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Objectives: Intraoral scanners have shown promising results when used as an 
adjunct or alternative to conventional impression techniques. This study compared 
the accuracy of digital impression taking using an intraoral scanner versus the 
conventional technique. 

Materials and Methods: In this in-vitro experimental study, a typodont molar tooth 
was prepared as the standard model and scanned by TRIOS intraoral scanner. Ten 
digital impressions were fabricated as such and intraoral scans were sent to the 
manufacturers. In the conventional method, using addition silicone impression 
material, a stone die was fabricated. Using a computer-aided design/computer-aided 
manufacturing scanner, the die was scanned, and the data were transferred to the 
software. After the fabrication of frameworks, the replica technique was used. The 
replicas’ thickness (indicative of the gap between the framework and the model and 
the accuracy of impression taking) was 12 points. The data were analyzed using 
student's t-test. 

Results: The mean thickness of replicas (gap between the internal surface of 
frameworks and the standard model) at the three points in the buccal, lingual, mesial, 
and distal sections in the digital impression technique was lower than that in the 
conventional technique (P<0.0001). In other words, the accuracy of impressions 
taken by the digital method was significantly higher than those taken by the 
conventional method.  

Conclusion: Intraoral digital scanner had significantly higher accuracy than the 
conventional method in all points. Thus, the digital method can be reliably used as an 
adjunct or alternative to the conventional method to increase the accuracy of 
impression taking. 
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INTRODUCTION 
Accurate impression taking and the precision 
of impressions have always been a concern for 
dental clinicians [1]. Intraoral impressions are 
commonly used for simulation of intraoral 

conditions in the laboratory setting. Diagnosis 
and treatment planning and fabrication of 
prosthetic restorations and orthodontic and 
prosthetic appliances are all done based on 
dental casts, which are fabricated using 
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intraoral impressions; this highlights the 
importance of the accuracy of impression 
taking and precision of impressions [2-4].  
Despite the advances in the materials and 
techniques of impression taking, there is still a 
need for further advances in this respect [5]. 
Several techniques have been proposed to 
increase the accuracy of impression taking and 
decrease the dimensional changes of 
impressions by improving the quality of 
impression materials, eliminating the 
laboratory phases, and using digital instead of 
manual systems [6]. Impressions taken with 
elastomeric impression materials and custom 
or prefabricated trays are currently the gold 
standard of dental impressions. Several 
techniques have been evaluated for the 
fabrication of precise dental casts [7-9]. 
Despite the popularity of the conventional 
impassion taking method, it has some 
drawbacks such as a high risk of infection 
transmission via the impression material since 
the disinfection systems used for this purpose 
are not highly reliable [5]. 
To overcome the existing shortcomings of the 
conventional impression taking method, the 
computer-aided design/computer-aided 
manufacturing (CAD/CAM) system was 
introduced to the dental market. In this 
technology, the gypsum cast is digitized using 
an extra-oral scanner, and a three-
dimensional (3D) digital model is fabricated 
for the design and preparation of restorations 
[10,11]. The most recent CAD/CAM 
technology enables digital intraoral 
impression taking using intraoral scanners, 
yielding a virtual 3D model [12-14].  
Dental impressions are the tools to transfer 
patient information to dental laboratories. 
Thus, both conventional and digital 
impression taking modalities can be used to 
obtain intraoral dental information of 
patients. Performing the process of scanning 
in the patient’s mouth can significantly 
decrease errors related to impression taking 
and fabrication of models [15]. Three-
dimensional intra-oral scanners have long 
been used for dental treatments and have 
undergone constant development [16].  
 

Currently, 10 intraoral scanners are available 
in the market, which have differences with one 
another in terms of the technology used in 
digital cameras, the process of image 
recording, and designing digital models [13]. 
TRIOS is an intraoral scanner introduced by 
the 3Shape Company in 2010. Its advantages 
include not requiring powder for scanning and 
the ability to capture images at high speed.  
The main concern about intraoral scanners is 
the dimensional accuracy of this method of 
impression taking, which has been a popular 
research topic.  
Mehl et al, in 2009 [14] and Luthardt et al, in 
2012 [17], evaluated the accuracy of intraoral 
data acquisition by intraoral scanners and 
reported the accuracy of this method to be 
lower than that of conventional techniques. 
Almeida et al [18], in 2014, Seelbach et al [5], 
in 2013, reported the accuracy of intraoral 
data acquisition and conventional impressions 
to be the same. In contrast, Zarauz et al [19], in 
2016, and Ueda et al [20], in 2015, reported 
that intraoral scanners were more accurate 
than the conventional method.  
Considering the existing controversies and the 
gap of information in this respect, this study 
aimed to compare the accuracy of impression 
taking using addition silicone impression 
material and data acquisition by intraoral 
scanners. The null hypothesis was that the 
accuracy of conventional and digital 
impression taking methods would not be 
significantly different.  
 
MATERIALS AND METHODS 

In this in-vitro experimental study, 10 samples 
were used for assessment of the accuracy of each 
impression technique based on previous studies 
[1,15]. To assess the accuracy of impression 
taking, the internal gaps between the fabricated 
frameworks and the original model were 
measured under a light microscope and 
compared between the two groups.  
Fabrication of the standard model:  
A typodont molar tooth was prepared by a 
clinician with a classic chamfer margin 
(0.7mm depth) and served as the standard 
model in this study (Fig. 1).  



 
Zarbakhsh A, et al. 

 

Volume 18 | Article 6 | Feb 2021                                                                                                                                      3 / 9 

Fig. 1. The prepared typodont molar tooth  
 
Digital impression taking:  
Using the TRIOS intraoral scanner (3Shape®, 
Copenhagen, Denmark), 10 digital 
impressions were made according to the 
manufacturer’s instructions. Intraoral scans 
were transferred to the software. For the 
fabrication of frameworks, a 40μ distance was 
considered for the cement space (except at the 
finish line). Preparation was done using 
Ceramill® motion 2 (Amannigirrbach, 
Germany) milling machine on blocks made of 
chromium-cobalt (Ceramill NP M, 
Amannigirrbach, Germany) and 10 metal 
frameworks with a 0.5mm thickness were 
fabricated of the samples [1,15,20]. 
To fabricate samples, putty-wash impressions 
were made using prefabricated trays and 
addition silicone impression material (Elite 
HD, Zhermack Spa, Via Bovazecchino, Italy) 
according to the manufacturer’s instructions. 
The impressions were transferred to a 
laboratory and a stone die was fabricated 
using a dowel pin and dental stone (Velmix, 
Gildand, Germany).  
Next, the die was scanned using New D2000 
scanner (3Shape®, Copenhagen, Denmark) 
and the data were transferred to the software 
program (Fig. 2). Using the software, a 40μ 
distance was considered for the cement space. 
Preparation was done on chromium-cobalt 
blocks (Ceramill NP M, Amannigirrbach, 
Germany), and 10 metal frameworks with a 
0.5mm thickness were fabricated of the 
samples [1].  
Assessment of the accuracy of impression 
taking: 

Fig. 2. Representative image of scans in the software 

 
After the fabrication of frameworks, silicone fit 
indicator (Fit Checker, GC, Japan) was applied 
into them as recommended by the 
manufacturer, and they were placed on the 
model. The frameworks were then removed and 
their fit was assessed. Those with marginal 
misfit, excessive occlusal thickness or 
incomplete seating on the model were excluded 
from the study and impression taking was 
repeated. Next, condensation silicone wash was 
applied into the frameworks (Speedex, Coltene 
Co, Switzerland) and they were placed on the 
model with finger pressure for four minutes. The 
force level is equal to the medium finger’s 
pressure. We waited 4 minutes for the setting of 
condensation silicone wash. Next, condensation 
silicone with putty consistency was placed 
inside the frameworks to form a replica (Fig. 3) 
[15,20]. 

Fig. 3. The replica was made by condensation silicone 
 
The replica was divided into four sections of 
mesial, distal, buccal, and lingual using a 
scalpel in the buccolingual and mesiodistal 
directions.  
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Table 1. The mean and standard deviation (SD) of the thickness of the replicas at 12 points in the mesial, distal, 
buccal, and lingual sections (in micron)

 

Next, three points were selected in each 
section, and the thickness of the replica in the 
respective points was measured under a light 
microscope (Ernst Leitz Wetzlar, Germany). 
These three points are selectively selected in 
each section. The thickness of the replica or 
width of the gaps was measured as an 
indicator of the accuracy of impression 
techniques in this study.  

Fig. 4. Assessment of the thickness of the replica at 
different points under a light microscope  

The greater the thickness, the lower the 
accuracy of impression techniques (Fig. 4) 
[15,20].  
Statistical analysis:  
The data were analyzed using SPSS (SPSS Inc., 
Chicago, IL, USA). The mean, standard 
deviation (SD), standard error, minimum and 
maximum values of the thickness of the replica 
(gap between the internal framework surface 
and the standard model) in points 1, 2, and 3 
in the buccal, lingual, mesial, and distal and 
also for all points were calculated and 
reported in the two methods. The 
Kolmogorov-Smirnov test was applied to 
assess the distribution of data, which showed 
that the data were normally distributed. Thus, 
student’s t-test was applied to compare the 
internal gap between the framework surface 
and the standard model (as an indicator of the 
accuracy of impression techniques) between 
the two groups. P>0.05 was considered 
statistically significant.  

Point 
Impression 
technique 

Mean SD 
Standard 
error 

Minimum Maximum P-value 

Buccal1 
Digital 73.19 5.15 1.63 61.17 80.04 

0.0001 
Conventional 160.89 26.57 8.4 121.75 187.16 

Buccal2 
Digital 69.25 7.14 2.26 56.58 76.17 

0.0001 
Conventional 142.78 21.93 6.93 121.57 182.02 

Buccal3 
Digital 73.39 5.17 1.64 66.09 83.66 

0.0001 
Conventional 140.69 19.52 6.17 120.31 180.15 

Lingual  1  
Digital 72.25 14.04 4.44 53.17 87.91 

0.0001 
Conventional 141.95 21.01 6.64 123.17 178.81 

Lingual  2  
Digital 74.96 8.03 2.54 62.48 88.93 

0.0001 
Conventional 147.16 22.63 7.16 121.65 184.24 

Lingual  3  
Digital 74.97 8.71 2.75 54.61 84.91 

0.0001 
Conventional 150.33 26.54 8.39 120.23 187.62 

Mesial1 
Digital 66.32 8.77 2.77 52.98 83.81 

0.0001 
Conventional 166.54 19.91 6.29 128.48 187.17 

Mesial2 
Digital 63.59 10.78 3.41 52.96 86.09 

0.0001 
Conventional 164.61 21.75 6.88 123.17 184.82 

Mesial3 
Digital 64.29 10.82 3.42 51.88 82.72 

0.0001 
Conventional 157.76 25.75 8.14 121.02 188.66 

Distal1 
Digital 62.03 7.5 2.37 54.61 74.62 

0.0001 
Conventional 149.76 20.49 6.48 123.26 180.54 

Distal2 
Digital 58.99 4.59 1.45 54.61 66.23 

0.0001 
Conventional 164.85 19.35 6.12 127.81 183.18 

Distal3 
Digital 61.21 00/10  3.19 52.98 81.44 

0.0001 
Conventional 145.95 67/21  6.88 187.6 122.65 
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Table 2. The mean and standard deviation (SD) of the maximum thickness of the replicas at all points in the 
mesial, distal, buccal, and lingual sections (in microns)  

Point 
Impression 

technique 
Mean SD 

Standard 

error 
Minimum Maximum P-value 

Buccal 
Digital 76.68 2.86 0.9 75.05 83.66 

0.0001 
Conventional 168.34 19.46 6.15 131.95 187.16 

Lingual 
Digital 81.22 5.52 1.74 71.22 88.93 

0.0001 
Conventional 164.84 23.41 7.4 125.96 187.62 

Mesial 
Digital 69.35 9.82 3.1 52.98 86.09 

0.0001 
Conventional 173.37 19.09 6.04 128.48 188.66 

Distal  
Digital 65.81 8.36 2.64 56.58 81.44 

0.0001 
Conventional 167.09 19.39 6.13 127.81 187.6 

 
RESULTS 
The mean thickness of the replicas (gap 
between the internal surface of frameworks 
and the standard model) at the three points in 
the buccal, lingual, mesial, and distal sections 
in the digital impression technique was lower 
than that in the conventional technique 
(P<0.0001). In other words, the accuracy of 
impressions taken by the digital method was 
significantly higher than those taken by the 
conventional method.  
Table 1 shows the mean and SD of the 
thickness of the replicas in 12 points in the 
mesial, distal, lingual, and buccal sections in 
the digital and conventional methods. The 
mean maximum thickness of the replicas (gap 
between the internal surface of frameworks 
and the standard model) in the buccal, lingual, 
mesial, and distal sections in the digital 
method was significantly lower than that in 
the conventional method (student's t-test, 
P<0.0001).  
The mean and SD of the maximum thickness 
of the replicas in all points in the four sections 
are presented in Table 2. Figure 5 shows the 
95% confidence interval (CI) of the mean 
thickness of the replicas in the four sections in 
the two methods. The mean thickness of the 
replicas at all points was 82.33±4.40μ in the 
digital and 185.43±2.50μ in the conventional 
method; the difference in this regard 
according to student’s t-test was statistically 
significant (P<0.0001). Table 3 shows the 
mean thickness of the replicas in the four 
sections.  
As seen in Table 3, there were significant 
differences in this respect between the two  

groups, and the mean thickness of the replicas 
at all points was significantly higher in the 
conventional method compared to the digital 
technique (P<0.0001). The 95% CI of the mean 
thickness of the replicas in the two methods is 
illustrated in Figure 6. Based on the results, 
the mean thickness of the replicas at all points 
in the four sections was 76.86±3.20μ in the 
digital and 152.77±7.38μ in the conventional 
method. Based on the results of student’s t-
test, the difference in this respect between the 
two methods was statistically significant 
(P<0.0001). Figure 7 shows the 95% CI of the 
mean thickness of the replicas and the mean 
maximum thickness of the replicas in the four 
sections. 

 

Fig. 5. The 95% confidence interval (CI) of the 
maximum thickness of the replicas at all points in 
the mesial, distal, buccal, and lingual sections in the  
digital and conventional methods  
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Table 3. The mean thickness of the replicas at all points in the mesial, distal, buccal, and lingual sections 

Point 
Impression 
technique 

Mean 
Standard 
deviation 

Standard 
error 

Minimum Maximum P-value 

Buccal 
Digital 61.05 3.23 1.02 74.68 64.07 

0.0001 
Conventional 148.12 25.0 4.64 120.13 180.63 

Lingual 
Digital 64.04 6.2 2.28 4.727  86.25 

0.0001 
Conventional 147.48 14.55 4.7 122.71 177.06 

Mesial 
Digital 74.63 8.87 2.8 52.71 84.21 

0.0001 
Conventional 172.06 10.7 7.10 125.72 183.51 

Distal  
Digital 70.65 5.86 1.87 55.65 60.22 

0.0001 
Conventional 153.52 17.74 5.27 125.05 164.31 

 

DISCUSSION 
The CAD/CAM technology has undergone 
significant advances since its introduction in 
1980, and intraoral scanners are currently 
available for use in the clinical setting [21]. In the 
current study, the accuracy of impression taking 
was compared between the TRIOS® intraoral 
scanner and the conventional method. The 
replica technique with the use of light body 
impression material is a reliable and 
reproducible technique for assessment of the 
accuracy of impression taking in the clinical 
setting [22-27]. Moreover, it has been confirmed 
that the gap width values obtained in this 
method are equal to the values obtained after 
cementation with glass ionomer cement [26].  
The replica technique decreases the variability 
of samples and can be easily used in both the 
 

Fig. 6. The 95% confidence interval (CI) of the 
mean thickness of the replicas at all points in the 
mesial, distal, buccal, and lingual sections in the 
digital and conventional methods  

clinical and laboratory settings [15,28].  
Considering the limitations of the putty-wash 
technique, such as dimensional changes and 
deformity, larger gaps between the internal 
surface of the framework and the standard 
model in the conventional method is somehow 
justified. Also, the type of tray used 
(prefabricated tray was used in the current 
study) can affect the quality and accuracy of 
the impressions. Also, due to errors that may 
occur in the laboratory, the gaps in the buccal, 
lingual, mesial, and distal surfaces may be 
different, and the quality of the final crown will 
be affected. Metal or plastic trays (compared to 
custom trays) increase the dimensional changes 
while the use of special (custom) trays results in 
the equal thickness of impression material, 
which increases the accuracy of the casts [29]. 
 

Fig. 7. The 95% confidence interval (CI) of the 
mean and maximum thickness of the replicas at 
all points in the digital and conventional 
methods 
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Additional variables affecting the dimensional 
accuracy of impressions in the conventional 
method include the susceptibility of the tray 
and impression materials to dimensional 
changes [29]. The impression accuracy in the 
digital method depends on two parameters, 
namely the resolution of the scanning system 
and the accuracy of the algorithm. In contrast 
to the conventional impression technique, the 
digital method enables enhancements or 
modifications of the scans by selecting some 
specific poorly scanned areas for re-scanning 
after preparation. Also, the digital method 
allows for archiving all the documents and 
video files, which is a great advantage. In the 
digital method, the respective tooth and its 
surrounding tissues are scanned (digital 
impression taking) after tooth preparation by 
the clinician, and the data are transferred to a 
computer. The software designs the 
restoration and transfers the related data to 
the milling machine. The prepared areas are 
marked on the blocks [30]. The shortcomings 
include the high cost of the device, the high 
cost for patients, and dependence of the 
success of the final restoration on the 
expertise and skills of the clinicians [30].  
Seelbach et al (5) showed that the accuracy of 
all-ceramic crowns fabricated using intraoral 
scanners (Lava, CEREC, and iTero) was 
similar to that of the conventional method, and 
thus, they stated that digital methods can be 
used for the fabrication of fixed partial 
dentures in the clinical setting. Such a 
controversy in the results of this study and the 
current findings may be due to the different 
types of scanners used and different 
resolutions of the systems. Boeddinghaus et al 
[31] assessed the accuracy of single-tooth 
restorations fabricated using the Sirona 
(Cerec) intraoral digital impression technique 
in comparison with the conventional method 
using the replica technique. They showed that 
zirconia copings fabricated of a model by the 
intraoral digital and conventional techniques 
were the same in terms of the internal 
adaptation. Zarauz et al [19] compared the 
clinical results of the fit of all-ceramic crowns 
using conventional silicone and digital 
intraoral (iTero and Cadent) techniques and 

reported that all-ceramic crowns fabricated 
with the digital intraoral impression 
technique had clinically superior marginal fit 
compared to the conventionally fabricated 
restorations. In 2015, Ueda et al [20] 
compared the impression accuracy of the Lava 
intraoral scanner with the conventional 
method and reported significantly higher 
accuracy of the digital technique. A systematic 
review by Chochlidakis et al [32] revealed that 
the digital impression technique was superior 
to the conventional method in terms of the 
internal gap but this difference was not 
statistically significant. Considering the 
results of the aforementioned studies and 
those of the current study, the digital method 
has sufficient accuracy (equal or higher than 
that of conventional impressions) and can be 
reliably used in the clinical setting.  
In the current study, the internal gap between 
the framework and the standard model was 
51.88-88.03μ in the digital and 120.23-
188.77μ in the conventional method. The gap 
width in the Lava COS and Cerec intraoral 
scanners has been reported in the range of 0-
552μ using silicone replicas [33]. In previous 
studies, a wide range of gap width has been 
reported, which is in agreement with the 
current findings, and these gaps are in an 
acceptable range [33,34]. However, since in-
vitro experimental settings are variable and 
there is no standard method to determine the 
accuracy of impression methods in vitro, 
comparison of the results of studies may not 
be logical.  
Elastomeric impression materials are still used 
as the gold standard to estimate the accuracy of 
impressions in fixed prosthodontics. The 
conventional impressions have long been used 
for prosthetic dental treatments with 
acceptable results. Accurate selection of 
materials and manufacturing procedures are 
critical in this method to compensate for the 
expansion and shrinkage of different materials. 
However, not being able to control all the 
confounders along with human errors in this 
method may result in the fabrication of less 
accurate impressions. In the digital method, the 
risk of human errors is lower, and impressions 
that are more accurate may be obtained. Even 
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though digital impression techniques have 
shown equal or even higher accuracy in 
recording details for prosthetic dental 
treatments, the conventional technique is still 
commonly used by the clinicians.  
Studies conducted on the conventional 
impression taking in the laboratory setting 
often report higher accuracy for this technique 
compared to the clinical setting [35] because 
factors such as saliva, the gingival crevicular 
fluid (GCF), blood, and patient movement 
increase the rate of inaccuracies in 
impressions taken in the clinical setting. These 
factors also affect the accuracy of impressions 
taken with the use of intraoral scanners. 
However, digital systems enable magnification 
of scanned teeth on the monitor and allow for 
rescanning of poorly scanned areas. Thus, 
possible errors in impressions can be 
minimized. This may explain the small 
differences in the accuracy of digital and 
conventional techniques.  
The current findings support the high accuracy 
of intraoral digital scanners. Thus, future 
studies are required on the efficacy of digital 
systems for the fabrication of feldspathic 
porcelain, composite inlays and onlays, and 
zirconia ceramic restorations. Also, the efficacy 
of other types of intraoral scanners used in the 
clinical setting must be evaluated in future 
studies. Finally, this study rejected the null 
hypothesis based on the results. 
 
CONCLUSION 
Within the limitations of this in-vitro study, 
the results revealed that the accuracy of the 
intraoral digital impression technique was 
significantly higher than that of the 
conventional technique. Thus, the digital 
technique can be used as an alternative to the 
conventional method in the clinical setting to 
increase the accuracy of prosthetic 
restorations.  
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