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PURPOSE. The purpose of this study was to analyze the marginal fit of three-unit
resin prostheses printed with the stereolithography (SLA) method in two build
orientations (45°, 60°) and two layer thicknesses (50 um, 100 um). MATERIALS
AND METHODS. A master model for a three-unit resin prosthesis was designed
with two implant abutments. Forty specimens were printed using an SLA 3D
printer. The specimens were printed with two build orientations (45°, 60°), and
each orientation was printed with two layer thicknesses (50 um, 100 um). The
marginal fit was measured as the marginal gap (MG) and absolute marginal
discrepancy (AMD), and MG and AMD measurements were performed at 8 points
per abutment, for 16 points per specimen. All statistical analyses were performed
using SPSS software. Two-way analysis of variance (ANOVA) was separately
performed on the MG and AMD values of the build orientations and layer
thicknesses. Moreover, one-way ANOVA was performed for each point within
each group. RESULTS. The margins of the area adjacent to the pontic showed
significantly high values, and the values were smaller when the build orientation
was 45° than when it was 60°. However, the margin did not differ significantly
according to the layer thicknesses. CONCLUSION. The marginal fit of the three-
unit resin prosthesis fabricated by the SLA 3D method was affected by the pontic.
Moreover, the marginal fit was affected by the build orientation. The 45° build
orientation is recommended. [J Adv Prosthodont 2022;14:250-61]
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INTRODUCTION

Digital impressions and computer-aided design (CAD)-computer-aided man-
ufacturing (CAM) techniques have replaced traditional manufacturing meth-
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ods for dental prostheses and enabled a new era of
prosthesis fabrication.! The traditional fabrication
method, the lost wax technique, produces a prosthe-
sis by shaping it in wax and casting it after investing.
However, that method is time-consuming and cost-
ly, and the technician’s skill affects the quality of the
prosthesis.2 Compared with the traditional method,
the CAD-CAM technique has a low learning curve and
can quickly and easily fabricate prostheses of a con-
sistent high quality, so it has been widely applied in
various areas of dentistry.3

The CAM technique can use subtractive or addi-
tive manufacturing.* Subtractive manufacturing (SM)
uses a milling tool to sculpt a block into the desired
shape. It has disadvantages such as the waste of raw
materials, wear of milling burs, and the occurrence of
micro-cracks in the restorations during milling.> The
additive manufacturing (AM) method, on the other
hand, builds up materials into the desired shape lay-
er by layer. As its techniques have developed, it has
overcome many shortcomings of the SM method.®’
Several AM methods are used, but stereolithography
(SLA) and digital light processing (DLP) are the most
common. SLA polymerizes a photosensitive resin us-
ing a single focused laser.® Although the initial cost
of an SLA 3D printer is high, and the printing time is
longer than with a DLP 3D printer, it is widely used in
dentistry because the resulting printed prostheses
have high dimensional accuracy.’

Various printing parameters affect the accuracy of
prostheses manufactured using CAD-CAM: build ori-
entation, layer thickness, x-y resolution, light expo-
sure time, post-processing, printing materials, and
other factors.® Among them, many studies have ex-
amined build orientation and layer thickness. Byun
and Lee!® used a genetic algorithm to find the optimal
orientation and improve the prototype surface rough-
ness and build time. Zwier and Wits!! found that the
print orientation was a decisive factor in the quality of
the printed product. To find the optimal print orien-
tation, they minimized the overhanging and support
structures using ray-tracing and convex hull methods.
Singhal et al.1? used an adaptive slicing algorithm with
different slice thicknesses to improve their SLS proto-
type’s surface roughness and geometric accuracy.

Many other studies have also been conducted to
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optimize the build orientation and layer thickness,
including studies on the effects of those two parame-
ters on prosthesis fit. Park et al.!?® assessed three-unit
provisional resin prostheses printed with a DLP 3D
printer in ten groups (n = 10 per group) with five build
orientations (0°, 30°, 45°, 60°, 90°) and two layer thick-
nesses (50 um, 100 um). Absolute marginal discrepan-
cy (AMD), marginal gap (MG), and internal gap volume
(IGV) showed the best results at build orientations of
45° and 60°, but the layer thicknesses produced dif-
ferent AMD, MG, and IGV results. Jang and Kim!* print-
ed three-unit resin prostheses on an SLA 3D printer
and set ten groups (n = 10 for each group) using the
same build orientations and layer thicknesses as in
the above study to measure marginal fit and internal
fit. They found that the build orientations of 45° and
60° and the 50-um layer thickness showed the most
desirable fit. Both those studies found that the build
orientation and layer thickness affected the quality
of the printed prostheses. However, it is necessary to
check whether printed prostheses show clinically ap-
propriate marginal fit under the conditions deemed
optimal in those studies. Moreover, in those studies,
margin values were measured at the 4 margin areas,
but it is essential to measure margin values in more
diverse areas to evaluate whether printed prostheses
show clinically appropriate margin values.

Provisional restoration is an essential part of the
transition period until a final restoration is delivered.
It plays a role in pulp and abutment protection, po-
sitional stability, soft tissue management, and the
maintenance of function and aesthetics.!> Polymeth-
yl-methacrylate (PMMA) is often used to fabricate pro-
visional restorations. Fabricating directly in the oral
cavity has various drawbacks,® particularly polymer-
ization shrinkage and exothermic reaction. Polymer-
ization shrinkage can cause dimensional discrepancy
of the provisional prosthesis, and the exothermic re-
action can inflict thermal trauma on the tooth pulp.’
The indirect method for building a provisional pros-
thesis makes a cast from an impression of the pa-
tient’s teeth, but it has the disadvantages of being
affected by the technician’s skill and not being repro-
ducible.®

The most critical factor and prerequisite for ensur-
ing the long-term success of a fixed prosthesis is mar-
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ginal fit.?® Adequate marginal fit has been studied by
many scholars?%?! because an improper marginal fit
causes cement dissolution that leads to percolation
of bacteria, secondary dental caries, and pulp necro-
sis.?2 Moreover, it affects the supporting periodontal
tissue by causing plaque accumulation and bacterial
proliferation.?

It is difficult to accurately determine a clinically ac-
ceptable margin for fixed prostheses. According to
ADA standard No.8,* when using type | luting cement,
the margin should not exceed 25 pm, and when us-
ing type Il luting cement, it should not exceed 40 pum.
However, satisfying those criteria in clinical situations
is difficult. After examining the marginal fit of 1,000
fixed prostheses for five years, McLean and von Fraun-
hofer? reported that if the cement film thickness and
marginal gap were less than 120 um, it was consid-
ered a successful prosthesis. Many clinicians agreed
with that result, and many studies have used it as a
clinical criterion for a successful marginal gap.1820.26

In many cases, the same terms for marginal gap
measurement have been interpreted differently. How-
ever, in 1989, Holmes et al.?" re-established various
casting misfit terms used to measure the marginal fit
of prostheses, and among them, MG and AMD were
widely used. Therefore, in this study, the marginal fit
was measured and evaluated using MG and AMD.

The purpose of this study was to analyze the mar-
ginal fit of three-unit resin prostheses printed with
the SLA method in two build orientations (45°, 60°)
and two layer thicknesses (50 um, 100 um). The null
hypothesis was that the marginal gap and absolute
marginal discrepancy of the three-unit resin prosthe-
ses manufactured by the SLA method would not be
different under the tested printing conditions.

https://doi.org/10.4047/jap.2022.14.4.250

MATERIALS AND METHODS

A master model for a three-unit resin prosthesis with
two implant abutments was designed (Fig. 1). The
abutments were assumed to be mandibular second
premolar and second molar, and the first molar was
assumed to be the missing tooth. Each abutment was
designed considering the anatomical shape and size
of the teeth.?® Goodacre et al.?° argued that it was ap-
propriate to set a total occlusal convergence angle
between 10°and 20° when an occluso-cervical dimen-
sion of 4 mm was set during tooth preparation. Thus,
the total convergence angle was set to 14.3°. The
abutments were set with a 1 mm shoulder margin,
and the reference points of the cone shape were de-
signed with a diameter of 1 mm and a height of 1 mm
below the margin. Reference points were set in three
directions at 90° each and were considered to confirm
the exact positional relationship during coronal and
sagittal sectioning.

The standard tessellation language (STL) file of the
master model was acquired using CAD software (Rhi-
noceros 5.0; Robert McNeel & Associates, Seattle, WA,
USA). Using the acquired STL file, a PMMA resin block
(Yamahachi Dental MFG, Ochigara, Japan) was milled
using a 5-axis milling machine (IDC MILL 5X; Amann
Girrbach AG, Koblach, Austria). According to ISO/
ASTM 52916, STL is an abbreviation of ‘Stereolithog-
raphy’, but for connectivity with the previous stud-
ies,'314 ‘Standard tessellation language’ was defined
as STL and ‘Stereolithography’ as SLA in this study.

The master model was scanned with a model scan-
ner (T500; Medit, Seoul, Korea). According to the man-
ufacturer, the scanning accuracy was within 7 pm.
Before scanning, anti-reflective spray (IP scan spray;

Fig. 1. The master model. (A) Occlusal view and (B) Buccal view.
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IP-division, Haimhausen, Germany) was used. The
scanned model was exported as an STL file. Then, the
three-unit resin prosthesis was designed using the STL
file and CAD software (Exocad; Darmstadt, Germany).
Based on a previous study® to find an appropriate
cement space for a three-unit resin prosthesis made
with an SLA 3D printer, the cement space was set to
100 um. The shape and size of the prosthesis were de-
signed to fit the anatomical tooth morphology.?®
Forty specimens were printed using an SLA 3D
printer (Zenith U; Dentis, Daegu, Korea). The speci-
fications of the SLA 3D printer are shown in Table 1.
Temporary resin (ZMD-1000B temporary; Dentis, Dae-
gu, Korea) for 3D printing was used to fabricate the
specimens. The specimens were printed with two
build orientations (45°, 60°) (Fig. 2), and each build
orientation was used with two layer thicknesses (50
um, 100 um). When the build orientation was 45°, the
specimens with a layer thickness of 50 um were called
Group 1, and those with a layer thickness of 100 um
were called Group 2. When the build orientation was
60°, the specimens with a layer thickness of 50 um
were called Group 3, and those with a layer thickness

J Adv Prosthodont 2022;14:250-61

Table 1. The specifications of the SLA 3D printer used in
these experiments

Scanning method Galvanometer

Light source Blue laser (405 nm)

16 pm, 50 pm, 100 pum
354 X 366 X 483 mm /17.5 kg
110 X 110 X 150 (X, Y, Z/ mm)

Electrical consumption 120W

Layer thickness
Dimension / Weight
Working area

Country
Company

Daegu, Korea
Dentis

of 100 um were called Group 4 (n = 10 per group). The
details of the groups are summarized in Table 2.
According to the studies of Unkovskiy et al.3! and
Osman et al.,*? the exposure time required for the la-
ser to reach the specimens can be affected by their
platform position, causing volume discrepancy.
Therefore, four specimens were printed simultane-
ously to keep them the same distance from the cen-
ter of the platform and facilitate printing. Supporting
structures were applied automatically using Zenith

45°

Ul .‘“ B
' 1’8 14
HiamlN e ety

45°

60°

Fig. 2. Prosthesis design with two build orientations (45° and 60°). The connection elements of the supporting structures
varied by build orientation. For example, when the build orientation was 0°, the supporting structures were vertically
attached to the occlusal surface of the prosthesis, and when the build orientation was 90°, the supporting structures were
vertically attached to the lingual surface of the prosthesis. (A) Distal view and (B) Buccal view.
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Table 2. The main features of the groups designed for this experiment
Manufacturing method ~ Manufacturer Material Build orientation Layer thickness
Group 1 SLA method Dentis ZMD-1000B temporary 45° 50 um
Group 2 SLA method Dentis ZMD-1000B temporary 45° 100 um
Group 3 SLA method Dentis ZMD-1000B temporary 60° 50 um
Group 4 SLA method Dentis ZMD-1000B temporary 60° 100 pm

printer software (Zenith S/W; Dentis, Daegu, Korea).
After printing, the remaining resin was removed, and
the prostheses were cleaned with 99.8% ethanol
(Absolute ethanol; Koryo Chemical Eng., Seoul, Ko-
rea) for 5 minutes. Next, post-curing was performed
in an ultraviolet curing unit (LC-3D Print Box; Next-
dent, Utrecht, Netherlands) for 5 minutes according
to the manufacturer’s instruction. Then, the support-
ing structures were carefully removed using denture
burs.

After it was confirmed that each specimen was
seated on the master model without interference,
the model was fixed on the jig for micro-CT scanning
using a laboratory wrapping film (Parafilm; Bemis,
Neenah, WI, USA) without cementation. Then, CT
scanning was performed using a micro-CT scanner
(Skyscan 1172; Bruker Micro CT, Billerica, MA, USA).
Scanning was done using parameters based on previ-
ous studies!3: 60 kVp and 167 um, with an exposure
time of 1475 ms. An aluminum filter (5 mm) was used,
and the resolution of the CT scan was 15.43 um. Each
specimen was rotated 180° with 0.7° rotational steps
and 3-frame averaging.

The CT data were reconstructed using NRecon soft-

Bridge margin
MG {
Model margin

A

Fig. 3. (A) Marginal gap (MG) and (B) Abso
fit at each margin point of the prostheses
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ware (NRecon 1.7.4.2 version; Bruker Micro CT, Biller-
ica, MA, USA). The threshold for the defect pixel mask
was set to 3%. Ring artifact reduction was set to 8,
and smoothening was set to 3. ImageJ software (Im-
ageJ 1.52 version; NIH, Bethesda, MD, USA) was used
to measure the marginal fit as the marginal gap (MG)
and absolute marginal discrepancy (AMD). According
to Holmes et al.,>” MG is “the perpendicular measure-
ment from the margin of the casting to the axial wall
of the preparation,” and AMD is “the angular combi-
nation of the vertical marginal discrepancy and the
horizontal marginal discrepancy” (Fig. 3). Three refer-
ence points per abutment in the master model (Ato F)
were used for sectioning (Fig. 4). To find the desired
plane, the coronal and sagittal planes were sectioned
with DataViewer software (DataViewer 1.5.6.2 version;
Bruker Micro CT, Billerica, MA, USA) based on the re-
constructed data.

MG and AMD measurements were taken at 8 points
per abutment (16 points per specimen). In the pre-
molar, the margin on the buccal side, which was the
closest to reference point C, was set as P1, and as the
specimen was rotated clockwise by 45°, the margin
was set as P2, P3,..., P8. In the molar, the margin on

Bridge margin

AMD
Model margin

lute marginal discrepancy (AMD). The marginal
was measured using both MG and AMD.

https://jap.or.kr
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E

Fig. 4. Reference points from A to F. For accurate margin
measurement, the reference points were used for section-
ing the reconstructed CT data in the desired planes.

P8 2

Fig. 5. Margin points for each abutment. Sixteen margins
per specimen were measured. Based on the center of the
abutment, the margin was set to be 45° different from the
adjacent margin. Margin points in the premolar were set
in clockwise order, and margin points in the molar were
set in counter-clockwise order.

the buccal side, which was the closest to reference
point D, was set as M1, and when the specimen was
rotated counter-clockwise by 45°, the margin was set
as M2, M3,..., M8 (Fig. 5).

To make the MG and AMD measurements at 16
points, seven sections per specimen had to be made.
The plane passing through reference points A and B
perpendicular to the master model was defined as the
coronal section. The plane passing through reference
points C and E perpendicular to the master model was
defined as the premolar sagittal section. The plane
passing through reference points D and F perpendic-
ular to the master model was defined as the molar
sagittal section. The remaining four sections were ob-
tained by rotating the specimen 45° counter-clock-
wise. In the premolar, the plane connecting the lon-
gest axis to the coronal was defined as the premolar
45° coronal section. The plane connecting the longest
axis to the sagittal was defined as the premolar 45°
sagittal section. Likewise, in the molar, the plane con-

https://jap.or.kr
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Table 3. Margin points measured in each section

Section Premolar Molar
Coronal section P3, P7 M3, M7
Premolar sagittal section P1,P5
Molar sagittal section M1, M5
Premolar 45° coronal section P4, P8
Premolar 45° sagittal section P2, P6
Molar 45° coronal section M2, M6
Molar 45° sagittal section M4, M8

necting the longest axis to the coronal was defined
as the molar 45° coronal section, and the plane con-
necting the longest axis to the sagittal was defined as
the molar 45° sagittal section. The margin points mea-
sured in each section are summarized in Table 3.

All measurements were taken under magnifica-
tion of x100. Each measurement was repeated three
times, and the average value was used.

For the printed prostheses, the MG and AMD values
were each measured for 16 margin points. Each group
was tested for normality using the Shapiro-Wilk test
and for homogeneity of variance using Levene’s test.
All statistical analyses were performed using SPSS
software (SPSS version 25; IBM, Armonk, NY, USA).

Two-way analysis of variance (ANOVA) was sepa-
rately performed on the MG and AMD values for the
build orientations and layer thicknesses to check
the interaction effect and significance of each factor.
Moreover, one-way ANOVA was performed for the for
MG and AMD values at each point within each group.
Post hoc testing was performed using the Tukey test.
The confidence level was set at 95% (a =0.05).

RESULTS

The MG values are shown in Figure 6. In the premolar,
the smallest value was 51.8 = 10.6 um at P6 (Group
1), and the largest value was 126.3 £ 16.1 pm at P4
(Group 3). The points at which the value exceeded
120 um were P4 in Group 3 and P4 in Group 4. In the
molar, the smallest value was 48.9 £ 6.3 um at M7
(Group 1), and the largest value was 127.4 = 12.6 um
at M4 (Group 3). The only value that exceeded 120 um
was M4 in Group 3. The AMD values are also shown in
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Figure 6. In the premolar, the smallest value was 54.6
* 9.7 um at P6 (Group 1), and the largest value was
127.3 = 16.0 pm at P4 (Group 3). The points at which
the value exceeded 120 um were P4 in Group 3 and P4
in Group 4, which is the same pattern seen with the
MG. In the molar, the smallest value was 60.1 £ 6.8
um at M7 (Group 4), and the largest value was 128.5
* 14.2 um at M2 (Group 3). Points at which the val-
ue exceeded 120 pm were present in all groups: M3
and M4 in Group 1; M4 in Group 2; M2, M3, and M4 in
Group 3; and M3 in Group 4. Furthermore, The MG and
AMD values were analyzed for each point within each
group. Regardless of the group and margin (MG or
AMD), the results were somewhat consistent. Overall,
P2, P3, and P4 in the premolar had significantly larger

A Group 1
BMG
125.00 I B AMD
— 100.00 ‘
£ i i * o6
S 7500 8 ' - v
s | “ ' , i-
£ BT off -
oo
5 5000 ” 1
25.00
P1 P2 P3 P4 P5 P6 P7 P8 M1 M2 M3 M4 M5 M6 M7 M8
Point
C Group 3
150.00 mNG
B AMD
125.00 ” ' ”
=
= 10000 ‘
g * i Il 'l ’!
S 7500 xx -
Eo Il —_ *8 'l
S 50,00
25.00 :

P1 P2 P3 P4 P5 P6 P7 P8 M1 M2 M3 M4 M5 M6 M7 M8
Point
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values than the other points, and M2, M3, and M4 in
the molar had significantly larger values than the oth-
er points (Fig. 6). Although it did not always show a
statistically significant difference, P4 tended to show
larger values than P2 and P3, and M4 tended to show
larger values than M2 and M3.

The MG values differed significantly according to
the build orientation. Smaller MG values were shown
when the build orientation was 45° than when it was
60° (P = .002). However, the MG values did not dif-
fer significantly according to the layer thickness (P =
.681), though there was an interaction effect between
the build orientations and layer thicknesses (P <.001)
(Fig. TA). The AMD values showed the same pattern as
the MG values. Smaller AMD values were found when

B Group 2
WMG

150.00 B AVD
E 125.00 I‘
E
§ ‘
= 10000 I
> o F
il
S 7500 II ol “ “ » I' +

50.00 x

P1 P2 P3 P4 P5 P6 P7 P8 M1 M2 M3 M4 M5 M6 M7 M8
Point
D Group4
mMG

150.00 VD
— 12500 “ * ‘
E i
E!
3 100.00 I‘ “ ‘ +
g
£
oo *
5 7500 at l II
= i | ‘ ead | | !

s000| 1 I: e [

P1 P2 P3 P4 P5 P6 P7 P8 M1 M2 M3 M4 M5 M6 M7 M8
Point

Fig. 6. Comparison of MG and AMD values by point within the groups. (A) Group 1 (build orientation: 45°, layer thickness:
50 um), (B) Group 2 (build orientation: 45°, layer thickness: 100 um), (C) Group 3 (build orientation: 60°, layer thickness: 50
um), (D) Group 4 (build orientation: 60°, layer thickness: 100 um). Although there were some exceptions, P2, P3, and P4
showed significantly larger values than the other points in the premolar, and M2, M3, and M4 showed significantly larger val-
ues than the other points in the molar. MG and AMD denote Marginal gap and Absolute marginal discrepancy, respectively.
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*
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Build orientation
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Fig. 7. Comparison of the effects of the build orientations and layer thicknesses. (A) MG values and (B) AMD values. Both
the MG and AMD values showed significant differences according to the build orientation, with the 45° build orientation
showing significantly smaller values than 60°. However, there were no differences according to the layer thickness. P values
are listed on the graph for P <.05 (*). The error bars represent the standard deviations (SD). MG and AMD denote Marginal

gap and Absolute marginal discrepancy, respectively.

the build orientation was 45° than when it was 60° (P
=.042), the AMD values did not differ significantly ac-
cording to the layer thicknesses (P = .479), and there
was an interaction effect between the build orienta-
tions and layer thicknesses (P <.001) (Fig. 7B).

DISCUSSION

This study analyzed the marginal fit of three-unit res-
in prostheses fabricated with an SLA 3D printer us-
ing two build orientations and two layer thicknesses.
The marginal fit was measured separately at 8 points
in the premolar and molar, for a total of 16 points.
Based on McLean’s study,?®> 120 um was set as a clini-
cally acceptable margin for prostheses, and based on
Holmes et al’s study,?” marginal fit was evaluated us-
ing the MG and AMD. The null hypothesis was rejected
because points in the margins of the three-unit resin
prostheses showed differences in both MG values and
AMD values.

No previous study analyzed the various margin
points of 3D-printed three-unit resin prostheses from
both the MG and AMD aspects. In this study, the MG
values ranged from 51.8 um to 126.3 pum in the pre-
molar and 48.9 um to 127.4 um in the molar, and
the AMD values ranged from 54.6 um to 127.3 um in
the premolar and 60.1 um to 128.5 um in the molar.

https://jap.or.kr

Points exceeding 120 um were observed in both the
premolar and molar, and the frequency was higher in
the molar than the premolar. In the premolar, it ex-
ceeded 120 um only at P4, but in the molar, it exceed-
ed 120 um at M2, M3, and M4.

Although there were some exceptions, P2, P3, P4 in
the premolar and M2, M3, M4 in the molar showed sig-
nificantly larger margin values than the other points.
It should be noted that these points were adjacent to
the pontic. Furthermore, P4 and M4 tended to show
larger values than P2 and P3 and M2 and M3, respec-
tively, although those differences were not statistical-
ly significant.

The significantly large values found in the margins
adjacent to the pontic seem to be due to polymeriza-
tion shrinkage of the resins used in this experiment.
The amount of resin used for the pontic was larger
than the amount used for each abutment, and as the
amount of resin increases, the polymerization shrink-
age also increases.3 Moreover, referring to previous
experimental results showing that the polymeriza-
tion shrinkage of the resin occurred in the inward di-
rection,3* it could be expected that polymerization
shrinkage in the pontic might have affected the mar-
ginal fit of the prosthesis in the area adjacent to it.

Polymerization shrinkage occurs in resins used to
fabricate provisional crowns, and casting shrinkage
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occurs in the metal alloys often used as the final res-
toration materials. The casting shrinkage of metal al-
loys can compensate for shrinkage caused by invest-
ment expansion, but the shrinkage of resins cannot.
Although the degree of casting shrinkage varies with
the metal’s composition, it is about 2.1% for regular
gold inlays, 2.0% for crowns, and 1.9% for MOD in-
lays.®> In non-precious metal alloys, casting shrinkage
of about 3.4% occurs because casting is performed at
high temperatures.3® Although polymerization shrink-
age in resin depends on the main component, filler
content, and polymerization method, PMMA, which
was is the most common material used in tempo-
rary restorations, has polymerization shrinkage of 4.5
- 6.4%.37 Urethane dimethacrylate (UDMA) was the
main component of the ZMD-1000B temporary resin
used in this experiment, and it offers better margin-
al discrepancy than PMMA because it generates less
heat and polymerization shrinkage.3® Nonetheless,
the UDMA resin still had more polymerization shrink-
age than the casting shrinkage of the alloys,* which
might have caused relatively more marginal discrep-
ancy. Thus, the effect of the polymerization shrink-
age of the resin on marginal discrepancy was signifi-
cant. Moreover, as the amount of resin increases, the
degree of polymerization shrinkage also increases,3
which likely explains why the margin near the pontic
in this experiment often exceeded 120 pm.
Meanwhile, the influence of the supporting struc-
tures is apparently why P4 and M4 tended to have
larger MG and AMD values than P2 and P3 and M2 and
M3, respectively. The resin on the 3D-printer platform
was light-cured beginning with the part closest to the
platform. Because the supporting structures were di-
rectly connected to the specimen, the polymerization
shrinkage in those supporting structures might have
affected the specimen. However, the resin volumes in
the supporting structures adjacent to the margin were
a little smaller than those in the pontic, which could
explain why those differences were not statistical-
ly significant. Depending on the build orientation set
in this experiment (45°, 60°), many of the supporting
structures were located on the lingual, occlusal sur-
faces. The marginal points close to the lingual surface
were P4, P5, P6 in the premolar and M4, M5, M6 in the
molar. Considering that those points did not differ sig-
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nificantly from the other points, the polymerization
shrinkage of the supporting structures probably had a
minor effect compared with that of the pontic. There-
fore, the polymerization shrinkage of the pontic had
a major effect on the margin adjacent to it, and the
shrinkage of supporting structures had a minor effect
on the margin adjacent to them. In the end, the po-
lymerization shrinkage of the pontic and supporting
structures caused a synergistic effect at P4 and M4.

The effect of the supporting structures was also
found in other studies. Yu et al.*° reported that the
margin quality of the area near the support attach-
ment was poor, and rough edges tended to occur in
resin prostheses printed with an SLA 3D printer. In Os-
man’s study,3? which investigated the dimensional ac-
curacy of the build orientation of dental crowns fab-
ricated with a DLP 3D printer, the root mean square
error (RMSE) was higher in the area with the support
structure. In addition, Alharbi et al.*! investigated the
effect of the build angle and support thickness on SLA
3D-printed dental restorations. The smallest RMSE
was obtained with a build angle of 120° (60° in this
study) and thin support, and the deviation was signif-
icant when the support was thick. Further studies are
needed to examine how various support structures
affect the margins of 3D-printed prostheses.

Fig. 7 shows how the build orientation and layer
thickness affected the MG and AMD values. Both val-
ues showed the same results, and the layer thickness
caused no significant differences. However, the build
orientation did cause significant differences, with sig-
nificantly smaller MG and AMD values at 45° than at
60°. In other words, the SLA 3D printer used in this
experiment produced a better marginal fit when the
build orientation was 45°. Similar studies of build ori-
entation have been conducted on both DLP and SLA
3D printers. Osman et al.3? evaluated the effect of 9
build orientations on full coverage crowns printed
with a DLP 3D printer, and the dimensional accuracy
was best when the build orientation was 135° (45° in
this study). Unkovskiy et al.3! evaluated bar-shaped
specimens printed with an SLA 3D printer using three
build orientations and reported that the printing ac-
curacy was best at 45°. The finding of a better margin-
al fit at a build orientation of 45° reported here was
expected for two reasons.
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First, the supporting structures were positioned
closer to the lingual margin when the build orienta-
tion of the prosthesis was at 60° than when it was at
45°, Therefore, polymerization shrinkage in the sup-
porting structures was more likely to have a greater
effect when the build orientation was 60°, and that
was assumed to adversely affect the marginal fit.*

Second, the build orientation affected the number
of slices (layers) that were polymerized,*> with more
layers polymerized at 60° than at 45°. Errors between
layers accumulate as the number of layers increas-
es, which could affect the accuracy of the final print-
ed prosthesis. A result similar to this experiment was
confirmed in another study!* that examined the fit of
three-unit resin prostheses made on an SLA 3D print-
er and found a significantly poorer marginal fit at 60°
than at 45°.

Unlike the build orientation, the layer thickness did
not cause significant differences in marginal fit. Al-
though many studies have examined the layer thick-
ness of 3D printers, they have often shown conflicting
results. Favero et al.** measured the printing accuracy
of an orthodontic model using three layer thicknesses
(25 um, 50 um, and 100 um) on an SLA 3D printer. The
largest average deviation was found at 25 um, and
the smallest was found at 100 um. However, Zhang
et al.* reported that the average absolute deviation
of orthodontic models printed with SLA and DLP 3D
printers was the lowest when the layer thickness was
25 um with SLA and 50 um with DLP. These conflicting
results indicate the need for additional, precise ex-
periments on the effect of layer thickness.

The interaction effect between the build orientation
and layer thickness was significant in both the MG and
AMD values. Group 1 (build orientation: 45°, layer thick-
ness 50 um) and Group 4 (build orientation: 60°, layer
thickness : 100 um) had the best marginal fit, which
was similar to Park’s study.!® This might be seen to in-
dicate that a layer thickness offering a better marginal
fit for each build orientation exists. However, because
these fragmentary results alone are insufficient to de-
rive that conclusion, studies on various combinations
of build orientation and layer thickness with more di-
verse types of prostheses and 3D printers are needed.

Marginal fit measurements have been performed
using various methods. According to a review paper®
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on the margin measurement method, the most-used
method is the direct view technique, followed by the
cross-sectioning method, and then the replica tech-
nique. The direct view technique measures the margin
using a microscope or scanning electron microscope
and has the advantage of being relatively simple and
not requiring additional steps.*® However, it is diffi-
cult to measure a rounded margin and find an exact
point.4” The cross-sectioning method enables accu-
rate margin measurement by sectioning the sample at
the desired angle, but the sample must be sacrificed,
and the number of sectioning planes is limited.*® The
replica technique obtains a fragile cement space by
seating the crown using light body silicone and fix-
ing the light body silicone using heavy body silicone.
Then, the margin of the desired area is measured by
sectioning. The drawback of this method is that the
replica can be torn or deformed when the silicone ma-
terials are removed from the crown.*® In this experi-
ment, micro-CT was used because it can measure the
margin through a three-dimensional high-resolution
image without causing any damage to the specimen.?
Moreover, unlike the cross-sectioning method, it is
possible to use as many sections as desired from vari-
ous angles to measure many margin points.1®

Instead of cementing the prosthesis to the abut-
ment, it was fixed to the micro-CT jig using wrapping
film. Gonzalo et al.’® reported a slight increase in the
margin after cementation, but it was not a statistical-
ly significant difference. However, the use of cement
can result in improper prosthesis seating and worsen
the marginal fit.>® In addition, it was reported that the
radiopacity of the luting agent could interfere with
the margin measurement.!

CONCLUSION

Within the limitations of this study, the following con-
clusions are drawn. The marginal fit was affected by
the build orientation, and a build orientation of 45° is
recommended. Specifically, the marginal fit of three-
unit resin prostheses fabricated by the SLA 3D-print-
ing method was poor in the marginal areas adjacent
to the pontic. The comparison of different layer thick-
nesses did not show a significant result, so an addi-
tional research is needed.
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