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1. Introduction 
These days patients prefer dental and medical treatments for 
aesthetic purposes (Samorodnitzky-Naveh et al., 2007). While 
protecting the health, function of teeth and soft tissues in 
restorations made with conservative approaches in aesthetic 
dentistry, it is aimed to create a new smile with the most natural 
effect (Gürel, 2003; Iliev, 2016). The results of medical and 
dental anamnesis, clinical examination, photographs, and study 
models reveal a suitable diagnosis and treatment plan for 
aesthetic dentistry, but these are not enough to analyze the 
patient's smile. In addition, at the start of treatment, it is 
necessary to determine the relationship between the face, lips, 
teeth, and gingiva while accessing their function for 
predictable results with the final product (Coachman et al., 
2017; Goldstein et al., 2018). For this purpose, Digital Smile 
Design software is a useful tool to show the possibilities of 
increasing the smile of the patient by creating an esthetic 
treatment scheme (McLaren et al., 2013). This software 
provides excellent communication between the dentist and the 
patient, while providing the dentist with an ideal means of 
communication with the dental technician by choosing the 
right treatment through algorithms. Dental process planning 
keeps a digital pathway so the patient can observe the outcomes 
before the process begins. These processes provide correct 
layout and guarantee aesthetic, functional and predictable 
results. (Moss et al., 2005; Ahrberg et al., 2016). At the same 
time, digital systems enable the dentist to follow-up and 
evaluate the patient during the treatment period (Mehl et al., 
2013). 

The aim of this study is to enlighten dentists about digital 
smile design parameters and current digital smile design 
software. 

2. What is the smile design? 
The smile design is the combination of aesthetic principles that 
make facial aesthetics compatible with the dentogingival 
structures (Davis, 2007). Or, more simply, it can often be 
described as the aesthetic treatment of anterior teeth in the 
visible aesthetic region (Zimmermann and Mehl, 2015). These 
aesthetic concepts were created with information gathered 
from cases, diagnostic moulds, photographic records, scientific 
dimensions, and fundamental aesthetic beauty principles 
(Davis, 2007).  

The digital smile design starts with properly captured 
photos. It allows for a comprehensive workflow that simulates 
the patient's treatment process. Facial application is generally 
completed by applying guidelines which standardized 
parameters are improved for the front and profile look of the 
face. The process of designing a smile relates to various 
anatomic areas concerned in the process such as teeth, gingiva, 
mucous membranes, lips and skin based on symmetry, shape 
and golden ratios (Cervino et al., 2019). 

3. Aesthetic concepts 
The basic concepts for aesthetic analysis have been reported to 
be facial, dentogingival and dental aesthetics (Magne and 
Belser, 2010; McLaren and Culp, 2013). The American 
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Academy of Cosmetic Dentistry mentioned the artistic 
parameters of the smile design in order to reproduce nature 
aesthetically (Blitz et al., 2001). Smile aesthetics is about color, 
shape, texture, tooth alignment, gingival contour, and their 
relationship with the face (Levin, 1978; Morley and Eubank, 
2001; Frese et al., 2012). To plan a proper aesthetic 
rehabilitation, it is necessary to meet the expectations of the 
patients at the end of the treatment considering all these 
parameters (Meereis et al., 2016).   

3.1. Facial features 
Facial aesthetics are supported standardized aesthetic rules that 
include correct alignment, proportion and dimensions of the 
face (Davis, 2007). Facial examination is accomplished using 
guidelines in which standardized features are improved for the 
anterior and profile look of the face. Horizontal guidelines 
applied to the anterior examination comprises of interpupillary 
and intercomissural lines (Chiche and Pinault, 2004; Cohen, 
2007). Vertical guidelines comprise of the facial, dental and 
mandibular midlines, which are very significant in defining the 
amount of symmetry of the face (Naini, 2011) (Fig. 1). The 
more symmetry between the right and left sides of the face is 
seen as a face closer to perfection. The dentist should visualize 
and record the vertical and horizontal lines to assess the 
existing symmetry on the patient's face. In the final assessment, 
it was stated that the relationship of the patient's face and teeth 
will be determined with this record (Calamia and Wolf, 2015). 

 
Fig. 1. Anatomical lines (vertical and horizontal guide lines) related 
to face using in digital smile design 

Another important factor in facial aesthetics is lip 
dynamics. The upper and lower lips are the frame of the smile, 
which include the teeth and gingiva. Soft tissue markers of this 
frame are lip width, intercommissure width, interlabial space, 
smile index (width/height) and gingiva (Ackerman and 
Ackerman, 2002). The condition of the lips at rest should be 
analyzed in terms of lip structure during the lower and upper 
lip contact and smile, which determines to what extent tooth 
and gingiva appear. It has been reported that lip assessment can 
also be useful to reveal tooth and tissue asymmetries or defects 
(Blitz et al., 2001). 

The lip line is an important determinant of the amount of 
visible incisal edge screen (Tian et al., 1984). In the absence of 
dental abrasion in the resting position, it has been reported that 

the visible incisal edge of the lips and maxillary central incisors 
should be 2 to 4 mm, and this distance may differ greatly 
depending on the age and gender of the patient (Vig and 
Brundo, 1978). In addition, for a nice smile, the smile line 
described as a fictional line figured throughout the incisal 
edges of the upper jaw front teeth is also an important factor. 
In optimal dental placement, this line should pursue the 
curvature of the lower lip (Ahmad, 1998). 

3.2. Dentogingival features 
Dentogingival features comprise of gingiva health and 
morphology like gingiva shape and contour, free gingival 
position, the position of the gingival zenith, color and 
pigmentation of the gingiva, position of the papilla, gingival 
line, buccal corridor dimensions, inflammation status, 
interdental papilla status and black triangle formation (Prato et 
al., 2004; Magne and Belser, 2010; Camare, 2010; Pawar et al., 
2011; Nascimento et al., 2012; Priya et al., 2013; Patel and 
Chapple, 2015) (Fig. 2). A dentist should pay attention to these 
parameters while designing a smile. Designing the teeth within 
the limits of the gingival architecture significantly affects the 
aesthetics of the smile. Irregular papillary position on the 
anterior teeth or inflamed gingiva can have a dramatic effect 
on aesthetics. While some details may seem negligible, even a 
small black triangle can disrupt all efforts to create a beautiful 
smile (Batra et al., 2018). 

 
Fig. 2. Dental and gingival landmarks using in digital smile design 

3.3. Dental features 
The position, form, size and color of the maxillary anterior 
teeth are very important in terms of the aesthetic results of the 
smile design (Feraru et al., 2016).  Some anterior teeth are in 
flatter form, while others are in a more convex form. Or some 
teeth have a rectangular look, while others have a more oval 
look. Different features such as these are indicative of the smile 
specificity of the patient (Dawson, 1974). It is considered by 
some researchers that the width of maxillary central incisors 
should be between 75-86% in length (Dickerson, 1996; Magne 
and Belser, 2003; Chu, 2007). The length of the teeth has also 
been reported to affect aesthetics. It is stated that the length of 
maxillary central incisors is between 10-22 mm on average 
(Magne et al., 2003). The midline identifies a vertical line 
shaped by the contact of the maxillary central incisors. It is 
asserted that the midline should be orthogonal to the incisal 
plane and concurrent or overlapping the midline of the face 
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(Miller et al., 1979). When viewed from the front, the axial 
inclination of the anterior teeth tends to incline towards the 
midline, making it more prominent from the central incisors to 
the canine teeth. It is very important in terms of appearance that 
the maxillary anterior teeth are proportional to each other. 
Many dentists accept and apply the Golden Ratio principles 
stated by Lombardi and then improved by Levin (Rufenacht 
Claude, 1990). With the ideal arrangement of anterior six teeth 
of these ideal sizes, an open space is formed between the 
contact points and the proximal surfaces of the incisal edges. 
This area is expressed as incisal embrasure. These embrasures 
end at the point where they touch the adjacent teeth. Incisal 
embrasures should show gradual improvement from the central 
tooth to the posterior (Wheeler, 1965) (Fig. 2). 

In view of tooth color, there are four main features (value, 
hue, chroma and translucency) and features like structure and 
brilliance that could reform the impression of dental form and 
value (Culp et al., 2013).  Color selection in smile design 
should be customized according to the satisfaction of each 
patient. It has been mentioned that informing the patient about 
the general rules for the natural appearance of the teeth and the 
color selection can also be favourable to meet the patient's hope 
in a realistic way (Blitz et al., 2001). 

4. Esthetic rehabilitation 
One of the most remarkable innovations in dentistry is the 
emergence of Computer Aided Design and Computer Aided 
Manufacturing (CAD/CAM) technology. This technology 
enables dentists to replicate from an anatomical and functional 
perspective and achieve remarkable results (Moss et al., 2005; 
Ahrberg et al., 2016). Digital dentistry includes high- and low-
resolution data, 3D photos and various programs that allow 
dentists to collect data and create digital restorations and digital 
patients using various data (Ringer, 2007; Beuer et al., 2011). 
Digital Smile Design is one of these programs. Providing an 
effective communication between the patient-dentist-dental 
technician, the program is an excellent tool for correct 
detection of problems, visualization of possible solutions, and 
thus balancing expectations and increasing mutual trust. With 
the help of the photo protocols taken with certain parameters 
on the face, the dentist can identify and emphasize 
inconsistencies in face, dentogingival and dental morphology, 
discuss treatment options with magnified images on the 
monitor, and find the best solution (Fig. 3). Thus, by 
determining which material to use with the appropriate 
treatment option and communicating to the dental technician, 
both the treatment cost is reduced and time saving is achieved 
(Coachman et al., 2012; www.dentalphotomaster.com, 2020). 
In addition, it is possible to make comparisons between 
drawings and reference lines and before and after images by 
evaluating the results obtained at each stage of treatment 
(Goodlin, 2011; Coachman and Calamita, 2012; McLaren et 
al., 2013; Lin et al., 2015) (Fig. 4). In recent years, as 
technology advances, many software programs have been 
developed to be used in digital smile design for aesthetic 

rehabilitation. These software programs provide a stronger 
diagnostic and therapeutic predictability in the analysis of 
features that can be overlooked regarding the patient's face and 
teeth in clinical evaluation (Coachman and Calamita, 2012). 

 
Fig. 3. Photo protocol for digital smile design. A: Front view with 
teeth retracted. B: Front view with full-smile. C: Profile with lips and 
teeth in contact. D: Profile with full-smile. E: 12 o’clock photo. F: 
Occlusal view of the upper arch. (www.dentalphotomaster.com, 
2020) 

 
Fig. 4. It is possible to make comparisons between drawings and 
reference lines with softwares 

5. Digital smile design software 
5.1. Coachman (DSDApp LLC) 
The DSD application was advanced by Coachman, who 
formerly announced research on using Keynote for digital 
smile design. Three photo views are required. Photos with full 
face and only teeth are taken, the first at maximum smile, the 
second at rest. Thirdly, a retracted full maxillary arch 
photograph is taken. In addition, at the same time, the video 
containing all feasible tooth and smile situations, including 45 
degrees and profile views, are taken. Then the recorded photos 
and videos are added to the slide presentation. Smile designs 
can be realized in presentation software such as Keynote or 
Microsoft PowerPoint. This advanced visualization makes it 
easy to choose the ideal restorative technique (Coachman and 
Calamita, 2012) (Fig. 5-A). 
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Fig. 5. Digital smile design softwares. A: Coachman (DSDApp LLC). 
B: Planmeca Romexis Smile Design (PRSD). C: Smilecloud, ADN3D 
Biotech. D: Smile Designer App 

5.2. Planmeca romexis smile design (PRSD) 
Planmeca Romexis Smile Design software, which was released 
in 2015 and gives the opportunity to make smile design in a 
very short time, does not need any extra supportive program to 
run on Windows and MacOS. First of all, when the patient 
smiles naturally, full face photographs are taken from the 
anterior region.   The software then creates a tooth image with 
automatically determined W/L ratios. It is stated in the program 
that these tooth images can be edited for a maximum of 14 teeth 
and five different character types. In the software containing 
the VITA Classical and VITA 3D-Master tooth shades (Vita) 
in its library, the colors of the existing teeth can be defined and 
cooperated with virtual diagnostic wax-up thanks to a Color 
Picker tool (Zimmermann and Mehl, 2015) (Fig. 5-B). 

5.3. Smilecloud, ADN3D biotech 
Smile Cloud, a new cloud-based technology platform, gives 
users the opportunity to store patients' medical data, personal 
data, photos, videos, intraoral scanners (STL) or cone beam 
computed tomography scanners (CBCT), and radiographs. 
After the necessary loading is done, the artificial intelligence 
finds the proper shape of the teeth and aligns. The dentist can 
change this design if she/he wishes. It can also be used for the 
STL file for mock-up model, preparation and surgical guidance 
(Chen et al., 2020) (Fig. 5-C). 

5.4. Smile designer app 
Smile Design App, the online digital smile design software, 
uses the "Smile Design Algorithm" method coded quickly and 
easily. In this "Smile Design Algorithm" system, not only the 
face and teeth feature of the patient, but also information such 
as "which profession the patient has" or "character 
characteristics of the patient" are also recorded. It has been 
reported that the smile design for all CAD/CAM systems of 
this software can export PNG image output, the pre-designed 
STL outputs of tooth models can be printed with 3D printers 
(www.smiledesigner.app, 2020) (Fig. 5-D). 

5.5. Smile designer pro 
This digital smile design program, specially designed for use 

in the field of dentistry, needs additional photos as well as a 
front-face smile photo. The software, which has limited 
features in terms of front and profile aesthetic parameters, has 
been reported to have five ready-made templates for 
determining tooth forms and the software is similar to the 
Photoshop program in terms of design and interface 
(Zimmermann and Mehl, 2015; Omar and Duarte, 2018) (Fig. 
6-A). 

 
Fig. 6. Digital smile design softwares. A: Smile Designer Pro. B: 
3Shape Smile Design (PRSD). C: Cerec SW. D: Exocad Smile 
Creator 

5.6. 3Shape smile design 
3Shape Smile Design uses the principles of Digital Smile 
Design (DSD) and a smile design is made directly over the 2-
dimensional picture taken from the patient. The software 
allows the patient, dentist and dental technician to evaluate 
directly from the same photo, while technicians then transmit 
patient-approved smile designs to the 3Shape Dental System 
software to complete the procedures. In the system using the 
Real View engine, the 2D image is combined with the 3D 
digital image from the scanner. Before the completion of the 
restoration, the mock-up model can be produced upon the 
request of the dentist (www.3shape.com, 2020) (Fig. 6-B). 

5.7. Cerec SW  
It has been reported that Cerec SW software can control many 
steps and algorithms with artificial intelligence. Full face 
image is required for the software, which provides marginal 
compatibility of multiple preparations and clearer models. 
After uploading the file to the software, it was stated that 16 
important points should be specified in the image. Then, after 
making various calibrations by the software using these points, 
the 2D image is converted to 3D. The Cerec Smile Design tool 
is located on the toolbar and can be activated during the CAD 
design process (Zimmermann and Mehl, 2015; Skramstad, 
2020) (Fig. 6-C). 

5.8. Exocad smile creator 
With the Smile Creator integrated into the Chairside CAD 
platform, the photos taken using existing patient photos or 
webcams are automatically converted into 3D objects and then 
synchronized with 3D scans of the teeth. With the guided 
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workflow and extensive library, it is stated that a smile can be 
created using 2D shapes and then it can be converted into 3D 
images (www.exocad.com, 2020) (Fig. 6-D). 

6. Conclusion 
Digital smile design is an instrument that can help the dentist 
from the first session to the last, provide an understanding of 
aesthetic problems, and produce reliable and predictable results 
for the trio of patient-dentist-dental technician. Using the 
digital software technologies, the dentist can evaluate the 
patient's anterior tooth region and include the smile analysis in 
routine treatment planning. 
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