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ABSTRACT

Objective: To compare the reproduction trueness and precision of dental casts made by the conventional, milling and
3D printing techniques. Material and Methods: From an upper right side half-arch reference model (RM), 72 models
were obtained and divided into three groups: conventional (CM), milled (MM) and printed (PM). All models were
scanned and converted into standard tessellation language (.STL) files. The files were superimposed using 3D analysis
software, and statistical analysis was performed using the root mean square (RMS) values obtained. The Shapiro-Wilk
test was used to assess normality, and the Kruskal-Wallis test was used to compare groups (p < a; a = 0.05). The
Mann-Whitney U test was used for multiple comparisons among groups (p < ; d = 0.017). Results: There were
significant differences in trueness (p = 0.000; p <0.001) and precision (p = 0.000; p < 0.001) among the three dental
cast groups. Regarding trueness, CM presented better results, followed by MM and PM. Regarding precision, MM
showed better results, followed by PM and CM, which did not show significant differences. Conclusions: For dental
cast reproduction the conventional technique has the best trueness and the milling technique has the best precision.
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RESUMO

Objetivo: Comparar a fidelidade e precisdo de reproducdo de modelos de trabalho pelas técnicas convencional,
de fresagem e de impressdo 3D. Material e Métodos: A partir de um modelo de referéncia (MR) de uma hemi-
arcada superior direita, foram obtidos 72 modelos divididos em trés grupos: convencionais (MC), fresados (MF)
e impressos (MI). Todos foram digitalizados e convertidos sob a forma de ficheiros .STL (standard tesselation
language). Os ficheiros foram sobrepostos utilizando um software de analise 3D, e através dos valores RMS (raiz
do valor quadratico médio) obtidos foi realizada a analise estatistica. Para avaliacdo da normalidade foi utilizado
o teste Shapiro Wilk e para a comparacdo entre grupos foi utilizado o teste Kruskal-Wallis (p < a; a = 0.05). Para
as comparacOes multiplas entre grupos, foi utilizado o teste U de Mann-Whitney (p < d; d = 0.017). Resultados:
Existem diferencas significativas de fidelidade (p = 0.000; p <0.001) e precisdo (p = 0.000; p < 0.001) entre
os trés grupos. Em relacdo a fidelidade, MC apresentou melhores resultados, seguido por MF e MI. Em relacdo a
precisdo, MF apresentou melhores resultados, seguido por MI e MC, que ndo apresentaram diferencas significativas
entre si. Conclusdo: Para reproducédo de modelos de trabalho, a técnica convencional é a que apresenta maior
fidelidade e a técnica de fresagem a que apresenta maior precisao.
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INTRODUCTION

In recent years, digital workflows have
shown exponential development in the field of
dentistry[1-3]. This is due to the development
of computer-aided design/computer-aided
manufacturing (CAD/CAM) technology, which
is divided into three components: digitalization
of information, processing software and a
production component that converts information
into a physical object with predetermined
characteristics[2,4].

Compared to the conventional impression
technique, digital impression has been found to
be faster and more comfortable for the patient,
and it presents a level of accuracy compatible with
clinical needs[4-8]. The acquired information is
organized in a 3D coordinate system[9]. In most
cases, digital formatting uses an .STL (standard
tessellation language) file[4,9].

Digital prosthodontics enables the 3D
recreation of an individual model, digital or
physical[2,10]. Dental casts are extremely
important in the diagnosis and treatment plan for
fixed prosthodontics, considering that adaptation
is the main characteristic necessary to ensure
rehabilitation success and that without a physical
model, the adaptation between the abutment and
the prosthetic piece cannot be evaluated before
the prosthesis is inserted[4,11].

Producing physical models using digital
technology is still an expensive process when
compared to the conventional technique, but
it has the great advantage of reducing the risk
of human error[3,12]. In digital dentistry,
discrepancies from reality may arise with each
procedure performed. For this reason, dimensional
changes of up to 200 um are considered clinically
acceptable; these are more evident in the Z axis
of the 3D plane[4,13,14].

Using the CAD/CAM system, physical dental
casts can be fabricated by subtraction or addition
by using milling or 3D printing techniques,
respectively[2].

In subtraction, a block or disc of material
is worn until the desired final geometry is
achieved[15,16]. In contrast, the 3D printing
method allows objects to be recreated via the
deposition of layers of polymerizable material
and can be based on several systems, such as
stereolithography (SLA), triple jetting technology
(PolyJet) or digital light processing (DLP)[17-22].

Trueness and precision of the reproduction of dental casts by
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This technique has the advantages of lower
material consumption — material use is reduced by
approximately 40% compared to the subtraction
technique, and approximately 95% to 98% of the
remaining material can be recycled[12]. It also
allows the reproduction of several elements at the
same time, thus making clinical and laboratory
practice more efficient[1].

Accuracy is expressed in terms of trueness
and precision. Trueness represents how close
the actual value is to the supposed value,
while precision represents the closeness of
repeated actual measurements to the supposed
value[4,23]. There is some disagreement in the
literature regarding the accuracy of dental casts
reproduced using the digital milling technique:

In a study comparing the accuracy of dental
casts reproduced using the conventional and
milling techniques, models of an individual tooth
were evaluated; the conventional technique
showed better results, and these differences were
more significant for the occlusal surface[24].

In the comparison between conventional
dental casts and dental casts printed using the
SLA technique, some studies found greater
accuracy associated with conventional plaster
models[25-27]. In contrast, others did not find
significant differences[28-30].

When conventional models and models
printed using the SLA and PolyJet techniques
were evaluated, it was found that the conventional
method had better trueness and that the PolyJet
technique had better precision[31]. Among
conventional models and models printed using
the DLP and PolyJet techniques, the conventional
models showed better trueness and precision due
to the smaller dimensional changes presented.
However, among the 3D printing techniques,
DLP with ultraviolet polymerization showed the
best results[3].

When comparing milled and SLA-printed
full-arch models, 3D printing showed superior
accuracy[33]. In contrast, another study found
the milling technique to be more reliable than
the PolyJet technique[34]. A more recent
study showed that printed models have greater
trueness and precision than milled models;
however, the results obtained raised questions
regarding the applicability of these models in
prosthodontics[35].
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The reproduction accuracy of models
fabricated by the conventional, milling, SLA
and DLP techniques was also evaluated for
inlay, crown, bridge and full-arch preparations.
For full-arch reproduction, the conventional
model showed greater accuracy, and the milling
technique showed the best overall precision.
Regarding trueness, similar results were obtained
with all techniques for these preparations[36].

The literature confirms that milled and
printed models show acceptable accuracy
compatible with clinical practice for fixed
prosthodontics in several situations: marginal
adaptation of crowns on teeth[37-39], marginal
adaptation of inlays[40], tooth-supported
bridges[41,42], crowns on implants[43] and
implant-supported bridges[44]. In all of these
studies, the 3D printing technique showed the
best precision and trueness, except in the case of
the adaptation of inlays, where milling was the
technique with the best accuracy[40].

The objective of this study was to compare
the trueness and precision of the reproduction of
dental casts by the conventional, milling and 3D
printing techniques. The null hypothesis was that
there are no significant differences in trueness

Trueness and precision of the reproduction of dental casts by
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among the conventional, milling or 3D printing
methods used to obtain dental casts; and that
there are no significant differences in precision
among the conventional, milling or 3D printing
methods used to obtain dental casts.

MATERIAL AND METHODS

Production of the Reference Model (RM)

As a reference, a model of an upper right
side half-arch missing second pre-molar tooth and
with the preparation of first pre-molar and first
molar teeth for a three-unit bridge (Figure 1) was
used. The model was milled in polymer (Model
Blank Beige 95H39, ZirkonZahn GmbH, Bruneck,
Italy; REF: 8526). From the RM, 72 models were
obtained and were divided into three groups:
24 conventional models (CM), 24 milled models
(MM) and 24 printed models (PM).

Production of Conventional Models (CM)
[n = 24]

The CMs were produced from 24 RM
impressions obtained by the two-step technique
using polyvinylsiloxane material with fluid

Figure 1 - Palatal (A), vestibular (B) and occlusal (C) views of the reference model.
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(Virtual, Ivoclar Vivadent, Schaan, Liechtenstein;
REF: UL2299 / WL2324) and putty consistency
(Virtual, Ivoclar Vivadent, Schaan, Liechtenstein;
REF:WL2435) and a polymerization time of
4.5 minutes. Individual trays were prepared,
obtained from an .STL file and impressed in
resin (Dental SG, Formlabs, Inc., Massachusetts,
USA; REF:XK221N04), as shown in Figure 2.
An adhesive (VPS Tray Adhesive Refill, 3M ESPE,
Minnesota, USA; REF:419032) was applied to
increase the bond between the tray and the
impression material.

After 1 hour, which is the manufacturer-
recommended time required for the release
of induced stresses and the elastic recovery of
the impression material used, the moulds were
filled with type IV plaster (Fujirock, GC Europe,
Leuven, Belgium; REF: 1803284). Complete

A
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crystallization was allowed to proceed for 1 hour.
The plaster models were separated from the
impressions with a single laterolateral movement
and stored for 48 hours at room temperature
until analysis.

Production of Milled Models (MM) [n = 24]

A digital impression of the RM was
made with a TRIOS 3 scanner (3Shape A/S,
Copenhagen, Denmark), that was shown to
be the most accurate scanner in a previous
study[45], and the information was converted
into an .STL file. The MMs were fabricated
with a M4 milling machine unit (ZirkonZahn
GmbH, Bruneck, Italy; Figure 3) in polymer
(Model Blank Beige 95H24, ZirkonZahn GmbH,
Bruneck, Italy; REF:12958) with 2mm, 1mm,
0.5mm and 0.3mm burs.

ok

Figure 2 - Vestibular (A) and palatal (B) views of an individual tray made using the reference model.

Figure 3 - Representative image of the M4 milling unit (ZirkonZahn GmbH, Bruneck, Italy) used in this study. Available at https://www.
zirkonzahn.com/en/cad-cam-systems/milling-unit-m4. Access September 2020.
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Production of Printed Models (PM) [n = 24]

To produce the PM, the aforementioned .STL
file obtained from the digital impression of the
RM was used. The models were prepared using
a Form 2 printer (Formlabs, Inc., Massachusetts,
USA), shown in Figure 4, which uses SLA
technology with a computer-controlled moving
laser beam, pre-programmed to produce 50um
resin layers (White V4 resin, Formlabs, Inc.,
Massachusetts, USA; REF:RS-F2-GPWH-04),
cured by UV light (405nm).

3D analysis

To standardize the measurements, all
reproduced models were digitized with the aid
of a laboratory scanner (S600 Arti, ZirkohnZahn
GmbH) and converted into .STL files, standard
for CAD/CAM data exchange format[25-27].
The calibration of the scanner was performed

formiabsw
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by applying a standard calibration plaque
and selecting the option “Calibrate scan” on
ZirkohnZahn Scan software (ZirkohnZahn
GmbH) according to the manufacturer
recommendations[45].

STL records were converted into point cloud
data and then superimposed one to the other by
computing all possible orientations and selecting
the one with the best object-to-object penetration
(best-fit alignment), as depicted in Figure 5.

The 3D discrepancy in the x-, y-, and z-axes
among the data sets was analyzed using the
3D analysis software (3D Systems, Rock Hill,
Sacramento, USA) which uses best-fit algorithms
to superimpose and then compare data. The best-
fit alignment command was applied for accurate
alignment. For 3D analysis, the distances between
surface of the virtual reference object and all
points of the test objects were converted to

Figure 4 - Representative image of the Form 2 printer (Formlabs, Inc., Massachusetts, USA) used in this study. Available at https://formlabs.

com/3d-printers/form-2/. Access September 2020.
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Analysed using
Geomagic Control X

Figure 5 - Representation of the digital model analysis method with Geomagic Control X software (Mennito et al. 2018).

root mean square (RMS) values by the formula

n
1 . .
RMS = I Z(XLI' -%,)2 , where x, . is measuring
i=1 '
point i on reference, x, . is measuring point 7 on
duplicate, and nis the total number of measuring

points per specimen[31,36,41].

The quantitative values used for the analysis
were extracted based on the RMS values, which
represent the square root of the mean of the
dimensional changes[31,36]. RMS is a recognized
variable used to measure differences between
superimposed 3D structures and is a general
method to assess the mean value of errors, by
directly comparing two data groups with an
identical coordinate system[25-27,31,36,41].
Thus, a high RMS value indicates a large
difference between the superimposed data
sets, and a low RMS value indicates a high
similarity[25,31]. There for the trueness and
precision of a corresponding data group can be
calculated using a single scale[41].

The trueness was evaluated by overlapping
the RM file with the CM, MM and PM files
individually, and precision was evaluated by
overlapping the files within each group.

Statistical analysis

Regarding sample size, it was estimated
through power analysis as it is a recurring
approach in statistical theory[46]. Given the
researchers’ experience and the literature review,
the decision was to perform an a priori calculation
of the sample size considering a large effect size
for the Anova-one-way test (f=0.40)[47]. These
calculations were performed using the software
G-Power*[48].For a minimum test power (1-B)
of 0.8 and an a significance level of 0.05, the
minimum sample size for the comparison of three
groups would be 66 observations (22 in each
group). Our sample size was 72 (24 in each group).

The Shapiro-Wilk test was used to evaluate
the normal distribution of the results, and the
Kruskal-Wallis test was used to compare the
groups. The significance level was defined as
p < a, where a = 0.05.

The Mann-Whitney U test was used for
multiple comparisons among groups. Bonferroni
correction was performed, after which o assumed
the value of 0.017; therefore, the significance
level of this test decreased and was defined as
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p <0.017. The effect size (r) was also calculated

(n)

The statistical data were processed and
analysed using IBM SPSS Statistics 23 (SPSS,
Inc., Chicago, IL, USA).

using the equation r =

RESULTS

The three groups were analysed and
compared in terms of trueness and precision.

Trueness

The descriptive statistics, assessment of
normality and hypothesis tests related to trueness
are shown in Table 1 and Figure 6.

150,007

100,00

Trueness

-

T T T
Mied Printed

Process

Figure 6 - Boxplots of trueness by process type.

Table 1 - Evaluation of the effect of process type on trueness

Trueness and precision of the reproduction of dental casts by
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Regarding normality, the Shapiro-Wilk test
indicated that the distribution of the results was not
normal only in the CM group (p < a). The Kruskal-
Wallis test revealed significant differences among
the three groups (p < 0.001), with CM showing
the best trueness.

The Mann-Whitney U test was used for
trueness intergroup comparisons, and the results
are described in Table 2.

A significant difference was found between
CM and MM, and CM had better results (p < o).
There were also significant differences between
CM and PM, with CM showing better trueness
(p < d). MM and PM also showed significant
differences from each other, with MM showing
the best results (p < o). All significant results
showed a large effect size (r > 0.5).

Precision

Descriptive statistics and hypothesis tests
related to precision are shown in Table 3 and
Figure 7.

The results obtained for all groups indicating
that the distribution of the results was not
normal (p < ). The Kruskal-Wallis test revealed
significant differences among the groups
(p <0.001), with MM showing the best results.

The Mann-Whitney U test was used for the
precision intergroup comparison, and the results
are described in Table 4.

Average
Std. Deviation
Descriptive statistics Meem Sianekrel Erer

Confidence Interval
(95%)

Assessment of normality

147.29 ; 59.94]

2457 46.02
2.66 6.36
0.54 1.29

123.44 ; 25.69] 143.33 ; 48.71

SW (24) = 0.864 p=0.004 SW (24) = 0.873 p=0.006 SW (24) = 0.884 p=0.010

(Teste de Shapiro-Wilk)
Decision

Hypothesis tests
(Teste de Kruskal-Wallis)
Mean ranks

Decision

The null hypothesis of normality in at least one of the groups (group Il) is

rejected.
p=0.000, £<0.001

12.5 44.96

Rejection of the null hypothesis.
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Table 2 - Evaluation of the effect of process type on trueness: multiple comparisons

Mann-Whitney hypothesis
tests ! U = 98.000, p<0.001

Decision

U = 0.000, p<0.001
Rejection of the null hypothesis.

U = 0.000, p<0.001

There are statistically significant differences

CM =16.58 CM =12.50 MM =12.50
Mean Ranks
MM = 32.42 PM = 36.50 PM = 36.50
r=0.565 r=0.857 r=0.857
Effect size (the effect size is large) (the effect size is large) (the effect size is large)

'Bonferroni correction of the significance level was performed, and & assumed the value of 0.017.

Table 3 - Evaluation of the effect of process type on precision

Average 541 69.3 139.7

Std. Deviation 18.05 8.49 17.55
Descriptive statistics Mean Standard Error 3.68 173 3.58

(C(?%'Z,/ﬂ)de"ce e 146,48 ; 6172 16571 72.88[ 1132.29 : 147.11]
Assessment of normality
(Teste de Shapiro-Wilk) SW (24) = 0.864 p=0.004 SW (24) = 0.929 p=0.091 SW (24) = 0.929 p=0.093
Decision The null hypothesis of normali'ty ir? at least one of the groups

(group 1) is rejected.
Hypothesis tests
=0.000, p<0.001

(Teste de Kruskal-Wallis)
Mean ranks 16.58 32.42 60.5

Decision Rejection of the null hypothesis.

There is at least one comparison among the groups that is statistically significant.

Table 4 - Evaluation of the effect of process type on precision: multiple comparisons

Mann-Whitney hypothesis
tests ! U = 0.000, p<0.001

Decision

U =203.000, p=0.080

The null hypothesis is retained.

U = 0.000, p<0.001

Rejection of the null hypothesis. Rejection of the null hypothesis.

There are statistically significant There are no statistically There are statistically significant

differences significant differences differences
CM =36.50 CM =28.04 MM =12.50
Mean Ranks
MM =12.50 PM =20.96 PM = 36.50
r=0.857 r=0.253 r=0.857
Effect size

(The effect size is small)

(The effect size is large)

(The effect size is large)

'Bonferroni correction of the significance level was performed, and & assumed the value of 0.017.

There were significant differences between
CM and MM (p < o), with MM showing greater
precision. In contrast, there were no significant
differences between. CM and PM (p > ). There

were significant differences between MM and PM
(p < ), with MM showing better results. Only
the comparison between the CM and PM groups
had a low effect size (0.2 < r < 0.5).
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Figure 7 - Boxplots of precision by process type.

DISCUSSION

In this section, knowing that the null
hypothesis was rejected, we analyse and discuss
the results, taking into account the dependent
and independent study variables and their
possible combinations.

Trueness

Trueness represents the closeness between
the mean value obtained from a series of test
results and a reference value and can be influenced
by systematic errors that depend mainly on the
limitations of the work instruments, the technique
used and the operator experience[23,49].

Thus, the crucial step for error propagation
arises during data acquisition[6,14]. Video-
based systems are considered more accurate;
therefore, in this study, an ultrafast optical-
sectioning system was used[9,14,33]. TRIOS
3 scanner (3Shape A/S, Copenhagen, Denmark),
that was shown to be the most accurate scanner
in a previous study, has a trueness of 6.9 =
0.9 um[50], a precision of 4.5 = 0.9 um[50] and
a resolution of 41.21 points per mm[2,51] and
considering that these scanner was only used
to collect information from digital groups, we
consider the possibility of a influence of the type
of scanner on the results obtained[50].

In this study, the conventional technique
showed significantly better trueness than the
digital techniques of milling (» < 0.001) and 3D
printing (p < 0.001). Kim et al.[24] validated
the results obtained for the milling technique.
Other studies also confirm the results obtained
for the 3D printing technique[25,26,31,32].

Trueness and precision of the reproduction of dental casts by
the conventional, milling and 3D printing techniques

In contrast, Sim et al.[27] and Choi et al.[36] did
not find significant differences when comparing
techniques.

In the conventional group, the impression
material used was elastomer, which is currently
considered the standard for diagnosis and
treatment plans[33,36]. This type of material
provides more detailed reproduction and
dimensional stability[1,3,10,52]. Regarding the
fabrication of the model, type IV plaster was
used, which has low setting expansion and high
fracture strength[53].

It is known that at each stage of the process
of reproducing conventional models, the risk
of human error increases, mainly because this
technique involves greater manipulation by
the operator and is dependent on his or her
experience[1-8]. To counteract these influence,
correct and careful handling of the materials
according to the manufacturer’s instructions was
necessary[7,53].

According to the results obtained, although
the milling technique presented lower results than
the conventional technique, it was more reliable
than the 3D printing technique (p < 0.001),
and this difference was statistically significant.
The study of Yau et al.[34] corroborates the results
obtained; however, the same does not occur in
other studies[33,35]. Similar contradiction
can be observed in comparative studies on the
adaptation of prosthetic pieces[37-44]; however,
for inlays, which are small and highly detailed
pieces, milling showed the best results[40].

With the milling technique, the shape and
thickness of the drills and the ability of the unit to
rotate an object are directly related to the trueness
of the geometric shape fabricated[11-13,16].
In this study, a milling unit equipped with
5 + 1 axes was used, thus obtaining greater
accuracy[3,15].

Regarding the 3D printing technique, an SLA
printer was used that allows the polymerization
of layers of material of uniform thickness using
a UV laser beam[17-19]. Al-Imam et al.[26]
found that the trueness of the printed models
is directly related to the system used, and there
were significant differences among models
fabricated with different printers, but this was
not observed regarding precision. According
to Camardella et al. [30], dimensional changes
relative to the reference model are mainly due

Braz Dent Sci 2021 Oct/Dec;24 (4 suppl 1)
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to the associated polymerization shrinkage.
Keating et al.[28] confirmed that these changes
are greater in the Z plane[20,27-29]. According to
Chockalingam et al.[22], a maximum thickness of
125 um is related to lower residual stress caused
by the associated polymerization shrinkage
(changes may vary between 6 and 10%).

In addition to thickness, the acrylic resin
used and its degree of conversion, the laser size
and intensity and the final surface treatment
procedures influence the cascade of errors that
may be associated with the reproduction of objects
by SLA[8,20-22]. In the present case, the finishing
procedures recommended by the manufacturer
involve using UV light and heat, thus improving the
mechanical properties of the object. This process
can enhance shrinkage and deformation[28].

Precision

Precision provides information on the degree
of agreement of the individual measurement
values of a dataset. It is therefore independent
of the reference value. Thus, precision depends
on the presence of random or accidental errors,
which are influenced by the external conditions
of repeatability and reproducibility[23,49].

To reduce the probability of this type of
error, data acquisition was performed extraorally
to avoid distortions caused by the environment,
such as the patient’s movements and the presence
of fluids[5,7,8,33]. The scanner that was used
(S600 Arti, ZirkohnZahn GmbH) has a precision
<10 um[54], and the same scanner was used for
data treatment for all groups, which excluded the
possibility that it would have a negative influence
on the results obtained.

In this study, the milling technique was
found to be significantly more accurate than
the conventional (p < 0.001) and 3D printing
(p < 0.001) techniques. Yau et al.[34] obtained
similar results, and when compared with other
techniques, milling showed the best precision[36].
Patzelt et al.[33] obtained divergent results;
however, the fact that a different scanner was
used for each group may have influenced their
results[14]. Jeong et al.[35] also contradicts
the results obtained; however, they used a
100-um-thick drill bit, and thus, the reproduction
detail was lower. In addition, two models per
block were reproduced as a way to reduce
fatigue, which may have contributed to reduce

Trueness and precision of the reproduction of dental casts by
the conventional, milling and 3D printing techniques

the accuracy associated with the reproduction of
the milled models[35].

The milling technique involves errors that can
be caused by the physical contraction or expansion
of the wearing instruments, their excessive vibration
or bending due to the wear forces exerted, which
reduces their effectiveness with each use[15,16].

In this study, although the conventional
and the 3D printing techniques presented
results that were inferior to those of the milling
technique, they showed no significant differences
in precision (p > o). In the literature, some
studies corroborate the results obtained[28-30];
however, some argue that the conventional
technique has better precision than the 3D
printing technique[25-27], and Jin et al.[31]
obtained contradictory results.

To ensure precision and adequate long-term
dimensional stability in dental casts reproduced by
using the conventional technique, it is necessary
to ensure an adequate and stable environmental
temperature and correct mould disinfection,
material packaging and elapsed time between
phases[52,53]. The disregard of any of these
conditions may explain the existence of an outlier in
the data of this group and may have influenced the
results obtained; however, we found that excluding
this outlier would not affect the statistical results.

Regarding the 3D printing technique,
Jin et al.[31] found that it had superior precision
and that the PolyJet technique showed better
results than the SLA technique, which was
confirmed by Park and Shin[32]. Thus, we
can infer that the printing method may have
influenced the results obtained. Printed objects
are also more sensitive to light, temperature
and the presence of oxygen, so their storage
conditions may have also been important[17,30].

A strength of this study is that it had a relatively
large sample size when compared with all identical
studies found in the literature[33-44]. The models
also were analysed using software to reduce the
error associated with linear measurements; thus,
a greater number of reference markers was used,
which decreased the risk of bias[31,36].

In fixed prosthesis, a maximum accuracy of
70 um is used as the reference value to ensure
that there is good adaptation between the
prosthetic piece and the dental model, and a
maximum value of 200 um between the dental
model and the original is permitted[28,31,34].
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Considering the RMS values obtained, we can
state that the models reproduced in our study,
both conventional and digital, had excellent
clinical applicability in fixed prosthodontics.

This study had also limitations, including
the fact that an artificial dental cast was used.
Although this approach eliminated the risk of
distortions associated with the oral environment,
it did not make it possible to obtain exactly real
values relative to those found in clinical practice.
Additionally, differences in the methods used in
different studies in the literature make it difficult
to compare their results[5].

CONCLUSIONS

With this study, we can conclude that there
are significant differences in trueness among
dental casts reproduced using the conventional,
milling or 3D printing methods. The conventional
technique showed the best results.

We also conclude that there are significant
differences in precision among dental casts
reproduced using the conventional, milling or 3D
printing methods. The milling technique showed
the best results.

Considering the limitations of this study,
we can state that, for reproduction of dental
casts, the conventional technique offers the best
trueness, and the milling technique offers the
best precision. However, all casts reproduced
in our study, both conventional and digital,
had excellent clinical applicability in fixed
prosthodontics.
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