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Abstract

This case report describes a digital workflow for the aesthetic rehabilitation of a 30-year-old
male patient with unaesthetic anterior teeth. The treatment incorporated AI-assisted smile
design software (SmileCloud Biometrics) for 2D/3D digital planning and patient commu-
nication. Six lithium disilicate veneers (IPS e.max CAD) were fabricated using CAD/CAM
technology following mock-up-guided minimally invasive preparation (0.2–0.9 mm reduc-
tion). The restorations were adhesively cemented under rubber dam isolation. One-week
follow-up confirmed aesthetic integration, occlusal harmony, and patient satisfaction. This
case illustrates how digital workflows with AI-assisted tools can support veneer rehabili-
tation through data-informed planning and conservative preparation while maintaining
aesthetic outcomes.

Keywords: artificial intelligence; computer-aided design; dental veneers; esthetics; dental
porcelain; digital technology

1. Introduction
Rising patient expectations for natural-looking, personalized smile designs have

increased the need for precise aesthetic planning tools [1]. While modern ceramics like
lithium disilicate (LDS) offer increased durability (5-year survival: 92%) [2], their clinical
success depends not only on mechanical properties and marginal adaptation but also
substantially on aesthetic outcomes and patient satisfaction [3]. These aesthetic results are
highly dependent on accurate smile design and proper preparation protocols.

Traditionally, smile design and veneer fabrication relied heavily on clinician subjec-
tivity, easily leading to inconsistencies in proportions and symmetry. Additionally, the
classic procedure involved multiple appointments, physical impressions, wax-ups, and
temporary restorations, often leading to extended treatment times and potential inaccura-
cies. However, the introduction of digital workflows coupled with artificial intelligence
(AI) integration enabled precise dental aesthetic analysis, automated tooth proportion
calculations, and instant digital wax-ups [4].

The integration of AI into digital dentistry is rapidly expanding, with machine learning
and deep learning now helping to automate clinical workflows in specialties such as
prosthodontics and orthodontics [5,6]. Within this landscape, AI-based tools have been
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increasingly integrated into dental software platforms to assist with tasks like image
analysis and tooth segmentation [7]. A particularly evolving application of this technology
is in digital smile design [8,9]. In this context, machine learning algorithms analyze
vast datasets including dental images, facial features, and patient records, to generate
smile designs and simulate potential treatment outcomes [10]. More precisely, AI tools
perform detailed image analysis and tooth segmentation while assessing facial landmarks,
proportions, lip dynamics, and esthetic parameters [11]. By synthesizing facial maps and
morphological data, AI can facilitate the virtual restoration of smiles by proposing specific
tooth geometries and automatically aligning digital teeth with objective facial reference
planes [12].

The integration of digital tools with chairside CAD/CAM systems has facilitated a
patient-centered approach to smile design. This digital workflow enables collaborative
treatment planning, allowing clinicians and patients to evaluate prosthetic outcomes prior
to intervention. The present article describes a fully digital protocol for the rehabilitation
of six anterior maxillary teeth using AI-assisted smile design, emphasizing conservative
preparation and predictable esthetic outcomes while maintaining clinician oversight.

2. Case Presentation
2.1. Visit I: Diagnosis

A 30-year-old male patient in good general health presented with concerns of unsat-
isfactory smile aesthetics regarding his disproportionate tooth morphology and irregular
tooth coloration. Intraoral examination revealed peg-shaped lateral incisors with discolored
overhanging composite restorations on teeth #12, 21, and 22 and reverse inclination of
anterior teeth relative to the occlusal plane.

The initial diagnostic procedure included extraoral and intraoral photographs
(Figure 1) and complete-arch digital scans obtained using an intraoral scanner (Primescan,
Dentsply Sirona, Bensheim, Germany). The scanner captures high-resolution 3D data
with a reported depth resolution of 3.2 µm at 15mm working distance. Calibration was
performed according to manufacturer protocols prior to each scanning session.

Figure 1. Data acquisition. (a) Full face photo (frontal view). (b) Smile photo. (c) Intraoral photo
(frontal view). (d) Right lateral smile. (e) Left lateral smile. (f) Intraoral photo (retracted). (g) Upper
and lower scans.
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2.2. Virtual Planning and Digital Workflow

Following data acquisition, the treatment plan progressed to two-dimensional (2D)
digital smile design using SmileCloud Biometrics software (SmileCloud SRL, Timis, oara, Ro-
mania). A 2D digital smile design was developed, outlining proposed treatment for the six
anterior teeth (canine to canine) (Figure 2). The workflow proceeded to three-dimensional
(3D) smile design using SmileCloud Blueprint empowered with AI-assisted technology for
automated teeth segmentation and alignment of intraoral scans with extraoral photographs.
Following this process, the 3D tooth templates required manual positioning refinement to
optimize both functional occlusion and aesthetic parameters of the proposed smile design
(Figure 3). A personalized AI-powered video simulation was generated (SmileCloud YES),
creating a dynamic facial representation of the patient to showcase the proposed smile de-
sign. Both the 3D digital smile design and accompanying video simulation were presented
to the patient for approval prior to initiating treatment.

Figure 2. (a) Initial photo. (b) 2D smile design photo.

Figure 3. 3D smile design. (a) 3D digital wax-up (frontal view). (b) 2D, 3D smile designs with AI
teeth libraries. (c) Teeth segmentation. (d) Wireframe of 3D digital wax-up.
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2.3. Visit II: Mock-Up

Following patient approval, the digital design files were exported in standard tessel-
lation language (STL) format and imported into a design software (Exocad 3.2 Elefsina
prototype, Exocad GmbH, Darmstadt, Germany) for virtual model creation. The finalized
model was re-exported as an STL file and processed in RayWare Cloud 2.0/Print Setup on
SprintRay Cloud (SprintRay, Los Angeles, CA, USA), where AI-assisted layer optimization
technology refined the slicing parameters to maximize printing precision. The model was
then fabricated using a SprintRay Pro 2 3D printer (SprintRay, Los Angeles, CA, USA) and
Slate dental model resin (SRI-0202095, SprintRay, Los Angeles, CA, USA) (Figure 4).

Figure 4. 3D-printed model.

To convert the 3D-printed wax-up into an intraoral mock-up, a clear polyvinyl siloxane
(PVS) silicone index using Exafine (GC, Tokyo, Japan) was fabricated. Dual-cure temporary
composite resin (TempSmart, GC, Tokyo, Japan) was injected into the index and seated
intraorally. After light-curing, excess material was removed using a fine-grit tapered
diamond bur (#850314012, Komet, Germany). This functional mock-up served as a trial
version of the proposed design, enabling evaluation by both clinician and patient prior to
definitive treatment; a fundamental principle of the Aesthetic Pre-evaluative Temporary
(APT) concept (Figure 5).

Figure 5. Mock-up evaluation. (a) Full face photo. (b) Extraoral smile photo. (c) Intraoral upper-arch
photo (d) Intraoral retracted photo.
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2.4. Veneers Preparation

Following patient consent, mock-up-guided tooth preparation was performed. This
minimally invasive approach uses the mock-up as a physical guide to preserve maximum
healthy tooth structure while achieving the desired aesthetic outcome. Tooth reduction
through the mock-up began with a 0.5 mm depth orientation bur (#834, INTESIV SA,
Monteggio, Switzerland) at three planes, followed by groove marking with a #2HB graphite
pencil. Preparation continued with a chamfer green-grit diamond bur (#FG235AC, INTESIV
SA, Monteggio, Switzerland). Final veneer preparation was completed after placing a #00
retraction cord (SureCord, Pascal Company, Bellevue, WA, USA) and refining margins with
a red-grit diamond bur (#FG4315S, INTESIV SA, Monteggio, Switzerland) (Figure 6). All
preparations were polished using a yellow-grit diamond bur (#FGD18GB, INTESIV SA,
Monteggio, Switzerland). Afterwards, shade was recorded, using VITA classical A1–D4
(VITA Zahnfabrik, Essen, Germany) matching the remaining teeth with shade A1.

Figure 6. Mock-up driven preparation following three planes. (a) Cervical plane. (b) Mid-plane.
(c) Incisal plane. (d) Frontal view (e) Final preparations with retraction cord properly positioned.
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2.5. Scanning and Designing

Following tooth preparation, intraoral scans were acquired using the same Primescan
scanner (Dentsply Sirona, Bensheim, Germany) with identical calibration and resolution
settings. The digital wax-up STL file was then imported into the design project and precisely
aligned with best fit alignment with the preparation scan.

Within the Exocad design software (Exocad 3.2 Elefsina prototype, Exocad GmbH,
Darmstadt, Germany), the veneers design was adapted to match the pre-operative scan
design, shape and contours. Final refinements including occlusal harmony, anatomical
detailing, and emergence profile optimization were executed by referencing the original
3D wax-up STL file to ensure aesthetic and functional fidelity (Figure 7). The measured
alignment discrepancies directly reflected the preparation depth, which determined the
corresponding restorations thicknesses.

Figure 7. (a) Final design. (b) Scan (frontal view). (c) Scan (occlusal view).

2.6. Temporization

Provisional restorations were fabricated using Filtek™ Supreme XTE (3M ESPE AG,
Seefeld, Germany), a highly filled flowable composite. Research indicates that these materi-
als demonstrate favorable mechanical properties, including adequate flexural strength and
wear resistance, supporting their use in provisional applications [13]. The clear silicone
index, fabricated during the mock-up phase, was used to ensure precise adaptation of
the temporaries (Figure 8). For retention, a small enamel area was spot-etched with 35%
phosphoric acid (Ultra-Etch, Ultradent) and bonded with adhesive (All-Bond Universal,
BISCO, Schaumburg, IL, USA). Final polishing was completed using DIACOMP paste (EVE
Ernst Vetter, Pforzheim, Germany) with Jiffy Brushes (Ultradent, South Jordan, UT, USA).

Figure 8. Temporization (a) Index and temporaries placed. (b) Smile view.
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2.7. Laboratory Procedures: Milling and Characterization

Six LDS veneers were fabricated using MT A1 blocks (IPS e.max CAD, Ivoclar Vi-
vadent AG, Schaan, Liechtenstein) using a 4-axis milling machine (imes-icore GmbH,
Eiterfeld, Germany) (Figure 9). The milled restorations underwent crystallization in a VITA
VACUMAT® 6000 M furnace (VITA Zahnfabrik, Bad Säckingen, Germany). Following
crystallization, veneers were characterized using MiYO ceramic paste material (Jensen
Dental GmbH, Metzingen, Germany) received final glaze firing at low temperature in the
same furnace. Prior to clinical try-in, the veneers were evaluated on a 3D-printed model to
verify marginal adaptation and adjust interproximal contacts as needed (Figure 10).

Figure 9. Milled ceramic veneers (IPS e.max CAD, Ivoclar Vivadent, Liechtenstein).

 

Figure 10. Veneers evaluation on the 3D-printed model.

2.8. Visit III—Try-In and Bonding

The temporary restorations were removed using an ultrasonic scaler (Sirosonic,
Dentsply Sirona, Bensheim, Germany) to ensure complete elimination of provisional mate-
rial. The ceramic veneers were tried using try-in paste (Variolink Try-In, Ivoclar Vivadent,
Schaan, Liechtenstein) following the sequence: centrals, laterals, and then canines. The
patient confirmed satisfaction with the shape, color, and overall appearance of the restora-
tions. Following verification, the bonding procedure was initiated. Isolation was achieved
with a powder-free latex rubber dam (Sanctuary Healthcare Sdn Bhd, Ipoh, Malaysia)
stabilized on the upper first premolars using Wedjets (Coltène/Whaledent, Cuyahoga Falls,
OH, USA) (Figure 11).

The intaglio surfaces of the veneers were etched with 9% hydrofluoric acid (Porcelain
Etch, Ultradent, South Jordan, UT, USA) for 20 s, followed by 37% phosphoric acid (Total
Etch, Ivoclar Vivadent, Schaan, Liechtenstein) for 60 s to remove the surface remnants after
etching. Each step was followed by copious rinsing with distilled water and drying. A
ceramic silane coupling agent (Monobond Plus, Ivoclar Vivadent, Schaan, Liechtenstein)
was then applied to the intaglio surfaces for 60 s then air-thinned for 5 s (Figure 12).
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Figure 11. Rubber dam isolation and stabilisation with wedjets.

Figure 12. Veneers pre-treatment. (a) Etching with 9% hydrofluoric acid. (b) 35% phosphoric acid
application. (c) Silane application.

Brinker clamps (Clamp B4, Brinker Hygienic, Coltene, Altstätten, Switzerland) were
carefully positioned on the prepared teeth to retract and invert the rubber dam, fully
exposing the margins. After thorough cleaning and drying, interproximal surfaces were
protected with PTFE tape (PTFE Iso Tape 5 mm Santa Catarina, Brasil). The teeth were
etched with 35% phosphoric acid (Ultra-Etch, Ultradent, South Jordan, UT, USA) for 30 s,
rinsed, and dried. Universal adhesive (All-Bond Universal, BISCO, Schaumburg, IL, USA)
was applied in a double layer, gently air-dried to remove solvents, and each tooth was
polymerized for 10 s as per manufacturer instructions (Figure 13). A translucent light-
cure resin cement (Variolink Esthetic LC, Ivoclar Vivadent, Schaan, Liechtenstein) was
applied to the veneers, which were then seated on the prepared teeth in the predetermined
sequence. Excess unpolymerized cement was removed with a brush then each veneer
was polymerized for 20 s per surface (facial, palatal, mesial, distal) using light-curing
device (1000 mW/cm2, CuringPen-E, Eighteeth, Changzhou, China), finally surgical blade
#12 (Swann-Morton, Sheffield, England) was used to remove excess cured resin cement
(Figure 14). Veneers were bonded respecting the try-in sequence following the same steps
respectively (Figure 15).

Figure 13. Teeth treatment. (a) Margin exposure with brinker clamps #B4. (b) 35% phosphoric acid
application. (c) Acid rinsing and air drying. (d) Bonding agent application.
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Figure 14. (a) Veneers seating and curing. (b) Resin cement excess removal.

Figure 15. Bonded veneers.

2.9. Occlusal Adjustment and Polishing

No occlusal adjustments were required after verifying static and dynamic occlusion
with articulating oil of 8 µm (TrollFoil, TrollDental AB, Lincoln, UK). Polishing of the
palatal margins was performed using polishing bur (#FG9205, INTESIV SA, Monteggio,
Switzerland). The patient was scheduled for follow-up after one week.

2.10. One Week Postoperative Evaluation

The patient’s smile aesthetics and veneer integration were assessed one-week post-
bonding (Figure 16).

Figure 16. One-week post bonding photos. (a) Extraoral full face photo (smile view). (b) Close-up
photo (smile view). (c) Intraoral photo (lateral view). (d) Intraoral photo (frontal view). (e) Intraoral
photo (retracted view).
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The steps of the implemented full digital workflow are summarized in the flowchart
in Figure 17.

Figure 17. Summary of the full digital workflow.

3. Discussion
The integration of AI-powered digital workflows in smile design and veneer rehabili-

tation represents a significant advancement in modern dentistry, as demonstrated in this
case report.

The diagnostic workflow incorporated SmileCloud Biometrics software, which uses
deep learning algorithms trained on datasets of facial photographs and dental morphologies
to analyze patient-specific features. Unlike conventional systems that modify generic tooth
shapes to fit a space, this process begins by selecting natural tooth morphology for the
defined restorative space. The software applies biometric facial reference points, including
interpupillary distance, facial midline, and lip dynamics, to generate proportional tooth
proposals. It then integrates user-defined parameters, such as facial references and 2D
design outlines, to search a library of natural donor teeth, evaluating tissue architecture,
line angles, proportions, and spatial constraints to generate a virtual mock-up [14]. This
approach produces a preliminary 2D smile proposal within several minutes, a process
that traditionally required more time [7]. Through visualization of potential outcomes and
video simulation (SmileCloud YES), the digital workflow supported patient engagement,
allowing the patient to participate in decision-making before intervention [14,15].

Following this AI-generated proposal, manual refinements were performed to op-
timize critical smile parameters including the smile arc, dental midline position, incisal
edge placement, and buccal corridor dimensions [16]. Interestingly, the case presented an
optimal buccal corridor configuration when referenced against the established biometric
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parameter of interpupillary distance (specifically, the span between the proximal pupil
borders and terminal iris regions [17], ultimately allowing for a conservative treatment
approach limited to six anterior veneers while preserving the natural premolar anatomy.

However, 2D AI-driven smile design inherently faces several dimensional and func-
tional limitations that become particularly evident in complex cases [18]. The fundamental
constraint of working exclusively with 2D photographic data prevents comprehensive
evaluation of crucial 3D occlusal relationships, tooth spatial inclinations, and dynamic
arch form characteristics [19]. Furthermore, the proprietary nature and closed architecture
of most 2D smile design platforms restrict clinicians’ ability to perform modifications or
adaptations to address individual anatomical variations or restorative requirements [20,21].
These limitations highlight the critical importance of transitioning to integrated 3D digital
workflows, where advanced dental CAD systems combine intraoral scan data with either
2D facial photographs or 3D facial scans to create a complete virtual patient representa-
tion. Modern implementations of this approach often utilize the iterative closest point
(ICP) algorithm. However, some systems such as the one employed in this case, feature
AI-enhanced ICP optimization, which significantly improves registration accuracy while
efficiently compensating for potential scan artifacts or complex anatomical alignments [22].

The fully integrated digital workflow including intraoral scanning, CAD/CAM design,
model printing, and veneer milling, contributed to diagnostic accuracy and predictable
clinical outcomes. Critically, this approach eliminated error-prone physical impressions
and time-consuming manual wax-ups, replacing them with high-precision intraoral scans
and AI-optimized smile design combined with rapid 3D-printed model fabrication [23].
Specifically, the 3D-printed model used for mock-up fabrication was produced using
SprintRay RayWare with Smart Print AI, a machine learning system trained on thousands
of dental print jobs. The software automatically optimizes print orientation, support
placement, and slicing parameters based on model type recognition. Intelligent support
placement minimizes post-processing work, while Pixel Toning technology uses pixel-by-
pixel light adjustment to enhance surface detail, reducing voxelization and improving
quality [24,25].

While these AI-assisted tools offer efficiency benefits, combining multiple AI software
platforms within a single digital workflow presents potential challenges. Each system
operates with its own training dataset, algorithmic decision-making framework. A recent
study [26] reported that 6.7% of AI-generated designs required manual intervention due to
margin detection failures or die interface errors when encountering suboptimal preparation
geometries, highlighting that AI systems may struggle with non-ideal clinical situations. In
the present case, these risks were mitigated through consistent clinician oversight through-
out the workflow. As previously described, following automated tooth segmentation and
template matching in SmileCloud Blueprint, manual positioning refinement was performed
to optimize functional occlusion and aesthetic parameters. Similarly, during the 3D printing
phase using SprintRay RayWare with Smart Print AI, all automatically generated support
structures and print settings were verified before fabrication.

A growing body of evidence supports the use of AI and digital workflows in restorative
treatments. Studies by Ceylan et al. and Baaj et al. [8,9] have reported that AI-assisted smile
designs achieve aesthetic results comparable to those created by human experts, while
also improving standardization and reproducibility. Similarly, Buduru et al. [7] found that
AI-assisted smile design applications were well-received by both patients and clinicians
but emphasized that AI proposals required refinement for optimal aesthetic outcomes, a
finding consistent with the present case, where manual adjustments to AI-generated tooth
templates were performed.
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The long-term clinical success of ceramic veneers in restorative dentistry depends on
four critical factors: aesthetic integration, mechanical durability, precise bonding protocols,
and minimally invasive preparation [27]. In the present case, preparation was optimized
through mock-up-guided reduction following the APT concept. Digital diagnostic analysis
confirmed an additive restorative approach, enabling ultraconservative tooth reduction of
0.2–0.4 mm (cervical/buccal) to 0.9 mm (incisal edge) (Figure 18), preserving most of the
sound enamel. This aligns with clinical guidelines emphasizing minimal dentin exposure
to enhance adhesive restoration longevity, as enamel preservation significantly improves
bond durability [28]. The final veneers thicknesses were approximately 0.4 mm cervically
and 1.0 mm incisally, with an additional 50 µm cement space filled by adhesive resin
cement. This protocol successfully balanced biological preservation with clinical outcomes
achieving optimal tissue integrity, optimal aesthetic emergence profiles and functional
occlusal harmony.

Figure 18. Ultraconservative teeth reduction. (a) Incisal reduction of 0.929 mm. (b). Cervical
reduction of 0.329 mm.

When selecting appropriate restorative materials for veneers, clinicians must eval-
uate many available options: feldspathic porcelain, resin-matrix hybrid ceramics, high-
translucency zirconia, LDS and leucite reinforced ceramics. Among these, LDS has emerged
as the gold standard due to its unique combination of aesthetic performance and mechani-
cal resilience. With a flexural strength of 350–400 MPa, significantly higher than feldspathic
ceramics (80–120 MPa) and hybrid ceramics (150–200 MPa), LDS demonstrates superior
fracture resistance and reduced chipping incidence enabling them to be used in a mono-
lithic form [1,29]. Furthermore, LDS exhibits fewer aesthetic complications (discoloration,
surface roughness) compared to both feldspathic porcelain and zirconia-based alterna-
tives [30]. The monolithic design reduces the risk of ceramic shipping, a common failure
mode in layered veneers, while maintaining sufficient mechanical properties. The restora-
tions achieved natural characterization through direct staining and glazing with MiYO
ceramic paste material (Jensen Dental GmbH, Metzingen, Germany), bypassing the need
for traditional layering techniques without compromising optical properties.

Beyond selecting appropriate materials, adhering to proper adhesive protocols and
techniques is essential for the clinical success of adhesive restorations. The effectiveness of
these dental restorations in clinical settings depends on the strength and durability of the
bond, which is crucial for preventing issues such as marginal gaps, bacterial infiltration,
postoperative discomfort, secondary caries, and restoration failure [31]. A successful
bonding protocol begins with effective tooth isolation to prevent contamination, ensure
antisepsis, and control moisture [32]. In the present case, the use of a rubber dam enhanced
visibility, facilitated saliva isolation, and improved moisture control, thereby optimizing
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the quality of the resin adhesive-tooth interface, a critical factor for the long-term success
of veneers.

4. Conclusions
This case shows how combining AI with reverse engineering significantly improves

dental restorative treatments. Better accuracy, natural aesthetics, and comfortable function
are achieved by turning 3D digital smile designs into precise veneers. This workflow,
from AI-driven digital design to ceramic veneers manufacturing, reduces guesswork and
enhances results, raising the bar for personalized aesthetic rehabilitations.
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