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Abstract 

In digital implant dentistry, the accuracy of the scanned dental models is important. Error from stitching the 
same pattern of the edentulous ridge is possible while using intraoral scanners. It could cause a diagonal error of the 
scanned surfaces that leads to an angular error of the implant axes. The purpose of this study was to investigate the angular 
error of the scan bodies in different inter-implant distances from using two intraoral scanners. The models of 7- and 14-
mm inter-implant distance were prepared. A desktop scanner, 3shape® D900L, was used to prepare the reference data. 
The Trios3™ and Cerec™ Omnicam intraoral scanners were used to collect test data. Ten scans were performed for each 
model and scanner. The angular error was, then, analyzed in GOM Inspect™ software and statistical estimation was 
performed using SPSS 18. Trios3 had median angular errors of 0.390 (0.515, 0.285) and 0.472 (0.620, 0.375) degrees in 
the 7- and 14-mm groups, respectively, and the result was not statistically significant. The angular errors of Cerec 
Omnicam were 0.355 (0.455, 0.135) and 0.505 (0.725, 0.305) degrees in the 7- and 14-mm groups, respectively. It was 
statistically significant for this scanner (p<0.05). There was no statistical difference in the angular error between the two 
scanners. It is suggested in this study that the large inter-implant distance creates a greater angular error of the scan bodies 
as computerized data, which could affect the passive fit of the final restorations. 
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1.  Introduction 

In implant dentistry, especially in a multiple-unit restoration, the accuracy of oral impression for 
final prostheses is significant. According to the implant biomechanics (Kim, Oh, Misch, & Wang, 2005), a 
50-µm movement of an osseointegrated implant was reported as a maximal implant movement. Exceeding 
biomechanical acceptability could lead to pathological bone strain (Misch, 2015). Andriessen and colleagues 
reported that 0.194 degrees of angular movement due to non-passive restoration could create the 50-µm 
movement of an implant (Andriessen, Rijkens, van der Meer, & Wismeijer, 2014). Therefore, the error of the 
restoration for two implants should not exceed 100 µm or less than 0.4 degrees. Thus, intraoral data collection 
should be a meticulous procedure to avoid future implant complications. 

Intraoral scanners are the device for collecting anatomical physiognomy in oral cavities. Similar to 
analogous oral impression, the models from the device will be used for prostheses fabrication. Several studies 
also reported that the accuracy of models from intraoral scanners was greater than the traditional impression 
(Alikhasi, Siadat, Nasirpour, & Hasanzade, 2018; Cappare, Sannino, Minoli, Montemezzi, & Ferrini, 2019; 
Lee & Gallucci, 2013; Papaspyridakos et al., 2016; Seelbach, Brueckel, & Wöstmann, 2013; Yuzbasioglu, 
Kurt, Turunc, & Bilir, 2014). However, some studies reported poorer accuracy (Ajioka, Kihara, Odaira, 
Kobayashi, & Kondo, 2016; Basaki, Alkumru, De Souza, & Finer, 2017). It depends on the surrounding 
factors of the scanned area. These factors include surrounding ambient light, moisture, keratinized tissues, 
tooth preparation geometries, patient movement, scanner systems, or length of the edentulous span (Abduo 
& Elseyoufi, 2018; Andriessen et al., 2014; Arakida, Kanazawa, Iwaki, Suzuki, & Minakuchi, 2018; Braian 
& Wennerberg, 2019; Jivanescu et al., 2019; Keeling, Wu, & Ferrari, 2017; Mangano et al., 2019).  

Several studies reported that the accuracy of intraoral scanners used in the larger edentulous span 
was more inferior to the smaller span (Andriessen et al., 2014; Flügge et al., 2018; Fukazawa, Odaira, & 
Kondo, 2017; Imburgia et al., 2017; Mangano et al., 2019; Vandeweghe, Vervack, Dierens, & De Bruyn, 
2016). It is because the scanner captures similar pictures of the scanned surfaces, which could cause the wrong 
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stitching of the surfaces and lead to diagonal errors. Therefore, in implant dentistry, the diagonal error of the 
models could cause the angular error of the implant axes. However, only one clinical study reported the 
angular error from the scan bodies. Andriessen and colleagues reported a wide range of angulation errors of 
the scan bodies on the edentulous arch (Andriessen et al., 2014). The angles seemed not related to the distance 
between the implants. Also, some of the scanned data had wrong stitching due to the mobility of the mucosa, 
which could lead to difficulty of scanning. It leads to the objective of this study. The purpose of this study 
was to investigate the angular error of scan bodies generated by intraoral scanners in 7-mm inter-implant 
distance and 14-mm inter-implant distance.  

 
2.  Objectives 

1) To compare the angular error of the scan abutment generated by intraoral scanners among the 
models with 7- and 14-mm inter-implant distances. 

2) To compare the accuracy of the two intraoral scanners in the angular error aspect. 
  

3.  Materials and Methods 
A brief workflow is illustrated in Figure 1. Two dental models were designed by Meshmixer™ 

(Autodesk Inc., California, USA), and printed by using Form2™ SLA 3D printer (Formlabs, Massachusetts, 
USA). In the 7-mm distance model, the right maxillary canine (13) and first premolar (14) were replaced with 
the Straumann® (Straumann Holding AG, Basel, Switzerland) Regular CrossFit™ implant analogs and scan 
abutments. Two scan abutments were 7 mm apart, measured from the center of the abutments. In the 14-mm 
model, the same manner was performed in tooth 13 and right second premolar (15). 

The 3shape® D900L dental laboratory scanner (3Shape, Copenhagen, Denmark), a highly precise 
non-contact optical scanner, was used to prepared two references scanned models. Then, two intraoral 
scanners, 3Shape® TRIOS3™ (3Shape, Copenhagen, Denmark) and Dentsply Sirona® CEREC™ Omnicam 
(Dentsply Sirona, North Carolina, USA), were used to prepare test models. Ten scans were performed for 
each model and scanner following the manufacturers’ instructions. 

All analytic processes were performed in GOM Inspect™ software (GOM GmbH, Braunschweig, 
Germany). Prior to performing the analysis, “Pre alignment” and “Local best-fit alignment” were used to 
ensure the accurate superimposition of reference and test data. Then, the cylinders of the scan bodies were 
generated from Gaussian best-fit. These cylinders provided axes of the scan bodies. The axes between 
reference and test models were compared using the “Angle” function (Figure 2). Two angles from the anterior 
and posterior scan bodies were averaged for the angular error of a model. All tested data were recorded and 
analyzed in IBM SPSS 18 (IBM SPSS Statistics for Windows, IBM Corp, USA) using Levene’s Test of 
Equality of variances between two variables, and the Mann-Whitney U test. 

 

 
Figure 1 A Brief workflow of the study 
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Figure 2 demonstrates the angular error analysis of 7-mm inter-implant distance in GOM Inspect™ software 

 
4.  Results and Discussion  

Table 1 illustrated the analyzed data of angular error between two distances and scanners. A 
significant difference was found in CEREC™ Omnicam intraoral scanner between 7- and 14-mm inter-
implant distance (p<0.05). The medians of a 14-mm group of both scanners exceed the acceptable angular 
error, according to Andriessen and colleagues (2014). Between the two scanners, there was no significant 
angular error (p>0.05). The result of this study was not consistent with some studies (Andriessen et al., 2014, 
van der Meer et al., 2012). Andriessen et al. studied angular errors in a clinical situation. Factors related to 
actual oral cavities, such as saliva, the amount of keratinized tissues, or patient movement, resulted in various 
ranges of angular errors. Another study by van der Meer et al. was also different from this experiment. The 
study was performed in a partially edentulous arch, but there were single implants distributed in three 
positions in the arch. The implants were surrounded by natural teeth. These teeth were reference objects of 
the intraoral scanners, which affect the accuracy and ease of scanning. Compared to the authors’ experiment, 
the study’s design was related to different sizes of edentulous spans with implants at each end. Similar smooth 
surface texture and geometry affected the scanning accuracy. 

To compare the different technological principles between TR and CR, TR was confocal 
microscopy, and CR was active triangulation. The mechanism of confocal microscopy was capturing the 
images in the focal range of the receiver. The focused images were included to form a scanned model. This 
technique requires a larger image receiver. Whereas, the active triangulation technique was based on the 
trigonometric calculation of the coordinates X, Y, and Z captured from two points of the receiver’s view. Due 
to different sizes of the receiver, the active triangulation requires more images to form a 3D model. Stitching 
a greater amount of images resulted in more errors (Amornvit, Rokaya, Peampring, & Sanohkan, 2021). 
However, in 7-mm inter-implant distance, the large tip of TR’s confocal microscopy affected accessibility to 
the smaller area. Thus, the error of the TR scanner for 7-mm distance was greater than the CR scanner. 

 
Table 1. Median (Max, Min) (degree) of the angular error of TRIOS3 (TR) and CEREC Omnicam (CR) among the inter-
implant distance of 7 and 14 mm. 

  Inter-implant Distance  
  7 mm 14 mm p 

Scanner TR 0.390 (0.515, 0.285) 0.472 (0.620, 0.375) 0.35 
CR 0.355 (0.455, 0.135) 0.505 (0.725, 0.305) 0.009* 

 p 0.315 0.631  
* Significant by Mann-Whitney U test (p<0.05) 
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According to Figure 3, 17 out of 40 samples among the groups had angular error higher than 0.4 
degrees, 42.5% of the entire samples. It may be considered a high chance of angular error. 

Because this study was an in vitro study, several factors in actual oral cavities were not included. 
Further investigation was recommended to ensure the clinical application and conclusion. This study 
suggested that the larger span of the edentulous ridge between two implants creates a greater angular error 
when using an intraoral scanner. 
 

 
Figure 3 Angular error from using two intraoral scanners, the gray horizontal line indicates the acceptable maximal 

angular error according to Andriessen et al., 2014 
 

5.  Conclusion 
The digital oral impression is one of the effective ways to collect the data for prostheses fabrication. 

Not only patient comfort was achieved from using intraoral scanners, but also higher accuracy and better 
communication among dentists, patients, and dental laboratory technicians. However, the factors that may 
affect the accuracy should be considered. The size of the edentulous span is a factor that often leads to wrong 
surface stitching. Its consequence is the inferior accuracy of the scanned models and causes diagonal and 
angular errors. 

With the limitation of this study, the angular errors were greater, while the inter-implant distance 
increased. 
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