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Abstract

Aesthetic dentistry has been transformed over the past decade by the integration of digital technologies
into everyday clinical practice. At the forefront of this shift is Digital Smile Design (DSD) — a diagnostic
and communication framework that brings together facial analysis, dental proportions, and digital
simulation to guide comprehensive treatment planning. Rather than asking patients to simply trust the
process, DSD allows clinicians to show patients what their smile could look like before a single
irreversible step is taken.

The concept works by analysing digital photographs and videos through specialised software, enabling
clinicians to evaluate facial landmarks, lip dynamics, gingival contours, and tooth proportions with a level
of precision that traditional methods simply could not match. The result is a richer dialogue between
dentist, patient, and laboratory technician — one that leads to more predictable outcomes and, importantly,
greater patient satisfaction.

In recent years, this field has grown considerably, with numerous software platforms entering the market
and digital technologies such as intraoral scanning, CAD-CAM systems, facial scanning, and 3D printing
expanding what is clinically achievable. This review traces the evolution of Digital Smile Design,
examines its underlying principles and clinical workflow, compares the major software platforms currently
in use, and discusses both the opportunities and limitations facing the field today.

Keywords: Digital Smile Design; Aesthetic Dentistry; Digital Workflow; Smile Analysis; CAD-CAM
Dentistry; Digital Treatment Planning

Introduction

A pleasing smile does far more than improve appearance — it shapes how people communicate, how they
are perceived, and how they feel about themselves. As awareness of aesthetic dentistry has grown, patients
increasingly arrive in the clinic seeking not just functional restoration but a result that genuinely
harmonises with their face and personality. This expectation has elevated aesthetic dentistry to a central
role in modern restorative and prosthodontic practice.!*

The challenge, of course, is that many aesthetic procedures — veneers, crowns, gingival corrections —
are irreversible. Once the process begins, there is limited room for the kind of course corrections that can
be made in other areas of healthcare. For this reason, the ability to clearly communicate anticipated
outcomes before treatment starts is not merely desirable; it is essential.!?

Traditional planning approaches relied heavily on diagnostic wax-ups, photographs, and clinical
experience. These tools served their purpose, but they left a significant gap: the patient's ability to truly
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visualise and engage with the proposed outcome remained limited. Misaligned expectations between
dentist and patient were, as a result, far too common.*

Digital Smile Design changed this. First introduced by Christian Coachman and Marcelo Calamita, DSD
brought a systematic, digitally-driven approach to aesthetic planning. By layering facial analysis, aesthetic
principles, and digital photography into a coherent workflow, it gave clinicians the ability to design a
patient's smile on screen — and then show it to them. Suddenly, treatment planning became a conversation
rather than a monologue.?

The integration of intraoral scanning, CAD-CAM technology, facial scanning, and 3D printing has since
expanded DSD from a communication tool into a comprehensive digital workflow that connects aesthetic
ambition to clinical execution. Specialised software platforms now support every stage of the process, and
artificial intelligence is beginning to automate aspects of facial analysis and smile simulation that once
required considerable manual effort.!

Given how rapidly this field is evolving, it is worth taking stock of where things stand. This review
examines the development of Digital Smile Design from its origins to its current form, evaluates the tools
and workflows available to clinicians today, and considers both the progress that has been made and the

challenges that remain."*

Methodology

This narrative review was conducted to summarise available evidence on Digital Smile Design and its role
in aesthetic dentistry. A comprehensive literature search was carried out across PubMed, Scopus, Google
Scholar, and ScienceDirect using keyword combinations including: Digital Smile Design, smile design
software, digital dentistry workflow, aesthetic dental treatment planning, digital smile analysis, and CAD-
CAM dentistry. Articles published between 2010 and 2024 were considered.

Inclusion and Exclusion Criteria

Peer-reviewed articles pertaining to Digital Smile Design were eligible for inclusion, encompassing
clinical studies, literature reviews, and narrative reviews that addressed smile design software or digital
workflow. Only English-language publications were included. Articles unrelated to aesthetic dentistry,
non-peer-reviewed material, and case reports lacking adequate methodological description were excluded.

Study Selection Summary

Records identified through database search 124
Additional records identified through manual search 18
Total records screened 142
Records excluded after title screening 63
Full-text articles assessed for eligibility 79
Articles excluded after full-text review 38
Final articles included in this review 41
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Key Studies Included in the Review

Coachman & | 2012 Concept paper Introduced the Digital Smile Design
Calamita concept

Omar & Duarte 2018 Literature review | Parameters for digital smile esthetics
Cervino et al. 2019 | Review Digital restorative workflow

Thomas et al. 2022 Clinical review DSD applications in dentistry

Coachman et al. 2017 | Clinical protocol | Dynamic smile documentation

Alharkan 2024 | Narrative review | Integration of DSD in restorative dentistry

Historical Evolution of Smile Design

The story of smile design is, in many ways, the story of dentistry learning to communicate. For decades,
the profession relied on diagnostic casts, manual wax-ups, and photographic analysis — tools that gave
experienced clinicians a reasonable sense of what was achievable, but that offered patients little more than
a verbal description of their prospective outcome. Mathematical frameworks such as the golden proportion
and recurring esthetical dental proportion provided useful guidance for tooth dimensions, but their
application remained largely subjective.’

The diagnostic wax-up was the primary means of previewing a treatment result. Skilled technicians could
render extraordinarily detailed reconstructions, capturing tooth morphology, occlusion, and alignment in
three dimensions. Yet even the best wax-up could not convey the dynamic relationship between teeth, lips,
and the full range of facial expressions. And without that dynamic picture, clinicians, technicians, and
patients often found themselves speaking slightly different languages.®

The formal introduction of Digital Smile Design in 2012 by Christian Coachman and Marcelo Calamita
marked the beginning of something genuinely new. Their protocol used digital photography, videography,
and facial analysis not just to document a patient's current smile but to design a better one — one that
related explicitly to that individual's facial features rather than to a universal template. By establishing
reference lines along the interpupillary plane and facial midline, the method introduced what would
become known as facially driven treatment planning: the principle that restorations should be designed in
dialogue with the face, not in isolation from it.”

Since then, digital smile design has advanced through several distinct generations, each expanding the
clinician's ability to plan, simulate, and execute aesthetic treatments.>’

First Generation: Conventional Smile Analysis

The earliest approach to smile design depended on manual techniques — stone casts, calipers, rulers, and
clinical intuition. These methods provided a foundation, but they lacked standardisation and were entirely
dependent on the individual clinician's experience. There was no reliable way to share or replicate the
analytical process.’

Second Generation: Digital Photography

The arrival of high-resolution digital photography changed the nature of smile analysis. Clinicians could
now draw reference lines directly onto standardised photographs, evaluate symmetry and tooth proportions
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on screen, and begin to build a more objective picture of the aesthetic challenges they faced. This was a
transitional period — the images were digital, but the analysis remained largely manual.’

Third Generation: The DSD Protocol

The formalisation of the DSD protocol introduced structure and reproducibility to the process.
Standardised photographs and videos became the inputs to a defined analytical workflow, and digital tooth
templates could be overlaid on patient images to give both clinicians and patients a preview of the
proposed outcome. For the first time, the smile design was something that could be shown, discussed, and
revised before any clinical work began.’

Fourth Generation: Integration with CAD-CAM

As digital dentistry matured, smile designs began feeding directly into CAD-CAM fabrication workflows.
Digital wax-ups could be produced from smile simulations and used to mill or print restorations with a
level of precision that manual techniques could not reliably achieve. The connection between aesthetic
planning and laboratory execution became genuinely seamless.’

Fifth Generation: Three-Dimensional Workflows and the Virtual Patient

The introduction of intraoral and facial scanning opened up a three-dimensional perspective that had
previously been inaccessible. Combining facial, dental, and skeletal data into a single digital model created
what is now referred to as the virtual patient — a comprehensive representation of the individual that
allows aesthetic outcomes to be evaluated in three dimensions and from any angle. Communication with
patients and laboratories improved markedly as a result.’

Sixth Generation: Artificial Intelligence

The most recent evolution of digital smile design brings artificial intelligence into the workflow. Al-driven
systems can now identify facial landmarks automatically, analyse smile characteristics, and generate
realistic simulations by drawing on large databases of facial and dental profiles. These platforms reduce
operator-dependent variability and bring a degree of personalisation and efficiency that would have been
difficult to imagine even a decade ago. As machine learning models continue to improve, their contribution
to aesthetic planning is expected to become increasingly central.’

Principles of Smile Design

Successful smile design rests on a thorough understanding of the relationship between teeth, gingival
tissues, lips, and the face as a whole. The goal is not simply to improve the appearance of individual teeth
but to create an outcome that feels coherent — one that complements the patient's unique facial character
rather than overwriting it. Digital Smile Design organises this pursuit around four foundational areas.>*
1. Facial Analysis

Facial analysis is the starting point of every DSD assessment. Before any consideration is given to the
shape or colour of individual teeth, the clinician must understand the broader facial canvas: the position
of the facial midline, the orientation of the interpupillary line, the proportional relationship between the
facial thirds, the behaviour of the lips, and the angle of the nasolabial region. These landmarks determine
how the dental midline should be oriented and how tooth dimensions should relate to the face as a whole.
Aesthetic outcomes that ignore this context — however technically accomplished in isolation — rarely
feel entirely right to the patient.>>

2. Dental Proportions

The proportional relationship between teeth has been studied extensively, and several guiding frameworks
have emerged from that work. The golden proportion, the recurring esthetic dental proportion, and the
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golden percentage each offer slightly different approaches to determining appropriate width-to-height
ratios for the anterior dentition. While no single formula can substitute for clinical judgement, these
principles provide a useful starting point.>®

Tooth morphology — broadly categorised into square, triangular, and ovoid forms — is another important
variable. The choice of tooth shape may reflect facial form, age, gender, and patient preference. Some
clinicians work within the concept of visagism, which holds that tooth morphology should resonate with
the patient's facial personality, creating a coherent visual narrative across the whole face. Digital tools
allow clinicians to model different shapes and proportions in real time, inviting patients into a
collaborative decision-making process that increases both engagement and satisfaction.®’

3. Gingival Aesthetics

The gingival tissues frame the teeth, and their aesthetic contribution is easily underestimated. Key
considerations include the contour and symmetry of the gingival margins, the position of the gingival
zenith, and the amount of gingival tissue visible during a full smile. Digital analysis allows clinicians to
identify asymmetries and plan corrective procedures — whether periodontal or restorative — with a clarity
that traditional assessment rarely affords. Reviewing proposed gingival modifications on screen before
performing them reduces the risk of over- or under-correction.'”

4. Smile Line and Lip Dynamics

The smile arc — the relationship between the curvature of the incisal edges and the contour of the lower
lip — is one of the more nuanced aspects of smile aesthetics. A consonant smile arc, where the two curves
mirror one another, is generally regarded as the most pleasing. But this is not simply a static observation;
the way a smile moves matters as much as how it looks in a single photograph. Advanced DSD protocols
incorporate video analysis specifically to capture the dynamic behaviour of the smile during speech and
natural expression, providing a richer picture that still images alone cannot offer.!!

Clinical Workflow

The DSD workflow is sequential and systematic, designed to move from documentation through to
definitive treatment in a series of clearly defined steps. Each stage builds on the last, and the integrity of
the final outcome depends heavily on the quality of the information gathered at the beginning.

Step 1: Patient Documentation

The process begins with comprehensive records: extraoral and intraoral photographs, facial video, digital
impressions captured via intraoral scanner, and appropriate radiographic data. Standardised photography
is particularly important — inconsistent images introduce errors that propagate through every subsequent
stage of analysis.'?

Step 2: Digital Smile Analysis

With patient records loaded into smile design software, the clinician analyses the smile using established
reference lines — the facial midline, the interpupillary line, the smile curvature, and tooth proportions.
This step makes aesthetic discrepancies visible in an objective, documented way and provides the
analytical foundation for the proposed design.'?

Step 3: Digital Smile Simulation

Using the analysis as a guide, the clinician creates a proposed smile design within the software. Tooth
shapes, positions, and gingival contours can all be adjusted, and the software renders a simulation of the
likely final outcome. At this stage, the design remains entirely virtual and fully reversible.'?
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Step 4: Patient Communication

The simulation is shared with the patient — typically on screen and, in some cases, as a printed or digital
visualisation to take home. This is arguably the most valuable step in the entire process. Patients who can
see and respond to a simulation of their own proposed treatment are far better placed to give meaningful
informed consent, and case acceptance rates reflect this. The conversation that happens around the
simulation is often where the most clinically significant decisions are made.'!!?

Step 5: Digital Wax-Up and Mock-Up

Once the design is approved, it is converted into a three-dimensional digital wax-up, which can be
fabricated via 3D printing or milling. A provisional mock-up is then placed intraorally, giving the patient
the rare opportunity to preview their restorations in the mouth before any permanent work begins. Patients
can smile, speak, and assess the result in the mirror. Any last adjustments are made at this point rather
than after definitive restorations have been fabricated.'!

Step 6: Final Treatment Execution

With the design confirmed, the digital workflow integrates with CAD-CAM technology to produce the
definitive restorations. Veneers, crowns, implant prostheses, and full-mouth rehabilitations can all be
executed with reference to the same digital plan that the patient approved weeks or months earlier. The
result is a treatment process that is traceable, reproducible, and genuinely patient-centred from beginning
to end.'?

Digital Smile Design Software
A growing range of software platforms now supports digital smile analysis and treatment simulation. The
table below summarises the most widely used systems and their primary characteristics.

DSD App Coachman Facial analysis, smile | Smile planning
Concept simulation

Smile Designer | Tasty Tech Automated templates Restorative planning

Pro

NemoDSD Nemotec Orthodontic integration Orthodontic cases

Exocad  Smile | Exocad CAD-CAM integration Prosthodontics

Creator

3Shape  Smile | 3Shape Advanced workflow Restorative dentistry

Design

Romexis Smile | Planmeca Imaging integration Digital diagnostics

Design

Digital Smile | DSS Realistic smile simulation Patient

System communication

Cerec Smile | Dentsply Sirona Chairside design Single-visit dentistry

Design
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SmileCloud Coachman Al smile libraries Smile simulation
Concept
Preteeth Al Preteeth Artificial intelligence | Automated design
modelling

Each platform has its own strengths and is suited to particular clinical contexts. Some — such as Exocad
and 3Shape — integrate directly with laboratory CAD-CAM workflows, making them natural choices for
complex prosthodontic cases. Others prioritise patient-facing visualisation and are particularly effective
as communication tools in the consultation room. The emergence of Al-powered platforms like
SmileCloud and Preteeth Al represents a further step towards automated, data-driven aesthetic planning
that requires less manual configuration from the clinician,!%!>16.17

Choosing between platforms is rarely straightforward, as it depends on the composition of the clinical
team, existing equipment, laboratory relationships, and patient profile. Most systems require a period of
training before they can be used effectively, and this learning curve should be factored into any decision

to adopt new software.'®

Clinical Applications

One of the most compelling aspects of Digital Smile Design is its versatility across dental specialties.
While its roots lie in aesthetic and restorative dentistry, the principles and tools of DSD have proven useful
in a range of clinical contexts.

Prosthodontics

This is where DSD has found its most established home. Planning veneers, crowns, full-mouth
rehabilitations, and implant-supported prostheses all benefit from the facially driven approach that DSD
enables. By designing restorations in relation to the face rather than in isolation, clinicians are better placed
to deliver outcomes that feel genuinely natural. The integration of DSD with digital laboratory workflows
has also streamlined production, reducing the number of remake cycles and improving communication
between clinician and technician."

Orthodontics
Digital smile design tools have found a useful role in orthodontic treatment planning, particularly in cases
where aesthetics is a primary driver. Simulating tooth movements and evaluating their facial and smile
impact before treatment begins helps align patient expectations with what is clinically achievable — a
particularly valuable exercise in cases involving significant repositioning or interdisciplinary
management.?’

Implant Dentistry
Prosthetically driven implant planning — the principle that implant position should be determined by the
restoration it will support — aligns naturally with the DSD workflow. Aesthetic and functional

requirements can be defined digitally before a surgical guide is designed, ensuring that the implant is
placed where it needs to be rather than where it is easiest to place.?!

[JFMR260275772 Volume 8, Issue 2, March-April 2026 7



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Periodontology

The gingival component of smile aesthetics is often neglected until late in the planning process, and yet
gingival asymmetries and excess tissue can profoundly affect the final result. DSD allows clinicians to
assess gingival architecture early and plan corrective procedures — gingivectomy, crown lengthening,
contour correction — as an integrated part of the overall treatment plan rather than as an afterthought.??

Advantages and Limitations

Advantages

The benefits of incorporating Digital Smile Design into clinical practice extend well beyond the quality

of the simulations it produces.

e Improved patient communication: Showing a patient a realistic simulation of their proposed smile
fundamentally changes the nature of the consultation. Abstract descriptions give way to visual
evidence, and patients feel genuinely included in the decision-making process.

e Higher case acceptance: Patients who can see and engage with a proposed outcome are considerably
more likely to proceed with treatment. The simulation does not merely inform — it motivates.

e (QGreater treatment predictability: Digital planning reduces the scope for aesthetic errors. When the
outcome has been defined and approved digitally before any clinical work begins, the probability of
delivering a result that meets expectations increases substantially.

e Interdisciplinary collaboration: Digital files can be shared instantly between clinicians, orthodontists,
periodontists, and dental technicians. The treatment plan becomes a shared reference point across the
entire team.

e Seamless integration with digital workflows: DSD connects naturally with intraoral scanning, CAD-
CAM fabrication, and 3D printing — enabling a continuous digital journey from initial documentation
through to definitive restoration.

Limitations

Despite its considerable advantages, Digital Smile Design is not without its challenges.

e Software costs: Licensing fees for professional smile design software can be substantial, and ongoing
updates or subscriptions add to the financial commitment. For smaller practices, this represents a
genuine barrier to adoption.

e Learning curve: Effective use of DSD platforms requires training and regular practice. Clinicians who
are not comfortable with digital tools may find the initial investment in time and effort significant.

e Dependence on image quality: The accuracy of digital analysis is only as good as the photographs and
records on which it is based. Substandard or unstandardised images introduce errors that cannot be
corrected downstream.

e Dynamic analysis limitations: While video capture has improved the ability to assess smile dynamics,
replicating the natural spontaneity of facial expression in a clinical setting remains genuinely difficult.
The gap between what is recorded and what the patient looks like in daily life is not always negligible.

Psychological Impact of Smile Rehabilitation

It is easy to frame aesthetic dentistry purely in terms of its technical challenges, but the psychological
dimension of the work is at least as important. Research consistently shows that the appearance of the
smile influences how individuals are perceived by others — more confident, more approachable, more
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engaged — and, crucially, how they perceive themselves. Dental imperfections can significantly affect
self-esteem, social confidence, and quality of life, particularly when they are visible during everyday
communication.?

Digital Smile Design contributes to positive psychological outcomes in a specific and measurable way:
by allowing patients to visualise their potential transformation before treatment begins. Seeing a realistic
simulation of a proposed result reduces anxiety, builds trust in the clinician, and gives patients a concrete
goal to orient around. The alignment of patient expectations with achievable clinical outcomes — one of
the most reliable predictors of treatment satisfaction — is substantially easier to achieve when both parties
can see the same image on screen.>?*

This dimension of the work deserves more attention in the clinical literature than it has so far received.
Most published studies focus on technical outcomes and workflow efficiency. The emotional experience
of the patient — particularly during the consultation phase — is an area where further research would be

genuinely valuable.%?*

Artificial Intelligence in Digital Smile Design

Artificial intelligence is beginning to change the nature of smile design in ways that would have seemed
ambitious even five years ago. Modern Al-powered platforms can identify facial landmarks automatically,
detect dental midlines, and generate smile simulations by drawing on databases of thousands of facial and
dental profiles. What once required careful manual configuration by a skilled clinician can now be
produced in a fraction of the time.?

The practical benefits are significant. Al reduces the variability that arises when the same analysis is
performed differently by different operators, and it brings a degree of personalisation — matching
simulation suggestions to the specific characteristics of an individual patient — that generic templates
cannot replicate. As these systems continue to learn from larger and more diverse datasets, their output is
likely to become increasingly sophisticated and reliable.

That said, it is worth being clear about what Al currently does and does not do in this context. Present
systems are primarily tools that assist and accelerate the clinician's own analytical process — they do not
replace clinical judgement, patient communication, or the nuanced aesthetic decisions that define excellent
restorative work. The most productive relationship between AI and the clinician is one where the
technology handles the time-consuming and repetitive aspects of analysis, freeing the clinician to focus
on the decisions that require human expertise and interpersonal skill.?’

Limitations in Current Literature

It would be misleading to leave readers with the impression that the evidence base for Digital Smile Design
is as robust as its clinical adoption might suggest. The majority of published work in this area consists of
case reports, expert opinion, and narrative reviews. Well-designed prospective clinical trials with
meaningful follow-up periods and standardised outcome measures are relatively scarce.>’

This matters for several reasons. Without high-quality longitudinal evidence, it is difficult to make strong
claims about the durability of outcomes associated with DSD-guided treatment, the reliability of different
software platforms under real-world conditions, or the comparative effectiveness of different workflow
approaches. The heterogeneity of techniques, photography standards, and software platforms across

published cases also makes it difficult to draw firm generalisable conclusions. '+
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The field would benefit considerably from a greater investment in standardised research methodology.
Consensus on photography protocols, outcome measures, and reporting standards would enable more
meaningful comparisons across studies and accelerate the accumulation of reliable evidence. This is not a
criticism of the clinicians and researchers who have advanced this field — it is simply an honest
assessment of where the science needs to go next.”!®

Future Perspectives

The trajectory of Digital Smile Design points towards workflows that are more integrated, more

automated, and more personalised than anything currently available. Several developments are likely to

shape the field over the coming years.

e Artificial intelligence: As Al systems are trained on larger and more diverse datasets, their ability to
generate accurate, personalised smile simulations will continue to improve. Clinicians can expect Al
to take on an increasingly active analytical role, rather than simply assisting with individual tasks.

e Three-dimensional facial scanning: The integration of detailed facial scanning into routine DSD
workflows will bring treatment planning closer to the virtual patient ideal — a comprehensive digital
model of the individual that captures not just teeth and gums but the full three-dimensional context of
the face.

e Augmented reality: Real-time AR overlays have the potential to show patients a simulated smile on
their own face during the consultation, moving beyond static screen simulations to a genuinely
immersive preview experience.

e Automated smile design algorithms: Systems capable of generating optimised smile designs based on
patient data, aesthetic principles, and individual preferences — with minimal manual input from the
clinician — are likely to become increasingly capable and widely adopted.

e Deeper CAD-CAM integration: As digital workflows mature, the connection between smile design
and restoration fabrication will become more direct and more reliable, reducing the number of handoff
points where information can be lost or misinterpreted.

The overarching direction is clear: towards a more connected, more personalised, and more efficient model

of aesthetic dental care — one in which technology serves the clinician's judgement rather than replacing

it, and in which the patient's voice is present throughout the process.?32%-

Conclusion

Digital Smile Design has earned its place as a foundational component of contemporary aesthetic dentistry.
By bringing together facial analysis, digital imaging, and CAD-CAM integration into a coherent clinical
workflow, it has changed not only how clinicians plan treatment but how they communicate with the
people they treat. The ability to show a patient what their smile could look like — before any irreversible
step is taken — is a genuinely significant advance, and its impact on patient confidence, case acceptance,
and treatment predictability should not be underestimated.

The technology continues to evolve. Artificial intelligence is adding new capabilities, three-dimensional
workflows are becoming more accessible, and the integration of aesthetic planning with digital fabrication
is growing more seamless with each passing year. There remain real limitations — in the evidence base,
in the cost of adoption, and in the difficulty of fully capturing dynamic facial expression through clinical
imaging — but none of these diminish what has already been achieved.
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As digital dentistry continues to mature, DSD will almost certainly become more powerful, more
automated, and more widely used. The clinicians who invest in understanding its principles and mastering
its tools today will be well placed to deliver the kind of patient-centred, aesthetically coherent care that
modern dentistry aspires to offer.
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