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ABSTRACT
Statement of problem: A new CAD/CAM technology for the fabrication of metal copings for 

metal –ceramic restorations has been introduced. However, no sufficient data on the internal fit of 
metal- ceramic restorations produced by this method is available yet.

 Purpose: This  study  was performed to compare the internal gap between abutment teeth and 
posterior fixed dental  prosthesis (FDPs) fabricated utilizing yttria-stabilized tetragonal zirconia 
polycrystals  and Gold Platinum metal ceramic alloy frameworks.     

Materials and Methods: A randomized controlled clinical trial was performed, twenty FPDs 
were fabricated with yttria –stabilized zirconia poly crystals (Y-TZP –IPS e.max zir CAD) and 
metal –ceramic (MC Au-Pt) as follow(n=10): thirty patients were randomly selected for internal 
fit measurements. The internal fit of the FPDs frameworks were measured using replica technique.  
Data was analyzed with (ANOVA) test, followed by Tukey’s post hoc test.

Results: The internal gap, according to the thickness of the replica, was measured under 
magnification at the following locations: cervical, axial, and occlusal (cusp-tips and central). The 
internal gaps of FPDs with zirconia frameworks were significantly larger in cervical, axial, and 
centro-occlusal regions (cervical: 69.549± 10.484 µm vs. 60.493 ± 15.940  µm axial : 75.678 ± 
8.996 µm vs. 53.356 ± 12.916 µm ; and centro-occlusal: 78.159± 10.272 µm  vs. 69.343 ± 4.446 
µm). The cervical gaps next to the pontics were significantly larger compared with those of the 
outer walls in both types of FPDs (zirconia: mean difference 71.655 ± 4.583 µm; metal-ceramic: 
mean difference 52.891± 5.665 µm ). 

Conclusion: Posterior three-unit FPDs milled zirconia frameworks fabricated according to the 
manufacturer’s specifications exhibited larger internal gaps than those constructed using milled  
Gold Platinum metal-ceramic technique.  

 Clinical implications: Both milled Gold platinum metal ceramic, and zirconia may be an 
alternative for 3- unit  frameworks in terms of internal fit. Zirconia showed inferior results but 
within the range of clinical acceptability.

KEY WORDS: adaptation; fixed partial dentures; internal fit; replica technique; zirconia. 
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INTRODUCTION 

Metal ceramics are still the most widely used 
material for fabricating crowns and FPDs 1. The 
traditional technique for fabricating the metal 
substructure is the lost-wax technique and using 
different metal alloys for casting. Recently a new 
CAD/CAM technology (BEGO Medifacturing-
system, BEGO Medical, Germany) for the 
fabrication of metal copings for metal-ceramic 
crowns has been introduced2.  However, no 
sufficient data on the internal fit of metal-ceramic 
crowns produced by this method is available yet.

The CAD/CAM technique employs sophisticated 
technologies, and the core can be fabricated from 
densely sintered or partially-sintered ceramic 
blocks. A scanner digitalizes the prepared tooth, and 
the framework or a restoration is then fabricated 
according to the previously established design. 
Additionally, CAD/ CAM systems have been 
developed to eliminate or minimize potential sources 
of errors present in conventional manufacturing 
techniques2.

Recently, the high-strength ceramic zirconia was 
introduced for dental application. Based on their 
excellent physical properties, zirconia has been 
advocated as framework material for all-ceramic 
FPDs 3,4. 

The physical properties of densely sintered 
zirconia, however, make the grinding procedures 
difficult, time consuming and leading to high wear 
of milling instruments5-7. In order to eliminate 
these technical difficulties, an alternative technique 
for manufacturing zirconia was developed. This 
technique allows the frameworks to be ground 
out of zirconia in the pre sintered, soft stage. The 
pre sintered frameworks, however, have to be 
sintered to full density in order to reach optimal 
material properties. This sintering procedure was 
accompanied with high sintering shrinkage of 
zirconia of about 2.2%. In order to compensate for 
the shrinkage, the size of the milled, pre sintered 

frameworks has to be larger by this difference 8,9. 
Hence, to compensate for this sintering shrinkage, 
new computer software had to be developed.

Considering that most of the previous 
investigations did not separate the internal fit into 
different regions (occlusal and axial spaces)10 and 
the small number of studies comparing the internal 
fit of all-ceramic systems to that of metal-ceramic, 
we sought to examine the in internal fit (cervical, 
axial, occlusal,  and total mean) of a posterior all-
ceramic FPDs . Two null hypotheses were tested: 
1- there were no differences between cervical, axial, 
occlusal and total mean measurements within each 
group; 2- there were no differences in internal fit 
between the two groups.

MATERIALS AND METHODS

Twenty FPDs were selected for evaluation of the 
fit between abutment teeth and frameworks  under 
clinical condition in twenty patients (nine women 
and eleven men). The study was approved by the 
ethical committee of  Al-Azhar University Girls 
branch, Egypt. 

These patients were part of a randomized 
controlled clinical trial of 50 subjects who had 
given informed consent to participate, and in whom 
30 zirconia ceramic and 20 metal-ceramic posterior 
FPDs frameworks were evaluated. The 20 patients 
included in the analysis of FPD adaptation were 
randomly selected by the statistician according 
to the patient list of the randomized controlled 
clinical trial. The test group consisted of 10 FPDs 
with zirconia frameworks (Y-TZP –IPS e.max zir 
Cercon; Degu Dent), and 10 metal-ceramic (MC Au 
Pt ) FPDs . 

For each tooth an impression was made using 
heavy body polyvinyl siloxane impression material 
(Imprint 3M ESPA),which was sectioned and used 
as an anatomical guide during tooth reduction. 
The abutment teeth were prepared in both groups 
following the principles for metal-ceramic 
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restorations 11, modified according to the needs 
of all-ceramic restorations3.Modification of the 
preparation include a marginal shoulder preparation, 
the tapering of the axial walls by 6– 10º, and the 
meticulous rounding of all edges. The preparations 
were performed  by first author. 

Impressions were made with polyether material 
(Permadyne, 3M Espe, Germany) and poured 1h 
after setting. The master model was cast in die 
stone type 4 (Fujirock, GC Europe, Belgium). The 
materials were used according to the manufactures 
instructions. The computer aided design (CAD) 
was performed by in-lab extra oral scanner “in Eos” 
(Sirona Dental Systems GmbH, D-64625 Bensheim, 
Germany).

Zirconia and metal copings were designed with 
the CAD software. The die spacer was selected 
according to manufacturers instructions. Two layers 
in zirconia and one layer in Cobalt chromium. 
Zirconia(Y-TZP –IPS e.max zir CAD)  and Gold 
platinum (Au-Pt)(Au 87, Pt 10.6, Zn 1.5, In 0.3, Rh 
0.2, Ta 0.2, Mn 0.2; Bio PontoStar, BEGO Medical)
frameworks were fabricated by milling (DeguDent 
GmbH, Rodenbacher Chaussee 463457 Hanau –
Wolfgang Germany). 

The type and size of the zirconia blocks were 
selected as (Cercon smart ceramics). The frameworks 
were milled with a high speed 5-axis simultaneous 
motion, the connectors were milled with a width of 
2.5mm and a height of 5mm between the premolar 
and first molar and with a height of 4mm between 
first and second molars, then sintered in the HT 
furnace (high-Temperature Furnace with program 
Control Unit) according to the manufacturer 
instructions (MiHM-Vogt GMBH&CO.KG .Dental 
Geratebau. Germany). As zirconia blocks were semi 
sintered, the CAD/CAM machine is programmed to 
produce an enlarged restoration with 1.253 % which 
is equal to the amount of shrinkage percent expected 
during sintering process.

Ten frameworks were fabricated from Au-Pt 
blocks .The same design made by the in-lab extra 
oral scanner “inEos” was used. All frameworks 
were simultaneously milled.

After adaptation of frameworks onto the master 
casts, a clinical try-in of all frameworks was 
performed by one operator. It was performed by 
using a dental probe with a fine tip (EPD5658XTS; 
HU-Friedy, Lonay, Switzerland). The margins were 
judged according to previous study10 as acceptable 
if no crevice was present or if the margins were 
probable but the probe did not penetrate a gap. If a 
gap was present, the internal clinical adaptation was 
clinically checked using a silicone material (Black 
Fit Checker; GC Europe, Wa¨ ngi, Switzerland). 
Interferences were removed with a diamond bur 
under constant water cooling until an acceptable 
marginal adaptation was achieved.

After the clinical try-in,  both zirconia frameworks 
and metal frameworks were veneered. The internal 
fit of the FPDs was registered by utilizing a replica 
technique10 during the bisque-stage ceramic try-
in. The bisque-stage was chosen for adaptation 
analysis, All remnants of the silicone material 
were eliminated during the final veneer firing, thus 
minimizing any reduction in the adhesive strength 
of the resin luting cement . As the marginal areas 
were improved with further application of shoulder 
porcelain after the bisque-stage try-in, only the 
cervical adaptation of the framework to the inner 
side of the shoulder was measured.

The internal fit of two groups  were analyzed 
by replica technique. This analysis was performed 
by the same operator who had performed the 
clinical try-in. Any interferences will be removed 
from bisque stage FPDs until acceptable marginal 
adaptation.

The internal surfaces were cleaned with 70% 
alcohol and then dried with air to remove debris. 
The FPDs were filled with a light  body silicone 
impression material (Express; 3M ESPE) and seated 
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on the abutments of the master cast with finger 
pressure. After setting, the impression material 
adhering to the internal side of the frameworks was 
removed together with the FPDs. This  thin layer 
was stabilized by placing a heavy body silicone 
material (Express; 3M ESPE) of different color into 
the frameworks.

After setting, both silicone materials were jointly 
removed from the frameworks. The replicas of the 
mesial and the distal abutment tooth of each FPD 
were separately embedded into a custom made 
epoxy cylinders (Epofix; Streuers) with central 
groove. To standardize the axial cutting, two 
grooves were made in the cylinder walls mesial 
and distal to central groove act as guidance. The 
replicas were fixed on metal pins along the long 
axis of the abutment. The cylinders were filled 
with a clear silicone material (Memosil; Heraeus 
Kulzer) (embedded technique). The samples were 
cut axially with a saw razor blade in bucco-lingual 
direction resulting in two faces to be measured. 
Measurements were obtained for cervical surface 
(CS), axial surface(AS), and occlusal surface(OS) 
to better evaluate the results in addition to pontic 
space (PS) and the total mean (TM). Nine different 
points of each slice were measured: 2 occlusal, 
1central, 4 axial (buccal and palatal) and 2 cervical. 
six faces for nine points of each, resulting in 54 
measurements for each crown.

A stereomicroscope (DP10, Olympus, Japan) 
was used to measure the cement thickness light 
body and all measurements were performed by the 
same examiner.

Statistical analysis : 

The mean measurements were analyzed 
separately according to surfaces from which they 
were obtained (CS, AS, OS, PS and TM) using one-
way ANOVA with Tukey’s multiple comparison test 
at a significance level of p<0.05.

RESULTS

Within the 10 zirconia FPDs frameworks, one 
replaced the first premolar, four replaced the second 
premolar, and five replaced molars. The abutment 
teeth supporting these frameworks were 1 canine, 
10 premolars, and 9 molars. Six of the 10 FPDs 
with gold-alloy frameworks replaced the second 
premolar, and 4 replaced molars. Similarly to the 
previous group, the abutment teeth supporting gold-
alloy frameworks were 10 premolars, and 10 molars.

TABLE (1) Comparison of the mean gaps and 
standard deviations (SD) of the zirconia 
and the metal-ceramic groups for the 
different measurement locations [cervical 
surface (CS), axial surface (AS), occlusal 
surface (OS), pontic surface (PS)and total 
mean(TM)].

Mean Std. 
Deviation

Std.Error 
Mean

t-value P-value

Au-Pt
CS     Y-TZP

60.493
69.549

15.940
10.484

2.008
1.320 3.715 0.000

Au-Pt
AS     Y-TZP

53.356
75.678

12.916
8.996

4.882
3.400 4.191 0.000

Au-Pt
OS     Y-TZP

69.343
78.159

4.446
10.272

1.680
3.885 -1.661 0.000

Au-Pt
PS      Y-TZP

52.891
71.655

5.665
4.583

2.139
1.732 14.394 0.000

Au-Pt
TM    Y-TZP

27.105
65.021

7.524
14.167

6.703
1.262 30.892 0.000

* Comparison was performed without consideration of the 
different die spacer thicknesses.

Milled gold-alloy frameworks for metal-
ceramic FPDs exhibited smaller internal gaps than 
milled zirconia frameworks. The total mean of 
the  gaps recorded for the metal frameworks were 
significantly smaller with  total mean values and SD 
of 27.10±7.52 compared with the gaps of zirconia 
frameworks with mean values and SD of 65.02± 
14.16 (t=30.892. P=0.000 < 0.05) (Table 1 , Fig. 1). 
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In the cervical area, gaps recorded for the metal 
frameworks were significantly smaller with mean 
values and SD of 60.49 ± 15.94  compared with 
the gaps of zirconia frameworks with mean values 
and SD of 69.54 ± 10.48 ( t=3.715,P =0.000 <0.05)  
(Table 1, Fig. 1).

Similarly, a significant difference was found in the 
axial and occlusal gaps (axial: metal 53.35±12.91, 
zirconia 75.67±8.99 .(t=4.191,p<0.05).While the 
occlusal gap of metal 69.43±4.44, and zirconia 
78.15±10.27 (t=1.661,p<0.05).

By contrast, no significant differences were 
found for measurements in the occlusal area of the 
cusp tips. Furthermore, in the occlusal area of both 
framework materials a significant difference was 
found between the measurement locations occlusal 
and central ( P < 0.05).

In addition, the gaps between the frameworks 
and the abutments in the areas facing the pontics 
and the areas facing away  the pontic from the 
gaps within the same frameworks were compared 
(including cervical and axial regions). The mean 
difference of the two areas was calculated by 
subtracting the gaps facing away from the pontic 
from the gaps facing the pontic within the same 

framework. In zirconia group, the adaptation of the 
areas facing away from the pontics was significantly 
better than of the areas facing towards the pontics 
(mean values and SD were 52.89 ± 5.66 for metal 
and 71.65±4.58,t=14.39, p<0.05 for zirconia).

DISCUSSION

In this clinical study of the internal gaps of milled 
zirconia and gold-alloy FPD frameworks, fabricated 
according to the manufacturers, specifications, 
significant differences of the two framework types 
were found. Zirconia frameworks exhibited larger 
internal gaps, with significantly higher values at 
cervical, axial, and occlusal measurement locations 
and total mean. Therefore, the null hypothesis could 
not be confirmed.

These results are in agreement with the results 
of other studies dealing with the internal adaptation 
of computer designed ceramic restorations.11,12 

Furthermore, the internal gap of the metal 
frameworks was within the range of clinical data 
previously published for metal frameworks.14 
However, the values of gap size in various studies 
dealing with adaptation of restoration can only be 
compared to a limited extent due to differences in 
measurement locations . 

One further difficulty for the comparison of study 
outcomes is the variability of the definition of fit. Fit 
may be related to the vertical marginal discrepancy 
and horizontal marginal discrepancy.15  However, fit 
can also be defined as seating discrepancy or internal 
discrepancy between a restoration and the abutment 
tooth representing as internal gap .15 In the present 
investigation the fit was analyzed by measuring the 
internal gaps of the frameworks.

In the present study, both the metal and zirconia 
frameworks were horizontally reduced to the 
inner one-third of the shoulder preparation, the 
measurement of the adaptation of the framework 
was limited to the internal cervical regions. A 
tendency for the zirconia frameworks to exhibit 
larger internal gaps is evident.

Fig.(1):Comparison of mean gaps of Zirconia and metal –
ceramic (Gold platinum) groups for the different 
measurements locations. CS (cervical surface), AS 
(axial surface), OS (occlusal surface), PS (pontic 
surface), TM (total mean)
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Despite the similarity in the different CAD/
CAM systems in fabricating zirconia restorations, 
there are differences in the fabrication process, 
mainly internal space provision, that have been 
considered by several investigators as a cause of the 
variation .16-18 In addition, there is a difference in the 
experimental procedure that is expected to cause 
more variation in the outcome at the try-in stage.

The marginal fit of dental restorations is one 
of the most important criteria when evaluating the 
clinical acceptability of crowns.19 In the current 
study, the mean  axial gap for metal crowns 
was found to be 53.356±12.916  µm, which is in 
agreement with earlier studies.20,21 The axial gap of 
75.678±8.996 µm for zirconia found in the present 
study seems to be in agreement with earlier studies 
of this system.22-24 

The total mean  gap of 27.105±7.524 µm and 
65.021±14.167 µm in metal and zirconia frameworks 
in this study for Cercon crowns seems to be well 
within the threshold of clinical acceptability, and 
in accordance with another study which reported 
that total mean of internal fit in metal ceramic was 
30.0±71.2 µm and in zirconia frameworks was 
67.7±114.7 µm.25

Clinical acceptability of marginal fit was 120 
µm, proposed by McLean and Fraunhofer.26 In a 
recent study,20  the marginal gap of Cercon crowns 
was reported to range from 40-90 µm, close to the 
results reported in the current study. The marginal 
gap values of the present study are also generally 
comparable to other studies27-9 on marginal fit of 
zirconia crowns, except for one study in which the 
range was higher 50-160 µm.30

An increase in thickness of the die spacer layers, 
resulting in larger internal gap,  as in vitro studies 
have shown. 31-32 Consequently, an increase in 
cement thickness caused by a larger internal gap can 
have a significant effect on the long-term stability 
of a ceramic reconstruction .33-7 In the present study, 
following the manufacturers, instructions, two 

layers of die spacer were selected for the fabrication 
of the zirconia frameworks but only one was 
selected for the metal frameworks. This increased 
twice the spacer thickness for zirconia group and 
presumably was part of the reason for the varying 
adaptation. However, taking the spacer thickness 
into consideration, zirconia frameworks still tended 
to exhibit larger gaps in the cervical region in the 
present study.

Moreover, the replica technique used in the 
present study to evaluate the internal fit of the 
restoration has been extensively used as a non-
destructive, reliable and valid method.38

Randomized controlled clinical long-term 
studies are needed to obtain further information 
about the clinical consequences of the varying fit of 
reconstructions with zirconia and metal frameworks. 
Updates of the software have been made available 
and have improved framework fit. Hence, there is 
a need for more in vitro and in vivo tests with the 
latest updates to gain further information on the 
actual status of the adaptation of zirconia and metal 
frameworks.39-43

One shortcoming of this study was the single 
assessment of measurements by one operator. Future 
experiments should include repeated measurements, 
and intra-examiner or inter-examiner agreement 
should be evaluated.

CONCLUSION

Within the limitations of this study, we 
concluded that posterior three-unit FPDs milled 
zirconia frameworks fabricated according to the 
manufacturer’s specifications exhibited larger 
internal gaps than those constructed using milled  
Gold Platinum metal-ceramic technique.  
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