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Summary: Two maxillary first molars and two central incisor typhodont teeth were prepared with 0.8 mm chamfer, 2.0 mm
occlusal reduction, and 6 degree taper. The prepared teeth were duplicated 9 times to obtain 36 die stone models and di-
vided into three groups (n = 12). Luting agents tested were zinc phosphate, glass ionomer and resin cement.
Procera®AllCeram 0.6 mm coping was fixed with a calibrated finger force of 50 N. The absolute marginal discrepancy was
measured using the scanning electron microscope on four axial walls with 4 measurements on each wall to obtain a total
of 16 readings for one tooth. Mann Whitney U test was applied to find significant differences between luting cements and
Kruskal Wallis tests among groups. Results The absolute marginal discrepancies of cements were in reducing order zinc
phosphate (AZ) 53 um; resin (AR) 44.5 um, glass ionomer (AG) 29 um. There was a significant difference among luting
cements AG V/s AZ (p = 0.001) and AR V/s AG (p = 0.003), except AR V/s AZ (p = 0.213). All axial surfaces except me-
sial showed a significant difference. Conclusion The study concluded that different luting media have a definite effect over
the final fit of AllCeram coping. Absolute marginal discrepancy was within the accepted level of 100 wm. Distal axial sur-

face demonstrated a wider gap among all the Iuting agents.
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Introduction

The Procera® system (Nobel Biocare, Gothenburg,
Sweden) had conceived the idea and developed the com-
puter assisted designing/computer assisted manufacturing
(CAD/CAM) based production of the substructure for in-
direct all-ceramic restorations since 1994 by Oden and
Anderson (2). Since its development, it has undergone se-
veral technical upgradations in its application. There are
only a few CAD/CAM systems around the world which pro-
vide the dentist with in-house (laboratory/clinic) scanning
and designing facility using contact scanner and distant
production facility to realise this virtual electronic data into
physical form (2). The accuracy of this Procera® contact
scanner was confirmed to be close to 10 um (22). AllCeram
material is one of the materials produced by Nobel Biocare
Gothenburg, Sweden and used as substructure material for
tooth and implant supported crown and bridge prosthesis.
Five, six and 10 year survival rates were 97.7 %, 94.3 % and
93.5 % respectively (19, 28, 20). The published success rate
is within the global success standard for new dental mate-
rials (23). The attractive advantage of high strength all-ce-
ramic substructure for metallic substructure is the fact that
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all-ceramic copings are translucent (9) and allow the re-
flected light to pass through the crown. It has become the
first choice of clinicians to prescribe for patients with ver-
satile aesthetic demand.

The marginal integrity of CAD/CAM produced indirect
all-ceramic crowns is very critical for its long term durabili-
ty in the complex oral environment, along with aesthetics
and fracture resistance (13). There were numerous studies
conducted on Procera® AllCeram crown to investigate the
marginal discrepancy of crown material in vitro and in vivo
(1,6, 8, 14-16, 19, 24). All these studies employed different
methods like direct tactile inspection and visual inspection
using scanning electron microscope, epoxy replicas, stereo-
microscope, and other aids. The majority of these studies
compared the marginal discrepancy of AllCeram crown
copings with other all-ceramic systems and found an ac-
ceptable marginal gap width of 100 um (17) and minimal
marginal gap for cemented AllCeram crown copings (1, 6,
8, 14-16, 19, 24).

Due to the high fracture resistance of AllCeram crowns,
the use of conventional cements and resin based cements
without any pre-treatment of fitting surface has been sug-
gested (2). It was further supported that fitting surface
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AllCeram coping has microroughness due to the manufac-
turing process. This microroughness was found to be an ad-
ditional aid for the retention of the crown with luting
cements (2).

The role of luting agents in cementation of fixed partial
denture is to flow into the irregularities of the tooth and
fitting surfaces of the crown. The excess cement flows out
effectively, so that a minimal amount of luting media will be
exposed to the oral cavity and with minimal elevation of the
crown. Post cementation elevation of the crown was in-
vestigated and proved in in vitro with metallo-ceramic
crowns (29). The very nature of this junction can be an
influencing factor for survival of the crown (18, 27). How-
ever, there are a few other confounding cement and cemen-
tation factors which can directly or indirectly affect the
final fit of the crown (31). With AllCeram crown copings,
Neart et al. did notice the elevation of the coping but did
not find any influence of different luting agents over the
marginal discrepancy (19). Conventional cements like zinc
phosphate cement, with all-ceramic crowns, showed the be-
neficial effect over the final aesthetics of the crown by mas-
king underlying discolouration of the abutment tooth (4).
However, physical properties and chemical composition of
conventional cements differ substantially from resin ce-

Tab. 1: Details of the cementing medias used.

ments and require additional clinical procedure to achieve
the final cementation.

Given the clinical situation of the increased use of
Procera® AllCeram crowns and multiple different luting
agents, the primary objective of this study was to investigate
the absolute marginal discrepancy of cemented Procera®
AllCeram crown copings with more commonly used but in-
herently different luting agents in clinically simulated labo-
ratory conditions. The secondary objective was to find out
whether different axial surfaces would differentially affect
the marginal discrepancy. Circumferential direct marginal
investigation with scanning electron microscope (SEM)
imaging was considered.

Materials and Methods

Tooth preparation

Two maxillary right central incisors and first molar typ-
hodont teeth (AG 3, Frasaco, Germany) were prepared for
Procera® AllCeram crown according to the manufacturer’s
instruction, using All-ceram crown preparation set (Meis-
singer, Hager&Meissinger GmbH, Hansenmannstr, Neuss,
Germany). All the teeth were prepared with a uniform
width of 0.8 mm of circumferential chamfer finish line fol-

Cementing media Group Manufacturer Lot number

Zinc phosphate cement AZ Spofa Dental, A Kerr Company, CE 0044

(Adhesor®) Czech Republic. Powder - 1238736-3; Liquid - 1343558
Glass ionomer cement AG Spofa Dental, A Kerr Company, CE 0044
(Kavitan®Cem) Czech Republic. Powder - 1585904; Liquid - 1550335-2
Resin cement AR Ivoclar Vivadent AG, Schaan, CE 0123

Dual®Cement Liechtenstein. Base - GO 6570; Catalyst - GO 6570

Tab. 2: Cementation procedure with luting medias.

Liechtenstein) [Ishkiriama tq] (12).

of 50 N for 5-8 minutes (Salter, Czech Republic).
¢ Excess flash is cleaned around the margin.

Cementation with zinc phosphate cement (AZ group) and glass ionomer cement type 1 (AG group)

« Fitting surface of the copings were cleaned with isopropyl alcohol and air dried.

e 2 scoops: 5 drops of P/L ratio was dispensed on to frozen glass slab and mixed in conventional manner till the
desired luting consistency (frozen glass slab tq) at a room temperature.

¢ Thin layer of cement was coated onto the fitting surface of coping using micro brush ((Ivoclar Vivadent AG, Schaan,

¢ Copings were rotated from lingual to buccal surface during seating onto the respective die model using finger force

¢ Tactile and visual inspection of the margin was performed using an explorer (EXD 11/12, Hu-Friedy, USA).

Cementation with resin cement (AR group)

uniform colour and spread over a large area.

« Fitting surface of the copings were cleaned with isopropyl alcohol and air dried.
¢ The base and catalyst were dispensed to equal length on a mixing pad and manually mixed with plastic spatula to

* A thin layer of the cement was applied to the fitting surface of the copings.

¢ Coping were rotated from lingual to buccal surface and seated onto respective die models using finger force of 50 N.
¢ Excess cement was removed quickly by wiping with cotton pellet.

* The cement was light cured around the margins for about 40-60 seconds on each axial surface.

* Tactile and visual inspection of the margin was performed using an explorer (EXD 11/12, Hu-Friedy, USA).
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lowing the course of the gingiva, 2 mm of occlusal reduc-
tion with 6 degrees of occlusal convergence under copious
water spray. Labial surface of the incisors and buccal surface
of the molars were prepared with two-plane reduction. On
molars, occlusal surface were prepared non-anatomically,
without having the deep areas. Functional cusps were bevel-
led of a 45 ° angle to the long axis of the tooth. All the sharp
line angles and edges were smoothened and finished with 30
pUm rotary instruments. Silicone matrices (Speedex, A-silico-
ne material Coltene Whaledent, Sweden) were used to con-
trol the uniform reduction of the tooth three dimensionally.

Impression and fabrication of die

Four prepared teeth were mounted on individual self cu-
red resin blocs (Primacryl® Plus, Spofa Dental, Czech
Republic) 2-3 mm away from the chamfer finish line. The
mid point of individual axial surfaces were scribed onto the
base of the resin block 4 mm below the gingival finish line
on the mid-buccal, mid-mesial, mid-lingual and mid-distal
surfaces using a Bard Parker blade no-11. Using a custom
made acrylic impression tray and additional silicon impres-
sion material, two steps putty wash technique (Aquasil™
soft putty and, Aquasil Ultra LV, Dentsply DeTrey, Ger-
many) was employed to make an impression of the original
models. The impressions were poured using the type 4 die
stone (Japan stone, Dr Bohme and Schops Dental GmbH,
Goslar, Borsigstrasse) to obtain 36 die stone models. These
models were checked for any defect, and coated with a die
hardening solution (Hardening Bath, Renfert GmbH,
Germany). Three sets of four original tooth preparations
were allotted into three groups of 12 teeth.

Fabrication of Procera® AllCeram copings

The master dies were prepared for scanning according
to the manufacturer’s instruction with parallel sided below.
Prepared master dies were scanned using a contact scanner
at the Department of Dentistry, Faculty of Medicine, Hra-
dec Kralové, Czech Republic (Procera® Piccolo scanner,
serial No 34666, Nobel Biocare, Gothenburg, Sweden) to
obtain the digitized image of the master dies. These virtual
data were processed using Procera® CAD design software
version 1.6 (Nobel Biocare, Gothenburg, Sweden). The pre-
determined 50 um cement space was incorporated into the
coping during the designing stage to accommodate the
space for cementing media. The ordered coping thickness
was 0.6 mm of white alumina coping. The scanned data
were transferred to the production centre at Nobel Biocare
Gothenburg, Sweden. These data were used in the produc-
tion facility to mill the enlarged refractory die onto which
high purity alumina powder was pressed and sintered at
1550 °C for 1 hour (2).

Cementation of Alumina copings
We employed commonly used conventional cement zinc
phosphate (Adhesor® Spofa Dental, Czech Republic), glass
ionomer cement (Kavitan®Cem, Spofa Dental, Czech Re-

public) and resin cement (Dual®Cement, Ivoclar Vivadent
AG, Schaan, Liechtenstein) as luting media. The details of
the cementation technique are summarized in Tab. 2.

Evaluation of marginal adaptation in SEM imaging

Circumferential direct marginal evaluation of the ce-
mented specimens was conducted for AllCeram copings on
die stone models using scanning electron microscope
imaging (Leica Leo S 440 I, Leica Cambridge Ltd, Cam-
bridge, England, UK). All the specimens were prepared for
viewing in SEM by desiccating and sputter coating with 50
nm of gold palladium alloy in sputter coater (Model SC
7640, Poloron, Quarium technologies Sussex, UK) for 4 mi-
nutes. All axial surfaces were first viewed for the pre-inden-
ted mid axial surface. Four more potential measuring sites
were selected at an interval of 200 um along the marginal
finish line on each axial surface for a total of 16 readings for
each individual tooth. The width of absolute marginal dis-
crepancy was measured using a pre-calibrated electron-mea-
suring bar of SEM, which depicts the actual marginal width
in microns taking the magnification factor into considera-
tion. The sensitivity of this electron-measuring bar was cal-
culated beforehand and was found to be 0.02 um. A single
SEM operator measured the absolute marginal discrepan-
cies of all the samples. The measuring accuracy of the ope-
rator was ascertained by measuring the known dimensions to
eliminate the possibility of inducing variation during the me-
asurement. A pilot study with metallo-ceramic crown coping
was performed at the beginning of this study to master the la-
boratory procedures and measuring methods in SEM.

Fig. 1: SEM microphotograph demonstrating the measure-
ment of marginal discrepancy.

Statistical analysis

The marginal width in the SEM was measured from the
edge of the finish line to the alumina copings. The means
of four measurements of the individual axial surfaces (mid-
labial, mid-mesial, mid-lingual, and mid-distal) were calcu-
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lated. Using the mean of all the four axial surfaces, the ab-
solute marginal discrepancy of the individual tooth was
computed. Employing this data, a mean absolute marginal
discrepancy for each individual study group was calculated.
The results were averaged (mean + standard deviation) for
each parameter. The Mann Whitney U test was applied to
find out the significant difference between the two indepen-
dent groups. Kruskal Wallis test was applied to find out the
significant difference between the study groups. In all the
above tests, p < 0.05 was considered to be statistically signi-
ficant. The data was analysed using SPSS software package
(SPSS for windows, SPSS Software Corp, Chicago, USA).

Results

The mean values of absolute marginal discrepancy of
Procera® AllCeram crown copings using three different
Iuting media, independent of the tooth types are summa-
rized in Table 3. On the mid-buccal surface there were sig-
nificant differences between the AR and AZ (p = 0.007)
and AG and AZ (p = 0.014). On the mid-lingual surface sig-
nificance differences were shown between AR and AG (p =
0.003), AG and AZ (p = 0.020) groups. On the mid-distal
surface there was significance between AR and AG group
(p = 0.010) but between AR and AG (p = 0.128) group.
However, on the mid-mesial surface there was no signifi-
cance between all the study groups. Thus it was confirmed
that there was a significant effect of the type of Iuting agent
used on the marginal discrepancy of Procera® AllCeram
crown copings when compared at all four axial surfaces.

Subsequently, the effect of luting cements over the
mean absolute marginal discrepancy of the tooth was com-
pared. This analysis showed that there was a significant dif-
ference (p = 0.001) between the three luting cement groups

Tab. 3: Absolute marginal discrepancy on individual axial
surface (median value in pm) and result of intergroup com-
parisons on respective axial surface (p < 0.05).

Axial Zinc Glass Resin p
surface phosphate | ionomer | cement | value
cement | cement

Mid - buccal 61.15 38.86 41.54 0.01
Mid - mesial 41.60 30.41 40.77 0.10
Mid - lingual 49.88 20.77 55.98 0.01
Mid - distal 53.37 32.95 48.15 0.02
Circumferential 53.37 29.30 44.72 0.00

Tab. 4: Circumferential absolute marginal discrepancy com-
parison between luting media (p < 0.05).

Comparison of group z value |p value
Zinc phosphate V/s Resin cement -1.27 | 0.219
Glass ionomer cement V/s Resin -2.89 |0.003
cement

Glass ionomer cement V/s Zinc -3.18 | 0.001
phosphate cement

16

over the mean marginal discrepancy. Specific luting media
comparisons are presented in Table 4. This confirmed the
overall positive effect of luting agents over the mean abso-
lute marginal adaptation.

Discussion

The marginal accuracy of the cemented crown is of cli-
nical importance and influences long-term survival of the
restorations. In this study the parameter used for the mea-
surement of the marginal misfit was absolute marginal dis-
crepancy. This is an angular combination of the marginal
gap and an extension in the vertical and horizontal direc-
tion. According to Holmes et al. (11), the consideration for
measurement of absolute marginal discrepancy should be
measured from the margin of the casting to the cavosurface
angle of the chamfer preparation. Furthermore, the abso-
lute marginal discrepancy would reflect the total misfit of
the crown at a given spot around the margin.

During the crown cementation procedure, there is com-
plete filling of the cement space, which is provided during
the designing stage of CAD/CAM crowns or bridges. The
cementation should bring about minimum marginal discre-
pancy and minimal elevation of the crown in the occlusal
direction. To achieve this, the excess cement has to be ex-
pelled out by seating force. Different amounts of seating
force and methods have been recommended for seating of
metallo-ceramic crowns and bridges (29, 31).

The conventional cementation technique is an accepted
method of cementation for all-ceramic crowns and bridges
(2). Zinc phosphate cement is the oldest luting agent and
thus has the longest track record. It can serve as the stan-
dard by which newer luting systems can be compared (3).
This cement provides retention by mechanical bonding
onto the irregularities of the tooth and fitting surface. The
intaglio surface of the Procera® AllCeramic crowns has an
inherent micro-roughness (2, 7, 32) which can provide ad-
ditional mechanical interlocking with zinc phosphate
cement. Type 1 glass ionomer has excellent biological
advantages compared to resin cements, in addition to che-
mico-mechanical bonding. Glass ionomer cement showed
moderate translucency (26) in comparison with all-ceramic
crowns. However, the final shade of the cement can be se-
lected. Study of microleakage from Albert et al. (1) deter-
mined that Procera® AllCeramic crowns demonstrated
moderate microleakage (49 %) with glass ionomer cement
when compared with other luting cements. Resin based
composite cements are the material of choice for adhesive
luting of all-ceramic crowns with small clinical crowns.
Dual activated cements are a popular alternative to the
other resin based cements because it has a long handling
time and the operator has a choice of selecting the shade of
the cement. In the absence of light activation, the presence
of the chemical activator alone ensures a high degree of po-
lymerization. Aesthetic benefits are also excellent along
with minimal microleakage around the crown margin (1).



In the present study, the effect of luting cements over
the absolute marginal discrepancy of the Procera® AllCe-
ram copings was compared. The result of this study showed
a significant difference (p = 0.001) between the three luting
cement groups over the mean marginal gap of the Procera®
AllCeram copings. There were significant differences be-
tween the AR and AG (p = 0.003), AG and AZ (p = 0.001)
groups, with the exception of the AR and AZ group (p =
0.219). This confirmed the overall positive effect of luting
agents over the mean absolute marginal adaptation of
Procera® AllCeram copings.

The absolute marginal discrepancy values of our study
(n = 12) were found to be in the reducing order, i.e., zinc
phosphate cement (53 pum), resin cement (44 um) and
glass ionomer cement (29 um). The conventional ce-
menting media demonstrated better marginal discrepancy
than resin cement. Furthermore, we compared our results
with the result of Quintas et al. (12), who documented that
there was no significant effect of the luting cement over the
vertical marginal discrepancies of Procera® AllCeram
copings. In the same study, they presented the vertical mar-
ginal discrepancy after cementation in the reducing order,
i.e., glass ionomer cement (46 um), resin cement (45 pwm)
and zinc phosphate cement (41 um). These results are in
partial agreement with the current study results.

Naert et al. (19) found in their study that the luting media
did not affect the marginal fit. They concluded that the mar-
ginal gap was increased after the cementation of the coping
and they asserted that this situation was the clinical reality.
Beschnidt et al. (5) compared the marginal adaptation of five
different types of all-ceramic crowns and they concluded that
cementation increased the marginal discrepancy. They also
added that neither conventional cementation nor adhesive
cement had an effect on the marginal discrepancy.

In the present study, the type of the cementation force
used was static finger pressure of 50 N with standardiza-
tion. This procedure was comparable to the clinical situa-
tion. However, the static force may not have been powerful
enough when compared to the dynamic force (25) and
ultrasonic vibration to transform the highly viscous luting
agents into low viscosity under the present experimental
conditions. This could have prevented the complete margi-
nal adaptation of the copings with zinc phosphate and re-
sin cement group.

It has been proved by further study of the CAD/CAM
produced all-ceramic partial crowns that high viscosity
luting agents resulted in larger marginal interfacial widths
than the low viscosity luting agents (17). The conditions in
which the present experiment was conducted were not close
to the clinical conditions in simulating the direct bonding
of the resin cement to the tooth structure because we used
the die stone models instead of natural teeth, which would
have influenced the final interpretation of the experimental
value of the AR group.

In the present study, the zinc phosphate cement (AZ)
group demonstrated the highest absolute marginal discre-

pancy of 53 um in comparison to the other groups. Zinc
phosphate cement produced the greatest peak of hydrosta-
tic pressure in the centre of the occlusal surface (10). This
was further supported by the studies of Wilson (29, 30),
who suggested the venting of the crowns in order to relieve
the stress concentration of cast crowns. This could also be
partially responsible for the wider absolute marginal discre-
pancy of the AZ group. Yu et al. (31) also asserted that
there is a definitive interaction between the type of cement
used and the cementation technique. While this investiga-
tion was not a comparison of the cementation technique,
there was a fundamental focus to measure the marginal gap
of Procera® AllCeram crown copings. We also cannot ex-
clude the fact that the type of luting media that we used also
has a very different film thickness and different rheological
properties under pressure (21). This could be attributed to
the different flow properties of these cements. That could
be the reason that we have different marginal discrepancy
values with the aforementioned luting media.

When we consider the interrelationship between the
marginal opening and marginal leakage of all-ceramic
crown with the type of cement, there are few studies which
confirm that luting agents did not influence marginal adap-
tation. Furthermore, it proved that zinc phosphate had the
highest amount of microleakage and the least was with ad-
hesive composite resins. A similar study with Procera®
AllCeram crowns documented a significant association be-
tween cement type and microleakage (1). The study results
in reducing order, zinc phosphate 76 %, glass ionomer 49 %,
resin modified glass ionomer 10 % and resin cement 34 %.
The mean value however, of the marginal adaptation of all
the cements used in his study was 54 um, while in our study
value was 42 um.

In the Procera System, the cement space provided is 50
wm thick. This space is uniform and extends up to 1 mm
short of the cavosurface margin of the finish line (19). The
function of the die spacing is to provide the space for the
cementing media, thereby reducing the stress concentration
during cementation of the crowns. This space is a predeter-
mined setting by the manufacturer and can be incorporated
during the design stage of the coping.

The study of marginal fit and internal adaptation of the
Procera® AllCeram copings found that the wider internal
gap (occlusal) width favoured the small marginal gap di-
mension (6, 14). Study by Quintas et al. (24) postulated
that since the cement space was greater in AllCeram
coping, the luting agents might have flowed more quickly
during cementation procedure. In comparing the results of
our investigation with other investigations, evidence sug-
gests that the mean absolute marginal adaptation of the
Procera® AllCeram crown coping with all three cementing
media was within the biologically acceptable measurement,
which is 100 um.

Further research should focus on an increased number
of specimens to evaluate the marginal adaptation and with
a natural teeth sample to understand the effect of chemical
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bonding of resin cements. Furthermore, measuring the in-
ternal gap of the samples with the same methodology
would disclose the total quantification of the ‘misfit’ of
Procera®AllCeram crown coping. In addition, clinical stu-
dy employing different luting media should be conducted to
evaluate the very nature of the post-cementation marginal
fit of Procera®AllCeram crown coping.

Conclusion

Within the parameters of this study it can be concluded
that Procera® AllCeram crown copings:

1. Absolute marginal adaptations were within the biologi-
cally acceptable limits of 100-120 um regardless of type
of luting cements.

2. The statistically significant difference (p < 0.05) in ab-
solute marginal gap size as a function of the difference
in axial surface was confirmed.

3. Mid-buccal & mid-distal surfaces showed the highest &
most variable marginal gap size.

4. Glass ionomer cement showed a significantly smaller
and uniform marginal gap.

5. Marginal discrepancy with Iuting agents in reducing or-
der glass ionomer cement, resin cement, and zinc phosp-
hate cement.
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