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Abstract

:

Proper maxillomandibular relationship registration can be clinically challenging during a digital workflow in full-arch rehabilitations. This dental technique requires the manufacturing and use of a hybrid surgical guide custom scanning device, indicated to be used during implant placement surgery, in addition to being used to simultaneously register the maxillomandibular relationship and transfer the implants’ 3D positioning, ensuring a fully digital workflow in full-arch implant-supported prosthesis rehabilitation. The sequence of steps presented here will allow dentists and dental technicians to conduct rehabilitations from denture to the final implant-supported prosthesis using a full-digital protocol, using a minimal quantity of intraoral devices and digital tools.
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1. Introduction


Digital impressions with intraoral scanners in a digital workflow have been well-documented in the literature as a suitable alternative to conventional impressions [1]. In this sense, virtual impressions can be easily performed, reduce visits to the dental office, are comfortable to the patient, can record the oral tissues without pressure, allow the correction of errors, and reduce the influence of dental material properties such as expansion, shrinkage, and distortion [2,3].



Although intraoral scanners can be used to digitally capture edentulous arches, they are usually difficult to use for inexperienced clinicians [3,4,5]. Errors in capture can generate distortion in the digital model, which can compromise the accurate fabrication of the prosthesis due to the failure in precisely replicating the implants’ three-dimensional positioning and their relationship to the surrounding tissues [6,7].



Therefore, not only is correct implant placement essential to improve esthetic outcomes, prosthesis manufacturing with a passive fit is also necessary to guarantee the long-term success of dental implants with the stability of peri-implant tissues [8].



The versatile applicability of cone-beam computed tomography (CBCT) associated with 3D imaging tools strongly modified implant rehabilitation and treatment planning. Using virtual planning of implants’ positions while considering the oral anatomic structures and future prosthetic needs improved dentists’ and dental technicians’ communication [5,9].



Furthermore, implant placement with computer-guided surgery can increase implant survival rates and reduce treatment costs in comparison to free-hand implant placement protocols [10].



Despite the increasing popularity of a digital workflow, the challenging maxillomandibular relationship registration is still one of the major difficulties when using the intraoral scan technique for prosthesis fabrication [2,4,6,11]. Previous reports have been proposed for complete-arch rehabilitations, describing the use of a muco-supported surgical guide with occlusal registration and scan bodies to fabricate a definitive fixed restoration, as well as digitally transferring from interim to definitive restoration [12,13].



In addition, there are reports showing that the failing dentition of partially edentulous individuals may be used as an initial reference for stackable restrictive surgical guides during full-arch immediate implant placement. The stackable guide option derived from a digital workflow can be used to increase the predictability during immediate implant placement, as well as the immediate loading of provisional implant-supported fixed dental prostheses [14].



Therefore, the present technique aims to demonstrates how to combine digital impressions with accurate maxillomandibular relationship transference using a modified surgical guide for implant-supported full-arch rehabilitations.




2. Materials and Methods


Technique Description


	1.

	
Perform the patient’s documentation including clinical extra- and intraoral photos in occlusion and smiling (Figure 1).







	2.

	
With the aid of an intraoral scanner device (Medit i500, Medit Corp., Seul, South Korea), perform a digital scan of the dentition (Figure 2). Before scanning, set up the order to export standard tessellation language (STL) files. Import the acquired digital data into CAD software (Dental System 2020; 3Shape Dental System; 3Shape A/S, Copenhagen, Denmark). With the aid of a modeling tool, perform a virtual extraction of the crowns and provide a new complete denture design with corrected esthetics and prosthetic outcomes following the workflow indicated by the software, and generate the new STL files.







	3.

	
Process the STL file of the new denture by using a 3D printer (5100 3D Systems; Nextdent) and denture resin (Denture 3D+; Nextdent). Follow the post-processing and finishing technique according to the manufacturer’s instructions (Figure 3).







	4.

	
Follow the surgical plan, perform the necessary tooth extraction and install the printed denture during the healing period.




	5.

	
After healing, perform artificial landmarks using gutta-percha on the external surface of the buccal flange. Make a CBCT scan with and without the denture record in place (Figure 4). For this, the double tomography technique is used: first, the tomography is made with the patient wearing the denture with the gutta-percha marks in a seated position, then a second tomography is performed only for the prosthesis (outside the mouth).







	6.

	
Identify at least 3 regions with positive and negative features that exhibit adequate contact intraorally. These areas need to be as far apart as possible (Figure 5).







	7.

	
Import the DICOM file of the CBCT and the STL file of the digital scan of the dentures into the guided treatment planning software (DTX, KaVo Kerr, Brea, CA, USA) (Figure 6).







	8.

	
Align the STL file with the DICOM file to obtain the relationship between the arches and denture. Then, plan the implants’ 3D position according to your patient, individualizing the surgical guide with buccal screws to stabilize the device during the surgical procedure.




	9.

	
After the implants’ placement, use a scan body in each implant to scan the arches (Medit i500, Medit Corp., Seul, South Korea) and the implants according to the manufacturer’s instructions. Complete the scan and remove unnecessary areas (Figure 6).




	10.

	
Perform a second scan with a scan body and surgical guide placed in position. For this step, it is necessary to remove the restrictive metallic cylinders from the surgical guide. The surgical guide must by fixed by endosseuous fixation screws (Figure 7).







	11.

	
In the CAD software, align the antagonist arch scan with both STL file of the previous digital scan. This step will allow the recording of planned teeth position, 3D implants’ positioning, and oral tissue characteristics, considering the maxillomandibular relationship and vertical dimension of occlusion (Figure 7).




	12.

	
Proceed with the prosthesis manufacturing based on the acquired information (Figure 8).









3. Discussion


The edentulous arch scan can be difficult, and viable techniques are not commonly described. Similar to previous reports [2,11,12], for the present dental technique, the manufacturing of a surgical guide requires an adequate, complete denture and knowledge of 3D modeling, CAD software, and 3D printer [2,11,12]. The use of a custom scanning device reduces the number of clinical steps, with adequate retention, stability, and support. However, in the present report the custom scanning device is a hybrid device applied in the surgical step for proper implant placement, as well as to improve the scanning process, the transferring of oral tissue characteristics, implants’ position, and the maxillomandibular relationship registration.



Although the chair time can be reduced by following the described technical protocol [2,13,14], it is necessary perform two scans instead of one [2]. Different from previous techniques, during the second scan, the surgical guide scanning device is indicated to be retained by endosseous screws that will guarantee a fixed retention, instead of just being muco-supported.



In general, surgical guides are easily adaptable to various clinical scenarios when they are properly supported. It has been shown that natural dentition and existing fixed dental prostheses provide support and stability to the guide during implant insertion [14]. The present study suggests the use of endosseus screws for that purpose.



The use of endosseus screws, working as anchoring pins, secured the surgical guide in the right position during the surgery and scanning process [15]. Generally, it is possible to observe three types of surgical guides (tooth-, mucosa-, and bone-supported). However, for full-arch rehabilitations only muco-supported and bone-supported can be considered, with the last one being suggested to reduce the risk of complications [16].



In addition to the mandatory knowledge, managing costs, as well as learning curve, it is necessary to use CAD software that allows the virtual alignment of similar 3D structures [11]. For that the software must present a friendly algorithm using the mathematical method to move the meshes into their “best fit” without overlapping between the STL files [2].



The traditional analogic workflow for implant-supported rehabilitations in an edentulous maxilla requires an existing denture to prosthetically drive the implant placement. Therefore, the presented approach does not use analogic processes as cast models or impression materials, but still need an existing denture for the similar aim of prosthetically driving the implant placement. The summarized workflow for each approach can be observed in the flowchart from Figure 9.



However, different from the analogic workflow, the present approach can be performed, associated with an easy transfer process and a reduced number of clinical steps. In addition, adequate restorative materials, implants’ system, and patient characteristics should be considered during the treatment plan [17]. Despite the reduced number of clinical steps, this digital workflow requires a fully collaborative and digitally equipped dental laboratory, increasing the lab costs and planning time.




4. Conclusions


This dental technique describes the fabrication and use of a hybrid surgical guide custom scanning device to be used during the surgical and prosthetic steps. During the rehabilitation of an edentulous maxilla with dental implants, it was possible to follow the implants’ positioning plan during surgery, record the maxillomandibular relationship, and transfer the implants’ position to manufacture the maxillary full-arch implant–supported prosthesis. This dental technique provides a digital workflow protocol using a reduced number of clinical steps, dental office visits, and number of devices that need be manufactured by the dental technician.
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Figure 1. Complete documentation including face (A), smile, intra- (B) and extra-oral photographs, and intraoral scanning (C). 
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Figure 2. Data exported to CAD software, followed by the virtual extraction of all upper teeth (A). Virtual assembly of the artificial teeth in a new position (B). Correcting all the aesthetic and functional parameters using virtual articular (C,D). 






Figure 2. Data exported to CAD software, followed by the virtual extraction of all upper teeth (A). Virtual assembly of the artificial teeth in a new position (B). Correcting all the aesthetic and functional parameters using virtual articular (C,D).



[image: Oral 01 00033 g002]







[image: Oral 01 00033 g003 550] 





Figure 3. Three-dimensional-printed total denture designed in CAD (A), followed by extraction of upper teeth (B,C) and the installation as well as adjustment of the immediate denture for healing (D). 
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Figure 4. Artificial gutta-percha landmarks made on the complete denture, preparing for the image examination using tomography. 
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Figure 5. The 3D data were exported to the CAD software to plan the placement of the implants’ prosthetic-driven position and the design of the hybrid surgical guide (A). Care was taken in the design of the device in order to maintain 3 points of occlusal contact, one in the anterior area and two in the posterior region, one on each side of the arch (B). This step will allow digital recording of the vertical dimension of occlusion, as well as the relationship between the arches, without the need to go through the analog phase (C). On the left, there is the occlusal view of the surgical guide obtained after planning 5 implants’ placement in the ideal position from a biomechanical and aesthetic point of view, with reference to the complete denture. The image of the center shows how, in the design of the guide, 3 points of contact between the guide and the lower arch were maintained, in order to relate the upper and lower arches in a stable way, previously determined by the complete denture. Finally, the front view of the surgical guide in position, occluding with the lower arch in exactly the same digitally determined position. 
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Figure 6. After the implants’ placement (A) the first intraoral scan is performed using scan bodies (B,C). 
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Figure 7. The second intraoral scan is performed with both the surgical guide and scan bodies in position. For that, the restrictive metallic cylinders should be removed from the guide, allowing it to fit in the previous surgical position (A). Then, it should be fixed with anchoring pins. After the second scanning, the clinical parameters can be transferred at the same time to the CAD software and aligned with the correct 3D position (B,C). 
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Figure 8. Following the informed data, the dental lab can proceed with the prosthesis manufacturing, respecting the esthetic and prosthetic outcomes. Final prosthesis installation (A), after occlusal adjustments (B), in occlusal view (C), and buccal view of the patient smile (D). 
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Figure 9. Flowchart for the conventional and digital workflows with the major clinical steps that should be considered for each approach. 
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