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A B S T R A C T   

The primary goal of esthetic treatment is to ensure patient satisfaction and meet their expectations of improving 
their facial esthetics and smile. However, some patients may have doubts regarding the irreversible nature of the 
treatment. In such cases, the Digital Smile Designing (DSD) technique can be employed to educate and motivate 
patients. DSD is a technical tool that allows digital designing and modification of a patient’s smile, enabling them 
to visualize the potential outcomes before the actual treatment begins. This technique facilitates visual 
communication and patient involvement in the smile design process, leading to predictable treatment results and 
higher acceptance rates. This article provides an overview of DSD in esthetic dental practice and discusses its 
applications, advantages, limitations, and future possibilities.   

1. Introduction 

Digital Smile Design (DSD) has revolutionized dentistry by offering a 
comprehensive and innovative approach in restorative dentistry. With 
technological advancements, dentists have access to powerful digital 
tools that enable them to design and visualize the ideal smile for their 
patients before initiating any treatment (Jafri Z et al., 2020). Integrating 
DSD into restorative dentistry has become increasingly significant, as it 
not only enhances patient communication and satisfaction but also im-
proves treatment outcomes and efficiency (Omar D et al., 2018). DSD is 
a state-of-the-art digital planning system that allows dentists to create 
personalized treatment plans based on the individual characteristics of 
the patient’s face and smile. By utilizing specialized software and 
advanced imaging techniques, DSD enables dental professionals to 
analyze and modify the patient’s dental and facial proportions, ulti-
mately designing a smile that is harmonious with the patient’s unique 
features (Coachman et al., 2017). This digital approach ensures greater 
precision and predictability in achieving optimal esthetic outcomes. 

The integration of DSD into restorative dentistry is immensely sig-
nificant in contemporary dental practice. Traditionally, treatment 
planning in dentistry relies on subjective assessments, often leading to 
miscommunication between dentists and patients regarding the desired 
outcome (Cervino G et al., 2019). With DSD, dentists can involve pa-
tients in the treatment planning process, allowing them to visualize the 
proposed changes and participate actively in decision-making. This 
enhanced communication fosters a stronger dentist-patient relationship 

and increases patient satisfaction (Thomas PA et al., 2022). Moreover, 
integrating DSD into restorative dentistry offers numerous practical 
advantages. It facilitates efficient collaboration between interdisci-
plinary teams, including prosthodontists, orthodontists, and dental 
technicians, thus streamlining the treatment process and ensuring 
seamless coordination (Meereis CT et al., 2016). DSD also serves as a 
valuable tool for patient education, allowing dentists to educate patients 
about the various available treatment options and set realistic expecta-
tions. Additionally, the digital workflow provided by DSD enables pre-
cise communication with dental laboratories, leading to a more accurate 
fabrication of restorations (Garcia PP et al., 2018). 

This narrative review aimed for a comprehensive exploration of the 
wide range of applications and benefits of integrating DSD into restor-
ative dentistry. By analyzing the existing literature, case studies, and 
clinical experiences, we aimed to shed light on the positive impact of 
DSD on treatment planning, communication, patient satisfaction, and 
overall treatment outcomes. By understanding the potential of this 
innovative technology, dental professionals can effectively incorporate 
DSD into their practice and offer patients an exceptional level of care. 

2. Methodology 

A comprehensive literature review was conducted by searching 
electronic databases, such as PubMed, Medline, Embase, and Google 
Scholar. The search utilized keywords such as “facial esthetics,” 
“esthetic parameters,” “smile analysis,” “digital smile design,” and 
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“smile reconstruction” to retrieve relevant articles pertaining to the 
standardization of esthetic parameters. In total, 32 articles were care-
fully selected based on the following inclusion criteria: articles pub-
lished between 2013 and 2023, studies specifically addressing 
parameters for DSD, human studies, and articles written in English. 

These 32 articles were summarized to identify the parameters used to 
evaluate dentofacial esthetics and facilitate a comparison of various DSD 
programs. For each program included in the study, additional articles 
were retrieved using keywords such as “digital smile design,” “photo-
shop,” “keynote,” “smile designer pro,” and “esthetic digital smile 
design.” After applying the following inclusion criteria, 26 articles were 
selected: articles published between 2013 and 2023, clinical studies 
utilizing DSD programs, human studies, and articles written in English. 
The Mendeley software was used to eliminate duplicate articles. Ulti-
mately, 18 articles were included in the final review.    

3. Understanding digital smile design 

DSD is a revolutionary concept in dentistry that combines advanced 
digital technology with esthetic principles to design and plan restorative 
dental treatments. At its core, DSD focuses on creating a harmonious and 
natural-looking smile that complements the individual’s facial features 
(Zanardi PR et al., 2016). By incorporating the principles of facial 

analysis, dental proportions, and esthetic harmony, DSD enables dentists 
to visualize and communicate treatment plans effectively, leading to 
improved patient outcomes (Charavet C et al., 2019). The principles of 
DSD are rooted in the belief that an esthetically pleasing smile is 
determined not only by the individual teeth but also by the surrounding 
facial structures. Dentists utilizing DSD consider the patient’s facial 
characteristics, such as the shape of their face, lips, and gums, as well as 
their dental features, to create a smile design that enhances their overall 
appearance (Trushkowsky R et al., 2016). 

4. Key components and workflow of DSD 

4.1. Digital imaging 

DSD begins with the acquisition of high-quality digital images, 
typically including facial photographs, intraoral scans, and radiographs. 

These images serve as the foundation for analysis and treatment plan-
ning (Coachman C et al., 2014). 

4.2. Smile design 

Using specialized software, dentists can manipulate digital images to 
simulate different smile designs and modifications. This step involves 
analyzing the patient’s facial and dental proportions and making ad-
justments to achieve a balanced and esthetically pleasing smile 
(Coachman C et al., 2014). 
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4.3. Mock-up and wax-up 

Once the ideal smile design is determined, a physical mock-up or 
wax-up is created to provide the patient with a tangible representation 
of the proposed changes. This allows the patient to visualize the result 
and provide feedback before any actual treatment begins (Iliev G et al., 
2016). 

4.4. Communication and collaboration 

DSD facilitates effective communication among the dentist, dental 
laboratory, and interdisciplinary team members. The digital files can be 
shared seamlessly, ensuring accurate transfer of information and 
enabling collaboration in complex cases involving orthodontics, peri-
odontics, or prosthodontics (June C et al., 2018). 

4.5. Patient presentation 

With the help of DSD, dentists can present the proposed treatment 
plan to the patient using digital images and mock-ups. This visual rep-
resentation helps patients understand expected outcomes, set realistic 
expectations, and actively participate in the decision-making process 
(On TT et al., 2016). 

Advantages of Digital Smile Design in treatment planning and 
communication 

4.6. Visualizing the outcome 

DSD allows both dentists and patients to visualize the expected result 
before any treatment is performed. This visualization aids in aligning the 
patient’s expectations with the treatment plan and helps them make 
informed decisions about their dental care (Ortensi L et al., 2022). 

4.7. Enhanced communication 

By utilizing DSD, dentists can effectively communicate their treat-
ment plans to patients, explain proposed changes, and address concerns. 
This transparent communication fosters trust, reduces anxiety, and en-
sures a shared understanding of the desired outcome (Bini V et al., 
2014). 

4.8. Predictability and precision 

DSD enables dentists to achieve greater predictability and precision 
in treatment planning. By digitally manipulating the images, they can 

fine-tune the design and analyze various options, thereby optimizing the 
esthetic and functional aspects of the final restoration (Levi YL et al., 
2019). 

4.9. Interdisciplinary collaboration 

DSD facilitates collaboration among different dental specialties 
involved in a comprehensive treatment plan. The ability to share digital 
files and communicate seamlessly allows efficient coordination, result-
ing in better treatment outcomes (CoaChman C et al., 2012). 

4.10. Patient satisfaction 

DSD significantly contributes to patient satisfaction by involving 
them in the treatment planning process. Patients feel empowered and 
confident about their decisions, knowing that their input and prefer-
ences are valued and considered (Whiteman YY et al., 2020). 

4.11. Time and cost efficiency 

DSD streamlines the treatment workflow by minimizing the need for 
multiple adjustments and remakes. The accuracy and predictability 
provided by digital planning reduce chairside time and the overall 
treatment cost (Levrini L et al., 2015). 

5. Applications of DSD in restorative dentistry 

5.1. Comprehensive smile makeover using DSD 

DSD offers a comprehensive approach for smile makeovers, allowing 
dentists to transform a patient’s smile by addressing multiple esthetic 
and functional concerns. Using DSD, dentists can analyze the patient’s 
facial and dental proportions, identify areas of improvement, and create 
a customized treatment plan. This may involve a combination of 
restorative procedures, such as teeth whitening, orthodontics, dental 
implants, veneers, and crowns. The ability to visualize the outcome 
using DSD helps both the dentist and patient gain a clear understanding 
of the expected results, leading to successful smile transformations 
(Coachman C et al., 2018). 

5.2. Restoring natural esthetics with DSD-guided treatments 

One of the key goals of restorative dentistry is to restore the natural 
esthetics and functionality of damaged or missing teeth. DSD plays a 
crucial role in achieving this objective by guiding dentists in designing 
and executing restorative treatments with precision. Using DSD, dentists 
can digitally plan and fabricate restorations that closely match the pa-
tient’s natural teeth in terms of color, shape, and size. This ensures a 
seamless integration of restorations, resulting in a natural-looking smile. 
Additionally, DSD allows adjustments and refinements to be made 
digitally before the actual treatment, minimizing the chances of sub-
optimal results (Lee JH et al., 2019). 

5.3. Enhancing patient satisfaction through DSD-driven restorations 

DSD significantly enhances patient satisfaction by involving them in 
the treatment planning process and providing a realistic preview of the 
expected outcomes. Patients can actively participate in decision-making, 
providing inputs regarding the design and esthetics of their restorations. 
With DSD, patients can visualize the proposed changes, ensuring that 
their expectations align with the treatment plan. This collaborative 
approach leads to higher patient satisfaction, as they feel more confident 
and informed about their dental care. Additionally, the accuracy and 
predictability of DSD-driven restorations contribute to long-term patient 
satisfaction by delivering results that meet or exceed expectations 
McLaren and Goldstein, 2018). 
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Furthermore, DSD-driven restorations have the advantage of being 
more conservative than the traditional approach. With precise treatment 
planning and digital mock-ups, dentists can minimize the removal of 
healthy tooth structures and preserve natural teeth as much as possible. 
This conservative approach not only maintains the integrity of the pa-
tient’s dentition but also promotes long-term oral health. 

6. Benefits of integrating DSD in restorative dentistry 

6.1. Improved treatment planning accuracy and predictability 

Integrating DSD in restorative dentistry can significantly improve the 
accuracy and predictability of treatment planning. With DSD, dentists 
can use advanced digital tools to analyze the patient’s facial and dental 
proportions, ensuring precise and tailored treatment plans. By digitally 
manipulating the images, dentists can simulate various treatment op-
tions and assess their impact on the patient’s smile and facial esthetics. 
This level of accuracy allows for predictable outcomes, reducing the 
likelihood of unexpected results and the need for extensive adjustments 
during treatment (Lee S et al., 2018). 

6.2. Enhanced communication between the dental team and patients 

DSD facilitates enhanced communication between the dental team 
and patients, fostering a collaborative and patient-centered approach to 
treatment. Through DSD, dentists can visually present the treatment 
plan to patients using digital images, mock-ups, and simulations. This 
visual representation helps the patients understand the proposed 
changes and actively participate in the decision-making process. Pa-
tients can provide feedback, express their preferences, and make 
informed choices regarding dental care. Improved communication not 
only increases patient satisfaction but also ensures that the treatment 
aligns with patient expectations (Liu F et al., 2019). 

Moreover, DSD promotes better communication and collaboration 
within dental teams. Digital files can be easily shared among dentists, 
orthodontists, prosthodontists, and dental technicians, enabling seam-
less coordination and interdisciplinary collaboration. This shared plat-
form ensures that all team members have a comprehensive 
understanding of the treatment plan, leading to more efficient and 
cohesive treatment outcomes. 

6.3. Efficient workflow and timesaving in restorative procedures 

Integrating DSD streamlines the restorative workflow and saves time 
of both dental professionals and patients. DSD allows dentists to digitally 
plan and simulate the treatment process before starting any actual 
procedure. This eliminates the need for trial and error, thus reducing 
chairside time and the number of adjustments required during treat-
ment. By digitally refining the design and esthetics beforehand, dentists 
can optimize the treatment plan, resulting in more efficient and precise 
restorations (Rojas-Vizcaya F et al., 2017). 

Furthermore, DSD facilitates efficient communication with dental 
laboratories. The digital files can be shared directly, ensuring accurate 
transfer of information and minimizing the chances of errors or mis-
interpretations. This efficient workflow leads to quicker fabrication of 
restorations and reduces the overall treatment time for patients. By 
saving time and enhancing efficiency, DSD allows dental professionals to 
accommodate more patients, ultimately improving access to dental care 
and increasing productivity. 

7. Case studies and clinical outcomes 

7.1. Evaluation of DSD-integrated cases 

Numerous case studies have evaluated the outcomes of integrating 
DSD in restorative dentistry. These studies demonstrated the 

effectiveness of DSD in achieving optimal treatment outcomes. By 
analyzing the pre- and post-treatment digital images, researchers and 
clinicians can assess the accuracy and precision of DSD-guided treat-
ment plans. They can evaluate the alignment of the final restorations 
with the digitally designed smile to ensure that the planned changes 
have been accurately translated into the actual treatment. Case evalu-
ations also consider factors such as occlusion, tooth position, and overall 
esthetic harmony, providing valuable insights regarding the efficacy of 
DSD in achieving desired outcomes (Arias DM et al., 2015). 

7.2. Assessment of esthetic and functional outcomes 

Assessing the esthetic and functional outcomes of DSD-guided res-
torations is crucial for evaluating the success of this approach. Studies 
have shown that integrating DSD into restorative dentistry improves 
esthetic outcomes by providing patients with a harmonious and natural- 
looking smile. The ability to digitally plan and visualize the treatment 
helps dentists optimize the shape, size, and color of restorations, 
resulting in improved esthetics and patient satisfaction. Functional 
outcomes, such as occlusal stability and bite alignment, are also assessed 
to ensure that the restorations meet the patient’s functional needs. By 
analyzing factors such as occlusal contacts, articulation, and masticatory 
efficiency, clinicians can determine the functional success of DSD- 
guided restorations (Kayssoun, 2020). 

7.3. Long-term stability and patient satisfaction with DSD-guided 
restorations 

The long-term stability and patient satisfaction with DSD-guided 
restorations have been evaluated through follow-up studies and pa-
tient surveys. These studies aimed to assess the longevity of restorations 
and durability of the DSD-guided treatment approach. Long-term sta-
bility is determined by evaluating the restoration integrity, marginal 
adaptation, and gingival health over an extended period. Patient satis-
faction surveys are conducted to assess subjective outcomes, including 
patient perception of esthetics, comfort, and overall satisfaction with 
DSD-guided restorations. These evaluations provide valuable insights 
into the success and effectiveness of DSD in delivering long-lasting, 
esthetically pleasing, and functionally stable restorations (Shin S et al., 
2017). 

8. Challenges and limitations of DSD 

8.1. Technical limitations and learning curve 

DSD relies on various technologies and software tools to simulate and 
plan dental treatments. However, it is important to acknowledge the 
following technical limitations associated with DSD: 

8.2. Accuracy 

Although DSD is a valuable visualization tool, the result may not 
always perfectly match the digital design. Factors such as variations in 
materials, patient anatomy, and software limitations can affect the 
outcome (Shin S et al., 2017). 

8.3. Learning curve 

Implementing DSD requires dental professionals to acquire new 
technical skills and become proficient in using the associated software 
and equipment. This learning curve can vary among individual dentists 
and may require additional training and practice (Arykhova LK et al., 
2020). 
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8.4. Equipment and software requirements 

To utilize DSD effectively, dental practices need to invest in appro-
priate equipment, such as intraoral scanners, digital imaging devices, 
and software licenses. These investments can be costly and require 
ongoing maintenance and updates (Stanley M et al., 2018). 

8.5. Patient expectations and psychological factors 

DSD involves a collaborative process between the dentist and pa-
tient, wherein the patient’s expectations and psychological factors play 
a significant role. Some of the challenges and considerations include the 
following: 

8.6. Unrealistic expectations 

Patients may have high expectations after viewing the digital smile 
design, assuming that the outcome will perfectly match the virtual 
simulation. However, it is crucial to manage and align patient expec-
tations with the limitations and possibilities of the actual treatment 
outcome (Gontijo SM et al., 2021). 

8.7. Emotional impact 

Dental treatments, especially those related to smile esthetics, can 
have a significant emotional impact on patients. Some individuals may 
have deep-seated insecurities or dental anxiety, and the process of 
digitally visualizing their ideal smile may create heightened emotional 
expectations or anxiety (Pires LC et al., 2022). 

8.8. Subjectivity of esthetics 

Esthetic preferences can vary greatly among individuals. What one 
person considers an ideal smile may differ from another’s perception. 
Dental professionals must communicate effectively and address these 
subjective aspects to ensure patient satisfaction (Martins JD et al., 
2019). 

9. Ethical considerations and informed consent in DSD 
implementation 

Implementing DSD raises several ethical considerations and requires 
informed consent. 

9.1. Privacy and data security 

DSD involves the collection and storage of patients’ digital data, 
including images and personal information. Dental professionals must 
ensure that appropriate data protection measures are in place to main-
tain patient privacy and comply with relevant regulations (Cattoni F 
et al., 2016). 

Informed consent 

When implementing DSD, dental professionals must obtain informed 
consent from patients and explain the limitations, risks, and potential 
outcomes of the treatment. Patients should have a comprehensive un-
derstanding of the digital simulation, proposed treatment plan, and any 
potential alternatives (Finelle G et al., 2017). 

9.3. Potential for over-treatment 

The visual representation of DSD can sometimes lead to unnecessary 
or excessive treatment recommendations. Dental professionals must 
prioritize the patient’s best interests and provide conservative and 
evidence-based treatment options (Chitlange PM et al., 2023). 

9.4. Financial considerations 

DSD implementation can involve additional costs for equipment, 
software, and professional fees. Dental professionals should be trans-
parent regarding the associated costs and ensure that patients fully un-
derstand the financial implications of their treatment decisions (Pinzan- 
Vercelino et al., 2017). 

Addressing these challenges and ethical considerations requires 
dental professionals to remain updated with the latest research, seek 
appropriate training, and engage in open and honest communication 
with patients throughout the DSD process. 

10. Future directions and innovations in DSD 

10.1. Advancements in digital imaging and software tools 

Advancements in digital imaging and software tools used in DSD are 
expected as technology continues to evolve. These advancements may 
include the following: 

10.2. High-resolution imaging 

Improvements in intraoral scanners and digital cameras will most 
likely result in high-resolution imaging, allowing for accurate digital 
representations of the patient’s teeth and smile (Santi MR et al., 2020). 

10.3. Enhanced software capabilities 

Software tools used in DSD may become more sophisticated, offering 
advanced features, such as artificial intelligence algorithms, for smile 
design analysis, predictive modeling, and virtual treatment planning 
(McLaren EA et al., 2013). 

10.4. Augmented reality (AR) and virtual reality (VR) 

The integration of AR and VR technologies can provide patients with 
an immersive experience, allowing them to visualize their digital smile 
design in real time and make informed decisions regarding their treat-
ment (Pribadi N et al., 2022). 

11. Integration of DSD with other digital technologies 

The integration of DSD with other digital technologies has great 
potential to improve treatment outcomes. Some possible areas of inte-
gration are as follows: 

11.1. Computer-aided design/computer-aided manufacturing (CAD/ 
CAM) systems 

Combining DSD with CAD/CAM systems enables a seamless transi-
tion from the digital smile design to the fabrication of restorations such 
as veneers, crowns, and implant-supported restorations (Luca E et al., 
2019). 

11.2. Three-dimensional (3D) printing 

The integration of DSD with 3D printing technology can enhance the 
efficiency and accuracy of producing physical models, surgical guides, 
and temporary restorations, thereby enabling a more streamlined 
workflow (Almalki A et al., 2022). 

11.3. Cone-beam computed tomography (CBCT) 

CBCT scans provide detailed 3D images of the patient’s dental and 
facial structures. Integrating CBCT data with DSD can assist in precise 
implant placement, orthodontic planning, and interdisciplinary 
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treatment coordination (Sanchez-Lara A et al., 2019). 

12. Emerging trends and potential impact on restorative 
dentistry 

DSD is part of a broader digital revolution in restorative dentistry. 
Some emerging trends and potential impacts are as follows: 

12.1. Personalized treatment approach 

DSD allows for a more individualized treatment approach that con-
siders the patient’s unique facial features, smile dynamics, and func-
tional needs. This personalized approach can result in more predictable 
and natural-looking restorations (Us et al., 2021). 

12.2. Improved communication and collaboration 

DSD facilitates better communication between dental professionals 
and patients through visual representations and simulations. It also al-
lows for easier interdisciplinary collaboration, as various specialists can 
share and discuss digital treatment plans (Abdulhadi ZT et al., 2023). 

12.3. Minimally invasive techniques 

DSD promotes a minimally invasive approach to treatment planning, 
enabling dental professionals to preserve healthy tooth structure while 
achieving optimal esthetic outcomes. This approach can improve long- 
term dental health and patient satisfaction (Perez-Davidi M et al., 2015). 

13. Conclusion 

The integration of DSD into restorative dentistry has numerous ap-
plications and benefits. It has the potential to revolutionize treatment 
planning and improve patient outcomes by providing accurate visual 
representations, enhancing communication and collaboration, and 
promoting a personalized and minimally invasive treatment approach. 
Continued research and training are essential to stay updated with the 
advancements in DSD and ensure its effective implementation in dental 
practice. By embracing these innovations, dental professionals can offer 
patients enhanced esthetic results and a higher satisfaction level in their 
dental treatments. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

References 

Abdulhadi, Z.T., Muhsin, Z.Y., 2023. Footprints to achieve digital smile design and 
esthetic: Narrative review. J. Medical Res. Health Sci.s. 6 (2), 2430–2440. 

Almalki, A., Conejo, J., Wünsche, A., Anadioti, E., Blatz, MB., 2022. Digital smile design 
and fabrication of CAD/CAM restorations in a complex esthetic case. Compendium 
of Continuing Education in Dentistry (Jamesburg, NJ: 1995). 43 (10). 

Arias, DM., Trushkowsky, RD., Brea, LM., David, SB., 2015. Treatment of the patient with 
gummy smile in conjunction with digital smile approach. Dental Clinics. 59 (3), 
703–716. 

Arykhova, L.K., Ivanova, V.A., Orlova, S.E., Borisov, V.V., Pustokhina, I.G., Kuznetsov, I. 
I., Danshina, S.D., 2020. Digital smile desinge. Prensa Medica Argentina. 106 (2), 
96–102. 

Bini, V., 2014. Aesthetic digital smile design: Software-aided aesthetic dentistry: Part I. 
CAD/CAM Int. Mag. Digital Dent. 2, 12–17. 

Cattoni, F., Mastrangelo, F., Gherlone, E.F., Gastaldi, G., 2016. A new total digital smile 
planning technique (3D-DSP) to fabricate CAD-CAM mockups for esthetic crowns 
and veneers. Int. J. Dentistry. 10, 2016. 

Cervino, G., Fiorillo, L., Arzukanyan, A.V., Spagnuolo, G., Cicciù, M., 2019. Dental 
restorative digital workflow: digital smile design from aesthetic to function. 
Dentistry Journal. 7 (2), 30. 

Charavet, C., Bernard, J.C., Gaillard, C., Le Gall, M., 2019. Benefits of digital smile design 
(DSD) in the conception of a complex orthodontic treatment plan: A case report- 
proof of concept. Int. Orthod. 17 (3), 573–579. 

Chitlange, PM., Madhu, PP., Reche, A., 2023. Digital smile design-an overview of 3D 
digital workflow. J. Clinical And Diagnostic Res. 17 (1), ZE01–5. 

CoaChman, C., Calamita, M., Schayder, A., 2012. Digital smile design: uma ferramenta 
para planejamento e comunicação em odontologia estética. Dicas. 1 (2), 36–41. 
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