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THE MARGINAL FIT AND FRACTURE RESISTANCE
OF FOUR-UNIT MONOLITHIC AND BI -LAYERED
ZIRCON FIXED DENTAL PROSTHESIS
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ABSTRACT

Purpose: This study aimed to evaluate the fit and fracture resistance of monolithic and Bi -lay-
ered zircon fixed dental prosthesis.

Materials and Methods:20 master models composed of two metal abutments and embed-
ded vertically in autopolymerizing acrylic resin blocks to mimic clinical conditions for a four-unit
FDPs. Twenty FDPs were fabricated and divided into two groups (n = 10): group A, bilayered zirco-
nia four-unit FDPs; group B, monolithic zirconia four-unit FDPs. The marginal gap of each retainer
specimens was measured for both groups at 18 sites on the margin of the master dies using a digital
microscope. Paired t-test was used to evaluate mean marginal gap changes. One-way ANOVA and
post hoc tests were also employed for comparison among 2groups (a=.05). the Samples in each
group were cemented to their corresponding model and then underwent artificial ageing by ther-
mocycling of 5000/cycle. The fracture resistance test was done using universal testing machine at
cross-head speed of 1 mm/min. Statistical analysis of the results and comparison between each two
groups were performed using independent t test (significance: P < 0.05).

Results: Marginal gap was increased after porcelain veneering. The mean marginal gap values
after veneering in the layering group (52.06 gm) was higher monolithic group (21.4 ym) in molar
die margin CONCLUSION Three veneering methods altered the marginal fit of zirconia copings.
All ceramic crowns made through two methods revealed clinically acceptable marginal fit.
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INTRODUCTION is aimed to produce restorations with higher

i . mechanical properties compared to conventional
Recently, the use of computer-aided design/

methods generating new materials and systems
computer-aided  manufacturing  (CAD/CAM)

for fabrication of dental restorations???!. Yttria-
systems in fabrication of all ceramic restorations gtabilized tetragonal ~ zirconia polycrystalline

has been improved rapidly"!. This new technology  (Y-TZP) is commonly used for fabrication of all
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ceramic frameworks by means of CAD/CAM due
to its unique characteristics including excellent
biocompatibility, low plaque accumulation and
unsurpassed mechanical properties!¥.

Additionally marginal fit is one of the funda-
mental requirements for clinical success and dura-
bility of dental restorations”!. Inaccurate marginal
accuracy lead to aleakage between restoration and
prepared tooth, that lead to the dissolution of luting
agent®. Subsequently, oral bacteria and food debris
accumulate in this space, causing secondary caries,
pulpal lesions, postoperative sensitivity, in case of
tooth supported restoration and periodontal disease
and marginal discoloration impaired bone-implant
interface in case of implant supported ones!”'"l.

The maximum acceptable marginal opening is
120 pm according to some studies!''".In CAD/CAM
restorations, it is supposed that due to the reduction
in many manual procedures errors and material
imperfections, the less acceptable marginal gap was
less than 100 pm!'?,

Marginal fit of the crown is assessed by
measuring the gap between the abutment and inner
surface of the restoration. The measurement of the
marginal gap in the path of insertion and removal
of the restoration is named as vertical marginal
discrepancy!!*!¥, Several techniques have been
used for measuring the marginal fit of restorations
including direct microscopic view, cross-sectional
view,replica technique, laser videography, and x-ray
microtomography!>'®. As the direct measuring is
a nondestructive technique, it is a proper method
for evaluation of the marginal adaptaion during
producing procedures of the restorations!'!.

Zirconia frameworks are usually veneered using
the conventional layering technique. In recent
years, some new veneering techniques have been
introduced, aiming to reproduce stronger veneers to
reduce debonding and chipping of zirconia veneers.
Monolithic technique have shown higher mechanical
properties compared to layering technique!'*-2?!,
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Pak et al.”® reported that veneering process
increased the marginal gap of the final restoration
pointed out larger marginal gap on the facial and
lingual sides of the specimens, which was directly
related to the amount of veneering porcelain?”-*!, In
another study performed by Cho et al.”" the marginal
gap increased for two pressable ceramic systems
(Esthetic and IPS e.max Press) during veneer
application. Although, they found the reduction of
marginal gap in the characterization and glazing
firing cycle. In contrast to these findings, Miura et
al.®" reported marginal stability .

This study provided comparison regarding the
effect of veneering technique versus monolithic
restoration on the marginal adaptation of zirconia
coping. The null hypothesis was that the differences
would be found in the marginal fit of monolithic
zirconia CAD/CAM crowns and veneered zirconia
coping.

MATERIALS AND METHODS

Fabrication of master model

20 master models composed of two metal
abutments (first lower premolar and second
molar)their corresponding to prepared teeth with
shoulder 1.0mm finish line embedded vertically in
autopolymerizing acrylic resin blocks with the aid
of surveyor to standardized the parallism of both
dies and to mimic clinical conditions for a four-unit

FDPs.

Twenty unit FDPs were divided into two groups
(n=10)

Group (Monolithic Zirconia FDPs), fabricated
by CAD/CAM system was unified to a thickness
of 2 mm at the central fossa, 2.5 mm at the height
of contour and 1 mm at the cervical margin. The
connector’s dimensions were 4 mm occlusogingival
height and 4 mm buccolingual width (4 x 4 m?).

Group (Double -Layered Zircon FDPs): Ten
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zirconium oxide frameworks were fabricated
using CAD/CAM system. Minimum thickness
of the frameworks at the occlusal and lateral
circumferences was 0.8 mm and at the cervical
margin a thickness of 0.5 mm was fabricated.
Connectors’ dimensions were fabricated as the
previous ones. The external surface of frameworks
were air-abraded with 100 pg AL O, at a distance
of 10 mm. To standardize veneer application, one
sample of monolithic group was chosen and from

which a silicone template was prepared.

A silicone index was a guide to establish stan-
dardized shape and size of veneers with a homog-
enous veneering thickness of range between 0.7 mm
at margins and 1.2 mm at occlusal surfaces. To ve-
neer the copings with layering technique, the liner
(IPS e.max, zirliner; Ivoclar Vivadent) was applied
to the zirconia copings, and they fired in a com-
patible ceramic furnace (Programmat 700; Ivoclar
Vivadent) at 960°C; then a nano-fluoroapatite glass
ceramic (IPS e.max Ceram; Ivoclar Vivadent) was
applied in dentin and enamel layers and processed
at 750°C, followed by glazing and finishing proce-
dures to complete the restorations. The occlusal sur-
face of the crowns was accommodated to the hold-
ing device tip to ensure the same seating of them as
copings on the metal abutments.

431)

Measuring the leakage

Each zirconia bridge was seated on the two
metal abutments and mounted on a specially
holding device. Due to the cone configuration of
holding device tip, the samples could seat on the
abutments only in one position. A uniform load
of 5 N was applied to all specimens to ensure
completely seating. Then the images made from
the 14 previously marked points for each abutment
along circumferential margin using a digital
microscope (AM413FIT Dino-Lite Pro; Dino-Lite
electronic corp., Taipei, Taiwan) were connected
to a personal computer and photographed at x200
magnification. These images were then analyzed
with image analysis software (Dino Capture 2.0,An
Mo Electronics Corp., Tainan Hsien, Taiwan).The
vertical marginal gap was evaluated by measuring
the perpendicular line from the most cervical
external edge of the restoration to the most outer
edge of the finish line of the preparation .(Fig. 1)

Fracture Resistance

20 FDPs were cemented to the abutments with
temporary luting cement under a constant load of
30 N during setting period with a universal testing
machine to control cement thickness.

b]

Fig. (1) Microscopic image of coping-die interface at x40 magnification (zirconia coping (a) monolithic (b)
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All test specimens were exposed to 240,000
cycles of thermo-mechanical fatigue in a computer
controlled dual-axis chewing simulator to simulate
12months of clinical function. Bridge samples
were secured to the lower fixed compartment
of a universal testing machine and subjected to a
vertical compression load. The load was applied
occlusally at the connector area between the two

pontics using a metallic bar with spherical tip
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(6.5 mm diameter) attached to the upper movable
compartment of the universal testing machine and
traveling at cross-head speed of 1 mm/min. Tin foil
sheet was placed on the occlusal surface to achieve
homogenous distribution of the applied stress.
The load at failure was manifested by a crack and
confirmed by a sharp drop at load—deflection curve
recorded using computer software. The load of the

fracture was recorded in Newton (Fig. 2)

Fig. (2) Fractured four unite bridge

RESULTS

The means and standard deviations were
calculated in each group. Paired t-test was used
to compare the marginal gap of monolithic and
veneered specimens One-way ANOVA and post
hoc tests were used to compare the marginal space.
The significance level of 5% was used for all of the

statistical tests

for the

marginal gap of the specimens in experimental

The means and standard deviations

groups are included in Table 1. Statistical analysis
revealed no difference between measurements of
fit values of two groups with and without veneer
(monolithic) (P = 141). The vertical marginal gap
of the group was increased after porcelain veneering
(P =.001). The highest mean marginal gap values

after veneering was (48.06 ym), which was higher
than the other (42.04 ym). No statistically significant
difference was found between the marginal gap
values of monolithic and veneered group .

Also the
significant difference between measurements of
fit values of two groups monolithic and veneered
zircone in premolar retainer margin (P <.124). The
vertical marginal gap of the group was increased in
case of veneered group The highest mean marginal
gap values was (49.1 pm), which was higher than the
monolithic (40.6 pym). However there is statistically
significant difference between the marginal gap
values of monolithic and veneered group in case of
molar retainer where marginal gap in veneered gp
is (51.8 pgm) and in monolithic gp is (25.5 gm). as
in Table 2.

statistical analysis revealed no
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TABLE (1) Vertical marginal gap measurement of the two groups specimens (m)

Group N Mean Std. Deviation Std. Error Mean t P value
Layerd 65 48.4696 23.164487 2.873201 1.480 141
monolethic 66 42.0494 26.365645 3.245387

TABLE (2) Mean and SD of marginal gap of molar and premolar circumfrential margin i n two groups

Group N Mean Std. Deviation Std. Error t P value
Mean
Premolar layerd 43 49.1891 23.036119 3.512975
monolethic 46 40.6381 28.729164 4235884 1.554 124
Molar layerd 51.8383 404555 23.88945 | 6429 | 001"
monolethic 25.5807 241397 14.22982
Results of Fracture Resistance. DISCUSSION

The monolithic zirconia group recorded higher
fracture resistance load than veneered zirconia
(Table 3). The difference between both groups was
statistically significant as indicated by independent
t-test .The fracture mode for the monolithic bridge
specimens was a bulk fracture at the connector
area between the two pontics .Whereas veneered
bilayer bridge specimens exhibited mixed cohesive
failure of the frame-works and layering materials.
Complete fracture of bilayered group (fracture of
both the layering material and the zirconia coping)
occurred also at the connector area between the two

pontics.

TABLE (3) Descriptive statistics of fracture resistance

results for both experimental groups

Variables Mean=SD

Veneerd Zircon gp 1273.407+177.601

Monolithic Zircon gp 1743.487+283.1456
t 2.641
p 0.0247*

The results of the current investigation revealed
a significant increase in marginal gap of crowns
after porcelain veneer firing. These results support
the null hypothesis.

In the present study, the measurements of
the marginal gap were performed on each single
abutment and the specimens were not cemented
to prevent variability due to luting agent type,
viscosity, and seating forces during cementation
and determine the exact factors that lead to the
significant difference in measurement.

Various methods have been employed to evaluate
the marginal fit of restorations in the literature!'>'8)
Two most common nondestructive methods which
permit assessment of marginal discrepancy at
different fabrication stages of the restoration, are
direct microscopic view and replica techniques®.
In the current investigation direct microscopic
view was used to evaluate the marginal gap of each
abutment, margin restorations at detected points ' In
this technique in spite of replica technique, marginal
gap could be measured in numerous points. Besides,
the use of intermediate media such as impression
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material is not needed in the direct microscopic
view which can limit the effect of material flaws
used in the replica technique on the measurement
of the fit!**!

Although in the direct microscopic view the
horizontal marginal fit could not be assessed.
The exposure of cement in the margin is mostly
affected by the vertical marginal discrepancy,
while horizontal marginal discrepancy is more
critical for plaque control and maintainability of the
restoration®¥,

In the present study a holding device was used
to standardize the seating of the specimens on the
die during measurements. The device has the es-
sential requirements for a standard holding device
firstly was proposed by Ushiwata and de Moraes*.
To standardize the seating of the restorations before
and after veneering on the die, the morphology of
occlusal surface was kept the same and accommo-
dated to the holding device tip.

There are large variations regarding the amount
of acceptable marginal gap of crown in the litera-
ture. Christensen et al.’% reported the range of 34-
119 pym for subgingival acceptable marginal gap,
and 2-15 um for supragingival margins. However,
Mclean and von Fraunhofer evaluated many res-
torations within 5 years, and proposed 120 ym as
the maximum clinically acceptable marginal gap!!
However the most acceptable marginal gap range
is between 50 to 100 ym for CAD/CAM restora-
tions!21.In the current study, the mean marginal gap
was 25 pm for zirconia copings in molar restoration
, 51 pm for crowns which were veneered by using
layering technique. Regarding the previous men-
tioned studies, the amount of marginal gap for all
groups was within the clinically acceptable range.
To number the reported marginal opening for zirco-
nia CAD/CAM restorations in former studies; Miu-
ra et al. reported the mean marginal gap of cercon
zirconia CAM crowns restorations with three differ-
ent cervical finish lines designs to be 24-30 pm®?',
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Eudn et al.?” reviled that minimum marginal gap
of the Lava zirconia copings with round shoulder
margin was 52.66 ym. The mean marginal gap of the
Procera zirconia crown was reported to be 44.2 ym,
in Kokubo et al.’s study[38]. Some incompatible
results of the current study and other researches may
be related to the measuring methods and possible
errors in microscopic evaluation of the marginal
gap, different CAD/CAM systems which are used
and the criteria which is used for the marginal gap
evaluation (horizontal, vertical or absolute marginal
discrepancy).

In the current investigation, using of layering,
technique for veneering of =zirconia copings
increased the marginal gap of the restorations. In
comparison, Pak et al.[26] demonstrated an increase
in the marginal gap of Digident and lava CAD/CAM
zirconia ceramics after veneering process. Also, the
marginal fit of three all-ceramic crown systems
(conventional In-ceram, copy milled In ceram, and
copy-milled feldspathic crowns) in Balkaya et al.’s!'
Istudy changed during porcelain firing cycles. They
reported that only glaze firing had no consequence
on the marginal accuracy.

Alterations of the marginal fit during veneering
process could be discussed by some causes. A
probable reason is the shrinkage of veneering
porcelain during sintering process. This shrinkage
may lead to changes in the gap, due to the ceramic
lifting from the margin of the die*!. Another
reason for marginal distortion during porcelain
veneering process is thermal incompatibility
between framework and veneering porcelain!'y.
Different coefficients of thermal expansion (CTE)
of coping and veneer in the layered restoration
causes stress formation when the restoration cools
from glass transition to room temperature!*). One
of the drawbacks of this event is deformation of the
restoration. In metal ceramic restorations, a small
positive mismatch in CTE enhances the strength of

the restoration by applying compressive forces on
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the veneering ceramic.43 However, according to
Aboushelib et al.’s'*¥I. Study for all ceramic zirconia
layered restorations, minimizing the thermal
mismatch would be desirable. According to Isgro
et al.*!. even a zero thermal mismatch does not
guarantee the compatibility between ceramic core
and veneering porcelain so that the fast cooling
procedure, viscoelastic behavior of the porcelain,
and repeated firing can lead to distortion. Previous
studies revealed that during repeated firing cycles,
CTE of core, and veneer ceramic can change,

producing a non-reliable thermal mismatch!“647),

Fractured resistance

It has been implied that stress intensity in the
prosthesis is proportional to the length of the bridge
[48]. Therefore, long restorations are expected to
experience higher tensile stresses which are further
destructive for ceramics specially when used in
high stress areas such as posterior area. That is why
the present study focused in long span (four-unit)
posterior bridges.

The special, time-dependent behavior of zirconia
restorations after placed in situ makes it necessary
to simulate the effect of aging in the present study
by thermocycling as the continuous alternations
of mouth temperature caused by breathing as
well as cold and hot food leads to tensions in the
material mass and subcritical crack [49]. Previous
studies that evaluated the clinical performance
of zirconia-based restorations demonstrated that
fracture of the veneering ceramic was the most
frequent clinical problem with zirconia restorations
for both tooth-based and implant-based restorations
[50,51]. It was concluded that the veneering
porcelain is the weakest link, and improving its
strength could reduce the incidence of veneering
porcelain chipping 2.

Various approaches have been introduced to
overcome chipping of zirconia-based restorations,

including application of monolithic zirconia
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restorations 3. Monolithic zirconia prostheses have
been proposed A study ‘analyzing the fracture loads
of all-ceramic monolithic crowns’ also indicated
a superior performance for the monolithic design.
Even though the monolithic system was made of
lithium disilicate, better results were obtained when
compared to bilayered zirconia 4.

Several authors investigated fracture loads zirco-
nia-based molar restorations fabricated with differ-
ent restorative materials and designs. Four groups
of zirconia-based molar restorations were tested;
porcelain-layered zirconia-based restorations, indi-
rect composite-layered zirconia-based restorations,
metal—ceramic restorations, and monolithic zirconia
restorations. It was found that fracture loads were
significantly higher for monolithic zirconia restora-
tions than for bilayered restorations >,

In the present study, the fracture resistance test
showed that the mode of fracture in monolithic
group represented a bulk fracture at the connector
area between the two pontics. In bilayered group,
complete fracture (fracture of the veneering layer
and the zirconia core) also occurred in the connector
area between the two pontics. Investigations using
finite element analysis showed that maximum tensile
stresses are concentrated in the connector area 1%,
Both in-vitro and in-vivo studies demonstrated that
fracture of the connectors was the exclusive mode
of failure in all-ceramic FDPs 7381 Kamposiora et
al. 8 explained the phenomenon as follows: thin
and irregularly shaped parts of the framework, such
as the connector area, reach critical strain earlier
than thicker parts, such as the pontics and the
abutments, while loading. Thus, FDPs are expected
to fail in these more easily bending areas. Therefore,
connector dimensions are crucial for fracture
resistance >,

One of the limitations of the current study is that,
the specimens were produced and tested under the
ideal conditions, which may not reflect the actual
clinical conditions. even if the study performed
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under artificial aging condition .Another limitation
is that only vertical marginal gap was measured and
horizontal discrepancy was not examined. Since
the measurement of internal gap necessitate the
cementation and sectioning of specimens, in this
study, unlike the marginal gap, the internal gap was
not measured.

CONCLUSION

Within the limitations of this study, following
conclusions are drawn:

The veneering tested in the current investigation
altered the marginal fit of zirconia coping.and
revealed clinically acceptable marginal fit.

Monolithic zirconia FDPs are well-suited for
clinical use in areas of high stress and long span
restorations compared to bilayered FDPs.
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