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ARTICLE INFO ABSTRACT
Keywords: Objectives: To evaluate the effect of additive and subtractive manufacturing on the accuracy (trueness and pre-
3D-printing cision) of fixed partial denture patterns (FPDPs) used for casting or pressing.

Fixed partial denture
Milling

Resin pattern
Trueness

Materials and Methods: A 3-unit complete coverage FPD on mandibular right first premolar and first molar teeth
was virtually designed. Using the design data, FPD patterns were fabricated from an additively manufactured
resin (PR, ProArt Print Wax) and 2 CAD-CAM wax discs (YW, ProArt CAD Wax Yellow and BW, ProArt CAD Wax
Blue) (n = 10). Each pattern was then digitized with a scanner (CEREC Primescan) and evaluated for 3D surface
deviation at 4 different surfaces (overall, external, marginal, and intaglio surfaces) by using a 3D analysis
software (Medit Link). Root mean square (RMS) values were automatically calculated. Data were analyzed by
using Kruskal-Wallis and Dunn’s post hoc tests for trueness and precision (a= 0.05).

Results: Significant differences were found among the RMS values for overall (P<.001) and each surface (P<.040)
evaluated. PR had the highest overall (P<.011) and intaglio surface (P<.01) deviations, while the difference
between YW and BW was not significant (P>.199). PR had the highest (P<.027) and BW had the lowest (P<.042)
external surface mean RMS values. BW had higher mean marginal RMS value than YW (P=.047). For precision,
significant differences were observed among test groups only for marginal RMS values (P=.002). PR had lower
precision than BW (P=.002).

Conclusions: BW and YW FPDPs mostly had higher trueness compared with PR FPDPs. However, considering
relatively smaller deviations at marginal and intaglio surfaces and the fact that patterns mostly had similar
precision, clinical fit of FPDs fabricated by using tested patterns may be similar.

Clinical Significance: Definitive 3-unit fixed partial dentures fabricated by using tested patterns may be similar.
However, FPDs fabricated with tested additively manufactured resin patterns might result in more chairside
adjustments than those fabricated with tested subtractively manufactured wax patterns.

1. Introduction larger and more complex objects, and increased number of products to

be manufactured at a time [1]. In addition, a variety of materials

Additive manufacturing has the advantage of passive and vertical including polymers, metals, waxes, and ceramics are applicable by using
manufacturing, recycling of unused material, possibility of producing additive manufacturing technologies [2].
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Wax pattern fabrication is a time-consuming process and outcomes
are operator dependent [3,4]. Therefore, fabrication of patterns has
shifted from conventional to digital technologies [4]. Patterns fabricated
by using computer aided design-computer aided manufacturing (CAD--
CAM) can be used to cast or press restorations. Considering that dental
printers are generally more affordable than milling units and the fact
that some dental laboratories continue using pressing technologies for
ceramics, conventional lost-wax technique is still an indispensable part
of manufacturing processes [5]. The integration of affordable and less
human error-prone CAD-CAM fabrication techniques may enable effi-
cient fabrication of patterns for the fabrication of commonly used res-
torations. However, fabrication trueness of patterns when new
CAD-CAM technologies are used is not well-known.

Even though previous studies have focused on the accuracy [6-9] or
fit [10] of additively manufactured fixed partial dentures (FPDs), those
studies were based on interim restorations. Previous studies on the
comparison of manufacturing techniques (additive, subtractive, and
conventional) have reported conflicting results [11-15], and, accord-
ingly, it can be considered that the type of CAD-CAM technique used for
pattern fabrication could significantly affect the quality of a definitive
restoration as clinical fit of a prosthetic restoration is directly related to
its dimensional accuracy [16]. Any pattern related error may be
amplified during casting or pressing, which makes the congruence be-
tween the design file of the restoration and the fabricated pattern crit-
ical. To the authors’ knowledge, only 1 study has investigated the
trueness of patterns fabricated by using different CAD-CAM technolo-
gies, which was based on crowns [5]. Therefore, a study on the accuracy
of additively manufactured FPD patterns (FPDPs) would elaborate the
knowledge on the effect of pattern fabrication technique on accuracy of
multiple-unit restorations. Thus, the aim of the present study was to
evaluate the accuracy of additively manufactured FPDPs, comparing
with that of 2 subtractively manufactured (1 suitable for pressing and 1
suitable for casting) wax patterns. The null hypothesis was that there
would be no difference in the accuracy (trueness and precision) of FPDPs
fabricated with different CAD-CAM techniques.

2. Materials and methods

Mandibular right first premolar and first molar of a typodont model
(ANA-4; Frasaco GmbH, Tettnang, Germany) were prepared with a 1-
mm-wide chamfer finish line for a 3-unit FPD. Maxillary and mandib-
ular models, and the occlusion were digitized by using an intraoral
scanner (CEREC Primescan SW 5.2; Dentsply Sirona, Bensheim, Ger-
many). A 3-unit complete coverage FPD was designed by using these
standard tessellation language (STL) files and a software (Exocad Dental
CAD2.2; Exocad GmbH, Darmstadt, Germany). Cement space was ar-
ranged to be 30 um [17], and the connector sizes were 9 mm? with a
modified-ridge lap pontic design. This design was saved in STL format
(FPD-STL) and used for the fabrication of patterns from an additively
manufactured resin (PR, ProArt Print Wax; Ivoclar Vivadent, Schaan,
Liechtenstein) and 2 CAD-CAM wax discs (YW, ProArt CAD Wax Yellow
and BW, ProArt CAD Wax Blue; Ivoclar Vivadent, Schaan, Liechtenstein)
(n = 10). The number of specimens in each group was based on previous
studies that investigated the trueness of additively manufactured pat-
terns [5] or FPDs [18].

FPD-STL was transferred into a nesting software (3Shape CAM-
bridge; 3Shape, Copenhagen, Denmark) for the fabrication of additively
manufactured resin patterns. The FPD-STL was positioned with its
occlusal surface towards the build platform. After auto-generating the
supports, this configuration was duplicated 10 times for standardization,
and transferred into a digital light processing-based 3D printer (Pro-
graPrint PR5; Ivoclar Vivadent, Schaan, Liechtenstein) with a software
(PrograPrint Manager; Ivoclar Vivadent, Schaan, Liechtenstein). PR
FPDPs were placed into an alcohol bath (PrograPrint Clean; Ivoclar
Vivadent, Schaan, Liechtenstein) containing 96% isopropyl alcohol and
cleaned for 4 min (2 min of rough cleaning and 2 min of fine cleaning at
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850 rpm) and then left to dry for 1 h. Post-polymerization was per-
formed by using a light-emitting diode curing unit (PrograPrint Cure;
Ivoclar Vivadent, Schaan, Liechtenstein), which had a preset curing
program for the resin used [19]. After removing the FPDPs from build
platform by using a scraper, support structures were removed and sur-
faces were smoothened.

FPD-STL was transferred into a nesting software (PrograMill CAM
V4.2; Ivoclar Vivadent, Schaan, Liechtenstein) and inserted in CAD-CAM
wax discs for the fabrication of subtractively manufactured FPDPs. The
wax discs were indicated either for pressing (YW) or casting (BW)
technique. YW and BW FPDPs were subtractively manufactured with a
5-axis milling unit (PrograMill PM7; Ivoclar Vivadent, Schaan,
Liechtenstein) and surfaces were smoothened after separating from
discs. Same operator performed all fabrication processes (G.C.) and
further evaluated the specimens under 3.5 x magnification to detect
potential defects without making any adjustments on the intaglio sur-
faces [17,20] (Fig. 1).

An experienced operator (M.B.D.) scanned the FPDPs to generate
test-STLs. All scans were performed in the same temperature and
humidity-controlled room, by using the same intraoral scanner that was
used to digitize the prepared teeth. Calibration was performed before
starting the scans of each group and the operator took 5-minute breaks
in between each group to prevent fatigue-related deviations [21].

A 3D analysis software (Medit Link v 2.4.4; Medit, Seoul, Korea) and
root mean square (RMS) calculation method were used to evaluate the
deviations of the FPDPs when compared with FPD-STL [5,20,22].
FPD-STL and test-STL files were imported into the software and the
FPD-STL was selected as the reference. Test-STL was superimposed over
FPD-STL by using the comparison tool of the software, which allows
simultaneous selection of 3 points on both files (Fig. 2). Based on pre-
vious studies that investigated the trueness of additively manufactured
restorations [5,18,20,22,23], maximum/minimum critical (nominal)
values were set at +50/—50 pym and the tolerance range was set at
+10/—10 pm for the color maps that represent 3D deviations. Software
automatically calculated overall RMS values; thus, no additional for-
mula was used. External, marginal, and intaglio surfaces without mar-
gins were also evaluated after virtually separating the FPDPs into 3 parts
as reported in a previous study [23]. Each of these surfaces were
superimposed over FPD-STL separately and color-difference maps were
generated to calculate the RMS values (Fig. 3).

Precision was defined as the variances of deviations within each
group for each surface. Distribution of data was evaluated by using
Shapiro-Wilk tests. Non-parametric Kruskal-Wallis and Dunn’s post hoc
tests were used for the analyses. All statistical analyses were performed
by using a statistical analysis software (SPSS v22.0; IBM, Chicago, IL,
USA) at a significance level of a= 0.05.

3. Results

Measured RMS values of each material-surface pair are illustrated in
Fig. 4. Table 1 summarizes descriptive statistics. Kruskal-Wallis tests

Fig. 1. Fixed partial denture patterns after fabrication (A: Buccal surface; B:
Lingual surface; C: Marginal and intaglio surfaces).
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Fig. 2. Superimposition process (A: Points selected for superimposition; B:
Superimposed files from occlusal surfaces; C: Superimposed files from in-
taglio surfaces).

revealed significant differences in RMS values among test groups for
overall (P<.001) and each surface analyzed (P<.001 for external, P=.04
for marginal, and P<.001 for intaglio surface without margin). PR
FPDPs had the highest overall (P<.011) and intaglio surface (P<.01)
deviations, whereas the difference between YW and BW was nonsig-
nificant (P=.199 for overall and P=.22 for intaglio without margin).
When the external surfaces were concerned, BW FPDPs had the lowest
RMS values (P<.042) and PR FPDPs had the highest (P<.027). For
marginal RMS, only the difference between YW and BW was significant
(P=.047), and BW had higher deviations. However, the difference in
mean and median RMS values of BW and YW at margins was only 1 pm.
Precision of patterns differed significantly only when marginal RMS
values were considered (P=.002). While BW had higher precision than
PR (P=.002), YW had similar precision to those of other groups
(P>.123) (Table 2).

4. Discussion

Other than marginal surface, subtractively manufactured FPDPs had
higher trueness than PR FPDPs for all surfaces evaluated. In addition, PR
had lower precision than BW when marginal RMS values were consid-
ered. Therefore, the null hypothesis was rejected.

Higher deviations of additively manufactured FPDPs may lead to ill-
fitting contours, particularly at external and intaglio surfaces of defini-
tive restorations. Color maps revealed that blue areas (undercontour)
may lead to open interproximal contacts or insufficient emergence
profile, while red areas (overcontour) could result in heavy occlusal
contacts or tighter internal fit. Areas with over or undercontoured sur-
faces were more frequently detected on PR FPDPs, which might indicate
that the restorations fabricated by using these FPDPs would need more
clinical chairside adjustments. BW and YW FPDPs had similar overall
and intaglio RMS values, which is in line with color maps. Even though
statistical analyses revealed significant differences between BW and YW
at external and marginal surfaces, the authors believe that this differ-
ence is clinically negligible given the small differences between mean
RMS values measured on those surfaces (3 um at external surface and 1
um at marginal surface). Nevertheless, regardless of CAD-CAM tech-
nique used, intaglio surface RMS values of all FPDPs were below 30 pm.
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In addition, marginal deviations, which are directly related to the clin-
ical fit of an FPD, were below 20 um for all test groups. Even though BW
had higher precision than PR at the margins, the authors believe that this
difference may be negligible considering that a mean difference of 2.3
um is difficult to clinically quantify. Therefore, it may be considered that
clinical fit of the FPDs fabricated by using tested FPDPs could be similar.
Given the fact that successful outcomes have been reported on the
clinical performance of posterior lithium disilicate-based FPDs [24-26],
pattern fabrication techniques tested in the present study could be
considered for future studies on ceramic FPDs with premolar and molar
abutments. Such in vivo studies would also elaborate and corroborate
the results of the present study. However, it should be noted that the
interpretation on possible effects of wax or resin FPDP deviations on
definitive restorations should be made carefully. Casting and pressing
are technique-sensitive processes that are prone to operator-, process-,
restoration type, and material-related errors, which should be consid-
ered when interpreting the results of the present study.

It has been reported that the size of an object might have an effect on
additive manufacturing trueness [27]. Therefore, the results of the
present study may be used to interpret the effect of printing a larger
prosthesis compared with printing a smaller prosthesis, like a crown, on
the fabrication trueness. Cakmak et al. [5] used methods and materials
similar to those utilized in the present study to investigate the fabrica-
tion trueness of crown patterns, and reported similar results to those of
the present study. Magnitude of deviations reported in these studies
were very similar as the greatest difference between mean deviation
values in the present study and in Cakmak et al’s [5] study was 15 pm,
which can be considered small given the fact that this difference was on
the entire external surface. In addition, there is no clear trend on how a
material affected measured deviations depending on the size of the
prosthesis. Considering these findings, it can be speculated that the
prosthesis size did not have a significant effect on the fabrication true-
ness of tested materials. However, this interpretation needs further
support with studies on the fabrication accuracy of FPDPs with more
units.

Several studies have investigated the effect of CAD-CAM technique
on the marginal fit of fabricated patterns for dental prostheses [11-15].
Whether it was statistically significant or not, a tendency towards higher
marginal gap was frequently reported for additively manufactured
patterns compared with subtractively manufactured patterns [11-14].
Similarly, in the present study, PR FPDPs had nonsignificantly higher
mean marginal RMS values. Several factors including the type of the
restorative material, restoration, and its geometry have been reported to
affect the marginal fit [11-15]. However, when additive manufacturing
is concerned, additional factors such as build orientation and layer
thickness may also affect the restoration accuracy [10]. Thus, future
studies should focus on these factors to elaborate the effect of CAD-CAM
fabrication technique, particularly of additive manufacturing on the
clinical fit of dental restorations.

Deviation measurements by using RMS calculation have been
preferred in dental accuracy studies [18,22,23]. However, for trueness
analysis, alternative methods such as the use of average deviation, ab-
solute average, or (90-10)/2 percentile could also be performed [28]. In
the present study, RMS measurements of FPDPs were performed by
using a 3D analysis software, which has been used in previous studies
[22,29]. In addition, a previous study has concluded that the IOS used in
the present study had similar results to that of a laboratory scanner when
the congruence between a scan mesh and CAD file was evaluated [21].
Therefore, the digitization of FPDPs with the IOS used in present study
can be considered straightforward and reliable, as the scan can be
completed in at one attempt. If a laboratory scanner is to be used,
separate scans of occlusal and intaglio surfaces need to be stitched,
which may amplify deviations measured. Nevertheless, different meth-
odologies, inspection software, and evaluation protocols may lead to
different results [30].

Even though significant differences were found among test groups
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Fig. 3. Color maps generated for each material-surface pair (A and B: Overall; C: External; D: Marginal; E: Intaglio without margin).

and the number of specimens in each group was based on previous
studies on the trueness of additively manufactured restorations that
reported significant differences [5, 18], absence of a priori power
analysis could be considered as a limitation. Another limitation of the
present study was the absence of a control group. Differences in chem-
ical composition of tested materials may have also affected the results as
specimens may have undergone different dimensional changes until
being digitized. In addition, all materials tested in the present study
belong to a single brand, and one type of 3D-printer, milling unit, IOS,
and 3D analysis software were used. Finally, standardized in vitro design
of the present study might be a limitation considering that digital
workflow is prone to human-related errors at different stages starting
from data acquisition to definitive fabrication of restoration. Therefore,
the results of the present study should be accounted as preliminary and
substantiated with future studies that investigate how these deviations
propagate and affect the definitive restoration, and how the restorations
fabricated by using these techniques differ from clinically applied milled
CAD-CAM materials.

5. Conclusions

Within the limitations of the present study, it can be concluded that
tested FPDPs fabricated by subtractive manufacturing mostly had higher

trueness than additively manufactured FPDPs. However, deviation
values at marginal and intaglio surfaces were below 30 pm, regardless of
the technique. In addition, patterns mostly had similar precision.
Therefore, clinical fit of FPDs cast or pressed by using the patterns tested
may be similar.
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Material Type

BBlue wax
Ml Yellow wax
[ Printed resin

Table 1
Descriptive statistics of RMS values (trueness) within test groups.
Surfaces
Overall External Marginal Intaglio without margin
Material Mean +SD Median (Min-Max) Mean +SD Median (Min-Max) Mean +SD Median (Min-Max) Mean +SD Median (Min-Max)
PR 59 + 4 58° 69 + 4 55¢ 14+4 13% 2545 23b
(55 - 68) (66 - 79) (11-22) (22 - 35)
YW 28 +3 28 31+1 30° 12+1 12?2 12+ 2 12°
(25 -33) (29 - 34) (10-13) (9-15)
BW 25+2 257 28+1 28 13+1 13° 14+ 2 14°
(22 -28) (27 - 29) (12-15) (12-18)
*Different superscript letters indicate significate differences among columns (P<.05).
Table 2
Descriptive statistics of RMS values (precision) within test groups.
Surfaces
Overall External Marginal Intaglio without margin
Material Mean +SD Median (Min-Max) Mean +SD Median (Min-Max) Mean +SD Median (Min-Max) Mean +SD Median (Min-Max)
PR 14+1.1 12 0.6 + 0.4 0.8% 0.7 +£04 0.5% 1.2+1.1 1?
0-3) (0.2-1.2) (0.4-1.6) -4
Yw 21+13 27 1.2+0.8 0.8 1.1+05 1.3% 1.5+1.1 1.5%
0.7 - 4.7) (0.2-3.2) (0.3-1.7) (0.5 - 3.5)
BW 25+26 1.72 2.6 +28 2.4% 3+2 3.2° 35+29 3.2%
(0.7 -9.3) (0.4 -9.6) 0.2-7.8) (0.2-9.8)

*Different superscript letters indicate significate differences among columns (P<.05).



M.B. Donmez et al.

interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgement

Ivoclar Vivadent is gratefully acknowledged for supplying the ma-
terials used in this study. The authors also thank Marco Pannier for
supplying the materials.

References

[1]

[2]

[3

=

[4]

[5]

[6

[}

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

J. Jockusch, M. Ozcan, Additive manufacturing of dental polymers: an overview on
processes, materials and applications, Dent. Mater. J. 39 (3) (2020) 345-354,
https://doi.org/10.4012/dm;j.2019-123.

N. Guo, M.C. Leu, Additive manufacturing: technology, applications and research
needs, Front. Mech. Eng. 8 (3) (2013) 215-243, https://doi.org/10.1007/s11465-
013-0248-8.

E. Farjood, M. Vojdani, K. Torabi, A.A. Khaledi, Marginal and internal fit of metal
copings fabricated with rapid prototyping and conventional waxing, J. Prosthet.
Dent. 117 (1) (2017) 164-170, https://doi.org/10.1016/j.prosdent.2016.04.010.
J. Sun, F.Q. Zhang, The application of rapid prototyping in prosthodontics,

J. Prosthodont. 21 (8) (2012) 641-644, https://doi.org/10.1111/j.1532-
849X.2012.00888.x.

G. Gakmak, M.B. Donmez, A.R. Cuellar, C. Kahveci, M. Schimmel, B. Yilmaz,
Additive or subtractive manufacturing of crown patterns used for pressing or
casting: a trueness analysis, J. Dent. 124 (2022), 104221, https://doi.org/10.1016/
j.jdent.2022.104221.

D. Karasan, J. Legaz, P. Boitelle, P. Mojon, V. Fehmer, I. Sailer, Accuracy of
additively manufactured and milled interim 3-unit fixed dental prostheses,

J. Prosthodont. 31 (S1) (2022) 58-69, https://doi.org/10.1111/jopr.13454.

T. Dikova, Production of high-quality temporary crowns and bridges by
stereolithography, Scr. Sci. Med. 5 (1) (2019) 33-38, https://doi.org/10.14748/
ssmd.v5i1.5863.

T. Dikova, D. Dzhendov, D. Ivanov, K. Bliznakova, Dimensional accuracy and
surface roughness of polymeric dental bridges produced by different 3D printing
processes, Arch. Mater. Sci. Eng. 94 (2) (2018) 65-75, https://doi.org/10.5604/
01.3001.0012.8660.

T. Dikova, D. Dzhendov, I. Katreva, D. Pavlova, Accuracy of polymeric dental
bridges manufactured by stereolithography, Arch. Mater. Sci. 78 (1) (2016) 29-36,
https://doi.org/10.5604,/18972764.1226313.

G.S. Park, S.K. Kim, S.J. Heo, J.Y. Koak, D.G. Seo, Effects of printing parameters on
the fit of implant-supported 3D printing resin prosthetics, Materials. (Basel) 12 (16)
(2019) 2533, https://doi.org/10.3390/mal2162533.

L. Shamseddine, R. Mortada, K. Rifai, J.J. Chidiac, Fit of pressed crowns fabricated
from two CAD-CAM wax pattern process plans: a comparative in vitro study,

J. Prosthet. Dent. 118 (1) (2017) 49-54, https://doi.org/10.1016/j.
prosdent.2016.10.003.

F.R. Homsy, M. Ozcan, M. Khoury, Z.A.K. Majzoub, Comparison of fit accuracy of
pressed lithium disilicate inlays fabricated from wax or resin patterns with
conventional and CAD-CAM technologies, J. Prosthet. Dent. 120 (4) (2018)
530-536, https://doi.org/10.1016/j.prosdent.2018.04.006.

Y. Liu, H. Ye, Y. Wang, Y. Zhao, Y. Sun, Y. Zhou, Three-dimensional analysis of
internal adaptations of crowns cast from resin patterns fabricated using computer-
aided design/computer-assisted manufacturing technologies, Int. J. Prosthodont.
31 (4) (2018) 386-393, https://doi.org/10.11607/ijp.5678.

D. Taha, M. Nour, M. Zohdy, A. El-Etreby, A. Hamdy, T. Salah, The effect of
different wax pattern fabrication techniques on the marginal fit of customized

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Journal of Dentistry 130 (2023) 104434

lithium disilicate implant abutments, J. Prosthodont. 28 (9) (2019) 1018-1023,
https://doi.org/10.1111/jopr.13112.

S.Y. Kang, H.N. Lee, J.H. Kim, W.C. Kim, Evaluation of marginal discrepancy of
pressable ceramic veneer fabricated using CAD/CAM system: additive and
subtractive manufacturing, J. Adv. Prosthodont. 10 (5) (2018) 347-353, https://
doi.org/10.4047/jap.2018.10.5.347.

W. Pacquet, L. Tapie, B. Mawussi, P. Boitelle, Volumetric and dimensional
accuracy assessment of CAD-CAM-manufactured dental prostheses from different
materials, J. Prosthet. Dent. (2021), https://doi.org/10.1016/j.
prosdent.2021.05.024.

N. Alharbi, R.B. Osman, D. Wismeijer, Factors influencing the dimensional
accuracy of 3D-printed full-coverage dental restorations using stereolithography
technology, Int. J. Prosthodont. 29 (5) (2016) 503-510, https://doi.org/10.11607/
ijp.4835.

G. Gakmak, A.R. Cuellar, M.B. Donmez, S. Abou-Ayash, W.-.E. Lu, M. Schimmel,
B. Yilmaz, Effect of printing layer thickness on the trueness of 3-unit interim fixed
partial dentures, J. Prosthet. Dent. (2022), https://doi.org/10.1016/j.
prosdent.2022.04.015.

The Ivoclar website. https://www.ivoclar.com/uk_ua/products/digital-equipme
nt/prograprint-cure accessed on 10.06.2022.

G. Cakmak, A.R. Cuellar, M.B. Donmez, M. Schimmel, S. Abou-Ayash, W.-.E. Lu,
B. Yilmaz, Effect of printing layer thickness on the trueness and margin quality of
3D-printed interim dental crowns, Appl. Sci. 11 (19) (2021) 9246, https://doi.org/
10.3390/app11199246.

F. Mangano, H. Lerner, B. Margiani, I. Solop, N. Latuta, O. Admakin, Congruence
between meshes and library files of implant scanbodies: an in vitro study
comparing five intraoral scanners, J. Clin. Med. 9 (7) (2020) 2174, https://doi.org/
10.3390/jcm9072174.

B. Yilmaz, V.R. Marques, M.B. Donmez, A.R. Cuellar, W.E. Lu, S. Abou-Ayash,

G. Gakmak, Influence of 3D analysis software on measured deviations of CAD-CAM
resin crowns from virtual design file: an in-vitro study, J. Dent. 118 (2021),
103933, https://doi.org/10.1016/j.jdent.2021.103933.

W. Wang, H. Yu, Y. Liu, X. Jiang, B. Gao, Trueness analysis of zirconia crowns
fabricated with 3-dimensional printing, J. Prosthet. Dent. 121 (2) (2019) 285-291,
https://doi.org/10.1016/j.prosdent.2018.04.012.

S. Wolfart, S. Eschbach, S. Scherrer, M. Kern, Clinical outcome of three-unit
lithium-disilicate glass-ceramic fixed dental prostheses: up to 8 years results, Dent.
Mater. 25 (9) (2009) e63-e71, https://doi.org/10.1016/j.dental.2009.05.003.

M. Kern, M. Sasse, S. Wolfart, Ten-year outcome of three-unit fixed dental
prostheses made from monolithic lithium disilicate ceramic, J. Am. Dent. Assoc.
143 (3) (2012) 234-240, https://doi.org/10.14219/jada.archive.2012.0147.

A. Garling, M. Sasse, M.E.E. Becker, M. Kern, Fifteen-year outcome of three-unit
fixed dental prostheses made from monolithic lithium disilicate ceramic, J. Dent.
89 (2019), 103178, https://doi.org/10.1016/j.jdent.2019.08.001.

K.M. Ogden, C. Aslan, N. Ordway, D. Diallo, G. Tillapaugh-Fay, P. Soman, Factors
affecting dimensional accuracy of 3-D printed anatomical structures derived from
CT data, J. Digit. Imaging 28 (6) (2015) 654-663, https://doi.org/10.1007/
510278-015-9803-7.

H. Lerner, K. Nagy, N. Pranno, F. Zarone, O. Admakin, F. Mangano, Trueness and
precision of 3D-printed versus milled monolithic zirconia crowns: an in vitro study,
J. Dent. 113 (2021), 103792, https://doi.org/10.1016/j.jdent.2021.103792.

G. Cakmak, V.R. Marques, M.B. Donmez, W.E. Lu, S. Abou-Ayash, B. Yilmaz,
Comparison of measured deviations in digital implant scans depending on software
and operator, J. Dent. 104154 (2022), https://doi.org/10.1016/].
jdent.2022.104154.

S. O’Toole, C. Osnes, D. Bartlett, A. Keeling, Investigation into the accuracy and
measurement methods of sequential 3D dental scan alignment, Dent. Mater. 35 (3)
(2019) 495-500, https://doi.org/10.1016/j.dental.2019.01.012.


https://doi.org/10.4012/dmj.2019-123
https://doi.org/10.1007/s11465-013-0248-8
https://doi.org/10.1007/s11465-013-0248-8
https://doi.org/10.1016/j.prosdent.2016.04.010
https://doi.org/10.1111/j.1532-849X.2012.00888.x
https://doi.org/10.1111/j.1532-849X.2012.00888.x
https://doi.org/10.1016/j.jdent.2022.104221
https://doi.org/10.1016/j.jdent.2022.104221
https://doi.org/10.1111/jopr.13454
https://doi.org/10.14748/ssmd.v5i1.5863
https://doi.org/10.14748/ssmd.v5i1.5863
https://doi.org/10.5604/01.3001.0012.8660
https://doi.org/10.5604/01.3001.0012.8660
https://doi.org/10.5604/18972764.1226313
https://doi.org/10.3390/ma12162533
https://doi.org/10.1016/j.prosdent.2016.10.003
https://doi.org/10.1016/j.prosdent.2016.10.003
https://doi.org/10.1016/j.prosdent.2018.04.006
https://doi.org/10.11607/ijp.5678
https://doi.org/10.1111/jopr.13112
https://doi.org/10.4047/jap.2018.10.5.347
https://doi.org/10.4047/jap.2018.10.5.347
https://doi.org/10.1016/j.prosdent.2021.05.024
https://doi.org/10.1016/j.prosdent.2021.05.024
https://doi.org/10.11607/ijp.4835
https://doi.org/10.11607/ijp.4835
https://doi.org/10.1016/j.prosdent.2022.04.015
https://doi.org/10.1016/j.prosdent.2022.04.015
https://www.ivoclar.com/uk_ua/products/digital-equipment/prograprint-cure
https://www.ivoclar.com/uk_ua/products/digital-equipment/prograprint-cure
https://doi.org/10.3390/app11199246
https://doi.org/10.3390/app11199246
https://doi.org/10.3390/jcm9072174
https://doi.org/10.3390/jcm9072174
https://doi.org/10.1016/j.jdent.2021.103933
https://doi.org/10.1016/j.prosdent.2018.04.012
https://doi.org/10.1016/j.dental.2009.05.003
https://doi.org/10.14219/jada.archive.2012.0147
https://doi.org/10.1016/j.jdent.2019.08.001
https://doi.org/10.1007/s10278-015-9803-7
https://doi.org/10.1007/s10278-015-9803-7
https://doi.org/10.1016/j.jdent.2021.103792
https://doi.org/10.1016/j.jdent.2022.104154
https://doi.org/10.1016/j.jdent.2022.104154
https://doi.org/10.1016/j.dental.2019.01.012

	Effect of computer-aided design and computer-aided manufacturing technique on the accuracy of fixed partial denture pattern ...
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interests
	Acknowledgement
	References


