New fabrication method using additive manufacturing technologies for the pattern of a pressed lithium disilicate onlay restorations.


ABSTRACT
A technique for a pressed lithium disilicate onlay restoration using an additive manufactured castable printed pattern is described. The digital workflow allows a complete digital processing of the restoration, from the digital impression with an intraoral scanner to the 3D printed pattern to obtained the final restoration. 
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INTRODUCTION
Additive manufacturing (AM) technologies are the computer aided manufacturing technologies (CAM) that consist on the fabrication of an object layer-by-layer building up process.1 The rapid evolution of the market has position the 3D printing applications on the edge of the latest technologies; although in dentistry, fairly small applications are available, analysed, validated and systematically used on our daily basic clinical procedures. Because of its immaturity, the fundamental limitation is based on the restricted variety of biocompatible 3D printed materials approved for dental applications by recognized organizations. 
One of the available materials for AM applications is the possibility to print castable patterns that can be process through conventional procedures and thus, obtained dental restorations2-4. The first dental case report for this AM technology was the fabrication of the 3D pattern of the framework for a removable partial denture fabrication.5-7 
Following the process thinking, the 3D printed AM pattern fabrication for a pressed lithium disilicate onlay restoration can be achieved. Clinical studies have already identified that the longevity of indirect ceramic restorations is dependent on many different factors like material, patient, dentist and technique. However, and thanks to improvements in all-ceramic materials properties, adhesion techniques and fabrication technologies, these conservative restorations are a clinically acceptable and recognized alternative for large cavities.8-17
The present article describes a technique that uses the AM technologies to fabricate the pattern of the pressed lithium disilicate onlay restoration. 

TECHNIQUE 
A 38 years old male presented with the chief complain “I have a tooth broken”. The patient presented a healthy oral conditions. In the intraoral examination, an ocluso-distal composite restoration with the fracture of the disto-lingual cusp on the right first mandibular molar was observed (Figure 1A-C). The diagnostic x-ray showed a root canal treatment (RCT) done with a periapical radiolucency lesion and a deep interproximal restoration (Figure 2). 
In order to evaluate the remaining tooth structure, the removal of the composite restoration was done. The disto-lingual cusp and the distal marginal border of the tooth were missing, however the disto-buccal, mesio-buccal and mesio-lingual cusps presented enough thickness and dentine support to avoid the cuspal coverage with the planned restoration. Furthermore, the gingival floor of the cavity was located at the level of the bone crest, so a crown lengthening was indicated in order to restore the tooth in a predictable way;18-20 as well as, the retreatment of the RCT was indicated. Both procedures were executed by private specialists (Figure 3, 4). 
After the complete healing, the reconstruction of the tooth with a pressed lithium disilicate onlay restoration was done as follows. 
1. At the first clinical appointment, build up the tooth with a composite resin restoration (Filtek Supreme XTE A3D, 3M ESPE, Diegem, Belgium) as needed in order to seal the endodontic treatment and provide enough composite support to weak cusps that don’t present dentin support.
2. Prepare the cavity for an onlay restoration: Locate the gingival floor of the preparation 0.5-1 mm above the gingival margin, with a 1 mm width; a 2 mm isthmus reduction with an expulsive shape and make sure that there is enough interocclusal space for the restorative material of 1,5 mm. Do not leave sharp internal angles. Use a round-ended tapered diamond bur (8845KR.314.021 and 845KR.314.021, Komet, USA) under continuous water cooling. Locate the margin of the preparation outside the contact point with the antagonist (Figure 5). The preparation of the onlay restoration will depend on each clinical case.
3. Make a digital impression: Scan the tooth preparation, the maxillary and mandibular arch and patient´s occlusion with an optical intraoral scanner (TRIOS, 3Shape, Brussels, Denmark) following the manufacturer’s instructions.
4. Prepare a provisional restoration with a light-cured provisional material (FermitTM N, Ivoclar Vivadent, Schaan, Liechtenstein).
5. For the laboratory procedures, use a specific CAD software (3Shape software, 3Shape, Brussels, Denmark) to design the onlay restoration. Obtain the STL file of the digital onlay restoration (Figure 6AB). The onlay design can also be executed by a CAD specialized dental technician in a dental laboratory.
6. Using the STL file, obtain a wax-up castable onlay restoration pattern (Visijet M3 DentCast, 3D Systems, Budel, Netherlands) with a multijet printer (Projet  MJP 3600 Dental, 3D systems, Budel, Netherlands) (Figure 7). The manufacturing of the pattern can be provided by a specialized dental laboratory in additive manufacturing technologies. 
7. Press the 3D printed AM castable pattern to obtained the lithium disilicate onlay restoration:
· Sprue the printed pattern by attaching a 10 ga. lead to the lingual surface of the rest. Following the instructions of the manufacturer, the recommended length of the wax wire is 3-8 mm and 15-16 mm including the wax-up pattern, the angle between the ring base and the sprue should be between 45-60 degrees (Figure 8AB).
· Invest with a specific investment (IPS PressVEST, Ivoclar, Schaan, Liechtenstein) following the manufacture’s recommendations for powder/liquid ratio under vacuum mixture, mixing time and setting time.
· Burn out at temperature of 1560°F (850°C) for one hour.
· Press the lithium disilicate ingot (LT A2 IPS Emax.Press, Ivoclar Vivadent, Schaan, Liechtenstein), following the manufacture’s indications.
· Divest after cooling to room temperature (approximately 60 minutes) using a diamond disc to separate the alox plunger to the investment ring. Do the rough divestment with glass beads at 4 bar (60 psi) pressure and fine divestment with a reduced pressure of 2 bar (30 psi).
· Pour the restoration on 5% hydrofluoric acid (Invex Liquid IPS emax.Press, Ivoclar Vivadent, Schaan, Liechtenstein) placed on a plastic cup for 15 minutes, and remove the reaction layer with 100 Al2O3 at 1-2 bar (15-30 psi) pressure.
· Remove the sprue using a diamond bur and polished under water refrigeration. Polish the restoration (Figure 9AB).
8. At the second clinical appointment, deliver the restoration with a dual-cure (Rely-X Lava Ultimate, 3M ESPE, Diegem, Belgium) resin composite cement following the manufacturer’s instructions with an absolute isolation of the field with rubber dam (Figure 9CD).

DISSCUSION
The 3D printing additive manufacturing technology is a current option to fabricate castable patterns. AM technologies are more economical as it does not waste material, because the unused material can be process in the future21-23 and no tooling is needed.23,24 Furthermore, 3D printing allows to print more than one pattern at a time, the number of patterns will depend on the size of the patterns and the size of the building platform. The applications of AM technologies will be developed at the same time that the variety of printed materials increases on the market.
AM technologies present a free complexity on the printed objects, while on our current gold standard ¨milling procedures¨ the access and tool size limits the desired final shape of the fabricated object2,3,24-26. It may be reasonable to argue, that AM are more capable to reproduce a more detailed occlusal anatomy of a printed pattern, and so it will be extended to the pressed lithium disilicate restoration. However, a more in vitro and clinical studies need to be carried out to analyse further the dental applications of AM technologies.


SUMMARY
A technique description to fabricate a 3D printed additive manufactured castable pattern for a lithium disilicate restoration is described. The clinical procedures are similar than the conventional handmade wax-up or milled patterns, however the main advantage of the additive manufacturing technologies are the capability to recreate a more complex anatomy and shapes.
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Legends for figures:

Figures:
Figures 1a-c. A) Occlusal view of the patient´s mouth, with a cusp fracture on the right first mandibular molar; B) Lingual view; and C) Bucal view of the clinical situation.
Figure 2. Diagnosis radiographical evaluation of the first right mandibular molar. 
Figure 3. Crown lengthening procedure was carried out to re-establish the biological width.
Figure 4. Radiographical evaluation after the re-treatment of the RCT and the crown lengthening was done. 
Figure 5. Occlusal view of the onlay preparation made.
Figures 6a-b. A) Occlusal view and; B) Intaglio surface of the digital design (STL File image) of the onlay restoration.
Figures 7a-c. A) Castable 3D printed pattern of the onlay restoration; detailed of B) the occlusal and C) the intaglio surface of the onlay printed pattern.
Figures 8a-c. A) Sprued of the 3D printed AM castable pattern; B) and C) Detailed.
Figures 9a-d. A) Pressed lithium disilicate restoration fabricated and polished; B) Detailed of the occlusal and the intaglio surface of the restoration; C) Onlay restoration cemented; D) Radiographic with the lithium disilicate onlay delivered.
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Figures 1a-c. Intraoral occlusal view of a) maxilla with seven implants, b) mandible with six implants and two provisional implants to increase the retention of interim mandibular complete denture, c) Initial panoramic x-ray.
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Figure 2. Diagnosis radiographical evaluation of the first right mandibular molar. 
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Figure 3. Crown lengthening procedure was carried out to re-establish the biological width.
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Figure 4. Radiographical evaluation after the re-treatment of the RCT and the crown lengthening was done. 
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Figure 5. Occlusal view of the onlay preparation made.
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A)                                                                    B)
Figures 6a-b. A) Occlusal view and; B) Intaglio surface of the digital design (STL File image) of the onlay restoration.
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Figures 7a-c. A) Castable 3D printed pattern of the onlay restoration; detailed of B) the occlusal and C) the intaglio surface of the onlay printed pattern.
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Figures 8a-c. A) Sprued of the 3D printed AM castable pattern; B) and C) Detailed.
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Figures 9a-d. A) Pressed lithium disilicate restoration fabricated and polished; B) Detailed of the occlusal and the intaglio surface of the restoration; C) Onlay restoration cemented; D) Radiographic with the lithium disilicate onlay delivered.
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