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Abstract

:

Obtaining accurate models and well-fitting prostheses during the fabrication of complete implant-supported prostheses has been a significant challenge. Conventional impression methods involve multiple clinical and laboratory steps that can lead to distortions, potentially resulting in inaccurate prostheses. In contrast, digital impressions may eliminate some of these steps, leading to better-fitting prostheses. Therefore, it is important to compare conventional and digital impressions for producing implant-supported prostheses. This study aimed to compare the quality of digital intraoral and conventional impressions by measuring the vertical misfit of implant-supported complete bars obtained using both types of techniques. Five digital impressions using an intraoral scanner and five impressions using elastomer were made in a four-implant master model. The plaster models produced with conventional impressions were scanned in a laboratory scanner to obtain virtual models. Screw-retained bars (n = five) were designed on the models and milled in zirconia. The bars fabricated using digital (DI) and conventional (CI) impressions were screwed to the master model, initially with one screw (DI1 and CI1) and later with four screws (DI4 and CI4), and were analyzed under a SEM to measure the misfit. ANOVA was used to compare the results (p < 0.05). There were no statistically significant differences in the misfit between the bars fabricated using digital and conventional impressions when screwed with one (DI1 = 94.45 µm vs. CI1 = 101.90 µm: F = 0.096; p = 0.761) or four screws (DI4 = 59.43 µm vs. CI4 = 75.62 µm: F = 2.655; p = 0.139). Further, there were no differences when the bars were compared within the same group screwed with one or four screws (DI1 = 94.45 µm vs. DI4 = 59.43 µm: F = 2.926; p = 0.123; CI1 = 101.90 µm vs. CI4 = 75.62 µm: F = 0.013; p = 0.907). It was concluded that both impression techniques produced bars with a satisfactory fit, regardless of whether they were screwed with one or four screws.
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1. Introduction


The functional and esthetic rehabilitation of fully edentulous patients using implant-supported prostheses has proved to be predictable in the long term [1]. However, biological and mechanical failures of implants and prostheses can still occur [2,3,4]. Complications related to implant-supported prostheses may include misfit or lack of passivity to the implant or prosthetic abutment [5,6]. It is considered unfeasible to achieve a passive fit of the prostheses due to inherent distortions in various clinical and laboratory procedures [5,6,7,8,9]. Nevertheless, it is important to aim for excellent accuracy in implant rehabilitations because inadequate adaptation in implant-supported prostheses can result in increased stress and mechanical problems, such as loosening or fracture of retention screws [5,6,9]. A number of clinical and laboratory variables can contribute to the production of poorly fitting prostheses, with the transfer of implant position to the working model being a critical factor [8,9,10].



Several traditional impression techniques utilizing different impression materials, transfer copings, and trays have been assessed for their ability to produce models capable of fabricating prostheses with a high level of fit [8,10]. Among conventional techniques, elastomeric impressions using an open tray with splinted transfers appear to result in prostheses with superior fit, making it the preferred conventional technique [10]. However, conventional techniques, besides being time-consuming, usually result in models with some distortion and prostheses with some degree of misfit [7,8,9,10]. Although it is not possible to fabricate implant-supported prostheses without some degree of mismatch, current conventional techniques allow their fabrication to the extent that they can be long-lasting [2,3,4]. Moreover, through the combination of digital CAD-CAM techniques, conventional impression methods can generate satisfactory prostheses, even in full-arch complex cases [11].



The use of intraoral digital impressions could be an approach to eliminate or minimize clinical and laboratory steps that usually introduce errors in the fabrication of implant-supported prostheses [8,9]. Digital impression involves acquiring 3D images of the implant/abutment and surrounding tissues using an intraoral scanner. A scan body with easily readable geometry is screwed onto the implant/abutment to capture its image. The scan body identifies the type of connection and the depth of the implant/abutment [8]. This technique has been used frequently with promising clinical results [10,12], especially for tooth-supported, implant-supported single crowns [13], and to generate milled structures [14]. Laboratory studies and reviews comparing digital and conventional impressions for single implants have shown similar outcomes [15,16,17,18]. Furthermore, digital impressions can be more time- and cost-effective [19,20,21], more acceptable by patients [22], and well-accepted by students and practitioners [23], justifying the growing use of this digital technology in dentistry.



However, in multiple implants [24], especially for full-arch cases [17,25,26,27,28,29,30,31,32,33,34,35,36,37,38], intraoral digital impressions still lack predictability. Numerous methods have been used to assess the quality or accuracy of intraoral digital impressions for multiple implants. The most common is the use of coordinate-measurement machines and the analysis of 3D coordinate axes obtained through superimposition of STL files generated using a laboratory scanner (control) and intraoral scanner and elastomeric impression tests [12,14,16,24,25,26,29,30,31,32,33]. They can measure the 3D deviation and, consequently, the trueness and precision between the experimental models and the master model without the need to construct prostheses. Other studies analyzed the quality of fit directly in the prostheses utilizing radiographic analysis [36,38], strain recording [15], optical microscopy [34], and the Sheffield test [36,38]. Based on the findings of some of these studies evaluating digital impression, it has been suggested that it may not be suitable for routine clinical use in full-arch prostheses [16]. Additionally, some specific intraoral scanner models were not recommended for use in full arches [32]. Moreover, caution is advised when using digital impressions for multiple implants with an angulation exceeding 15°, as the results may be unreliable [33]. Even in more recent studies, authors have demonstrated that intraoral scanning can exhibit errors that may impact clinical success [31,33]. Despite these limitations, other studies have presented promising outcomes regarding intraoral scanning for implant full-arch rehabilitations. An in vitro study has demonstrated smaller marginal discrepancy under optical microscopy of complete implant-supported structures obtained with digital impressions [34]. A recent laboratory study has found significantly less 3D deviation on models in digital groups compared to a conventional polyether splint open-tray impression [30]. A clinical retrospective study showed that implant deviations found between both the full-arch digital and conventional impressions lie within the clinically acceptable threshold [35]. Systematic reviews showed acceptable [36] or even higher accuracy for intraoral scanning in implant full-arch models [37]. More recently, a clinical study which compared full-arch implant-supported prostheses made using conventional and digital intraoral impressions found no differences in the fit quality between both methods. Nevertheless, digital analysis resulted in prostheses with better accuracies [38]. Thus, despite the evident progress observed in recent studies, there is still no consensus on whether intraoral digital impressions can be regularly used to produce complete implant-supported dentures.



While the digital impression technique for teeth and single implant-supported prostheses is well-established, there is still a need for further development and discussion regarding intraoral digital impressions in full arches [13,17,18,28,29,30,31,33,36,37]. Therefore, this study aimed to compare, in vitro, digital impressions using an intraoral scanner and conventional impressions using elastomers by measuring the vertical misfit in the abutment/prosthesis interface in full-arch implant-supported bars obtained via both methods. The null hypothesis is that there are no differences in misfit in the structures designed on models obtained using digital and conventional impressions.




2. Materials and Methods


A master model was made by installing 4 titanium external hexagon implants (SIN Implant System, São Paulo, Brazil) (diameter: 4.1 mm; length: 10 mm) in the interforaminal region of a training model (Implant Model, Pronew, São Gonçalo, Brazil) using a milling machine (F1, Degussa, Dusseldorf, Germany) to ensure inter-implant distance (5 mm) and parallelism between them (Figure 1A). Over the implants, straight multi-unit abutments (SIN Implant System) (height: 3 mm) were screwed with a torque of 32 Ncm (Figure 1B). The abutments were numbered 42, 41, 31, and 32 (FDI). Scan bodies for multi-unit abutments (SIN Implant System) were screwed (10 Ncm) onto the abutments (Figure 2A), and the model was scanned using an intraoral scanner (Trios 3, 3Shape, Copenhagen, Denmark) according to the scanning technique recommended by the manufacturer. Five virtual models were made with five digital impressions (Figure 3A).



Five impressions of the master model were made using customized open trays (Vivid ExelTray LC, Pearson Dental, Sylmar, CA, USA) to create five conventional plaster models. Open-tray transfers (SIN Implant System) were screwed (10 Ncm) onto each abutment and splinted using self-curing bisacrylic resin (Luxatemp Star, DMG, Hamburg, Germany). After 10 min, the resin was sectioned with a carborundum disk and rejoined with a small portion of the bisacrylic resin (Figure 2B). Poly-vinyl siloxane (VPS) adhesive (Universal Tray Adhesive, Zhermack, Badia Polesine, Italy) was applied to the inner part of the tray, and after 8 min of drying, the tray was loaded with monophase VPS dispensed with automix cartridges (Honigum Mono, DMG, Hamburg, Germany) (Pentamix Lite, 3M Espe, Neuss, Germany) and placed on the master model. After 7 min, the transfers were unscrewed, and the mold was removed from the master model and stored for 30 min, protected from direct light at room temperature and humidity. Subsequently, multi-unit abutment analogs (SIN Implant System) were screwed to the transfers, and 80 g of type IV plaster (Fuji Rock EP, GC Europe, Leuven, Belgium) was vacuum spatulated according to the manufacturer’s specifications and poured over the mold using a gypsum vibrator. After 1 h, the transfers were unscrewed, and the model was separated from the mold (Figure 3B). The models were stored away from direct light at room temperature and humidity. Scan bodies (SIN Implant System) were screwed (10 Ncm) onto the abutments of the 5 plaster models and scanned using a laboratory scanner with an accuracy of 6   µ  m (Map 200, AmannGirrbach, Klobach, Austria), generating 5 virtual models.



Each of the 5 virtual models obtained by digital impressions was transferred to the CAD software (DentalCad 2016, Exocad, Darmstadt, Germany). On each model, a bar-type screw-retained complete prosthetic framework was designed (Figure 4A). The external anatomy of the framework was saved and used for each design on each subsequent model. The 5 virtual models generated via the plaster models were worked in the same way as the models produced via the digital impressions with the screw-retained bars design (Figure 4B).



Each file was sent to a 5-axis milling machine (Motion 2, AmannGirrbach, Klobach, Austria), where the zirconia framework (Ceramill Zi, AmannGirrbach, Klobach, Austria) was milled. For each bar, a new set of burs was used. After milling, the bars were sintered (Ceramill Therm, AmannGirrbach, Klobach, Austria) according to the manufacturer’s recommendations (Figure 5A,B). Finally, 5 bars from the digital group (DI) and 5 bars from the conventional group (CI) were obtained (n = 5).



Each zirconia bar was positioned on the 4 abutments of the master model. For the first analysis under a microscope, only 1 screw on implant number 31 was torqued (15 Ncm). For the second measurement, all 4 screws were torqued (15 Ncm) onto each abutment. The master model with each bar was taken to the scanning electron microscope (SEM) (6360LV, JEOL JSM, Tokyo, Japan), always in the same position. The vertical misfit, which represents the difference in alignment along the vertical plane (Z-axis) and is consistently observed as a gap [9,39], was assessed at 1000× magnification in a frontal view for all 4 abutments of each bar, using either 1 or 4 screws.



Public domain image processing and analysis software (ImageJ 1.52, National Institutes of Health, Bethesda, MD, USA) was used for the measurements. From the SEM-generated images at 1000× magnification, 5 equidistant vertical measurements were taken on the edge of the buccal surface of the mismatch (gap) between each abutment and bar (Figure 6A,B). The mean of these 5 measurements was considered the final vertical misfit for each abutment (32, 31, 41, and 42). The mean of these misfit values of the 4 abutments resulted in the final mean misfit of that bar. The mean of the misfit values of the 5 bars resulted in the final mean value of a group. As each bar was submitted to two different measurements (with 1 and 4 screws), the digital group (DI) was subdivided into DI1 and DI4, and the conventional group (CI) between CI1 and CI4, each containing the 5 respective bars of that group, measured with 1 and 4 screws, respectively.



The sample size was determined using the Kruskal–Wallis test, with a confidence level of 95% and a 5% margin of error, based on the “n” value from a similar study [14]. The calculation was performed using the Epi Info statistical package (CDC, Atlanta, GA, USA) and resulted in a minimum requirement of n = 5 in each group to meet the assumptions of the non-parametric Kruskal–Wallis test.



The means obtained in each group were subjected to the Kolmogorov–Smirnov test, which confirmed that they did not significantly differ from those that are normally distributed, indicating a normal distribution (p = 0.5427). Levene’s test showed a homogeneity of variance (p = 0.1859). Additionally confirmed were the assumptions of the homogeneity of variance and normal distribution of the sample. The values obtained for vertical misfit for each group of bars were statistically compared with the Analysis of Variance (ANOVA) test (SPSS, IBM, Armonk, NY, USA), considering a 95% confidence interval (p < 0.05).




3. Results


For the digital group screwed with one screw (DI1), a vertical misfit of 94.45 μm (±53.94) was found; for the digital group with four screws (DI4), a vertical misfit of 59.43 μm (±27.22) was found. For the conventional group screwed with one screw (CI1), a vertical misfit of 101.90 μm (±63.66) was found; for the conventional group with four screws (CI4), a vertical misfit of 75.62 μm (±71.59) was found. Misfit values, means, and standard deviations for each bar for DI1, DI4, CI1, and CI4 are described in Table 1.



There were no statistical differences between the misfit values found in bars generated using digital and conventional impressions and screwed with one or four screws. Additionally, there were no statistical differences when comparing the bars screwed with 1 or 4 screws within the same group (Table 2).




4. Discussion


The null hypothesis was accepted, as there were no statistical differences in the vertical mismatch of the bars generated using digital and conventional methods.



The quality of fit of implant-supported prostheses is one of the fundamental requisites for long-term mechanical success [5,6]. However, it is challenging to obtain passive proper fit [7,8,9,14,34], particularly in monolithic structures such as zirconia that do not allow for sectioning and welding. Conventional techniques for obtaining working models involve clinical–laboratory steps that can introduce small errors into the process, such as polymerization and elastic recovery of elastomers, movement of transfer copings, and plaster expansion [10,18,34]. In contrast, intraoral digital impressions have the theoretical potential to minimize these errors [8,9,36]. It seems that the open tray with splinted transfers associated with high-precision elastomers such as VPS or polyether is the most accurate technique to obtain working models for implant-supported prostheses [10], and the present study used this method for the conventional impression group. Studies and reviews have attempted to elucidate the feasibility of using intraoral digital impressions in full-arch implant-supported prostheses cases, with general agreement on the challenges associated with the technique [12,13,14,17,24,25,26,27,28,29,30,31,32,36,37,38]. The large area to be scanned increases the risk of minor deviations accumulating during the formation of three-dimensional (3D) images [29]. Additionally, superimposition of images often occurs in the absence of fixed anatomic references and the presence of similarities in the morphology of scan-bodies [29,34]. Mandible/tongue movements, excessive salivation, and operator experience are other complicating factors [33,38]. In the present in vitro study, the scanning process was performed in a parallel-implants stable model without movements, tongue superimposing, moisture, or saliva, leading to caution in interpreting results. Another limitation of the present study is that the results obtained from the digital group refer to a specific intraoral scanner (Trios 3, 3 Shape), and there is significant variation in accuracy and predictable errors between different intraoral scanners [30,31,32].



The present study compared the two impression methods using the SEM to measure the vertical mismatch [39] in bars produced using these techniques. Dimensional analysis based on direct mismatch measurements of a vertical gap is a valid technique for evaluating the quality of methods for fabricating implant-supported prostheses [6,9]. Optical microscopy could potentially provide adequate misfit measurements at 1000× magnification, promoting resource efficiency. However, the presence of birefringence caused by the proximity of dissimilar materials with distinct optical properties (zirconia bar and titanium abutments) often led to blurred images, making it difficult to accurately draw measurement lines. Therefore, scanning electron microscopy (SEM) was used as it offered clear and high-resolution images, enabling precise delineation of measurement lines. The obtaining of misfit vertical values in μm ensures a more clinical-oriented understanding and discussion because it is possible to observe the actual mismatch values of the prosthetic structure. Consequently, it allows for comparisons with levels of misfit found in the literature that are considered adequate. There is no consensus on the maximum value considered adequate considering the misfit. Several studies and reviews considered that misfit values up to 150 μm are clinically acceptable [9,14,18,34,36], while others suggested that this limit would be 200 μm [12]. The consensus is that the misfit should be minimized to the lowest extent possible, thereby reducing the risks associated with mechanical and biological complications. In this study, to minimize the usual inaccuracies in the margins of the zirconia bars [9] and eliminate the potential influence of milling bur efficiency in the resulting misfit, a new set of burs was used for milling each bar. The results obtained using both impression methods in this study showed a level of adaptation within the limits considered adequate by the literature: DI1 = 94.45 ± 53.94 μm; DI4 = 59.43 ± 27.22 μm; CI1 = 101.90 ±63.66 μm; CI4 = 75.62 ± 71.59 μm. Another laboratory study which compared full-arch prostheses found a mean marginal discrepancy under optical microscopy readings of 135.1 µm for the conventional group and 63.14 µm for the digital technique [34]. Unfortunately, direct comparison with the values in the results of other studies that compared conventional and digital impressions in implant-supported full-arch prostheses was not possible, as they measured 3D deviation [12,14,16,24,25,26,29,30,31,32,33] rather than the gap between the abutment and the prosthesis. Being an in vitro study, the misfit values obtained in the present study cannot be directly extrapolated to the clinical reality. However, it can be inferred that both impression techniques resulted in satisfactory prostheses.



Comparisons between DI1 × CI1 (p = 0.840) and DI4 × CI4 groups (p = 0.651) showed no statistically significant differences. Thus, digital impressions were as effective as conventional impressions in terms of the quality of the vertical adaptation of the prosthetic structure. This finding is consistent with the results of other studies comparing the two methods by using prostheses [12,15,16,38]. Moreover, systematic reviews concluded that digital full-arch implant impressions may be as accurate as conventional impressions [36] or better [37], whereas some laboratory studies reported superior results for digital impressions [30,34]. A recent clinical study also found that both techniques would be in an acceptable range of precision for full-arch implant-supported prostheses [35]. Contrarily, a laboratory study suggested that the digital method was less accurate [24], and a systematic review could not provide clinical guidelines on the most accurate impression technique due to limited high-quality evidence studies [18]. It is important to analyze which scanners were used in the studies that reported lower accuracy for the digital impression [16,18,24], as more recent scanners tend to provide better results [30,32,38]. Additionally, the scan body type and scanner model generate different results [30,36]. Thus, there is no clear conclusion on the superiority of one technique over the other, given that numerous variables make different results equally applicable [33]. However, there is a clear trend in more recent studies to generate better results, possibly due to the utilization of more modern scanners.



Images were acquired with bar adaptation using one or four screws to minimize the possibility of improved fit due to tensioned approximation by tightening the screws [7]. Additionally, zirconia was used as bar material because of its higher stiffness compared to metallic alloys, which may prevent a forced adaptation when tightening the screws [9]. The intragroup comparison between DI1 × DI4 (p = 0.123) and CI1 × CI4 groups (p = 0.907) showed no statistically significant differences. This indicates that the adaptation of the bars to the abutments occurred passively in most parts, given the lack of significant interference of the number of torqued screws (one or four) in the perceived adaptation levels. This result is consistent with the aim of this study, as there was no significant interference of tensile stress and consequent micro strains generated by the forced adaptation using the screws. It is important to emphasize that all bars were screwed onto the same master model. Thus, as in any study employing a master model to assess the adaptation of prosthetic structures, micro deformations may occur in the master model, potentially influencing the measurement outcomes. To minimize the risk of deformation, care was taken to screw each bar onto the master model only once, using the torque recommended by the manufacturer.



Although there were no significant differences in fit, digital impressions were considered by other studies to be more effective in terms of laboratory time [19,20,21], cost [20], and patient comfort [22,27]. Thus, it is expected in the short-term to see the improvement of hardware and software systems for obtaining better digital impressions in full-arch implant cases. Further comparative clinical studies are needed that encompass the numerous variables in both impression techniques to achieve conclusive results.




5. Conclusions


Within the limitations of an in vitro study, the present results indicate that intraoral digital impressions employed in the fabrication of mandibular full-arch prosthetic bars attained a satisfactory degree of vertical adaptation, comparable to bars manufactured using conventional impressions. These findings suggest the potential of intraoral digital impression techniques as viable alternatives to conventional approaches for prosthetic structure production. Nonetheless, additional clinical research and long-term assessments are imperative to validate these findings and appraise the comprehensive clinical performance of intraoral digital impressions in full-arch implant-supported protheses.







Author Contributions


Conceptualization, G.C.S.; Methodology, R.R.S. and G.C.S.; Software, M.F.L. and E.C.F.; Validation, Ê.L.V.; Formal analysis, S.N.V.V.; Data curation, S.N.V.V. and R.C.P.; Writing—original draft, G.C.S.; Supervision, G.C.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


The authors would like to acknowledge the Center of Microscopy at the Universidade Federal de Minas Gerais (http://www.microscopia.ufmg.br) for providing the equipment and technical support for experiments involving electron microscopy. The authors would also like to thank PRPq at Universidade Federal de Minas Gerais for financial support for the publication fees. We also thank S.I.N. Implant System for providing the implants and prosthetics components used in the study. Vieira S.N.V. received CNPq Scholarship.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Chrcanovic, B.R.; Kisch, J.; Larsson, C. Retrospective evaluation of implant-supported full-arch fixed dental prostheses after a mean follow-up of 10 years. Clin. Oral Implants Res. 2020, 31, 634–645. [Google Scholar] [CrossRef]

	



Pjetursson, B.E.; Thoma, D.; Jung, R.; Zwahlen, M.; Zembic, A. A systematic review of the survival and complication rates of implant-supported fixed dental prostheses (FDPs) after a mean observation period of at least 5 years. Clin. Oral Implants Res. 2012, 23 (Suppl. S6), 22–38. [Google Scholar] [CrossRef] [PubMed]

	



Wittneben, J.G.; Buser, D.; Salvi, G.E.; Burgin, W.; Hicklin, S.; Bragger, U. Complication and failure rates with implant- supported fixed dental prostheses and single crowns: A 10-year retrospective study. Clin. Implant Dent. Relat. Res. 2013, 16, 356–364. [Google Scholar] [CrossRef] [PubMed]

	



Francetti, L.; Cavalli, N.; Taschieri, S.; Corbella, S. Ten years follow-up retrospective study on implant survival rates and prevalence of peri-implantitis in implant-supported full-arch rehabilitations. Clin. Oral Implants Res. 2019, 30, 252–260. [Google Scholar] [CrossRef] [PubMed]

	



Abduo, J.; Judge, R.B. Implications of implant framework misfit: A systematic review of biomechanical sequelae. Int. J. Oral Maxillofac. Implants 2014, 29, 608–621. [Google Scholar] [CrossRef]

	



Pan, Y.; Tsoi, J.K.H.; Lam, W.Y.H.; Pow, E.H.N. Implant framework misfit: A systematic review on assessment methods and clinical complications. Clin. Implant Dent. Relat. Res. 2021, 23, 244–258. [Google Scholar] [CrossRef]

	



Karl, M.; Taylor, T.D.; Wichmann, M.G.; Heckmann, S.M. In vivo stress behavior in cemented and screw-retained five- unit implant FPDs. J. Prosthodont. 2006, 15, 20–24. [Google Scholar] [CrossRef] [PubMed]

	



Hoods-Moonsammy, V.J.; Owen, P.; Howes, D.G. A comparison of the accuracy of polyether, polyvinyl siloxane, and plaster impressions for long-span implant-supported prostheses. Int. J. Prosthodont. 2014, 27, 433–438. [Google Scholar] [CrossRef]

	



Abduo, J.; Yin, L. Fits of Implant Zirconia Custom Abutments and Frameworks: A Systematic Review and Meta-Analyses. Int. J. Oral Maxillofac. Implants 2019, 34, 99–114. [Google Scholar] [CrossRef]

	



Papaspyridakos, P.; Chen, C.J.; Gallucci, G.O.; Doukoudakis, A.; Weber, H.P.; Chronopoulos, V. Accuracy of implant impressions for partially and completely edentulous patients: A systematic review. Int. J. Oral Maxillofac. Implants 2014, 29, 836–845. [Google Scholar] [CrossRef]

	



Azpiazu-Flores, F.X.; Lee, D.J.; Jurado, C.A.; Nurrohman, H. 3D-Printed Overlay Template for Diagnosis and Planning Complete Arch Implant Prostheses. Healthcare 2023, 11, 1062. [Google Scholar] [CrossRef]

	



Chochlidakis, K.; Papaspyridakos, P.; Tsigarida, A.; Romeo, D.; Chen, Y.W.; Natto, Z.; Ercoli, C. Digital versus conventional full-arch implant impressions: A prospective study on 16 edentulous maxillae. J. Prosthodont. 2020, 29, 281–286. [Google Scholar] [CrossRef] [PubMed]

	



Giachetti, L.; Sarti, C.; Cinelli, F.; Russo, D.S. Accuracy of digital impressions in fixed prosthodontics: A systematic review of clinical studies. Int. J. Prosthodont. 2020, 33, 192–201. [Google Scholar] [CrossRef] [PubMed]

	



Al-Meraikhi, H.; Yilmaz, B.; McGlumphy, E.; Brantley, W.; Johnson, W.M. In vitro fit of CAD-CAM complete arch screw-retained titanium and zirconia implant prostheses fabricated on 4 implants. J. Prosthet. Dent. 2018, 119, 409–416. [Google Scholar] [CrossRef]

	



Karl, M.; Graef, F.; Schubinski, P.; Taylor, T. Effect of intraoral scanning on the passivity of fit of implant-supported fixed dental prostheses. Quintessence Int. 2012, 43, 555–562. [Google Scholar] [PubMed]

	



Lee, S.J.; Betensky, R.A.; Gianneschi, G.E.; Gallucci, G.O. Accuracy of digital versus conventional implant impressions. Clin. Oral Implants Res. 2015, 26, 715–719. [Google Scholar] [CrossRef]

	



Wismeijer, D.; Joda, T.; Flügge, T.; Fokas, G.; Tahmaseb, A.; Bechelli, D.; Bohner, L.; Bornstein, M.; Burgoyne, A.; Caram, S.; et al. Group 5 ITI consensus report: Digital technologies. Clin. Oral Implants Res. 2018, 29, 436–442. [Google Scholar] [CrossRef]

	



Flügge, T.; van der Meer, W.J.; Gonzalez, B.G.; Vach, K.; Wismeijer, D.; Wang, P. The accuracy of different dental impression techniques for implant- supported dental prostheses: A systematic review and meta-analysis. Clin. Oral Implants Res. 2018, 29 (Suppl. 16), 374–392. [Google Scholar] [CrossRef]

	



Mühlemann, S.; DKraus, R.; Hämmerle, C.H.F.; Thoma, D.S. Is the use of digital technologies for the fabrication of implant-supported reconstructions more eficiente and/or more effective than conventional techniques: A systematic review. Clin. Oral Implants Res. 2018, 29, 184–195. [Google Scholar] [CrossRef]

	



Joda, T.; Brägger, U. Digital vs. conventional implant prosthetic workflows: A cost/time analysis. Clin. Oral Implants Res. 2015, 26, 1430–1435. [Google Scholar] [CrossRef]

	



Lee, S.J.; Gallucci, G.O. Digital vs. conventional implant impressions: Efficiency outcomes. Clin. Oral Implants Res. 2013, 24, 111–115. [Google Scholar] [CrossRef] [PubMed]

	



Wismeijer, D.; Mans, R.; van Genuchten, M.; Reijers, H.A. Patients’ preferences when comparing analogue implant impressions using a polyether impression material versus digital impressions (intraoral scan) of dental implants. Clin. Oral Implants Res. 2014, 25, 1113–1138. [Google Scholar] [CrossRef] [PubMed]

	



Lee, S.J.; Macarthur, R.X., 4th; Gallucci, G.O. An evaluation of student and clinician perception of digital and conventional implant impressions. J. Prosthet. Dent. 2013, 110, 420–423. [Google Scholar] [CrossRef] [PubMed]

	



Basaki, K.; Alkumru, H.; De Souza, G.; Finer, Y. Accuracy of digital vs conventional implant impression approach: A three-dimensional comparative in vitro analysis. Int. J. Oral Maxillofac. Implants 2017, 32, 792–799. [Google Scholar] [CrossRef]

	



Uribarri, A.; Bilbao-Uriarte, E.; Segurola, A.; Ugarte, D.; Verdugo, F. Marginal and internal fit of CAD/CAM frameworks in multiple implant-supported restorations: Scanning and milling error analysis. Clin. Implant Dent. Relat. Res. 2019, 21, 1062–1072. [Google Scholar] [CrossRef]

	



Canullo, L.; Colombo, M.; Menini, M.; Sorge, P.; Pesce, P. Trueness of Intraoral Scanners Considering Operator Experience and Three Different Implant Scenarios: A Preliminary Report. Int. J. Prosthodont. 2021, 34, 250–253. [Google Scholar] [CrossRef]

	



Kihara, H.; Hatakeyama, W.; Komine, F.; Takafuji, K.; Takahashi, T.; Yokota, J.; Oriso, K.; Kondo, H. Accuracy and practicality of intraoral scanner in dentistry: A literature review. J. Prosthodont. Res. 2020, 64, 109–113. [Google Scholar] [CrossRef]

	



Watanabe, H.; Fellows, C.; An, H. Digital Technologies for Restorative Dentistry. Dent. Clin. N. Am. 2022, 66, 567–590. [Google Scholar] [CrossRef]

	



Chen, Y.; Zhai, Z.; Watanabe, S.; Nakano, T.; Ishigaki, S. Understanding the effect of scan spans on the accuracy of intraoral and desktop scanners. J. Dent. 2022, 124, 104220. [Google Scholar] [CrossRef]

	



Kosago, P.; Ungurawasaporn, C.; Kukiattrakoon, B. Comparison of the accuracy between conventional and various digital implant impressions for an implant-supported mandibular complete arch-fixed prosthesis: An in vitro study. J. Prosthodont. 2022; Epub ahead of print. [Google Scholar] [CrossRef]

	



Zingari, F.; Meglioli, M.; Gallo, F.; Macaluso, G.M.; Tagliaferri, S.; Ghezzi, B.; Lumetti, S. Predictability of intraoral scanner error for full-arch implant-supported rehabilitation. Clin. Oral Investig. 2023; Epub ahead of print. [Google Scholar] [CrossRef]

	



Di Fiore, A.; Meneghello, R.; Graiff, L.; Savio, G.; Vigolo, P.; Monaco, C.; Stellini, E. Full arch digital scanning systems performances for implant-supported fixed dental prostheses: A comparative study of 8 intraoral scanners. J. Prosthodont. Res. 2019, 63, 396–403. [Google Scholar] [CrossRef]

	



Carneiro Pereira, A.L.; Medeiros, V.R.; da Fonte Porto Carreiro, A. Influence of implant position on the accuracy of intraoral scanning in fully edentulous arches: A systematic review. J. Prosthet. Dent. 2021, 126, 749–755. [Google Scholar] [CrossRef] [PubMed]

	



Abdel-Azim, T.; Zandinejad, A.; Elathamna, E.; Lin, W.; Morton, D. The influence of digital fabrication options on the accuracy of dental implant-based single units and complete-arch frameworks. Int. J. Oral Maxillofac. Implants 2014, 29, 1281–1288. [Google Scholar] [CrossRef] [PubMed]

	



Papaspyridakos, P.; De Souza, A.; Finkelman, M.; Sicilia, E.; Gotsis, S.; Chen, Y.W.; Vazouras, K.; Chochlidakis, K. Digital vs Conventional Full- Arch Implant Impressions: A Retrospective Analysis of 36 Edentulous Jaws. J. Prosthodont. 2023, 32, 325–330. [Google Scholar] [CrossRef]

	



Wulfman, C.; Naveau, A.; Rignon-Bret, C. Digital scanning for complete-arch implant-supported restorations: A systematic review. J. Prosthet. Dent. 2020, 124, 161–167. [Google Scholar] [CrossRef] [PubMed]

	



Floriani, F.; Lopes, G.C.; Cabrera, A.; Duarte, W.; Zoidis, P.; Oliveira, D.; Rocha, M.G. Linear Accuracy of Intraoral Scanners for Full-Arch Impressions of Implant-Supported Prostheses: A Systematic Review and Meta-Analysis. Eur. J. Dent. 2023; Epub ahead of print. [Google Scholar] [CrossRef]

	



Pera, F.; Pesce, P.; Bagnasco, F.; Pancini, N.; Carossa, M.; Baldelli, L.; Annunziata, M.; Migliorati, M.; Baldi, D.; Menini, M. Comparison of Milled Full-Arch Implant-Supported Frameworks Realized with a Full Digital Workflow or from Conventional Impression: A Clinical Study. Materials 2023, 16, 833. [Google Scholar] [CrossRef]

	



Holmes, J.R.; Bayne, S.C.; Holland, G.A.; Sulik, W.D. Considerations in measurement of marginal fit. J. Prosthet. Dent. 1989, 62, 405–408. [Google Scholar] [CrossRef] [PubMed]








[image: Materials 16 04176 g001 550] 





Figure 1. (A) Master model. Implants numbered 42, 41, 31, and 32, from left to right in image. (B) Multi-unit-type abutments screwed onto implants. 
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Figure 2. (A) Scan bodies screwed onto abutments. (B) Open-tray transfers screwed onto implants and splinted with bis-acrylic resin. 
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Figure 3. (A) Digital model generated using intraoral scanner. (B) Plaster model obtained in conventional impression group. 
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Figure 4. (A) Digital bar designed on master model: digital impression group. (B) Digital bar designed on master model: conventional impression group. 
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Figure 5. (A) Zirconia bar screwed on master model: digital impression group. (B) Zirconia bar screwed on master model: conventional impression group. 
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Figure 6. (A) Abutment–bar interface SEM image of abutment 42, digital bar 2 (DB2). (B) Abutment–bar interface SEM image of abutment 42, digital bar 2 (DB2), with 5 vertical lines used to measure the mean misfit of this abutment. 1000× magnification. 
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Table 1. Mean value of vertical mismatches found in each group, in μm, with respective standard deviation (SD) value.
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Bar

	
Digital Impression (DI)

	
Conventional Impression (CI)






	

	
1 screw (DI1)

	
4 screws (DI4)

	
1 screw (CI1)

	
4 screws (CI4)




	
1

	
103.80

	
38.47

	
167.39

	
31.36




	
2

	
39.04

	
34.54

	
60.18

	
34.95




	
3

	
64.38

	
55.42

	
20.27

	
14.02




	
4

	
84.16

	
66.37

	
100.48

	
114.57




	
5

	
180.88

	
102.34

	
161.21

	
183.22




	

	
94.45 (mean)

	
59.43 (mean)

	
101.90 (mean)

	
75.62 (mean)




	

	
53.94 (SD)

	
27.22 (SD)

	
63.66 (SD)

	
71.59 (SD)








SD, standard deviation; DI1, digital group with 1 screw; DI4, digital group with 4 screws; CI1, conventional group with 1 screw; C14, conventional group with 4 screws.
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Table 2. F value and p value after Analysis of Variance (ANOVA).
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	Groups
	F Value
	p Value





	DI1 vs. DI4
	2.926
	0.123



	CI1 vs. CI4
	0.013
	0.907



	DI4 vs. CI4
	2.655
	0.139



	DI1 vs. CI1
	0.096
	0.761







DI1: digital group with 1 screw; DI4: digital group with 4 screws; CI1: conventional group with 1 screw; C14: conventional group with 4 screws.
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