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FRACTURE STRENGTH AND MARGINAL FIT OF
IN-CERAM, COPY-MILLED IN-CERAM, AND IPS
EMPRESS 2 ALL-CERAMIC BRIDGES
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All-ceramic restorations have become an attractive alternative to porcelain-fused-to-metal crowns.
In-Ceram, and more recently IPS Empress 2 were introduced as a new all-ceramic system for
single crowns and 3-unit fixed partial dentures. But their strength and marginal fit are still an
important issue. This study evaluated the fracture resistance and marginal fit of three systems
of 3 unit all-ceramic bridge fabricated on prepared maxillary anterior resin teeth in vitro. The
3 all-ceramic bridge systems were: (1) a glass-infiltrated, sintered alumina system (In-Ceram)
fabricated conventionally, (2) the same system with copy-milled alumina cores (copy-milled
In-Ceram), (3) a heat pressed, lithium disilicate reinforced glass-ceramic system (IPS Empress
2). Ten bridges of each system with standardized design of framework were fabricated. All spec-
imens of each system were compressed at 55° at the palatal surface of pontic until catastrophic
fracture occurred. Another seven bridges of each system were fabricated with standard
method. All of the bridge-die complexes were embedded in epoxy resin and sectioned buc-
colingually and mesiodistally. The absolute marginal discrepancy was measured with stere-
omicroscope at X 50 power. The following results were obtained:
1. There was no significant difference in the fracture strength among the 3 systems studied.
2. The Weibull modulus of copy-milled In-Ceram was higher than that of In-Ceram and
IPS Empress 2 bridges.
3. Copy-milled In-Ceram(1124m) exhlb1ted significantly greater marginal discrepancy than In-
Ceram (97¢m), and IPS Empress 2 (94p#m) at P=0.05.
4. The lingual surfaces of the ceramic crowns showed smaller marginal discrepancies than mesial
and distal points. There was no significant difference between teeth (incisor, canine) at P=0.05.
5. All-ceramic bridges of three systems appeared to exhibit sufficient initial strength and accept-
able marginal fit values to allow clinical application.
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All—ceramic restorations provide esthetics
seldom rivaled by metal ceramic restoration.
While patients are primarily concerned with im-
proved esthetics, dentists are interested in the mar-
ginal accuracy and fracture strength of restorations
to ensure clinical success. The high strength val-
ue of the In-Ceram ceramic and IPS Empress 2 ce-
ramic, and the outstanding dimensional and fin-
ishing characteristics of those new materials are
the reason enough not to limit its use to traditional
crown-and-bridge technology.

In-Ceram is a material that utilizes an alu-
minum oxide substructure strengthened by a
slip-casting technique involving infiltration glass-
es. It has been shown by several authors that
the new glass-infiltrated alumina ceramic (Vita
Zahnfabrik, Bad Sa'ckingen, Germany) has three
to four times greater flexural strength than tra-
ditional ceramics or glass materials.! In vitro
studies have consistently reported flexural
strengths in excess of 446MPa,? and investigations
of marginal integrity have demonstrated marginal
adaptation comparable to that of metal mar-
gins.** It allows the creation of fixed partial den-
ture substructures with flexural strengths that ap-
proach those of porcelain-fused-to-metal.’ The
Celay system (Mikrona AG. Spreitenbach,
Switzerland), introduced in 1992, is possible to pro-
duce alumina core for all-ceramic crowns and
bridges by copy-milling. A resin pattern of the cop-
ing is traced for the manually guided copy-
milling. Similar to the conventional In-Ceram
technique, the completed alumina core is ve-
neered with aluminous porcelain (Vita alpha,
Vita Zahnfabrik). The glass-infiltrated copy-
milled alumina blanks have a 10% higher flexural
strength (500MPa) than the conventional core
material.®

IPS Empress 2 system (Ivoclar, Liechtenstein)
was developed to meet the biomechanical re-

quirements for the fabrication of ceramic fixed par-

642

tial dentures. It allows fabrication of a ceramic

three-unit fixed partial denture that can replace

~a missing tooth up to the first premolar.” As

with the original leucite-reinforced IPS Empress
system, the lost-wax technique and the heat-
pressed technology are used in the fabrication of
IPS Empress 2 restoration. However, it differs from
its predecessor both in its chemistry and crystalline
structure.® The new ingredient in the IPS Empress
2 core material is the lithium disilicate crystal (SiO2-
Li20). These long crystals grow in the glass up to
60vol % during the sintering and heat-pressing
process contribute to the high strength and the high
fracture toughness of the system. The thickness of
the lithium disilicate glass core must always ex-
ceed that of the veneering ceramics, and its thick-
ness should never be reduced to less than 0.8mm.’
In vitro studies have shown a higher flexural
strength for the IPS Empress 2 system as compared
to the leucite-reinforced IPS Empress system. A
three-point bending test of the lithium disilicate
glass-ceramic, after a pressing procedure, demon-
strated a flexural strength of 350 +50MPa. In
addition lithium disilicate glass-ceramic showed
high fracture toughness.”

For all-ceramic fixed partial dentures (FPDs) to
be esthetically pleasing, they must be delicately
designed. But when this is done, there is the
danger that they will be fractured under functional
loading. Marginal adaptation is also one of the im-
portant criteria used in the clinical evaluation
of fixed restorations. The presence of marginal dis-
crepancies in the restoration exposes the luting
agent to the oral environment. The longevity of the
tooth could be compromised, not only by caries
but also by periodontal disease.” To provide pa-
tients and dentists with a predictable success
rate for a new all-ceramic system, in vitro in-
vestigation concerning long-term stability should
be undertaken before clinical use.

The purpose of this study was to compare the
in vitro fracture resistance and marginal fit of three



all ceramic bridge systems: the heat-pressed lithi-
um disilicate glass-ceramic (IPS Empress 2), the
densely sintered high-purity alumina porcelain
(In-Ceram), and the copy milled In-Ceram bridge.

Fig. 1. Maxillary central incisor and canine tooth em-
bedded in a resin block as a fixation for the testing pro-
cedures.

MATERIAL AND METHODS

Die fabrication and fixed partial denture

construction

1) Specimens for strength test

Each of thirty maxillary resin incisor and canine
(A50-121 prepared teeth, Trimunt Co., Kyoto,
Japan) were fixed in autocuring resin block with
same position and distance by using hard silicone
index. Those ready-made resin teeth were custom
prepared for all-ceramic crown and had slop-
ing shoulder margin with internal rounded angle
and made of high strength epoxy resin. The long
axis of tooth was placed perpendicular to the
block (Fig. 1). The 10 master dies of resin teeth in
each group were specially numbered and im-
pressions were taken using poly (vinyl silox-
ane) (Wash and Putty, Extrude, Kerr) in custom
trays. A total number of 30 impressions were
made and poured using type IV dental stone
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Fig. 2. Schematic presentation of the dimensions of the all-ceramic bridge forms.
A, The dimension of the substructure. B, The dimension of all-ceramic bridge.
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(Silky-Rock, Whip-Mix). The 30 stone dies were
evenly distributed among the three following
groups : In-Ceram bridges (Vita) ; copy-milled In-
Ceram bridges ; IPS Empress 2 bridges (Ivoclar).
All bridges were fabricated according to manu-
facturer’ s recommendations. To compare the
fracture strength, the same dimension of all spec-
imens is an important factor. Therefore, this
study applied modified method in the fabrication
process of In-Ceram and copy-milled In-Ceram
bridges.

@ In-Ceram bridges

The In-Ceram bridges were fabricated follow-
ing the manufacturer’ s recommendations. Two
layers of die spacer were painted onto the work-
ing dies, which were then coated with a wax-iso-
lating microfilm (Isolit, Degussa). The frame-
work design used consisted of an interproximal
struts, a 2.5mm lingual collar, and joints with
4mm height and 3.5mm width (Fig. 2). The thick-
ness of substructure in the region of veneer ap-
plication was 0.6mm thick as suggested by the
manufacturer. Instead of the standard brush
technique, an injection molding technique was used
for application of slip cast on the die. This tech-
nique provides greater predictability and control
for uniform dimension of the substructure." The
first piece of substructure was modeled with the
wax-up technique using hard wax and the di-
mensions of the framework were carefully checked
and maintained within +0.1lmm at several points.
It was used as a pattern for a silicone mold. The
silicone template were made and seated on the 10
working models. The successive wax pieces were
obtained by injecting molten wax into the molds
and allowing them to remain for 24 hours at
room temperature. The wax-models obtained
were separated into two pieces before proceeding
to the perfection of the marginal seal. The mea-
surements were carefully checked and the mar-

gins resealed. The marginal seal was achieved by -
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cutting the last millimeter of apical wax, adding
new wax, and then refining it. The connection be-
tween the sectioned elements was made with
hard wax. In this way, ten wax-substructures of
same dimension were made and seated on their
respective working die. Vents and sprues are
also formed to allow for application of the slip cast
by an injection molding technique. The space
between pontic and the ridge of master die was
filled with wax for pontic support and siliconee
impression was made for special plaster die (In-
Ceram Special plaster, Vita Zahnfabrik) need-
ed to compensate for the sintering shrinkage of the
slip casting. Also, silicone rubber impression
(Extrude Wash, Kerr) with outer plastic cylinder
frame was made of the wax-pattern to form the
mold. The freshly mixed slip cast was injected with
a syringe into the mold.

The cast models were then finished with a
sharp scalpel and any flash was removed through
careful shaving. Afterward, they were coated
with a framework strengthener, glued onto spe-
cial aluminum oxide trays. The bridge frame-
works that were prefabricated in this way were
subjected to the usual firing process and glass in-
filtration process as indicated by the manufacturer.
Any excess glass present was removed by grind-
ing and airborne abrading (aluminum oxide 50
m grain/3bar). After the surface of the bridge con-
struction was cleaned, the bridges were veneered
with aluminous porcelain (Vitadur Alpha, Vita
Zahnfabrik). A polyvinyl siloxane (Extrude put-
ty, Kerr) template was fabricated using a complete
contour wax pattern on the die. This index was
used to obtain identical dimension. The specimens
were veneered by filling aluminous porcelain
in silicone mold. Veneering porcelain was applied
in the following sequence: (1) thin wash of dentin,
(2) first body bake, (3) correction bake, and (4) au-
toglazing. The thickness of the ceramic sub-
structure and porcelain veneer was controlled to
an accuracy of 0.1~0.2mm. The inner surfaces of



the crowns were conditioned by sandblasting
(50pm A1203/2.5bar) and ultrasonically cleaned

in distilled water for 10 minutes.

® Copy-milled In-Ceram Bridges

For the production of copy-milled crown struc-
tures, two layers of die spacer were applied on the
working dies. Since it was very difficult to control
the photopolymerized resin (Celay Tech, Espe,
Seefeld, Germany) pattern with same dimen-
sion, modified method was used. The same sili-
cone template used for In-Ceram was used to ob-
tain copy-milled In-Ceram substructures.- Ten
wax patterns for copy-milled In-Ceram sub-
structures were made on the respective working
dies as above method and cast using non—precious
metal. Those 10 metal substructures were then fixed
in the scanning unit of the Celay system. The
structures were scanned using Celay system
(Mikrona AG. Spreitenbach, Switzerland) and
simultaneously milled from an industrially sin-
tered aluminum-oxide blank (Vita Celay Alumina
Blank, Vita Zahnfabrik). One operator milled all
the units following a standardized routine.
Subsequent to the milling process, specimens
were removed from the vise and finished. No sin-
tering was necessary. The alumina structures
were then infiltrated with a special glass in a
conventional porcelain furnace for 40min at 1,100
"C. Excess glass was removed, and the complet-
ed In-Ceram copings were veneered with alu-
minous porcelain (Vitadur Alpha, Vita Zahnfabrik)
with same dimension as described method above.
The inner surface of the bridge were conditioned
by the same method with In-Ceram

@ IPS Empress 2 Bridges

The dimension of IPS Empress 2 framework was
all the same with that of In-Ceram except the
thickness of the veneering portion. The template
used in In-Ceram was seated on the working
dies and filled with molten wax. After duplication
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of wax pattern of In-Ceram bridge substructure,
additional wax was applied to the veneering
portion to make the thickness of 0.8mm. Silicone
template of the first wax pattern for IPS Empress
2 was also made. The following wax substructures

~ were made as above described method using a sil-

icone template. The dimensions of wax patterns
were controlled with wax calipers. The IPS
Empress 2 bridges were fabricated following the
manufacturer’ s recommendations. 10 wax patterns
of IPS Empress 2 substructures were sprued and
invested in phosphate—boridéd investment us-
ing the crucible that was provided by manufac-
turer. The wax was eliminated in a burnout fur-
nace. The IPS Empress 2 glass-ceramic ingot was
heat pressed in a hot-press furnace (EP500,
Ivodlar). The glass-ceramic was pressed into a mold
at 920°C with a holding time of 20 minutes and 20
bar pressure. Once the molding cycle ended, the
mold was left to cool to room temperature.
Subsequently, the pressed parts were divested from
the mold by blasting the mold material with car-
borundum powder and glass beads using 1 to 2
bar pressure. The bridge copings were veneered
with layering porcelain to create the final bridge
form in the manner as described for the In-Ceram
bridges. Veneering porcelain was sintered on
the heat-pressed frameworks as above using a sin-
tering furnace (Programat P80, Ivoclar) at 800
“C. The inner surfaces of the crowns were con-
ditioned by etching with hydrofluoric acid (IPS
Ceramic Etching Gel, fvoclar) for 20 seconds as rec-
ommended by manufacturer.

2) Specimens for evaluation of marginal fit

Impressions of master die which was used for
fracture test were made using poly(vinyl siloxane)
(Wash and Putty, Extrude, Kerr) in custom trays.
A total number of 21 impressions were made
and poured using epoxy resin (Modralit-3K,
Dreve-Dentamid GMBH, Germany). The epoxy
resin dies were divided into three groups of 7 dies



each. All ceramic bridges were fabricated ac-

cording to their respective manufacturer’ s rec- -

ommendations. It was not so important to control
the same dimension of specimen as in the strength
test, but following the standard procedure of
fabrication was more important in the evaluation
of marginal fit. For conventional In-Ceram spec-
imens, the standard brush technique was used for
application of slip. Specimens for the copy-milled
In-Ceram were fabricated by using photopoly-
merized resin prototype (Celay Tech, Espe,
Seefeld, Germany) as recommended by ‘manu-
facturer. The wax pattern of IPS Empress 2 sub-
structure was made by wax-up technique in-
stead of molten wax injection technique.

Therefore, the following specimens were pre-
pared; (1) total 30 specimens of all-ceramic bridges
for strength evaluation on the reinforced epoxy
teeth master models, (2) 21 specimens for marginal
fit evaluation on the epoxy resin dies.

Analysis of fracture strength

Prepared resin teeth were initially cleaned
with rubber cup and polishing paste and the
surfaces were washed, dried, and etched with 37%
phosphoric acid for 60seconds (Panavia etching
agent V, Kuraray). All-ceramic bridges were

bonded to the respective dies with the use of’

an autopolymerizing composite (Panavia 21 TC,
Lot 41184, Kuraray). The bridges were cemented
with a finger pressure for 10minutes. During
the setting of the luting resin, the excess composite
was removed with sponge pellets. An air-block-
ing gel (Oxyguard II, Kuraray) was then applied
during the setting of the resin cement (7min-
utes). Finally the restoration were washed and
stored for 24 hours in saline before strength test-
ing.

Fracture strength testing was carried out using
a universal testing machine (Instron 6022, Instron
Co., UK)) at a crosshead speed of lmm/min.
All bridges were loaded until catastrophic failure
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occurred. The loads required to catastrophic
fracture the bridges were recorded automatical-
ly in newtons. Catastrophic failure was defined
as fracture through the core material as other
study showed.” The load was transferred through
a 4mm diameter stainless steel ball 1.5mm below
the incisal edge of the pontic. The extra-axial
load was applied at an angle of 55° to the long ax-
is of the tooth(Fig. 3). A Imm thick aluminum foil
was placed between the specimen and the op-
posing stainless steel ball so that stress distribu-
fion on the céramic culd be achieved.

The fracture mode of each bridge was in-
spected and classified as: A=fracture of the bridge
structure only; B=fracture of the resin tooth with
bridge segment below the level of the tooth neck.
The fracture resistances of all bridges were re-
ported, and the data gathered from specimens that
failed through the ceramics (all of mode A and B)
were included in the statistical analysis.

An one-way analysis of variance (ANOVA)
was performed on the strength data at the 0.05 lev-
el of significance. Statistical analysis using meth-

ods for Weibull distribution was also chosen.
The description of the Weibull distrubution is giv-
en by the formula : Pf=1- exp [-(¢/ ono)"], where Pf

Fig. 3. Loading of the all-ceramic bridge on the pontic
by a stainless steel ball in the universial testing machine.
In the test samples the pontic had no contact to the resin

"mold.



1s the probability of failure, o is strength at a
given Py, ano is the characteristic strength, and
is the Weibull modulus. Two parameters char-
acterize this distribution function: the B10 strength
defined as the strength at which 10% of the spec-
imens will fail, and the shape parameter m
(Weibull modulus) that is a constant related to the
distribution of the failure data. The m-value and
strength at a predicted 10% probability of failure
calculated using an iterative procedure in order
to assess the material reliability. Microscopic ex-
amination of the fracture zone was completed on

each bridge system tested for strength.

Analysis of marginal fit

The bridges were cemented in a standardized
manner to the respective epoxy resin counterpart
with a loading jig that applied 10kg of seating pres-
sure for 10minutes with the use of an autopoly-
merizing composite (Panavia 21 TC, Lot 41184,
Kuraray). During the setting of the luting resin,
the excess composite was removed with sponge
pellets. An air-blocking gel (Oxyguard T, Kuraray)
was then applied during the setting time of the
resin cement.

Twenty-one bridge-die complexes for testing of
marginal fit were embedded in epoxy resin and
were allowed to cure for 24 hours. Using guide
marks on the epoxy resin mold, the samples
were sectioned with a diamond wheel cutter
(51CA, Accutom-2, Stryers, Denmark) in both
the faciolingual and mesiodistal direction at the
midpoint of each surface of abutments. The cut sur-
faces were finished sequentially with 100 grit
diamond wheel polisher (Plamopol-3, Stryers,
Denmark) and 200, 400 and 600 grit silicone car-
bide abrasive paper for removing cutter-induced
distortions. The space lost between specimen
faces was approximately 1.0mm.

This sectioning allowed examination at eight
points around the each crown, one view on each

side of the cut. The epoxy-embedded, sectioned
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bridges were photographed at 50 power with
an Olympus zoom stereomicroscope and PME3
camera (Olympus /Optical Co.,/Ltd., Tokyo,
Japan). A custom made camera reticle with a
scale divided into 10um increments provided
pictures with the scale superimposed on the
prints for standardization and calculations. The
3 x5 inch color prints were then used for mea-
surement of the marginal discrepancies.

The determination of the measurement point is
illuminated in Fig. 4. The linear distance from the
cavosurface angle of the preparation to the mar-
gin of the restoration is defined as the absolute mar-
ginal discrepancy® and was chosen for this study.
When a margin appeared rounded, the point
chosen on that margin was along a line bisecting
the angle between the main contours of the die or
castings. The absolute marginal discrepancy always
represents the maximum measurement of misfit
at the margin. Measurements of the absolute
marginal discrepancy were made at the middle of
the facial, lingual, mesial and distal surface for each
tooth. Each point was composed of 2 opposing sur-
face, and the mean value of the 2 points was
obtained. That resulted in total 336 measure-

Fig. 4. Measurement point of absolute marginal dis-

crepancy (X 50).



ment points and 168 measurement values ob-
tained for the all-ceramic bridge system. All of the
measurements were made by one operator.

A two-way analysis of variance (ANOVA)
was computed for statistical significance among
three variables and the effect of interaction at
P=0.05: (1) the bridge systems, (2) the measuring
surfaces, and (3) the abutment tooth. A one-way
ANOVA and Scheffe post hoc analysis was used
to evaluate the significant difference among the
materials and the measuring surfaces.

The clinical relevance of the results was inter-
preted By comparison with the acceptable marginal
discrepancy of 120xm as proposed by McLean and
von Fraunhofer."

RESULTS

Fracture strength
The ultimate load-bearing capacity of the all-ce-

ramic bridges in the different systems is shown in
Table 1. The mean failure load of the In-Ceram,
copy-milled In-Ceram, and IPS Empress 2 bridges
were 502N, 495N, and 477N respectively. No
statistical difference was found among the three
systems in Table 1. (one-way ANOVA : P>0.05).
All of the fractures in the all-ceramic bridges
occurred at the connector area between the pon-
tic and abutment (Fig. 5). The initial crack origi-
nated from the load point and propagated to
the joint underneath. Total 3 specimens (2 of
copy-milled In-Ceram, 1 of IPS Empress 2)
showed simultaneous fracture of one side of
connector and the other side of resin abutment be-
low the level of the tooth neck (mode B).
Homogeneous structure of the core and tight
junction to the veneer porcelain was observed in
scanning electron microscopic view of fracture sur-
faces (Fig. 6). But there were also few voids at the
interface between core material and veneer porce-

Table 1. Fracture strength (N) and mode of fracture of the ceramic bridges

In-Ceram Copy-milled In-Ceram IPS Empress 2
Strength Mode Strength Mode Strength Mode
1 4547 A 5302 A 4576 A
2 633.7 A 5302 A 5321 A
3 401.9 A 4900 A 630.0 A
4 496.2 A 4955 A 467 A
5 4484 A 4874 B 3231 B
6 5634 A 380.1 B 530.6 A
7 5459 A 5318 A 4467 A
8 5269 A 5430 A 503.0 A
9 4684 A 4873 A 4936 A
10 4787 A 4780 A 4079 A
A=Fracture of ceramic only; B=Fracture of one of resin tooth with ceramic bridge segment.
Table I . Descriptive data of fracture strength
Standard  Standard 95% Confidence Interval for Mean . .
System N Men  poiaon  Emor LowerBound UpperBound  Miimum Maximum
In-Ceram 10 501.82* 67.08 2121 453.83 549.80 40190 63370
Copy-milled In-Ceram 10 495.35* 46.87 14.82 461.82 528.87 38010 54300
IPS Empress 2 10 477.13* 8229 2602 41826 536.00 32310 63000
Total 30 49143 65.52 11.96 46697 515.90 32310 63370
* Not significantly different(>>0.05).
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Table I . Data computation under Weibull distributions

. ., Characteristic ~ 95% Confidence B10 95% Confidence
System StaETaId 951: Co:;lﬁd:nce strength So interval of So strength interval of BI0
S ™ W) ™
In-Ceram 801 185 5.09-12.6 530.69 488.82-576.15 400.69 336.9476.5
Copy-milled In-Ceram lo44 435 9.79-27 61 513.03 493.27-533.58 44740 408.8-489.7
IPS Empress 2 665 157 4.19-1057 510.11 462.27-562.89 363.79 29494488
m=estimated shape parameter(Weibull modulus).
lain.

Fig. 5. Fracture pattern of all-ceramic fixed partial
denture.
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From the Weibull plots of the bridge systems
(Fig. 7), the fracture resistance of the bridges at 10
% probability of failure (B10 strength) was cal-
culated (Table [i). The B10 value is commonly
used in manufacturing industries as a thresh-
old for design requirements. All confidence in-
tervals overlapped with each other at B10 strength
and there was no significant difference in B10
strengths among the 3 all-ceramic bridge sys-
tems. The Weibull modulus value(m) for copy-
milled In-Ceram was higher than those for other

Fig. 6. SEM view of homogeneous structure of the
core material and tight junction to the veneer porcelain
: A, In-Ceram. B, Copy-milled In-Ceram. C, IPS Empress
2. (Original magnification X 500.)
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Fig. 7. The failure probability of all-ceramic bridge systems.

Table IV. Two-way ANOVA of data

Effect , F P

System* 12511 0.000
Surface* ] 5297 0.002
Tooth 1162 0283
System X surface* 2810 0013
System X Tooth 1527 0221
Surface X Tooth 1.855 0.140

* Marked effects significant at P<0.05.

Table V. Means and standard deviations of the absolute marginal discrepancies (um) of three ceram-
ic systems

Standard 95% Confidence Interval for Mean

System N Mean Deviation Lower Upper Minimum  Maximum
In-Ceram 112 96.9° 2352 90.6 103.12 8 170.2
Copy-milled In-Ceram 12 11225 2345 10597 11854 56.1 169.5
IPS Empress 2 112 93.62 21.15 8795 99.28 Q27 1456
Total 33 10092 2402 9727 104.58 27 1702

Means within the column with the same superscript were not different (P=0.05).

Table VI. Means and standard deviation of the absolute marginal discrepancies (um) of various surfaces
Standard 95% Confidence Interval for Mean

Position N Mean Deviation Lower Upper Minimum  Maximum
Fadial 84 102.32 24 95.33 109.30 60.6 157.8
Mesial 84 10653 2727 9803 115.03 27 1702
Lingual 84 90.02 2022 8371 96.32 56.1 1322
Distal 84 104.84 2289 97.70 111.97 54.8 1695
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Table VI. Means and standard deviation of the absolute marginal discrepancies (um) of three ceramic bridge

systems on various surfaces

System Facial Mesial Lingual Distal Total
Tn-Ceram Incisor 97.81(21.73) 117.10(25.74) 8081(16.32) 8333(17.62) 9476(24.42)
canine 104.19(25.62) 103.27(21.86) 81.73(20.82) 106.95(17.39) 99.04(22.83)
Copy-milled incisor 112.81(24.73) 119.50(17.27) 104.96(17.90) 123.04(24.94) 115.08(2147)
In-Ceram canine 118.73(21.15) 125.13( 2.24) 850(1701)  11036Q2307)  10943(25.36)
IPSEmpress2  Incisor 93.26(16.64) 104.07(19.93) 9524(2025)  100.14(11.03) 98.18(16.92)
canine 87.10(11.61) 7009(22.22) 93.86(23.17) 105.19(26.43) 89.06(24.12)
Total 102.32(2242) 106.53(27.27) 90.02(20.22) 104.84(22.89) 100.92(24.02)
( )means standard deviation.
180
A *
160 1 T
140
120 4
100 1
80 4 .
60 4 :
40 4
20
INC_F INC_L  CELAY.F  CELAY.L  E2.F E2_L
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Fig. 8. Box plots of the measurements for the marginal fit. The medians are indicated by the horizontal
line within the box; the box represents the interquartile range; *indicate outside values. (INC=In-Ceram;
CELAY=Copy-milled In-Ceram; E2=IPS Empress2; F=facial; M=mesial; L=lingual; D=distal)

systems. IPS Empress 2 and In-Ceram bridges

showed similar value of modulus(Table ).

Marginal fit

Two-way ANOVA revealed significant differ-

ences among the three ceramic bridge systems,
among the various surfaces, and among the sys-
tem-surface interaction (P<0.05) (Table IV ). There
were no significant differences in the absolute mar-
ginal discrepancies between abutments (P>0.05).
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One-Way ANOVA and Sheffe post hoc analysis
showed that the copy-milled In-Ceram group
(1124m) possessed significantly larger marginal
discrepancy than either the conventional In-
Ceram group (97um) or the IPS Empress 2 (94,m)
group (Table V). The mean marginal discrepancy
of the three ceramic systems met the criterion of
an acceptable marginal discrepancy at 120m .
The one-way ANOVA and Scheffe post hoc
analysis showed that the lingual location had a sig-



nificantly smaller absolute marginal discrepancy
than mesial and distal position (Table VI). Table
W and Fig. 8 depicts the absolute marginal dis-
crepandies of the three bridge systems at each mar-
ginal location. All marginal locations of the three
systems met the 1204m criterion.

DISCUSSION

Fracture strength

The present study revealed that there were
no significant differences in fracture strength of
In-Ceram conventional bridges, copy-milled In-
Ceram bridges, and IPS Empress 2 bridges. The
Weibull method could be the statistics of choice
for the failure analysis of brittle materials.”
Having selected the Weibull method to analyze
the current data, the authors compared the B10
strengths®of the all-ceramic systems rather than
the characteristic strength (probability of failure
at 63.2%) as some investigators did."*” As discussed
earlier, the B10 strength is the strength of the
system when it is probable that 10% of the spec-
imens in the system could fail. The use of B10
strength in reporting and comparing data should
be more stringent and clinically more meaning-
ful than the use of characteristic strength or
mean strength values. The use of characteristic
strength as the parameter to report and com-
pare findings will render the conclusion drawn too
optimistic. The Weibull parameter () reflects
the distribution of data according to the fre-
quency of occurrence. The m value for copy-
milled In-Ceram, at 16.4, was higher, than those
for other systems, which ranged from 6.7 to 8.0.
A higher = value implied less variation in the re-
sistance to fracture, which was indicative of
product consistency. Compared with the con-
ventional In-Ceram technique and IPS Empress
2 system, using an industrially sintered alumina
core material might lead to a lower variation of the

fracture forces.
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Direct comparisons of the results of this study
with others are difficult because the study designs
are different. The compressive testing of the
crowns is not a standard method like a bending
test of a geometrically well-defined bar. Many fac-
tors influence the results: preparation design,
crown thickness, direction of the applied load, lo-
cation of load application, and radius of the
loading stylus.** Therefore, the current result with
those reported previously for the fracture strength
of all-ceramic single crown is also various. Two
studies did not show any significant difference in
fracture resistance between In-Ceram and origi-
nal IPS Empress anterior crowns.®* One study re-
vealed that the fracture resistance of In-Ceram pre-
molar crowns was significantly higher than that
of original IPS Empress premolar crowns.?
However, no significant differences were found
between the 2 crown systems after they were
fatigued in a wet environment.”

In the comparative study of the fracture strength
with conventional and copy milled In-Ceram,
Rinke et al.° reported that there was a signifi-
cant difference in the fracture strength in anteri-
or crowns. In the current studies, In-Ceram
crowns fabricated from machine-milled copings
did not possess fracture resistance significantly dif-
ferent from conventional In-Ceram or IPS Empress
crowns. =%

There was no reported data about fracture
strength of all-ceramic bridge systems only but In-
Ceram bridges. Kern et al. demonstrated in an in
vitro study® that the fracture strength of all-
porcelain, resin-bonded In-Ceram FPDs is de-
pendent on the framework and prosthesis design
and values of up to 500N were reported when
these units were bonded onto rigid metal abutment.
In the studies that considered artificial oral con-
dition including human extracted teeth, artificial
periodontal membrane, and thermal cycling, In-
Ceram resin bonded anterior FPD and In-Ceram
posterior FPD exhibited fracture strength of 171.7



~296N*and 334N (mean value)” respectively.
All specimens in this study were loaded in a uni-
versal testing machine until fracture occurred. Initial
fracture originated from the locally induced
stresses of the load application, and crack prop-
agated along the plane of maximal tensile stress.
It was observed in the specimens by progres-
sion of the cracks from the load point to the joint
undersides. This fracture mode is consistent with
other previous studies.”? Three specimens were
fractured completely in one side of connector
and, as a result, the opposite side of resin tooth
were subjected cantilever load so that the fracture
occurred below the tooth neck. The fracture
strength value of those specimens was included
in statistics, because the peak value for those
specimens also could be considered as the fracture
resistance value of connector of ceramic bridge.
In the analysis of clinically failed In-Ceram
bridges® and IPS Empress 2 bridges® revealed that
fracture occurred through the core material and
through the connector between abutment and
pontic. Finite element analysis® of the all-ce-
ramic bridges found that maximum tensile stress-
es would occur at the connector portion of the
model, especially at the core-veneer interface if
there was appropriate elastic modulus differ-
ences between the ceramics and if a small amount
of abutment rotation was allowed. With abutment
tooth rotation constrained, the highest stresses pre-
dicted to occur on the lower surface directly be-
low the applied load. The stress distribution pat-
tern in all-ceramic bridges was consistent within
several studies.”** All of the all-ceramic sys-
tems used in this study are composed of core and
veneering ceramic. Core ceramics are generally
high elastic modulus/high strength materials
compared with veneering ceramics. Since core ce-
ramics are used internally in FPD pontics and con-
nectors, those portions of the prosthéses become
trilayer laminate structures. Stress distribution, and
therefore failure behavior, can be quite different
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in laminate structures. Interfaces can be the site
of unique defects, boundary phases, and thermal
incompatibility stresses, in addition to those
stresses arising from elastic property discontinuities.
Veneering ceramic controls failure of the all-ceramic
FPD connector. The fractdgraphic evidence” of
failed In-Ceram bridge described two separate fail-
ure sources contributed by the veneer, one from
the external surface and the other at the interface,
as opposed to one failure source, at the inter-
face for the core material. Porosities in the veneer
porcelain promoted initial cracks, and crack
growth led to a reduced fracture resistance.® A po-
tential reinforcement of the core material might
be partially neutralized by imperfection of the ve-
neer porcelain.

In this study, although In-Ceram has higher flex-
ural strength than IPS Empress 2, there was no sta-
tistically significant difference in fracture strength
of among systems. IPS Empress 2 material have
more favorable mechanical properties than ALOs
sintered ceramics, since its modulus of elasticity
of 90 to 100 GPa is considerably lower.” It also
might be contributed to the high fracture strength
of IPS Empress 2 bridge. An influence of the us-
ing presintered copy-milled In-Ceram blank on
the mechanical properties of the In-Ceram was not
detected. The difference in the strength of veneered
high-strength all-ceramic bridges was not so
great as expected. The survivability of multi-
material clinical structures will be influenced by
material thickness ratios, geometric design factors,
processing variables, and thermal history in ad-
dition to the mechanical and elastic properties of
component materials.

Several studies used metal,*** resin dies'®"”
%% or natural teeth®*¥ for the fracture testing of
crown. The advantage of metal and resin die is the
possibility of a standardized preparation and
the identical physical quality. However, abut-
ment made of steel or resin do not reproduce the
actual force distribution that occurs on crowns ce-



mented to natural teeth. Frequently used metal
abutments, for example, have a high modulus
about 200 GPa in comparison to human teeth
with moduli between 5 and 23 GPa.” Influences
of different abutment moduli of the fracture
strength may lead to a false evaluation of the
properties of the tested restorations; the greater
deformation of the teeth results in a higher shear
stress at the inner crown surface. The high
strength resin teeth was selected in this study be-
cause it has a modulus of elasticity more closer to
reported modulus of human dentin (18.3MPa)*
than metal teeth and it responds to acid etching
(34% phosphoric acid) by creating microundercuts
to allow bonding.**

All ceramic bridges were adhesively luted to the
abutments. Many studies showed a strong en-
hancement of the breaking strength of all-ce-
ramic crowns bonded to dies or teeth versus
nonbonded crowns.?* It was hypothesized that
a “die-crown” unit is created by cementing the all-
ceramic crowns onto the resin dies. This hy-
pothesis can be substantiated by the change in the
surface flaw geometry that occurs as consequence
of the hydrofluoric acid-etching procedure, by the
reduction of stresses at the flaw tips as the stress-
es are transferred to the bonding medium, and by
the intimate contact between the crown and the
die that minimizes the weak link of the system.”
In other words, there is a potential flaws and
shape of the porcelain flaws and enables the
resin cement to penetrate to the flaw tips as it fills
the gap between the crown and the die.

Even though hydrofluoric acid promotes etch-
ing and improves the bond strength of glass ce-
ramics and most of the feldspathic porcelains
with low and medium alumina content, it neither
affects the surface nor improves the bond strength
of the high alumina-content core ceramics.”
Therefore, the internal surface of In-Ceram bridges
was treated by sandblasting with 50,m alu-
minum oxide at 2.5 bar and ultrasonically cleaned

654

in distilled water for 10minutes. This sandblast-
ing method roughens the internal surface of the
alumina core and increases the area available
for bonding. |

In an attempt to correlate the results of this study
with published clinical studies, the authors can find
only incomplete clinical data concerning the
long-term performance of In-Ceram and IPS
Empress 2 bridge. Caution must be exercised
when extrapolating laboratory data to the clini-
cal situation because many in vivo variables are
excluded from a controlled laboratory study.
Although the model used resembled clinical
conditions, it did not simulate the movement of
abutment teeth within the periodontal ligament.
Minor periodontal movements enhance the flex-
ural strain between the abutments in the inter-
proximal position."** Also, static testing gives no
clues about the long-term material properties
under cyclic stresses. However, compressive
strength studies of crown systems within their lim-
its give an idea for the load-bearing capacity in sim-
ulated clinical situations.

Maximal forces that may appear in the anteri-
or dental area vary between 98N and 360 N,* how-
ever, the normal anterior physiologic forces gen-
erated during chewing procedures are much
smaller and fall in the range of 10~35N.* From
the previous in vitro investigations of this type de-
mands on the mechanical strength of all ceram-
ic fixed partial dentures were formulated: an
initial strength of 400N for the anterior tooth
and of 600 N for the posterior tooth area has to be
attained. This requirement maintains the premis-
es that the fatigue strength only amounts to ap-
proximately 60% of the initial strength and that
average maximum bite forces of nearly 200N
occur in the anterior tooth area while forces of 300N
occur in the posterior tooth area. Although that
is only a very modest minimum requirement,
which is not supported by any in vivo study, it
may be stated that In-Ceram as well as IPS



Empress 2 bridges within the limit of this study
showed a sufficient initial strength to allow clin-
ical testing of these all-ceramic bridges

In all ceramic three-unit fixed partial dentures,
achieving adequate occlusogingival height for
the connector is of primary importance. Connector
dimensions ranging between 4mm in height and
4mm in width (a surface area of 16mm?) at the an-
terior area, and 5mm in height and 4mm in
width at the premolar area, are recommended for
preventing a catastrophic failure.” Since the core
ceramic is stronger than veneer ceramic, the sub-
structure for the fixed partial denture should be
designed so as to maximize the core material
and only minimum amounts of sintered glass-ce-
ramic should be applied to the lingual area of the
fixed partial dentures to improve the load-bear-

ing properties of the material.

Marginal fit

There was a significant difference among the sys-
tems and a trend toward higher marginal dis-
crepancy with 112,m of the copy-milled In-
Ceram bridges than conventional In-Ceram(97 zm)
and TIPS Empress 2 (94,m) bridges. This result is
not in agreement with findings of Rinke et al.* who
found no statistical difference between the In-
Ceram and copy-milled In-Ceram groups. The lin-
gual margin of the all-ceramic crowns shows
smaller marginal discrepancy than distal sur-
faces. The phenomenon of greater marginal dis-
crepancy mesial-distally observed in the metal-
ceramic FPDs® was not present in this study.

The ceramic coping fabrication accounted for the
different marginal discrepancy of the ceramic
system.® The lost wax technique is used for the fab-
rication of Empress copings. The wax pattern is
fabricated on a stone die with die spacer ap-
plied. The thickness of the die spacer recom-
mended ranges from 25 to 40pm.” Thermal
shrinkage of approximately 0.2%* of the ceram-
ic coping is also expected after casting. This ther-
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mal shrinkage is compensated by setting and
thermal expansion of a phosphates-bonded in-
vestment at approximately 0.3%* and 0.2%, re-
spectively. Thus the net dimension of a cast ceramic
coping is the result of the expansion and con-
traction of various materials used in its fabrication.
The intricate balance and control of the materials
are necessary for an acceptable fit.

The fabrication of the In-Ceram aluminous
core consists of two stages: condensation of the alu-
minum oxide powder onto the refractory die
followed by a glass-infiltration process. Careless
shaving of excess slip material and adjustment of
sintered framework at the margin area could
potentially lead to increased marginal discrep-
ancy.* In copy-milled In-Ceram, the skillful
management of proto-type resin pattern and the
scanning sensitivity is important. After the glass-
infiltration firing for both conventional and copy-
milled technique, the excess glass must be trimmed
using a rotary instrument and then sandblasting.
This procedure also must be performed careful-
ly and may influence to marginal integrity.

The error occurred at each step of the fabrica-
tion of an all-ceramic system would be either
compound or offset previous errors. Although the
number of steps involved in the fabrication of all-
ceramic crowns was not a direct indication of
the quality of the marginal integrity, it may be sug-
gested that the more the steps involved, the
more likely it is that technical errors will occur.

The cementation phenomenon adds another im-
portant variable to the vertical marginal dis-
crepancy of a crown system. Jorgensen study,”
which compared pre-and post-cementation mar-
ginal adaptation values, clearly showed that any
study aimed at determining the marginal adap-
tation of a crown system requires cementation of
the crowns with procedures that simulate the
clinical situation. The hydrodynamic intracoronal
pressures that develop during cementation and
that prevent complete seating of crown have



been well documented.”* Studies that seat var-
ious crowns on test dies and measure marginal
openings without cementation will not correctly
reflect the marginal adaptation.

Comparison between the present and previous
studies must be made cautiously. The values re-
ported often depend more on study design and
measurement method than on the materials test-
ed. Generally, the evaluation of the marginal
discrepancy of crowns depends on several factors:
treatment (such as aging procedures) after ce-
mentation; Kind of microscope; Measurement
of cemented or not-cemented crowns; Storage
time and enlargement factor used for measurement;
Kind of abutment used for measurements.
Therefore, previous studies involving various
materials and techniques have resulted in a
tremendous range of value for measurement of fit.
The marginal fit of different all-ceramic crowns
has been studied. The results show a high variation
within one crown system. In one study, the mean
value was 281 3.13pm,* and in another study it
was 160 +45.98,m.*” Rinke et al. also found that
the marginal discrepancy of cemented In-Ceram
crowns ranged from 1 to 153gm (median 32.5,m)
with a conventional technique, and from a 3 to 153
w#m (median 38,m) with a copy-milled technique.
All data should be analyzed under the consid-
eration of the study design. '

The cross-sectional method is time-consum-
ing, requires additional steps, and sacrifices the
crown. This method precludes measurement of
marginal distortion at the various stages of porce-
lain firing on the same samples, but the additional
steps and effort provide more information and
greater accuracy of measurement. The cross-sec-
tional evaluation of margins allows greater pre-
cision in determination of measuring points and
permits determination of the degree of horizon-
tal discrepancy that is not possible with the direct
viewing technique. In addition to that, to ob-
serve the marginal discrepancy adjacent to the con-

656

nector in this study, specimens should be sectioned.
The absolute marginal discrepancy chosen for this
study always represents the maximum mea-
surement of misfit at the margin and always
greater than (or equal to) the vertical margin
discrepancy or marginal gap in this study. From
a practical standpoint, most experienced clinicians
would be satisfied with discrepancies in mar-
ginal fit of 50zm or less and provably deem a fit
of 100pm clinically acceptable in some cases.
McLean and von Fraunhofer® in a 5-year clinical
study of 1000 restorations concluded that 120,m
was the maximum acceptable marginal open-
ing. All systems in this study met the criterion for
acceptable marginal discrepancy of 120m.

CONCLUSIONS

Within the conditions and limitation of this
study, the following conclusions were drawn :
1. There was no significant differences in the

fracture strength among the three all-ceramic

bridge systems.

2. The Weibull modulus of copy-milled In-Ceram
was higher than that of In-Ceram and IPS
Empress 2 Bridges.

3. The mean absolute marginal discrepancy of the
all ceramic bridges in descending order was:
copy-milled In-Ceram (112+23,m), In-
Ceram(97 = 24um), and IPS Empress 2 (94421
pm). Copy-milled In-Ceram showed signifi-
cantly greater marginal discrepancies than
the other systems.

4. The lingual surfaces of the ceramic crowns
showed smaller marginal discrepancies than
mesial and distal points. There was no sig-
nificant difference between teeth (incisor, ca-
nine).

5. All-ceramic bridges of three systems appeared
to exhibit sufficient initial strength and ac-
ceptable marginal fit values to allow clinical ap-

plication.
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