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Abstract Background/purpose: The accuracy of intraoral scanners in capturing complete-

arch implant impressions remains a subject of ongoing investigation. This study aimed to eval-

uate the influence of different scanning strategies and the effect of splinting scan bodies on 

the accuracy of complete digital scans of the mandible.

Materials and methods: A master model of an edentulous mandible with four dental implants 

was used. The implants were positioned bilaterally in the regions of the mandibular lateral in-

cisors and second premolars. A laboratory scanner was utilized to digitize the reference model. 

Three experimental groups were used to evaluate the effects of different scanning strategies 

and auxiliary reference methods on scan accuracy: Group A (single-stage scan), Group B (two-

stage scan without additional references), and Group C (two-stage scan with additional refer-

ence points).

Results: A total of 45 digital scans were analyzed. To evaluate scan accuracy, linear deviations 

were measured at the four implant sites and compared against the digital reference model. 

Group A consistently demonstrated the highest accuracy, with the lowest overall mean linear 

deviation of 39.57 � 8.69 μm across all implant positions. Group B recorded a marginally higher 

mean deviation of 42.80 � 24.24 μm. Group C showed the greatest linear deviation 

(70.60 � 17.69 μm), and the differences were statistically significant when compared with 

both Groups A and B (P < 0.05).
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Conclusion: The findings of this study indicate that single-stage scanning yields superior accu-

racy, whereas the incorporation of poorly designed or improperly positioned reference markers 

may inadvertently compromise scan precision.

© 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier 

B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons. 

org/licenses/by-nc-nd/4.0/).

Introduction

Dental implants have significantly revolutionized dental 
treatment in many ways. Implants provide a long term so-

lution for both single tooth replacement as well as long 
edentulous spans and full edentulous arches. 1—3 There are 
several benefits for patients, including better aesthetics, 
greater comfort, natural tooth-like function, long-term 
durability and biocompatibility, preservation of bone, no 
harm to surrounding teeth, and overall reliability. One 
disadvantage of implants is the necessity to accurately 
replicate the three-dimensional position of the implant 
through either conventional or digital scanning impressions. 
Both of these impression methods can be technique sensi-

tive and require a precise replication of the implant to 
ensure proper fit of the restorations. 4,5

While conventional impressions have long been recog-

nized as the gold standard method of impression taking, 
digital scanning impressions have continued to evolve and 
have become more widely used across the dental field. 6,7 

Using these intraoral scanners (IOSs) provide a variety of 
benefits to both the clinician and patient. They are more 
patient-friendly, hygienic and time-efficient. The clinical 
procedures are simple and can be evaluated in real time. 
However, the digital workflow is not error-free and there 
are many factors that affect scanning accuracy. Dental 
literature has analyzed different operator and patient 
related factors of IOSs and, therefore, the accuracy of 
digital implant scans. 8—10 These factors include IOS tech-

nology, operator experience, ambient light illumination, 
scanning field, scanning pattern and strategy, rescanning 
techniques, arch width, and oral surface characteristics. 

Intraoral scanning accuracy is typically high for single-

unit and short-span implant sites, with clinically acceptable 
deviations in virtual implant positioning. 11,12 However, 
some studies have shown conflicting results in cases with 
large edentulous spans between implants in completely 
edentulous patients. 13,14 Flugge et al., found that scanning 
accuracy decreased as the distance between implant scan 
bodies (ISBs) increased. 14

IOS produces images through stitching and mathematical 
interpolation, where the stitching process is critical for 
accuracy and depends on the scanning field and implant 
spacing. 15—17 The absence of anatomical reference points 
makes it difficult to align and stitch multiple images accu-

rately. 15—17 Several studies have explored different tech-

niques to overcome these problems and create a reference 
point that can increase digital impression accuracy.

While conventional open-tray implant impressions with 
splinted copings remain the gold standard for full-arch

impressions due to their high accuracy, recent studies also 
suggest that splinting scan bodies can similarly improve 
accuracy by increasing the number of reference 
points. 15,18,19 Huang et al., reported that new scan bodies 
with an extensional structure (vs. without an extensional 
structure) improved scanning accuracy. 18 Kao et al., found 
that connecting scan bodies with power chains and flowable 
resin also enhanced accuracy in complete arch scans. 19 

The scan pattern or scanning strategy is another factor 
affecting IOS accuracy. Different IOS manufacturers 
recommend different scanning strategies based on the 
different technologies. 20,21 Motel et al., tested single-stage 
and two-stage scanning methods, with and without a scan 
body, concluding that single-stage scanning provided better 
accuracy. 20 In this study, three implants located in the 
same quadrant were scanned. Further studies on full-mouth 
scans, including larger areas and arch curvatures, are 
necessary for comprehensive analysis.

The purpose of this study was to assess the impact of the 
scanning strategy used and the effect of splinting scan 
bodies, on accuracy in complete mandibular digital scans.

Materials and methods

This in vitro study was conducted using an epoxy resin 
master model of an edentulous mandible with a soft tissue 
replica, incorporating four dental implants. The implants 
(4.2 mm � 10 mm; OneQ, Dentis, Daegu, South Korea) were 
placed bilaterally in the mandibular lateral incisor (#42 and 
#32) and second premolar (#44 and #34) regions. The im-

plants at positions #42 and #32 were placed parallel to each 
other, while the implant at position #44 was angulated 
distally at 30 � , and the implant at position #34 was placed 
lingually at 15 � . Titanium multiunit abutments were seated 
on the implants and torqued to 25 Ncm. 

Polyetheretherketone (PEEK) intraoral scan bodies (ISBs) 
were utilized for digital scans and torqued to 5 Ncm. A 
laboratory scanner (D900L, 3Shape, Copenhagen, Denmark) 
was used to scan the reference model, generating a digital 
reference model, which was saved as an STL file and im-

ported into Exocad DentalCAD software.

Three experimental groups were established to evaluate 
different scanning techniques and the incorporation of 
additional reference points or splinting strategies (Fig. 1): 

Group A (single-stage scan): The master model, with ISBs 
in place, was scanned in a single step without additional 
references (Fig. 2).

Group B (two-stage scan without additional references): 
The master model was first scanned without ISBs to capture 
the emergence profile. The initial scan was imported into
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the design software, and implant positions were manually 
marked. The software subsequently recognized and 
removed the virtual implant surfaces. ISBs were then 
seated, and a second scan was performed. The TRIOS 
software aligned and merged the two scans into a single 
file.

Group C (two-stage scan with additional reference 
points): The scanning protocol followed that of Group B; 
however, rubber buccal reference markers were placed 
between the scan bodies before the second scan to estab-

lish continuous reference points (Fig. 3). The TRIOS soft-

ware then aligned and merged the two scans.

An intraoral scanner (Trios 3, 3Shape, Copenhagen, 
Denmark) was used to obtain the virtual models. All scans 
were performed by a single experienced operator with five 
years of intraoral scanning experience, adhering to the 
manufacturer’s recommendations.

To ensure statistical validity, each scanning strategy was 
repeated 15 times, yielding a total of 45 test scans (n � 15 
per group). Each scan was saved as an stereolithography 
(STL) file and imported into Exocad DentalCAD. The digital 
reference model (one STL file) and the test scans (45 STL 
files) were analyzed using a best-fit registration method 
with a software program (GOM Inspect Professional 2017,

Braunschweig, Germany) to assess deviations between the 
scanning strategies.

The root mean square (RMS) and angular deviation 
values were calculated to assess the accuracy of the 
implant positions. RMS is a commonly used quantitative 
metric in surface deviation analysis and digital dentistry to 
evaluate the overall geometric discrepancy between two 
three-dimensional surfaces. Specifically, RMS represents 
the square root of the average of the squared distances 
between corresponding points on the reference model and 
the test model. These distances are calculated point-to-

point across the entire surface, thus providing a compre-

hensive measure of how closely two datasets align spatially. 
In the context of implant placement, RMS values offer 

critical insights into the precision of digital workflows, 
particularly in comparing planned versus actual implant 
positions. A lower RMS value denotes a high degree of 
congruence between the two surfaces, indicating minimal 
deviation and therefore greater accuracy. Conversely, 
higher RMS values signify increased differences between 
the compared surfaces, which may be indicative of errors 
or discrepancies in the digital design or clinical execution.

Figure 1 Study design with three experimental groups.

Figure 2 The master model with implant scan bodies in 

place was scanned in a single step without additional 

references.

Figure 3 The master model with implant scan bodies and 

rubber buccal reference markers in place.
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Angular deviation, on the other hand, measures the 
difference in orientation between the long axes of the 
implants in the reference and test models. This parameter 
is particularly important for evaluating rotational align-

ment, which can significantly influence the fit and function 
of prosthetic components. Together, RMS and angular de-

viation provide a comprehensive assessment of both 
translational and rotational deviations, offering a robust 
evaluation of the accuracy of implant placement in digitally 
guided procedures.

The statistical analysis of the data was performed by 
using an open-source R software (version 4.1.2) and Tur-

cosa software (www.turcosa.com.tr). Compliance of 
numerical variables with normal distribution was 
evaluated by using graphical approaches (Q—Q plot) and 
hypothesis tests (Shapiro—Wilk normality test) together. 
In the comparisons between groups, the condition that 
the normal distribution assumption was not provided, and 
the number of groups compared was evaluated using the 
Kruskal—Wallis test, and the groups that created the 
difference were determined by the Conover paired 
comparison test. Statistical significance level was 
accepted as P < 0.05.

Results

A total of 45 digital scans were analyzed, with each of the 
three groups comprising 15 scans (n � 15 per group). Linear 
deviations were measured at four implant sites (#32, #34, 
#42, and #44) to assess scan accuracy in comparison to the 
reference model (Table 1).

Group A (single-stage scan) exhibited the lowest mean 
deviation values across all implant locations, with an 
overall mean deviation of 39.57 � 8.69 μm, indicating the 
highest level of accuracy among the groups. Group B (two-

stage scan without additional reference points) demon-

strated slightly higher deviations (42.80 � 24.24 μm); 
however, the difference was not statistically significant 
when compared to Group A (P > 0.05), suggesting a com-

parable level of accuracy. In contrast, Group C (two-stage 
scan with additional reference points) showed the greatest 
deviation (70.60 � 17.69 μm), and the differences were 
statistically significant when compared with both Groups A 
and B (P < 0.05), indicating a decline in accuracy despite 
the use of additional reference markers.

At the individual implant level, the smallest mean de-

viation was observed at implant site #34, while the highest 
deviation was recorded at site #44. Statistically significant 
differences between groups were found at each implant 
location (P < 0.05). Specifically, a single statistically sig-

nificant intergroup difference was observed at sites #32, 
#34, and #42. However, at site #44, all three groups 
differed significantly from one another.

Discussion

This study aimed to assess the impact of different intraoral 
scanning protocols―single-stage scanning, two-stage scan-

ning without auxiliary references, and two-stage scanning 
with supplemental reference markers―on the accuracy of 
complete-arch digital implant impressions. The results 
revealed that the single-stage scanning approach (Group A) 
yielded the lowest mean linear deviation (39.57 � 8.69 μm), 
thereby demonstrating superior accuracy compared to the 
two-stage methods. Group B (two-stage scanning without 
additional reference points) exhibited slightly higher de-

viations (42.80 � 24.24 μm), while Group C (two-stage 
scanning with added buccal rubber markers) produced the 
highest deviations (70.60 � 17.69 μm), significantly differing 
from both Groups A and B (P < 0.05). These findings indicate 
that, in this experimental setup, the addition of flexible 
auxiliary reference markers did not enhance, and may have 
compromised scan accuracy.

Interestingly, this outcome contradicts several previ-

ously published studies that emphasize the benefits of 
incorporating geometric references or auxiliary devices 
during digital scanning. For instance, Kao et al., 19 investi-

gated the accuracy of digital impressions in edentulous 
spans restored with implant-supported prostheses and re-

ported improved angular and linear accuracy when a 
continuous geometric aid (a power chain and flowable 
resin) was applied. Their study demonstrated a significant 
reduction in angular deviation (0.01 � 0.11 � ) and increased 
linear precision (3.10 � 2.14 mm) when compared to the 
non-assisted group (0.20 � 0.15 � and 11.14 � 6.35 mm, 
respectively), reinforcing the potential role of geometric 
stabilization.

Similarly, Arikan et al., 15 found that auxiliary geometric 
devices significantly improved accuracy in full-arch digital 
implant scans. Their results showed a reduced marginal gap

Table 1 Overall linear deviation values (mean � standard deviation in microns) measured at lateral incisor and first premolar 

implant sites.

Implant Location Group A Group B Group C Overall

#34 29.9 � 2.23 a, T 38.6 � 11.98 c, T 60 � 12.11 e, U 42.83 � 16.03 g, T

#32 39.4 � 5.64 b, V 34.4 � 18.17 c, V 70.4 � 11.67 e, Y 48.06 � 20.42 g, V

#42 43.6 � 4.78 b, W 34.5 � 16.46 c, W 68.1 � 20.08 e, ,Z 48.73 � 20.60 g, W

#44 45.4 � 10.4 b, P 63.7 � 33.81 d, R 83.9 � 18.50 f, S 64.33 � 27.39 h, R

Overall 39.57 � 8.69 b, L 42.8 � 24.24 c, L 70.6 � 17.69 e, M 50.99 � 22,71 g, L

Identical lowercase letters within each column indicate no statistically significant differences between groups at a given implant site 

(P > 0.05); differing lowercase letters indicate statistically significant differences (P < 0.05). Similarly, identical uppercase letters 

within each row denote no significant differences across implant sites within the same group (P > 0.05), whereas differing uppercase 

letters represent statistically significant differences (P < 0.05).
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(49.16 � 32.37 μm) when AGDs were used, compared to 
unaided scans (80.86 � 50.06 μm). Huang et al., (2020) 
further confirmed this trend, reporting that scan bodies 
incorporating extensional structures improved both true-

ness (28.45 μm) and precision (27.30 μm), performing 
similarly to conventional impressions. These collective 
findings suggest that structural enhancements to scan 
bodies or the use of auxiliary guides can facilitate more 
consistent data capture and improve overall scan quality. 

Contrary to these favorable outcomes, our study 
observed a decline in scan accuracy with the inclusion of 
buccal rubber markers in the two-stage approach. The 
likely explanation for this discrepancy lies in the physical 
characteristics and positioning of the markers used. Unlike 
rigid and geometrically defined auxiliary devices in other 
studies, the rubber markers applied here may have lacked 
sufficient stability and structural continuity. These de-

ficiencies could have disrupted the software’s stitching al-

gorithms during image reconstruction, resulting in greater 
deviation and lower trueness. This interpretation aligns 
with findings by Lawand et al., 22 who evaluated how mod-

ifications to implant scan bodies influence accuracy. They 
demonstrated that subtractive geometric changes (e.g., 
grooves) enhanced scan trueness and angular precision, 
while additive elements (e.g., flexible PEEK beads) led to 
higher deviations. Their findings reinforce the idea that the 
design integrity and material rigidity of auxiliary elements 
are critical determinants of scanning accuracy.

In addition to auxiliary structure design, other factors 
such as the type of intraoral scanner (IOS) and the spatial 
configuration of the implants must also be considered. 
Azevedo et al., 17 compared five IOS systems using three 
scanning protocols (conventional, splinted, and artificial 
landmarks) and found that while scanning technique did not 
significantly influence accuracy (p � 0.06), the scanner 
model had a notable effect. For instance, Cerec Primescan 
demonstrated superior trueness (27 � 4 μm) compared to 
other systems, with Trios 4 performing less favorably (up to 
107 � 13 μm). Moreover, they emphasized that implant 
angulation, especially in cases with wide inter-implant 
divergence, can adversely affect scan body alignment and 
stitching. In the present study, implant site #44 exhibited 
the highest deviation values across all groups, which may be 
attributed in part to the 30 � distal tilt of this implant, 
supporting the hypothesis that implant angulation signifi-

cantly affects scan accuracy.

While it could be hypothesized that two-stage scanning 
offers a more controlled environment for capturing specific 
implant features, our findings do not support a significant 
improvement in accuracy with this approach. Group B (two-

stage scanning without reference markers) did not 
demonstrate statistically better performance than Group A. 
This observation is consistent with the conclusions drawn by 
Motel et al., 20 who reported improved outcomes with 
single-stage scanning over more complex multi-stage pro-

tocols in short-span implant cases. The anticipated benefit 
of two-stage scanning may be undermined by increased 
potential for alignment discrepancies between scan phases, 
which could accumulate and result in greater overall error. 

When comparing our findings with existing literature, a 
central distinction emerges regarding the nature of the 
auxiliary features used. Previous studies that observed

improved accuracy typically employed rigid, precisely 
designed, and geometrically continuous aids. In contrast, 
the flexible rubber markers in our study may have lacked 
the necessary structural integrity and placement consis-

tency to effectively aid in scan alignment. These results 
emphasize that not all auxiliary elements are inherently 
beneficial; their effectiveness is heavily dependent on 
material properties, geometry, and integration into the 
scan protocol.

In conclusion, this study underscores the importance of 
scan protocol selection and the design quality of auxiliary 
references in determining the accuracy of complete-arch 
digital implant impressions. While multiple factors influ-

ence scan precision, including scanner model, implant 
angulation, and scan body design, our findings support the 
clinical use of single-stage scanning as the most accurate 
method. Moreover, poorly designed or improperly applied 
auxiliary markers may compromise rather than enhance 
scan accuracy, highlighting the need for further research 
into optimal strategies for improving full-arch digital 
impression fidelity.
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