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CAD-CAM immediate to definitive complete denture transition: A digital dental technique
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INTRODUCTION

Recently, digital technology with intraoral scanners (IOSs) and computer-aided design and computer-aided manufacturing (CAD-CAM) has been used to fabricate immediate complete dentures (CDs). [START_REF] Fang | Digital immediate denture: A clinical report[END_REF][START_REF] Oh | Two-visit placement of immediate dentures with the aid of digital technologies[END_REF][START_REF] Millet | Digital prosthodontic management of young patients with Papillon-Lefèvre syndrome: A clinical report[END_REF] After the extraction sites have healed, the transition from the immediate prostheses to definitive ones can be done by relining or rebasing the immediate denture with a laboratory technique or fabricating new dentures. [START_REF] Neumeier | Digital immediate dentures treatment: A clinical report of two patients[END_REF] Although the first option is economical, it deprives patients of their prostheses and does not permit repositioning of individual teeth. [START_REF] Boucher | The relining of complete dentures[END_REF] The second option can be performed by using either a conventional workflow or a direct or indirect digital workflow. [START_REF] Fang | Development of complete dentures based on digital intraoral impressions-Case report[END_REF][START_REF] Goodacre | Using intraoral scanning to capture complete denture impressions, tooth positions, and centric relation records[END_REF][START_REF] Unkovskiy | Intraoral scanning to fabricate complete dentures with functional borders: a proof-of-concept case report[END_REF] Different digital scanning techniques have been proposed to duplicate existing CDs using either cone beam computed tomography (CBCT), extraoral optical scanning, or an IOS. [START_REF] Kanazawa | Trial of a CAD/CAM system for fabricating complete dentures[END_REF][START_REF] Katase | Face simulation system for complete dentures by applying rapid prototyping[END_REF][START_REF] Kurahashi | Duplication of complete dentures using general-purpose handheld optical scanner and 3-dimensional printer: Introduction and clinical considerations[END_REF][START_REF] Clark | The digitally replicated denture technique: A case report[END_REF] However, the authors are unaware of a description of the direct digital scanning of immediate CAD-CAM CDs using an IOS to facilitate the transition towards definitive CDs. As this option is based on the data from the immediate CDs, it offers a rapid and straightforward procedure for obtaining definitive CDs. This technique article presents a digital technique for numerically converting the information provided by immediate CAD-CAM CDs, with the aim of fabricating definitive CAD-CAM CDs over the course of only 2 appointments. The protocol requires an IOS, recent CAD-CAM software, and a milling machine.

TECHNIQUE

1. During the first visit, evaluate the soft relining material (Fig. 1) and then remove it from the intaglio surfaces of the CAD-CAM immediate CDs. Shorten the borders by 1.0 mm to allow space for the impression material.

2. Verify the adaptation of the immediate CDs in the patient's mouth and, if necessary, correct any underextended areas with modeling plastic impression compound.

3. Make definitive impressions using a medium viscosity polyether material (Impregum F; 3M ESPE) (Fig. 2) in a closed-mouth technique. To increase the scanning surface, remove any excess impression material from the artificial teeth with a scalpel. [START_REF] Unkovskiy | Intraoral scanning to fabricate complete dentures with functional borders: a proof-of-concept case report[END_REF] 4. Perform the extraoral scan of the cameo and intaglio surfaces of the maxillary and mandibular CDs using an IOS (TRIOS3; 3Shape A/S) according to the manufacturer's instructions (Fig. 3). Start the scan pathway from the most distal molar on the cameo surface. Progressively record all occlusal surfaces by moving toward the contralateral side of the arch. Complete the digital scan with palatal, lingual, and buccal surfaces and then record the interproximal contact areas. For the cameo to intaglio transition, slowly start registering the largest borders by holding a fixed focal length during the rotation of the IOS. Then, scan the intaglio surface to gather borders. Finally complete the file by capturing the missing surfaces, paying special attention to the beveled parts, the denture posterior seal, lingual flange, and retromolar area.

5. Place the immediate CDs intraorally and record the maxillomandibular relationship using an occlusal registration material (Aluwax; Aluwax Dental Products Co). Scan the maxillomandibular record extraorally by using the same IOS (Fig. 4). Remove the impression material from the intaglio surfaces. Reline the immediate CDs with soft lining material (GC Tissue Conditioner; GC Europe N.V.). Control the occlusal contacts and return the immediate CDs to the patient.

6. Send the immediate CDs (Fig. 5A) and occlusal relationship standard tessellation language (STL) files to the dental laboratory. Define the file as an impression and create digital casts in the system's software (3Shape Dental System DS; 3Shape A/S). Mount these casts on a virtual articulator (Fig. 5B). Finally, virtually superimpose the teeth onto those of the immediate CDs in bilateral balanced occlusion and design the bases using the DS software (Fig. 5C).

7. Fabricate the definitive CDs with a subtractive CAD-CAM workflow as presented in Figure 6. Mill the denture bases and the dental arches (IvoBase CAD and SR Vivodent CAD; IvoclarVivadent AG) from polymethyl methacrylate (PMMA) disks. In the first milling procedure, the dental arches are milled with oversized occlusal dimensions. However, their basal surfaces are milled precisely to their definitive dimension according to the manufacturer's protocol. Bond the dental arches to the bases (IvoBase CAD Bond; Ivoclar Vivadent AG). Then, finalize the milling process and polish the digitally manufactured CDs. Note that this production phase can be delegated to the laboratory to save the clinician's time.

8. At the second visit, evaluate the occlusion, make occlusal adjustments if necessary and deliver the definitive prostheses (Fig. 7).

DISCUSSION

Clark et al [START_REF] Clark | The digitally replicated denture technique: A case report[END_REF] recently proposed the use of an IOS to duplicate existing dentures; however, in the final steps of definitive CD manufacturing, a table-top scanner was used. IOSs have been developed with greater accuracy [START_REF] Unkovskiy | Intraoral scanning to fabricate complete dentures with functional borders: a proof-of-concept case report[END_REF] and thus appear to be an excellent solution for scanning CDs.

Previous reports on the subject did not report the strategy used for digital scanning of dentures with IOSs. [START_REF] Unkovskiy | Intraoral scanning to fabricate complete dentures with functional borders: a proof-of-concept case report[END_REF][START_REF] Clark | The digitally replicated denture technique: A case report[END_REF] Although the denture cameo scan was easily performed in the present situation using the manufacturer's instructions, investigations should confirm whether the scan pathway proposed can be applied reliably in all clinical situations, particularly when the intaglio concavity is deeper than the range the IOS can read. [START_REF] Mangano | Intraoral scanners in dentistry: a review of the current literature[END_REF][START_REF] Richert | Intraoral scanner technologies: A review to make a successful impression[END_REF] Digital scans from IOSs produce a single virtual STL or similar file that does not allow file segmentation between the teeth and bases. The availability of separate files would allow the esthetic and tooth arrangement information obtained from immediate dentures to be matched to the new base information obtained by the IOS. [START_REF] Unkovskiy | Intraoral scanning to fabricate complete dentures with functional borders: a proof-of-concept case report[END_REF][START_REF] Clark | The digitally replicated denture technique: A case report[END_REF] Currently available dental CAD software does not support this procedure, which requires the use of alternative techniques such as manufacturing monolithic dentures or additional software. [START_REF] Unkovskiy | Intraoral scanning to fabricate complete dentures with functional borders: a proof-of-concept case report[END_REF][START_REF] Clark | The digitally replicated denture technique: A case report[END_REF] These strategies require a layering of pink composite resin over the cameo surface or the additional expertise of using nondental CAD software. In the present protocol, using a strategy close to that proposed by Lee et al, [START_REF] Lee | Modified digital workflow for artificial tooth exchange in a complete denture: a dental technique[END_REF] additional software was not required. During the process, the digital teeth were superimposed on the exact position of those present in the existing dentures. Therefore, the procedure was straightforward, since the immediate CAD-CAM denture was equipped with artificial teeth previously selected from libraries within the same software. It could, however, be more difficult to perform if the existing dentures were unsatisfactory, or with a complex tooth arrangement. This 2-appointment procedure is currently limited to clinical situations that require a transition from existing to definitive dentures without major corrections of the occlusal vertical dimension (OVD), anterior tooth alignment, or size of teeth. When in doubt, or when important modifications are required, a clinical evaluation using a CAD-CAM denture prototype is 
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 3 Figure 3. Extraoral scan of maxillary immediate complete denture.

Figure 4 .

 4 Figure 4. Scanned maxillomandibular relation record.
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 6 Figure 6. Milled definitive complete dentures. A, Milled maxillary dental arch and base. B,
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recommended to determine esthetics, phonetics, OVD, and occlusion before fabricating the definitive dentures. 7,12

SUMMARY

The technique described facilitates the transfer of information from CAD-CAM immediate CDs to definitive CDs by using an IOS. Investigations should validate the scanning strategy of the CDs, and software upgrades should increase the clinical relevance of this innovative procedure.
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