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Abstract

When planning a prosthetic rehabilitation in the maxillary anterior, crown lengthening surgery is frequently indicated to
adjust the position of the gingival margin and expose sufficient tooth structure for an ideal restoration. A surgical template
can be used to prescribe the ideal postsurgical gingival architecture. However, producing a template that both seats onto the
existing dentition and relates the desired gingival margin position is a clinical challenge. The digital workflow presented in
this report employs a hybrid model merging the pre-prosthetic coronal tooth structure with the proposed postsurgical gingival
margins. Using this model, the 3D printed surgical guide facilitates precise crown lengthening of the maxillary dentition.
Keywords: Digital Dentistry, 3D printing, crown lengthening, surgery, diagnostic

Abbreviations: CAD: Computer Aided Design, PMMA: Polymethyl Methacrylate, CAD-CAM: Computer Aided Design-

Computer Aided Manufacturing
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Introduction repositioning of the gingival tissue with or without removal
Crown lengthening is defined by the American Academy of of alveolar bone [1]. Crown lengthening can be further
Periodontology as a surgical procedure that aims to expose classified as functional or esthetic [2]. Functional crown
sound tooth structure for restorative purposes via apical lengthening facilitates restoration of teeth exhibiting
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inadequate coronal tooth structure or avoids violation of the
supracrestal tissue attachment [3]. Esthetic crown
lengthening is performed to remove excess gingiva and
expose tooth structure for esthetic reasons with or without
osseous resection [4]. The need for crown lengthening may
arise through developmental (e.g. gingival excess) or
acquired (e.g. caries, dental fracture) processes [2].

The diagnostic wax-up is used to determine the feasibility of
a proposed treatment plan, to assess possible esthetic
outcomes, and determine the desired occlusal and functional
relationships of the dentition. The diagnostic wax up can
also be a guide for surgical treatment goals [5]. For the
surgeon, the wax-up communicates the planned tooth
extractions, the positions of dental implants, the ideal
gingival margin location, and possible areas of osseous
reduction [6]. Prior to crown lengthening surgery, the wax-
up can be used to create a surgical template that prescribes
the desired final gingival margin position [7]. Traditionally,
diagnostic wax-ups were completed by applying wax onto
stone casts. However, diagnostic wax-ups can now be
generated using a digital workflow. Upon completion of the
digital wax-up the clinician can print the diagnostic model to
fabricate a surgical template, or the clinician can design a
surgical guide digitally and print the guide prior to surgery.
The purpose of this report is to demonstrate a fully digital
pathway for precise interdisciplinary communication
relating the pre-existing dentition to the final gingival

margin position.

Materials and Methods

A 65-year-old female presented to a prosthodontics practice
with partial edentulism and mild to moderate wear of the
remaining dentition (Fig.1). The patient’s chief complaint
was related to the poor esthetics in the maxillary anterior
region. The patient exhibited clinical gingival health on an
intact periodontium. Inconsistent gingival margins
secondary to dentoalveolar extrusion were noted. Treatment
options were presented and patient elected to have esthetic
crown lengthening in the maxillary anterior region followed
by delivery of fixed and removable prostheses. The patient
consented to all treatment after written and verbal

counseling.

Diagnostic impressions of the maxillary and mandibular
arches were made with irreversible hydrocolloid. The
impressions were poured, trimmed, and scanned using
Primescan (Dentsply Sirona, USA). A digital wax-up was
completed using computer-aided design (CAD) software
(exocad Dental CAD, exocad, Darmstadt, Germany) (Fig. 2).
The original cast and the digital wax-up model were merged
to permit surgical template fabrication. The hybrid cast
reflected the gingival margin locations established by the
digital wax-up yet retained the morphology of the
unprepared teeth (Fig. 3). Thus, the surgical template
designed using the hybrid cast seated on unprepared teeth
and accurately communicated the planned gingival margin
location to the surgeon (Fig. 4). The surgical guide was
printed in surgical guide resin (Surgical Guide Resin,
Formlabs, Somerville, MA, USA), washed, cured, and
finished.

The printed surgical template was used during crown
lengthening surgery to transfer the desired gingival margin
position to the patient. Following gingivectomy and full-
thickness flap reflection, osteoplasty and ostectomy were
performed to place the alveolar crest 3mm apical to the
desired gingival margin, establishing the proper supracrestal
attached tissue dimension and minimizing rebound during
healing (Fig. 5) [8-10]. After 6 months, the teeth were
prepared for crowns and provisionalized with milled PMMA
restorations (Telio CAD, Ivoclar Vivadent, Schaan,
Liechtenstein) (Fig. 6).

Discussion

The purpose of this report was to present a digital workflow
for transferring planned gingival margin positions to the
patient during multidisciplinary rehabilitation of the
maxillary anterior dentition. In such cases, optimizing
clinical and patient-centered treatment outcomes relies
heavily on accurate and effective communication between
surgical and restorative team  members.t*  Any
miscommunication between dentists can lead to a
compromised treatment plan and a negative experience for
the patient [11]. The diagnostic wax-up is a laboratory
procedure completed to communicate the proposed

treatment plan not only from the laboratory to the restoring
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dentist, but to other dentists involved in the patient’s care. dental casts for the purpose of evaluation, planning
The Glossary of Prosthodontic Terms defines a diagnostic restorations, and establishing a wax replica of a proposed
waxing as a waxing of intended restorative contours on treatment plan [12].

Figure 1: Baseline appearance of the patient’s smile.

Figure 3: The digital wax-up and the scan of the diagnostic cast were merged to form a hybrid cast. The hybrid cast incorporated the

desired final gingival margin position but retained the morphology of the unprepared maxillary teeth.
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Figure 4: Surgical template for crown lengthening procedure. The surgical template fully seated on the patient’s baseline dentition but

accurately related the desired gingival margin position to the surgeon.

Figure 5: Initial incisions demonstratlng transfer of the planned glnglval margin position to the patient.
y Q y t i

Figure 6: Six months following crown lengthening. The maxillary teeth are provisionalized with milled PMMA crowns.
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Conventionally, a diagnostic wax-up was completed by
making diagnostic impressions, pouring to form stone casts,
mounting the casts on an articulator, and then using wax and
hand instruments to modify the contours of the teeth and
gingiva. The esthetics and occlusion of the proposed
restorations were set to ideal, and once completed, the wax-
up could be used for communication among treatment team
members—including the patient and the laboratory—as well
as fabrication of provisional or final restorations [13]. Over
the last two decades, digital workflows have replaced many
analog processes in dentistry. Dental practitioners have
increasingly utilized virtual diagnostic wax-ups and
computer-aided design and manufacturing (CAD/CAM)
[14]. Currently, high-quality digital wax-ups can be
efficiently established utilizing computer software. Once
completed, the digital file can be displayed on a computer
screen, or a 3D model can be printed.

This digital file or printed model can have numerous clinical
and educational applications. The proposed treatment plan
can be presented to the patient, demonstrating potential
esthetic and functional improvements. Using Digital Smile
Design, the wax-up can be integrated into the patient’s
smile, deepening the patient’s understanding of treatment
plan [15]. The diagnostic proposal can then be sent to the
oral surgeon or periodontist to aid in surgical planning [16].
Once the treatment plan is accepted by the patient and all
clinicians involved, the lab can use the diagnostic wax-up to
make provisional restorations for the restoring dentist [17].
Furthermore, the lab can fabricate surgical templates to
guide precise adjustments to hard and soft tissue contours
and accurately transfer planned implant positions [18].

In crown lengthening, producing a surgical template to
communicate ideal gingival margins leads to an efficient,
predictable, and reproducible procedure that facilitates a
highly esthetic outcome [15]. Traditionally, surgical guides
have been made using a vacuum-formed matrix over a
duplicated cast of a diagnostic wax-up [19]. Digital
technology in widespread use now permits designing high
quality surgical templates directly from the digital wax-up.
In a study by Li et al. (2024), the authors concluded that
crown lengthening surgery performed using a 3D printed

guide was more accurate than performing “free hand”

surgery without a guide [20]. Digital templates are more
predictable and can shorten surgery time when compared to

the traditional vacuuform guides [21,22].

Summary

In multidisciplinary reconstruction of the maxillary anterior,
diagnostic wax-ups are essential for idealizing function and
esthetics. High quality digital wax-ups with numerous
clinical and educational applications are easily produced and
readily modifiable when adjustments are necessary. In this
report, a digital workflow was presented for producing a
crown lengthening template that seated on the patient’s
baseline dentition yet related the planned gingival margin
position to the surgeon. The presented workflow can be
adapted to simplify numerous types of surgery involving
resection of hard and soft tissue, dental implant placement,
and implant site development.
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