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Abstract
Purpose: Long-term clinical success is closely related to the internal and marginal adaptation of the restorations. The
purpose of this study was to evaluate the internal adaptation of zirconia-based fixed dental prostheses in the posterior
region.
Materials & Methods: Four-unit porcelain-fused to zirconia fixed dental prostheses were fabricated with CAD-CAM
system in 20 patients. For the evaluation of the restorations’ internal fit, conventional silicone replicas were used with
the optical microscope. The obtained silicone impression was cut to obtain two cross-sections from buccolingual and 3
from mesiodistal. Fifty different measurements were taken from every tooth by taking 10 from each cross- section; 2
from the margin, 6 from the axial surfaces and 2 from the occlusal by the optical microscope.
Results: There were statistically significant differences in internal discrepancy in terms of area and tooth type. The
average internal discrepancy on the axial surfaces of the molars was 142.39±47.42µm. In premolars, the mean was
139.53±46.80µm. The average of the internal discrepancy values obtained from occlusal surfaces of the molar teeth was
164.39±53.61µm, whereas the same average for the premolar teeth was 161.92±60.54µm.
Conclusion: Within the limitations of this study, restorations fabricated by CAD/CAM and internal and marginal
discrepancies were at clinically acceptable intervals.
Key words: CAD/CAM; internal discrepancy; marginal discrepancy

Introduction

Development of computer-aided design (CAD)/computer-
aided manufacturing (CAM) technology, various dental restora-
tions are beginning to be formulated digitally. The presence of
technicians continues in CAD/CAM technology, is preferred to
process different porcelains on a substructure to obtain more
esthetic results. 1

Cement dissolution is one of the most critical factors caus-
ing secondary caries. The sensitivity of the restorations at the
laboratory stage affects the cement thickness due to its internal
and marginal fit.2,3 The success of all restoration types used
in dentistry is highly related to the marginal fit of the restora-
tions, and it has been reported that a 50-200 µm marginal gap
is clinically acceptable.2–9

The factors affecting the internal and marginal adaptations
indicate that fit of the selected restoration with the tooth struc-

ture and wear resistance is effective. 10 Another factor is the
location of the teeth, which determines the tooth preparation.
It has been reported that restorations in the mandibular pos-
terior region require more tooth preparation. Although it is
recommended to provide at least 2-6 degrees of taper, it has
been stated that the desired durability is maintained at 6-12 de-
grees. 11–14 Depending on the impression material and the pre-
cision of the impression technique, better fit will be achieved in
restorations based on obtained models. 15 In CAD/CAM systems,
however, a higher number of measured points which are trans-
ferred to the system, will result in a more precise restoration
plan. 16

Various techniques have been used to determine marginal
and internal gaps as follows; direct view, cross-sectional tech-
nique after cementation and embedding, impression technique,
weighing the light-body additional silicone, and explorer com-
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Figure 1. Silicone model which were obtained before cementation

bined with visual examination. Marginal discrepancies can be
detected on the model by microscopic examination. Another
method is to section the samples after cementation and exam-
ine their inner surfaces under a microscope or micro-CT can
be used as a non-sectional method. 1,8,17–19

The purpose of this study was to determine the internal
and marginal gaps of 4-unit zirconia-based fixed partial den-
tures that were applied to the posterior region by using an im-
pression technique (replica method) and non-invasive method.
The null hypothesis of the study was that the internal and
marginal gaps would be within clinical limits in both teeth type,
and also gaps in the margin, axial and occlusion would be sim-
ilar.

Materials and Methods

This study was conducted upon the approval of the Marmara
University Health Science Department Ethics Board under pro-
tocol number MAR-YÇ-2005-0082. Tooth preparations in-
volved chamfer finish lines. The restoration process included
impression taking, coping design by dental technician, coping
fabrication with CAD/CAM technology, and porcelain layering
by dental technician. Four-unit zirconia-based fixed partial
dentures (CERCON Smart, DeguDent GmbH, Germany) were
fabricated. To determine the marginal and internal fit of the
mentioned fixed partial dentures, impression were taken from
the inner surfaces of the restorations, and the cement gaps
were identified under an optical microscope. To check the
internal discrepancy of the zirconia-based fixed partial den-
tures, all extraneous material of the temporary fixed partial
dentures were removed before the cementation stage. The sur-
faces of the teeth were cleaned by brushs. An addition-type
thin consistency silicone material (Affinis, Coltène, Switzer-
land) was applied on the prepared teeth. After the restorations
were placed over the teeth, the patient was asked to bite. Af-
ter the impression material had set,2,8,9 the restoration was
removed. An addition-type medium-consistency silicone im-
pression material (Affinis, Coltène, Switzerland) was applied
to internal surface of the restoration over the thin-consistency
impression material left inside the restoration to support the
thinner layer. After the medium-consistency silicone material
was set, an addition-type thick-consistency silicone (Affinis,
Coltène, Switzerland) was applied in order to help remove the
replica from the restoration in one piece (Figure 1).

The set silicone impression was crosscut to obtain two buc-
colingual and three mesiodistal cross-sections (Figure 2). Fifty
different cement thickness measurements were taken from
each tooth by taking 10 measurements from each cross-section;
2 from the margin, 6 from the axial surface and 2 from the

Figure 2. Internal measurements were shown in details, a: margin, b: axial, c:
occlusion

occlusal surface with an optical microscope with a 3.2x opti-
cal scanner, 48x microscopic magnification, and 102.81x screen
magnification. Average occlusal, proximal, and marginal adap-
tation values were obtained by calculating the mean of the
three times measurements in the internal silicone replicas.

Statistical Analyses

For evaluating the findings obtained during the study, a
commercially available software (IBM SPSS Statistics 22 IBM,
Turkey) was used for statistical analyses. Data was tested
for normality using Kolmogorov-Smirnov (Shapiro Wilks) test,
and was found to be normally distributed. Two-way ANOVA
was used to identify the effect of the marginal gap and the tooth
type (α=0.05). One-way ANOVA (post hoc Tamhane’s T2 test)
and Student t test were used as attendance tests. Significance
was evaluated at the α=0.05 level.

Results

There was a significant difference between the tooth type and
internal adaptation (p=0.003; p<0.05). There was not a sig-
nificant difference between the location of the gaps and the
internal adaptation (p=0.113; p>0.05). There was a significant
difference between the tooth type and gap regions (p=0.000;
p<0.05). Teeth type and gap regions had an effect on the inter-
nal adaptation values (Table 1).

Internal adaptations of the molar teeth were larger than
premolar teeth and were statistically significantly higher than
the premolar teeth (p=0.010; p<0.05) (Table 2). There was not
a statistically significant difference between the axial gaps of
the molar and premolar teeth (p=0.198; p>0.05). There was a
statistically significant difference between the occlusal gaps of
the molar and premolar teeth (p=0.000; p<0.05). There was a
statistically significant difference between the marginal gaps
of the molar and premolar teeth (p=0.000; p<0.05). Marginal
gaps of the premolar teeth were larger than the marginal
gaps of the molar teeth. There was a statistically signifi-
cant difference between the gap regions and the molar teeth
(p=0.000; p<0.05). Post hoc Tamhane’s T2 test indicated that
occlusal gaps were larger than the axial and the marginal gaps
(p1=0.000; p2=0.000; p<0.05). Axial gaps were significantly
larger than the marginal gaps (p1=0.000; p<0.05). There was
a statistically significant difference between the gap regions
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Table 1. Internal adaptation of tooth type and gap regions by 2-Way ANOVA test.
Source Type III Sum of Squares df Mean Square F P

Tooth type 21511.76 1 21511.76 9.123 0.003*
Gap regions 10284.99 2 5142.492 2.181 0.113

Tooth * Gap regions 687778 2 343889 145.839 0.000*
*p<0.05

Table 2. Mean internal gap widths according to tooth type and region
Internal Adaptation

n Mean±SD p
Tooth type Molar 1500 x142.70±50.59 10.010*

Premolar 1500 y137.90±51.15
Region Axial 1800 a140.97±47.12 20.138

Occlusion 600 a136.67±54.05
Margin 600 a141.92±58.07

1Student t test 2Oneway ANOVA Test *p<0.05
x-y show the differences between the molar and premolar
a show the both teeth’s measurements.

Table 3. Mean gap widths according to the region in tooth
Tooth Type

Molar Premolar
Gap region n Mean±SD n Mean±SD 1p

Axial 900 ax142.40±47.43 900 ax139.54±46.8 0.198
Occlusion 300 bx164.39±53.62 300 by108.94±37.89 0.000*
Margin 300 cx121.91±47.81 300 cy161.93±60.55 0.000*

2p 0.000* 0.000*
1Student t test 2Oneway ANOVA Test *p<0.05
a,b,c show the region differences
x-y show the differences of the tooth type

and the premolar teeth (p=0.000; p<0.05). Post hoc Tamhane’s
T2 test indicated that marginal gaps were larger than the ax-
ial and the occlusal gaps (p1=0.000; p2=0.000; p<0.05). Axial
gaps were significantly larger than the occlusal gaps (p1=0.000;
p<0.05) (Table 3).

Discussion

The null hypothesis of the study was the internal and marginal
gap would be within clinical limits was accepted but the other
null hypothesis about the gaps in the margin, axial and occlu-
sion would be similar was rejected. It has been reported that
the involvement of multiple steps and technique sensitivity of
laboratory procedures can affect marginal adaptation and in-
ternal fit, which is clinically essential for the longevity of a
restoration.8,18 In this study, impression technique (replica
method) was used for evaluating marginal and internal fit,
which is considered a reliable and non-invasive method for
measuring fit of the restoration. In this technique, the cement
is replaced with the impression material, and the restoration is
placed on the abutment tooth. The restoration and impression
material are separated from the abutment, and the thickness
of the cement layer analogue is measured. However, the im-
pression replica technique has certain limitations such as tear-
ing of the elastomeric film upon removal from the crown and
errors in sectioning which would eventually lead to overesti-
mated measurements. Too much marginal gap could lead to
increased cement thickness, secondary caries risk, and pulpal
irritation.20,21 On the other hand, incorrect fit of the internal

adaptation may cause axial walls and occlusal surfaces to not
be in ideal contact with the restoration, thereby reducing the
retention and leading to restoration farcture.2222 Before the
cementation of the restorations in our study, we identified in-
ternal and marginal discrepancies with the help of measure-
ments on sectioned silicone . The number of measurements
made in the internal adaptation studies were significant. Only
accurate number of the section could inform on the internal
structure of the entire restoration be obtained. Therefore, the
number of sections should be increased as much as possible.23
In our study, we took a total of 50 measurements from each
tooth.

It is possible to perform standard crosscuts for internal fit
evaluations and be ensured that the operator can observe every
surface in the best way when cutting in vitro; whereas it is not
possible to achieve outcome in vivo. 1 It has been reported that
50-200 µm marginal gap width is clinically acceptable.2,3,5–9
When the total internal fit was examined in our study, an av-
erage of 139.16 ±49.01 µm was found, which was within the
clinically acceptable range.

In a study using a different CAD/CAM system, it was ob-
served that gap width was increased from the marginal edge
to the occlusal surface. 19,22,24,25 It was reported that above-
mentioned result was due to the intraoral scanner being un-
able to detect some curved surfaces because of the length of
the scanner tip’s diameter. In our study, the highest internal
discrepancy values (164.39 ±53.62 µm) were measured on the
molar occlusal surface, and the lowest values (108.94 ±37.89
µm) were measured on the premolar occlusal surface. Inclined
surfaces on the molar teeth occlusions were affected the abil-
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ity of the scanner to scan the crown or fixed partial dentures
perfectly in the CAD/CAM.

If the scanner is able to detect the surfaces clearly, gaps
would be lower than 100 µm.5,26 Boening et al. reported an
average marginal gap width of 80-95 µm in anterior teeth and
90-145 µm in posterior teeth. It has been stated that the Pro-
cera AllCeram system showed clinically acceptable values.2 In
our study, when the molar teeth and premolar teeth were com-
pared, the sum of the internal discrepancy values for premolar
teeth was 137.90 ±51.15 µm, whereas it was 142.70±50.59 µm
for molar teeth. It could be said that the internal discrepancy
of the molar teeth was higher since the preparation of the mo-
lar teeth is more complicated than that of the premolar teeth;
in particular, the distal part was not clear, and the marginal
region was harder to scan.

In the study by de Paula Silveira et al.4 the mean axial in-
tegrity value was 138 µm in different restorations, and a similar
result was reported by Tabata et al. 1 In our study, the mean ax-
ial integrity value was 140.97±47,12 µm in ceramics, similar to
the Paula Silveira et al and Tabata et al results. Tabata et al.
also reported that ceramic restorations have a maximum in-
tegrity of 232 ±29 µm, and in this study, the occlusal integrity
was 164,39±53,62 µm, which was the largest of all gaps.

Conclusion

As a result of the internal adaptation evaluation of zirconia-
based fixed partial dentures, the broadest gap was measured
in the occlusal surface and the narrowest was measured in
the margins. When the abutment teeth were examined, inter-
nal and marginal discrepancies were found in the molar teeth
compared to the premolar teeth. Internal and marginal dis-
crepancies in zirconia-based fixed partial dentures prepared by
CAD/CAM technology were acceptable for clinical service.
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