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Abstract

3D printed dentures are becoming a reality with the development of intraoral scan-
ners and material availability for additive manufacturing. Described herein are some
workflows that are designed to accurately capture patient information for improved
fabrication of well-fitting complete dentures that are done traditionally, immediately
or replicated dentures. Techniques described include traditional methods combined
with digital methods for improved fit and function of the prothesis while simultane-
ously achieving an expedited delivery of the prosthesis.

Keywords Digital workflow - Complete denture - Immediate denture - Intraoral
scan - 3D printed denture

Quick reference/description

In the event of intraoral scanners improving the ability to scan edentulous arches,
impression materials and casts, the digital workflow for complete dentures is becom-
ing a reality. This technology is effective in combing two steps and saving a clinical
session as noted in Table 1. It has been established that following the scanner manu-
facturers prescribed scan path results in accurate production of a prosthesis [1].

In edentulous mouths, the moving soft tissues in the vestibules are the most dif-
ficult to capture with intraoral scanners. This article proposes a variety of workflows
that combine digital and analog techniques to digitize a fully edentulous arch [2].

Recent studies have indicated that additive manufacturing (3D printing) allows
better adaptation of complete dentures to soft tissue as compared to acrylic dentures.
This is the impetus to adapt to digital pathways when using 3D printing to manufac-
ture the denture [3]. Other studies have demonstrated better tissue adaptation with
less patient discomfort and tissue ulcerations with 3D printed dentures. However,
esthetics was better in conventionally processed dentures [4]. Digital technology has
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been effective in saving chair time and provides a cost saving benefit for the patient
[5].

Currently denture resins such as Lucitone Digital Print 3D Denture resin are
available for fabrication of dentures. Such resins have improved impact resistance
and flexural strength. This article will illustrate how 3D printing of complete den-
tures will decrease chair time for the patient and improve accuracy of the fit of the
denture.

Indications

In Table 2, we suggest considerations for different clinical situations when consider-
ing digital full denture workflows.

Materials/instruments

Intraoral scanner

Edentulous stock impression trays

Custom fabricated impression Trays

Border molding material if indicated.

Impression material of choice with corresponding tray adhesive (irreversible
hydrocolloid or light bodied poly vinyl siloxane)

Printed base plate and Wax rims.

e Printed denture teeth

Clinical sequence of procedures
Complete dentures (completely edentulous)
First appointment

(a) If the patient has alveolar ridges with minimal undercuts a direct intraoral
scan is possible. Follow the scan path indicated by the manufacturer of your
intraoral scanner. Alternatively, take an ideal preliminary irreversible hydrocol-
loid impression using edentulous stock impression tray. This impression can be
poured or scanned directly if time permits. See Figs. 1, 2 and 3.

(b) The laboratory prescription should request:

— 3D printing of master casts, Record base & Wax Occlusal Rim. (Fig. 4).
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Fig. 1 Intraoral scan of
edentulous ridges: Scan past
the attached tissue to capture
the vestibular depth and frena.
This scan was taken by a Trios4
Intraoral Scanner

Fig.2 Scanned Impressions of Upper and Lower arches: Scan just past the rolled area to capture depth
of the vestibule. Most impression materials like Alginate and Polyvinyl Siloxane (PVS) are easy to scan.
Should issues arise, use of scanning powder alleviates issues with recognition

Fig.3 Scanned cast of maxil-
lary arch. When time is an issue W s TN

and one is unable to scan the B
reversible hydrocolloid impres-
sion immediately, it should be
poured, and the resulting casts
scanned

Fig.4 3D printed master cast for upper and lower arch and 3D printed record base and wax rims
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Second appointment

(a) Try the record bases to insure proper extensions in the buccal vestibules and
adequate fit of the record bases to the soft tissue. If needed, border mold the
record bases and make a light body polyvinyl siloxane (PVS) wash impression
in the record base.

(b) With both upper and lower record bases/rims in place and finalize the clinical
jaw relation record. Patients should be guided to centric relation position at the
proper vertical dimension.

e Confirm vertical dimension of occlusion (VDO) and centric relation (CR)
e Mark the midline, canine lines and high lip line.
e Take a bite registration with fast set PVS (Blu-Mousse) material.

(c) Select teeth and shade (Use Dentsply Portrait IPN mold and shade guide).
(d) The laboratory prescription should include:

1. Request final scanning of the relined denture base and set up of teeth
2. List mold, shade, and occlusal scheme selected for patient.
3. Return dentures for wax try in

Third appointment

(a) Wax try-in denture: assess VDO, CR, phonetics & esthetics.

The teeth are printed in three blocks: right posterior, anterior and left posterior,
see Fig. 5. If any changes are required the printed teeth can be detached from the
base, sectioned, and repositioned using wax. Once satisfied with tooth positions,
a fast set PVS bite should be taken to record the bite registration.

(b) Confirm gingival shade.
(c) The laboratory prescription should request.

Final printing of denture with confirmed gingival shade and return for delivery.

Fig.5 Wax try in for 3D printed
denture with teeth in sections to
facilitate adjustments
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Fourth appointment: delivery of dentures

(a) Check fit of denture, adjust intaglio surface for pressure spots using pressure
indicating paste. Check for proper extensions in vestibule and frenum areas using
disclosing wax.

(b) Ensure vertical dimension is correct and centric relation is repeatable, by check-
ing phonetics and esthetics.

(c) Bilateral Balanced occlusion is mandatory if interferences are noticed proceed
with clinical remount.

Replicating existing dentures

In cases where a patient has an existing denture and requires a new one, go through
this checklist to determine if this is a good workflow. This eliminates significant
chair time for the patient and the provider. Most laboratories can process these den-
tures within a few days.

Checklist to decide if denture replication is appropriate:

(a) The dentition is not worn.

(b) Patient is satisfied with tooth arrangement and esthetics of teeth including shape
and arrangement. Tooth and gingival shade can be corrected, note patient’s
preference if shade is to be changed.

(c) Vertical dimension and centric relation are correct.

Fig.6 Relined dentures with trimmed borders. This is a good technique if the original set was a denture
delivered recently and it requires minor repairs to the base or if the patient needs a duplicate pair
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First appointment

1. If the above conditions are all true, reline the denture with light bodied PVS to
give the intaglio surfaces a better fit.

— Ensure you go through border molding movement to record the anatomy as
the material sets.

— Trim excess material to ensure smooth surfaces. See Fig. 6.

— Double check that the vertical is correct with the relined dentures.

2. Scan the entire denture (inside and outside). After scanning, remove reline mate-
rial and clean dentures. Return them to the patient.
3. The laboratory prescription should request:

— Replicate the denture that has been scanned. Specify tooth and gingival
shades.

Second appointment

— Deliver Dentures (same steps as Complete denture delivery above).

Immediate dentures

An immediate denture can be defined as a denture that is fabricated while a few
anterior teeth remaining. This allows the patient some aesthetic satisfaction as he/she
transitions into a complete denture. Ideally, the posteriors (premolars and molars)
are extracted before starting the fabrication of the complete immediate denture. The
alveolar ridge is allowed to heal for 6-8 weeks giving the denture better stability.

Fig. 7 Intraoral scan for Immediate Dentures with Trios4 Intraoral Scanner: A direct intraoral scan is
facilitated by utilizing the remaining anterior teeth as reference. As these teeth on the maxilla were peri-
odontally compromised a direct intraoral scan was preferred to any impression material
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First appointment

(a)

(b)
(©)

1.

In the illustrated case below, the vertical dimension was preserved by the remain-
ing teeth in both arches (Fig. 7). Posterior teeth to be replaced were selected and
noted in the laboratory prescription.

An intraoral scan was done of both upper and lower arches.

The laboratory prescription should request.

3D Printing of a master cast, record bases for both upper and lower arches.
The upper arch should have a record base with windows to allow for the exist-
ing teeth to come through simultaneously checking for flange extensions in
the entire upper vestibule (Fig. 8).

2. Teeth in upper posterior to be set for wax try in. The patient did not desire a

lower denture, but we requested a lower wax rim to stabilize the bite.

Second appointment

Posterior wax try in of dentures.

(a)

(b)

(©
(d)

Check fit of the record base, alterations on the fit can be done by Border mold-
ing the record bases and a light body PVS wash impression in the record base.
Remove any impression material that interferes with the wax try in

Confirm VDO, CR and tooth arrangement. Ensure the patient is satisfied with
the arrangement of the teeth and the selected shade.

Select the gingival shade.

The laboratory prescription should request:

Scanning of the intaglio surface of the record base if it was relined.
Virtual extraction of remaining upper anterior teeth and addition of these teeth
to the denture.

3. Request for the Complete upper denture case to be printed with selected

Fig. 8
inserti;

edentulous jaw relation

gingival and tooth shades and returned for delivery.

Printed record base with
on window for partial
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Fig.9 Denture delivery: the position of the anterior teeth in the denture was determined by the existing
dentition from the original scan. The patient had a good midline and smile line. He was satisfied with the
general aesthetics of his anterior teeth which allowed our dental laboratory to mimic the original anterior
teeth in his new immediate denture. Patients should always be cautioned in Immediate dentures when an
anterior try in of the teeth is not completed, aesthetics and function may be compromised as a result

Third appointment

Denture Delivery (Fig. 9).
For Immediate dentures, patients should be reminded that relines or remakes may
be necessary as the bone remodels in the next few months.

Pitfalls and complications

A basic understanding of intraoral scanners is required to scan edentulous or par-
tially edentulous ridges. In general, all scanners have decreased accuracy if the user
does not adhere to the manufacturer’s prescribed scan paths. The object of utilizing
digital workflows to fabricate dentures for patients is to improve fit and function
of the dentures. It can also decrease chair time for both patient and provider. How-
ever, the basic principles of denture fabrication are still essential for a successful
outcome.

Digital workflows should be established in conjunction with a dental laboratory.
This would ensure achievable results and realistic timelines to complete the work.
Materials for 3D printing are constantly changing, improving our abilities to provide
the best product for our patients. At present, color choices for gingival shades are
limited for 3D printed dentures. Teeth for 3D printed dentures are monochromatic,
perhaps not appropriate for patients with high esthetic concerns.
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