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ABSTRACT

Accuracy of Intraoral Scanners
in Definitive Implant Prosthesis Workflow:
A Comparative Analysis of
the Cut-out Rescan and Direct Scan Methods

One option for capturing the soft tissue profile of a dental implant or the shape of
temporary restorations used by the patient is to employ a cut-out technique and rescan the
region surrounding the implant using an intraoral digital impression. Nevertheless, the level
of precision of the digital implant created with this technique remains uncertain in terms of
accurately capturing the patient’s intraoral anatomy. Therefore, the purpose of this study
was to determine the accuracy and linear displacement of digital implant impressions when
using the cut-out rescan method in comparison with the direct scan method, specifically in
terms of the reproducibility of the implant position.

The implant model was scanned ten times using one laboratory scanner and five
intraoral scanners (IOSs). The 10Ss utilized two scanning methods (direct scanning and
cut-out rescanning). The trueness and precision of each IOS and the reproducibility of the
implant position were evaluated. Statistical analyses were performed using one-way
ANOVA with a significance level of a a.= 0.05.

The trueness of each I0S while using the cut-out rescan method was comparable to
that when using direct scanning methods. However, the precision was significantly worse
for the cut-out rescan method when using the CEREC Primescan (direct scan: 18.92 + 6.66
pum [mean + standard deviation], cut-out rescan: and 34.40 + 19.89 um for direct scanning

and cut-out rescanning, respectively) and the IS 3800W (direct scan: 19.38 +9.10 um and,

v



cut-out rescan: 39.05 = 19.93 um, respectively). The implant position displacements were
generally small minor, except for the TRIOS 3 (F = 183.852, p < 0.001) and the RAYiOS
(F =4.390, p <0.001), for which there were exhibited significant vertical displacements
when using the cut-out rescan method.

While the differences in implant positioning in horizontal dimensions were generally
small, substantial vertical displacements were observed when using the TRIOS 3 and
RAYi10S with the cut-out rescan method. Careful evaluations of scanning techniques are

necessary for the developing appropriate prosthetic strategies for specific clinical cases.

Key words : intraoral scanner, implant scan body, trueness, precision, implant displacement



1. INTRODUCTION

One of the important initial steps in dental prosthodontics is obtaining an impression
of a patient’s oral cavity to accurately replicate the teeth, the adjacent soft tissue structures,
and the occlusal relationships (Saced et al., 2020). Conventional impression methods
utilized custom or stock trays made of resin, polycarbonate, or metal and alginate, agar,
polyether, and polyvinyl siloxane impression materials (Gupta et al., 2017; Saeed et al.,
2020). Traditional impression methods have been extensively used and demonstrated
clinically acceptable results (Cao et al., 2023; Yun et al., 2017). Furthermore, these
methods are relatively accessible as they are inexpensive to do and require only simple
tools, and the technique is not difficult (Christensen, 2008). However, potential distortion
of the impressions may occur during the dental model fabrication process, e.g., bubbles,
foreign materials, operator errors stemming from clinical inexperience and varying skills,
and environmental conditions including temperature and humidity (Christensen, 2008;
Murugesan and Sivakumar, 2020). Moreover, traditional impression methods may leave
markings on the patient’s skin, mucosa, or the areas with tooth undercuts. Furthermore,
patient discomfort including nausea, gag reflex, and tastes issues are common

disadvantages (An et al., 2014; Punj et al., 2017).

Recent technological advances in the field of implant prosthodontics such as intraoral
scanners (I0Ss) have mitigated some of the drawbacks of traditional impression techniques
(Schott et al., 2019). Digital impressions taken using an IOS eliminate the need for
physical-impression trays or materials, reducing the probability of deformation due to the

inherent properties of traditional impression materials as well as during shipping or storage



(Kihara et al., 2020). In addition to these logistics advantages, using an 10S speed up the
transfer of scan data to the dental laboratory, streamlines the impression-taking process,
reduces the risk of infection, and means that the data are stored as a digital file for easy
retrieval when used in future replication or repair procedures (Ahmed et al., 2021; Kihara

etal., 2020).

However, several problems associated with IOSs have been reported. Although these
devices represent a significant technological leap forward, their novelty makes them
expensive to purchase and maintain, and results in the proficiency of dental clinicians and
allied oral-health professionals in using IOSs being a critical factor in determining
outcomes (Mangano et al., 2017). In addition, various factors such as the presence and
extent of soft tissue, saliva, and/or blood in the patient, anatomical landmarks in the
scanning area, and the scanning range also affect the accuracy when using IOSs (Braian

and Wennerberg, 2019; Schmidt et al., 2020).

The IOS enables the creation of definitive implant prosthetics via a digital workflow.
The accuracy of the IOS can significantly influence the quality of the implants or prostheses
fabricated (Mangano et al., 2017). Accuracy is evaluated using trueness and precision, as
defined by ISO 5725-1. Trueness assesses the degree to which the data obtained from
intraoral scanning corresponds to the reference scan data, thus providing a measure of how
accurately the scanner captures the true form. Conversely, precision involves comparing
data obtained during the intraoral scanning process under identical conditions, which
determines the level of agreement and accuracy between the scans (Oh et al., 2020). These
metrics are critical for ensuring the reliability and quality of digital impressions, ultimately
impacting the successful production of implants and other prosthetics for patients (Marques

etal., 2021).
When fabricating implant restorations for patients using an IOS, it is often necessary
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to obtain multiple data sets to ensure that the recorded data are consistent. This can be
achieved by removing the peri-implant area using the cut-out function after the initial scan,
connecting the scan body, and then rescanning the area (Revilla-Ledn et al., 2023b). This
is important in the context of implant restoration design because it helps to accurately
capture the shape of the tissue-molded gingival profile or the shape of the patient’s existing
provisional restoration, thus contributing to the design of an optimal prosthesis (Gémez-
Polo et al., 2023). In addition, during the process of designing implant prostheses, it is
essential to match library data at the level of the abutment or implant fixture to the scan

body regions.

The accuracy of IOSs was evaluated by analyzing the effects of using from zero to
three rescanned mesh holes in an implant model (Gémez-Polo et al., 2023). Their results
demonstrate that the trueness was significantly better when there was either no or only one
mesh hole, and that the precision was best when no mesh holes were present, although the
differences among the groups were not statistically significant. Those authors concluded
that the rescanning process could negatively impact the scanning accuracy and so they
recommended minimizing such procedures in order to improve outcomes. However, no
studies have investigated the accuracy of the cut-out rescan method by matching the library
data to the actual digital design process. Since the application of the library data has the
potential to address scanning errors in the scan body, evaluation studies following the same
process as in the real world are needed (Kim et al., 2019). Furthermore, studies are needed
to measure the errors in the horizontal and vertical directions in order to properly quantify

the errors that occur during the fabrication of a prosthesis.

Therefore, this study performed an in vitro comparative analysis of the accuracy and
linear displacement between data that had undergone a cut-out rescan process and data

captured by direct scanning after aligning a cylinder abutment library to scan data. The



following hypotheses were investigated: (1) using the cut-out rescan method does not
significantly affect the accuracy (trueness and precision) and (2) using the cut-out rescan

method does not significantly affect the linear displacement.



2. MATERIALS AND METHODS

2.1. Model fabrication

2.1.1. Model design

The experimental workflow commenced with the design and three-dimensional (3D)
printing of a full-arch dental model (Figure 1). A maxillomandibular tooth dentiform
model (D85DP-500B.1, Nissin, Kyoto, Japan) was scanned using a tabletop scanner
(Identica T500, Medit, Seoul, Republic of Korea) with an accuracy <7 um according to
ISO 12836 and used as the study model (Shin et al., 2021). The maxillary first molar was
virtually extracted, and the adjacent distal third of the second premolar and mesial third of
the second molar were removed using computer-aided design (CAD) software (Dental
CAD, Exocad, Darmstadt, Germany). The antagonist to the extracted maxillary tooth was
digitally prepared by removing approximately half of the occlusal surface, and the model

was saved as a standard tessellation language (STL) file.



| Maxilla & Mandible Full Arch 3D Printed Model |

| Implant Scan body Position: Maxillary Right First Malar |

Intraoral Scanners

Reference Scanner
TRIOS 3 i700 wireless IS 3800W
ldemies U0y CEREC Primescan RAYIOS

h
| Cut-cut Rescanning | | Direct Scanning |
[ |

Implant Positional Analysis

3D Analysis

(Trueness & Precision) (Linear Displacement)

Figure 1. Overall study workflow for different IOSs and scanning methods.



The maxillary dental-arch STL file was printed in three dimensions by a digital light
processing 3D printer (NextDent 5100, NextDent, Soesterberg, the Netherlands) using a
model resin (NextDent Model 2.0, NextDent). An internal bone-level implant fixture with
(4.0 mm x 10 mm; TS System Regular, Osstem Implant, Seoul, Republic of Korea) was
inserted into the printed model at the site of the extracted tooth to simulate implant

placement.

A titanium implant scan body (TS Scan Body Regular, Osstem Implant) was hand-
tightened and scanned using a laboratory scanner (Identica T500, Medit). CAD software
(Design Studio, 3shape, Copenhagen, Denmark) was used to import the digital library for
the digital laboratory analog (Digital Lab Analog TS Regular, Osstem Implant) to make
room for the laboratory analog component. Additional modifications were made to the
model using CAD software (Meshmixer, Autodesk, San Rafael, CA, USA), including
attaching 3-mm-diameter spheres to the contact areas between the adjacent teeth and the
occlusal surface of the mandibular right first molar, which represented the antagonist tooth.

The internal structure was hollowed, and the modified model was exported as an STL file.



2.1.2. 3D printing

The virtual model was imported to a slicing software (Preform, Formlabs, Somerville,
MA, USA) and prepared for 3D printing using standard grey resin (Grey Resin V4,
Formlabs). The model was printed with a stereolithography 3D printer (Form 3, Formlabs)
with a layer thickness of 0.1 mm and an orientation of 0°. Moreover, support structures
were added to the base of the model. Fabrication of the study model was completed after
postprocessing, which involved washing the model in a rotary machine (TwinTornado,
Medifive, Seoul, Republic of Korea) for 10 min using 95% ethylene alcohol, postcuring at
60°C for 40 min using a postcuring device (Form Cure, Formlabs), and securely attaching

the digital lab analog to the model.



2.2. Digitalization of study model

2.2.1. Model scan

The fabricated study model was scanned using the following five I0Ss (Table 1):
CEREC Primescan (group PR; Dentsply Sirona, North Carolina, Charlotte, NC, USA),
TRIOS 3 (group TR; 3shape), 1700 wireless (group 1700; Medit), IS 3800W (group IS;
DEXIS™_ Quakertown, PA, USA), and RAYiOS (group RAY; Raydent, Seoul, Republic
of Korea). The model was also scanned with a laboratory scanner as a reference: Identica
T500 (group REF; Medit). Scan bodies (TS Scan Body Regular, Osstem Implant) were
hand-tightened onto the digital laboratory analogs in accordance with the manufacturer’s
recommendation. The configuration of the bevel feature of the implant scan body was

oriented toward the buccal surface during the scanning process.



Table 1. Dental scanners used in this study.

Type Name Group Scan Technology
Reference scanner Identica TS00  REF Phase-shifting optical triangulation
CEREC Confocal microscopy
Intraoral scanner . PR
Primescan with Smart Pixel Sensor
Confocal microscopy technology /
TRIOS 3 TR
Ultrafast optical sectioning
3D-in-motion video technology /
1700 wireless 1700
3D full color streaming capture
IS 3800W IS 1/2.9-inch CMOS
Digital structured light projection /
RAYiOS RAY

Realtime video process scanning

10



All of the I0Ss were calibrated prior to performing scanning. Each arch was scanned
from the right central second molar while focusing on the right region. The scanning
sequence started from the right second molar to the occlusal, lingual, and buccal (labial)
surfaces, and ended at the right central incisor (Figure 2; Oh et al., 2020). The two scanning
methods (direct scanning and cut-out rescanning) were used with each IOS. The direct scan
method involved attaching the scan body to the digital laboratory analogs. In the cut-out
rescan method, this was followed by the implant scan workflow of each scanner. The
scanning workflow began with scanning the model without a scan body, followed by the
removal of the emergence profile area. The scan body was then attached, and the
corresponding area was rescanned. For devices without a recommended cut-out rescan
workflow (group PR), the “edit” tool was used to delete the emergence profile area before

performing the rescanning process.

Each scanner was used to perform 10 scans for each scanning method. High-resolution
and bite-adjustment functions were not utilized to control the scanning conditions of the
IOS when scanning the model. The reference scanner used a direct scan method to scan the

entire arch. All files were saved in the STL format after scanning.

11
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2.2.2. Converting to an evaluation cylinder

The scanned STL files were processed in CAD software (Dental CAD, Exocad),
where the scan bodies were matched to the library using a best-fit matching method.
Subsequently, a virtual cylinder with a diameter of 4.5 mm and a height of 5.5 mm was
used to incorporate the implant position. Ultimately, the virtual model representing the
occlusion between the maxilla and the mandible, including the cylinder, was saved as an

STL file for subsequent analyses. (Figure 2).
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2.3. 3D evaluations

2.3.1. Evaluation of cylinder accuracy

Prior to analyzing the trueness, the files acquired using each I0S were labeled as
measurement scans (MS), while those from group REF were categorized as reference scans
(RS). One file was then randomly selected from the 10 scans in group RS and loaded into
the evaluation software (Geomagic Control X, 3D Systems, Rock Hill, SC, USA) along
with an MS file. The RS file was divided into multiple segments using the “auto segment”
function, designating the virtual cylinder (labeled “C” in Figure 3) using the “cylinder”
tool. The MS and RS were aligned first using the “initial alignment” function followed by
the “best-fit alignment” function. The “3D compare” option was then used to calculate the
trueness of the cylinder abutment, quantifying the size difference between RS and MS as

the root mean square (RMS) error:

RMS ! zn:( )?
— _— x —_— x
\/ﬁ . ref i
i=1
where x,.¢ represents the data generated from the RS, x; represents the data from each
MS relative to the RS, and n denotes the total number of measurements. All

measurements were recorded in micrometers. Precision was assessed within each RS and

MS group by superimposing and measuring the RS and MS pairs, respectively.

14



Figure 3. Definitions of measurement points and areas: S1, sphere 1; S2, sphere 2; S3,

sphere 3; and C, cylinder.
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2.3.2. Evaluations of linear distances and implant displacements

The “auto segment” function was applied to each MS file, for which the software
automatically recognized spheres on both contact areas and applied the “cylinder” tool in
Geomagic Control X. The bottom surface of the cylinder abutment was further divided by
using the “split” and “plane” features. The following specific coordinate points were
assigned for the analyses: the distal aspect of the right maxillary second premolar as sphere
1 (S1), the mesial aspect of the right maxillary second molar as sphere 2 (S2), and the right
mandibular first molar as sphere 3 (S3) (Figure 3). The lengths of line segments S1S2,
S2S3, S1S3, CS1, CS2, and CS3 were calculated using the “linear dimension” function. In
particular, CS1 and CS2 measured the distances to the center coordinates of the cylinder,
while CS3 measured the length from S3 to the bottom surface of the cylinder (Figure 4).
The distances measured from RS and MS were designated as the reference scan distance
(RSD) and the measurement scan distance (MSD), respectively. The implant linear

displacement (AD) was calculated using RSD and MSD:

AD = xref — Xi

where x,.r represents the RSD and x; represents the MSD.

16



P

Cs2

Figure 4. Definitions of linear measurements: S1S2, sphere 1 to sphere 2; S1S3, sphere 1
to sphere 3; S2S3, sphere 2 to sphere 3; CS1, cylinder to sphere 1; CS2, cylinder to sphere
2; and CS3, cylinder to sphere 3.
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2.4. Statistical analyses

Statistical analyses were conducted using the Statistical Package for Social Sciences
(SPSS version 26, IBM, Armonk, NY, USA). Normality tests including the Shapiro-Wilk
test and Levene’s test were used to assess the homogeneity of variances for all experimental
groups. One-way analyses of variance followed by pairwise comparisons using Bonferroni
adjustments were used to detect significant differences in trueness, precision, and AD

according to the scanning method. A significance cutoff of a.=0.05 was applied in all tests.

18



3. RESULTS

3.1. RMS analyses

The findings of the trueness and precision evaluations are presented in Figure 5 and 6,
where a lower RMS error indicates better trueness and precision. The RMS errors measured
for each IOS were similar when using the direct scan and cut-out rescan methods, with no

significant differences in the trueness (Figure 5).

When using the cut-out rescan method, the RMS error was lowest in group 1700, at
51.90 £+ 22.12 um (mean =+ standard deviation), showing the highest similarity to group
REF. In contrast, the RMS error was highest in group RAY (69.79 + 39.28 um), indicating
the lowest similarity. When using the direct scan method, the RMS error was lowest in
group IS (50.61 £ 10.58 um) and highest in group RAY (69.02 £+ 30.39 um). The RMS
error was lower for direct scanning than for cut-out rescanning method (implying higher

accuracy) in all groups other than group 1700 (Figure 5).

Repeatability was better when using scanners with the direct scan method, with lower
RMS errors than when using the cut-out rescan method. The RMS error was significantly
lower for direct scanning than for cut-out rescanning in group PR (p = 0.014) and group IS
(» <0.001). The RMS error was lowest in group IS (19.38 £ 9.10 um) when using the direct
scan method, and highest in group RAY (55.59 &+ 31.16 um) when using the cut-out rescan
method (Figure 6).
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Figure 5. RMS errors and representative color maps of trueness for the different 10Ss.

Data are mean and standard deviation values.
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Figure 6. RMS errors and representative color maps of precision for the different 10Ss.

Data are mean and standard deviation values. Asterisks indicate statistically significant

differences (p < 0.05).
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3.2. Implant linear displacement

The relationships between the linear distance and implant displacement for the various
I0Ss are shown in Figure 7. A positive AD indicates that the length in group REF was
larger than that of the particular 10S, while a negative AD indicates that the length was
smaller in group REF. In group PR, no significant displacement was observed between the
direct scan and cut-out rescan methods across all positions. The largest displacement

recorded was —147.4 + 25.0 um for CS3 using the direct scan method (Figure 7A).

Significant differences were noted in group TR between the two scanning methods for
S2S3 (-36.7 = 18.1 pm and —77.6 + 31.7 um for direct scanning and cut-out rescanning,
respectively; p =0.001), CS2 (28.1 £ 16.4 um and —4.7 + 18.8 um, respectively; p =0.037),
and CS3 (-152.9 £ 25.2 um and —191.6 + 29.3 um, respectively; p = 0.004) (Figure 7B).
In group RAY, the direct scan method resulted in larger displacements for S2S3, CS2, and
CS3 than the cut-out rescan method. Significant displacement was noted in CS3 between

the methods (83.3 + 50.3 pm and —0.8 + 40.7 pm, respectively; p = 0.022) (Figure 7C).

No significant displacement differences were observed in group IS between the
methods for the various distances (p > 0.05). Displacements were primarily found to occur
in S1S2, S2S3, and CS3, reflecting the inherent inaccuracies of the scanner and
postacquisition expansion between the upper and lower arches. The displacement was
largest for CS3 with direct scanning (—169.6 £+ 30.5 um) (Figure 7D). In group 1700 there
were no significant displacements between direct scanning and cut-out rescanning for all
linear distances. The 1700 showed better overall performance than the other IOSs, with the
smallest displacement in S1S3 (0.09 £+ 62.4 um) and the largest displacement in CS3 (—
54.2 + 63.5 pm) when using the direct scan method (Figure 7E).
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Figure 7. Implant displacements for the five IOS: (A) CEREC Primescan, (B) TRIOS 3,
(C) RAYiOS, (D) IS 3800W, and (E) 1700 wireless. Asterisks indicate statistically
significant differences (p < 0.05).

23



4. DISCUSSION

This study compared the accuracies of the cut-out rescan and direct scan methods in
terms of implant areas and displacements. The RMS error for trueness was higher for all
I0Ss other than the 1700 when using the cut-out rescan method. In addition, using that
method resulted in statistically significant lower precision in both groups PR and IS. For
linear displacement, no statistically significant differences were observed between the
direct scan and cut-out rescan methods in groups 1700, IS, and PR. However, significant
differences were noted for CS3 in group RAY and for S2S3, CS2, and CS3 in group TR.

Thus, the null hypothesis was partially rejected.

Trueness and precision are key parameters in digital implant prosthodontics for
evaluating the accuracy of an IOS (Afrashtehfar et al., 2022; Demirel et al., 2023; Sanda et
al., 2021). Previous studies have found high accuracies when using various I0Ss to take
implant impressions (Demirel et al., 2023; Mangano et al., 2019; Sultanoglu and Eroglu,
2023). However, few studies have evaluated how using a cut-out rescan method to obtain
implant impressions affects the trueness and precision. Reich et al. recently assessed using
the cut-out rescan method with three IOSs (TR, PR, and Cerec Omnicam) in complete arch
scans (Reich et al., 2021). The trueness values for direct scanning and cut-out rescanning
using the TR device were reported as 42 + 5 um and 38 + 5 um, respectively; the
corresponding precision values were 18 + 3 um and 17 + 4 um, respectively. For the PR
device, the trueness was 29 + 3 um for direct scanning and 31 £+ 5 pm for cut-out rescanning,
while the precision values were 15 = 5 pum and 16 = 5 pm, respectively. Those authors
found no significant differences in trueness or precision between the two scanning methods

for each scanning system. In contrast, the present study found that the precision differed
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significantly between the two scanning methods in groups PR and IS but not in the other

groups, and also no significant differences in trueness among all of the scanners.

In groups PR, TR, and IS, the AD values for S1S3, S2S3, and CS3 were found to be
negative and significantly different from the values at other sites. This suggests that when
using these three 10Ss, specific displacements could occur when measuring distances that
contain S3, and especially CS3, which corresponds to displacement toward the vertical
dimension. These displacements might be related to the bite registration process that was
applied during scan acquisition (Kakali and Halazonetis, 2023). The process of retracing
the scanning method involves three steps: (1) scanning the maxillary arch, (2) scanning the
mandibular arch, and (3) aligning these two arches using bite registration (Jin et al., 2020).
The bite-registration acquisition process in group REF involved placing the cast model on
the plate and applying several rotations to obtain sufficient scan data for generating the bite
registration. In contrast, the utilization of an IOS involves placing the model cast in a stable
position on a table for scanning the maxillary and mandibular arches and performing bite
registration. The fundamental difference between these two approaches is the stability of
the model cast and the algorithm employed for the required calculations. Aligning the
arches in group REF resulted in compression relative to groups TR, IS, and PR.
Additionally, exerting forces on the cast material can interfere with bite registration
(Okamoto et al., 2023). A similar issue may occur when registering a bite for a patient
using an [0S, since variations between applying small and large bite forces can cause errors.
These errors can propagate through the manufacturing process, leading to the production
of inferior prostheses. Therefore, clinicians should be cautious when instructing patients to
bite down, ensuring they do not bite too forcefully or loosely, as either can lead to
discrepancies in the distance between the upper and lower antagonist teeth. Such variations

in biting force can result in inaccurate occlusal records, affecting the accuracy of
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subsequent fabrications.

Significant differences in displacements between the direct scan and cut-out rescan
methods were noted in groups TR and RAY. The cut-out rescan feature built into the IOS
used in group TR reduced the linear displacement for CS2 but increased it for S2S3 and
CS3. In group RAY this method significantly reduced the displacement for CS3, improving
the reproduction of the implant height, but it resulted in no significant improvements for
the other distances. These results suggest that the cut-out rescan feature is inadequate for

correcting acquisition errors relative to using the direct scan approach.

The impact of the cut-out rescan function on a maxillary arch was investigated by
Passos et al. using the PR, focusing on a central incisor and two first molars (Passos et al.,
2022). They found that the overall trueness and precision surpassed those obtained when
using direct model scanning. Although the present study did not observe significant
improvements for most of the investigated 10Ss, this technique may be beneficial when
designing complex implants or prostheses, since the accuracy can decrease when scanning
multiple implants or metal prostheses (Carneiro Pereira et al., 2023; Kernen et al., 2023;
Revilla-Leon et al., 2023a). For example, scanning multiple implants often involves
making repeated passes over reflective metal surfaces, which can lead to cumulative
scanning errors due to light reflections. The cut-out rescan method allows the surrounding
tissues around the implant to first be accurately captured, followed by precise scanning of
the implant itself. It has also been found previously that the accuracy of the I0S decreased
as the arch span increased (Abduo and Elseyoufi, 2018; Diker and Tak, 2022). Thus, the
cut-out rescan method might improve the accuracy for multiple-implant models, especially
in clinical applications involving complete or partial edentulism. However, the present
study only used a single-implant model to simulate situations where a single implant is

placed next to two teeth. Further evaluations of the cut-out rescan method are therefore
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needed for models involving partial or complete edentulism.

When discrepancies exceed 100 um, adjusting prostheses using shimstock or occlusal
papers becomes problematic in clinical settings. Therefore, the clinically acceptable
tolerance should be set below 100 um (Jin et al., 2022; Rungrojwittayakul et al., 2020;
Yatmaz et al., 2023). In the present study, the trueness and precision of the RMS error for
the two scanning methods of each scanner, after converting the implant library into
evaluation cylinders, were all measured to be below 100 um. These findings suggest that
the accuracy remains consistent even after using the library conversion process following

intraoral scanning in the implant workflow, indicating high applicability in clinical practice.

This study had some limitations. It was conducted in vitro, and so the conditions might
not have fully encompassed the complexities of the real oral environment. This might have
compromised the applicability of the accuracy and reproducibility findings to clinical
practice. Also, while five different IOSs were investigated, other commercially available
scanners may exhibit different performance characteristics. Further evaluations of other

IOSs are therefore needed to further validate the findings of this study.
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S. CONCLUSIONS

Based on the findings of this in vitro study, the following conclusions can be drawn:

1. The cut-out rescan and direct scan methods showed comparable trueness for all

I0Ss.

2. Groups PR and IS showed significant differences between the direct scan and cut-

out rescan methods, while the other scanners showed similar precision.

3. The significant differences in linear distance measurements found at various
coordinate points indicate that implant displacements are influenced by the scanning

method.

4. Clinicians should carefully evaluate the characteristics of specific I0Ss, scanning
methods/workflows, and the clinical situations of individual patients to establish effective

prosthetic plans that will ensure accurate occlusal records and optimal outcomes.
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