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A B S T R A C T   

Objectives: To compare the accuracy and time efficiency of different digital workflows in 3 implant-supported 
fixed partial denture situations. 
Methods: Three partially edentulous maxillary models with 2 implants (Model 1: implants at lateral incisor sites; 
Model 2: implants at right canine and first molar sites; Model 3: implants at right first premolar and first molar 
sites) were digitized (ATOS Capsule 200MV120, n=1) for reference scans. Test scans were performed for direct 
(Primescan (DDW-P) and Trios 3 (DDW-T)) and indirect (IDW) digital workflows (n=14). For IDW, stone casts 
(type IV) were obtained from vinylsiloxanether impressions and digitized (S600 Arti). The scan/impression and 
post processing times were recorded. Reference and test scans were superimposed (GOM Inspect) to calculate 3D 
point, inter-implant distance, and angular deviations. Kruskal-Wallis and Mann-Whitney tests were used for 
trueness and precision analyses (α=.05). 
Results: Tested workflows affected trueness (P≤.030) and precision (P<.001) of scans (3D point, inter-implant 
distance, and angular deviations) within models. DDW-P had the highest accuracy (3D point deviations) for 
models 1 and 3 (P≤.046). IDW had the lowest accuracy for model 2 (P<.01). DDW-P had the highest accuracy 
(inter-implant distance deviations) for model 3 (P≤.048). Direct digital workflow mostly led to lower angular 
deviations (P≤.040), and higher precision for models 2 (mesiodistal direction) and 3 (P<.001). The time for 
direct digital workflow was shorter (P<.001), DDW-P being more efficient than DDW-T (P=.008). 
Conclusion: Direct digital workflow was more accurate and efficient than indirect digital workflow in tested 
partial edentulism situations with 2 implants. 
Clinical significance: Tested intraoral scanners can be recommended for accurate and efficient impressions of 
anterior and posterior 3- or 4-unit implant-supported fixed partial dentures.   

1. Introduction 

Incorporation of computer-aided design and computer-aided 
manufacturing (CAD-CAM) technologies has been one of the para-
mount advancements in dentistry [1–5]. These advancements have 
facilitated the use of intraoral scanners (IOSs) in various dental appli-
cations, including implant prosthodontics [6–8]. Direct digital impres-
sions of implants minimize clinic- and laboratory-related shortcomings 
of conventional impressions [8–10]. In addition, digital impressions 

(scans) have the advantage of easy data transfer and communication 
[11], higher rate of patient acceptance [12, 13] and time efficiency [14]. 
Nevertheless, IOSs require an initial investment [15] and because indi-
rect digital workflow, which is the digitization of a stone cast with 
laboratory scanners, is also an option [16, 17], conventional impressions 
are still used in implant dentistry. 

Regardless of the method chosen, an implant impression must be 
accurate to prevent ill-fitting prosthetic structures, which may lead to 
biological or mechanical complications [18–20]. Trueness and precision 

* Corresponding author at: Department of Reconstructive Dentistry and Gerodontology, University of Bern, Freiburgstrasse 7, 3007, Bern, Switzerland. 
E-mail address: samir.abou-ayash@unibe.ch (S. Abou-Ayash).   

1 Equal contributions second authors. 

Contents lists available at ScienceDirect 

Journal of Dentistry 

journal homepage: www.elsevier.com/locate/jdent 

https://doi.org/10.1016/j.jdent.2022.104358 
Received 30 August 2022; Received in revised form 3 November 2022; Accepted 5 November 2022   

mailto:samir.abou-ayash@unibe.ch
www.sciencedirect.com/science/journal/03005712
https://www.elsevier.com/locate/jdent
https://doi.org/10.1016/j.jdent.2022.104358
https://doi.org/10.1016/j.jdent.2022.104358
https://doi.org/10.1016/j.jdent.2022.104358
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jdent.2022.104358&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Journal of Dentistry 127 (2022) 104358

2

are the components that establish accuracy [21]. Trueness is the close-
ness of a measurement to actual target/dimensions, while precision is 
the closeness of repeated measurements [22]. Currently available IOSs 
have different mechanisms to acquire data in point cloud form such as 
optical triangulation, confocal microscopy, active wave front sampling, 
interferometry, stereophotogrammetry structured light, laser, and video 
along with different algorithms to reconstruct the data [23]. The type of 
IOS was reported to affect scan accuracy [24, 25]. 

A recent systematic review on the accuracy of implant scans have 
reported that not only the type of IOS, but also various other factors may 
affect scan accuracy [26]. Among these factors, the extent of edentulous 
area is particularly critical, considering that scans of implants and 
conventional implant impressions have similar accuracy in short-span 
situations [27]. However, previous studies have reported that 
increased span length led to lower scan accuracy [8, 14, 16, 28, 29]. In 
addition, location of the implant might affect the scan accuracy [18, 23, 
30], and to the authors’ knowledge, no study has investigated the scan 
accuracy of anterior implants placed to support a fixed partial denture 
(FPD). Therefore, the aim of the present study was to evaluate the scan 
accuracy and time efficiency of different digital workflows (direct 
workflow with 2 IOSs and indirect workflow involving digitization of 
conventional impressions) in 3 different partially edentulous situations 
with 2 implants each. In addition, the time required for making im-
pressions and processing durations for different impression techniques 
was also compared. The null hypotheses were that i) the type of digital 
workflow would not affect the trueness of implant scans within a partial 
edentulism situation, ii) the type of digital workflow would not affect 
the precision of implant scans within a partial edentulism situation, and 
iii) the type of digital workflow would not affect impression (digital or 
conventional) time efficiency within a partial edentulism situation with 
2 implants. 

2. Material and methods 

2.1. Reference model acquisition 

Three different maxillary models simulating different partial 
edentulism situations were digitally designed by using a CAD software 
(Zirkonzahn.Modellier; Zirkonzahn GmbH, Gais, Italy). Each model had 
2 implant spaces, which were designed with threads to screw the im-
plants 2 mm submucosally. Holes were included in palate’s design to 
confirm impression post seating. The models were milled from cobalt- 
chromium-molybdenum alloy [31] by using a heavy metal computer-
ized numerical control milling unit (M5; Zirkonzahn GmbH, Gais, Italy) 
(Fig. 1). Model 1 simulated an anterior 4-unit implant-supported FPD 
situation (Kennedy class IV) with 2 implants at right and left lateral 
incisor sites and 2 pontic sites inbetween. Model 2 simulated a posterior 
4-unit implant-supported FPD situation (Kennedy class II), 2 implants at 
right canine and right first molar sites with 2 pontic sites inbetween. 
Model 3 simulated a posterior 3-unit implant-supported FPD situation 
(Kennedy class II) with 2 implants at right first premolar and right first 
molar sites and 1 pontic site inbetween. Tissue level titanium implants 

(Straumann S RN 4.1 × 10 mm; Straumann AG, Basel, Switzerland) were 
screwed into implant sites in models and further fixated with a dental 
metal adhesive (Adesso Split Justierkleber; Baumann Dental GmbH, 
Remchingen, Germany). Brand new 1-piece cylindrical poly-
etheretherketone scan bodies (SBs) (CARES Mono Scanbodies 4.8 × 10 
mm; Straumann AG, Basel, Switzerland) were unpacked and tightened 
to the implants with 15 Ncm torque.Each model was digitized with an 
industrial-grade optical scanner (ATOS Capsule 200MV120; GOM 
GmbH, Braunschweig, Germany) to obtain reference datasets in stan-
dard tessellation language (STL) format. An anti-reflective scan spray (IP 
Scan Spray; IP-Division, Haimhausen, Germany) was used before scans. 

2.2. Direct digital workflow (DDW) 

Prior to the study, a sample size analysis was done by using Welch- 
tests for the outcomes trueness and precision based on the results of 
previous studies [12, 32]. Since there is no closed power function for the 
test used, the power was approximated by using 5000 simulations. With 
a significance level (α) of 5% and a power (1- β) of above 80%, 10 scans 
for trueness and 13 scans for precision were deemed sufficient to detect 
differences between digital and conventional impressions. Therefore, 14 
full-arch scans were performed for each model-scanner combination, 
resulting in a total number of 84 scans. 

Two IOSs (Primescan; Dentsply Sirona, Bensheim, Germany (DDW- 
P) and Trios 3; 3Shpae, Copenhagen, Denmark (DDW-T)) were used in 
the present study. Both scanners were equipped with the most recent 
versions of software and calibrated before scans. All scans were per-
formed by one operator (A.M.), who had in situ experience for two years. 
Prior to test scans, the operator performed 10 trial scans with both IOSs 
following recommended scan strategies. All scans were performed at 
room temperature and under approximately 1.000 lux illuminance [24]. 
All models were mounted to a phantom head with artificial skin by using 
two-sided adhesive tape and its surface was sprayed with the same 
anti-reflective spray. The model surfaces were not contacted until all 
scans were performed, which ensured a standardized layer thickness. A 
dentate typodont mandibular model was also mounted as the opposing 
jaw. DDW-P was determined as the first IOS to be used with the help of a 
coin-flip. After all models were scanned once using both IOSs, the 
scanning procedures were repeated 13 times. All tests scans were 
exported in STL format and imported into a CAD software (Zirkonzahn. 
Modellier; Zirkonzahn GmbH, Gais, Italy). 

2.3. Indirect digital workflow (IDW) 

Stock impression trays (Disposable impression trays; 3M ESPE, Saint 
Paul, Minnesota, USA) were perforated at implant locations for non- 
splinted open-tray impressions. Screw-retained impression posts 
(Straumann AG, Basel, Switzerland) were tightened to the implants with 
15 Ncm torque. After impression post seating was verified evaluating 
through preparedholes, a 2-phase vinylsiloxanether (Identium Light and 
Identium Heavy; Kettenbach GmbH, Eschenburg, Germany) impression 
material was used to make 14 conventional impressions of each model. 

Fig. 1. Occlusal view of reference models.  
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The sequence for the impressions was similar to that of digital impres-
sions and these impressions were made under the conditions the 
intraoral scans were made. 

After relaxation time of 2 hours, type IV dental stone (Dentalgips Typ 
4; Kulzer GmbH, Hanau, Germany) was poured in impressions by an 
experienced dental technician to obtain stone models with implants. The 
same SBs that were used for reference and test scans were tightened to 
the implants in stone models with 15 Ncm torque. Only one set of SBs 
was used to eliminate any issues related with manufacturing tolerances 
of SBs [33]. SB orientations on models were identical to those on 
reference scans. 

Models were digitized by using a laboratory scanner (S600 Arti; 
Zirkonzahn GmbH, Gais, Italy), which had a precision of ≤10 µm [34] 
and the STL data were imported into the same CAD software. 

2.4. Accuracy analysis 

Before accuracy analyses, all STL files were trimmed approximately 2 
mm below the gingival zenith of remaining teeth by using a software 
(Meshmixer; Autodesk Inc, San Rafael, USA) for standardization. After 
trimming, all STLs were imported into a metrology-grade 3-dimensional 
(3D) analysis software (Pro 8.1, GOM GmbH, Braunschweig, Germany) 
for superimpositions. Initial superimposition of test scan STL over 
reference scan STL was performed by using automatic prealignment, 
which was followed by global best-fit, excluding only the SB surface data 
(Fig. 2). After superimposition, 8 points were defined on each SB in 
reference model scan (Fig. 3), and their coordinates were recorded. This 
protocol allowed standardized selection of points throughout the ana-
lyses. The points were projected onto the test scan, and 3D point de-
viations between the reference and the test scans were automatically 
calculated. The deviation of inter-implant distance was calculated by 
measuring the distance between 2 of the previously defined points (one 
on each SB) for reference and test scans. In addition, a mesiodistal and a 
buccopalatal vector passing through 2 points on each SB were generated 
(Fig. 3). These vectors were used to calculate mesiodistal and bucco-
palatal angular deviations between the reference and the test scans. 

2.5. Time efficiency 

For DDW-P and DDW-T, the time needed for scans, data processing, 
exporting data from the IOS, importing data into the CAD software, and 
data processing in CAD software until the design could be started were 
recorded by using a stopwatch. 

For IDW, the time needed for tray perforation, impression making, 
tray removal, setting of impression material, model fabrication, digiti-
zation of the models, and data processing in CAD software until the 
design could be started were recorded by using the same stopwatch. 
However, relaxation time of impression material and time for trans-
portation to dental laboratory were not considered, given that they 

mostly coincide and transportation time might change depending on the 
presence of an in-house laboratory. 

2.6. Statistical analysis 

For trueness (distance between test and reference scans) and preci-
sion (variance between scans) analyses, median values and interquartile 
ranges for 3D point-deviations, distance deviations, and angular de-
viations were calculated. The median working times and interquartile 
ranges were also calculated. Group data for some variables were skewed 
and thus, assumption of normality was violated. Therefore, the work-
flows were compared by using Kruskal-Wallis tests. In situations the 
Kruskal-Wallis test showed significant effects, exact Mann-Whitney tests 
were conducted post hoc to detect local differences. In addition, median 
working times and interquartile ranges were calculated. Throughout, p- 
values less than 0.05 were considered statistically significant. All post 
hoc tests were corrected for multiple comparisons using the method of 
“Holm”. All analyses were performed with the statistics software R, 
version 4.0.2. 

3. Results 

3.1. Trueness 

Significant differences were found among workflows when 3D point 
deviations were concerned (P≤.004). For models 1 and 3, DDW-P had 
lower deviations than DDW-T (P≤.046) and IDW (P≤.004), while dif-
ferences between DDW-T and IDW were nonsignificant (P=.026 for 
model 1 and P=.015 for model 3). For model 2, DDW-P and DDW-T had 
lower deviations than IDW (P=.010), while the difference inbetween 
was nonsignificant (P=.770). Fig. 4 illustrates the box-plot graphs of 3D 
distance deviations in each workflow-model pair, while Table 1 shows 
the descriptive statistics. 

When distance deviations were considered, significant differences 
were found among workflows only in model 3 (P=.003). DDW-P had 
lower deviations than DDW-T (P=.048) and IDW (P=.006), while the 
difference between DDW-T and IDW was nonsignificant (P=.110) 
(Table 2). 

When angular deviations were considered, significant differences 
were found among workflows in mesiodistal direction for all models 
(P≤.030) and for models 2 and 3 in buccopalatal direction, (P≤.001). All 
workflows had similar angular deviations in buccopalatal direction for 
model 1 scans (P=.10). In mesiodistal direction, DDW-P (P≤.040) and 
DDW-T (P≤.020) had lower deviations than IDW for models 1 and 3. In 
buccopalatal direction, DDW-P had lower deviations than IDW in model 
2 (P=.001), while DDW-P and DDW-T had lower deviations than IDW in 
model 3 (P≤.030). All other comparisons were found to be statistically 
nonsignificant (P>.05) (Table 2). 

Fig. 2. Color maps generated by superimposing test scans over reference scan and planes generated for angular deviation analyses.  
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3.2. Precision 

When 3D point deviations were concerned, significant differences 
were found among the precision of workflows of all models (P<.001). 
DDW-P and DDW-T had higher precision than IDW for models 2 and 3 
(P≤.003), while DDW-P also had higher precision than DDW-T 
(P<.001). For model 1, scans of DDW-P had the highest precision 
(P<.001) and the difference between DDW-T and IDW was nonsignifi-
cant (P=.130) (Table 1). 

When distance deviations were concerned, precision significantly 
differed among workflows in only model 3 (P<.001). IDW had the 
lowest precision (P<.001), while DDW-P resulted in higher precision 
than DDW-T (P<.001) (Table 2). 

When angular deviations were considered, precision significantly 
differed among workflows in mesiodistal direction for models 2 and 3 

(P<.001), and in buccopalatal direction for model 3 (P<.001). In 
mesiodistal direction, IDW had the lowest precision (P<.001). In addi-
tion, the scans of DDW-P had higher precision than DDW-T for model 3 
(P=.005). In buccopalatal direction, DDW-P had the highest precision 
(P<.001), while DDW-T had higher precision than IDW (P<.001) 
(Table 3). 

3.3. Time efficiency 

The type of workflow significantly affected impression and pro-
cessing durations for all models (P<.001). DDW-P required the least 
amount of time to complete the entire procedure up to the CAD stage 
(P≤.008), while DDW-T required lesstime than IDW (P<.001), regard-
less of the model (Fig. 5). 

Fig. 3. Overview of points 1-16 (upper images), and angles (lower images) used for the trueness and precision analyses. Angles 1 and 2 were used for buccopalatal, 
and angles 3 and 4 for mesodistal deviation analyses. Analyzed distances are demonstrated by the violet vector. 

Fig. 4. Trueness analysis: 3D point deviations [µm] between reference and test scans for all workflow-model pairs.  

S. Abou-Ayash et al.                                                                                                                                                                                                                           



Journal of Dentistry 127 (2022) 104358

5

4. Discussion 

Significant differences were observed in scan trueness and precision 
of tested workflows. Therefore, the first and the second null hypotheses 
were rejected. 

Even though making conventional impressions and subsequent cast 
fabrication have been considered as standard for the fabrication of FPDs 
[5, 11], IDW generally had lower accuracy in the present study. Despite 
the fact that recommended relaxation time of the impression material 
was followed, stiffness of the metal models might have led to the 
distortion of the impression [19], which could explain large deviations 
with digitized casts. Another reason might be the preliminary steps; 
implant analogs had to be screwed on impression posts, the impressions 
had to be poured, and SBs had to be manually mounted to the implant 
analogs [35] before digitizing implant models as these steps are prone to 
operator-induced error. Considering relatively small effect of impression 
post splinting for parallel implants on the impression accuracy [20], 
splinting was not performed. 

In the present study, DDW-P and DDW-T had deviations that were 

either similar to or lower than those with IDW. Even though conven-
tional impressions were reported to have higher accuracy than IOSs for 
implant-supported FPDs and particularly for large inter-implant dis-
tances [36], variations in methodologies may lead to different results as 
superimposition algorithms affect measured deviations [37]. Previous 
studies investigating scan accuracy of implant-supported FPDs digitized 
with IOSs, by using global best-fit algorithm for superimpositions, re-
ported smaller deviations than those measured in the present study [8, 
38]. Studies on single implants, which used a methodology similar to 
that in present study [7, 17, 25] also support this hypothesis, as in Yil-
maz et al’s [25] study, reported greatest mean 3D point deviation was 
178 µm for IOSs and 197 µm for digitized casts. In the same study [25], 
mean mesiodistal angular deviations were 0.27◦ for IOSs and 0.91◦ for 
digitized casts. Considering that IOSs have already been recommended 
for the fabrication of implant-supported single crowns [36], and digi-
tized casts mostly led to higher deviations in the present study, the au-
thors believe that tested IOSs may be alternatives to digitized casts for 2 
implant-supported FPDs. 

It has been shown that the extent of the edentulous area affected scan 
accuracy as large edentulous areas led to greater deviations [4, 28, 29]. 
The results of the present study are in line with this finding as, even 
though no statistical analysis was performed, Model 3 had lower de-
viations than other models for each impression technique. Nevertheless, 
given that the greatest median inter-implant distance deviation 
measured was 33.7 µm, it can be speculated that implant-supported 
FPDs fabricated by using tested impression techniques would have 
clinically acceptable fit, as reported misfit value for implant-supported 
restorations varied from 10 µm to 150 µm [39, 40]. However, the au-
thors are unaware of a longitudinal clinical study on maximum misfit, 
and there could be deviations at proximal or occlusal contacts [6], which 
should be tested clinically. 

Along with scan accuracy, present study also focused on the time 
needed beginning from the impression to when CAD can be started. 
DDW-P had the shortest combined impression and processing duration 
followed by DDW-T and digitization of casts. Therefore, the third null 
hypothesis was also rejected. DDW-P and DDW-T had favorable results 
when compared with IDW. Previous studies on time efficiency of IOSs 
have mostly focused on the impression time and the time spent in the 
laboratory [9, 12, 41]. However, the time required for data 
post-processing, data export, and import were mostly not considered. 
Although DDW-P had higher time efficiency compared with DDW-T, it 

Table 1 
Median and interquartile range (IQR: 25% - 75%) values for 3D point deviations 
(µm). IDW: Indirect digital workflow; DDW-P: Direct digital workflow by using 
Primescan; DDW-T: Direct digital workflow by using Trios 3.  

Model Scanner Trueness (IQR) Precision (IQR)  

DDW-P 155.94B 

(142.4-158.88) 
35.21b 

(29.14-43.87) 
DDW-T 163.48A 

(159.87-174.32) 
57.21a 

(46.71-86.37) 
Model 2 IDW 162.78A 

(133.79-221.33) 
100.89a 

(80.85-124.34) 
DDW-P 127.03B 

(108.99-141.07) 
47.79c 

(33.13-59.41) 
DDW-T 111.66B 

(107.23-144.06) 
69.32b 

(50.38-79.28)  
IDW 43.36A 

(31.06-47.66) 
26.84a 

(22.39-30.89) 
Model 3 DDW-P 13.66B 

(12.15-18.75) 
9.18c 

(6.85-31.33)  
DDW-T 32.05A 

(28.35-34.34) 
21.79b 

(13.9-31.36) 

*Different superscript letters indicate significant differences among impression 
techniques within each model (Uppercase letters for trueness, lowercase letters 
for precision) (P<.05). 

Table 2 
Median and interquartile range (IQR: 25% - 75%) values for interimplant dis-
tance deviations (µm). IDW: Indirect digital workflow; DDW-P: Direct digital 
workflow by using Primescan; DDW-T: Direct digital workflow by using Trios 3.  

Model Scanner Trueness (IQR) Precision (IQR)  

DDW-P 20.15A 

(8-39.28) 
21.06a 

(10.45-45.85) 
DDW-T 11.50A 

(4.14-34.44) 
15.08a 

(6.45-35.98) 
Model 2 IDW 33.7A 

(16.02-36.1) 
18.99a 

(5.2-34) 
DDW-P 20.58A 

(1.86-36.17) 
29.34a 

(1.6-34.62) 
DDW-T 21.84A 

(5.34-36.4) 
28.30a 

(2.54-31.68) 
Model 3 IDW 6.92A 

(5.24-11.5) 
5.47a 

(3-9.69) 
DDW-P 2.04B 

(1.07-3.32) 
1.54c 

(0.8-2.39) 
DDW-T 3.86A 

(2.98-6.24) 
3b 

(1.11-6.32) 

*Different superscript letters indicate significant differences among impression 
techniques within each model (Uppercase letters for trueness, lowercase letters 
for precision) (P<.05). 

Table 3 
Median and interquartile range (IQR: 25% - 75%) values for angular deviations. 
IDW: Indirect digital workflow; DDW-P: Direct digital workflow by using Pri-
mescan; DDW-T: Direct digital workflow by using Trios 3.    

Mesiodistal Direction Buccopalatal Direction 
Model Scanner Trueness 

(IQR) 
Precision 
(IQR) 

Trueness 
(IQR) 

Precision 
(IQR)  

DDW-P 0.23B 

(0.11-0.34) 
0.21a 

(0.11-0.67) 
0.33A 

(0.28-0.4) 
0.12a 

(0.06-0.23) 
DDW-T 0.21B 

(0.13-0.34) 
0.16a 

(0.07-0.71) 
0.21A 

(0.12-0.29) 
0.16a 

(0.1-0.33) 
Model 

2 
IDW 1.26A 

(0.56-1.99) 
0.98a 

(0.47-1.69) 
0.68A 

(0.62-0.91) 
0.36a 

(0.14-0.54) 
DDW-P 0.58A 

(0.36-0.8) 
0.37b 

(0.18-0.68) 
0.11B 

(0.06-0.52) 
0.40a 

(0.06-0.49) 
DDW-T 0.37A 

(0.18-0.96) 
0.44b 

(0.16-1.03) 
0.21AB 

(0.11-0.58) 
0.38a 

(0.09-0.8) 
Model 

3 
IDW 0.34A 

(0.25-0.45) 
0.14a 

(0.07-0.26) 
0.18A 

(0.13-0.29) 
0.12a 

(0.06-0.17) 
DDW-P 0.06B 

(0.04-0.09) 
0.04c 

(0.02-0.06) 
0.04B 

(0.03-0.06) 
0.03c 

(0.01-0.04) 
DDW-T 0.08B 

(0.07-0.16) 
0.06b 

(0.03-0.11) 
0.06B 

(0.04-0.10) 
0.04b 

(0.01-0.12) 

*Different superscript letters indicate significant differences among impression 
techniques within each model and direction (Uppercase letters for trueness, 
lowercase letters for precision) (P<.05). 
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should be noted that this result cannot be extrapolated to different test 
arrangements. In situations, where the data do not have to be exported 
from IOS and later imported into the CAD software, the results could be 
different. 

Superimpositions were performed by using a metrology-grade 3D 
analysis software and global best-fit algorithm without including the SB 
surface data. This software-algorithm pair has been recommended for 
accuracy analyses [1, 2]. In addition, global best-fit algorithm has higher 
repeatability as local-best fit algorithm involves manual selection that is 
prone to errors [1]. Given the fact that SBs were screwed only once for 
IOSs and for more than once for the digitization of casts, the inclusion of 
SB surface data during superimpositions could have been disadvanta-
geous for the IDW group. 

The in vitro setup of the present study has limitations. Scans per-
formed by using tested IOSs were standardized and the conditions of the 
room in which these scans were performed corresponded to previously 
described ideal conditions [24]. The scans were performed on a phan-
tom head with an opposing jaw to simulate intraoral conditions as 
accurately as possible. However, potential patient-related factors that 
could affect the scan accuracy could not be fully simulated [17]. The 
results of the present study are limited to 2 IOSs tested. Even though 
these IOSs are commonly used and their accuracy has been shown to be 
high [10, 13, 21], IOS type may affect scan accuracy [8]. Conventional 
impressions were made by using stock impression trays, yet, custom 
trays may lead to different results. Implants were placed parallel to each 
other in the present study. Because implant angulation may affect the 
accuracy of an impression, results may differ when implants are not 
placed parallel to each other [20]. Metal models were used considering 
their dimensional stability [31]. Even though a scan spray had to be used 
to facilitate the scans of reflective metal surfaces [3] and sprayed sur-
faces were not touched until all scans were completed, an inconsistent 
powder thicknesses might have affected the results. In addition, the 
results may change when a scan spray is not used or a different material 

is used for model fabrication. The results of the present study should be 
substantiated with future in vivo studies, in which implant-supported 
FPDs fabricated by using tested impression techniques are evaluated 
for their fit, and occlusal and proximal contacts. 

5. Conclusions 

Within the limitations of this in vitro study, it can be concluded that 
scans performed by using direct digital workflows had trueness and 
precision that were either similar to or higher than when indirect digital 
workflow was used. In addition, scan accuracy of DDW-P was either 
similar to or higher than that of DDW-T. DDW-P had the highest time 
efficiency, whereas, IDW had the lowest, regardless of the model. 
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vitro accuracy of digital and conventional impressions in the partially edentulous 
maxilla, Clin. Oral Investig. (2022), https://doi.org/10.1007/s00784-022-04598- 
4. 

[12] T. Joda, P. Lenherr, P. Dedem, I. Kovaltschuk, U. Bragger, N.U. Zitzmann, Time 
efficiency, difficulty, and operator’s preference comparing digital and conventional 
implant impressions: a randomized controlled trial, Clin. Oral. Implants Res. 28 
(2017) 1318–1323, https://doi.org/10.1111/clr.12982. 
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S. Kühl, A. Lanis, R. Leesungbok, J. van der Meer, Z. Liu, T. Sato, A. De Souza, W. 
C. Scarfe, M. Tosta, P. van Zyl, K. Vach, V. Vaughn, M. Vucetic, P. Wang, B. Wen, 
V. Wu, Group 5 ITI consensus report: digital technologies, Clin. Oral. Implants Res. 
29 (2018) 436–442, https://doi.org/10.1111/clr.13309. 

[37] S. O’Toole, C. Osnes, D. Bartlett, A. Keeling, Investigation into the accuracy and 
measurement methods of sequential 3D dental scan alignment, Dent. Mater. 35 
(2019) 495–500, https://doi.org/10.1016/j.dental.2019.01.012. 

[38] L. Canullo, M. Colombo, M. Menini, P. Sorge, P. Pesce, Trueness of intraoral 
scanners considering operator experience and three different implant scenarios: a 
preliminary report, Int. J. Prosthodont. 34 (2021) 250–253, https://doi.org/ 
10.11607/ijp.6224. 

[39] P.I. Brånemark, Osseointegration and its experimental background, J. Prosthet. 
Dent. 50 (3) (1983) 399–410, https://doi.org/10.1016/s0022-3913(83)80101-2. 

[40] T. Jemt, Failures and complications in 391 consecutively inserted fixed prostheses 
supported by Brånemark implants in edentulous jaws: a study of treatment from 
the time of prosthesis placement to the first annual checkup, Int. J. Oral Maxillofac. 
Implants 6 (3) (1991) 270–276. 

[41] S. Mühlemann, G.I. Benic, V. Fehmer, C.H.F. Hämmerle, I. Sailer, Randomized 
controlled clinical trial of digital and conventional workflows for the fabrication of 
zirconia-ceramic posterior fixed partial dentures. Part II: Time efficiency of CAD- 

S. Abou-Ayash et al.                                                                                                                                                                                                                           

https://doi.org/10.1016/j.jdent.2021.103933
https://doi.org/10.2186/jpr.JPR_D_21_00023
https://doi.org/10.3390/ma14092340
https://doi.org/10.3390/ma14092340
https://doi.org/10.1007/s00784-020-03486-z
https://doi.org/10.1186/s12903-017-0415-0
https://doi.org/10.1186/s12903-017-0415-0
https://doi.org/10.3390/jcm11144125
https://doi.org/10.3390/jcm11144125
https://doi.org/10.1016/j.prosdent.2022.01.018
https://doi.org/10.1016/j.prosdent.2022.01.018
https://doi.org/10.1186/s12903-019-0792-7
https://doi.org/10.1007/s00784-021-04157-3
https://doi.org/10.1016/j.jdent.2021.103938
https://doi.org/10.1016/j.jdent.2021.103938
https://doi.org/10.1007/s00784-022-04598-4
https://doi.org/10.1007/s00784-022-04598-4
https://doi.org/10.1111/clr.12982
https://doi.org/10.1186/s12903-022-02176-4
https://doi.org/10.1186/s12903-022-02176-4
https://doi.org/10.1186/s12903-017-0383-4
https://doi.org/10.1186/s12903-017-0383-4
https://doi.org/10.5624/isd.20210076
https://doi.org/10.5624/isd.20210076
https://doi.org/10.1111/clr.13273
https://doi.org/10.1016/j.jdent.2021.103773
https://doi.org/10.1016/j.prosdent.2019.06.012
https://doi.org/10.1016/j.prosdent.2019.06.012
https://doi.org/10.1097/ID.0000000000000059
https://doi.org/10.1097/ID.0000000000000059
https://doi.org/10.4103/jips.jips_337_18
https://doi.org/10.4103/jips.jips_337_18
https://doi.org/10.1016/j.prosdent.2022.05.001
https://doi.org/10.4012/dmj.2019-285
https://doi.org/10.4012/dmj.2019-285
https://doi.org/10.1111/cid.12919
https://doi.org/10.1111/cid.12919
https://doi.org/10.1111/jopr.13276
https://doi.org/10.1111/jopr.13276
https://doi.org/10.1016/j.jdent.2021.103684
https://doi.org/10.1922/EJPRD_01752Abduo21
https://doi.org/10.1922/EJPRD_01752Abduo21
https://doi.org/10.1111/jopr.12527
https://doi.org/10.1111/clr.12853
https://doi.org/10.4047/jap.2021.13.2.107
https://doi.org/10.1111/cid.12821
http://refhub.elsevier.com/S0300-5712(22)00410-9/sbref0031
http://refhub.elsevier.com/S0300-5712(22)00410-9/sbref0031
https://doi.org/10.1007/s00784-016-1924-y
https://doi.org/10.1007/s00784-016-1924-y
https://doi.org/10.11607/ijp.7379
https://doi.org/10.11607/ijp.7049
https://doi.org/10.1922/EJPRD_2114Mathey08
https://doi.org/10.1922/EJPRD_2114Mathey08
https://doi.org/10.1111/clr.13309
https://doi.org/10.1016/j.dental.2019.01.012
https://doi.org/10.11607/ijp.6224
https://doi.org/10.11607/ijp.6224
https://doi.org/10.1016/s0022-3913(83)80101-2
http://refhub.elsevier.com/S0300-5712(22)00410-9/sbref0040
http://refhub.elsevier.com/S0300-5712(22)00410-9/sbref0040
http://refhub.elsevier.com/S0300-5712(22)00410-9/sbref0040
http://refhub.elsevier.com/S0300-5712(22)00410-9/sbref0040


Journal of Dentistry 127 (2022) 104358

8

CAM versus conventional laboratory procedures, J. Prosthet. Dent. 121 (2019) 
252–257, https://doi.org/10.1016/j.prosdent.2018.04.020. 

S. Abou-Ayash et al.                                                                                                                                                                                                                           

https://doi.org/10.1016/j.prosdent.2018.04.020

	In vitro scan accuracy and time efficiency in various implant-supported fixed partial denture situations
	1 Introduction
	2 Material and methods
	2.1 Reference model acquisition
	2.2 Direct digital workflow (DDW)
	2.3 Indirect digital workflow (IDW)
	2.4 Accuracy analysis
	2.5 Time efficiency
	2.6 Statistical analysis

	3 Results
	3.1 Trueness
	3.2 Precision
	3.3 Time efficiency

	4 Discussion
	5 Conclusions
	Author contributions
	Funding
	Declaration of Competing Interest
	References


