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Objectives: The purpose of the in vitro study is to compare the restoration recommendation time and 
adjustment process of artificial intelligence (AI) belonging to two different digital design software. 
Materials and Methods: The maxillary right first premolar tooth was prepared for zirconia all-ceramic crown 
restoration in a phantom model (n=26). Then, models were scanned using an intraoral scanner, and the opposing 
arch, and the right- and left-sided occlusions were also recorded. Data were transferred to two computer-aided 
design software programs (Group Exocad and Group 3Shape) and two design processes were used. In both 
systems, fully anatomical monolithic zirconia crown design processes were carried out in library mode. The time 
taken by the AI to recommend the restoration and the time the dental technician spent adjusting the restoration 
were recorded and were analyzed statistically, both separately and in comparison, to one another (P<.05). 
Results: Statistically significant differences were found between the values of AI restoration recommendation 
time and dental technician restoration adjustment time according to the different software designs (P<.05). 
Group Exocad showed lower values than Group 3Shape (P<.001). 
Conclusions: Exocad provides a faster and easier restoration design in comparison with the 3Shape Dental 
System. 
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İki Farklı CAD Yazılımına Ait Yapay Zekanın Restorasyon Öneri ve Ayarlama 
Süresinin Karşılaştırılması 
Araştırma Makalesi ÖZET 

Amaç: Bu in vitro çalışmanın amacı, iki farklı dijital tasarım yazılımına ait yapay zekanın restorasyon önerme 
sürelerini ve uyumlama sürecini karşılaştırmaktır. 
Gereç ve Yöntemler: Üst çene sağ birinci premolar diş, fantom modelde (n=26) zirkonyum tam seramik kron 
restorasyonu için prepare edildi. Daha sonra, modeller bir intraoral tarayıcı kullanılarak tarandı ve karşıt ark ve 
sağ ve sol taraflı oklüzyonlar da kaydedildi. Veriler iki farklı bilgisayar destekli tasarım yazılım programına (Grup 
Exocad ve Grup 3Shape) aktarıldı ve iki tasarım süreci yürütüldü. Her iki sistemde de, tamamen anatomik 
monolitik zirkonyum kron tasarım süreçleri kütüphane modunda gerçekleştirildi. Yapay zekanın restorasyonu 
önermek için harcadığı süre ve diş teknisyeninin restorasyonu uyumlamak için harcadığı süre kaydedildi ve hem 
ayrı ayrı hem de birbirleriyle karşılaştırılarak istatistiksel olarak analiz edildi (P<.05). 
Bulgular: Yapay zekanın restorasyon öneri süresi ve diş teknisyeni restorasyon ayarlama süresi değerleri arasında 
farklı yazılımlara göre istatistiksel olarak anlamlı farklar bulundu (P<.05). Grup Exocad, Grup 3Shape'ten daha 
düşük değerler gösterdi (P<.001). 
Sonuçlar: Exocad, 3Shape Dental Sistemine kıyasla daha hızlı ve kolay bir restorasyon tasarımı sağlar. 
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Introduction 

Artificial Intelligence (AI) technology has made 
significant advancements across many sectors, including 
dentistry, where it plays a crucial role in processing and 
managing large volumes of patient data.1,2 It can be used in 
almost all areas of dentistry, such as oral, dental, and 
maxillofacial radiology, endodontics, implant surgery, 
restorative and prosthetic dentistry.2,3 The applications of 
AI are particularly important in prosthetic dentistry.4  

Computer - aided design / computer - aided 
manufacturing (CAD/CAM) is increasing trend in designing 
and manufacturing fixed restorations5,6 and AI technologies 
are used in this systems.7  

The primary trend in the design of CAD/CAM 
restorations is the library mode. In this method, the 
operator selects the design from the tooth data in the 
software and completes the restoration by adjusting it to 
the existing dentition.8–11 Additionally, there is a correlation 
mode. The tooth is scanned before starting the tooth 
preparation, after which the prepared tooth is scanned 
with an intraoral scanner, and the initial scan data are 
superimposed. The crown is designed based on the initial 
scan data.8 The occlusal morphology of an intact tooth is 
directly transferred to the permanent restoration.12 
Correlation mode is more effective and time saving way to 
design the well-shaped crowns compared to library mode 
but it is used only the tooth structure is intact. Even so, in 
both modes of design, a certain amount of time is required 
for the dental technician to adjust and create the 
prosthesis.13,14 In addition, the time spent at the chairside 
during the prosthesis delivery stage is critical for both the 
patient and clinician.15 CAD/CAM technology, which greatly 
simplifies and accelerates the manufacturing process, 
offers a solution to this problem. However, the data existing 
in tooth libraries of software programs is still insufficient to 
design an excellent customized restoration, a significant 
amount of manual input is required.16,17  

Therefore, AI technology has been used to increase the 
effectiveness of CAD/CAM systems in clinical 
applications.18,19 The first intervention which integrates AI 
with CAD/CAM was occurred by Raith et al.18 to improve in 
chairside prosthetic application in 2017. With this 
intervention, digital restorations have gained new 
extent.16,20 Design software, powered by AI, have 
techniques like convolutional neural networks (CNNs) for 
creating tooth figures through deep learning (DL). It uses a 
lot of clinical cases existing in library of design software.21,22 
AI obtains both easy to design restoration and prevention 
of human derived problems.23–25 

The most significant advantage of AI is its ability to learn 
from new cases continually added to databases. It 
evaluates every situation and determines how successful 
restorations achieve optimal function based on ideal 
occlusion and appropriate marginal margins.26 These 
developments make dentists and dental technicians turned 
towards automated restoration design made by AI. Various 
AI supported dental design software have been developed 
to meet this demand.27,28 While the precision of 
restorations designed by AI is acceptable in mimicking the 
shape of the original tooth, additional manual input is 
needed.13,16,29–31 Therefore, clinicians should focus on 

collecting and entering correct data into databases. This will 
soon elevate the use of AI in dentistry to the highest level.4 

The similarity ratio between the restorations designed 
by AI and those designed by dental technicians has not 
been researched. It is not clear if AI could overcome the all 
extreme cases in terms of digital prosthetic dentistry.32 
Current AI technology can design basic prosthetic 
restorations such as inlays, single unit fixed partial 
dentures.33 The comparison between the restoration 
designed by AI and those designed by experienced dental 
technicians is essential for advanced treatment plans.34 
Existing studies only evaluated the shape of teeth but they 
did not give information about fabrication of the 
restoration.15 

Therefore, the abilities and effectiveness of AI in 
prosthetic restoration design remain unclear, and there is a 
lack of sufficient studies investigating this topic. This study 
investigated the time of restoration recommendation and 
adjustment process requirements of AI in two different 
digital dental design programs. The null hypothesis of this 
study was that there would be no difference between the 
AI recommendation time of the two design systems. 
 
Material and Methods 

The maxillary right first premolar tooth was prepared 
for zirconia all-ceramic crown restoration in a phantom 
model (ANA-4, Frasaco GmbH, Tettnang, Germany) by the 
same operator (G.B.) using a high-speed instrument 
(PanaAir FX, NSK, Kanuma, Japan) and diamond burs (314 S 
SG 881 012, 314 S SG 811 033, 314 G SG 859 018, DiaSwiss, 
Nyon, Switzerland) under water cooling. One mm circular 
shoulder was chosen for the preparation of the finish line. 
A 2-mm functional cusp reduction in the palatal tubercle 
and a 1.5 mm non-functional cusp reduction in the buccal 
tubercle were applied. Cusp bevels were formed in the 
middle triad on buccal surface and occlusal triad on both 
the buccal and palatal surface of the preparation.35 The 
sample size for per group was determined as n=26 as a 
result of the Power Analysis performed with a significance 
of P<.05 and 90%. After teeth preparation, the phantom 
models were scanned using an intraoral scanner (IOS) 
(TRIOS 3 (T3), Cart version 1.4.7.5, 3Shape, Copenhagen, 
Denmark) by 10 years IOS experienced operator (L.K.) (Figs. 
1A, B). The mandibular phantom model was then scanned 
as the opposing arch, and the right- and left-sided 
occlusions were recorded. After the final processing, the 
files were exported in stereolithography (STL) format. Data 
were transferred to two different computer-aided dental 
software programs: Group Exocad (version 3.0, Exocad 
DentalCAD, Exocad GmbH, Darmstadt, Germany) and 
Group 3Shape (3Shape Dental Manager, version 88.1.9, 
3Shape Dental System, Copenhagen, Denmark), and two 
design processes were carried out by a dental technician 
(Ç.E.) with 10 years of experience. In both systems, a fully 
anatomical monolithic zirconia crown was selected for the 
maxillary right first premolar tooth; the minimum material 
thickness was set to 0.4 mm, and the cement gap was set 
to 0.2 mm (Fig. 2). The designs for both systems were 
created in library mode, and the time required for the 
restoration, as suggested by the AI software, was recorded 
using a digital chronometer. After that, the restorations 
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were adjusted and the adjustment time was also recorded. 
Tooth preparations, intraoral scanning procedures, and 
designing of the restorations were carried out separate 
operators who are blinded about the aim of the study.  The 
time taken by the AI to recommend the restoration, the 
time the dental technician spent adjusting the restoration, 
and the time the dental technician spent on adjustments in 
two different dental design programs were analyzed 
statistically, both separately and in comparison, to one 
another.  

Descriptive statistics of the data (number, percentage, 
mean, standard deviation, median, minimum, and 
maximum) were evaluated. The reliabilities of the scales 
used in this study were also assessed. The normality 
assumption was checked using the Shapiro-Wilk test as the 
first step of statistical analysis. The Mann–Whitney U test 
was employed to compare two independent groups that 
did not have a normal distribution. All data were analyzed 
using a software program (IBM SPSS Statistics v22.0; IBM 
Corp, New York, United States). A value of P<.05 was 
considered significantly different. 

 

 

Figure 1A. The occlusal view of digital impression of the prepared right maxillary first premolar tooth scanned 
with intraoral scanner 

 

 

Figure 1B. The buccal view of digital impression of the prepared right maxillary first premolar tooth scanned 
with intraoral scanner 

 

 

Figure 2. Design of fully anatomical zirconia crown 
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Results 

According to the measurement methods, the 
recommendation time of the AI, the dental technician's 
restoration adjustment time, and the distribution of the 
differences between these two metrics are presented in 
Table 1. The time distribution graphs are shown in Fig. 3. 

Statistically significant differences were found between 
the values of AI restoration recommendation time and 
dental technician restoration adjustment time according 
to the different software designs (P<.05). For all the 
parameters subjected to statistical analyses, Group 
Exocad showed lower values than those of Group 3Shape 
(P<.001). 

 
Table 1. Comparison of artificial intelligence restoration recommendation time, dental technician restoration adjustment 
time and dental technician-system time according to the different design softwares   

Time (sec) Groups Min-Max Median±SD 
Test 

Statistics 
P* 

Artificial intelligence restoration 
recommendation time 

Exocad 3.21-4.21 3.93±0.22(3.96) 64.50 <.001* 
3Shape 2.85-6.90 4.97±1.05(5.17) 

Dental technician restoration 
adjustment time 

Exocad 4.00-
23.00 

10.09±4.76(9.4) 0.000 <.001* 

3Shape 28.90-
47.50 

35.96±6.69(32.29) 

SD: Standard deviation.  
*P<.05  

 

 

Figure 3. Distribution of artificial intelligence restoration recommendation time and technician adjustment time 
according to design 

 
Discussion 

In this study, the full anatomical crown 
recommendation time of Exocad and 3Shape Dental 
System software were compared. The findings revealed 
significant differences in the recommendation time of the 
full anatomical crown between the two systems. 
Statistical analysis showed that the 3Shape Dental System 
required a longer time to propose a fully anatomical 
crown and for the technician to adjust it. Based on the 
results of this study, the hypothesis that there would be 

no difference between the AI recommendation time of 
the two design systems was rejected.  

The library mode is the generally preferred method in 
dental design programs. In this approach, the restoration 
is selected from the system library, and necessary 
adjustments are made by an operator.8,9 Several studies 
compare the correlation mode and library mode of CAD 
designs.8,9,30 When the structural integrity of the tooth to 
be restored is preserved, designing in correlation mode 
should be the first choice. Conversely, for teeth that have 
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experienced tissue loss owing to caries or trauma, it is 
recommended to use the library mode.8 In our study, 
scanning was not performed before tooth preparation, 
and crown design was not conducted in the correlation 
mode. After preparation, the models were scanned with 
an intraoral scanner, and crowns were designed in library 
mode.  

Wang et al.8 compared the precision of crowns 
manufactured using different design theories and three 
CAD software programs. Four types of tooth deficiencies 
were created to mimic the different tooth deficiency. Full 
anatomical crowns were designed for the mandibular left 
first molar tooth prepared on plaster models obtained 
from patients using library and correlation modes in the 
3Shape, CEREC and Exocad programs. Morphological 
deviations between the crowns designed automatically by 
the software and the original teeth were evaluated using 
a 3D matching system. According to the results of the 
study, crowns produced with the 3Shape and CEREC 
showed better results than those produced with the 
Exocad in case of tooth information loss. The CEREC 
showed higher stability than the 3Shape and Exocad 
software programs. When designing restorations, the 
CEREC and 3Shape systems create a line by determining 
the set of prominent points on the biological characteristic 
curves. In the Exocad system, a series of interaction points 
must be added to create biological curves.36 This may 
explain the difference between automatically designed 
restorations. However, in the standard group, for which 
all data were provided, the Exocad system designed the 
best restorations. Consistent with the results of this study, 
because all teeth adjacent and opposite to the designed 
tooth were present in our study, the restoration 
recommendation skill of the Exocad system was better 
than that of the 3Shape system.  

Recently, the sensory information in AI has developed 
significantly and it made the machines understand 
complex data.  Two AI methods are commonly used for 
this purpose. The first method uses handcrafted features 
defined by mathematical equations that allow data to be 
quantified using computer programs. In the second 
method, DL algorithms learn by navigating the data space 
directly, which gives them superior problem-solving 
capabilities.37 Despite the use of AI in dental design, 
expert intervention and additional processes are still 
required.30 DL can be strengthened by inputting additional 
patient data into databases. Thus, faster and easier 
service can be provided to patients with restorations 
directly designed and created using AI.  

Liu et al.15 compared the design process of the full 
anatomical molar crown performed by AI and experienced 
dental technicians. They found that, AI had reduced the 
design time by %400 compared to dental technicians. 
Also, it was reported in another study that, the design 
time of the restoration proposed by systems powered by 
AI are lower statistically than the time of experienced 
dental technicians.14  AI can decrease time required for 
the design of the dental crowns.11,27,33  In the present 
study, the all designs, proposed by AI belong to two 

different software, were adjusted by the 10-year-
experienced dental technician and comparisons were 
performed. 

Programs that enable more detailed and precise 
restoration designs may negatively impact the automatic 
restoration recommendation time and the time required 
for technician adjustments. In the present study, the 
differences in the restoration design time between the 
Exocad and 3Shape dental systems may be attributed to 
the details of the design programs or differences in the 
databases. The feasibility of single crowns designed by AI 
is showed by Chau et al.16 and they concluded the 
accuracy of dentures designed by AI can be developed by 
optimization. Excellent crown restoration designs and 
patients’ comfort can be achieved by further research in 
AI and DL.38,39  The more cases loaded into the system in 
advance, the larger is the database of the program. This 
can impact the design time in detailed systems. In the 
present study, the 3Shape Dental System suggested 
restorations in a longer time than the Exocad. It also took 
longer for the technician to adjust it to the existing 
dentition. A longer time may be required because the 
3Shape Dental System allows for more precise details. 
Although there are many design programs, limited studies 
have evaluated the differences between them; thus, 
further studies are needed.40  

The methodology of the present study that, firstly AI 
belong to two different design software had proposed the 
restorations after that all restorations were adjusted by 
10-year experienced dental technicians. The proposing 
time and the adjustment time of the restorations were 
compared each other. AI designs and dental technician’s 
design were not compared. It is a limitation of the present 
study. Another limitation of the study, the morphology 
and the accuracy of the restorations were not evaluated 
with a 3D assessment program reported in previous 
studies.11,14,15,27 Also, the restorations were not 
manufactured and a comparison of manufactured 
restorations was not performed. Future in vitro and 
clinical studies are required.  
 
Conclusions 

Within the limitations of this study, the following 
conclusions can be drawn: 

 
1. The restoration recommendation time of the AI in the 

Exocad system was lower than that of the 3Shape 
Dental System. Exocad recommends restoration 
within a significantly shorter time. 

2. The time required for the technician to adjust the 
crown suggested by the AI of the Exocad system to 
the existing dentition was found to be significantly 
lower than that of the 3Shape Dental system. 

3. Exocad provides a faster and easier restoration design 
compared to the 3Shape Dental System. In clinical 
practice, Exocad system is more suitable to deliver 
definitive prostheses quickly.   
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