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Printed Digital Wax-up Model
as a Blueprint for Layered
Pressed-ceramic Laminate

Veneers: Technique Description
and Case Report

CA Jurado ¢ ] Villalobos-Tinoco ® S Mekled ¢ R Sanchez ® KI Afrashtehfar

Clinical Relevance

A printed diagnostic model based on a digital wax-up can serve as the blueprint for
fabricating highly esthetic hand-crafted ceramic veneers. Proper guides and techniques based
on the digitally designed model can provide the dimensions and contours needed for artistic,

conventional, layered, pressed-ceramic veneers.

SUMMARY

This article presents a clinical technique
for transferring Digital Smile Design (DSD)
information and a digital wax-up to fabricate
highly personalized ceramic laminate veneers. The
hybrid workflow of digitally designed wax-up and
conventional hand-crafted veneers is showcased in
a female adult who sought to improve her smile
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due to maxillary anterior incisal wear. The ceramic
veneers, layered by feldspathic porcelain, followed
the contours and shade blueprint planned with the
digital wax-up. The DSD improved the harmony of
the facial-and-smile relationship, and the ceramic
restorations fulfilled the patient’s esthetic and
functional demands. Guides based on the printed
model with the digitally designed wax-up can
provide a reference for pressed lithium disilicate
veneers layered with feldspathic porcelain.
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INTRODUCTION

Mlore patients are seeking esthetic dental care to improve
their smiles, and laminate veneer restorations have
Secome the ideal treatment in many clinical scenarios.'*

~ Previously, full-coverage restorations (ie, single crowns)

were the preferred choice for esthetic dental care.’
However, veneer restorations are a more conservative
approach since they remove only between 25% to 50%
of the tooth structure compared to traditional single
crowns.® Conservative laminate veneer preparations are
recommended as they can preserve more of the tooth
sructure, allowing for retreatment if necessary in the
fature in case of failure or secondary caries.” Proper tooth
preparation is crucial in providing adequate clearance
for the necessary thickness of the final veneer without
disrupting periodontal health.® Bonding techniques can
He maximized on enamel structure; thus, conservative
preparations are recommended to be in enamel or with
as minimal dentin exposure as possible.*

In recent years, digital dentistry has been advancing
rapidly, with new clinical and laboratory techniques
leading the way.** Novel technologies aim to
manufacture restorations more easily, quickly, and
accurately to meet patients’ demands."® Additionally,
patients have shown preference for digital workflows
over conventional techniques.®” Digital workflows can
be fully digital or a combination of traditional and novel
techniques.®® Diagnostic wax-up is an essential step
for fully and partially digital workflows as it minimizes
the chance of error and reduces working time.” DSD is
another novel tool that aids in personalized planning
of restorations in the esthetic zone, creating harmony
between face and smile. Its information is compatible
with the designed intraoral wax-up of all dentition to
be treated.”

Conventional hand-crafted veneer restorations have
shown very high esthetic results that meet both patient
and clinician demands.”” A wide range of ceramics,
including feldspathic porcelain, leucite, lithium
disilicate, and a combination of these materials, can
be used to fabricate laminate veneers.”®* Traditional
veneer fabrication techniques allow for the creation
of ultrathin restorations with a thickness of 0.1 to 0.3
mm, minimizing or eliminating the need for tooth
preparation.**® Lithium disilicate is a glass-ceramic
material that has shown a high survival rate in medium-
term studies, with up to 98.7% survival rate at a 3-year
follow-up.* A recent study reported long-term survival
of pressable lithium disilicate restorations, with only
a 0.2% failure rate after ten years from placement.”
However, there are no reports describing how to transfer
the digital wax-up design to fabricate traditional hand-
crafted veneer restorations. Therefore, the present

report describes a hybrid technique for transferring the
information from DSD and printed diagnostic wax-up
models with putty guides for fabricating traditional
hand-made pressed lithium disilicate veneers.

CLINICAL CASE REPORT

A 30-year-old female patient presented to the clinic
with the chief complaint of “I do not like my smile,
and I want porcelain veneers” (Figure 1). The patient
reported being unsatisfied with previous resin
composite veneers (maxillary right first premolar to the
left first premolar) which had been removed. Following
the removal of her resin composite veneers, inflamed
gingival tissue was observed around her anterior teeth
due to overcontouring and plaque accumulation. ;

The clinical examination revealed incisal wear
from maxillary canine to canine, as well as gingival
inflammation from the right first premolar to the left
first premolar. The smile evaluation revealed that the
patient’s wide smile displayed from the right second
to the left second premolar. Considering the patient’s
high esthetic demands, a DSD was proposed, followed
by a digital wax-up to provide a diagnostic mock-up
for veneers from the right second premolar to the left
second premolar. This process aimed to visualize the
proposed restorations and evaluate if they could fulfill
the patient’s desires for her smile, thus ensuring the
predictability of the restorative treatment.

The dental team took extra- and intraoral photos to
obtain the data required for the DSD (Figures 2 and
3), followed by a digital wax-up to design the proposed
shape of the restorations. The team designed the
wax-up models digitally using DentalCAD, (Exocad,
Darmstadt, Germany), and printed the initial and wax-
up models using dental printer resin (Phrozen Aqua
Ivory Printer Resin, Phrozen Technology, Hsinchu
City, Taiwan) with a Sonic Mini printer (Phrozen
Sonic Mini, Phrozen Technology) (Figure 4). Facebow
records and printed models were mounted on a semi-

Figure 1. Frontal initial situation. A) Face smiling. B) Extraoral
close-up. C) Intraoral view of maxillary arch.
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Figure 2. Frontal view of digital smile design evaluation to initial
smile. A) Full face view smiling. B) Cheek and lip retraction to
obtain intraoral images. C) Tooth lengths and proportions
assessment.

adjustable articulator (Artex CR Amann, Girrbach,
Koblach, Austria). The patient approved the proposed
restorations, and the dental team initiated the treatment.
The patient was informed that the procedure would
involve minimally invasive tooth preparation over the
diagnostic mock-up followed by the placement of the
pressed lithium disilicate veneers.

A transparent polyvinyl siloxane matrix (Exaclear,
GC Corporation, Tokyo, Japan) was fabricated based
on the printed wax-up model using a pressure pot
(Aquapres, Lang Dental Manufacturing Co, Wheeling,
IL, USA), under 30 pounds per square inch (psi) for
5 minutes. The clear matrix was removed from the
pressure pot and cleaned, and access holes were made
on the incisal edge of each tooth to inject flowable
composite. The clear matrix fabricated from the
mock-up was placed in the mouth and red resin was
injected (ID-Pattern LC Implant Resin, ID Dentistry,
Gwangju, Korea). This red resin allowed the clinician
to differentiate the tooth structure from the red resin
material to minimize the amount of tooth structure

removal. Conservative veneer preparations were made
with horizontal and incisal reduction grooves, and the
reduction was measured with periodontal probing
(Figure 5). The final tooth preparations were finished
with polishing discs (Sof-Lex XT Disc, 3M Oral Care,
St Paul, MN, USA). Retraction cords #000 and #1

Figure 4. Digital design and printed models. A) Digital file of initial
situation. B) Printed model of initial situation. C) Digital wax-up
design. D) Printed digital wax-up.
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Figure 3. Digital smile design evaluation. A) Extraoral photo
displaying maxillary anterior teeth. B) Teeth contours designed
with ideal measurements. C) Use of digital ruler to obtain the
desired teeth length.

(Ultrapak, Ultradent, South Jordan, UT, USA) were
placed with 25% aluminum chloride hemostatic agent
(ViscoStat Clear, Ultradent). The final impression was
made using polyvinyl siloxane impression material in
heavy-body and light-body consistency (Elite HD+,
Zhermack, Badia Polesine, Italy) (Figure 6). Provisional
restorations  (Structur Premium, VOCO GmbH,
Cuxhaven, Germany) were fabricated directly in the
mouth with the same guide as the approved diagnostic
mock-up. Then, phonetics, esthetics, lip support, and
static and dynamic occlusion were evaluated. The
patient was satisfied with these restorations (Figure 7).

Putty guides were fabricated using condensation
silicone (Zetalabor, Zhermack) based on the digital
wax-up and were used to create hand-made veneer
restorations. The facial and lingual putty guides were
evaluated in the master cast. The printed wax-up
model and wax-up (Blue Consequent Universal Wax,
Yeti Dental GmbH, Engen, Germany) were first placed
through the lingual aspect at high temperature. Then

Figure 5. Conservative tooth preparations aided by injected
composite mock-up. A) Injected flowable composite for mock-
up. B) Intraoral mock-up. C) Frontal view horizontal and incisal
reduction grooves. D) Lateral view of horizontal and incisal
reduction grooves.
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Figure 6. Teeth preparation phase. A) Final conservative tooth
preparations. B) Cord packing for gingival retraction. C) Final
polyviny! siloxane impression.

the wax was sculpted at regular temperature until the
anatomy followed the putty guides (Figures 8 and
9). The final wax-up was pressed to create lithium
disilicate (IPS e.max Press, Ivoclar Vivadent, Schaan,
Liechtenstein) ceramic laminate veneers (Figure 10).
The pressed veneers were placed on a master cast, and
the incisal edge was removed to allow for the placement
of layered feldspathic ceramics to improve opalescence
(Opal Effect 1 and Opal Effect 2, IPS e.max Ceram,
Ivoclar Vivadent) following the shape of the putty guide
made on the digital wax-up (Figure 11). The final pressed
lithium disilicate veneers were tried in the master cast
to inspect their shape, contours, and translucency with
white and dark backgrounds (Figure 12). The result
satisfied both the technician and clinician.

A dry try-in of the restoration was performed to
evaluate the veneer margins adaptation, and the patient
and clinician approved. Subsequently, a try-in with
paste was conducted to evaluate the final shade. The
intaglio surface of the veneers was treated first with 5%
hydrofluoric acid (IPS Ceramic Etching Gel, Ivoclar

Figure 8. Putty guides fabrication and master cast relation. A)
Facial view of putty guide on printed digital wax-up model. B)
Lingual view of putty guide on printed digital wax-up model. C)
Facial view of putty guide on master cast. D) Lingual view of putty
guide on master cast.

Figure 7. Frontal view of provisional restorations. A) Face smiling.
B) Extraoral close-up. C) Intraoral view of maxillary arch.

Vivadent) for 20 seconds, rinsed, and air-dried. Then,
37% phosphoric acid (Total Etch, Ivoclar Vivadent)
was applied for 60 seconds, rinsed, and air-dried.
Silane (Monobond Plus, Ivoclar Vivadent) was applied
for 60 seconds and then air-dried. Adhesive (Adhesive
Optibond FL, Kerr, Orange, CA, USA) was applied,
and excess was removed with light air-spraying. Total
isolation was achieved by placing a rubber dam (Flexi
Dam, Coltene, Altstatten, Switzerland) from the
right first molar to the left first molar and retained
with plastic clamps (Soft Clamp, Kerr). The tooth
surfaces were air-abraded with 29-micron aluminum
oxide particles at 2 bar/100 psi pressure (AquaCare
Aluminum Oxide Air Abrasion Powder, Velopex,
London, UK). Phosphoric acid application as a post-
etching cleaning method eliminates surface corrosion
induced by residual subproducts of hydrofluoric
acid. This crucial step prevents the development of an
opaque appearance on ceramic surfaces, preserving
optimal bonding to the cement during the bonding

Figure 9. Waxing up of dies with putty guides. A) Initiating
the wax-up with buccal guide. B) Completion of wax-up. C)
Individualization of wax-up. D) Frontolateral view of final wax-up
for pressable ceramic veneers.
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Figure 10. From wax-up to ceramics. A) Wax-up for pressable
veneers. B) Wax ready to be pressed. C) Pressed ceramic veneers.

process.** The prepared surfaces of the teeth were
then etched with 37.5% phosphoric acid (Gel Etchant,
Kerr) for 15 seconds, followed by water rinsing and air-
drying. Any excess primer (Primer Optibond FL, Kerr)
was gently removed after application, and adhesive
(Adhesive Optibond FL, Kerr) was applied according
to the manufacturer’s recommendations.

Restorations were bonded with a light shade of resin
cement (Variolink Esthetic LC, Ivoclar Vivadent).
Excess was removed, and each of the bonded
restorations was light cured on the facial surface for
90 seconds and interproximally flossed to remove
excess cement. The restorations were then cured for
another 20 seconds on the palatal, mesial, and distal
surfaces. Finally, the oxygen inhibition technique was
used by placing glycerin gel (Liquid Strip, Ivoclar
Vivadent) to the ceramic surface and light curing it
for 90 seconds at the gingival margin area (Figure 13).
The patient approved of the final restoration’s shape,
size, and shade (Figure 14), which fulfilled her esthetic
and functional demands. An occlusal night guard was
provided to prevent damage to the restorations. At the
5-year follow-up appointment, the patient still had a
positive perspective on the clinical outcome (Figure 15).

DISCUSSION

This report describes a hybrid technique workflow used
to improve a patient’s smile. The technique involves

Figure 12. Evaluation of layered pressed lithium disilicate
on master cast. A) Frontal view with black background. B)
Lateral view with black background. C) Frontal view with white
background.

Operative Dentistry

Figure 11. Layered feldspathic porcelain on pressed lithium
disilicate cut-back assisted by lingual putty guide. A) Pressed
ceramic on master cast. B) Incisal edge cutback. C) Blue
opalescent effect layer. D) Pink opalescent effect layer. D) Final
glazed restorations.

transferring information obtained from the DSD and
digital wax-up to manufacture highly esthetic ceramic
veneers using traditional hand-crafting methods.
DSD is a digital model that helps the clinician and
patient create a new proposed smile with simulation
and pre-visualization before any invasive treatment.”
DSD improves communication between patient
and technician, supports diagnostic evaluation, and
enhances treatment predictability by analyzing the
characteristics of the smile and face with a clinical
photographic protocol.

The literature contains an extensive number of
publications using the DSD for simple and complex
full-mouth reconstruction because it provides a visual
assessment of the proposed treatment.”* In this report,
clinicians took extraoral and intraoral photos for the
DSD, and the smile frame was altered after digitally
drawing over the pictures to enhance each tooth’s length

Figure 13. Treatment and bonding of the laminate veneers. A)
Hydrofluoric acid treatment to intaglio surface. B) Phosphoric
acid treatment to intaglio surface. C) Veneers bonded under
complete isolation with rubber dam.
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Soure 14, Frontal view of delivered final restorations. A) Intraoral
- W=w of maxillary arch. B) Extraoral close-up. C) Face smiling.

Figure 15. Five-year follow-up images. A) Lateral view of maxillary
anterior close-up. B) Intraoral view of maxillary arch. C) Extraoral

- #nd shape. The patient presented stable occlusion smile close-up.

- w3k no interferences during lateral and protrusive
] Smovement, so no treatment in the posterior dentition
was required. The patient approved the proposed shape
- af the new restorations after being shown the DSD. The
- DSD has also been shown to be essential to increase
~ patient acceptance of dental care.” However, this novel
- wol is not mandatory; traditional techniques such
& physical waxing and mock-ups can also help with
- patient acceptance, and the authors also recommend
- e use of DSD as an auxiliary tool for dental care.
- Digital wax-up is a procedure in which the proposed
- sesiorations’ new shape is provided. The proposed
- s=storations are based on the patient’s smile line and
~ seclusion to fulfill the patient’s esthetic and functional
- @emands.” This step allows the operator to modify the
 s=sioration’s shape, outline, and color before irreversibly
- aliering the tooth structure.® A recent study compared
- ®e accuracy of three-dimensional (3D) printed
| @asts, digital, and conventional casts, and found that
- *D-printed castsshowed clinically acceptableaccuracy.*
- Therefore, they may be considered a substitute for
- sone casts for diagnosis, treatment planning, and
- Sbrication of prosthetic restorations.” In the present
-~ seport, the digital wax-up provided the new dimensions
- the proposed restorations based on the DSD and the
- &zital evaluation of occlusion. Initially, the length of
e teeth was measured in the diagnostic model, and
- Sose measurements were incremented to obtain a
~ width to length ratio of 85% for central incisors, 79% for
~ Sseral incisors, and 83% for canines, as recommended
% Duarte Jr and others.” The incremented length was
- =oduced in the DSD, and the diagnostic model was
- pented out. The authors acknowledged the dynamic
- suidelines for determining the length of incisors based

labiodental sounds (ie, “f” “v” and “ph”), which
assisted in determining the anteroposterior position of
the maxillary anterior incisal edge. Hence, the incisal
edge position was determined by occlusion, phonetics,
and esthetics, which help in placing anterior teeth for
more enduring success.?>264:47.48

Ceramic laminate veneers have shown excellent
esthetic results that satisfy patient demands.
Clinicians can fabricate them with CAD/CAM
technology or traditional techniques, and both are
clinically acceptable.®** However, some studies
show preference for traditional hand-crafted veneer
restorations. A recent retrospective study evaluating
the color match, marginal discoloration, marginal
adaptation roughness, and wear of 358 lithium
disilicate veneers placed in patients with fluorosis
have shown a 99.7% survival rate at ten years’ follow-
up.” This may encourage us to consider traditional
pressable lithium disilicate in patients with high
esthetic demands such as advanced fluorosis. Recent
studies evaluated the marginal accuracy, microleakage,
and internal adaptation of ceramic restorations and
concluded that pressable veneers produced superior
marginal adaptation compared to machinable/milled
veneers.”>® Moreover, some studies evaluated the
marginal adaptation of traditional press and novel
techniques, and the results favored the traditionally
manufactured restorations. A recent study evaluated
the fit accuracy of pressed and milled inlay restorations
based on conventional or digital CAD/CAM
impressions. The study evaluated molar mesio-occlusal
restorations and found significant differences between
groups, with the pressed ceramic restoration having a

~om the correlation between the patient’s protrusive
- wecord and speech position (eg, /s/ sound, average
 “lasest speaking space values) with adequate vertical
~and horizontal overlap.* Additionally, during the
_ghonetic evaluation, the patient was asked to make

smaller marginal gap (37.4 um) than the CAD/CAM
fabricated restoration (69.2 wm).** Another recent study
evaluated the marginal adaptation of heat-pressed and
CAD/CAM veneers using a 40x microscope at three
different locations in the margin and nine for the
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internal surfaces of the restorations. The results showed
that heat-pressed veneers had better adaptation (295
um) than CAD/CAM veneers (314 um), but those
values were not statistically significant.® Therefore,
the evidence-based treatment of the described patient
consisted of conventional pressable lithium disilicate
veneers where the restoration dimensions followed the
digital wax-up and DSD and provided a satisfactory
result for the patient.

CONCLUSIONS

Hybrid workflows that combine smile design and
digitally designed wax-up with conventional pressable
veneers provide the best of both worlds: high digital
accuracy and hand-made esthetic results. Guides based
on the printed diagnostic wax-up can aid the technician
in waxing the pressed ceramic veneers following the
desired digitally designed contours.
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