Aggag et al. DOI: 10.21608/adjalexu.2023.177753.1330

MARGINAL AND INTERNAL FIT EVALUATION
OF CAD/CAM ZIRCONIA CROWNS
FABRICATED BY STONE DIES

VERSUS 3D PRINTED DIES
Marwan Aggag> MSc, Samir Bakry: PhD, Sanaa Abd Elkader: PhD

ABSTRACT

INTRODUCTION: The recent evolution of digital dentistry along with the newly introduced three-dimensionally (3D)
reproduced models in fixed prosthodontics are infrequent.

OBJECTIVES: To assess marginal and internal fit of CAD/CAM zirconia crowns constructed by stone dies versus 3D
printed dies.

MATERIALS AND METHODS: A master die was prepared using typodont maxillary molar tooth, duplicated to produce
48 dies and divided into two test groups. Group (1) (n=12) type IV dental stone dies using polyvinyl siloxane for duplication.
Group (Il) (n=36) A digital scanning system was utilized to produce a scan of the master die, and the images were
transformed into standard tessellation language (STL) files. Three different 3D printer types (FormLab2, FormLab3, and
Asiga) were utilized to produce three sub groups, twelve specimens each. The specimens were scanned by the digital
scanner, followed by fabrication monolithic zirconia crowns and for each group then marginal and internal fit on the master
dies were analyzed statistically (p<0.05) using the silicone replica technique (SRT).

RESULTS: Stone dies and DLP 3D printer exhibited the lower mean marginal and internal fit values than SLA and LFS
with statistically insignificant difference between studied groups.

CONCLUSIONS: A slight significant difference was evident for all groups in favor of DLP 3D printing which had the
ability to construct crowns with superior marginal and internal fit than SLA 3D Printing but within an acceptable clinical
range and therefore can possibly be utilized in a digital workflow to construct fixed dental prostheses.
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INTRODUCTION

Recent advances in digital technology in dentistry
led to significant developments in the treatment
concepts of prosthodontics (1).

In restorative dentistry, the digital process
which is based on computer engineering is being
integrated starting with intraoral scans (i.e.,
capturing images), all the way to the construction
of the final restoration. These digital processes are
known as “the digital workflow” (2). However,
when the need for this physical model is a must for
designing, Standard tessellation language (STL)
file could be changed in a resin model using 3D
printer technology as the most appreciate method
for cast production from digital image with the high
precision and quality (3).

The 3D manufacturing procedure could
either be subtractive manufacturing (SM) or
additive  manufacturing  (AM).  Subtractive
manufacturing SM, is based on the concept of
milling the material, like computer-aided design
and computer-aided manufacturing (CAD-CAM),
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while AM, is created by the addition of material,
like 3D printing (4).

Today, numerous diverse types of 3D
printing technologies are offered. These comprise
first off, fused deposition modeling (FDM), where
layer by layer warm molten material is deposited as
filaments; secondly, selective laser sintering SLS,
where Ultra-violet light is applied on the powder
curing it into the selected design; also,
stereolithography SLA, where Ultra-Violet light is
utilized in curing the resin laid down in an exact
pattern; Additionally, polyjet printing, where a
printer is used that squirts photopolymer drops that
later solidifies by UV light; and finally the
bioprinter, where cells are deposited among water-
based films till the tissue is constructed (5). The
digital light processing (DLP) mechanism is similar
to stereolithography, where light-sensitive resins are
polymerized layer by layer. This is a rapid and
extremely precise printing mechanism however it is
restricted in selection of materials. Digital light
processing techniques utilizing ultraviolet light-
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emitting diodes (LEDs) are deemed superior to
DLPs utilizing UV (6).

Successful precise fixed prostheses rely on
precise impressions and casts. Conventionally,
polyvinyl siloxane (PVS) was the material of
choice for impression making due to its superior
accurateness and stability (7). As for the die
material, type 1V dental gypsum stone has been
more preferable over epoxy or polyurethane resin

(8).

For the assurance of clinical longevity and
success of restorations, marginal and internal fit
and adaptation is amongst the most imperative
conditions to achieve. Inadequacies could result in
marginal microleakage, staining, and higher plaque
accumulation, possibly causing recurrent caries
and/ or start of periodontal disease (9). another
important factor is the internal space as it is directly
related to the restorations’ retention and resistance
(10).

The silicone replica technique (SRT) was
amongst approaches presented for evaluating the
marginal and internal fit, using a similar procedure
of cementation of the prosthesis. Though, this
technique utilizes silicone as an alternative to
cement in the prosthesis thus duplicates internal
and marginal fit for analyzing and measuring.
Many studies have utilized this technique owing to
its simplicity and affordability while still permitting
the measurements to be done in the intra-orally
directly (11).

The null hypothesis was no significant
difference in the accuracy of marginal and internal
fit of CAD/CAM zirconia crowns fabricated by the
stone dies compared to 3D printed dies when using
silicone replica technique.

MATERIALS AND METHODS

A typodont model with interchangeable hard resin
teeth was used (Nissan, Kyoto, Japan), stimulating a
clinical condition of a maxillary molar tooth which
was prepared to be used as a master die for the current
study. The die was prepared with the following
features; deep chamfer finish line with average 1.5
mm axial reduction, 2 mm occlusal reduction and
total convergence angle of 12° (12). (Figure 1).

This master die was scanned using
Omnicam (CEREC) for preparation check software to
evaluate undercuts, margins -rounded or sharp-,
clearance form opposing and adjacent teeth and
smooth or rough preparation.

Grouping was made according to the
material of tested dies into two main groups. Which
monolithic zirconia crown was constructed on, as
follows: Group | Stone dies (n=12) while Group 11 3D
printed resin dies (n=36), which was divided into
three subgroups according to the type of printer used
(n=12).

Group |: The typodont model was duplicated using
conventional impression which was performed
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using a one-step technique double mix in
accordance to the instructions of the manufacturer
(Kettenbach GmbH & Co. KG, Panasil Putty Soft,
initial contact Light viscosity, Germany). All
impressions were allowed to stay for the
recommended time by the manufacturer to ensure
at room temperature polymerization. After
impression removal, it was inspected under
magnifying lens for any defects or tearing before it
was poured (13).

Impression was sprayed with a surfactant
approximately 0.5 ml (Debubblizer Surfactant;
Almore International Inc) which decreases the surface
tension to enhance the final die quality. Dental stone
type 1V was mixed under vacuum (Twister Evolution;
Renfert) based on the manufacturer’s instructions
followed by pouring with vibration. Working dies
were left for complete setting for 45 minutes before its
removal from the impression. This procedure was
done twelve times to produce twelve working dies
(14). (Figure 2A)

Group 1I: Regarding the 3D printed dies; The master
model was scanned using Omnicam (CEREC) inta-
oral scanner. The scanned data was transformed to
standard tessellation language (STL files) which is the
format needed to produce physical 3D printed dies
using three 3D printers to produce twelve 3D printed
models in each subgroup; subgroup II-A
Stereolethography (SLA) using Formlab (2) 3D
printer, subgroup 11-B Low force Stereolethography
(LFS) using Formlab (3) 3D printer, and subgroup I1-
C digital light processing (DLP) using Asiga 3D
printer with XY resolution of 30-50 um, layer
thickness 25 pm and speed 3cm\hour were used to
produce 3D working dies (15). (Figure 2B,2C,2D)
The tested groups were scanned by dental lab scanner
(inEos X5, DentsplySirona, Germany), and the design
was done according to the standard guidelines
provided by the software (Inlab Software
DentsplySirona, Germany) and the Zirconia
manufacturer for a monolithic Zirconia crown
(Cercon HT, DentsplySirona, Germany). Internal
space parameter was established to be 50 um, which
was utilized for the ensuing analysis. Twelve
monolithic crowns in group | and twelve monolithic
crowns per subgroup in group Il were milled from
Zirconia block, resulting in four experimental groups
(16).

Light body silicon (Kettenbach GmbH &
Co. KG, Panasil initial contact X-Light viscosity,
Germany) simulating cementation material was used
during seating of each crown on the tested cast._ Prior
to the final setting, all the excess light body material
surrounding the crown was smeared away to prevent
material ripping. Crown was carefully removed from
the tested model with the light body silicon in the
fitting surface after polymerization, then another light
body silicone (Kettenbach GmbH & Co. KG, Panasil
initial contact Light viscosity, Germany) was injected
to fill the fitting surface over the previous X-light
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body film. The Silicone replica master die was
removed after silicone polymerization. within 24
hours a blade was used and applied perpendicularly to
the surfaces to be examined thus dividing all the
replicas: buccolingual and mesiodistal by a single
blinded examiner using a x45 magnification
stereomicroscope (Olympus SZ51; Olympus Corp)
combined with a digital camera (Topcam
XCAM1080PHB, ToupTek Photonics, Zhejiang,
China) having a resolution of 0.16 pm per pixel and a
specific gauging software (ToupView software,
version 3.7, ToupTek Photonics, Zhejiang, China)
followed by tuning. The marginal gap, mid-axial
(MA), axio-occlusal (AO), and mid-occlusal points of
reference were calculated. For every point the
measurements were done three times, and the mean
value was obtained (17). (Figure 3).

Statistical analysis

Data was statistically analyzed using IBM SPSS
software package version 20.0. (Armonk, NY: IBM
Corp) Quantitative data were designated using
range (minimum and maximum), mean and
standard deviation. Significance of the attained
results was set at the 5% level.

The tests used were

1 - One-way ANOVA test

For normally distributed quantitative variables, to
compare amongst more than two groups, and Post
Hoc test (Tukey) for pairwise comparisons

T 3 >

Figure (1): Pfepared ivory tooth in a typodont
model.

Figure (2): (A) Stone Die (B) SLA Die (C) LFS
Die (D) DLP Die.
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Figure (3): Steps of repl
RESULTS
This study was conducted to assess marginal and
internal fit of CAD/CAM zirconia crowns
constructed by stone dies versus 3D printed dies.
Quantitative data were calculated using range
(minimum and maximum), mean and standard
deviation.

Group I: Zirconia crowns over type IV stone model
fabricated from conventional additional silicon
impression

Group IlA: Zirconia crowns over 3D printed model
fabricated from intra-oral scanning (SLA)
Stereolithography

Group 1IB: Zirconia crowns over 3D printed model
fabricated from intra-oral scanning (LFS) Low
force Stereolithography

Group IIC: Zirconia crowns over 3D printed model
fabricated from intra-oral scanning (DLP) Digital
Light Projector

All were evaluated for Marginal and Internal fit at
3 points (Mid-axial, Axio-occlusal and Mid-
occlusal) using Silicon Replica Technique

By using One Way ANOVA for statistical
analysis of normally distributed quantitative
variables, to compare amongst more than two
groups, and Post Hoc test (Tukey) for pairwise
comparisons.

On comparing marginal gap (MG) in

micro-meter In vitro using Silicon Replica
Technique (SRT) for the studied groups, in Table
(1) and Figure (4) revealed the following:
The lowest mean micro-meter value of the
marginal gap was recorded in Group | (19.06 +
3.87 pe), followed by Group IIC (19.83 + 6.75 pe),
then Group IIB (21.70 + 1.90 pe), and the highest
micro-meter value was noted in Group I1A (22.52 +
6.12 pe). With no statistically significant different
between the studied groups.

On comparing Internal Fit (IF) in micro-
meter In vitro using Silicon Replica Technique
(SRT) for the studied groups, in Table (2) and
Figure (5) revealed the following:
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The lowest mean micro-meter value of the internal
fit was recorded in Group IIC (35.45 £ 2.68 pe),
followed by Group I (36.04 £ 4.26 pe), then Group
ITA (36.96 + 5.29 pe), and the highest micro-meter
value was noted in Group IIB (43.33 + 2.06 pe).
With Statistically significant difference between
Group | and Group 11B, Group 1A and Group 1B
& Group 11B and Group IIC.
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Figure (4): Comparison between the different
studied groups according to average marginal gap
(MG)
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Figure (5): Comparison between the different
studied groups according to average internal-fit (IF)

Table (1): Comparison between the different
studied groups according to marginal gap (MG) in
Vitro

SD: Standard deviation

F: F for One way ANOVA test, Pairwise comparison
bet. each 2 groups was done using Post Hoc Test
(Tukey)

p: p value for comparing between the studied
groups

*: Statistically significant at p < 0.05
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Table (2):Comparison between the different
studied groups according to Internal-Fit in vitro

Group Grou
A pliC
(n= (n=
12) 12)

3122 |44, [3108

45.44 37.40

35.45
=+

2.68
0.981

45.92

36.96 |43.33+
+5.29 |2.06

<0.001

0.933

P2=0.001",ps=0.765,p4
<0.001"

SD: Standard deviation

F: F for One way ANOVA test, Pairwise comparison
bet. each 2 groups was done using Post Hoc Test
(Tukey)

p: p value for comparing between the studied
groups

p1: p value for comparing between Group | and
each other group

p2: p value for comparing between Group 1A and
Group 11B

ps: p value for comparing between Group 1A and
Group IIC

pa: p value for comparing between Group 1B and
Group 1IC

*: Statistically significant at p < 0.05

DISCUSSION

The objective of this in vitro study was to assess
marginal and internal fit of CAD/CAM zirconia
crowns constructed by conventional stone dies
versus three 3D printed dies derived from three
printers using several printing mechanisms (SLA,
LFS, DLP). The null hypothesis was partly
rejected, since stone dies and 3D printed dies
exhibited comparable accuracy.

Prosthetic restorations constructed with
precise internal fit and high marginal adaptation
were chiefly affected by dental casts produced with
high dimensional accuracy that simulates original
teeth minimizing any discrepancies (18).

Conventional impression using additional
silicon with stone die was used as control because
it has been established that poly vinyl siloxane
impression material possesses higher dimensional
accuracy compared to polyether (19). Furthermore,
Type IV dental stones exhibits setting expansion
that matches the polymerization shrinkage
experienced in poly vinyl siloxane (20).
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The necessity for traditional conventional
approaches in impression making has decreased
due to the wide spread of digital workflow and with
all the advances in the 3D printer’s technology, it
has become easier for dentists to incorporate it as
part of their clinical practice. Among the uses of
3D printed models are treatment planning, for
esthetic and surgical guides procedures (21).
Therefore, 3D printing for model fabrication has
become a convenient technique now (22).

The employed technology of the machine
using the additive technique of 3D printing affects the
model production. Dimensional differences due to a
number of factors like; the produced minimal layer
thickness and shrinkage of the selected material during
building or post-curing (23). May produce a significant
outcome on the accurateness of the resultant model.
Three-dimensionally printed casts were reported to
be just as accurate as the conventional stone models
(24). Moreover, 3D printed models have several
benefits over their counterparts not only related to
accurateness, but also 3D printers are quicker and
facilitate consultations with other specialists like
the dental technicians (25).

The results of the present study are in
accordance with a study assessing the accurateness
of casts produced by multiple 3D printing
mechanisms, which concluded that the DLP 3D
printer resulted in final models as accurate as the
conventional model method (26). And also, with
another study concluded that Digital light processing
(DLP) 3D Printer had the ability to produce crowns
with better marginal and internal fit than
stereolithography (SLA) 3D Printers (27).

Other investigation, analyzing the
accurateness of three dimensionally printed models
(utilizing the DLP printer) obtained by computer-
generated scans and the accuracy of stone models
poured from traditional impressions, it was
concluded that 3D printed models deviated more
three dimensionally compared to the traditional
stone models (28). Another study concluded that
traditional gypsum stone casts revealed superior
accurateness compared to the digitally produced
stone casts and three dimensionally printed
photopolymer casts in full arch and prepared teeth
(29). On the contrary, the current investigation
found that casts printed by the DLP printer revealed
three-dimensional accurateness comparable to
gypsum models.

While in other studies , SLA did in fact
show better accuracy compared to DLP for all teeth
with preparations, which was in contrast with the
results of the present study (30, 31).

The non-destructive replica technique was
selected for both marginal and internal gap
evaluation, this technique involved no sectioning to
ensure accurate adaptation of the restoration on the
die (32).
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Several investigations have evaluated the marginal
discrepancy values of the crowns. It has been noted
that the mean marginal discrepancies of the
marginal fit of conventional metal crowns to be
below 50 mm (33). On the other hand, CAD-CAM
crowns displayed greater mean marginal
discrepancy, with a range of 49-83 mm (34).
Nevertheless, a definite value for marginal fit
accepted clinically is yet to be determined for
crown restorations. Authors findings recommended
that an open margin of 100 mm - 120 mm is
acceptable clinically (35).

CONCLUSION
With the limitation of this study the following
findings could be dawn ,

Dies produced by the Asiga (DLP) 3D
printer displayed superior accurateness compared
to the Formlab 2 and Formlab 3 (SLA & LFS)
printers.
comparable marginal and internal fit of Crowns
fabricated from the Asiga (DLP) 3D printer group
compared to crowns fabricated from the
conventional stone dies, both tested groups showed
Crowns fabricated from the three tested groups
(Stone dies and 3D printed dies) produced
clinically acceptable values and therefore can
possibly be utilized in a digital workflow to
construct fixed dental prostheses.
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