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Additive manufacturing (AM) 
is a process where 3-dimen
sional (3D) objects are manu
factured in a layer-by-layer 
building process.1–3 According 
to the ASTM F42 Committee, 
AM technologies are divided in 
7 categories: fused deposition 
modeling (FDM), vat-poly
merization or stereo
lithography (SLA), binder 
jetting (BJ), material jetting 
(MJ), sheet lamination, direct 
energy deposition, and 
powder-based fusion.4,5 SLA 
technology has gained popu
larity for fabricating a diverse 
array of dental devices, in
cluding diagnostics casts.6 Ul
traviolet (UV) light sources 
used in vat-polymerization 3D 
printing can be categorized 
into three types: laser (SLA- 
Laser), digital light processing 
(SLA-DLP), and liquid crystal 
display (SLA-LCD).1,7-9
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ABSTRACT 
Statement of problem. Three-dimensional (3D) printed casts can be fabricated using a wide 
range of 3D polymer resins and designed with varying casts´ base configurations. Nevertheless, 
the influence of different base designs, in conjunction with various 3D printing resins, on the final 
dimensional accuracy of casts manufactured through SLA-LCD 3D printing technology remains 
unclear.

Purpose. This study assessed the impact of 3D printing resins and base designs on the 
dimensional accuracy of diagnostic casts fabricated using a SLA-LCD vat-polymerization 3D 
printer. Two resins (NextDent Model 2.0 and Aqua Gray 4K) and 5 different base configurations 
were evaluated for their effect on trueness and precision.

Material and methods. A digital maxillary cast was modified into three base designs: solid 
(Group S), honeycomb (Group HC), and hollow (Group H). Honeycomb and hollow designs had 
subgroups with 1-mm (HC1, H1) and 2-mm (HC2, H2) wall thicknesses, resulting in 50 specimens 
(n=10 per subgroup). Eleven embedded precision cubes were used for accuracy assessment. A 
Sonic Mini 4K vat-polymerization printer was used for cast printing, and dimensional deviations 
were captured using a coordinate measuring device. Trueness was defined by the average 
dimensional discrepancy, and precision was indicated by the standard deviation. Statistical 
analysis included Kruskal-Wallis and Mann-Whitney U tests (α=.05).

Results. NextDent resin showed trueness falling between 44.8 5 µm and 64.5 µm and precision 
values varying between 33.5 5 µm and 48.9 µm, while Aqua Gray 4K resin ranged from 24.1 5 µm 
to 81.1 µm for trueness and 19.8 5 µm to 65.9 µm for precision. Significant differences (P<.001) 
were observed in all axes (x-, y-, z-axes) and 3D deviations, influenced by resin and base design.

Conclusions. Resin type and base design significantly affect the dimensional accuracy of 3D 
printed casts. Aqua Gray 4K with a 2-mm hollow base provided the highest accuracy, particularly 
when matched with the printer manufacturer. All casts met clinical standards. (J Prosthet Dent 
xxxx;xxx:xxx-xxx)
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Multiple variables are known to have an impact on the 
accuracy of 3D printing, such as the intraoral scanning 
process,10 the design’s geometries,11,12 the resin mate
rial,13–15 printing technology,16,17 the 3D printer,16,17 the 
slicer software program,18 the print build orienta
tion,19,20 the 3D printing parameters,3,18,21–27 the sup
port structures,11,16,17,28,29,30 and the postprocessing 
procedures.31,32 Furthermore, the accuracy of AM diag
nostic casts is influenced by operator choices, namely 3D 
printer optimal calibration, the holding environment of 
the polymer material, the ambient temperature, and the 
digital base 3D designs. Additionally, the digital de
signer can select among solid, hollow, and honeycomb- 
based designs. Moreover, dental 3D printer manu
facturers do not provide guidelines or recommendations 
on which wall thicknesses are appropriate in the hollow 
and honeycomb base designs for fabricating diagnostic 
casts. However, studies on the impact of different resin 
materials on additively manufactured diagnostic casts 
are scarce in the dental literature. Findings from pre
vious studies assessing AM diagnostic casts’ accu
racy,33–38 indicate that possible clinically acceptable 
manufacturing discrepancies oscillate between 100 µm 
and 300 µm.24,33,35,36

In accordance with the International Organization 
for Standardization (ISO) 5725–1 standard, the 3D 
printer´s accuracy is determined by its trueness, which 
refers to how accurately the 3D printer can reproduce 
the true form of the digital design specified in the 
standard tessellation language (STL) file, and precision, 
that pertains to how consistently the 3D printer per
forms during the fabrication process under uniform 
conditions.39

Discrepancies in the accuracy of diagnostic casts 
produced through 3D printing have been investigated. 
However, many of these studies still need to consider 
the manufacturing trinomial concept (MTC),3 encom
passing the appropriate combination of printing tech
nology, 3D printer, and polymer material.3 This concept 
is essential for developing accurate dental 3D printing 
protocols. Conclusions from studies that overlook the 
MTC should not be universally generalized as truth. 
Additional 3D printing research that evaluates accuracy 
discrepancies within the framework of the MTC is still 
needed.

This in vitro study investigated how 2 different 3D 
printing polymers affected the diagnostic casts’ accuracy 
using 3 distinct base designs (solid, honeycomb, and 
hollow) using a 3D printer with SLA-LCD technology 
(Sonic Mini 4 K; Phrozen). The initial hypothesis was 
that the 3D printed casts would not differ significantly in 
accuracy (measured by trueness and precision) across 
the different base designs when using 2 different resin 
polymer materials with the same 3D printer.

MATERIAL AND METHODS

A reference standard tessellation language (STLr) file 
was generated by digitally scanning a maxillary diag
nostic cast with a laboratory scanner (Advaa Lab 
Scanner; GC). Eleven reference cubes, each measuring 
3×3×3 mm, were digitally incorporated into the cast 
design using an open-source software (Blender 3.3; The 
Blender Foundation) to enable precise readings (Fig. 1).

Three distinct base designs were developed for the 
cast: solid (S group), honeycomb (HC group), and hollow 
(H group). With honeycomb and hollow base designs 
being further classified into two subgroups according to 
wall thickness: 1 mm (subgroups HC1 and H1) and 2 mm 
(subgroups HC2 and H2), resulting in 50 specimens in 
total, with 10 specimens (n=10) per subgroup.

A single vat-polymerization 3D printer (Sonic Mini 
4K; Phrozen) was used to fabricate all specimens with 
two different resin polymer materials, both compatible 
with the printer's wavelength: NextDent Model 2.0 
(NDM) and Aqua Gray 4K (AG4K) (Table 1). All 
printing procedures were performed in a dedicated la
boratory environment maintained at 23 ºC and relative 
humidity of 50%. Temperature and humidity were 
monitored continuously using a digital hygrometer/ 
thermometer (Model HT-1; Extech Instruments). The 
STL files were named according to the resin material 
and base design: NDM-S, NDM-H1, NDM-H2, NDM- 
HC1, and NDM-HC2 for the NextDent Model 2.0 
group, and AG4K-S, AG4K-H1, AG4K-H2, AG4K- 
HC1, and AG4K-HC2 for the Aqua Gray 4K group.

All specimens were processed using an open-source 
slicing tool (Chitubox v1.9.5; Chitubox) ( Fig. 2A, B). 
Each specimen was oriented horizontally on the build 
platform (0-degree angle) at a layer thickness of 50-µm, 
along with the same support structures for both resins 
(Fig. 2C, D). NextDent Model 2.0 resin was mixed for 2.5 
hours, while Aqua Gray 4K was mixed for 5 minutes 
following manufacturers recommendations, using an 
oscillatory mixer (LC-3D Mixer; 3D Systems) to ensure 
homogeneity of the material. Manufacturer’s re
commendations were followed to calibrate the SLA- 
LCD Sonic Mini 4K 3D printer (Phrozen3D), with an XY 
resolution of 35 µm and a wavelength of 405 nm.

Clinical Implications 
The optimal dimensional accuracy of 3D-printed 
diagnostic casts is attained when the base design is 
specifically adapted to the chosen resin material. 
Notably, the same vat-polymerization technology 
can yield varying levels of accuracy depending on 
the properties of the 3D polymer resin used.
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Once printed, a spatula was used to remove the 
specimens from the build platform (iFixit; iFixit GmbH), 
which were subjected to a two-step cleaning process. 

First, the specimens were placed in an ultrasonic bath 
containing 99% isopropyl alcohol (IPA) (IPA 99%; EQM 
Soluciones Químicas) for 3 minutes, with a second 

A B C

D E F

Figure 1. Digital design of maxillary virtual diagnostic cast of each group. A, Occlusal view. B. Solid. C, 1-mm wall thickness hollow, D, 2-mm wall 
thickness hollow, E, 1-mm wall thickness honeycomb, F, 2-mm wall thickness honeycomb.

Table 1. Specifications of polymer resin materials 

Brand Resin Wavelength Hardness Flexural Modulus

NextDent Model 2.0 Gray 405 nm ≥ 80 shore D ≥1500 MPa
Phrozen Aqua Gray 4K 405 nm 80 shore D 1260−1520 MPa

A B

C D

Figure 2. Additive manufactured diagnostic cast with reference cubes. A, Support structures. B, Global occlusal view. C, Sextant occlusal view.  
D, Lateral view.
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ultrasonic bath in fresh IPA for another 2 minutes. After 
being dried with compressed air, they were left at room 
temperature in a dark environment for 15 minutes to 
allow complete evaporation of the alcohol. A UV poly
merization chamber was used to perform post-curing: 
10 minutes for the NextDent Model 2.0 specimens and 6 
minutes for the Aqua Gray 4K specimens, using the 
manufacturer-recommended curing devices (LC-3D 
Print Box; 3D Systems for NextDent, and Curing Station; 
Phrozen for Aqua Gray 4K). 50 specimens were suc
cessfully fabricated in total (Fig. 3).

Dimensional accuracy was measured using a co
ordinate measuring machine (CMM) (DEA Alpha 
Status; Hexagon AB). To assess accuracy, the X, Y, and Z 
coordinates of the 11 embedded cubes (each 3×3×3 mm) 
were measured, supplemented by 36 additional points 

on the cast surface (Table 2). A measurement program 
was developed using the CAD casts of the different cast 
base designs to automate the evaluation process. Upon 
receiving the printed specimens, each was securely fixed 
within the CMM’s measurement volume. The mea
surement sequence began with an alignment of the 
physical specimen to its corresponding CAD cast. For 
alignment, 13 reference points were defined in the CAD, 
one at the geometric center of each fully intact cube face. 
These central points were palpated on the physical 
specimen using the CMM, with the stylus contacting the 
midpoint of each selected face to establish spatial cor
respondence between the digital and printed casts.

The coordinate system’s origin (0, 0, 0) was defined in 
the CAD cast as the centroid of the maxillary cast, located 
at the intersection of the midsagittal plane and the 

A B C

D E F

Figure 3. Additive manufacturing digital diagnostic cast base design for each group. A, Solid. B, 1-mm wall thickness hollow, C, 2-mm wall thickness 
hollow, D, 1-mm wall thickness honeycomb, E, 2-mm wall thickness honeycomb.

Table 2. Description of 36 additional points measured on additively manufactured specimens with coordinate measurement machine 

Additional Point Location

Dental 1 Tip of distobuccal cusp of right and left first molars
Dental 2 Tip of distobuccal cusp of right and left second molars
Dental 3 Tip of mesiolingual cusp of right and left first molars
Dental 4 Tip of mesiolingual cusp of right and left second molars
Dental 5 Tip of buccal cusp of right and left first premolars
Dental 6 Tip of lingual cusp of right and left first premolars
Dental 7 Tip of cusp of right and left canines
Dental 8 Distobuccal edge of right and left lateral incisors
Dental 9 Mesiobuccal edge of right and left lateral incisors
Dental 10 Distobuccal edge of right and left central incisors
Gingival Buccal 1 5 mm apically to buccal interdental papilla between right and left second and first molars on both right and left sides
Gingival Buccal 2 5 mm apically to buccal interdental papilla between first molar and second premolar on both right and left sides
Gingival Buccal 3 5 mm apically to buccal interdental papilla between first premolar and canine on both right and left sides
Gingival Buccal 4 5 mm apically to buccal interdental papilla between lateral and central incisors on both right and left sides
Gingival Palatal 1 5 mm apically to palatal interdental papilla between second and first molars on both right and left sides
Gingival Palatal 2 5 mm apically to palatal interdental papilla between first molar and second premolar on both right and left sides
Gingival Palatal 3 5 mm apically to palatal interdental papilla between first premolar and canine on both right and left sides
Gingival Palatal 4 5 mm apically to palatal interdental papilla between right and left central incisors
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transverse plane. This reference point was consistently 
applied during CMM measurements to ensure alignment 
accuracy. Following initial alignment, the predefined 
measurement program automatically recorded the X, Y, 
and Z coordinates of all specified points (11 cube centers 
and 36 additional surface points) on the specimen. Each 
point was measured once, leveraging the CMM’s to en
sure reliable data.

The STL file of the digital cast was converted into a 
CAD cast using a software program (Metrolog X4 v18; 
Metrologic Group), as the CMM requires a solid surface 
cast rather than a mesh for accurate evaluation. 
Following measurement, a best-fit adjustment was 
performed using the eleven reference cubes to align the 
measured data with the CAD cast, using a local best-fit 
algorithm. This optimization minimized deviations be
tween the digital and printed casts, enabling the calcu
lation of absolute dimensional differences between the 
CAD design and the physical specimens.

In this experiment, trueness was determined by the 
average of the absolute dimensional differences between 
the digital and printed casts, while precision was 

characterized by the standard deviation of these differ
ences. Statistical analysis was conducted through a 
Kruskal-Wallis test for independent samples, subse
quently using the Mann-Whitney U pairwise compar
isons (α=.05), using a statistical software program (IBM 
SPSS Statistics, v25; IBM Corp).

RESULTS

Table 3 shows the median values along with the ±in
terquartile range (IQR) for all axes (x-, y- and z-), along 
with 3D discrepancies. Table 4 presents the resulting 
trueness and precision. The 5 digital cast base designs 
were significantly different in the x-, y-, and z-axes and 
the 3D discrepancy as indicated by the Kruskal-Wallis’ 
test for independent samples (all P<.001) independently 
of the 3D printer used. The Mann-Whitney U pairwise 
comparison test for independent samples identified 
significant differences between the AG4K and NDM 
resin groups in the x-, y-, and z-axes and in the 3D 
discrepancy (all P<.001), regardless of which cast base 
design was used (Table 4).

Table 3. Median dimensional discrepancies with interquartile ranges (IQR) of additively manufactured casts across different resin materials and base 
designs (µm) 

Discrepancy Measurement Resin Material Group Median ±Interquartile Range Percentile 25 Percentile 75

x-axis NDM H1 26.90 ±66.60 8.10 58.50
H2 18.80 ±410 6.00 35.00
HC1 24.40 ±56.70 7.60 49.10
HC2 23.90 ±54.80 5.70 49.10
S 26.60 ±73.70 9.00 64.70

AG4K H1 11.80 ±34.50 3.70 30.80
H2 8.20 ±20.50 3.10 17.40
HC1 35.10 ±84.30 12.90 71.40
HC2 13.80 ±38.00 4.60 33.40
S 20.00 ±66.00 6.80 59.20

y-axis NDM H1 14.60 ±35.70 6.70 29.00
H2 8.70 ±24.50 2.80 21.70
HC1 11.20 ±27.70 4.30 23.40
HC2 11.80 ±28.00 4.60 23.40
S 15.60 ±37.90 6.50 31.40

AG4K H1 7.90 ±21.50 2.50 19.00
H2 4.80 ±14.40 1.30 13.10
HC1 14.2 ±37.50 5.20 32.30
HC2 7.60 ±19.40 3.30 16.10
S 14.40 ±32.20 4.20 28.00

z-axis NDM H1 28.10 ±67.60 13.30 54.30
H2 22.20 ±47.00 9.50 37.50
HC1 25.10 ±56.7 12.00 44.70
HC2 22.80 ±48.30 9.30 39.00
S 29.50 ±65.10 14.50 50.60

AG4K H1 16.90 ±39.50 4.60 34.90
H2 9.90 ±22.50 4.60 17.90
HC1 31.20 ±76.70 16.80 59.90
HC2 12.60 ±38.90 4.10 34.80
S 24.00 ±58.50 8.40 50.10

3D Discrepancy NDM H1 52.50 ±11.31 26.50 86.60
H2 36.80 ±81.20 19.30 61.90
HC1 45.40 ±98.40 21.20 77.20
HC2 45.20 ±90.20 21.20 69.00
S 55.80 ±123.00 30.80 92.20

AG4K H1 29.20 ±68.70 11.40 57.30
H2 19.40 ±43.60 9.20 34.40
HC1 61.70 ±148.90 32.70 116.20
HC2 25.90 ±66.60 12.50 5410
S 49.40 ±105.80 20.20 85.60
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Considering the 3D printer, polymer resin materials, 
and cast base design, the following results were ob
tained in the x-, y-, and z-axes and the 3D discrepancy. 
For the x-axis discrepancy, the Mann-Whitney U pair
wise comparison test for independent samples revealed 
significant differences between NDM-H1 (26.9 
±66.6 µm) and AG4K-H1 (11.8 ±34.5 µm) (P<.001), 
NDM-H2 (18.8 ±41 µm) and AG4K-H2 (8.2 ±20.5 µm) 
(P<.001), NDM-HC1 (24.4 ±56.7 µm) and AG4K-HC1 
(35.1 ±84.3 µm) (P<.001), and NDM-HC2 (23.9 
±54.8 µm) and AG4K-HC2 (13.8 ±38 µm) (P<.001) but 
not for NDM-S (26.6 ±73.7 µm) and AG4K-S (20 
±66 µm) (P=.549) (Fig. 4A). For the y-axis analysis using 
the Mann-Whitney U pairwise comparison test, sig
nificant differences were detected between NDM-H1 
(14.6 ±35.7 µm) and AG4K-H1 (7.9 ±21.5 µm) (P<.001), 
NDM-H2 (8.7 ±24.5 µm) and AG4K-H2 (4.8 ±14.4 µm) 
(P<.001), NDM-HC1 (11.2 ±27.7 µm) and AG4K-HC1 
(14.2 ±37.5 µm) (P<.005), and NDM-HC2 (11.8 ±28 µm) 
and AG4K-HC2 (7.6 ±19.4 µm) (P<.000) but not for 
NDM-S (15.6 ±37.9 µm) and AG4K-S (14.4 ±32.2 µm) 
(P>.999) (Fig. 4B). In the case of the z-axis analysis using 
the Mann-Whitney U pairwise comparison test, sig
nificant differences were revealed between NDM-H1 

(28.1 ±67.6 µm) and AG4K-H1 (16.9 ±39.5 µm) (P<.001), 
NDM-H2 (22.2 ±47 µm) and AG4K-H2 (9.9 ±22.5 µm) 
(P<.001), NDM-HC1 (25.1 ±56.7 µm) and AG4K-HC1 
(31.2 ±76.7 µm) (P<.001), and NDM-HC2 (22.8 
±48.3 µm) and AG4K-HC2 (12.6 ±38.9 µm) (P<.001) but 
not for NDM-S (29.5 ±65.1 µm) and AG4K-S (24 
±58.5 µm) (P=.222) (Fig. 4C). Finally, the analysis of 3D 
discrepancy using the Mann-Whitney U pairwise com
parison test highlighted significant differences between 
NDM-H1 (52.5 ±113.1 µm) and AG4K-H1 (29.2 
±68.7 µm) (P<.001), NDM-H2 (36.8 ±81.2 µm) and 
AG4K-H2 (19.4 ±43.6 µm) (P<.001), NDM-HC1 (45.4 
±98.4 µm) and AG4K-HC1 (61.7 ±148.9 µm) (P<.001), 
and NDM-HC2 (45.2 ±90.2 µm) and AG4K-HC2 (25.9 
±66.6 µm) (P<.001) but not for NDM-S (55.8 ±123 µm) 
and AG4K-S (49.4 ±105.8 µm) (P=.061) (Fig. 4D).

DISCUSSION

According to these findings, there was substantial var
iation in trueness and precision across the x-, y-, and z- 
axes, as well as 3D discrepancy between the tested 
groups. However, only the 3D discrepancy for solid cast 

Table 4. Trueness and precision values obtained for different groups tested (µm) 

Resin Material Group Trueness Precision

x-axis NDM H1 41.20 44.40
H2 27.10 28.20
HC1 31.70 28.20
HC2 33.40 34.20
S 39.10 36.10

AG4K H1 22.50 26.90
H2 12.50 13.40
HC1 48.00 45.70
HC2 23.60 27.50
S 35.10 36.10

y-axis NDM H1 21.00 20.60
H2 14.20 15.10
HC1 16.90 18.60
HC2 16.30 15.20
H1 23.30 23.50

AG4K H2 14.10 18.00
HC1 10.40 14.40
HC2 27.80 40.40
S 11.90 13.10
S 20.00 20.40

z-axis NDM H1 35.70 27.20
H2 26.40 21.50
HC1 32.20 27.40
HC2 26.50 20.70
S 35.00 25.70

AG4K H1 24.00 26.30
H2 13.10 12.20
HC1 46.10 44.60
HC2 23.60 26.60
S 32.60 29.10

3D Discrepancy NDM H1 64.50 48.90
H2 44.80 33.50
HC1 52.50 38.30
HC2 50.40 37.10
S 64.20 41.20

AG4K H1 39.80 37.90
H2 24.10 19.80
HC1 81.10 65.90
HC2 39.00 37.00
S 57.50 44.20
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base designs produced with NexDent Model 2.0 or Aqua 
Gray 4K resins were statistically similar. Consequently, 
the null hypothesis that accuracy (trueness and preci
sion) would not vary significantly among the different 
base designs when using the same vat-polymerization 
technology and 2 different resin polymer materials was 
rejected. The findings revealed that the Aqua Gray 4K 
resin group achieved the highest manufacturing accu
racy with a hollow base design featuring a 2-mm wall 
thickness, registering a trueness of 24.1 µm and a pre
cision of 19.8 µm. Likewise, the NexDent Model 2.0 
group attained optimal accuracy using the same hollow 
2-mm wall thickness design, with a trueness of 44.8 µm 
and a precision of 33.5 µm.

The present in vitro study showed manufacturing 
trueness across the tested groups ranging from 24.1 µm 
to 81.1 µm, while precision oscillated between 19.8 µm 
and 65.9 µm, all within clinically acceptable limits. 
Despite the variety of clinical and laboratory conditions, 

these levels of manufacturing accuracy should not 
hinder the application of 3D printed casts in the pro
duction of thermoplastic devices or silicone indexes. 
Moreover, the accuracy observed in both 3D printing 
devices suggests they could be suitable for creating de
finitive casts, although this conclusion warrants further 
investigation, as the effectiveness of printed casts in 
permanent restorations depends on both dimensional 
accuracy and surface quality.

Calibration of the 3D printing device in this study was 
performed as indicated by the manufacturer’s guidelines 
using 2 polymer resin materials (NextDent Model 2.0; 3D 
Systems and Aqua Gray 4K; Phrozen) and the same 
support structures. The printing process was conducted 
by a clinician (W.P.C.) with 7 years of experience in 3D 
printing. For postprocessing procedures, casts printed 
with NexDent Model 2.0 resin were polymerized with the 
recommended UV device (LC-3DPrint Box; 3D Systems), 
and casts printed using Aqua Gray 4K resin employed the 
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Phrozen polymerization machine (Curing Station; 
Phrozen) to obtain the optimal properties of the resins 
according to the manufacturer’s recommendations. To 
the knowledge of the authors, this is the first in vitro 
study that employs the same 3D printing device and 2 
different resin materials to validate the manufacturing 
trinomial and demonstrate that the same 3D printer can 
yield different accuracies depending on the resin polymer 
material used. The accuracy of 3D printed casts has been 
analyzed in previous studies, registering trueness values 
between 21.83 µm and 289 µm and precision values 
spanning from 17.82 µm to 284 µm. However, most stu
dies compared different 3D printers and different resin 
polymer materials. Thus, a comprehensive comparison of 
data between different 3D printing systems is impossible. 
Also, none of the previous studies reported the cast base 
design selected. The impact that the cast base designs 
have on the manufacturing accuracy of 3D printing di
agnostic casts has been studied.34,37,40 Rungrojwittayakul 
et al34 analyzed the differences between two different 
base designs (solid and hollow) fabricated with 2 distinct 
vat-polymerization technologies, SLA-DLP/CLIP 
(Carbon M2; Carbon) and SLA-DLP (MoonRay S100; 
Sprintray), reporting that the highest accuracy was 
achieved using solid base designs, with trueness values 
between 48 µm and 87 µm and precision values that 
ranged from 44 µm to 57 µm. Chen et al35 evaluated two 
different 3D printing technologies: an SLA-Laser 3D 
printer (Form 3; Formlabs) and a DLP 3D printer 
(Straumann P30+; Rapidshape). Each printer was tested 
with a different resin polymer material: Model Resin V3 
(Formlabs) for the Form 3 and P Pro Master Model (In
stitut Straumann AG) for the Straumann P30+. After 
printing, all casts were post-cured using the manu
facturer-recommended curing machine for each 3D 
printer, reporting that casts with a hollow interior without 
a base (HB) exhibited significantly lower trueness (Form 
3: 94.06 ±3.43 µm; Straumann P30+: 114.03 ±2.75 µm) 
and precision (Form 3: 66.65 ±3.06 µm; Straumann P30+: 
29.78 ±1.90 µm) than designs with a base, such as hollow 
with perforated base (HWB) (Form 3: trueness 70.61 
±2.15 µm, precision 46.06 ±3.31 µm; Straumann P30+: 
trueness 98.06 ±2.20 µm, precision 24.38 ±2.36 µm) or 
solid (S) (Form 3: trueness 85.28 ±2.49 µm, precision 
42.63 ±4.09 µm; Straumann P30+: trueness 98.01 
±4.95 µm, precision 20.96 ±0.95 µm). Their study under
scores the necessity of a base for maintaining accuracy, 
attributing the HB design’s inferior performance to in
sufficient structural support during layer-by-layer poly
merization. While our study did not test a baseless 
design, the superior accuracy of the hollow base (H2) 
over solid and honeycomb configurations echoes Chen 
et al35 finding that a base enhances stability, though our 
results further indicate that hollowing with an optimal 
wall thickness (2 mm) outperforms a solid structure in 

trueness, possibly due to reduced material-related dis
tortions in the SLA-LCD process. These differences may 
also reflect the interplay between resin properties and 
printer technology, reinforcing the manufacturing trino
mial concept’s relevance in optimizing 3D printing out
comes. Moreover, differences in print orientations, layer 
thicknesses, support structures, manufacturing trinomial, 
3D printer technologies, resin polymer materials and 
measurement approaches, make it challenging to com
pare previous investigations with the results presented 
here. Revilla-León et al37 studied the same cast base 
designs as in the present study. They tested solid, hon
eycomb, and hollow casts with base designs featuring 
wall thicknesses of 1 mm and 2 mm using an SLA-DLP 
3D printer (NextDent 5100; 3D Systems) and NextDent 
Model resin polymer material. They concluded that solid 
casts showed the highest accuracy values at 63.73 
±45.42 µm. Piedra-Cascón et al40 studied the impact of 
the same base designs used by Revilla-León et al37 but 
using two 3D printers, an SLA-DLP (NextDent 5100; 3D 
Systems and Sonic Mini 4K; Phrozen) with an identical 
polymer material (NextDent Model 2.0). The authors 
reported the best manufacturing accuracy for the Next
Dent 3D printer to be 21.83 ±18.4 µm. The possible 
reason for different manufacturing accuracies using the 
same 3D printer and polymer material could be that their 
study involved fabricating the specimens vertically in 
contrast with Piedra-Cascón et al,41 where all the speci
mens were 3D printed horizontally; this could have in
fluenced the final results. When a diagnostic cast is 
fabricated in a vertical orientation, it is probable that the 
increased hollowness leaves the walls unsupported, po
tentially leading to distortions. Piedra-Cascón et al41 also 
reported that the Phrozen Sonic Mini 4K 3D printer, 
when paired with NextDent Model 2.0 polymer material, 
achieved its highest manufacturing accuracy with a 
trueness of 45.15 ±33.51 µm using a 2-mm hollow cast 
base design and printed horizontally. They reported sta
tistically significant differences between Sonic Mini 4K 
and NextDent 5100 3D printers when the same NextDent 
Model 2.0 polymer material was used, with the NextDent 
5100 3D printer being better than the Sonic Mini 4K. The 
study presented here aimed to provide insights into the 
accuracy of the Sonic Mini 4K printer using 2 different 
resins (NextDent Model 2.0; NextDent and Aqua Gray 
4K; Phrozen). Using the same dataset as in previous 
studies,37,40 the results revealed that the combination of 
Phrozen´s 3D printer and resin achieved an accuracy of 
24.1 ±19.8 µm similar to the results obtained using 
NextDent´s 3D printing workflow.40 These results show 
that not all resins can achieve the same level of accuracy 
even when their wavelength is compatible with the 
printer. This reinforces the need to understand the 
manufacturing trinomial concept applied to the 3D 
printing system used.3
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Various approaches have been used to evaluate the ac
curacy of 3D printed casts produced with SLA technologies, 
including manual measurements using digital calipers, as 
well as digital techniques involving superimposition to ob
tain linear and angular measurements, often using root 
mean square (RMS) values.20,39 Nevertheless, a coordinate 
measuring machine (CMM) is typically employed to per
form such measurements.38

SLA 3D printers can be divided into open and closed 
systems, with the first providing flexibility in the custo
mization of printing parameters and their interrelation 
with printing zones. In theory, when the wavelengths of 
polymer materials and 3D printing devices are compa
tible, they can be used interchangeably. Maneiro-Lojo 
et al20 reported manufacturing accuracy ranging from 92 
to 131 µm with an open-source SLA-LCD printer 
(Photon Mono SE; Anycubic) when using Aqua Gray 4K 
polymer material. In contrast, the current study found 
that the Sonic Mini 4K paired with the same Aqua Gray 
4K resin achieved a manufacturing accuracy between 4.3 
and 43.9 µm. The discrepancies between these studies 
could stem from differences in cast base designs, settings 
of the support structure, printing parameters, and 
postprocessing procedures. However, this investigation 
indicates that even when the wavelength of the resin 
materials and the 3D printer’s UV light source are 
compatible, changes in accuracy are likely associated 
with the need for adjustments within the manufacturing 
trinomial concept.3 Differences in accuracy between the 
two 3D polymer resin materials tested may also be at
tributed to differences in their formulations, including 
the types of photo-initiators used and the presence or 
absence of anti-sedimentation technology.

One of the main limitations of this study is the fact that 
only one 3D printer was tested with 2 resin polymer ma
terials. Further research is necessary to investigate the 
manufacturing process using different 3D printing systems. 
This will help optimize the 3D printing workflow’s accu
racy, making it suitable for more complex applications.

CONCLUSIONS

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

1. The type of material polymer had an impact on the 
manufacturing accuracy with the same 3D printing 
technology.

2. The 2-mm wall thickness hollow design displayed the 
highest accuracy in casts produced using an SLA- 
LCD technology with Aqua Gray 4K resin material.

3. The highest manufacturing accuracy for Aqua Gray 
4K specimens ranged from 4.3 to 43.9 µm.

4. The digital base designs impacted the manu
facturing accuracy of the fabricated casts.

5. Solid casts were the least influenced by the printer/ 
resin combination.
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