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Abstract—Smile design has evolved from traditional esthetic methods to advanced digital techniques, leading to the emergence
of Digital Smile Design (DSD). This modern approach combines science, art, and technology to craft personalized, functional,
and visually appealing smiles. DSD improves diagnostic precision, enhances treatment planning, and strengthens collaboration
among dental professionals by enabling patients and clinicians to preview results before committing to permanent procedures.
This paper reviews the historical progression of smile design, classification systems, anatomical and esthetic principles, and the
transformative impact of digital tools in cosmetic dentistry. It also discusses the leading DSD software platforms, outlines a
systematic workflow, and examines the method’s strengths and limitations. Looking ahead, the integration of 3D and 4D
technologies, along with virtual and augmented reality, is expected to further refine digital workflows. As dentistry shifts toward
a more patient-focused and digital model, DSD remains a vital strategy for achieving reliable, efficient, and emotionally

engaging outcomes.

Index Terms—Digital Smile Design (DSD), Facial Analysis, Smile Design Workflow, Patient-Centered Dentistry.

|I. INTRODUCTION

According to the Oxford Dictionary, a smile is described as a facial expression showing pleasure, kindness, or amusement,
usually characterized by upturned corners of the mouth and visible front teeth.*

Smile design involves a combination of scientific and artistic principles that, when applied together, help create an aesthetically
pleasing smile. These principles are derived from patient data, diagnostic models, dental research, scientific analysis, and
fundamental artistic notions of beauty.?

A beautiful and confident smile is universally desired. However, when patients are hesitant to undergo treatment due to an
inability to visualize the final outcome, clinicians can utilize the Digital Smile Designing (DSD) tool. The DSD concept assists
clinicians by enhancing the aesthetic visualization of the patient’s concerns, offering insight into potential treatment outcomes,
and thereby educating and motivating patients. This increases the likelihood of treatment acceptance. Digital Smile Design is a
digital approach that enables the creation and projection of a new smile design by simulating and previewing the expected results.
It aligns with the patient’s morpho-psychological characteristics, fosters emotional connection, and boosts confidence in the
treatment process, ultimately leading to greater acceptance of the proposed care.®

Coachman and Calamita defined Digital Smile Design (DSD) as a versatile conceptual tool that aids in diagnostic assessment,
enhances communication, and increases the predictability of treatment outcomes. It allows for a detailed evaluation of the
patient’s facial and dental features, which might otherwise be overlooked during conventional clinical examinations,
photographic analysis, or diagnostic cast evaluations.®

An esthetic makeover, or smile design, entails crafting a smile in which the stomatognathic structures operate harmoniously
without interfering with one another. A well-functioning orofacial system ensures that all components support and complement

each other effectively.*

I1. HISTORY OF SMILE DESIGNING

From as early as 900-800 B.C., civilizations like the Phoenicians and Etruscans used carved tusks to mimic natural teeth. In ancient

Greece, philosophers linked beauty to the Golden Ratio, a concept later defined by Euclid. The Romans pursued cosmetic dental
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practices, while the Mayans modified teeth decoratively. After little advancement during the Middle Ages, the 18th century saw

innovations like gold crowns and mineral dentures. By the 19th and 20th centuries, porcelain crowns and veneers emerged,
followed by breakthroughs in enamel etching and resin composites. Today, technologies like Digital Smile Design and Al have
revolutionized patient-focused aesthetic dentistry.®

I11. GENERATIONS OF SMILE DESIGNING

In 2017, Christian Coachman described the evolution of Digital Smile Design (DSD) through six generations:

Generation 1: Hand-drawn sketches on printed photos with no link to physical models; digital dentistry was not yet introduced.
Generation 2: Basic 2D digital drawings using general software like PowerPoint; visually connected to study models but lacked
physical integration.

Generation 3: Introduction of dental-specific software linking 2D digital designs to 3D wax-ups, beginning integration with
analogue models and incorporating facial features.

Generation 4: Full digital connection between 2D designs and 3D models, allowing for detailed 3D analysis with facial
integration and defined aesthetic parameters.

Generation 5: A complete 3D digital workflow from design to treatment.

Generation 6: Introduction of the 4D concept, adding motion to evaluate smiles dynamically during expression and function.®

IV. CLASSIFICATION OF SMILE
SMILE CLASSIFICATION (SOLOMON, 1999)

TOOTH SMILE +Only the labial surface of the upper front
teeth are visible.
(LOW SMILE)

s Labial surface of the upper front teeth and
interdental papilla or gingiva are exposed.

GINGIVAL SMILE
(AVERAGE SMILE)

eTeeth,gingiva,labial and buccal mucosa

MUCOSA SMILE are visible.

(HIGH SMILE)

SMILE LINE CLASSIFICATION (SMILE CURVE)

*Smile line curves upward and runs parallel
CONVEX SMILE to lower lip. Considered positive and
attractive.

*Smile line curves downward;unpleasent
CONCAVE SMILE look & considered negative

*Smile line appears flat,aesthetic depend
STRAIGHT SMILE harmony with lip curvature and buccal
corridor
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V.COMPONENTS OF SMILE DESIGNING

Lip Line:

Refers to the vertical position of the upper lip during smiling in relation to the maxillary central incisors. An ideal lip line
reveals the full length of the central incisors and interdental gingiva. It varies as low, medium, or high based on how much
tooth and gingiva is shown (Hulsey, 1970; Mackley, 1993; Ernest & Janzen, 1977; Goldstein, 1998).

Smile Arc: Describes the curve formed by the incisal edges of the upper teeth relative to the contour of the lower lip. A more
curved arc is common in younger individuals and women, and is considered more esthetic (Sarver, 2001; Frush & Fisher,
1958; Matthews, 1978).

Upper lip curvature:

Evaluated from the center to the mouth corners. It can be upward (preferred), straight, or downward, with the upward curve
being most esthetic (Hulsey, 1970; Dong et al., 1999).°

Lateral Negative Space (Buccal Corridor):

The space between the corners of the mouth and posterior teeth when smiling. A balanced amount enhances smile width and
fullness (Sarver, 2001).

Smile Symmetry:

Assessed by comparing the alignment of the mouth corners (commissures) relative to the eyes (pupillary line). Symmetrical
smiles are more esthetically pleasing (Hulsey, 1970; Rubin, 1974).7

Frontal Occlusal Plane:

A horizontal line connecting the canine tips, contributing to the visual balance of the smile (Solomon, 1999).

Dental Components:

Include tooth size, shape, color, alignment, midline, and crown angulation. A symmetric dental midline aligned with the facial
midline (using landmarks like the nasion and philtrum) enhances harmony (Lombardi, 1973; Morley & Eubank, 2001).
Gingival Components:

Healthy gingiva should be pale pink (with melanin pigmentation in some populations), firm, and well-contoured. The gingival
zenith—the highest point on the gum line—is crucial for symmetry. Inflammation or uneven margins detract from esthetics
(Morley & Eubank, 2001).°

1. Lip line 2 Srdle nro
,-/
3 Upper Ip curvatme 4 Laterad negative space
5 Smile wymymatry &. Occlusal frontal plane
7. Dental compenents & Gngval componmnis

FIG 1: COMPONENTS OF SMILE DESIGNING
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VI. THE GRID ANALYSIS SYSTEM

Before doing detailed smile makeovers, dentists need to understand basic design principles. Experts like Goldstein and Belzer
emphasized the importance of analysing a person's smile by looking closely at their facial features. One useful method is called
Aesthetic Grid Analysis, which uses photos to line up the teeth with key points on the face. This helps to diagnose any esthetic
issues and improves communication between the dentist, the patient, and the dental lab team.®

Some important reference lines used are the interpupillary line (the line between the pupils) and the facial midline (the center
of the face). In a well-balanced smile, the front teeth’s inicsal edges should run parallel to the interpupillary line, and the dental
midline should form a right angle with it—creating what’s called a "T-effect."

The first step in esthetic grid analysis is to check facial symmetry. This begins by ensuring that the interpupillary line is
horizontal. Using front-view photographs, the clinician assesses whether the dental midline aligns with the center of the face.
If the face is not perfectly symmetrical, vertical reference lines(facial midline, outer canthal, inner canthal) can help guide
necessary adjustments. Even small misalignments should be communicated with the patient to support shared decision-
making. The second step involves recording the patient’s full smile, either through photographs or direct observation. This
helps evaluate how much of the teeth and gums are visible. A line drawn across the top of the exposed gums helps determine
the ideal gingival height. Typically, an ideal smile reveals the full central incisors along with about 1 mm of gum tissue. In
the third step, the clinician takes retracted photographs of the front teeth, ensuring that the image is aligned with the
interpupillary line. This allows for a more precise assessment of the dental structures. Finally, in step four, the clinician draws
reference lines for key features such as the incisal edge, dental midline, lip line, and contact points between the teeth. Special
attention is given to the position of the central incisors, as they set the foundation for the rest of the smile. Their visibility at
rest, which can vary with age, is carefully evaluated. Mock-ups can then be used to test this positioning, ensuring it supports
proper speech and bite function. For optimal esthetics, the alignment should continue smoothly through the canines and into

the posterior teeth, maintaining natural harmony across the entire smile.®°

FIG 2: THE GRID ANALYSIS
VII. GOALS OF DIGITAL SMILE DESIGNING

The main goal of Digital Smile Designing (DSD) is to create a smile that looks great and works well with the whole mouth
system, including the teeth, jaw joints, muscles, and bones. It focuses on designing teeth that are balanced, natural-looking,
and in harmony with the patient’s face. DSD also makes patients part of the design process by considering their personality
and preferences—a concept known as morpho-psychology. Using Emotional Dentistry, dentists can show patients visual
mock-ups of their future smile, helping them feel more confident about the treatment and more likely to say yes.!!
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DSD also helps with accurate record-keeping and quality control using digital tools. By analysing how the patient smiles and

speaks (called dynamic dento-facial analysis), the dentist can plan more realistic and personalized treatments. A buccal wax-
up—a model of the smile—is used to check that the design looks good and works properly, with minimal changes to natural
teeth.'?

By combining 2D and 3D digital models with tools like DSD Connect, dentists can move smoothly through each step of the
design and treatment. Technology plays a big role in making the final results match the original plan. Online tools allow
dentists, lab technicians, and specialists to work together easily, even from different locations, using shared digital patient
charts. Finally, the entire digital workflow links smile design with other treatments like braces, implants, and 3D printing or

milling (CAD/CAM), all ideally managed through one complete software platform. 112

FIG 3: 3D MODELS VIA DIGITAL WAX-UP

VIII. DIGITAL SMILE DESIGN SOFTWARES

Digital Smile Design (DSD) programs integrate digital tools into the smile design process, aiding in diagnosis, treatment
planning, and communication with both patients and dental technicians. These tools enhance the predictability of treatment
outcomes. However, not all DSD software offers the same level of analysis for dentofacial esthetics, which is a critical factor
in software selection. Other considerations include user-friendliness, documentation capabilities, cost, time efficiency,
workflow organization, and compatibility with CAD/CAM or other digital systems.!3.14

Several DSD software options are available for clinicians, including; DSD App by Coachman, Planmeca Romexis Smile
Design, Smile cloud by ADN3D Biotech, Smile Designer App, Smile Designer Pro (SDP), 3Shape Smile Design, Cerec SW
4.2, Exocad Smile Creator, DTS PRO, ADSD by Dr. Valerio Bini, Digital Smile System by EG Solution, NemoDSD (3D),
Keynote, Microsoft PowerPoint, Adobe Photoshop CS6.14

Several factors influence the choice of Digital Smile Design (DSD) software, including its ability to assess dentofacial
aesthetic parameters, ease of use, cost, documentation capabilities, workflow efficiency, and compatibility with CAD/CAM
or other digital tools. Key aesthetic elements such as midline alignment, smile height and curvature, and tooth proportions
play a vital role in smile evaluation. A study by Doya Omar et al. compared eight DSD programs—Photoshop CS6, Keynote,
Planmeca Romexis, Cerec SW 4.2, ADSD, Smile Designer Pro, DSD App, and VisagiSMile—on their ability to assess
facial, dentogingival, and dental features.®

IX. WORKFLOW

While the specific aesthetic parameters included in various DSD software can differ, the fundamental process of smile design
remains consistent. All DSD software provides tools for aesthetic design by allowing users to draw reference lines and shapes
on both extraoral and intraoral digital images. Facial analysis is carried out using these reference lines, which help generate
standardized parameters for the frontal view of the face.?

The horizontal reference lines consist of the inter-pupillary and inter-commissural lines that deliver a complete sense of
balance and horizontal over view in the aesthetically pleasing face while the vertical reference line includes the facial
midline; passing through the glabella, nose and the chin. The horizontal and vertical lines are crossed against each other to
measure symmetry and cant of the face. The facial photograph with a wide smile and the teeth apart is moved behind this
cross to determine the ideal horizontal plane and vertical midline which permits a comparative analysis of the teeth and face.®
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The DSD application was promoted by Coachman, who previously shared findings on employing Keynote for digital smile

design. The captured images and videos are incorporated into the slide presentation. Smile designs can be understood using
presentation software like Keynote or Microsoft PowerPoint. This enhanced visualization facilitates the selection of the most
suitable restorative method (Coachman and Calamita, 2012).1¢

The authors implement the DSD protocol using Keynote; nevertheless, comparable software like MS PowerPoint can also
be utilized with slight modifications to the method. Keynote facilitates easy manipulation of digital images, including the
incorporation of lines, shapes, drawings, and measurements onto clinical and laboratory images.*’

Incorporating this essential information into the patient's digital clinical file complements the anamnesis, as it plays a crucial
role in both the intraoral and extraoral objective examination. This data will later be used for aesthetic evaluation based on
the primary guiding principles.®

FIG 4: FACIAL ANALYSIS

X. ADVANTAGES

Digital imaging and designing helps patients to visualize the expected final result before starting the treatment which enhances
the predictability of the treatment. The clinician can address patients concern by showing digitally the final outcome,
motivating and educating them about the benefits of the treatment®

It improves clinician diagnosis and treatment plan. The patient may evaluate, provide opinion and approve the final form of
the new smile before any treatment procedures are performed thus enhancing patients satisfaction. It leaves no scope of regret
post treatment where the irreversible procedures once carried out cannot be undone. It also helps to evaluate and compare
pretreatment and post treatment change*

XI. FUTURE PROSPECTS

The equipment and software necessary for 3D-DSD require a significant investment, which means that not every clinic can
implement it to replace 2D-DSD. Some DSD teams have discovered a middle ground to achieve 3D-DSD, referred to as 2D-
3D transformation. By enveloping, photographs can be aligned with the 3D model. This enveloping process should be
conducted using professional software, where the dentist can create designs and ultimately export a file in STL format. STL
is a widely recognized format in the 3D fabrication field and can be imported into most fabrication equipment to complete the
manufacturing process.'* 7

Several systems like CEREC CAD/CAM, Invisalign, and CBCT software can operate in this mode to complete the 3D Digital
Smile Design (3D-DSD) along with the production of restorations, appliances, and guides or model printing.t 17

Complete 3D digital workflow is still not widely used, but it may become popular in the future as more clinicians use digital
scaners, 3D printers, and CAD/CAM. This will reduce the need for time-consuming impressions, plaster, and wax.?

By superimposing the files from a CT scan or a Cone Beam, along with 3D files of an oral impression or a facial scan and a
photo, it will be possible to address facial aesthetics in advanced cases where implants need to be placed thanks to software

advancements over the coming years.2°
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XII1. LIMITATIONS

Xl

Despite the fact that DSD presents with an attractive treatment planning tool for the patients, it has certain limitations.®

1. Their major drawback is that a moderate to advanced degree of training is required by the dentist in order to utilize the
software functions in the process of smile design*

2. Training and handling for some software are necessary which further increases time and cost

3. It is important to watermark the clinician's respective work so as to eliminate unauthorized reproduction of the images. It is

recommended that copies of the original images be stored on the computer or network server.’

I1. CONCLUSION

A captivating smile often reflects a particular lifestyle, and enhancing facial attractiveness is one of the key objectives for
individuals pursuing elective dental procedures. The lower third of the face significantly influences perceptions of facial
aesthetics, making the importance of a beautiful smile undeniable. It is crucial that during the treatment planning for aesthetic
cases, smile design is integrated with a holistic approach to patient care.?

Therefore, a smile design should be both visually appealing and functionally effective. It is the responsibility of an aesthetic
dentist to thoroughly diagnose, analyze, and provide the best outcomes for patients, considering all elements through the
evaluation of the face, lips, gingival tissue, and understanding their collective appearance.??

The placement of references lines and other shapes over extraoral and intraoral digital photographs widens the dental team’s
diagnostic vision and helps to evaluate the limitations, risk factors and aesthetic principles of a given case. These critical data
will lead to improved results in all phases of treatment.® DSD can assist the dental technician in producing restorations of

superior quality and more accurately, eliminating unnecessary steps that prolong the treatment.?
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