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KEYWORDS Abstract Background/purpose: The 3D printer and post-curing unit are important factors in
3D-printer; producing the best 3D printed crowns. To explore the effects of different combinations of 3D-
Post-curing; printers and manufacturer-specified post-curing units on the dimensional accuracy, compres-
Accuracy; sive strength, and degree of conversion (DC%) of 3D-printable resin for fixed dental prostheses.
Compressive Materials and methods: Specimens were designed in 2 sizes and additively-manufactured using

strength; 2 digital light processing (DLP) 3D-printers (NextDent 5100, ND and PrintinDLP+, PN). The 3D-
Resin polymerization printed samples were polymerized using 2 different post curing units (LC-3D Print box, N and

PrintinCure+, P). Dimensional accuracy was evaluated under an optical microscope, while
compressive strength was determined using a universal testing machine. Fourier transform
infrared spectroscopy was used to analyze the resin molecular bond characteristics and DC
%. Statistical analysis, including ANOVA and Tukey’s HSD post-hoc tests (P < 0.05).

Results: Significant dimensional variations were observed for both square and rectangular sam-
ples (P < 0.001). The ND-P showed the greatest ductility and relatively high maximum stress.
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The fracture strengths were ND-N: 181.55 + 8.37 MPa, ND-P: 151.54 + 2.06 MPa, PN-N:
175.51 + 12.44 MPa, and PN-P: 127.84 + 10.10 MPa (P < 0.001). Surface inspection at
200 x magnification revealed subtler fault lines in ND-N and PN-P. FTIR analyses confirmed
DC% was highest for ND-N (79.70 + 1.02%) and PN-N (78.12 + 0.94%), intermediate for ND-P
(73.24 + 0.89%) and PN-P (71.06 + 1.67%).

Conclusion: Post-curing units had a greater impact on dimensional accuracy, strength, and
polymerization than the choice of 3D-printer. Optimal resin properties require careful optimi-
zation of post-curing parameters and equipment.

© 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Introduction

The progression of 3D-printing offers time-saving advantages
for both dentists and patients." The 3D-printing plays a
pivotal role in the fabrication of dental casts and prosthe-
ses.”° In addition to dimensional accuracy, fracture resis-
tance is crucial. Although 3D-printed dental prostheses have
the potential to fracture under a single strong load, but they
are especially susceptible to damage from repeated loading.
Consequently, it is essential for 3D-printed fixed dental
prostheses (FDP) to possess mechanical properties that offer
resistance to the stresses of repeated chewing.® The
strength of the resin used in 3D printing is determined both
by the energy absorbed from the light source during the
printing process, which affects dimensional accuracy,’’® and
by the post-processing light source energy, which enhances
polymerization between resin monomers to ensure sufficient
strength to withstand bite forces.”'°

Several factors can affect the dimensional accuracy and
mechanical properties of 3D-printed dental prostheses
during the manufacturing process, including printing
orientation, post-curing, removal of supporting structures
and finishing."" It has been shown that the post-curing unit
and process are also significant influencing factors.'?"* The
post-curing procedure is vital because it aims to increase
the degree of conversion (DC%), indicating the extent to
which the polymer resin has undergone a chemical reaction
and transformed into a solid polymer during the 3D-printing
process.'* A higher DC% results in a lower amount of re-
sidual monomer and better mechanical properties. There-
fore, the setting of the 3D-printer and post-curing protocol
have a major impact on the accuracy and mechanical
strength of the printed prosthesis. Among the various types
of 3D-printers, digital light processing (DLP) ones are
considered the most suitable for dental applications due to
their superior accuracy and faster 3D-printing time.">®
The inadequate post-curing of light-polymerizing resin can
lead to high toxicity, while over-curing can negatively
impact its mechanical properties.” Typically, each 3D-
printer has specific manufacturer guidelines for post-curing
and pos-processing procedures.'® When using 3D-printers
and post-curing unit from different manufacturers, careful
consideration is required to achieve optimal properties of
3D-printed prostheses.

Several previous studies have employed compressive
strength  testing and fourier transform infrared

spectroscopy (FTIR) to evaluate strength and degree of
polymerization of resins.'®?° The application of 3D-printed
resins has been increasingly adopted in dental clinics.
However, the diverse combinations of 3D printers and post-
curing units have posed challenges for dentists and dental
technicians in selecting appropriate equipment. Low-
strength 3D-printed resins may fail to withstand the
occlusal forces generated during mastication, leading to
the fracture of restorations. Therefore, the primary goal is
to optimize the combination of printing equipment to
fabricate resin restorations with high accuracy and
strength. This study aimed to explore the effects of
different DLP 3D-Printers and manufacturer-specified post-
curing units on the dimensional accuracy, compressive
strength, and DC% of 3D-printed FDP resin. It was hypoth-
esized that different DLP 3D printers and manufacturer-
specified post-curing units did affect the dimensional ac-
curacy, compressive strength, or DC% of 3D-printed FDP
resin.

Materials and methods

The study design is shown in Figs. 1 and 2. The study
specimens were designed in the standard shape using a
computer-aided design (CAD) software (Solidworks 2018;
Dassault Systemes SE, Vélizy-Villacoublay, France), in di-
mensions of 10.0 x 10.0 x 1.2 mm (Square) and
25.0 x 2.0 x 2.0 mm (Rectangle), according to the speci-
fications outlined the standard evaluation norm (ISO 10477)
(Fig. 2A).%*" The designs were exported in standard tessel-
lation language (STL) format and used for 3D-printed
specimens using one DLP 3D-printer (NextDent 5100;
NextDent, Soesterberg, The Netherlands) (ND) and another
DLP 3D-printer (PrintinDLP+; Printin 3D, Taoyuan, Taiwan)
(PN) (Fig. 3A and B). A commercially available FDP resin
material (C&B resin; NextDent, Soesterberg, Netherlands)
was used to fabricate all study samples. Previous studies
indicated that a 0° printing angle yielded stable printing
outcomes.?? Therefore, the 3D-printing parameters were
set to a 0° build orientation, a layer thickness of 50 um, and
a wavelength of 405 nm (Table 1). The 3D-printed samples
were removed from the build platform and placed in an
ultrasonic machine (Elmasonic Easy; Elma) containing 90%
alcohol.

The samples were vibrated twice, for 5 min each time,
to ensure thorough cleaning. Post-curing of samples was
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Figure 2
Test design for measurement of fracture load.

performed using 2 different curing units: (N) an ultraviolet
curing unit (LC-3D Print box; NextDent, Utrecht, The
Netherlands) with a direct exposure time of 30 min (Fig. 3A
and C), and (P) an ultraviolet curing unit (PrintinCure+;
Printin, Taoyuan, Taiwan) with an exposure time of 15 min
per side, totalling 30 min (Fig. 3B and D). The main tech-
nical features of the light-curing units are shown in Table 1.

The dimensions of the 3D-printed samples were
measured using an optical microscope (Leica-Flexacam Cf1;
Heerbrugg, Switzerland). Two sets of samples (n 15)
were used: a square sample with dimensions of
10.0 x 10.0 x 1.2 mm (denoted as a x b x ¢) and a

The workflow and research design of the entire experimental process.
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rectangular sample with dimensions of 25.0 x 2.0 x 2.0 mm
(denoted as d x e x f) along the X, Y, and Z axes. Each
sample was analyzed under 10 x magnification. A scale bar
of 1000 um is shown in (Fig. 2B).

Each specimen was stored at 37 °C for 24 h according to
the 1SO 10477 standard before testing.?' The rectangular
samples (n = 15) with dimensions of 25.0 x 2.0 x 2.0 mm
were used. A universal testing machine (AGX-V; Shimadzu,
Kyoto, Japan) was employed to measure the fracture load,
applying a vertical load at 1 mm/min until the sample
fractured (Fig. 2C). Surface fractures were analyzed using a
scanning electron microscope (SEM, Hitachi S$-2400; Tokyo,
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Figure 3
boX and (D) PrintInCure—+.

The different 3D printers and post-curing companies are as follows: (A) NextDent 5100, (B) PrintinDLP+, (C) LC-3D Print

Table 1  Study group design and the characteristics of 3D-printers and post-curing units.

Group ND-N ND-P PN-N PN-P

3D-printer Manufacturer NextDent NextDent Printin 3D Printin 3D
Machine type NextDent 5100 NextDent 5100 PrintinDLP-+ PrintinDLP+
Technology DLP DLP DLP DLP
Layer thickness (um) 50 50 50 50
Resolution (um) 65 65 58 58
Wavelength (nm) 405 405 405 405

Post-curing unit Manufacturer NextDent Printin 3D NextDent Printin 3D
Machine type LC-3D Print box PrintinCure+ LC-3D Print box PrintInCure+
Power supply (Vac/Hz) 240/50-60 240/50-60 240/50-60 240/50-60
Power consumption (w) 264 70 264 70
Fuse (A) 5.0 2.0 5.0 2.0
Wavelength (nm) 365 405 365 405
Exposure time (min) 30 15(2) 30 15(2)

Japan). Gold coating was applied to the fractured samples
for 60 s to enhance their conductivity for SEM imaging. The
interaction between the electron beam and the sample’s
surface facilitated the creation of detailed images.
Fourier transform infrared (FTIR) spectroscopy (Nicolet
8700; Thermo Scientific, Waltham, MA, USA) was used to
analyze the functional groups and DC% in 3D-printed dental
resin specimens. The scanning range for this analysis
spanned from 400 to 4000 cm~', with a spectral resolution
of 4 cm™', and each spectrum was obtained through 64
scans. The DC% was calculated by comparing the ratio of
the carbon double bond peaks at two frequencies: the
aliphatic stretching frequency at 1700 cm~' and the
reference aromatic frequency at 1644 cm~'.2>?* Degree of
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conversion
formula.?*

(DC%) was calculated using the following

1700 cm~!
1644 cm1

>peak hightsafter polymerization

DC%= |1— (

[

x 100

1700 cm—"!
1644cm—1

) peak hightsbefore polymerization

The sample size calculation was performed using
G*Power software (version 3.1.9.6; Heinrich-Heine-Uni-
versitat Disseldorf), indicating that 15 samples per factor
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combination in the 2 x 2 design would be sufficient to
detect these differences with adequate power, ensuring
robust estimates for both main effects and interaction ef-
fects. The collected data were analyzed using a statistical
software (JMP 16 software; SAS). For each test result, the
mean and standard deviation (SD) were calculated. The
Shapiro—Wilk test was applied to assess the normality of
the data. To determine statistical significance, a one-way
analysis of variance (ANOVA) was conducted, followed by
Tukey’s honest significant difference (HSD) post-hoc test to
identify specific differences between groups. Statistical
significance was set at P < 0.05.

Results

The dimensional analysis for each group is presented in
Table 2. For the square samples on the x axis surface (a),
the dimensions ranged from 9.84 + 0.13 mm to
9.99 + 0.07 mm (P < 0.001). On the y axis surface (b), the
dimensions ranged from 999 + 0.04 mm to
10.18 & 0.16 mm (P < 0.001). For the z axis surface (c), the
dimensions ranged from 1.15 4+ 0.06 mm to
1.23 £ 0.02 mm (P < 0.001). For the rectangular shape, the
x axis surface (d) had dimensions ranging from
24.83 +0.04 mm to 25.22 + 0.12 mm (P < 0.001). The y axis
surface  (e) showed dimensions ranging from
1.96 + 0.03 mm to 2.05 4 0.04 mm (P < 0.001). Finally, the
z axis surface (f) had dimensions ranging from
1.89 + 0.10 mm to 2.10 £+ 0.07 mm (P < 0.001).

Fig. 4 illustrated the mechanical performance of 4
sample conditions. ND-N and PN-N exhibited higher
maximum stress, indicating greater strength, whereas ND-P
and PN-P displayed lower values, suggesting reduced me-
chanical performance. ND-P exhibited greater elongation
before failure, reflecting higher ductility, while ND-N
fractured at a lower strain, indicating brittleness. The
ND-P group exhibited the highest ductility, with a
displacement of approximately 1.6 mm and a relatively
high maximum stress (151.54). Table 3 presented the
fracture strength for ND-N, ND-P, PN-N, and PN-P, which

200
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Figure 4 Maximal force curves were utilized to assess the
compressive strength. ND-N: NextDent 5100 and LC-3D Print
box. ND-P: NextDent 5100 and PrintinCure+. PN-N:
PrintinDLP+ and LC-3D Print box. PN-P: PrintinDLP+ and
PrintInCure+.

were 181.55 + 8.37 MPa, 151.54 + 2.06 MPa,
175.51 + 12.44 MPa, and 127.84 + 10.10 MPa, respectively
(P < 0.001). Additionally, PN-P was significantly lower from
all other groups (P < 0.001).

At 200 x magnification, the surfaces of the ND-N and
PN-P samples revealed a similar topography, characterized
by subtle and less discernible fault lines, suggesting a
relatively uniform surface structure at this level of
magnification. Closer examination showed that the fault
lines on both the ND-P and PN-N samples were notably
continuous, with rough edges and step-like external bor-
ders (Fig. 5). Further analysis revealed visible crack for-
mations across all samples, with varying degrees of
propagation. The cracks observed in the ND-P and PN-P
samples were more pronounced, exhibiting increased
continuity and depth, whereas those in the ND-N and PN-N
samples appeared more localized with limited propaga-
tion. In particular, cracks measuring approximately

Table 2 The dimensional accuracy analysis of this study. All measurements are in mm.

Shape Original size ND-N ND-P PN-N PN-P P value
Square Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
a (x) 10.00 9.90 + 0.0848 9.96 + 0.06" 9.99 + 0.07* 9.84 + 0.138 <0.001?
b (y) 10.00 9.99 + 0.04% 10.01 + 0.03® 10.18 + 0.16* 9.99 + 0.03% <0.001°
c(2) 1.20 1.15 + 0.06° 1.20 + 0.04%8 1.23 + 0.02* 1.20 + 0.06"8 <0.0012
Rectangle d (x) 25.00 24.96 + 0.14° 25.16 + 0.2* 25.22 + 0.124 24.83 + 0.04° <0.001?
e (y) 2.00 1.96 + 0.03¢ 1.99 + 0.05¢ 2.05 + 0.04* 2.00 + 0.018 <0.001°
f (z) 2.00 1.95 + 0.075¢ 1.89 + 0.10° 2.02 + 0.03"8 2.10 + 0.07* <0.0012

ND-N: NextDent 5100 and LC-3D Print box.

ND-P: NextDent 5100 and PrintInCure+.

PN-N: PrintinDLP+ and LC-3D Print box.

PN-P: PrintinDLP+ and PrintInCure+.

SD: Standard deviation.

Different capital letters indicate differences between group.
@ P =Indicates significant difference (P < 0.05).
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Table 3  Compressive strength (MPa) in mean.

Group Mean SD Lower Upper F Ratio P value
95% 95%

ND-N  181.55* 8.37 176.91 186.19 109.10 < 0.001°

ND-P  151.54® 2.06 150.40 152.69

PN-N  175.51% 12.44 168.62 182.41

PN-P  127.84° 10.10 122.25 133.44

ND-N: NextDent 5100 and LC-3D Print box.

ND-P: NextDent 5100 and PrintInCure-.

PN-N: PrintinDLP+ and LC-3D Print box.

PN-P: PrintinDLP+ and PrintInCure+.

SD: Standard deviation.

Different capital letters indicate differences between group.
& P =Indicates significant difference (P < 0.05).

360—400 um in length were clearly observed in the ND-P
and PN-P samples.

The FTIR spectrum of the samples revealed their
chemical composition through the identification of various
functional groups (Fig. 6 and Table 4). The ND-N sample
displayed a prominent peak at 3371 cm™', indicative of
O—H stretching.?>?¢ All samples exhibited peaks at
2942 cm~" and 2874 cm™', corresponding to C—H stretch-
ing.?® The peak at 1700 cm™' and 1644 cm~', observed
across all samples, were characteristic of C=0 stretch-
ing.””?® The peak at 1533 cm™' was attributed to C=C
bonds.?® In addition, the peaks ranging from 1242 cm™" to
1037 cm™", confirmed the presence of C—O stretching.?>?”
The FTIR spectral analysis was further interpreted by
comparing peak heights, using DC% values corresponding to
wave numbers 1700 cm~' and 1644 cm~'. The mean and
standard deviation of DC% for the ND-N, ND-P, PN-N, and
PN-P groups were calculated as 79.70 =+ 1.02%,
73.24 £ 0.89%, 78.12 4+ 0.94%, and 71.06 + 1.67%, respec-
tively (Table 5) (P < 0.001).

ND-N

Figure 5

Discussion

This study selected products from two manufacturers that
utilized the same integrated 3D printing system for com-
parison. These systems included software, a 3D printer, a
post-curing unit, and materials. This approach aimed to
investigate the impact of cross-utilizing equipment from
different systems on the properties of the resin. The null
hypothesis was not rejected. The different DLP 3D-printers
and manufacturer-specified post-curing units influenced
the dimensional accuracy, compressive strength, and de-
gree of conversion (DC%) of 3D-printed FDP resin. Regarding
dimensional accuracy, the deviation between samples in
each group ranged from 0.08 mm to 0.39 mm. However, the
greatest deviation from the standard dimensions was
observed in the x-axis of the rectangular shape in the PN-N
group (0.22 mm). Dimensional deviations in other orienta-
tions ranged from 0 mm to 0.18 mm. In this study, the x-axis
dimension of the Rectangle shape was the largest,
measuring 25.00 mm. This may explain why the dimensional
error increased as the sample size grew. Furthermore,
variations in layer thickness, representing the z-axis reso-
lution, did not affect the accuracy of either shape of the
samples. This finding aligns with the report by Sim et al.,
which demonstrated that a smaller layer height, or shorter
z-axis, does not always result in higher accuracy.”’ Staffova
et al. also reported that sample thicknesses ranging from 2
to 5 mm had no significant effect on accuracy.>° This study
used a DLP 3D-printer, where the resolution is dictated by
the pixel size. The presence of shadow areas between
pixels leads to suboptimal polymerization in those regions,
resulting in increased anisotropy of the 3D-printed objects.
This effect is more pronounced when compared to other
types of 3D-printers, such stereolithography (SLA) 3D-
printers.”>?® The anisotropy observed in DLP 3D-printers
can be eliminated by post-curing.>’

Occlusal force is influenced by various factors, such as
dental and periodontal status, presence of a dental

PN-N PN-P

Representative SEM images after loading test. Yellow arrows indicated the crack origin and the direction of crack

propagation, while red boxes highlighted the fracture lines. ND-N: NextDent 5100 and LC-3D Print box. ND-P: NextDent 5100 and
PrintInCure+. PN-N: PrintinDLP+ and LC-3D Print box. PN-P: PrintinDLP+ and PrintInCure+
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Figure 6

The attenuated total reflectance-fourier transform infrared spectroscopy (ATR-FTIR). ND-N: NextDent 5100 and LC-3D

Print box. ND-P: NextDent 5100 and PrintInCure+. PN-N: PrintinDLP+ and LC-3D Print box. PN-P: PrintinDLP+ and PrintInCure+-.

Table 4 Links of FTIR peaks at different locations.
Location (cm™") Represent Reference
1037 c-0 25, 27
1075

1242

1533 c=C 28
1644 C=0 27, 28
1700

2874 C—H 26
2942

3371 O—H 25, 26

C—0: Carbon—oxygen bond.

C=C: Carbon—carbon double bond.
C=0: Carbonyl group.

C—H: Carbon—hydrogen bond.
O—H: Hydroxyl group.

prosthesis and age.>?** Similarly, the strength of 3D-print-
ing resin can be enhanced through one or more of the
following factors: build orientation, the addition of filler or
nanofiller, post-polymerization time and temperature, and
layer thickness.>* The results presented in Fig. 4 and Table
3 suggest that matched 3D-printers and manufacturer-
specified post-curing units may not necessarily improve
3D-printing outcomes. Notably, the ND-N group exhibited
the highest strength, at 181.55 MPa, demonstrating that
consistent use of a 3D-printer and post-curing unit yields
superior performance compared to other groups. In
contrast, the PN-P group recorded the lowest strength, at

Table 5 Degree of conversion (DC%) for 3D-printed resin.
Group Mean (DC %) SD F Ratio P value
ND-N 79.70% 1.02 59.37 <0.001°
ND-P 73.24° 0.89
PN-N 78.124 0.94
PN-P 71.06° 1.67

ND-N: NextDent 5100 and LC-3D Print box.

ND-P: NextDent 5100 and PrintInCure-.

PN-N: PrintinDLP+ and LC-3D Print box.

PN-P: PrintinDLP+ and PrintInCure+.

SD: Standard deviation.

SD: Standard deviation.

Different capital letters indicate differences between group.
2 P =Indicates significant difference (P < 0.05).

127.84 MPa, indicating increased brittleness. It appears that
one post-curing unit (N: LC-3D Print Box; NextDent), with a
direct exposure time of 30 min, outperformed the other
post-curing unit (P: PrintinCure+; Printin). Despite these
variations, all tested materials demonstrated strengths
greater than 50 MPa, which is clinically acceptable for
polymer crowns.*> Enkhjargal Bayarsaikhan et al. reported
the effects of post-curing temperature on the mechanical
properties of 3D-printed dental resin materials.?’ Their
findings indicated that variations in curing temperature and
irradiation time altered the resin’s compressive strength,
which ranged from 100.70 + 6.65 MPa to 147.48 + 5.82 MPa.
Although PN-P (127.84 + 10.10 MPa) exhibited the lowest
strength among the tested groups, it still demonstrated a

1705
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relatively good performance compared to the values re-
ported in the literature.

The effects of different post-curing equipment on the
resin were further analyzed by observing the microstructure
of the resin’s fracture surface. At all SEM magnifications,
fractography shows similar fracture patterns in samples 3D-
printed and post-cured with both same (ND-N, PN-P) and
different (ND-P, PN-N) manufacturers. At
200 x magnification, ND-N and PN-P exhibit uniform surfaces
with subtle fault lines, while ND-P and PN-N display contin-
uous fault lines with rough, step-like edges. The origins of
surface cracks may be attributed to the internal stress
generated during the printing and post-curing processes. The
polymerization shrinkage of the resin, combined with ther-
mal and light-induced curing stresses, likely contributed to
crack initiation. In ND-P and PN-P, the post-curing process
may have induced uneven polymerization, leading to stress
concentration at weak points and resulting in more extensive
crack propagation. Conversely, the relatively localized
cracks in ND-N and PN-N suggest a lower degree of residual
stress, potentially due to differences in printing parameters
or the absence of additional post-curing effects. This study
identified the fracture origin on the tension side of the lower
surface of the bar sample (Fig. 5), consistent with the find-
ings of Alghazzawi et al. The crack initiates from the bottom
corner of the bar.*® Garofalo et al. also confirmed that the
fracture origin is located on the tensile side of the buckling
bar.” In 3D-printed crowns, cracks may originate at the point
of load application, propagating from the tensile zone on the
intaglio surface to the outer part of the crown.>® The overall
results support the hypothesis that characteristic fracture
features vary based on the 3D-printer manufacturer and the
post-curing process used.

Incomplete polymerization can reduce the bond strength
between polymer chains, while thorough polymerization
promotes the formation of a strong and homogeneous ma-
terial.>® FTIR analysis was performed to measure DC% and
determine functional groups. The ND-N sample displayed a
prominent peak at 3371 cm~', indicative of O—H stretching,
suggesting a substantial presence of hydroxyl groups,
possibly from alcohols or phenols.?® All samples exhibited
peaks at 2942 cm~"' and 2874 cm™', corresponding to C—H
stretching, confirming the presence of alkyl groups.?>?® A
peak at 1700 cm~" and 1644 cm™" indicated C=0 stretch-
ing, suggesting carbonyl groups.?” Peaks at 1533 cm~' for
C=C stretching are associated with amine or imine rings.?®
Peaks at 1242 cm™", 1075 cm~", and 1037 cm™" indicated
C—O0 stretching, characteristic of alcohols, ethers, or es-
ters.?” A study by Kirby et al. demonstrated that the choice
of alternative light-curing units did not have a statistically
significant effect on the DC% of 3D-printed dental models.'
Similarly, no significant differences in DC% were observed
with varying curing times.?

Furthermore, research by Bayarsaikhan et al. found that
temperature variations did not significantly impact DC%
outcomes.?' However, no previous studies have investigated
the relationship between the DC% and the various combi-
nations of 3D-printers and post-curing units. Table 5 shows
that ND-N and PN-N have higher DC%, indicating a greater
degree of polymerization. This higher DC% reflects increased
conversion of double bonds into carbonyl-containing prod-
ucts, signifying more extensive polymerization. In contrast,

ND-P and PN-P exhibit lower DC%, likely due to the superior
performance of another post-curing unit. Dong Wu et al.
reported the effects of the ultraviolet post-curing process
on printed resins.*® The results showed that the uneven
distribution of light exposure could have caused material
warping and variations in DC%. Therefore, similar to the
findings of this study, differences in light-curing machines
led to variations in exposure conditions. The addition of a
light source at the bottom of the LC-3D Print Box, compared
to the PrintinCure4+, may have been a key factor in
enhancing the DC%. Therefore, the hypothesis of this study
was not rejected, suggesting that different DLP 3D printers
and post-curing units did affect the dimensional accuracy,
compressive strength, or DC% of 3D-printed FDP resin.

With the advancement of dental technology, numerous
manufacturers had introduced various 3D printing devices
and materials. However, clinical guidelines did not provide
clear recommendations on selecting the appropriate steps
for dental 3D printing. Dentists and dental technicians
typically considered several factors when purchasing
equipment, including printing quality, cost, brand, ease of
operation, and device size. However, 3D printing equip-
ment was not restricted to a single system or manufacturer,
which further complicated the selection of 3D printers and
post-curing units. Based on the findings of this study, the
post-curing unit played a critical role in influencing the
properties of 3D-printed resin. Therefore, clinical operators
were advised to select an appropriate post-curing unit
based on the specific resin material used in order to achieve
optimal resin restorations.

This study was limited to specific combinations of 3D
printers and curing units. Future studies will continue to
explore the effects of light source positioning and light
attenuation in different post-curing units on the degree of
conversion of 3D-printed resins. The post-curing unit
demonstrated a more pronounced effect on dimensional
accuracy, compressive strength, and DC% than the choice of
the 3D printer. Achieving optimal properties in 3D-printing
resin requires thorough optimization of post-curing pa-
rameters and equipment.
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