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PURPOSE. To investigate the fracture resistance of monolithic CAD-CAM all-
ceramic surveyed crowns with two different occlusal rest seat designs. MATERIALS
AND METHODS. Two maxillary first premolar were prepared for all-ceramic
surveyed crowns with wide (2/3 of buccolingual width of an unprepared tooth)
or narrow (1/3 of buccolingual width of an unprepared tooth) disto-occlusal

rest seat (ORS) designs. Eighty monolithic CAD-CAM all-ceramic surveyed crowns
were prepared and divided into 4 groups - Group CR, Composite resin material

as a control; Group LDS, Lithium disilicate based material; Group ZIPS, zirconia-
material (IPS ZirCAD); and Group ZLHT, zirconia- material (CeramillZolidht+).
Crowns were cemented on an epoxy resin die with adhesive resin cement. The
fracture resistance of crowns was tested with the universal machine. Univariate
regression analysis was used. RESULTS. The mean = standard deviation of
maximum failure force values varied from 3476.10 £ 285.97 N for the narrow

ORS subgroup of group ZIPS to 687.89 £ 167.63 N for the wide ORS subgroup of
group CR. The mean = standard deviation of maximum force was 1075 £ 77.0 N
for group CR, 1309.3 = 283.9 N for group LDS, 3476.1 = 285.97 N for group ZIPS,
and 2666.7 &= 228.21 N for group ZLHT, with narrow occlusal rest seat design. The
results of the intergroup comparison showed significant differences in fracture
strength with various material groups and occlusal rest seat designs (P<.001).
CONCLUSION. The zirconia-based all-ceramic surveyed crowns fractured at
more than double the load of Lithium disilicate based crowns. The crowns with
narrow base occlusal rest seat design had statistically significantly higher fracture
resistance than surveyed crowns with wide occlusal rest seat design. The use

of narrow occlusal rest seat design in CAD-CAM all ceramic surveyed crowns
provides higher fracture resistance, and therefore narrow occlusal rest design can
be used for providing esthetics with high strength. [J Adv Prosthodont 2021;13:36-
45]
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occlusal rest seat designs

INTRODUCTION

With the accessibility of computer-aided design/com-
puter-aided manufacturing (CAD/CAM) systems and
the advent of higher-strength all-ceramic materials,
the trend to replace metal-ceramic crowns with high-
ly esthetic all-ceramic materials is increasing. Met-
al-ceramic crowns are currently the most commonly
used crowns for fixed prostheses,! but when demand
of esthetics is high, all-ceramic crowns are preferred
as they are visually appealing and biocompatible.*
Although the previously used all-ceramic materials
had a limitation of low fracture resistance but new-
er materials are more promising in this aspect. Fixed
restorations prepared from the zirconia-based ceram-
ics have been reported as alternatives to metal-ce-
ramic surveyed crowns for RPDs.>7 All ceramic materi-
als are inert, resistant to corrosion, and have reduced
electrical conductivity and temperature. Thus, the ap-
plication of all-ceramic crowns has become popular
because of easy fabrication, superior esthetics, and
biocompatibility.”

In recent years, all-ceramic crowns with superi-
or toughness and strength have been produced to
achieve the normal functions of the teeth. Regardless
of their success, a few all-ceramic crown restorations
fail after years of function.>” As stated in a clinical re-
port by Sattar et al., the major reason for the failure of
the ceramics is fracture.® Since the reported longevity
of all-ceramic restorations is 97.3% in 5 years, 93.5%
in ten years, and 78.5% in 20 years, its drawn-out
progress remains the main issue for prosthodontists.®

Zirconia and lithium disilicate based materials are
comparatively newly introduced materials for fixed
prosthesis. These are used as a core material for indi-
vidual crowns, a conventional fixed dental prosthesis
(FDPs), and resin-bonded bridges; it proves to be a
suitable option in higher stress situations.* These ma-
terials have good fracture resistance that withstands
occlusal forces (150 - 665 N);° the fracture strengths
of CAD/CAM zirconia machined restorations are more
than 1000 N0

A fixed restoration on a tooth that acts as an abut-
ment for a removable partial denture (RPD) is regard-
ed as one of the most complex restorative procedures
in Prosthodontics.® The single crown in RPD abut-
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ments are used to support clasp assembly and had
been described as surveyed crowns.® The all-ceramic
crowns can be produced by either heat-pressing the
ceramics material or fabricating with CAD/CAM from a
block of machinable ceramic. Production of a porce-
lain fused to metal restoration fabrication is complex
and lengthy, because repeated surveying in the labo-
ratory is necessary to design and produce an accurate
outline in the final restoration.® On the other hand,
CAD/CAM system makes a surveyed crown as it scans
and duplicates the anticipated contour or shape of
waxing or cast restoration in a simple way.10:12

An all-ceramic zirconia based fixed prosthesis has
been recommended as a reliable and effective al-
ternative to conventional metal-ceramic crowns or
FDP’s.1° Properly designed restorations with the ade-
quate distribution of loads of RPD’s on an abutment
tooth could increase the durability of both the RPD
and other oral structures.!314

The occlusal rest seat for an RPD gives longitudinal
support and permits occlusal loads to be transferred
along the long axis of the abutment tooth. More-
over, the correct shape of the occlusal rest seat and
abutment tooth permits suitable occlusal load trans-
fer, stability, and retention. Occlusal rest seats have
shown to be strong when made on enamel, amalgam,
or composite resin.?

The characteristics of all-ceramic crowns, partic-
ularly its brittleness, and the shape for the occlusal
rest seat should be suitable, sufficiently thick, and
adequately firm. In evaluating the fracture strength
of monolithic crowns, the bulk of the restoration ma-
terial is tested.!® Lan et al.1® stated that a diameter of
0.7 mm of a nonanatomic core was enough for with-
standing cyclic fatigue forces at an axial and 10° an-
gled force of a zirconia crown. Sun et al.!" reported
the fracture strength of various diameters of blocked
zirconia crowns in the anatomic form of mandibular
molars where the antagonistic load focused on the
center of a tooth, inside the crown. The fracture resis-
tance values were 1814.6 = 68.21 N for the 0.8 mm di-
ameter and 4109.93 £ 610.18 N for the 1.5 mm diam-
eter of zirconia restorations.’

In the present study, occlusal rest preparations that
were assessed had different buccolingual widths. The
recommended guidelines of occlusal rest seat design
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in buccolingual width should be 1/3 to 2/3 the bucco-
lingual width of the tooth or 1/2 the distance between
the cusp tips.182° When considering the recommenda-
tions that the occlusal rest seat design should be 2.0-
mm broad, the adequate width ranged from 1.53 mm
to 4.0 mm.%

To our best knowledge, studies on the fracture
strength of CAD-CAM all-ceramic crowns with rela-
tion to the various preparations of the occlusal rest
seats are missing. The objective of the current in vitro
study was to compare fracture resistance of mono-
lithic CAD-CAM all-ceramic surveyed crowns with two
different occlusal rest seat designs in the abutments
of RPD. The null hypothesis was that no variations
would exist in the fracture strength of CAD-CAM ce-
ramic crowns for RPD abutments with different occlu-
sal rest seat designs (wide and narrow base occlusal
rest seat).

Based on the material used for fabrication of surveyed crowns

https://doi.org/10.4047/jap.2021.13.1.36

MATERIALS AND METHODS

The present study was conducted in King Khalid Uni-
versity, Abha, KSA, in the Department of Prosthodon-
tics, College of Dentistry, and was approved by the in-
stitute’s ethics committee (SRC/ETH/2018-19/136). To
standardize the study protocol, a synchronized flow-
chart was prepared for the fabrication of samples (Fig.
1). Two extracted well-formed intact human maxillary
first premolars (#14) were selected from the institute’s
extracted teeth bank, disinfected, and stored in 0.1%
thymol solution. Later, both the teeth were mount-
ed in clear acrylic resin (Orthodontic Resin, Dentsply
Sirona, Mount Waverley, Australia), keeping the junc-
tion between cementum and enamel at 2 mm above
the acrylic resin base. Following this, these teeth were
prepared for the all-ceramic surveyed crown with a
disto-occlusal rest seat (ORS). 1.0 mm reduction was
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Fig. 1. Flow chart of study.
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done in the facial and axial side, 2.0-mm reduction
on occlusal surface, and rounded shoulder finish line
with 1-mm width was made circumferentially with 10
degrees of taper. 0.85 mm average thickness was kept
at the center of the floor of the rest seat in each tooth.
Based on ORS width, one tooth was designated with a
wide base occlusal rest seat and the other with a nar-
row base occlusal rest seat. In the wide base occlusal
rest seat, the width of ORS was 2/3™ of the buccolin-
gual width of unprepared premolar, while in narrow
base occlusal rest seat, the width was 1/3" of the buc-
colingual width of an unprepared premolar.

Subsequently, the scanning of prepared teeth was
done with a desktop scanner (Ceramill Map 400,
Amann Girrbach, Vorarlberg, Austria) and the data
was saved as a standard tessellation language (STL)
file format. These STL files were later transferred to a
3D printer (Form 2 3D printer Formlabs Inc., Somer-
ville, MA, USA), and printed in castable resins (Form-
labs Dental SG Resin, Somerville, MA, USA) with a di-
ameter of 0.05 mm for each layer and maximum laser
speed was 5,000 mm/s. Using these printed models,
master models were made in metal [cobalt-chromium
(Wirobond C, BEGO GmbH, Bremen, Germany)] after
casting. The master metal dies prepared were dupli-
cated in epoxy resin dies. A total of 80 dies were pre-
pared.

Next, the STL files of prepared teeth were trans-
ferred to CAD software (Cerec InLab 4.2, Dentsply
Sirona, Mount Waverley, Australia) for the designing
of full coverage surveyed crowns with pre-decided
ORS design. Two virtual crowns having 0.5 mm of ce-
mentation space and different widths of ORS were
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designed. The final crown production was done us-
ing a milling machine with 5-axes (Ceramill Motion 2,
Amann Girrbach, Vorarlberg, Austria) with a bur diam-
eter of 1 mm and 3 mm following the manufacturer’s
recommendation.

Four groups were made based on the tooth-colored
materials used for the fabrication of surveyed crowns:
Group CR, Composite resin material (MZ100 Blocks,
3M ESPE, St. Paul, MN, USA) used as a control (Rest
seats are considered to be stable when prepared from
restorative materials such as composite resin?) (n =
20); Group LDS, lithium disilicate based material (IPS
e.max CAD Planmill MT Al C14, IvoclarVivadent AG,
Amherst, NY, USA) (n = 20); Group ZIPS, zirconia-mate-
rial (IPS e.maxZirCAD LT, lvoclarVivadent AG, Amherst,
NY, USA) (n = 20); and Group ZLHT, zirconia-material
(Ceramill Zolid ht+ High Translucent Zirconia, Amann
Girrbach, Vorarlberg, Austria) (n = 20) as shown in (Ta-
ble 1).

Crowns of the individual groups were further segre-
gated into 2 subgroups with two different shapes of
occlusal rest seat design: wide base occlusal rest seat
(WORS) subgroup (n = 10), and narrow base occlusal
rest seat (NORS) subgroup (n = 10). After milling, the
crowns were finally sintered, polished and glazed fol-
lowing the manufacturer’s instructions for each ma-
terial. Representative crown samples of both ORS
designs are shown in (Fig. 2). For the groups ZLHT
and ZIPS, the tissue surfaces of the samples were
air-abraded with 50-um aluminium oxide at 0.2 MPa
for 10 seconds followed by conditioning with a uni-
versal adhesive agent (Scotchbond Universal Adhe-
sive, 3M ESPE, St. Paul, MN, USA) for 20 seconds. The

Table 1. Groups and material used for fabrication of all-ceramic surveyed crowns

Group Materials Composition Manufacturer Occlusal rest seat design
CR MZ100 Blocks Shade A Composite resin f/ll\l/l\l,ESQE, silPau: \;V;(:reoSva:se

LDS :\;.? Ae.lrr&aﬁlCAD Planmill Lithium disilicate IAV;%l::;/ti,V:l?(,eS;/A-\G’ \;V;(:foaa::se

ZIPS IPS e.maxZirCAD LT Zirconia Z&ﬂ::ﬁ:’;ﬂfggﬁa ‘;V;ffosva::se
ZLHT Ceramill Zolid ht High Zirconia Amann Girrbach, wide base

Translucent

Vorarlberg, Austria narrow base

https://jap.or.kr
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Fig. 2. Representative images of all ceramic surveyed crowns
with 2 occlusal rest seat designs. (A) wide occlusal rest seat-
WORS; (B) narrow occlusal rest seat- NORS.

epoxy resin dies were applied with the same adhesive
agent for 20 seconds and dried with air for 5 seconds.
The cementation of crowns was done by dual-polym-
erizing adhesive resin cement (RelyX Ultimate Adhe-
sive Resin Cement, 3M ESPE, St. Paul, MN, USA). 70%
ethyl alcohol was used to clean the crowns of group
CR on the intaglio surface and then the crowns were
conditioned and cemented similar to zirconia groups.
For standardization, the same operator performed all
bonding procedures.

For LDS group crowns, 5% hydrofluoric acid for 20
seconds was used, and then the crowns were cleaned
and immersed in distilled water and subsequently
cleaned in an ultrasonic bath for 5 minutes following
the manufacturer’s recommendations. The internal
surface of the crowns was then applied with Mono-
bond Plus (lvoclarVivadent AG, Amherst, NY, USA) for
60 seconds. A bonding agent (Adhese, IvoclarVivadent
AG, Amherst, NY, USA) was applied for 20 seconds
and then dried with air, and then the crowns were
cemented with resin cement (VLEsthetic DC, Ivoclar-
Vivadent AG, Amherst, NY, USA).

All crown samples were kept in distilled water at 37°C
for 24 hours before testing. The testing of the sam-
ples was done in a universal testing machine (Model
5855, Intron Corp.). To prevent the slipping of the rod
and to avoid concentrations of forces at irregularities
on the occlusal surface, part of the rubber dam was
positioned between the surface crown and the rod of
the Instron machine. A static compressive axial load
was applied in the center of each crown in such a way
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Fig. 3. (A) Specimen in position for compression test in universal
testing machine, (B) fractured crown - occlusal view, (C) fractured
crown-axial view.

that force was exerted on the triangular ridges of both
buccal and palatal cusps, at a crosshead speed of 1
mm/min through a 3.5 mm diameter of rod head. The
compressive force (in N) at fracture was noted for ev-
ery sample as failure load (Fig. 3). The data obtained
were assessed using descriptive statistics and making
comparisons among the various groups (Mean & SD).

Univariate regression analysis was used to find ef-
fects of material & occlusion rest seat design. 95%
confidence limits were applied to see the significantly
higher or lower values of fracture strength for various
materials & ORS designs. The P-value was taken sig-
nificant when less than 0.05 (P <.05) and a confidence
interval of 95% was taken.

RESULTS

The mean * standard deviation of maximum fail-
ure force values varied from 3476.10 &= 285.97 N for
the narrow ORS subgroup of group ZIPS to 687.89 &=
167.63 N for the wide ORS subgroup of group CR. Both
zirconia-based groups ZIPS and ZLHT crown fracture
strengths were statistically significantly greater than
IPS e.max CAD and LDS crown fracture strengths (P
<.05) (Table 2). All checked material groups showed
statistically significantly higher maximum failure

https://jap.or.kr
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Table 2. Intergroup comparison of fracture strength for
various material groups and occlusal rest seat design

J Adv Prosthodont 2021;13:36-45

Table 3. Intergroup comparison of fracture strength for
various material groups and occlusal rest seat design

Material group Mean SD Source F P-value Effect size
N-ORS 1075.07 77.60 Intercept 4624.15 <.001 0.985
CR W-ORS 687.89 167.63 Material Group 385.61 <.001 0.941
CR Total 881.48 235.82 ORS design 68.35 <.001 0.487
N-ORS 1309.30 239.60 Material + Design 0.81 491 0.033
LDS W-ORS 937.83 108.18
LDS Total 1123.56 262.78
N-ORS 3476.10 285.97 CR & LDS crown fracture strengths showed signifi-
ZIPS W-ORS 2968.92 319.71 cantly lower strengths, lying below the 95% lower
ZIPS Total 3222.51 393.51 confidence limit which (Fig. 4).
N-ORS 2666.70 22821 The results of the intergroup comparison (univariate
JLHT W-ORS 2083.82 400.88 regression analys.is) shf)wed significant differences in
fracture strength in various material groups (P <.001)
ZLHT Total 2315.26 436.11 and occlusal rest seat designs (P <.001). However, no
N-ORS 2131.79 1020.81 significant interaction effect of material & design was
Total W-ORS 1669.61 964.96 present in fracture strength (F = 0.81, P = .491). Fur-
Total 1900.70 1014.00 ther, the effect of the material was more significant

force for the narrow ORS design when compared with
the wide ORS design (P <.05).

All the ZIPS and ZLHT crown fracture strengths with
N-ORS showed significantly higher strengths, lying
above the 95% upper confidence limit, while all the

than the occlusal design based on effect size estima-
tion (0.941) (Table 3).

DISCUSSION

The mastication forces in humans have been noted
to be nearly 40 N, while the mean maximum poste-
rior teeth masticatory forces range from 200 to 540
N.22 The average fracture forces for composite materi-

----»--- fracture strength Avg 95% LCL ——— 95% UCL
4000
z %% Fo
< 3000 ; T S
&) ‘.,
g 2500 T
@ 2000 : - ~—
o . 9
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&g & 5 € £ 5 £ o B £ &£ 95 T O
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Fig. 4. Results of fracture strength for various material groups and occlusal rest seat design.
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al and all-ceramic crowns were reported higher than
the common masticatory loads. Korber et al. report-
ed in their study that single crowns should have more
than 450 N fracture strength and bridges should have
more than 500 N fracture strength in the mouth.?3
According to the findings of the current study, it was
observed that the minimum fracture resistance value
was 687.89 N, which was in accordance with the study
of Korber et al., in which they reported that the frac-
ture strength value for a single crown should be high-
erthan 450 N.23

The findings of the current study showed that dif-
ferent CAD-CAM all-ceramic zirconia-based surveyed
crowns with two occlusal rest seat preparations
would have a range of fracture resistance for RPD
abutments which was greater than the recorded oc-
clusal loads. In the present study, CAD-CAM zirconia
crowns had adequate strength to resist the highest
occlusal loads calculated in young dentate persons;
on the other hand, the composite resin and the lith-
ium disilicate may not have enough strength com-
pared to zirconia-based crowns.1417

Regarding the fracture resistance testing, the pres-
ent study showed that there was a considerable sta-
tistically significant difference between mean fracture
resistance values of zirconia and lithium disilicate in
both the narrow and wide occlusal rest seat designs;
hence the null hypothesis formulated was rejected. In
the current study, the zirconia crowns fracture resis-
tance values were also accordant with the findings of
Sun et al.!” The surveyed crowns with narrower base
occlusal rest seat preparation had approximately 20%
more fracture strength than the surveyed crowns with
wide occlusal rest seat design.

The designs of all the surveyed crowns were iden-
tical and duplicable because the crowns were made
with a CAD-CAM machine utilizing an STL file record
for all the crowns. The current study inspected the
influence of two different occlusal rest seat prepara-
tions made of CAD-CAM system on fracture strength
of tooth-colored surveyed crowns. Testing condi-
tions and model materials were selected cautiously
to reproduce clinical condition as faithfully as pos-
sible. Design of teeth and dimensions of the occlu-
sal rest seats were carried out according to the stan-
dard protocol. All crowns were fabricated by a single
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technician of the dental laboratory following a simi-
lar protocol using the zirconia, lithium disilicate, and
composite materials. The epoxy resin was used for die
fabrication as its elastic modulus is the same as that
of human dentin.®> The resistance analysis procedure
is frequently used to assess the mechanical charac-
teristics of the loaded samples directing to controlled
failure at the point of stress concentration under con-
trolled laboratory conditions.t>24

Contradicting to the findings of the present study,
Martinez-Rus et al.?> reported higher fracture strength
of titanium abutments restored with lithium disili-
cate crowns than zirconia abutments. They reasoned
that because of the low load-bearing capacity of
glass-ceramics in comparison to titanium, lithium di-
silicate crowns were demarcated as the weakest com-
ponents in abutment-crown assemblies, so implant
abutment made of titanium didn’t fracture. Titanium
abutment-manually veneered zirconia crown combi-
nations presented no crown fracture but only implant
neck distortion.

The mean fracture strength of the zirconia crowns in
the present study was more than 2000 N in all groups,
which is more than the normal mastication load of
300 N to 600 N.°> The fracture strength experienced in
the current study could be compared well to the pre-
vious in vitro studies.”121617 As in a zirconia crown,
less deformation is produced because of its increased
elastic modulus; as a result, less stress is provoked in
the zirconia crowns, but overloaded zirconia inevita-
bly results in fracture of the crowns.?¢

The result showed that the width of the rest seat
greatly affected the strength of the surveyed crown.
NORS design was superior to the WORS in terms of
fracture strength. Combining the results from NORS
and WORS, narrow was considered to be better as it
would result in more thickness of ceramic material
around the cuspal area resulting in higher strength
and also offers the merits of less abutment prepa-
ration than the wide rest.2” Moreover, the narrower
rest designs were mechanically stronger in zirconia
crown than the lithium disilicate, thus withstanding
the heavy loads. The ideal outlines of rest seats had
not been scientifically determined until now. In cur-
rent study, 1/3 and 2/3 B-L widths of the rest seats on
the occlusal surface were proposed for all-ceramic

https://jap.or.kr
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surveyed crowns on premolars and NORS proved bet-
ter as it would provide bulk to the crown material. On
the other hand, the abutment may get greater stress
in the tooth with narrower than wide occlusal rest
seat preparations. Sato et al. noted that the strength
(the structural resistance of the occlusal rest seat)
decreases with width.2® However, two-third occlusal
rests are ideal, as reported by most authors.?82°

In accordance with the current study, Sagsoz!? re-
ported that the fracture resistance of lithium disili-
cate crowns (787.99 N) was lower than the fracture
strength of zirconia crowns (843.18 N). With the find-
ings of the study, it was apparent that the fracture re-
sistance of zirconia crowns with NORS proved superi-
or to the lithium disilicate. The significant difference
was associated with the special properties of the zir-
conia that made them remarkable for application as
surveyed restorations. Additional investigations of zir-
conia carried out in permanent crown restorations by
Nakamura et al.,?® Kim et al.,3° Vagkopoulou et al.,3!
and Denry and Kelly3? also determined that zirconia
crowns were of superior quality in comparison to the
crowns fabricated from other all-ceramic materials.

Zirconia has altered the traditional management
ideas of surveyed crowns and RPDs. The superior es-
thetics provided by the zirconia crown compared to
metal or metal-ceramic crown enhanced the accep-
tance by the patient even though the RPD framework
is of metal.®31-33 The findings of the present study
proved that the zirconia crowns were capable to with-
stand the maximum load until fracture in compar-
ison to the lithium disilicate crowns.343 Single zir-
conia crowns with NORS are appropriate for clinical
application in abutment teeth in cast RPDs. Fracture
in the veneering porcelain stays a concern even with
veneered zirconia, while the zirconia surface in occlu-
sal rest seats for RPDs proved no wear. Ohlmann et
al. stated that the fracture resistance of zirconia with
NORS is more than the lithium disilicate and compos-
ite resin crowns depend notably on the occlusal di-
ameter of the crowns and the type of cement used.3¢

The limitations of the study included static loading
and the direction of load perpendicular to the occlu-
sal surface. Temperature and the oral environment
effects were also not regarded. The standardization
of the milling machine was not assessed; the number

https://jap.or.kr
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of axes and cuts possessed by the milling machine
and frequency of bur used might have affected the
precision of prepared crowns.3" Also, the final crown
dimensions used in this trial were also cautiously
adapted using non-shrinkable epoxy resin index tak-
en after tooth preparation to simulate posterior teeth.
Future studies are recommended to overcome the
above limitation points with an in vivo assessment of
the same.

CONCLUSION

Within the limitations of this in vitro study, it can be
concluded that the CAD-CAM zirconia-based surveyed
crowns had higher fracture resistance than lithium
disilicate based surveyed crowns. The shape of the
occlusal rest seat design effected fracture strength
of all-ceramic surveyed crowns. Designing rest seats
with less B-L (narrow base occlusal rest seat design)
width statistically increases fracture resistance, in-
dependent of the material used thus can be used for
providing esthetics with high strength.
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