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Abstract
Objective: Phosphase based-resin cements are known to chemically bond
to zirconia ceramics. Additionally, they are the cement of choice for these
materials. Therefore, the aim of this study was to evaluate the marginal
gaps of zirconia frameworks luted with two types of phosphate based resin
cements.
Materials and methods: Thirty maxillary premolar teeth were randomly
divided into two groups (n=15); a self-etch (Panavia F2.0; Kuraray Medical,
Japan) and self-adhesive (Rely X U100; 3MESPE, USA) resin cements.
The teeth were prepared with round shoulder and the 6° convergence angle.
The zirconia frameworks were fabricated using TDS® CAD/CAM system
(Total Dental Solution, Changhua, Taiwan). The marginal fits of zirconia
frameworks were evaluated under a microscope (MM-11C, Nikon, Tokyo,
Japan) (30x magnification) at the following sequences: before cementation,
after cementation and after 20,000 thermocycles. The differences in the
marginal gaps (after and before cementation: delta diff1, after thermocycling
and after cementation: delta diff2) between two resin cements were analyzed
with Student’s t-test and Mann Whitney U test. The differences between
two processes in each group were tested with paired t-test and Wilcoxon
signed-rank test (p<0.05).
Results: After cementation, the marginal gaps of two resin cements were
significantly higher than before cementation (p<0.001). The slight differences
were found in mean of delta diff2 (self-etch: 0.88 µm, self-adhesive: 0.26
µm). The marginal gaps of zirconia frameworks cemented with self-adhesive
resin cement were significantly smaller than self-etch resin cement both
after cementation and after thermocycling (p<0.05).
Conclusions: Long-term thermocycling had no clinical effect on the marginal
fit. The type of resin cements influenced the marginal fit. The marginal gaps
achieved by both resin cements were within clinically accepted standards
(<120 µm).
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Introduction

The demand for esthetic restorations has
increased during the past few years. All-ceramic
restorations offer a highly esthetic appearance,
chemical stability and biocompatibility.1,2 However,
the major disadvantage of using conventional
ceramics is that they involve risk of fracture
because of their low mechanical properties.1,2
Zirconia has recently been developed and
introduced for application in dentistry due to
the superior mechanical properties, which is
attributed to a process known as transformation
toughening. Zirconia is attractive for restorative
dentistry and produced by computer-aided
design/computer-aided manufacturing (CAD/
CAM). It can be used for anterior and posterior
crowns, long span bridges and also implant
abutments.3
Apart from the mechanical properties and
esthetics, the long-term clinical success of
all ceramic restorations can be influenced by
marginal adaptation, which is a very important
factor for the longevity of the restored teeth.
Poor marginal adaptation results in secondary
caries, periodontal disease, pulp sensitivity, pulp
necrosis and esthetic problems such as staining
or marginal discoloration.4,5 It also influences the
wear of the luting cement 6,7 and its ability to
withstand loading.7
Sailer et al.8 studied the success rate of
3-5 units zirconia frameworks for posterior fixed
partial dentures (FPDs). The result showed
that there was no fracture occurred after three
years. Therefore, the success rate of zirconia
framework was 100%. The survival rate was
84.8% because of secondary caries (10.9%)
and chipping of veneering ceramic (13.0%). For
5 years of clinical evaluation, the study found
that the success rate was decreased to 97.8%
resulting from one 5-unit framework fractured
through the connector area from trauma. The
survival rate was 73.9% due to secondary
caries (21.7%) and chipping of veneering ceramic
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(15.2%). There was no significant difference
regarding the periodontal parameters between
the test and control teeth. Furthermore, all
patients were satisfied with the esthetics of
the all ceramic restorations, and 91.7% were
satisfied with functional aspects.9 As a result
of various biologic and technical problems,
the overall survival rate of zirconia FPDs in
this study was 73.9%. More than 20% were
found secondary caries resulting from marginal
discrepancies.9 Therefore, the marginal fit is
one of the important factors that determine the
clinical performance. It is also closely related to
the longevity of the restoration.
The definition of the internal gap is
the perpendicular measurement from the
axial wall of the preparation to the internal
surface of restoration. 10 The marginal gap
is the perpendicular measurement from the
margin of the restored tooth to the margin of
the restoration.11 Gap measurements at margin
are frequently used to quantify fit. There are
many methods for measuring marginal gap. The
standardized methods are classified in four
basic categories, which are 1.) direct view, 2.)
cross-sectional, 3.) impression technique and
4.) explorer and visual examination.12 The direct
view method is easy, convenient and rapid
because the crowns are retrievable. Moreover, it
does not require additional steps. This technique
allows measurement at various stages of crown
fabrication. However, the repeated seating on the
master dies can damage the margin by abrasion.
In addition, the inaccuracies in repositioning
crowns on the master dies will cause increased
standard deviation and decreases statistical
significance. The other disadvantage is that
it is difficult to determine with a rounded
margin because there is no reference points
for repeating the measurement at the curved
surface. It is hard to assess the marginal
discrepancy of a overcontouring crown margin
by direct view method. For the cross-sectional
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method, the processes of this method are that
the crowns are placed on dies or teeth and then
specimens are embedded in the clear acrylic
resin. After that, they are sectioned by diamond
disc. This technique has been used to measure
marginal discrepancies on both non-cemented
and cemented crowns. This method requires
additional steps by embedding and sectioning;
therefore, it is more time-consuming. However,
the cross-sectional method allows greater
precision in measurement and the reference
points can be made, which lead to evaluate
the gaps more accurate and repeatable.12 The
degree of horizontal discrepancies can also be
determined. Furthermore, crowns and dies are in
the same units, which avoids a potential damage
of master dies from repeated measurements.12
The final method is the impression technique
or the replica technique, which is popular and
non-invasive method13 to assess the marginal
and internal gaps that used the sectioned
elastomeric materials without destroying the
specimens. This method is quick to detect an
obviously inaccurate restoration.14
McLean and von Fraunhoter15 suggested
that the marginal gaps for restorations
below 120 µm were clinically acceptable.
Poor marginal adaptation results in cement
dissolution, microleakage, plaque accumulation,
and secondary caries.16,17 One study suggested
that a minimum of 50 measurements should be
done along margins on both non-cemented and
cemented crowns, whether the measurement
sites are selected in a systematic or random
manner. The measurement above 50 points per
crown provides acceptable results.18 Bindl and
Mörmann16 studied the marginal and internal fits
of all ceramic CAD/CAM crown copings. The
results showed that the mean of marginal gaps
of the DCS® crown copings (densely sintered
zirconium oxide ceramic) was 33±20 µm., which
did not differ from any other CAD/CAM copings
or conventional crowns such as slip-cast and

heat-pressing. Beuer and colleagues19 found
that the type of the restorations influenced
on the marginal gaps. The mean of marginal
gaps for 14-unit zirconia fixed bridges and
single-crown copings were 25±29 and 13±12
µm, respectively. The location of the abutment
tooth influenced on the marginal gaps of fixed
bridges; however, it did not affect the gaps of
single-crown copings.
Different luting cements may provide different
effects on marginal adaptation of restorations.20
Various luting cements, which are available
on the market, have different properties. Resin
cements were recommended as the materials
of choice for ceramic restorations because of
several advantages such as the retention and
marginal adaptation of the restorations are
improved and they have low solubility in the oral
environment and less microleakage compared
with conventional cements. 21,22 Additionally,
the marginal discrepancy of the restoration is
compensated by the use of a resin composite
luting agent.23 Phosphate based resin cement is
recommended to use with zirconia restoration.
However, very few studies investigated the
marginal adaptation of the zirconia frameworks
luted with this resin cement.16 In addition, there
have been limited studies about the effect of
the long-term thermocycling to the marginal
adaptation of the zirconia frameworks.
The objective of this study was to compare
the marginal and internal gaps of zirconia
frameworks luted with two types of phosphate
based resin cements before cementation, after
cementation and after thermocycling. The null
hypothesis is that there were no significant
differences of marginal and internal gaps between
two phosphate based resin cements.

Materials and methods

Thirty permanent upper premolars without
any lesions were extracted for orthodontic
reasons. All teeth were stored in 10% formalin
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solution for 2 weeks24 and then they were
thoroughly cleaned, and periodontium were
removed with surgical blades. They were
embedded into clear epoxy resin and positioned
with the long axis of the teeth perpendicular
to the floor of the mould. The clear epoxy
resin blocks were left for 24 hours to assure
complete curing.
The teeth were prepared using an
Operating Instruction SCHICK-ceramicmilling set; Master S3-Nr. 2650 (SchickDentalgeräter, Schemmerhofen, Germany) and
diamond rotary cutting instruments under water
cooling. Rounded-shoulder finishing margins
(1.0-mm circumference) at the cementoenamel
junction and six degree convergence angle
were produced using high-speed, round-end,
tapered diamonds (No. 837314016; Jota AG,
Switzerland) with diameters of approximately
1.0 mm and six degrees of taper. Preparation
heights of 4.0 mm were achieved using highspeed, cylindrical diamonds (No. 837314016;
Jota AG, Switzerland). The transition from the
axial to the occlusal surfaces was rounded with
round white stones (No.3-10-02-03; Shofu Inc.,
Kyoto, Japan) (Figure 1). During the study, all
specimens were stored in distilled water and
kept in an incubator at 37°C.
All prepared specimens were sent to
the dental laboratory to fabricate the zirconia

frameworks via the TDS® CAD/CAM (Total
Dental Solution, Changhua, Taiwan). A wall
thickness of 0.5 mm and a cement space of
30 µm were set for the frameworks. The flat
occlusal surfaces of the frameworks were
prepared parallel to the horizontal plane. The
marginal fits of all zirconia frameworks were
evaluated at the following sequence points:
before cementation, after cementation and after
thermocycling. The framework margin and the
tooth margin were marked with different colored
markers. The frameworks were then seated on
the abutment teeth and the framework-abutment
specimens were held in the position using a
screw device to seat the frameworks during
measurement (Figure 2).
The marginal gaps of the zirconia
frameworks were measured under a microscope
(MM-11C, Nikon, Tokyo, Japan) at 30x
magnification around the circumference of the
tooth before cementation for 60 measurements.18
The values of the marginal gaps (µm) could be
recorded from the digital counter monitor. All the
measurements were performed two times per
specimen to calibrate and find the measurement
error of a recorder. Additionally, the same
person performed all measurements to minimize
variation in the measured values.

Figure 1 The abutment was prepared with a 1.0 mm
rounded shoulder margin, an occlusocervical
dimension of 4.0 mm and the 6 degrees
convergence angle.

Figure 2 The framework was placed on the abutment
and held in the position using a screw
device to seat the frameworks completely
during measurement.
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The specimens (n=30) were divided into
two groups: self-etching (SE group) and selfadhesive resin cements (SA group) (Table 1). The
zirconia frameworks were cemented according
to the cement manufacturers’ instructions.
Panavia™ F2.0 (Kuraray Medical, Tokyo, Japan)
was used in the SE group. Liquid A and liquid
B (ED primer 2.0) were mixed in 1:1 ratio and
applied to the tooth surfaces. Paste A and
paste B were then mixed in a 1:1 ratio (within
20 seconds) and applied on the inner surfaces
of the framework. The zirconia framework was
then seated on the abutment teeth, using a
loading device, for seven minutes with a load of
50 N.16,19 The cement was partially light-cured for
three seconds and the excess cement removed
with the aid of an explorer. The cement was
then light-cured for 40 seconds on all four sides
of the specimen to accelerate polymerization.
Finally, a protective gel, Oxyguard II® (Kuraray
Medical, Tokyo, Japan) was applied on the margin
for three minutes to prevent the formation of an
oxygen-inhibited layer and then rinsed it off
with distilled water. RelyX™ U100 (3M ESPE;
St. Paul, MN, USA) was employed in the SA
group. This cement does not require any prior
tooth surface treatment before bonding. Base

and catalyst pastes were mixed together on a
mixing pad for 20 seconds. Resin cement was
applied on the inner surface of the framework
and the process utilized was the same as
with the SE group. After 24 hours storage in
distilled water at 37°C, all specimens were
thermocycled for 20,000 times between 5°C and
55°C with a dwell time of 20 seconds in each
bath. The interval time between baths was 10
seconds.25
After thermocycling, the marginal gaps
of zirconia frameworks were recorded around
the circumference of the tooth under an optical
microscope (x 30 magnification) according
to the same method described above. All
specimens were embedded in clear epoxy
resin to prevent fracture and debonded
frameworks during sectioning. They were
sectioned bucco-palatally and mesio-distally
by an Accutom-50 precision cut-off machine
(Struers, Compenhagen, Denmark) and grinding
machine using water-cooled diamond saw
(Struers, Compenhagen, Denmark) to produce
four pieces (eight surfaces) of specimens. The
marginal gaps, marginal discrepancy and cement
thickness of each surface were measured by
taking photographs using a camera (Coolpix E

Table 1 Compositions of resin cements tested.
Materials
Compositions
Panavia F2.0 Paste A: 10-MDP, dimetacrylates, silanated
(self adhesive) silica, chemical and photoinitiators

Batch numbers
Manufacturers
051357
Kuraray Medical
Inc.,Okayama, Japan

Paste B: Dimethacrylates, sodium aromatic
sulfate, accelerator, sodium fluoride, silanates
barium glass
RelyX U200

Base: Glass fiber, methacrylated phosphoric acid
esters, dimethacrylates silanated silica, sodium
persulfate

357659

3M ESPE, St. Paul,
MN, USA

Catalyst: Glass fiber, dimethacrylates, silanated
silica, p-toluene sodium sulfate, calcium
hydroxide
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990, Nikon, Tokyo, Japan) that connected to the
Eclipse E400 POL microscope (Nikon, Tokyo,
Japan) and the specimens were evaluated
at 250x magnification using a digital image
analysis system (Image Pro Plus, version
3.0, Media Cyberntics Incs, Bethesda, MD,
USA). The measurements were performed to
evaluate the marginal discrepancies and cement
thickness at the margins, the corners, the
middle of the axial walls, the tip of the cusps
and the occlusal floor in the mesio-distal and
bucco-palatal directions (Figure 3); therefore, a
total of twenty-two points per specimens were
done. For measuring the marginal discrepancies,
the distance of the finishing line of the tooth
margin to the framework margin were recorded.
Measurements of the gaps at the margin
were recorded as the 90 degree distance
between tooth margin and framework margin.
Measurement at the corner was performed
at the center point of the shoulder finishing
line (Figure 4). Measurements along the axial
wall were employed approximately half way
between the corner and the tip of cusp. The
measurements at the tip of cusp were performed
approximately at the tips. The cement thickness

at the occlusal surface was evaluated at the
occlusal floor only once in every section.
Statistic analysis
The differences in the cement thickness at
margins and inner surfaces of frameworks (µm)
between the two resin cements were analyzed
using independent t-test and the Mann-Whitney
U test (marginal discrepancy, axial wall, cusp
tips) (p<0.05).

Figure 4 Measurement points for evaluation of cement
thickness. AB: Marginal discrepancies (the
distance of finishing line of shoulder to
zirconia coping). AC: The margin.

Figure 3 Measuring points at the sectioned specimen; 1, 11 = marginal
discrepancies; 2, 10 = margin; 3, 9 = corner; 4, 8 = axial; 5,
7 = cusp tip; 6 = occlusal floor.

242

The comparison of the marginal gaps of zirconia framework luted with different types of phosphate based-resin cements
Darunee Owitayakul, Wipada Lertrid, Chuchai Anatamana, Piyapanna Pittayachawan

M Dent J Volume 35 Number 3 September-December 2015

Results

The results after evaluating the marginal
gaps around the circumferential of the tooth before
cementation presented that the mean marginal
gaps between Panavia™ F2.0 and RelyX™ U100
groups was not significantly different (p>0.05)
(Figure 5). After cementation, the mean marginal
gaps of zirconia frameworks cemented with two
resin cements were significantly increased
(p<0.05) compared with before cementation
(Figure 5). Additionally, the marginal gaps after
thermocycling were significantly increased
(p<0.05) compared with after cementation. The
marginal gaps of zirconia frameworks cemented
with RelyX™ U100 were significantly smaller
(p<0.05) than Panavia™ F2.0 after cementation
and after thermocycling.
After the specimens were sectioned buccopalatally and mesio-distally, the results of the
cement thickness and the marginal discrepancy
were given in the Table 2 and 3. Panavia™ F2.0
had significantly larger marginal discrepancies
than RelyX™ U100 (p<0.05) (Figure 6). The
mean marginal discrepancies for Panavia™ F2.0

and RelyX™ U100 were 208.24 (±99.73) µm and
155.44 (±97.27) µm, respectively.
The mean cement thickness at the margin
of Panavia™ F2.0 and RelyX™ U100 were 105.33
(±73.82) µm and 28.16 (±1.88) µm, respectively
(Figure 6). Panavia™ F2.0 had significantly higher
cement thickness values (p<0.05) at the margins
than RelyX™ U100. The mean cement thickness
values at the gingival angles of Panavia™ F2.0
and RelyX™ U100 were 181.93 (±58.44) µm
and 118.98 (±27.12) µm, respectively (Figure 6).
Panavia™ F2.0 had significantly larger cement
thickness at the gingival angles than RelyX™
U100 (p<0.05).
At the axial wall (Figure 6), Panavia™
F2.0 had slightly larger cement thickness than
RelyX™ U100 (Figure 4.6); however, there was no
significant difference of cement thickness values
between two resin cements after thermocycling
(p>0.05). The axial walls presented the smallest
mean cement thickness values of Panavia™ F2.0
and RelyX™ U100, which were 58.77 (±24.15)
µm and 53.88 (±20.56) µm, respectively.

Figure 5 The mean marginal gaps (µm) and standard deviations (SD) of Panavia™ F2.0 and
RelyX™ U100 before cementation, after cementation and after thermocycling.
* Showed statistical significance at p-value <0.05.
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Panavia™ F2.0. had significantly higher
cement thickness at the cusp tips than RelyX™
U100 (Figure 6) (p<0.05). The mean cement
thickness and standard deviations of Panavia™
F2.0 and RelyX™ U100 were 186.07±15.47 µm
and 120.90±35.88 µm, respectively. Furthermore,

Panavia™ F2.0 had significantly higher internal fit
at the occlusal floors than RelyX™ U100 (p<0.05).
The mean cement thickness values of Panavia™
F2.0 and RelyX™ U100 were 186.07 (±79.19)
µm and 101.70 (±40.32) µm, respectively.

Figure 6 The mean of cement thickness values (µm) and standard deviations at the marginal
discrepancies, margins, gingival angles, middle of axial walls, cusp tips and occlusal
floors in zirconia frameworks cemented with Panavia™ F2.0 and RelyX™ U100.
Table 2 The mean cement thickness after thermocycling at margins and inner
surfaces of frameworks (µm) including standard deviations in the different
areas of zirconia frameworks luted with RelyX™ U100.
RelyX™ U100 (mean ± SD)
Area
Buccal
Palatal
Mesial
Distal
Average
149.46
154.14
158.97
159.18
155.44
Marginal
±16.78
±18.74
±17.63
±18.66
±97.27
discrepancies
21.43
22.34
35.90
32.96
28.16
Margin
±3.34
±2.90
±4.03
±4.09
±20.62
123.95
134.82
109.57
107.56
118.98
Angle
±5.13
±4.46
±4.20
±4.44
±27.12
57.40
62.74
46.39
48.97
53.88
Axial
±3.71
±4.70
±2.36
±3.23
±20.56
129.54
134.07
101.99
117.98
120.90
Cusp tip
±6.10
±8.68
±4.90
±4.30
±35.88
Bucco-palatal
Mesio-distal
105.29
98.82
101.70
Occlusal
±7.70
±7.26
±40.32
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In summary, the means of cement thickness
of the two resin cements were significantly
different thermocycling (p<0.05). RelyX™ U100
had significantly better marginal and internal fits
than Panavia™ F2.0 (Table 4) at all measurement
points except at the axial wall that there was
no difference between those two resin cements.
The highest cement thickness values at inner
surfaces of zirconia frameworks were found at
the cusp tips and the occlusal floors. Whereas,
the lowest cement thickness values at inner
surfaces of zirconia frameworks were observed
at the axial walls in both resin cements.

Discussion

In this study, the marginal gaps before
cementation were measured because the
precision of TDS® system can be investigated
without effects of luting cements. The mean
marginal gaps of zirconia frameworks before
cementation were 7.76 (± 1.51) µm for Panavia™
F2.0 group and 8.33 (±1.65) µm for RelyX™ U100
group, which were not significantly different.
This is identified that TDS® system had a
good precision. However, after cementation,
the mean marginal gaps of Panavia™ F2.0
(63.8±43.9 µm) and RelyX™ U100 (13.7±5.3

Table 3 The mean cement thickness after thermocycling at margins and inner
surfaces of frameworks (µm) including standard deviations in the different
areas of zirconia frameworks luted with Panavia™ F2.0.
Panavia™F2.0 (mean ± SD)
Area
Buccal
Palatal
Mesial
Distal
Average
Marginal
223.63
226.62
193.01
189.69
208.24
discrepancies
±16.86
±20.48
±17.88
±17.23
±99.73
Margin
102.02
109.32
105.58
104.41
105.33
±11.22
±17.49
±11.94
±13.04
±73.82
Angle
194.54
190.42
166.68
176.08
181.93
±9.09
±13.50
±9.78
±9.46
±58.44
Axial
67.80
65.83
50.10
51.32
58.77
±6.18
±4.24
±2.44
±2.94
±24.15
Cusp tip
202.42
177.63
169.04
195.20
186.07
±13.15
±11.92
±10.74
±11.47
±15.47
Bucco-palatal
Mesio-distal
Occlusal
191.35
181.43
186.39
±14.58
±14.52
±79.19
Table 4 Conclusion of the mean overall of cement thickness values (µm) including
standard deviations of zirconia frameworks luted with two resin cements.
Means (µm) ± SD
Area
Panavia™ F2.0
RelyX™ U100
Marginal discrepancies
208.34 ± 99.73
155.44 ± 97.27
Marginal gap
105.33 ± 73.82
28.16 ± 20.62
Internal gap
148.56 ± 80.45
98.44 ± 41.93
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µm) were significantly larger compared with
before cementation, which were consistent
with the previous studies. 26-28 Additionally,
this study found that the marginal and internal
gaps of zirconia frameworks cemented with
RelyX™ U100 were significantly smaller than
Panavia™ F2.0 after cementation. Therefore,
the null hypothesis of this study was rejected
as there was the difference in the marginal and
internal gaps between two types of phosphate
based resin cements. The difference of the
internal and marginal gaps between two types
of resin cements in this study may be due to
several factors such as preparation design,
cement space, seating force, and types of resin
cements.
The preparation design such as convergence
angle and marginal configuration can influence
the marginal gaps of restorations.20,29 A rounded
shoulder margins were prepared in this study
as several studies reported that there was
no significant difference in marginal gaps of
ceramic crowns between shoulder and chamfer
margins.30-32 For the convergence angle, the
clinical convergence angle was approximately
10-20 degrees33, which was larger than the
theoretical guidelines that reccomerded to use
6-10 degrees convergence angles.34 Therefore,
the convergence angle of the abutment set
at 6 degrees in this study may be too small
and not represented the clinical convergence
angle of abutment. In addition, it was difficult to
place the framework using Panavia™ F2.0 resin
cement compared to RelyX™ U100. Therefore, it
is suggested that the convergence angle in the
experimental study should be prepared more
than 6 degree when high viscosity resin cement
was used to minimize the error during placing
the framework.
Cement space is one of the factors
influences the marginal gap. It is performed
similar function as die spacer of a conventional
technique fabricated crown. Cement space
246

creates a space for the cement film on the
occlusal and axial surfaces of a prepared tooth,
relieves the hydraulic pressure during the initial
stage of cementation, and facilitates distribution
of cement with minimal friction resistance or
filtration along the axial walls. When internal
relief is not provided, the cement film between
the restoration and the prepared tooth hinders
seating of restorations. According to Pilo et
al.35, the more precisely the restoration fits the
prepared tooth, the more difficult it is for cement
to escape from the inner surface of the restoration
and the surface of prepared tooth. Nakamura et
al.36 suggested that the luting space should set
at 30 µm because they found that this luting
space could create the good marginal fits that
were not affected by the occlusal convergence
angle of the abutment. Thus a cement space of
30 µm was chosen for the zirconia frameworks
in this study. In addition, the seating force
was standardized by using a load of 50 N
following the methodology described by previous
studies.16,19,37 It has already been demonstrated
that marginal adaptation is not improved with a
seating force excesses 5 kg (49 N).38 According
to Jorgensen’s study39, the optimum cementation
force required to reduce the film thickness of
cement was 5 kg. However, both studies carried
out with zinc phosphate cement. Many authors
found that the higher seating forces significantly
improved the crown seating.20,40 White et al..41
reported that the film thickness of resin cement
was decreased when heavy forces were applied.
In addition, it is suggested that the heavy force
should be maintained on the restoration until the
cement setting is completed.41
Apart from the seating forces, another
factor that affects the marginal and internal
gaps is the type of resin luting cements.
Different types of resin cements have different
compositions, which affect film thickness after
loading restorations and result in the different
marginal fit of restorations. High viscosity
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luting agents provide larger marginal interfacial
widths than low viscosity materials.42 As low
viscosity property, microfilled resin composite
provides more wear resistance and better flow
than hybrid resin composite.10,43 However, other
investigators supported the use of high viscosity
resin composite because highly filled resin
cement may improve abrasion resistance at the
margin area, facilitate removal of the excess
cement and reduce polymerization shrinkage.22
According to the manufacturers’ information
based on ISO 4049, the film thickness of
Panavia™ F2.0 and RelyX™ U100 are 24 µm
and 17 µm, respectively, that meet the ISO
standard of 50 µm maximum film thickness for
resin-based cements. However, Panavia™ F2.0
has higher film thickness and viscosity than
RelyX™ U100 that results in a low of flow rate.
This made the Panavia™ F2.0 was difficult
to be placed on the abutment and created
the higher gaps. Additionally, one factor that
affects the viscosity and film thickness of luting
cements is the mixing technique. Panavia™
F2.0 consists of two syringes of pastes,
which have to be twisted for dispensing two
pastes. Consequently, the mixing ratio might
not be equal in each mixing process. Whereas,
RelyX™ U100 has a clicker dispenser, which
achieves the exact dosage of mixing ratio for
dispensed pastes. Moreover, some authors
suggested that dentists should manipulate resin
cements carefully and quickly and apply heavy
seating force because of their viscosity.27,41,44
As stated, it is suggested that the high placing
pressure should be used if the Panavia F resin
cement is selected for treatment. In addition, it
is not suitable for a parallel and long abutment
as its high viscosity make the crown is difficult
to place.
The mean marginal gaps of zirconia
frameworks after thermocycling in the present
study were 64.7 (± 44.2) µm for Panavia™
F2.0 and 13.9 (± 5.5) µm for RelyX™ U100.

Although the result from the analysis showed the
significant difference between before and after
thermocycling, the data showed the marginal
gap values were slightly increased after longterm thermocycling. The previous studies found
that the marginal gaps of three-unit fixed partial
dentures constructed from ceramic systems was
not significantly different after artificial aging.45-47
In contrast, some authors demonstrated that the
marginal gaps was significantly increased after
thermocycling 1,500 cycles.48
In this study, the marginal gaps measured
by direct view method were significantly smaller
than cross-sectional method. There were many
possible reasons that might be causes the
error in the marginal gap investigation by direct
view with external measurements. First, the
use of resin cements, which are tooth-colored
materials, is hard to precisely distinguish the
resin cements from the tooth margins. Second,
the excess resin cements are hard to remove
because of their high mechanical properties.
Consequently, the excess resin cements may
cover measurement points that results in the
exceeding marginal gap values. Another reason
was that if the zirconia framework has marginal
overhang, the real marginal gap could not be
precisely investigated. According to Ferrari
et al.49 concluded that the absolute marginal
discrepancy appears to be better defined on
a section when compared to direct viewing of
the margins, and thus easier to determine. That
finding was similar to this project that some
specimens especially zirconia frameworks
cemented with Panavia™ F2.0 showed the
excess cement remaining on the marginal areas
after sectioning. Moreover, some specimens had
overhanging margins of restorations. Therefore,
the advantage of cross-sectioning method is not
only more precise than non-invasive technique,
but also results in statistically significant higher
values.48
According to McLean and von Fraunhofer15,
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the clinically acceptable marginal gap should be
within 120 µm for restorations. In this study,
the mean marginal gaps luted with Panavia™
F2.0 and RelyX™ U100 were within the range
of clinical acceptance in all sequence points;
before cementaion, after cementation and after
thermocycling.
Another point should be mentioned is
the marginal discrepancy. The larger marginal
discrepancy of restorations increases plaque
retention and changes distribution of microflora,
which can induce the onset of periodontal
disease.50 The mean marginal discrepancies
of zirconia frameworks in this study were
208.24 (± 99.73) µm for Panavia™ F2.0 and
155.44 (± 97.27) µm for RelyX™ U100. There
were significant differences of the marginal
discrepancies between two resin cements. The
marginal discrepancies of zirconia frameworks
cemented with Panavia™ F2.0 and RelyX™
U100 in this study were not within clinical
acceptable limit (120 µm)15,45 investigated the
marginal fit of alumina and zirconia-based fixed
partial dentures. The study showed that the
mean marginal discrepancies ranged from 60.574.0 µm. However, the values were evaluated
without cementation. The large of marginal
discrepancies in this study may cause by
the skill of the technician, the accuracy of
the scanning process51,52 and effects of luting
cements.48 Therefore, clinicians should examine
the framework’s margin and correct it to achieve
the proper margin before cementation. Moreover,
the mixing technique of luting cements and
heavy forces applied are important to complete
seating of restorations.
The results of the mean marginal and
internal gap values using cross-sectional method
for RelyX™ U100 were 28.16 (±20.62) µm and
98.44 (±41.93) µm. For Panavia™ F2.0. The
mean marginal and internal gaps values were
105.33 (±73.82) µm and 148.56 (±80.45) µm,
respectively. The marginal gaps of zirconia
248

frameworks luted with two resin cements
using the cross-sectional method were within
clinically accepted standards (≤120 µm). 15
This study revealed that RelyX™ U100 had
better both marginal and internal gap values
than Panavia™ F2.0. The reasons may be the
different characteristic of two resin cements
that are discussed above. In addition, the
mean internal gap dimensions at angle, cusp
tip and occlusal surface were higher than
other areas; 118.98 (±27.12) µm (angle), 120.90
(±35.88) µm (cusp tip) and 101.70 (±40.32)
µm (occlusal surface) for RelyX™ U100, and
181.93 (±58.44) µm (angle), 186.07 (±15.47)
µm (cusp tip) and 186.39 (±79.19) µm (occlusal
surface) for Panavia™ F2.0. The highest mean
internal gaps were found at the cusp tips and
the occlusal floors, which were similar to the
previous studies.53 Nevertheless, Kokubo et al.17
demonstrated that the round slope of the chamfer
presented the largest gap values. This finding
may result from the limitation of the probe tip
of the scanner that could not reach the deepest
point of the chamfer. Moreover, the former study
concluded that thick adhesive cement under a
ceramic restoration may reduce the support from
the tooth, thus increasing the risk of ceramic
fracture.54 Another point to be mentioned was
that the internal gaps at the axial walls showed
the lowest values. According to Tuntiprawon
and Wilson report55, all ceramic crowns with
smaller gap dimensions at the axial walls and
the margins demonstrated the best compressive
strength.
In summary, there were several factors
influence on marginal and internal fits in this
study such as convergence angle, margin
of zirconia framework and viscosity of resin
cements. Therefore, zirconia framework margin
should be checked and adjusted properly before
cementation. Moreover, high viscosity resin
cements should be more precisely selected to
use with taper abutment.

The comparison of the marginal gaps of zirconia framework luted with different types of phosphate based-resin cements
Darunee Owitayakul, Wipada Lertrid, Chuchai Anatamana, Piyapanna Pittayachawan

M Dent J Volume 35 Number 3 September-December 2015

In conclusion: under the conditions of
testing of this study, the following conclusions
may be drawn: the marginal gap was significantly
increased after cementation compared with
before cementaion. Long-term thermocycling
may have no clinical effect on marginal gap. In
addition, the marginal and internal gaps achieved
by Panavia™ F2.0 and RelyX™ U100 were within
clinically accepted standards (≤120 µm) except
at cusp tips and occlusal floor that exceeded
120 µm. Panavia™ F2.0 showed significantly
larger marginal gap than RelyX™ U100.
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