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Öz

Abstract
Objective: The purpose of this in vitro study was to compare the internal gaps of 
3 different full molar crowns prepared using digital and conventional impression 
techniques. 
Materials and Methods: A zirconia model with a prepared maxillary first molar 
was used as the base model. Sixty crown restorations were produced using zirconia, 
polyether ether ketone and hybrid ceramic from the same datasets. The specimens 
divided into 2 groups that were fabricated as follows: for the group conventional 
impression (CZ; CP; CH, n=10), vinyl siloxane ether impressions of the master model 
were made. For the group digital impression (DZ; DP; DH, n=10), digital impressions 
of the master model using intraoral scanner system were made. The internal 
accuracy of the frameworks were measured under a reflected stereo microscope by 
using the silicon replica technique. ANOVA and the Tukey-HSD multiple comparison 
tests were used.
Results: There was no significant statistical difference between the conventional 
and digital impression techniques in relation to the internal fit (p>0.05). Group DH 
(81.74 μm) showed the lowest values for internal fit, while group CZ (102.2 μm) 
showed the largest. 
Conclusion: Within the limitations of this in vitro study, it was concluded that 
the marginal fit produced by the digital and conventional impression techniques 
showed the same values, and all the samples were measured at a clinically 
acceptable internal fit (<200 μm).

Amaç: Bu in vitro çalışmanın amacı, dijital ve geleneksel ölçü yöntemi ile üretilen 3 
farklı molar kronların internal aralıklarının hesaplanıp değerlerin karşılaştırılmasıdır. 
Gereç ve Yöntemler: Maksiller birinci molar olacak şekilde zirkonyum ana model 
olarak kullanıldı. Materyaller zirkonyum, polieter eter keton ve hibrit seramik olarak 
belirlendi, ana modelden 60 adet molar kron üretildi. Kron üretimi esnasında aynı 
veriler kullanıldı. Denekler 2 ana gruba ayrıldı: Geleneksel ölçü yöntemi için vinil 
Siloksan eter ölçü materyali kullanıldı (CZ; CP; CH, n=10). Dijital ölçü yöntemi için 
ise ağız içi tarayıcı sistemi kullanıldı (DZ; DP; DH, n=10). Elde edilen bütün kronların 

Evaluation of the Internal Accuracy 
of Molar Crowns Fabricated Using 

Digital and Conventional Impression 
Techniques

doi:10.4274/meandros.65265

https://orcid.org/0000-0003-2282-8944
https://orcid.org/0000-0003-2684-0131
https://orcid.org/0000-0002-5183-7746


241

Meandros Med Dent J 2018;19:240-6

Introduction 

Dental treatment is moving toward digital 
technology (1). For 30 years, computer-aided design 
and computer-aided manufacturing (CAD/CAM) has 
been used to fabricate fixed dental prostheses (FDPs) in 
digital dentistry (2). Today, many framework materials 
for FDPs are fabricated using CAD/CAM technology, 
such as zirconia, high-resistance polymers (polyether 
ether ketone), and hybrid ceramic restorations, which 
use mechanical properties and biocompatibility to 
provide sufficient mechanical resistance to chemical 
attacks and to determine clinical success (3-6). 

Internal adaptation is a key factor in the clinical 
success of dental restorations (7). The precision of the 
details is critical in terms of model accuracy, and the 
internal fit influences preconditions for the clinical 
performance of the indirect restorations (8-12). 
When referring to the fit between the teeth and the 
restoration, the existing restoration is referenced as 
the internal fit. Poor internal fit of indirect restorations 
can cause distribution of the microflora and can 
increases plaque retention (13), which can lead to 
the occurrence of secondary caries, microleakage, 
pulpitis, and periodontal diseases (13-16). It also 
will weaken the fracture strength and mechanical 
properties of the restorations (9,17,18).

The type of impression material and impression 
technique used will affect the internal fit of a prosthetic 
restoration. The conventional impression technique is 
used as a standard in prosthetic dentistry, owing to its 
ease of application, adequate stability and precision, 
low cost, and the short time required to perform the 
procedure (19,20). However, this technique relies 
upon impression materials and master dies, so the 
potential for distortion of the impression material 
exists (21-23). Deformation and errors caused by 
impression materials (such as expansion or shrinkage) 
will affect the accuracy of the master die and can 
jeopardize the fit of the FDP (24).

Christensen (25) emphasized that more than 
50% of measurements obtained by the conventional 
impression technique cannot be used to determine 
an acceptable internal fit due to errors caused by 
the impression materials. In addition, prostheses 
produced from an unclear impression recording are 
not compatible with dental tissue (25).

Researchers have worked to improve the process 
of creating impression materials by seeking out a more 
accurate method for dental impressions. Therefore, 
the digital impression technique was developed to 
address this need by increasing the accuracy of the 
definitive FDP while simplifying the process (26). 

The advantage of digital impressions is that they 
involve faster lab processing than conventional 
impressions, the data can be stored indefinitely, 
and the images can be transmitted digitally (27). In 
addition, the digital impression technique increases 
patient comfort, reduces errors caused by impression 
materials, provides three-dimensional visual analysis 
between physicians and patients, and generates 
higher profits by reducing costs associated with the 
creation of dental prosthetics (28). Despite these 
advantages, the digital impression technique cannot 
provide a clear bit recording in the subgingival region 
and can cause a reduced sensitivity to blood and saliva 
(29,30). Previous studies have evaluated the precision 
of an intraoral scanner and have revealed that similar 
or more accurate results could be achieved compared 
to those produced by conventional vinyl siloxane ether 
or silicon impression materials (13,14), while other 
studies have reported that scanners are less accurate 
than conventional impressions (22). As a result, there 
is no consensus about which impression technique is 
better in terms of internal accuracy (31).

The purpose of this study was to compare and 
evaluate the internal adaptation of framework 
fabrication using two impression techniques, and it 
was hypothesized that there would be no difference 
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internal aralık değerlerinin hesaplanması için silikon replika tekniği kullanıldı. Gruplar arası istatistiksel farkları saptamak için ANOVA 
ve Tukey-HSD çoklu karşılaştırma testi kullanıldı. 
Bulgular: Dijital ve geleneksel ölçü yöntemleri istatistiksel olarak karşılaştırıldıklarında anlamlı fark gözlenmedi (p>0,05). En düşük 
internal aralık değer ortalaması DH (81,74 μm) grubunda gözlenirken, en yüksek değer CZ (102,2 μm) grubunda gözlendi.
Sonuç: Sunmuş olduğumuz in vitro çalışma doğrultusunda dijital ölçü yöntemi ile üretilen kronların ile geleneksel ölçü yöntemi 
ile üretilen kronların internal uyumları arasında fark gözlenmedi (p>0,05). Dijital ve geleneksel ölçü yöntemi ile üretilen bütün 
örneklerin internal aralık değerleri klinik olarak kabul edilebilir aralık değerinde ölçüldü (<200 μm). 
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in the clinical internal fit of framework when either an 
intraoral scanner or a vinyl siloxane ether impression 
material has been utilized to develop an impression 
technique.

Materials and Methods

In the present study, a zirconia base model (Zirconia 
Pre Shaded Blank; Shenzhen Upcera Co, Shenzhen, 
Yuè, China) with a prepared maxillary first molar, 
which included a minimum occlusal reduction of 2.0 
mm, an axial reduction of 1.5 mm and a chamfer with 
convergence angle of 6 °C (Figure 1).

In this model, crowns were produced using the 
digital and conventional impression technique and 
3 different materials. The materials were fabricated 
from zirconia, high resistance polymer (PEEK Optima 
LT1, In vivo Biomaterial Solutions Inc, Lancashire, 
England), and hybrid ceramics (Cerasmart; GC 
America Inc, Alsip, IL, USA). A total of 10 crowns 
were preferred for each group. In total, 60 molar full 
crowns were produced using the CAD/CAM system 
machine (Yena D15; Turkuaz Inc, İzmir, Turkey). The 
ethics committee approval was not necessary since 
the study was in vitro.

Conventional Impression Technique
First, conventional impression with a vinyl siloxane 

ether (GC Exa'lance; GC America Inc, Alsip, IL, USA) 
of the zirconia model were made using custom 
trays. According to the manufacturer, the impression 
material requires 6 min to set fully. Due to the 
controlled room temperature of this study, the setting 
time was extended for about 2 min to a total time of 
8 min. Twenty-four hours later, The master cast was 
fabricated with a type I4 stone (Fujirock; GC America 
Inc, Alsip, IL, USA). The stone cast was scanned with 
a model scanner (Dental Wings 7 Series; Dental 
Wings Inc, Montréal, QC, Canada) and all data were 
transferred and saved as an stereolithography (STL) 
file. Subsequently, each CAD process STL file was sent 
and the design of the 30 frameworks was performed: 

10 frameworks were produced from polyether ether 
ketone (CP), 10 frameworks were produced from 
zirconia (CZ), and 10 frameworks were produced from 
hybrid ceramic (CH).

The complete the design of the frameworks 
required the use of a 3-axis milling machine. Zirconia 
frameworks were sintered at a temperature of 1500 °C 
to full density in a sintering furnace (Lava Furnace 200; 
3M ESPE, St. Paul, MN, USA). However, only surface 
polishing processes were applied to the PEEK and 
Cerasmart frameworks without any sintering process.

Digital Impression Technique
The zirconia base model was scanned using the 

CEREC 3 intraoral scanner (Cerec Omnicam; Sirona 
Dental Systems Inc. NY, USA). According to the 
manufacturer, no powder system was needed on the 
zirconia model before scanning. The same parameters 
were used for both impression techniques during 
production. Thus, the aim was to produce the 
frameworks to the same standards for the 3 different 
materials obtained by both impression techniques, 
and all the frameworks were produced using the 
same CAM device.

The silicon replica technique was applied for 
measurement values of the internal gaps of the 
frameworks, which were filled with extra-light body 
silicon (yellow color) and were placed onto zirconia 
base model with a dynamometer pressure of 30 N. 
The frameworks were removed from the base model 
with extra-light body silicon. Then light body silicon 
(pink color) was also mixed to fill circumferentially 
the inside of thin extra-light body silicone of each 
crown. The replica specimen was removed from the 
frameworks, after setting the light body silicon had 
set. The replicas were sectioned with a razor blade 
throughout the mesio-distal directions (Figure 2).

Ten different points (four marginal, four axial, 
two occlusal) were evaluated on the mesio-distal 
sections of each specimen (Figure 3). All points 
were measured three times by the same operator, 
and the mean values for each point were recorded. 
When measuring the internal gap, reference points 
were chosen, as described by Martins et al. (11). In 
total, 600 measurements were performed on the 60 
frameworks.

Statistical Analysis
The replicas were examined at ×40 magnification 

under a reflected stereo microscope (Olympus Dp25; Figure 1. Photograph of a zirconium model
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Olympus Corporation, Tokyo, Japan). The distances in the 
designated regions were calculated using the computer 
software (Adobe Photoshop CS; Adobe Systems Inc. 
San Jose, CA, USA), and the internal gap values were 
recorded in terms of micrometers (Figure 4). 

All measurements were presented descriptively by 
means, standard deviation (SD) and the corresponding 

95% confidence intervals (95% CI). Kolmogorov-
Smirnov test was applied to test the data on the 
normal distribution within the groups. One-Way 
ANOVA test was used to compare the mean values, 
and the Tukey-HSD multiple comparison tests were 
used to determine how the material differed with 
regard to statistical significance.

Results

The internal range average, minimum and 
maximum values, SDs, and standard errors for each 
group are shown in Table 1. The values obtained by 
the impression techniques were statistically compared 
using the One-Way ANOVA and Tukey-HSD multiple 
comparison tests (Table 2).

Within one framework material, different 
impression techniques showed in different distances 
between the manufactured frameworks and the 
zirconia model. For all groups, the minimum mean 
values were 0 μm, and the maximum mean values 
were 120 μm (Figure 5).

The zirconia group (CZ) revealed the highest mean 
value (102.22 μm) for the internal gap, while the 
lowest mean value (81.74 μm) of the internal gap was 
observed in the hybrid ceramic group (DP) (Figure 
5). However, there was no significant differences in 
internal discrepancy were found between the digital 
impression group and digital impression group for the 
all materials (p>0.05) (Table 2).

Discussion

The purpose of the present study was to compare 
the internal fit of frameworks fabricated with 
conventional and digital impression techniques. 
The null hypothesis was accepted, as no differences 
would be found in internal fits among the frameworks 
fabricated with the both techniques.

In this study, based on the benefit of noninvasive 
and nondestructive method of the silicon replica 
technique, which has been reported to yield 
discrepancy measurements comparable with those of 
conventional cementation, was preferred (13,14,17). 
Several techniques can be used with the silicone 
replica technique for internal gaps measurement. 
Ueda et al. (14) used light microscopy to determine 
the internal gaps. Colpani et al. (10) compared the 
weight of silicone replicas to evaluate the adaptation 

Figure 2. Image of the silicon replica

Figure 3. Mesio-distal section showing the locations of the 
measuring points

Figure 4. Lines drawn (in red) on the inner and outer surface of 
the low viscosity silicone
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of indirect restorations. They showed that evaluating 
the internal gaps could be done by comparing the 
weights of the replicas.

In this study, the internal gap values of the PEEK 
and hybrid ceramic groups are similar, although the 
zirconia groups were found to have higher values. 
It is believed that the semi-sintered zirconia used in 
this study is due to the dimensional change in the 
sintering process which is characterized by a high 

sintering shrinkage, of circa of 20-30% that must be 
compensated in the milling procedure (15). 

Ueda et al. (14) concluded that this procedure 
might negatively influence the final dimension of the 
restoration, and this present study found the same 
result for zirconia groups. On the other hand, PEEK 
and hybrid frameworks are milled without a sintering 
process. Yildiz et al. (15) evaluated the internal and fit 
of the zirconia frameworks fabricated with the digital 
impressions and the conventional impressions, and 
they pointed out that the increase in the internal and 
marginal gap values of the obtained crowns may be 
due to the dimensional change after the sintering. 

This in vitro study revealed a mean internal gap 
of 95.95 µm for the conventional digital impression 
groups and 91.35 µm for the digital impression 
groups. Although both groups have shown clinically 
acceptable values for internal fit, the better overall 
fit of the digital impression group could be explained 
by error caused by the procedure of conventional 
impression technique. In which, stone casts were 
produced from impressions made from the original 
zirconia model. However, no significant differences 
were found between frameworks fabricated with 
both impression techniques.

For all the groups, the highest values for the internal 
gaps were calculated in the occlusal region, while 
the lowest values of internal gaps were calculated in 
the margin and axial region. According to published 
literature, the occlusal surface seems to be affected 
by factors that can be speculated as being problems 
related to the accuracy of the optical images acquired, 
which are not consistently reliable (11,12,15). Kokubo 
et al. (12) have reported that the scanner sensitivity 
of the CAD/CAM system affects the internal fit of the 

Table 2. Multiple comparison of internal gaps with real 
p values for all groups with ANOVA analysis

Material p Mean
difference

Standard 
error
difference

95% CI 
difference

Lower 
bound

Upper 
bound

Zirconia 0.471 -3.56 4.83 -13.73 6.6

Hybrid 
ceramic

0.054 -11.87 5.75 -23.97 0.21

PEEK 0,767 1.64 5.46 -9.84 13.1

CI: Confidence intervals

Table 1. Mean and range values for internal gaps

Material Impression 
method

Mean 
(μm)

SD
(μm)

SE
(μm)

Min
(μm)

Max
(μm)

Zirconia
Digital (DZ) 98.6585 7.13704 2.25693 50.05 190.47

Conventional (CZ) 102.2225 13.53664 4.28066 57.41 190.34

Hybrid ceramic
Digital (DH) 81.7415 12.20410 3.85927 55.33 187.3

Conventional (CH) 93.6205 13.50449 4.27049 57.5 194.21

PEEK Digital (DP) 93.6775 14.85664 4.69808 45.3 197.42

Conventional (CP) 92.0300 8.85732 4.69808 62.57 195.27

SD: Standard deviation, Min: Minimum, Max: Maximum, SE: Standard error

Figure 5. Bar graph of the measured mean values of frameworks
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restoration that is achieved. They reported that the 
internal gaps of the crowns produced by the CAD/
CAM system are largest in the occlusal region and 
smallest in the proximal and marginal regions.

Theoretically, the internal gap necessary for the 
cement is 20-40 µm; however, in the clinical condition, 
this range is very rare (14). Some researchers have 
proposed that clinically acceptable value for maximum 
internal discrepancy ranging between 200 µm and 300 
µm is also appropriate (16-18). In this study, although 
the internal gaps’ values were designed to be 30 μm, 
the values obtained were calculated at the upper 
limit. However, the calculated internal gaps values 
were calculated below the clinically acceptable values 
determined in previous studies (12-14).

Ueda et al. (14) evaluated the marginal gaps of 
zirconia frameworks fabricated with using conventional 
impressions of the fit after making digital impressions. 
They showed no significant differences between 
the crowns produced by means of the conventional 
impression technique (mean, 141 μm) and the digital 
impression technique (mean, 121 μm). A recent report 
by Almeida e Silva et al. (23) investigated the internal 
fit of the zirconia frameworks produced on the basis 
of conventional impressions technique and digital 
impressions technique and no significant differences 
were seen between the impression techniques.

Syrek et al. (13) compared the accuracy of the 
impression techniques, and the digital impression 
technique showed a significantly better internal 
accuracy than the conventional impression technique. 
The digital impressions mean was 49 μm, and the 
conventional impressions mean was 71 μm (p<0.05). 
Ender and Mehl (22) reported that the conventional 
impression technique is more accurate and reliable 
than the digital impression technique in their study. 

The digital impression technique and the 
conventional impression technique performed 
similarly in the CAD/CAM. However, the digital 
impression technique has been demonstrated to 
be preferable as an alternative to the conventional 
impression technique because of its short-time 
workflow, economy gains, and improvement in 
patient comfort. 

Conclusion

Within the scope of this in vitro study, the following 
conclusions were drawn; the internal fit of the crowns 

produced by the conventional and digital impressions 
method showed no statistically significant difference 
for each materials. All groups fabricated using digital 
impression technique and conventional impression 
technique showed a clinically acceptable internal 
fit. Additionally, in all the groups, the internal gaps 
were the smallest in the axial area, whereas the 
occlusal areas of the internal gaps were the largest. 
However, the results of this study might not reflect 
the reality of in clinic conditions. The results we 
obtained for all these should be supported by in vivo 
studies. Moreover, this study evaluated only 1 type of 
prosthesis. Studies assessing partial FDP fabricated 
from digital and conventional impressions should be 
conducted.
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