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Abstract

:

Nowadays, digital technologies have brought very important advancements in clinical prosthetic dentistry. However, a full digital workflow is still considered to be challenging in the management of full-arch implant cases with immediate prosthetic loading. The aim of this case report is to show a full-digital workflow for the fabrication of an implant-prosthetic fixed provisional prosthesis for immediate loading on seven implants in the upper maxilla. The static guided implant surgery and the OT Bridge prosthetic system were used to rehabilitate the patient. In this way, the combination of a well-known surgical technique with a peculiar prosthetic system that allows for a certain degree of tolerance resulted in it being useful for full-arch immediate loading. Future research and studies are necessary to prove the reliability of this full-digital protocol.
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1. Introduction


In the last decade, scientific innovations have brought significant advantages to the “conventional loading” protocol originally proposed by Branemark et al. [1]. The immediate loading of dental implants has gained widespread popularity because of its reduced treatment times and improved esthetics and patient acceptance [2]. In addition, considering the earlier factors for success, immediate loading with a fixed prosthesis in edentulous jaws seems to be a predictable treatment in terms of implant survival [3]. Immediate loading seems to induce bone remodeling, generating new bone around implants, with a better healing of hard and soft tissues [4]. Furthermore, the rigid prosthetic framework prevents implants’ micromovements, favoring their stability and an appropriate distribution of occlusal forces [5,6]. However, the passive fitting of the prosthetic framework on implants is always a crucial factor. In the presence of misfit, critical mechanical and/or biological complications may arise [7]. In this view, the mainly applied immediate loading protocols currently described in the literature [8,9] present intrinsic drawbacks due to material properties [10,11,12] and characteristics that may affect the passive fit of the prosthetic framework. The fabrication of gypsum casts or 3D-printed models is prone to errors due to gypsum expansion or to resins shrinkage, which may move implant analogues. Even intraoral impressions, both conventional or digital, are affected by a certain degree of inaccuracies due to the material’s distortions or scanning errors [13,14].



In this way, a full-digital workflow could be useful in order to reduce the number of clinical steps and materials used with their related inaccuracies. Starting from a digital prosthetic and implant planning, clinicians may have the possibility to increase the predictability of their prosthetic rehabilitation, reducing the disadvantages associated with conventional analog or hybrid workflows. Moreover, the use of prosthetic components with a certain degree of tolerance in implant connection is necessary to guarantee a passive fitting of the framework. Today, in order to rigidly connect implants, the most used solution is represented by the multi-unit abutment (M.U.A.), which has the function of changing the implant connection from an internal hexagon to an external one [15]. When titled implants are inserted to correct the implant axis and to solidarize distal implants with the anterior ones, angulated M.U.A.s are necessary [16]. In this way, the connection between the prosthetic framework and implants is provided only by the prosthetic screws [17], which do not permit any discrepancy because of the rigid connection. In the last few years, another fixed system, called OT Bridge® (Rhein 83 srl, Bologna, Italy), has been introduced in the dental market as an alternative to M.U.A. [18]. In this system, the connection of the OT Bridge system is provided both by the screws and by an interlocking system between an acetal ring called Seeger, inserted in a dedicated “extragrade” abutment, and the subequatorial region of the OT equator attachments. In this way, this peculiar type of connection associated with the low-profile attachement may play an important role in the solidarization of the prosthesis on implants.



The aim of this article is to show a clinical case report that allows for the fabrication of an implant-prosthetic fixed provisional prosthesis from the digital implant planning using the OT Bridge prosthetic system.




2. Case Report


A 60-year-old woman presented at our attention with esthetic and functional issues. Her medical history was unsigned and she was classified as ASA1. She complained of a diminished masticatory capacity and loss of retention of the upper removable partial denture. She expressed the desire to change her esthetic, stating that she was dissatisfied with her smile and her removable partial denture. She also expressed the desire to have a more stable masticatory function because of the mobility of the remaining teeth in the upper maxilla. She was very motivated and didn’t want to remain without teeth in case of extractions.



Esthetic analysis highlighted an unbalanced smile line, due to Kelly syndrome, with an anterior rotation of the upper partial removable denture due to maxillary anterior partial resorption (Figure 1).



Clinical examination showed some edentulous areas, especially in the upper maxilla (Figure 2a,b). In particular, the two remaining upper canines and the right lateral incisor showed a hopeless prognosis. The upper partial removable denture showed low retention and stability. The lower maxilla showed a right distal edentulism behind premolars and a single edentulous space in the left premolar region.



The patient’s intraoral records with and without the upper removable partial denture were taken with an intraoral scanner (Trios 3, 3Shape, Copenhagen, Denmark). The upper removable denture was also digitized. The occlusion was unstable with the remaining teeth, so the vertical dimension was recorded with the partial upper removable denture. Then, she underwent an OPT examination that confirmed the hopeless prognosis of the anterior upper teeth, highlighting the necessity of the rehabilitation of the upper maxilla.



Then, in light of the anamnesis, clinical and radiographic examinations, and chief complaint, the treatment of the upper maxilla with a full-arch implant prosthesis in an immediate loading protocol was proposed. For a better evaluation of the upper maxilla bone volumes for implant planning, the patient underwent a CBCT.



Then, the operative sequence was structured as follows:




	
Digital planning for static guided implant surgery planning;



	
A lab workflow for the realization of the provisional prosthesis;



	
A surgical phase of implant insertion and immediate loading of the provisional prosthesis.








The patient accepted the treatment plan and gave written consent to publish photos of her clinical case, including photos of her face.



Digital implant planning:




	
Digital implant planning was initially performed after superimposing the DICOM files of the CBCT with the STL files of the digital intraoral impressions, using a dental implant planning software (RealGuide 3Diemme, Como, Italy). Seven implants (Naturactis tapered implants, LYRA ETK, Paris, France) were virtually inserted in the upper maxilla (Figure 3a,b) based on the final prosthetic project and on the occlusion of the patient. A surgical template for static guided implant surgery was designed (Figure 4) according to the implant positions and patient anatomy. Implant dimensions and positions were specified as follows:




	
Three 4 × 10 mm implants were planned in 1.5, 2.3, and 2.5 positions;



	
Two 3.5 × 12 mm implants were planned in 1.3 and 1.1 positions;



	
One 4 × 12 mm implant was planned in 2.1 position;



	
One 4 × 8 mm implant was planned in 2.6 position.








	
Six low-profile attachments (OT-Equator, Rhein83, Bologna, Italy) were selected and placed in the virtual environment on the corresponding implants. The height of each OT-Equator was selected on the basis of tissue levels previously measured in the implant planning, types, and implant depth (Figure 5a).



	
The digital library files of the dedicated scan abutment were applied to each OT-Equator, performing a “presurgical virtual impression” that obtained the implant’s prosthetic emergence, axis, and positions, (Figure 5b), and the STL file was then exported and sent to the technician for the project and fabrication of the provisional prosthesis.








Lab workflow:




	
The dental technician worked on the STL file that was received as an intraoral digital impression, obtaining the Ti-Base (Extragrade abutment, Rhein83, Bologna, Italy) from the library file of the scan abutment (Figure 6a,b). Then, the appropriate Ti-base height for the OT-Bridge system was selected for each position (Figure 7a,b).



	
A provisional prosthesis composed of a thermosetting resin reinforced with a multidirectional glass fiber framework (Trilor Arch, Bioloren, Saronno, Italy) covered by a PMMA esthetic coverage (BreCam Multicom, Bredent srl, Bolzano, Italy) was digitally designed and produced using a five-axis milling machine (PrograMill PM7, Ivoclar Vivadent, Bolzano, Italy) (Figure 8a,b). The extragrade abutments were cemented manually in the framework using a paste-paste resin-modified glass ionomer luting cement self-mixed with cartridge (FujiCEM 2, GC, Tokio, Japan). The white acetalic Seegers were inserted in the extragrade abutment undercuts and the prosthesis was then sent to the clinician (Figure 9a,b).



	
A 3D-printed surgical mucosa and tooth-supported template was digitally designed and produced (RealGuide 3Diemme, Como, Italy). This was supported by the two contralateral distal molars and was provided with three labial pin holes.








Surgical phase planning:




	
The surgical template was positioned in the upper maxilla using the tooth-supported parts and then stabilized by inserting three vestibular pins in the bone (Figure 10).



	
Seven tapered implants (Naturactis LYRA ETK, Paris, France) were inserted on the upper maxilla in a flapless surgery, as planned (Figure 11a). The implant paths were prepared using a dedicated static guided surgery kit (ETK Implant Guide, LYRA ETK, Paris, France). Implants were manually inserted in an alternate way and by screwing and unscrewing movements before the final positioning. All of the implants showed final peak insertion torque values between 25 and 30 Ncm. OT-Equator attachments were mounted on implants (Figure 11b) and then the prosthesis was placed on them.



	
Clinical and radiographic checks of the passive fit of the prosthesis were performed (Figure 12a–c).









3. Discussion


Static guided surgery with previous digital planning and digital prosthodontics are two of the most explicit examples of the digital revolution that, today, involves dentistry [19,20,21,22,23,24]. With the improvements in the dental softwares, several digital tricks have become possible, resulting in a reduced clinical and lab operating time [19,20,21].



In our technique, the avoidance of the production of the patient models, the elimination of the intraoral impression phase, and the use of the OT Bridge system are the major advantages for the realization of a provisional prosthesis on implants.



In fact, gypsum casts and 3D-printed models may determine some deviations in the position of implant analogues because of the volumetric expansion of gypsum materials during the pouring phase and the shrinkage related to the resin polymerization process, respectively [25]. Convention impression material and intraoral scanners also led to some inaccuracies; shifts of impression transfers may happen during impression tray removal from the patient’s mouth while, in digital impressions, implant positions may be wrongly interpreted by software algorithms, especially in the case of large edentulous areas between scan bodies [13,14].



However, despite all of the surgical attention and the digital implant planning, inaccuracies in implant positions are always reported [26,27]. A systematic review and meta-analysis of the literature reports an accuracy of static computer-assisted implant surgery with a total mean error of 1.12 mm (maximum of 4.5 mm) at the entry point and 1.39 mm at the apex (maximum of 7.1 mm) [28]. Deviations from the digital planning arise from many factors, including the type of surgical template, the surgical procedures, the angulation and depth of the implants and the bone quality. In our protocol, in order to reduce the size of errors during implant positioning, some tricks were applied.



In the digital planning, implant axes were parallelized as much as possible. In this way, a more predictable implant insertion could be reached according to the literature [28]. Consequently, a passive prosthetic fitting could be achieved and possible discrepancies between implant positions and abutment platforms could be simply recognized through clinical and radiographic exams [7].



During the surgical phases, implants were inserted alternately in order to stabilize the surgical template, and movements of screwing and unscrewing implants were performed before the final insertion to obtain the most accurate final implant position. Manual insertion was conducted in order to have a more sensitive positioning of implants without perceivable deviations.



However, from the literature, it seems that immediate loading protocols are incompatible with static guided implant surgery procedures because the implant-prosthetic connection after the surgery lacks a passive fit of the prosthetic framework on implants [9,28]. Then, a prosthetic system with a tolerance in the connection could be a possible solution to avoid misfit.



The OT Bridge is a screw-retained system composed of a low-profile attachment (OT-Equator), a sub-equatorial component represented by an interchangeable acetal ring called Seeger, and a cylindrical titanium “extragrade” abutment. This abutment is cemented in the prosthetic framework and, at its retentive extremity, is provided by a cavity designed for the insertion of the acetal ring, which occupies the undercut created. In this way, the Seeger ring provides a secure and functioning resilient connection that guarantees the stable housing of the prosthesis already on the OT equator attachment, which was initally designed to retain overdentures [17,18]. With this system, discrepancies in implant positioning between digital and real could be compensated for by the peculiar connection of the OT Bridge system, which guarantees a correct fitting of the prosthesis thanks to its low profile. For these reasons, in this clinical case, we use this prosthetic system instead of the MUA system, where the rigid screw connection needs an accuracy in implant positioning that, today, is impossible to achieve. In addition, the low profile of the OT-Equator attachments allows for a more simple tissue management that could also be evaluated in the presurgical phase through digital planning [29,30].



However, this is a case report and the protocol has to be validated with other studies with larger samples considering also different final prosthetic volumes and implant positions. Other factors, such as the type of surgical template, the implant insertion protocol, the use of a technopolymer for the prosthetic framework, and all of the other variables involved in this technique, have to be considered in a broader context with future research and studies.
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Figure 1. Extraoral aspect of the patient smile. 
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Figure 2. Intraoral view with (a) and without (b) upper removable partial denture. 
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Figure 3. DICOM and STL files matching (a) with surgical and prosthetic project (b). 
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Figure 4. Virtual design of the surgical template. 
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Figure 5. Virtual implant planning with OT-Equator attachments (a) and scan abutment library files (b). 
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Figure 6. Virtual presurgical impression on the scan abutment library file (a) and related extragrade abutments for OT-Bridge system (b). 
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Figure 7. Computer-aided design framework (a) and final prosthetic volumes (b). 
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Figure 8. Milling of the framework in technopolymer material (a) and extragade abutments (b). 
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Figure 9. Provisional pre surgical prosthesis with esthetic characterization: palatal view (a), frontal view (b). 
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Figure 10. Surgical template correctly positioned in the upper jaw. 
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Figure 11. Implant insertion (a) and OT-Equator attachments positioning (b). 
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Figure 12. Provisional prosthesis positioning (a), post-surgical orthopantomography (b) and final extraoral aspect of the patient (c). 






Figure 12. Provisional prosthesis positioning (a), post-surgical orthopantomography (b) and final extraoral aspect of the patient (c).



[image: Prosthesis 04 00021 g012]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png





media/file18.png





media/file21.jpg





media/file3.jpg





media/file22.png





media/file19.jpg





media/file7.jpg





media/file10.png
\\

l ~f
-
b
=






media/file14.png





media/file11.jpg





media/file6.png





media/file15.jpg





nav.xhtml


  prosthesis-04-00021


  
    		
      prosthesis-04-00021
    


  




  





media/file16.png





media/file2.png





media/file20.png





media/file23.jpg





media/file5.jpg





media/file24.png





media/file1.jpg





media/file12.png
e LA

e
oYW
s 4"-3.

"o
—. \6\.

o - T

" -






media/file9.jpg





media/file0.png





media/file8.png





media/file17.jpg





