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ABSTRACT

For all prostheses, a good

outcome should be based on
proper occlusal design.' Al-
though masticatory function
may not be considered as the
primary role of an esthetic re-
storation, occlusal  stability
needs to be achieved for long-
term benefits. Incorrect oc-

A technique for the application of a virtual articulation system in 3-dimensional digital smile
design (DSD) during esthetic restoration is described. To acquire stable occlusion and a smooth
jaw movement pattern without premature contacts or interference, a digital facebow and a virtual
articulator were used to collect and analyze a patient’s occlusal data and jaw movement
information. The original pattern of occlusal contacts and jaw movements were diagnosed as
stable and copied to the digital design of the new prostheses. Preparation of the abutments,
crown lengthening surgery, and definitive crown fabrication and cementation were performed
according to the design. After 9 months, the occlusion remained stable, and the patient was

satisfied with the outcome. (J Prosthet Dent 2025;133:24-30)

clusal contacts have been re-
ported to lead to problems. Premature contact of a
prosthesis at the maximal intercuspation position would
alter the vertical dimension,” and improper incisal gui-
dance could interfere with condylar pathways and neu-
romuscular control patterns.” As a result, disregarding
occlusion in the design of an anterior prosthesis is likely
to lead to abnormal attrition, occlusal trauma, tooth mi-
gration, or temporomandibular disorders.*©
Consequently, when patients present with a stable
occlusion before esthetic treatment, the occlusal re-
lationship should be transferred to the occlusal contacts
and anterior guidance of the definitive restorations. When
patients present with an unstable occlusion, occlusal
equilibration should be considered.” Traditionally, dupli-
cating or correcting the occlusal contact and guidance of

anterior teeth has been achieved by mounting diagnostic
casts on a mechanical articulator.”” With the develop-
ment of digital technologies, the use of a virtual articu-
lator has become popular in prosthetic dentistry."’ They
are being used in a wide range of applications because of
advantages that include individualized diagnosis, visua-
lization of treatment options, 3-dimensional (3D) simu-
lation, and accurate reproduction.’”'” Digital smile
design (DSD) systems are another advanced technology
in esthetic dentistry and have demonstrated efficiency
and accuracy.” In this technique article, the use of 3D
DSD to reconstruct a patient’s anterior teeth based on
virtual articulation analysis is described. A satisfactory
esthetic outcome was achieved with complete con-
sideration for occlusal stability.
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Figure 2. Periodontal treatment before esthetic reconstruction. A, Before SRP. B, After SRP. C, Crown margins evaluated with abutment finish line by

means of probing and periapical film. SRP, scaling and root planing.

TECHNIQUE

The technique was carried out on a woman who at-
tended the Peking University School of Stomatology
with the chief complaint of swollen gingiva around her
anterior teeth. Her 4 maxillary incisors had been re-
stored with ceramic crowns 10 years earlier. Her midline
diastema had progressively increased (Fig. 1), and she
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was not satisfied with her esthetics. Therefore, a digital
workflow consisting of the following procedures was
recommended to reconstruct her maxillary incisors.

1. Enroll the patient into initial periodontal therapy and
supportive periodontal therapy, including scaling,
root planing, and frequent follow-up visits. With a
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Figure 3. Collection of digital information and creation of virtual patient. A, Bone information acquired by CBCT. B, Tooth and gingival information
acquired by intraoral scanning. C, Face and smile information acquired by facial scanning. D, Occlusal information acquired by digital facebow. CBCT,
cone beam computed tomography.

stable periodontal status, determine the position of
the restoration margins by probing (Fig. 2).

. Make a cone beam computed tomography (CBCT)

scan (Giano HR; NewTom) with a field of view of
16x18 cm to capture both the frontal bone and the
chin. Export the data in digital imaging and com-
munications in medicine (DICOM) format and
import it into a dental design software program
(exocad dental CAD; exocad GmbH) (Fig. 3A).

. Make intraoral scans (TRIOS 3; 3Shape A/S) of both

the maxillary and mandible arches, as well as a
buccal scan in maximal intercuspal position. Upload
the data to the design software program in standard
tessellation language (STL) format (Fig. 3B).

. Make facial scans (Bellus3D Dental Pro; Bellus3D

GmbH) of the patient’s laughing, smiling, and
resting appearance. Upload the facial data to the
design software program in object format (Fig. 3C).

. Acquire jaw movement information by using a di-

gital dental facebow (JMAnalyser+; zebris Medical
GmbH). Record the maximum intercuspation po-
sition and eccentric movement in extensible
markup language (XML) format and analyze the
occlusion and movement pattern by using a virtual
articulator (WINJAW+; zebris Medical GmbH). In
this patient, the track of her mandible movement
was smooth and continuous. The protrusion and
laterotrusion tracks of the front table were in ac-
cordance with those of the condyle, indicating a
stable occlusion (Fig. 3D)."" Upload the XML file to
the design software program as the reference for
designing the occlusion of the prostheses.
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6. Register the CBCT data and intraoral scan data

based on tooth features to create a tooth-jaw virtual
model. Register the facial appearance data and a
tooth-jaw model based on anterior tooth features to
create a static virtual patient model. Align the jaw
motion data and patient model based on markers on
the facebow fork. Integrate all the data and delete
redundancy to create a virtual patient (Fig. 3E).

. Determine the shape and features of the new re-

storations for esthetics on the virtual dentition
model. Transfer the proper occlusion and guidance
pattern determined by the virtual articulator onto the
new restorations and determine the morphology of
the lingual surfaces. Generate virtual trial restora-
tions and print them (UltraCraft A3D, HeyGears).
Make impressions of the printed trial restorations for
the interim crowns (Fig. 4). Mark the contour and
position of gingiva referring to the smile line and
adjacent teeth. Determine whether, or how much,
bone removal is needed to reestablish biological
width based on the CBCT. Determine the location of
the future restoration margin and abutment finish
line based on the expected bone level and biological
width. Transfer the gingival position and bone re-
moval information to a surgical guide manufacturing
machine (UltraCraft A3D, HeyGears) to produce a
guide template (Fig. 5).

. Introduce the treatment plan and expected outcome

to the patient with the help of the virtual patient.
After obtaining informed consent, remove the ex-
isting crowns and complete endodontic therapy
as necessary. Make interim crowns from a bis-acryl
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Figure 4. Digital workflow for designing crowns. A, Shape and margin of crowns determined according to facial view and lip position. B, Occlusion
adjusted according to jaw motion information. C, Trial restorations printed. D, Impressions based on trial restorations.

(o

Figure 5. Digital workflow for crown lengthening guide design. A, Whether previous margin violated biological width evaluated. B, Future gingival
margin and bone margin determined. C, Digital prototype of surgical guide generated. D, Surgical guide printed.
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Figure 6. Crown removal. A, Existing abutment teeth. B, Interim crowns. C, Defective crowns.

10.

material (PROTEMP 4; 3M ESPE) by using the
impressions made previously (Fig. 6).

. Perform crown lengthening surgery according to the

surgical guide. Make sure that the gingival incisions
comply with the gingiva indicating margins and the
alveolar bone levels comply with the bone indicating
margin. Prepare the teeth using the biologically or-
iented preparation technique'” to correct the pre-
vious abutment finish line. Make additional interim
crowns to shape the gingival contours (Fig. 7).

After 9 months, rescan both arches and align the
new cast with the primary design to evaluate the
accuracy of the gingival margin and the shape of the

11.

crowns. Re-record the mandible movement and
evaluate the consistency with the designed incisal
tracks. Fabricate definitive restorations as previously
digitally designed and seat on the maxillary incisors.
Evaluate the shape and margins of the restorations.
Record the definitive maximum intercuspation po-
sition and eccentric movement. Compare the defi-
nitive track with the initial track to confirm
consistent occlusal stability. The incisal tracks of
protrusion and laterotrusion were smooth, con-
tinuous, and coincided well with the original tracks
before treatment (Fig. 8). Evaluate the soft tissue
contour and its compliance with the smile line. The

Figure 7. Crown lengthening and tooth preparation. A, Surgical crown lengthening. B, Tooth preparation and interim crowns.
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Figure 8. Incisal tracks of protrusion and laterotrusion recorded on virtual articulator after crown delivery. A, Incisal tracks of definitive crowns. B,
Comparison of tracks between designed (original) pattern (red) and actual pattern (gray).

patient was satisfied with the definitive clinical
outcome (Fig. 9).

DISCUSSION

The DSD method has become increasingly popular pro-
viding satisfactory outcomes."’ The main advantage of DSD

is the ability to dynamically analyze the lip-gingiva—tooth
relationship and integrate it into the esthetic design. Thus,
comprehensive treatment planning, including design of the
crown and the crown lengthening surgical guide, could be
acquired before any invasive procedure.””'® In addition,
complete virtual planning makes the abstract process more

Figure 9. Definitive outcome. A, Full-face view with natural smile. B, Intraoral view. C, Periapical radiographs.

Yue et al

THE JOURNAL OF PROSTHETIC DENTISTRY



30

Volume 133 Issue 1

visual and greatly facilitates communication between patient
and dentist."” In the current clinical situation, the patient
was fully involved in the decision-making process. As a
result, she was satisfied with the definitive outcome and felt
confident with her smile esthetics.

Since articulation is the foundation of successful
prostheses, a reliable method of achieving stable oc-
clusion is necessary in DSD.'" As another useful tool
brought by digital technology, the virtual articulator is
an ideal complement to DSD. It has been reported to be
more accurate and timesaving compared with a me-
chanical articulator and has the advantage of dynamic
and individualized analysis of the occlusal relationship. "’
A virtual articulator can also provide a visualized method
of diagnosing occlusal stability as concrete evidence for
proper prosthesis occlusion.” The occlusion and gui-
dance pattern diagnosed by the virtual articulator was
harmonious without occlusal interferences before crown
removal in the current patient. Thus, the same pattern of
occlusion was duplicated in the definitive restorations,
and the consistency was tested by definitive recording.
Combining DSD with the virtual articulator improved
the esthetic treatment and occlusal stability. However, a
fully digital workflow relies heavily on precise devices
and software programs, which may greatly increase the
treatment cost. The cost-effectiveness dilemma brought
by this combined approach may hamper its clinical ap-
plication. Limitations of this report include the absence
of a control group or comparison with conventional
approaches. Controlled studies are needed to focus on
the cost-effectiveness of the combined approach and
determine its repeatability and reproducibility.

SUMMARY

This technique report describes the application of a
virtual articulation system in 3D digital smile design
during esthetic restoration with a satisfactory outcome.

PATIENT CONSENT

Verbal and written informed consent were obtained for
this patient according to the ethics committee and in-
stitutional guidelines.
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