair the quality of the
intra oral scanning process. Another limitation of the study
is the fact that the superior performance of plaster models
compared to printed models, regarding accuracy, may not
be observed in the dentist’s routine. This is due to the fact
that most dental surgeons do not perform the steps of ma-
nipulating and making the plaster model in a standardized
way. There might be small errors in obtaining this model,
which could lower the quality of it.

The influence of the process of obtaining the physical mo-
dels, plaster or printed, is significant. Errors and dispersions
are intrinsic to it and will always occur in the making of
dental models. Another fact is that these inherent errors and
variations in the making of a physical model should be at a
clinically acceptable level. It is up to the dental surgeon to
research which method will be the most suitable for his/her
purpose, knowing that these variations will occur.

Conclusions

It can be concluded that the type of 3D printer was the
factor that most influenced the accuracy of printed mo-
dels. The type of intraoral scanner did not present signi-
ficant influence. It was observed that the printed models
showed similar precision to the plaster models, as well
as trueness. Both techniques resulted in models with di-
fferent measurements from the reference model, which
impaired the accuracy of plaster and printed models.

References

1. Cuperus AM, Harms MC, Rangel FA, Bronkhorst EM, Schols JG,
Breuning KH. Dental models made with an intraoral scanner: a va-
lidation study. Am J Orthod Dentofacial Orthop. 2012;142:308-313.
2. Hazeveld A, Huddleston Slater JJ, Ren Y. Accuracy and reproduci-

el180



J Clin Exp Dent. 2021;13(12):e1174-81.

bility of dental replica models reconstructed by different rapid prototy-
ping techniques. Am J Orthod Dentofacial Orthop. 2014;145:108-115.
3. Eftekhar Ashtiani R, Nasiri Khanlar L, Mahshid M, Moshaveri-
nia A. Comparison of dimensional accuracy of conventionally and
digitally manufactured intracoronal restorations. J Prosthet Dent.
2018;119:233-238.

4. Dawood A, Marti Marti B, Sauret-Jackson V, Darwood A. 3D prin-
ting in dentistry. Br Dent J. 2015;219:521-529.

5. Alharbi N, Wismeijer D, Osman RB. Additive Manufacturing Tech-
niques in Prosthodontics: Where Do We Currently Stand? A Critical
Review. Int J Prosthodont. 2017;30:474-484.

6. Su TS, Sun J. Comparison of repeatability between intraoral digital
scanner and extraoral digital scanner: An in-vitro study. J Prosthodont
Res. 2015;59:236-242.

7. Wesemann C, Muallah J, Mah J, Bumann A. Accuracy and efficien-
cy of full-arch digitalization and 3D printing: A comparison between
desktop model scanners, an intraoral scanner, a CBCT model scan,
and stereolithographic 3D printing. Quintessence Int. 2017;48:41-50.
8. Anh JW, Park JM, Chun YS, Kim M, Kim M. A comparison of the
precision of three-dimensional images acquired by 2 digital intraoral
scanners: effects of tooth irregularity and scanning direction. Korean
J Orthod. 2016;46:3-12.

9. Muller P, Ender A, Joda T, Katsoulis J. Impact of digital intraoral
scan strategies on the impression accuracy using the TRIOS Pod scan-
ner. Quintessence Int. 2016;47:343-349.

10. 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. J Prosthet Dent. 2017;118:36-
42.

11. Lim JH, Park JM, Kim M, Heo SJ, Myung JY. Comparison of di-
gital intraoral scanner reproducibility and image trueness considering
repetitive experience. J Prosthet Dent. 2018;119:225-232.

12. Murugesan K, Anandapandian PA, Sharma SK, Vasantha Kumar
M. Comparative evaluation of dimension and surface detail accuracy
of models produced by three different rapid prototype techniques. J
Indian Prosthodont Soc. 2012;12:16-20.

13. Ide Y, Nayar S, Logan H, Gallagher B, Wolfaardt J. The effect of
the angle of acuteness of additive manufactured models and the di-
rection of printing on the dimensional fidelity: clinical implications.
Odontology. 2017;105:108-115.

14. Park ME, Shin SY. Three-dimensional comparative study on the
accuracy and reproducibility of dental casts fabricated by 3D printers.
J Prosthet Dent. 2018;119:861-867.

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

16. Papaspyridakos P, Gallucci GO, Chen CJ, Hanssen S, Naert I,
Vandenberghe B. Digital versus conventional implant impressions
for edentulous patients: accuracy outcomes. Clin Oral Implants Res.
2016;27:465-72.

17. Jeong ID, Lee JJ, 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;115:755-759.

18. Wan Hassan WN, Yusoff Y, Mardi NA. Comparison of reconstruc-
ted rapid prototyping models produced by 3-dimensional printing and
conventional stone models with different degrees of crowding. Am J
Orthod Dentofacial Orthop. 2017;151:209-218.

19. Rhee YK, Huh YH, Cho LR, Park CJ. Comparison of intraoral
scanning and conventional impression techniques using 3-dimensional
superimposition. J Adv Prosthodont. 2015;7:460-467.

20. Ender A, Zimmermann M, Attin T, Mehl A. In vivo precision of
conventional and digital methods for obtaining quadrant dental im-
pressions. Clin Oral Investig. 2016;20:1495-1504.

21. Camardella LT, de Vasconcellos Vilella O, Breuning H. Accura-
cy of printed dental models made with 2 prototype technologies and
different designs of model bases. Am J Orthod Dentofacial Orthop.
2017;151:1178-1187.

22. Ishida Y, Miyasaka T. Dimensional accuracy of dental casting pat-
terns created by 3D printers. Dent Mater J. 2016;35:250-256.

el181

Accuracy analysis of printed models

23. Passent E, Fahad AH, Maha ET, Cherif M. Evaluation of the accu-
racy of digital and 3D-printed casts compared with conventional stone
casts. J Prosthet Dent. 2020;S0022-3913(20)30623-5. Ahead of print.

24. Suryajaya W, Purbiati M , Ismah N. Accuracy of digital dental
models and three-dimensional printed dental models in linear measu-
rements and Bolton analysis. F1000Res. 2021;10:180.

25. Alhouri N, McCord JF, Smith PW. The quality of dental casts used
in crown and bridgework. Br Dent J. 2004;197:261-264; discussion
49.

26. Su TS, Sun J. Comparison of marginal and internal fit of 3-unit
ceramic fixed dental prostheses made with either a conventional or
digital impression. J Prosthet Dent. 2016;116:362-367.

27. International Organisation for Standadization. Accuracy (trueness
and precision) of Measurements Methods and Results. General princi-
ples and definitions. Part 1 (ISO 5725-2:1994)

28. Alshawaf B, Weber HP, Finkelman M, Rafie KE, Kudara Y, Papas-
pyridakos P. Accuracy os printed casts generated from digital implant
impressions versus stone casts from conventional implant impressions.
A comparartive in vitro study. Clin Oral Implants Res. 2018;29:835-
842.

29. Choi JW, Ahn JJ, Son K, Huh JB. Three-Dimensional Evaluation
on Accuracy of Conventional and Milled Gypsum Models and 3D
printed Photopolymer Models. Materials (basel). 2019;12:3499-35009.

30. Arnold C, Monsees D, Hey J, Schweyen R. Surface Quality of
3D-Printed Models as a Function of Various Printing Parameters. Ma-
terials (Basel). 2019;12:1970.

31. Park JM, Jeon J, Koak JY, Kim SK, Heo SJ. Dimensional accuracy
and surface characteristics of 3D-printed dental casts. J Prosthet Dent.
2020;S0022-3913(20)30418-2. Ahead of print.

32. Im CH, Park JM, Kim JH, Kang YJ, Kim JH. Assessment of Com-
patibility between Various Intraoral Scanners and 3D Printers throu-
gh an Accuracy Analysis of 3D Printed Models. Materials (Basel).
2020;13:4419.

Source of funding

This study was financed in part by the Coordenagdo de Aperfeigoa-
mento de Pessoal de Nivel Superior - Brasil (CAPES) - Finance Code
001”.

Conflict of interest
Non declared.



