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PURPOSE. This study aims to evaluate the effects of exposure energy on the
lateral resolution and mechanical strength of dental zirconia manufactured using
digital light processing (DLP). MATERIALS AND METHODS. A zirconia suspension
and a custom top-down DLP printer were used for in-office manufacturing. The
viscosity of the suspension and uniformity of the exposed light intensity were
controlled. Based on the exposure energy dose delivered to each layer, the
specimens were classified into three groups: low-energy (LE), medium-energy
(ME), and high-energy (HE). For each energy group, a simplified molar cube was
used to measure the widths of the outline (X, and ¥,) and isthmus (X; and V), and
a bar-shaped specimen of the sintered body was tested. A Kruskal-Wallis test

for the lateral resolution and one-way analysis of variance for the mechanical
strength were performed (a =.05). RESULTS. The zirconia green bodies of the ME
group showed better lateral resolution than those of the LE and HE groups (both
P <.001). Regarding the flexural strength of the sintered bodies, the ME group
had the highest mean value, whereas the LE group had the lowest mean value
(both P <.05). The ME group exhibited fewer agglomerates than the LE group,
with no distinctive interlayer pores or surface defects. CONCLUSION. Based on
these findings, the lateral resolution of the green body and flexural strength of
the sintered body of dental zirconia could be affected by the exposure energy
dose during DLP. The exposure energy should be optimized when fabricating DLP-
based dental zirconia. [J Adv Prosthodont 2023;15:248-58]
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Effect of exposure energy dose on lateral resolution and flexural
strength of three-dimensionally printed dental zirconia

INTRODUCTION

Zirconia ceramic is a high-strength material with ex-
cellent corrosion and wear resistance, which makes
it suitable for high-stress environments, such as den-
tal applications from implant fixtures to tooth- or im-
plant-supported fixed prostheses.! To fabricate ac-
curate dental prostheses with zirconia, subtractive
milling (SM) using an optimized tool path has been
widely used. However, the inherent drawbacks of SM
include the possible risk of microscopic cracks on the
surface, waste of leftover blocks, and high consump-
tion of milling tools.* Additive manufacturing (AM)
has been suggested as an alternative method to fab-
ricate zirconia-based dental prostheses to address
the drawbacks of SM.*® Several studies have reported
that the flexural strength of AM zirconia is lower than
or similar to that of SM zirconia, and the resolution of
AM zirconia is comparable to that of SM zirconia, de-
pending on the object geometry or type of test mate-
rial.>™®

Among the various existing AM methods, vat po-
lymerization using a light source and photosensitive
material can fabricate a product with high resolution,
surface quality, and mechanical strength.!%!! Using
stereolithography (SLA) or digital light processing
(DLP), a solid ceramic body is generated by succes-
sive layering, followed by photopolymerization of
a resin-based suspension containing ceramic parti-
cles.#10:11 |t can be used to fabricate complex ceram-
ic structures with high accuracy, surface finish, and
process flexibility.#'2 A DLP technique builds an entire
object by stacking each layer from a light-mask im-
age, and the light intensity and exposure time are key
production parameters, depending on the character-
istics of the suspension.1%! During DLP, however, the
light scattering of the incident ultraviolet (UV) beam
due to the refractory index difference between zirco-
nia powder and photopolymerizable resin has been
reported to mainly cause overgrowth of the green
body.1012.13

Overgrowth refers to the growth of photopolymer-
ized geometry beyond the dimension of the exposed
mask image by scattered light, which is related to low
fabrication accuracy.!%3 A high solid loading of zirco-
nia suspension for dental applications may intensify

https://jap.or.kr

J Adv Prosthodont 2023;15:248-58

scattering, leading to a broadened curing width.>13
To reduce scattering, the powder size and mismatch
between the monomer and powder should be opti-
mized, minimizing its effect on the curing width.11:12
The extent of overgrowth of printed zirconia can also
decrease significantly by reducing the exposure en-
ergy dose, meaning less energy is required to create
scattering or affect the curing width.®10.14 Sufficient
exposure energy to develop a curing depth greater
than the layer thickness is necessary for the DLP pro-
cess.'>1% Exposure energy may be associated with
the homogeneity of polymerization and adhesion be-
tween the layers; it can also affect the geometric res-
olution or internal stress of the green body, and the
risk of crack formation or deformation after debind-
ing and sintering.1012.15.16 Minimal exposure energy
dose with sufficient curing depth and low internal
stress was imperative for the DLP of dental zirconia.®

The use of DLP with zirconia for dental applica-
tions has been reported to be a promising fabrica-
tion method.>™?1""1% However, many aspects such as
mechanical properties, aesthetics, and resolution of
printed dental zirconia can be affected by the char-
acteristics of suspension, including solid content and
particle distribution, and by printing parameters such
as layer thickness, build angle, and exposure energy
during printing.>72%2! To date, studies on the effect of
exposure conditions (i.e., exposure time or light inten-
sity) on the fabrication quality of zirconia green or sin-
tered bodies generated by DLP for industrial purposes
have been reported.10:141622 However, there are lim-
ited studies on the effect of exposure energy on the
lateral resolution of green bodies and the mechanical
properties of sintered bodies of DLP-generated zirco-
nia for dental applications. This study aimed to inves-
tigate the association between the exposure energy
and the quality of DLP-generated zirconia for dental
applications. This study contributes to the knowledge
and advancement of AM for dental materials. The null
hypothesis was that there is no difference in the lat-
eral resolution of the DLP-generated zirconia green
body and the flexural strength of the zirconia sintered
body under different exposure energy dose settings
during DLP.
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MATERIALS AND METHODS

A zirconia suspension approved for dental applica-
tions (Cera-P; M.O.P, Seoul, South Korea), which con-
sisted of nano-sized 3-mol% yttria-stabilized tetrag-
onal zirconia (3Y-TZP) powder, photopolymerizable
binders containing mono- or multi-functional acrylate
monomers, a dispersant, and a photoinitiator, was
used. The suspension was formulated to initiate rad-
ical polymerization around 405 nm wavelength of UV
light. The zirconia particles were homogeneously dis-
persed in the resin mixture for a reasonable period of
time for use in the DLP.” Since the rheologic behavior
of zirconia suspension is important for the resolution
of the printed body as well as the recoating process
during printing, the apparent viscosity (Pa-s) of the
suspension was periodically measured using a vis-
cometer (DV2T; Brookfield, Middleboro, MA, USA) with
a 63-spindle at 40 rpm to monitor the dispersion sta-
bility of the tested suspension for DLP. The measure-
ments were performed immediately after suspension
preparation (week 0), weekly for up to 4 weeks, and
then monthly for up to 7 months (week 28).

A custom cartridge-based DLP printer for zirconia
suspension designed for in-office manufacturing of
dental prostheses was used in this study, implement-
ing a top-down approach concept, which is useful
for a highly viscous resin filled with solid particles to
be evenly coated on the build platform.! The printer
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has a build platform size of 120 mm X 80 mm, an au-
to-feeding system with motor pump-driven cartridges,
and a recoating metal blade to evenly spread freshly
supplied suspension (Fig. 1). A digital micromirror de-
vice (DMD) employing a dynamic mask of 4 K (3840 X
2160 pixels) UV light with a wavelength of 405 nm and
a pixel size (x-y resolution) of 40 um was installed as a
power source to guarantee high resolution. For the zir-
conia printing process, the movement speed of the re-
coating blade was set as 150 mm/s and the thickness
of each layer as 50 um.

Prior to printing, the uniformity of the exposed light
intensity on the printer build platform was measured
using a UV energy meter (LS133; Linshang, Shenzhen,
China). The platform exposed to the UV beam was di-
vided into six identical regions, and the amount of
beam irradiation in each region was evaluated (Fig. 2).
After verifying the constancy of the light intensity at 50
mW/cm?, three different exposure times (1, 3, and 6s)
were tested to assess the effect of the overall exposure
energy dose delivered to each printed layer on the lat-
eral resolution of the DLP-generated zirconia green
body and on the flexural strength of the sintered body.
The overall energy dose for each layer was calculat-
ed as follows: overall exposure energy dose (mJ/cm?)
= light intensity (mW/cm?) X exposure time (s). The
specimens were classified into three groups: low-en-
ergy (LE, 50 mJ/cm?), medium-energy (ME, 150 mJ/
c¢m?), and high-energy (HE, 300 mJ/cm?) groups.

Light source £
generates the
exposure pattern

Blade spread the
ceramic slurry
uniformly on the
platform

Fig. 1. Schematic diagram of the mechanism of a cartridge-based custom printer for digital light processing of dental zir-
conia suspension with top-down approach. An auto-feeding system with a motor pump-driven cartridge and a recoating

blade to evenly spread fresh suspension were implemented.
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Fig. 2. Uniformity of exposure
intensity onto platform was
monitored using an ultraviolet
(UV) energy meter. Exposed
platform by UV light was divided
into six identical areas (1to 6),
and beam irradiation amount
for each region was evaluated.

To facilitate the linear dimension measurement of
the printed body of dental zirconia, a 3D geometric
cubic shape stacked in a simplified four-cusped molar
form was virtually designed using a software program
(Rhinoceros 3D; McNeel Europe SL, Barcelona, Spain),
stored as a reference model in a standard tessella-
tion language (STL) file format, and used for printing
a green body for analysis (Fig. 3). For the lateral reso-
lution analysis of the printed green body, two differ-
ent outcomes were evaluated for each energy group:
1) the outline width (X, and Y,) in the horizontal plane
(x- and y-axis) of the cubic shape, originally designed
as 12.0 mm in the reference model per axis, and 2)
the isthmus width (X; and ;) in each axis of the cubic

4.00mm

/_&7

shape, originally set to 4.0 mm in the reference mod-
el. After fabrication using a custom DLP printer and
cleansing with ethanol, four different widths (X,, V.,
X, and Y;) of each cubic green body fabricated under
each exposure energy-dose condition were measured
using a digital caliper (Digital Caliper Gauge; Mitu-
toyo, Kanagawa, Japan). To measure the amount of
horizontal (x- and y-axis dimensions) overgrowth and
calculate the lateral resolution of the DLP-generated
green bodies, the width measurements were com-
pared with the setting values of the reference model.
In this study, the lateral resolution was defined as the
numerical difference between the measured width (X,
Y,, X;, and V) of the printed green body and the origi-

Fig. 3. A geometric cubic shape stacked in the simplified four-cusped molar form to measure lateral resolution of zirconia
green body manufactured by digital light processing. Two different outcomes were evaluated: 1) outline width (X, and

Y,) in horizontal x- and y-axis of cubic shape (marked as ‘X’ and Y’), originally designed as 12.0 mm per each axis, and 2)
isthmus width (X; and Y;) in each axis of the cubic shape (marked as ‘DX’ and ‘DY’), originally as 4.0 mm.

https://jap.or.kr
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nal width of the reference model.1%23 If the measured
value was larger than the reference setting value, it
was marked as positive (+); otherwise, it was marked
as negative (-).2

After measuring the green body, post-processing
with heat treatment was conducted to remove the
organic materials without creating any undesirable
defects, such as delamination, surface cracks, or dis-
tortion. First, the weight loss of the green body was
monitored as a function of temperature using ther-
mogravimetry and differential thermal analysis (TGA-
DTA) (Q50; TA Instruments, New Castle, DE, USA).
The zirconia green body was heated to 560°C with a
heating rate of 10°C/min in the air atmosphere. As re-
markable exothermic peaks were observed at ~250°C
and ~430°C, indicating the degradation of polymeric
binders, a stepwise debinding and sintering sched-
ule was applied. A slow heating rate of 1°C/min had
been applied to prevent any damage to the zirconia
brown body. Debinding and sintering of the zirconia
green body were performed using a sintering furnace
(674i; Dekema, Freilassing, Germany) with the heating
schedule depicted in Figure 4.

According to the protocol established by the Inter-
national Organization for Standardization (I1SO) for
testing ceramic materials in dentistry (ISO 6872:2015),
a bar-shaped specimen (3 mm X 4 mm X 40 mm)

1 1450°C
1500 2 hrs
:O 12004 10 C/mln
\é’ J
2 900
)
g_ |
2 600+ 1°C/min
200°C
300+ 2 hrs
L7 1c/mi
0 /r?In T T T
0 5 10 15 20 25
Time (hrs)

Fig. 4. Debinding and sintering schedule for zirconia
green body manufactured by digital light processing.

A slow heating rate of 1°C/min is applied to prevent any
damages on brown body of dental zirconia specimen.
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was designed for testing and stored in the STL format.
Using a custom DLP printer and the 3Y-TZP suspen-
sion approved for dental use (Cera-P; M.O.P, Seoul,
South Korea), three different exposure times (1, 3,
and 6 s) with a constant light intensity of 50 mW/
cm? were applied to fabricate zirconia green bodies.
Based on the pilot test, the scaling factor was applied
for the design according to the estimated shrinkage
rate after sintering, 25%= 1% in every direction. Af-
ter printing and subsequent cleansing with ethanol,
the specimens were debinded and sintered using the
aforementioned heating schedules. Thirty bar-shaped
specimens were divided into three test groups (n = 10
per group) based on the exposure energy dose (LE, 50
mJ/cm?2, ME, 150 mJ/cm?, and HE, 300 mJ/cm?).

After the sintered body was produced, a three-point
bending test was performed on each specimen using
a universal testing machine (Instron 8871; Instron,
Norwood, MA, USA) with a 10 kN load cell at a cross-
head speed of 1 mm/min. The flexural strength (FS)
was calculated using the following equation:
3P |
2bd?
where P,,., is the maximum load before the fracture,
[ is the distance between the supports, b is the speci-
men width, and d is the specimen thickness. After fail-
ure, three representative specimens from each group
(A, B, and C) were collected and examined using a
field-emission scanning electron microscope (Apreo
S; Thermo Fisher Scientific, Waltham, MA, USA) to an-
alyze the fractured surface of each specimen in terms
of porosity or defects. The observed surface was sput-
ter-coated with platinum (Pt), and the accelerating
voltage for microscopic examination was set to 10 kV.

Descriptive statistics were calculated using the
means and standard deviations of lateral resolution
and flexural strength measurements. Based on the
results of the Shapiro-Wilk and Levene tests for nor-
mality, a nonparametric Kruskal-Wallis test was con-
ducted to compare the calculated lateral resolution;
one-way analysis of variance (ANOVA) test was used
to compare the flexural strength measurements. Post-
hoc pairwise comparisons were performed using
the Bonferroni method. All data were analyzed using
a statistical software program (Stata BE 17.0; Stata
Corp., College Station, TX, USA) (a =.05).

Fs=
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Effect of exposure energy dose on lateral resolution and flexural
strength of three-dimensionally printed dental zirconia

RESULTS

The apparent viscosity (Pa-s) of the prepared zirconia
suspension is presented in Figure 5. The values were
in the range of 2,349 Pa-s (minimum) to 2,407 Pa-s
(maximum), with a small variation between the mea-
surements at 28 weeks. The mean and standard devi-
ation of the viscosity of the suspension was 2,381 £
21 Pa-s, which was similar to the viscosity of the sus-
pension initially measured at 0 week.

The measured intensities of the UV light beam on
the build platform are listed in Table 1. The expect-
ed and measured values of the exposure energy dose
delivered to six different regions of the exposed build
platform area were similar for each region, indicating
the uniformity of the exposed energy during dental
zirconia fabrication using the custom printer devel-
oped for this study. The average difference in the ex-
posure energy dose between the measured and ex-
pected values was 1 mJ/cm? for the LE group, 0 mJ/
cm? for the ME group, and 2 mJ/cm? for the HE group.

The means and standard deviations of the calculat-
ed lateral resolution values are listed in Table 2. Sig-
nificant differences were detected among the groups
(P <.001), and the ME group showed the least mean
value of lateral resolution of the printed green body,

J Adv Prosthodont 2023;15:248-58
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Fig. 5. Graph of apparent viscosity (Pa-s) of zirconia
suspension, periodically measured to monitor dispersion
stability up to 6 months, shows minimal change over time
(within the yellow band area).

less than 0.04 mm, showing negative error in X,, Y,,
and X; and null to positive error in ¥; (all P <.001). Re-
gardless of the sign of the calculated value, the LE
and HE groups showed significantly greater errors
than the ME group; the value was negative for each
width in the LE group and positive for each width in
the HE group.

Table 1. Expected and measured values of exposure energy dose delivered on six different regions of the exposed build

platform area during digital light processing

Expected OED Exposed platform area Measured OED
(mJ/em?) Region #1 Region #2 Region #3 Region #4 Region #5 Region #6 (mJ/cm?)
50 50 53 51 52 49 51 51+1
150 151 153 148 153 146 149 150 + 3
300 302 309 301 309 292 297 3027

OED, overall exposure energy dose.

Table 2. Means and standard deviations of lateral resolution of printed zirconia green body. Lateral resolution was calcu-
lated as outline width (X, and ¥,) and isthmus width (X; and ) in horizontal plane (x- and y-axis) of green body

Outline width Isthmus width
Group
Xo Yo Xi Y
Low (-)0.103 £ 0.016* (-) 0.062 £ 0.019* (-)0.114 £ 0.030* (=) 0.127 £ 0.024*
Medium (-) 0.040 £ 0.021* (-)0.014 + 0.019* (-) 0.024 £ 0.028* 0.000 £ 0.024*
High (+)0.112 £ 0.046* (+) 0.152 £ 0.046* (+) 0.052 £ 0.041* (+) 0.037 £ 0.012*
Low, Low-energy group; Medium, Medium-energy group; High, High-energy group. A statistical significance between the groups was marked with an asterisk (*).

https://jap.or.kr
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Means and standard deviation of the flexural
strength measurements of the sintered bodies are
shown in Figure 6. Significant differences were de-
tected among the measured strength values of the
groups (P < .05). A post hoc analysis confirmed that
the ME group showed the highest mean strength val-
ue among the groups, 752.63 £237.57 MPa (P < .05).
The LE group was reported to have the lowest value,
370.38 * 44.15 MPa, and the HE group was 672.51 *
207.13 MPa, with statistically significant difference (P

"

Low energy dose Medium energy dose  High energy dose

900

700

500

Flexural strength (MPa)
300

100

Group

Fig. 6. Means and standard deviations of the flexural
strength measurements of dental zirconia manufactured
by digital light processing, under three different exposure
energy conditions. Statistical significance was marked
with an asterisk (*).

https://doi.org/10.4047/jap.2023.15.5.248

<.05). However, there was no significant difference
in the mean strength values between the ME and HE
groups (P >.05). Microscopic examination of the frac-
tured surface confirmed that the specimen from the
LE group had several micro-sized interlayer porosities
and numerous agglomerates (Fig. 7). In the ME and
HE groups, both specimens showed fewer agglomer-
ates on the fractured surface than the LE group, and
no distinctive interlayer pores or surface defects were
detected in either group (Fig. 7).

DISCUSSION

Based on these findings, the null hypothesis was re-
jected. The lateral resolution of the green body and
flexural strength of the sintered body were the high-
est in the group with a medium dose of exposure en-
ergy. Because the dispersion stability of the zirconia
suspension for up to 7-month period and the unifor-
mity of the exposure intensity were consistent, and
the layer thickness or recoating speed was controlled,
the outcomes of the printed dental zirconia could be
inferred to be mainly affected by the difference in the
exposure energy dose during DLP. The resolution of
3D printing, either horizontal or vertical, is essential
for layer-by-layer build-up of an object with sufficient
accuracy. As displayed in Figure 8, it is essential to un-
derstand that the lateral resolution of the DLP-gener-
ated green body of dental zirconia could be affected
by changes in the exposure energy dose.

Fig. 7. Representative microscopic image of fractured dental zirconia specimens manufactured by digital light processing,
under three different exposure energy conditions. (A) Low-energy group (LE), (B) Medium-energy group (ME), (C) High-en-
ergy group (HE). The LE group showed several micro-sized interlayer porosities and numerous agglomerates, while the
ME and HE groups showed less agglomerates on the fractured surface than those of LE group, and had no distinctive
interlayer pores or surface defects.
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Regarding the lateral resolution, the cubic-shaped
specimens showed all negative errors in the LE group
and all positive errors in the HE group, implying that
both the outline and isthmus widths were affected by
scattering in the same trends. The linear dimensional
change caused by the overgrowth of a printed green
body has been reported differently depending on the
shape of the printed object.1%1623 Overgrowth can be
defined as the difference between the exposed and
measured lengths of a green body, and most stud-
ies were conducted by measuring the width or di-
ameter of the geometric shapes of hollow cubes or
rings.1%1623 With high exposure energy, the oversized
object showed a decreased hole diameter or gap
width (negative deviation) in the hollow and an en-
larged wall thickness or outer diameter (positive devi-
ation) in the rim or ring.1%1%23 However, these geomet-
ric shapes are too simple In this study, a cubic shape
with each top corner stacked identically with a small
cube was used to imitate the molar tooth geometry
and simplify the outline or isthmus width measure-
ment. The different trends in the lateral resolution of
the green bodies in these studies may be related to
the different geometric shapes and dimensions of the
printed objects.

The flexural strength of the sintered body can also
be affected by decreasing or increasing the exposure
energy, possibly owing to the quality of the green
body. In this study, the strength of printed dental zir-

Light exposed area ~,

\

As-printed size As-printed size
(undergrowth) \

L]

Low energy dose

Medium energy dose
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conia with a medium exposure energy dose was over
750 MPa, within the reported range of 200 - 800 MPa
for zirconia produced by 3D printing.5” Moreover, the
lowest flexural strength was reported in the LE group,
which may have originated from numerous micro-
sized interlayer porosities and agglomerates. Inter-
nal flaws of the printed body, such as pores and ag-
glomerations, have been suggested to increase the
failure probability of zirconia.”2%2! High porosity can
be related to the low fracture resistance of zirconia
because the stress concentration and internal crack
propagation around internal flaws can be detrimental
to the structural integrity of zirconia.”?%2! In contrast
to the LE group, the ME group exhibited no distinct
interlayer pores or surface defects. Considering the
equilibrium between interlayer adhesion by expo-
sure and internal stress during photopolymerization
within the green body, and the resultant structural
integrity of the sintered zirconia (Fig. 9), it is critical
to optimize the exposure energy in fabricating dental
zirconia with DLP.

The dimensional deviation of printed zirconia
depends on the exposure energy applied during
DLP.%10.23 The ME group (150 mJ/cm?) was reported
to have the most suitable dose for the zirconia sus-
pension tested in terms of the lateral resolution of
the green body and flexural strength of the sintered
body. Similarly, for lithography-based ceramic manu-
facturing, one of the most studied DLP processes for

As-printed size
(overgrowth)

AN wy &

Light exposed area

L3

High energy dose

Fig. 8. Schematic diagram of association between overall exposure energy dose and lateral resolution of the zirconia
green body (denoted as size difference between as-printed and light exposed area) fabricated by digital light processing.
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Low-energy group

Green body

Sintered body

Delamination

Medium-energy group

https://doi.org/10.4047/jap.2023.15.5.248

High-energy group

Fig. 9. Schematic diagram of association between the overall exposure energy dose and flexural strength of dental zir-
conia fabricated by digital light processing and post-processing. Note the layer structure of green body or sintered body
can be different between the groups with different exposure energy dose, in terms of void and delamination (Low-energy
group), or irregularity due to overgrowth and stress (High-energy group).

fabricating zirconia objects for dental applications,
the exposure energy for the process recommend-
ed by the manufacturer was in the range of 110 - 190
mJ/cm?2.1%23 In accordance with the current findings,
the lateral resolution of printed zirconia, including
its diameters and thicknesses, decreased with an in-
crease in exposure energy (higher than 150 mJ/cm?)
owing to intensified scattering-induced overgrowth.?
A smaller exposure energy has been suggested for re-
ducing the scattering effect of the green body dimen-
sion.® Because too low energy may not guarantee
printability, the exposure energy for DLP should be
monitored during printing to apply the printed zirco-
nia for dental applications.?

This in vitro study revealed an association between
the exposure energy dose during DLP using a digital
workflow and the printed outcome quality (resolution
and structural integrity) of dental zirconia at its green-
body or sintered-body stages. The findings from this
study contribute to the advancement of DLP in dental
materials by defining the optimal setting of the ex-
posure energy dose for the accuracy and mechanical
strength of dental prostheses.

256

This study had several limitations. The dimension
or shape of the printed specimen was simplified to
measure the resolution, and the condition of the ex-
posure energy may be different when producing den-
tal crowns. The DLP printer tested in this study was
developed for in-office dental prosthesis manufactur-
ing, and the exposure energy value suggested to be
optimal in this study may differ from those of other
printers with different light sources or build-up mech-
anisms. Further studies on the various production pa-
rameters and printing mechanisms are required. To
improve the clinical relevance of the results from the
flexural strength test, a subtractively manufactured
group may have to be added as a control group in or-
der to compare the strengths of the additively manu-
factured groups.

CONCLUSION

Given that the dispersion stability of the suspension
and the uniformity of the light exposure intensity are
guaranteed during the DLP process, the exposure en-
ergy dose of in-office manufacturing can affect the

https://jap.or.kr
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lateral resolution of the green body and the flexural
strength of the sintered body of zirconia for dental
applications. Thus, it is important to optimize the ex-
posure energy dose during DLP, considering that scat-
tering-induced overgrowth can affect the adhesion
between the layers. The flexural strength of sintered
zirconia for dental applications may also be affected
by changes in the exposure energy.
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