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INTRODUCTION 

Nowadays, different techniques are used to 
fabricate ceramic fixed partial dentures (FPDs) 
either machinably or manually to produce esthetic 
and durable restorations (1). Computer-aided design/
computer-aided manufacturing (CAD/CAM) can 
be considered the least technique that relays on the 
laboratory technician skills (2). zirconia –based FPDs 

can be considered as an alternative to metal ceramic 
FPDs in the anterior and posterior areas (3). Using 
monolithic zirconia restorations is a successful 
treatment option that has many advantages 
including: accuracy with reduced need to occlusal 
adjustments, durability as no risk of veneering 
porcelain fracture and fulfill the patient needs for 
functional and esthetic restorations (4). Moreover, 
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ABSTRACT

The aim of this study was to measure the vertical marginal misfit of three and four units FPDs 
manufactured by Cercon machine before and after cementation by zinc phosphate and resin cements. 
Twenty monolithic zirconia FPDs group B was fabricated using Cercon machine. FPDs were either 
three or four units. Standardized metallic dies were scanned to produce the samples. Samples were 
divided into two main groups where group A was  three units FPDs and group B was four units 
FPDs, each group was divided into two subgroups according to the cement used (subgroup C1: 
Zinc phosphate cement, subgroup C2: Resin cement Variolink N). The vertical marginal misfit of 
All specimens were measured before and after cementation using stereomicroscope. All data were 
statistically analyzed. Results showed that the vertical marginal misfit values of monolithic three 
and four units zirconia FPDs constructed by Cercon machine was clinically acceptable. It was 
found that using either conventional cementation with zinc phosphate or adhesive resin cementation 
produced acceptable clinical results, too.
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using monolithic zirconia restorations, which doesn’t 
require a ceramic veneering, produces restorations 
that have accurate margins. As it  was reported  that 
ceramic veneering of zirconia restorations affects 
the marginal and internal adaptation of four units 
zirconia restorations (5).

 Cercon is CAD/CAM system that fabricates 
copings, frameworks and full anatomical all-
ceramic restorations made of Y-TZP zirconia 
(yttria-stabilized tetragonal zirconia polycrystals). 
The system can provide highly esthetic and durable 
restorations (6). From clinical point of view, the 
esthetic parameters, mechanical Properties and 
marginal fit are very important factors for ensuring 
longevity of ceramic restorations. Excellent 
marginal fit of fixed restorations will decrease 
plaque accumulation and occurrences of periodontal 
diseases leading to  clinical success(7). An acceptable 
marginal gap for ceramic restorations should be less 
than 120µm, as marginal misfit of more than 120µm 
will lead to plaque buildup, dissolution of  luting 
cements, caries, pulp inflammation, and periodontal 
disease(8,9). Nawafleh et al(10) reported that there is 
no evidence about an optimum fit of contemporary 
systems, with a diverse range between 7.5 and  
206.3 µm. Marginal fit of fixed restorations can 
be affected by various factors such as thickness 
of the die spacers, type of finish lines, processing 
techniques and the choice of luting cements. Luting 
cements occupy the interface between the restoration 
and the prepared teeth reducing the marginal misfit 
to a greater extent. The commonly used luting 
cements for all-ceramic restorations mainly are 
resin modified glass ionomer and resin cements 
and zinc phosphate cements(11). Reich et al(12)

measured in vivo-study the marginal and internal 
fit of Lava 3-units FPDs by replica technique, 
the mean marginal gap of Lava FPDs was 65μm, 
nearly similar to those of metal-ceramic FPDs also, 
Beuer et al (13) also reported that the accuracy of 
the Lava CAD/CAM system has accepted margin 
clinically. Vigolo and Fonzi(14) microscopically 
analyzed marginal fit in zirconia 4-unit FPDs at 50X 
magnification, the mean marginal gap of the Everest 

system was 65.49μm with acceptable  marginal 
gap compared to the metal-ceramic restorations. 
However, Kohorst et al (15) found that the mean 
marginal gap of the Everest system was 112.8μm.  
And Abduo’s (16) reported that the average value 
of the absolute marginal discrepancy for zirconia 
FPDs made with Everest systems was 148.8μm. 
To the present authors’ knowledge, no studies have 
been published that evaluated marginal misfit of 
three and four units Cercon FPDs, The purpose of 
this in vitro study was to measure and compare the 
marginal misfit of CAD/CAM Cercon three and 
four units FPDs before and after cementation using 
zinc phosphate or resin cement.

MATERIALS AND METHODS

A total of 20 monolithic zirconia fixed partial 
dentures (FPDs) were fabricated using CERCON 
machine. FPDs were either 3units (replacing missing  
upper second premolar),  named group A or 4 units 
FPDs( replacing missing upper second premolar 
and first upper molar), named group B. Each group 
consisted of 10 FPDs that were randomly divided 
into 2 sub-groups (C1, C2) according to the used 
type of luting cement. Each subgroup contains  5 
FPDs, where C1 is subgroups where FPDs were 
cemented by Zinc phosphate cement (Adhesor 
fine, Spofa dental, Czech Republic), while for C2 
subgroup FPDs were cemented by resin cement, 
(variolink N, Ivoclar –Vivadent Co., Lichtenstein) 
(Table 1).

TABLE (1) Showing experimental samples distribution.

Group A
Three units FPDs  

(10 samples)

Group B
Four units FPDs  

(10 samples)

Subgroup 
C1

(5FPDs)

Subgroup 
C2

(5 FPDs)

Subgroup 
C1

(5 FPDs)

Subgroup 
C2

(5 FPDs)

Total number of samples = 20 FPDs.
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Two stainless steel models (one for each group) 
representing  prepared abutments were prepared  
using engineering lathe (Automatic feedback 
lathe- BV20B-L Bengu Dome Siticmaxhime tool, 
China). Abutments were prepared to be 5mm in 
height and  have 1mm shoulder finish lines and 
was prepared with 12 degrees convergence angles. 
Prepared abutments were screwed to a stainless 
steel base while being spaced with a suitable pontic 
distance to represent a case of missing second 
premolar (group A) and another case of missing 
second premolar and first molar (group B). For each 
model 10 impressions were made using polyether 
impression material (Impergum Penta,3M ESPE, 
USA). Impressions were poured using epoxy resin 
material (Table Top Epoxy Resin, clear crystal, 
USA). Each model was duplicated to a stone model 
which was scanned using Cercon Eye, then FPDs 
designing was done using Cercon Art. FPDs were 
constructed using CERCON machine then placed 
on their epoxy resin models (Fig. 1).

After placing the FPD samples on the epoxy 
resin models, all the retainers margins were scanned 
using a stereomicroscope (MA 100, Nikon CO., 
Japan) to measure the vertical marginal  misfit 
(discrepancy). Scanning was done at 6 positions  (at 
the 4line angles, mid facial , mid lingual). Readings 

of the marginal discrepancy were done using image 
analysis software ( Omnimet, Buehler, USA)  using 
magnification of 50 × .All readings were recorded 
and an average  value was measured for each bridge, 
by measuring the mean marginal discrepancy 
values of both retainers. The obtained values were 
recorded to represent the mean vertical marginal 
misfit of each FPD sample precementation.  The 
measuring locations were marked previously with 
an indelible marking pen to assure measuring the 
marginal discrepancy at the same location pre and 
post cementation. 

Cementation of FPD samples was done follow-
ing manufacturer’s recommendations. FPDs were 
placed under a static load of 3 Kg during setting of 
the cements to assure complete seating of the bridge 
on the dies (Fig. 2). Measuring the vertical marginal 
misfit for both retainers of each bridge was repeated 
again after cementation. The vertical marginal mis-
fit values were measured at the previously marked 
six locations for each retainer and an average value, 
for each FPD, was recorded to represent the mean 
vertical marginal misfit of each FPD sample post 
cementation. (Fig. 3) 

All FPDs were stored in deionized water in an 
incubator (QWJ500, Queue SystemsInc. USA) so 
that samples were maintained at oral temperature 
at 37˚C. Samples were removed 24 hours before 
measurements were taken.

Fig. (1) Twenty monolithic FPD samples that were used in the 
study

Fig. (2) Cementation of bridge under 3kgm Load. 
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The average values of the vertical marginal misfit 
for all FPD samples, pre and post cementation,  were 
tabulated and statistically analyzed.

RESULTS

Collected data were tabulated and statistically 
analyzed using Wilcoxon rank sum test to study the 
effect of the individual factors and the interaction 
between different factors.

Using zinc phosphate cementation, subgroup 
C1, did not has any statistical significant effect on 
increasing the vertical marginal gap values for both 
groups A and B, as shown in Table 2.

Also, there was no statistical significant differ-
ence in the vertical marginal misfit between group 
A and B whether pre or post cementation using zinc 
phosphate cement. 

Using variolink resin cement, subgroup C2, did 
not has any statistical significant effect on increasing 
the vertical marginal misfit values for both groups 
A. However there was a statistically significant 
increase in the vertical marginal misfit for group B 
after cementation, as shown in table 3.

Also, there was no statistical significant differ-
ence in the vertical marginal misfit between group A 
and B whether pre or post cementation using Vario-
link resin cement. 

For 3 units bridges (group A) using either zinc 
phosphate cement ( subgroup C1) or variolink resin 
cement (subgroup C2) for cementation did not has 
any statistical  significant effect on increasing the 
vertical marginal misfit values. As shown in table 4.

Fig. (3) Measurment of marginal misfit using stereomicroscope. 
A before cementation, B after cementation. Where R is 
the retainer, C is the cement, and E is the epoxy resin 
abutment margin.

TABLE (2) Vertical marginal misfit measurement for 3 and 4 units zirconia bridge before and after cementation 
using zinc phosphate cement subgroup C1:

Units Before After p-value
Group A (3 units) Mean ± SD 37.3 ± 18.25 60.4 ± 30.4 0.2 (NS)#
Group B (4 units) Mean ± SD 49.6 ± 24.8 83.3 ± 30.9 0.1 (NS)#

p-value 0.4 (NS)## 0.3 (NS)##

#wilcoxon matched pairs signed rank test   ##wilcoxon rank sum test

TABLE (3) Vertical marginal misfit measurement for 3 and 4 units zirconia bridge before and after cementation 
using resin cement subgroup C2:

Units Before After p-value
Group A(3 units) Mean ± SD 63.8 ± 20.9 81.4 ± 25.01 0.3 (NS)#
Group B (4 units) Mean ± SD 42.9 ± 6.29 59.5 ± 8.34 0.02*#
p-value 0.06 (NS)## 0.1 (NS)##

#wilcoxon matched pairs signed rank test  ##wilcoxon rank sum test
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TABLE (4) Vertical marginal misfit measurement for 
3 units zirconia bridge before and after 
cementation using zinc phosphate and 
resin cement: 

Cement Before After

Zinc phosphate Mean ± SD 37.3 ± 18.25 60.4 ± 30.4

Resin Mean ± SD 63.8 ± 20.9 81.4 ± 25.01

p-value 0.06 (NS)## 0.3 (NS)##

##wilcoxon rank sum test

For 4 units bridges (group B) using either zinc 
phosphate cement (subgroup C1) or Variolink resin 
cement (subgroup C2) did not has any statistical 
significant effect on increasing the vertical marginal 
misfit values. As shown in table 5.

TABLE (5) Vertical marginal misfit measurement for 
4 units zirconia bridge before and after ce-
mentation using zinc phosphate and resin 
cement: 

Cement Before After

Zinc phosphate Mean ± SD 49.6 ± 24.8 83.3 ± 30.9

Resin Mean ± SD 42.9 ± 6.29 59.5 ± 8.34

p-value 0.6 (NS)## 0.1 (NS)##

##wilcoxon rank sum test

Results of all subgroups are shown in the follow-
ing figure (Fig. 4).

DISCUSSION

This in-vitro study evaluated the vertical marginal 
misfit (discrepancy) of three and four units’ zirconia 
FPDs pre and post cementation using two different 
cements. Obtained data supports acceptance of the 
null hypothesis that no differences would be found, 
regarding the vertical marginal misfit, between 
three and four units zirconia FPDs pre and post 
cementation with the used two different cements. 

in-vitro study helped to standardize the 
preparation design, the manufacturing technique, 
ease of marginal evaluation and the restorations 
performance resulting in a reliable assessment of 
the margins. However, the in vitro study cannot 
simulate the clinical conditions that surely affect the 
restorations and the luting cement bonding (17).

 Either chamfer or shoulder finish lines marginal 
configuration has no significant difference on 
marginal misfit of zirconia restorations made using 
Cercon machine(18). In this study, dies were prepared 
to have a 1 mm shoulder finish line and an average 
convergence angle of twelve degrees. Stainless 
steel dies were used to ensure standardization of 
specimens shape and dimensions.

Grenade et al in 2011(19) concluded that 
manufacturing processes of single tooth zirconia 
copings had affected both the internal and marginal 
fit. So that, all the FPDs were manufactured using 
the same technique using Cercon machine. 

Measurements of the marginal misfit were done 
while the FPDs were placed on the epoxy resin 
dies because measurements were taken before and 
after cementation on the dies. Also, performing 
measurements on epoxy models allowed measuring 
the marginal misfit from both buccal and lingual 
sides with accuracy. Marginal adaptation was 
evaluated by external measurements taken by 
direct viewing which is a non –invasive technique 
that allowed taking measurements pre and post 
cementation at the exact same locations. Measuring 

Fig. (4) Vertical marginal misfit measurement for 3 and 4 units 
zirconia bridge before and after cementation using zinc 
phosphate and resin cements:
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the marginal misfit post cementation was done to 
study the effect of different cements on increasing 
the marginal discrepancy. The vertical marginal gap 
measurements can be used to quantify the accuracy 
of restorations fit (20). Also, the vertical marginal 
misfit can affects the cement exposure thus, it is 
more clinically significant than the horizontal misfit 
(21). Microscopic measurements used in this research 
allowed measuring of the marginal misfit in the 
vertical dimension only. As the marginal misfit can 
vary at different locations (22) thus, a mean value 
of 6 measurements for each retainer was recorded 
before and after cementation. Then, for each FPD, 
a mean value of the marginal misfit was calculated 
and recorded.

 In this study the vertical marginal misfit did not 
exceed 83.3μm for all tested groups. The obtained 
mean marginal gap measurements for all subgroups 
were within the clinically accepted threshold of 
ceramic restorations marginal gaps as reported by 
maclean and Fraunhofer(23).

The use of conventional cementation using glass 
ionomer or adhesive resin cementation was found 
to have no relevant clinical difference on survival 
rate of lithium disilicate crowns.(24) .In this study the 
used cements were zinc phosphate as a conventional 
cement and Variolink as an adhesive resin cement to 
test their effect on the vertical marginal misfit. Due 
to the high flexural strength of zirconia restorations 
they can be conventionally cemented using either 
zinc phosphate, glass ionomer or resin modified 
glass ionomer or resin cemented. As zirconia is not 
etchable, so bonding requires a pretreatment for the 
restorations (25).

In this study, all FPDs were manufactured 
using Cercon machine. It is reported that digital 
method of manufacturing ceramic restorations can 
exceeds the clinical acceptance values of vertical 
marginal fit that surpasses the vertical marginal fit 
of conventionally fabricated ceramic crowns (26,27) 
.All FPDs were made from zirconia. It was reported 

that the marginal and internal fit of copings made by 
zirconia, Lithium disilicate IPS  e.max press  and 
nickel chromium alloy were within the clinically 
acceptable range(28). Zirconia was reported to be 
suitable for fabrication of posterior crowns, long-
span FPDs and implant abutments (25) .

As chipping of veneering porcelain is an ongoing 
problem with zirconia based all ceramic restorations 
thus the use of monolithic zirconia restorations 
(no veneering porcelain) at non esthetic areas is 
a solution to overcome this common problem(25).
Moreover, zirconia ceramic-based anatomic contour 
(monolithic) restorations  was found to show greater 
passivity of fit compared to ceramic veneered CAD/
CAM fabricated zirconia ceramic frameworks (29). 
Therefore monolithic restorations were used in this 
study. In this research the mean vertical marginal 
misfit, for all test samples, was found to be54.8μm, 
however the mean vertical marginal misfit for four 
units FPDs only was 58.8μm was in accordance to 
the values obtained by Reich et al in 2008 where 
he found a marginal misfit of 77 μm of zirconia 
four units posterior FPDs(30). Martinez-Rus F. et al 
in 2011(31) reported that the mean marginal misfit 
for copings made by Cercon was 13.15±3.01μm 
which was found to be within the range of clinical 
acceptance (120 μm). However, in other studies the 
marginal discrepancy of fixed restorations made 
by Cercon was 80-189μm (32,33) .The variation in 
the results between the studies could be referred to 
variation of the methods used to assess the  marginal 
discrepancy. It was reported that a marginal misfit 
in the range of 100 μm can be considered clinically 
acceptable with regard to the expected restorations 
longevity(34,35).The results obtained in this study 
showed that the vertical marginal misfit values 
for both 3 units and 4 units FPDs were  within 
the clinically acceptable range, and there was no 
statistically significant difference between them pre 
and post cementation.
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CONCLUSIONS

Within the limitations of this study the following 
could be concluded.

1- The vertical marginal misfit values of monolithic 
three or four units zirconia FPDs constructed by 
Cercon machine was clinically acceptable.

2- Using either conventional cementation with 
zinc phosphate or adhesive cementation with 
Variolink N, produced acceptable clinical 
results.

3- There was no statistical significant difference 
in the vertical marginal misfit of both three and 
four units FPDs pre and post cementation.
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