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1. Introduction 
The introduction of computer-aided design and computer-
aided manufacturing (CAD-CAM) systems along with 
technological developments in the 21st century have 
completely changed the world and started the digital 
revolution. In this new digital age, software’s are constantly 
being updated, and new technological developments emerge 
with each passing day. However, the main question is that 
What does digital mean? Digital can be theoretically defined 
as the data processing between the 1 and 0, but literally means 
the way to do more with less effort (Dörner and Edelman, 
2015). As for dentistry, it means science-based planning, 
standardized quality and reproducibility in manufacturing, ease 
of communication, shorter chair time, patient comfort and 
satisfaction, predictable treatment results, continuous and 
objective education, and auto-controlled treatment modality 
(Mangano et al., 2017; Rekow, 2020). 

The decision of which stage the digital workflow will be 
used at is up to the dentists. Dentists may whether to proceed 
digitally after the impression process (semi-digital workflow) 
or from the beginning of treatment (complete digital workflow) 
(Joda et al., 2017c). Complete digital workflow followed in 
fabrication of both tooth-borne and implant-supported 
restorations consists of three stages: (1) digitization of intra-
oral structures or prosthetic components (2) computer-aided 
design (CAD), (3) computer-aided manufacturing (CAM) 
(Alghazzawi, 2016). This workflow also involves a computer-
aided implant surgery (CAIS) stage in implant treatments, and 

there is a lot of research on this subject (Widmann and Bale, 
2006; Arısan et al., 2010a; Arısan et al., 2010b; Stapleton et al., 
2014; Coachman et al., 2017; Joda et al., 2018) 

Complete digital workflow can be perfectly utilized if the 
dentists and dental technicians follow the true guidelines, know 
the limitations of the system that they used, and act as a team. 
This review briefly explains the stages and limitations of 
complete digital workflow in both tooth-borne and implant-
supported restorations (Fig. 1).  

2. Computer-aided implant surgery 
To ensure the optimum esthetic outcomes, dental implants 
should be placed in ideal position (Grunder et al., 2005). In 
single implant sites, the implants should be placed 1.5 to 2 mm 
more palatal than the expected buccal emergence profile and 3 
mm more apical to cemento-enamel junction of adjacent teeth 
(Buser et al., 2004), and at least 1.5 mm away from the adjacent 
teeth (Esposito et al., 1993). Also, the minimum inter-implant 
distance should be 3 mm when the multiple implants are placed 
(Tarnow et al., 2000). In free-handed implant surgeries, 
adjacent teeth act as natural guides for correct positioning. 
However, the ideal positioning of dental implants is 
challenging in edentulous jaws due to lack of anatomical 
landmarks. (Arısan et al., 2010b). The use of surgical implant 
guides provides significant advantages in such cases (Arısan et 
al., 2010a). The fabrication of surgical guides can be conducted 
with complete digital workflow and this includes several steps 
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as follows: (1) intra-oral scanning and exporting the scan data 
as standard tessellation language (.stl) file format, (2) cone-
beam computed tomography (CBCT) evaluation and exporting 
the DICOM data, (3) superimposition of .stl and DICOM data 
by using the guide software, (4) virtual set-up, (5) virtual 
positioning of implants, (6) exporting and fabrication of  three-
dimensional (3D) guide model (Margvelashvili-Malament and 
Att, 2019). This workflow is defined as static computer-aided 
implant surgery (s-CAIS) (Joda et al., 2018; Tahmaseb et al., 
2018). Moreover, the virtual positioning of implant can be 
conducted by using denture-like radiographic templates, which 
includes radiopaque landmarks, and this is also called 
prosthetically driven and computer guided implant planning or 
prosthetically driven implant surgery (Katsoulis et al., 2009; 
D'haese et al., 2017). An alternative digital workflow for 
implant surgeries is the dynamic navigation systems, which are 
based on motion-tracking technology. The navigation systems 
allow real-time tracking of implant drills (D'haese et al., 2017). 
Dynamic navigation also allows changing the surgical plan, 
and this is an important advantage for the benefit of patients 
(Block and Emery, 2016). 

      
    Fig. 1. Complete digital workflow in dentistry 

3. Intra-oral digitization 
In tooth-borne restorations, the complete digital workflow 
begins with the use of intraoral scanner (IOS), and this is 
termed as computer-aided impressioning (CAI) (Patzelt et al., 
2013). CAI eliminates the expansion, shrinkage, and distortion 
of both cast models and elastomeric impressions and offers a 
repeatable workflow (Patzelt et al., 2014a; Ting-Shu and Jian, 
2015; Mangano et al., 2017). Today, many dental clinics use 
the IOSs in routine clinical practice. Dentists, who consider 
buying an IOS, question digital impressions in terms of 
accuracy, time efficiency, and patient comfort. In the available 
literature, sufficient data exist that answer to these questions.  

Several studies evaluated the accuracy of digital 
impressions, and the common view is that single-tooth or 
partial-arch impressions are a valid alternative to conventional 
impressions, whereas the full-arch digital impressions are still 
questionable (Ender et al., 2016a; Ender et al., 2016b; Ahlholm 
et al., 2018; Ender et al., 2019), and this is also valid for full-
arch implant impressions (Ender and Mehl, 2015; Mangano et 
al., 2017).  

In digital implant impressions, scan bodies are used instead 
of impression copings, which are used in conventional implant 
impressions. A scan body simply consists of three parts: upper 
part (scan region), middle part (body), and apical part (base) 
(Fig. 2). The base part can be metal, titanium (Ti) or 
polyetheretherketone (PEEK), whereas the scan region is 
mostly PEEK (Mizumoto and Yilmaz, 2018). One of the main 
advantages of the digital implant impressions with scan bodies 
is that angulation of implants has no significant effect on 
impression accuracy (Giménez et al., 2015). However, the 
visibility of the scan bodies may have an impact on accuracy, 
particularly when the implants are deeply placed. Moreover, it 
has been reported that the first scanned quadrant achieves 
better accuracy than the second quadrant; and therefore, it is 
recommended to start the scanning process from the restoration 
site in partial restorations (Gimenez‐Gonzalez et al., 2017). 

   
     Fig. 2. Parts of implant scan bodies 

Furthermore, the scanning strategies and scanning 
software’s also influence the accuracy of digital impressions 
(Ender and Mehl, 2013; Haddadi et al., 2018; Ender et al., 
2019). The scanning strategies are specific to the IOS system; 
and therefore, clinicians should follow the manufacturer’s 
guidelines to obtain optimum accuracy results (Ender et al., 
2019). 

As for time efficiency and patient comfort, digital 
impression techniques have been reported to be preferable in 
tooth-borne restorations (Patzelt et al., 2014b; Yuzbasioglu et 
al., 2014), and in single-implant cases. A quadrant-like intra-
oral scanning process is sufficient to record the single-implant 
sites rather than taking full-arch conventional impressions 
(Joda and Brägger, 2015; Joda et al., 2017b; Mühlemann et al., 
2018). However, this may not be valid for full-arch digital 
implant impressions (Sailer et al., 2019). Besides, time 
efficiency and patient comfort is up to the dentists’ skills and 
experience as well (Giménez et al., 2015; Gimenez‐Gonzalez 
et al., 2017). The duration of scanning process may prolong in 
the first digital impression trials and prolonged impression time 
may discomfort patients, but over time this will gradually 
decrease parallel to the learning curve (Mangano et al., 2017). 
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   Fig. 3. Designing parameters in CAD software 

   4. Digital design process 
Once the digital impression process is completed, the scan data 
can be directly transferred to milling device, if available in the 
clinic, or sent to the dental laboratory via the IOS’s software 
network (Selz et al., 2016). Another option is to export the scan 
data as .stl file format and send to the laboratory via internet 
network (Ting-Shu and Jian, 2015; Alghazzawi, 2016). Today, 
a majority of IOS manufacturers allows to export .stl files, and 
this makes the digital workflow more accessible. When the 
designer technician imported the .stl file into the CAD 
software, another adventure begins. The CAD software 
automatically creates a crown morphology over the prepared 
tooth or implant abutment; however, each design should be 
modified manually because the tooth morphology is unique for 
each patient. One of the important advantages of digital design 
is that the CAD software allows the designer to imitate the 
individual morphological features, particularly in the occlusal 
region, by selecting the biogeneric copy tool (Alghazzawi, 
2016). Thus, restorations can be designed according to habitual 
occlusion of each patient. Also, the designer can control 
several parameters (Fig. 3), such as the level of adjacent and 
antagonist contacts, cement film thickness, and margin design 
(Tapiea et al., 2015). These parameters can be set according to 
the clinicians’ requests. Moreover, the current CAD software’s 
include virtual articulator and facebow modules (Fig. 4), which 
allow to adjust the occlusal contacts in accordance with actual 
mandibular movements, and this minimizes the final occlusal 
adjustments in the patients’ mouth.  

    
    Fig. 4. Use of virtual articulator module in CAD software 

5. Digital manufacturing 
Computer-aided manufacturing is the last stage of the complete 
digital workflow. In this stage, the CAD data transform into an 
actual restoration. This process can be conducted by using 
subtractive or additive manufacturing systems (Van Noort, 
2012; Alghazzawi, 2016). In subtractive manufacturing, the 
restorations are fabricated by milling (metal, zirconia, PMMA, 
composite resin) or grinding (ceramics) large solid blocks with 
using sharp cutting tools (Alghazzawi, 2016). Unlike 
subtractive systems, additive manufacturing is the process 
based on joining materials to fabricate objects from 3D models 
(Van Noort, 2012; Alghazzawi, 2016). Which system to use 
generally depends on the material used and the workflow 
followed. With the spread of the complete digital workflow in 
dentistry, the use of monolithic restorations has increased (Joda 
and Brägger, 2016; Joda et al., 2017a; De Angelis et al., 2020), 
and this requires the use of milling systems. Currently, additive 
manufacturing is not a valid method for processing dental 
ceramics. Additive manufacturing solutions are generally used 
in direct metal laser sintering/melting of metal frameworks and 
3D printing of temporary restorations, complete dentures, 
digital models, surgical guides, custom trays, and wax patterns 
(Van Noort, 2012; Alghazzawi, 2016). 

The design and manufacturing stages of complete digital 
workflow can be completed in either dental clinics or dental 
laboratories. Dental clinics may have their own design 
software and milling systems, and thus, they can have the 
chance to fabricate ceramic restorations on the same day along 
with tooth preparations, that is also called as chairside 
workflow (Fasbinder, 2006; Fasbinder, 2013). However, 
milling machines, which are promoted for dental clinics, 
generally have four axes milling units and less cutting tools; 
therefore, the milling accuracy is lower than five axes milling 
units, which are used in dental laboratories (Alghazzawi, 
2016). For this reason, chairside workflow is not efficient in all 
cases, particularly in fabrication of full-arch restorations, 
which need high milling precision. Full-arch restorations are 
mostly fabricated in dental laboratories because they provide 
industrial manufacturing solutions with high precision rate 
(Miyazaki and Hotta, 2011; Alghazzawi, 2016). 

5. Conclusion 
The digital workflow journey involves several steps, and each 
step has its own learning curve. Clinicians and dental 
technicians must know the limitations of the system they used, 
and they should be patient to gain a certain level of experience. 
Computer-aided dentistry constantly evolves, and software’s 
are updated day by day. To improve the accuracy and 
feasibility of digital workflow, manufacturers require technical 
and clinical feedbacks. If the clinicians report the clinical 
outcomes in a constructive manner, many problems 
experienced in the complete digital workflow would be 
overcome in the future. 
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