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ABSTRACT
Objective: To evaluate the interaction between intraoral scan body (ISB) type, operator, and intraoral scanner (IOS) selection on 
the trueness of complete-arch digital implant impressions. This study also compared horizontal ISBs (H-ISBs) and vertical ISBs 
(V-ISBs) across four IOS devices.
Material and Methods: Digital impressions of a definitive mandibular cast with six multi-unit analogs were made using four 
H-ISBs from different manufacturers (denoted as H-NB, H-NS, H-M6, and H-SF), with a V-ISB (V-EA) as the reference. Each 
ISB was scanned using a desktop scanner and by two operators who scanned each ISB system 10 times using four IOS devices 
i5D, PS, T3, T4, generating 400 digital impressions. Deviations were measured using root-mean-square (RMS) error (α = 0.05).
Results: All independent variables (operator, IOS, ISB) significantly affected trueness (p < 0.05). V-EA with i5D had the lowest 
trueness (78 [27] μm), while H-NS on PS showed the highest (12 [3] μm). H-M6 maintained high trueness across IOS devices. PS 
was the most stable IOS, while T4 showed the most variability.
Conclusions: Complete-arch digital impressions are influenced by ISBs, IOSs, and operators. H-ISBs demonstrated better true-
ness and consistency across IOSs and operators.

1   |   Introduction

Success of implant-supported complete-arch prostheses relies 
on achieving a passive fit to prevent biological and technical 
failures such as screw loosening and fractures (Jemt 2017; Pan 

et al. 2021; Toia et al. 2019). Achieving this precise fit requires 
exceptional clinical and laboratory accuracy, starting with an ac-
curate recording of implant positions using either digital or con-
ventional impression techniques (Papaspyridakos, Vazouras, 
et al. 2020; Wulfman et al. 2020; Cheng et al. 2024).
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Conventional implant impression techniques, such as the open-
tray implant impression method with splinted impression cop-
ings, are accurate but time-consuming and require laborious 
manual procedures (Joda and Brägger  2016; Joda et  al.  2017). 
While conventional methods remain the standard with reported 
high accuracy (Gómez-Polo et al. 2022; Blanco-Plard et al. 2023; 
Tohme et al. 2023; Jasim et al. 2024; Ali et al. 2024), they are 
prone to errors due to material limitations (Pozzi et al. 2013).

With computer-aided design computer-aid manufacture (CAD/
CAM) technology, a completely digital workflow is possible for 
fabricating implant-supported prostheses (Brandt et  al.  2015). 
The first step involves recording the exact implant position with 
an intraoral scanner (IOS) and an intraoral scan body (ISB). 
IOSs, consisting of a handheld camera, computer, and software, 
capture and analyze reflected light to generate 3D images. IOS 
technology is favored for its improved patient comfort and clini-
cal efficiency (Joda and Brägger 2016; Joda et al. 2017).

However, IOS accuracy can be affected by operator and patient-
related factors, especially in edentulous arches (Revilla-León 
et al. 2023a, 2023b). IOS devices use image stitching, enhanced 
by anatomical reference points, to align consecutive images 
(Retana et  al.  2023). While suitable for single crowns and 
short-span prostheses, scanning a complete edentulous arch is 
challenging due to the lack of landmarks and the difficulty in 
distinguishing multiple ISBs (Gómez-Polo et  al.  2022; Patzelt 
et al. 2014).

To improve accuracy, the use of horizontally positioned ISBs 
(H-ISBs) of varying heights and lengths helps eliminate gaps 
and inconsistencies between ISBs. Unlike traditional vertically 
placed ISBs (V-ISBs), the horizontal design allows for a more 
streamlined, single-pass scanning process, reducing image 
overlap and stitching errors as the clinician moves along the 
arch (Giglio et al. 2024; Klein et al. 2023). This concept aligns 
with the approach of splinting ISBs (Cheng et  al.  2024; Ali 
et al. 2024; Retana et al. 2023; Cappare et al. 2019; Mizumoto 
et  al.  2020; Kanjanasavitree et  al.  2022; Pozzi et  al.  2022; 
Azevedo et al. 2024a), as seen in several studies, as well as the ad-
dition of soft tissue artificial landmarks (Mizumoto et al. 2020; 

Kanjanasavitree et al. 2022; Azevedo et al. 2024a; Chochlidakis 
et al. 2020; Papaspyridakos, Chochlidakis, et al. 2020; Rutkūnas 
et al. 2023).

Although H-ISBs offer potential advantages, no studies, to the 
best of the authors' knowledge, have directly compared their 
trueness to V-ISBs across various IOS systems. This study 
seeks to address this gap by assessing the trueness of H-ISBs in 
complete-arch digital implant impressions. This study aimed to 
evaluate how the interaction between ISB type (horizontal vs. 
vertical) and IOS selection influences the trueness of complete-
arch digital implant impressions. Additionally, the study com-
pared the trueness of different ISB designs across various IOSs 
to determine which combinations yielded the highest accuracy. 
The null hypothesis was that neither ISB type nor IOS selection, 
individually or in combination, would affect trueness.

2   |   Material and Methods

A definitive cast of an edentulous mandible with a soft tissue 
replica was fabricated and used as the reference cast. Six paral-
lel dental implant analogs (multi-unit analogs, Nobel BioCare, 
Switzerland) in the first molar, first premolar, and lateral in-
cisors positions located 3 mm below the model's surface were 
placed. Ethics approval was not required for this study, as it was 
an in vitro investigation using a dental cast with no involvement 
of human participants or patient data.

For the experimental groups, four H-ISBs from various man-
ufacturers were selected and denoted as H-NB (Nobel Biocare 
Multi-unit Polo, Nobel Biocare, Switzerland), H-NS (Nexus Scan 
Gauges, Nexus iOS, Australia), H-M6 (M6 Dental Multi-unit 
abutment, MY Digital Implant, China) and H-SF (SmartFlags, 
Apollo, Poland). In addition, a vertical ISB (Elos Accurate, 
Nobel Biocare, Switzerland), referred to as V-EA, was chosen 
as the gold standard reference. Figure 1 represents all the ISBs 
evaluated in the study. The H-ISBs varied in both material and 
design: H-NB, H-NS, and H-M6 were made entirely of titanium, 
with H-NB and H-M6 featuring a two-piece configuration 
where a horizontal component was screwed into the main body, 

FIGURE 1    |    Intraoral scan bodies (ISBs) of various designs (vertical and horizontal) from different manufacturers included in the study.
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whereas H-NS had a single-piece construction. H-SF incorpo-
rated a medical-grade polymer (PEEK) with an anti-reflective 
surface to enhance the scan, while its titanium base ensured a 
secure implant connection. In contrast, the V-ISB (V-EA) was a 
single-piece ISB made entirely of PEEK. All the H-ISBs and the 
V-ISB were tightened to 10 Ncm by using an automatic torque 
control unit (Endo-mate TC2, NSK, Japan) and were not moved 
between registrations to avoid positional errors. Each ISB was 
visually inspected to ensure its integrity and adherence to man-
ufacturer specifications.

A desktop scanner (IScan4D LS3i, Imetric 4D, Switzerland) 
with an accuracy of ±5 μm for implant scans, according to the 
manufacturer, was used to scan the reference cast to obtain the 
reference digital cast (RDC) (Doukantzi et al. 2021; Marchand 
et  al.  2022; Lee et  al.  2020). The digitized dental casts were 
saved as a standard tessellation language file (STL) to serve as 
the RDC. The desktop scanner was calibrated according to the 
manufacturer's guidelines. For each ISB type, a reference dental 
cast was obtained and scanned to establish an accurate baseline 
for comparison.

Four different IOSs were used with each group: TRIOS 3 (T3) 
and TRIOS 4 (T4) (3Shape, Denmark), iTero Element 5D (i5D) 
(Align Technology, USA), and Primescan (PS) (Dentsply Sirona, 
USA). The scanning strategy applied for all the digital scans was 
the zig-zag technique, as used in previous studies (Pattamavilai 
and Ongthiemsak 2022; Tasaka et al.  2019), starting from the 
most distal ISB of the fourth quadrant. Two operators (L.A and 
A.L) with more than 5 years of experience using IOSs, after three 
training sessions of 20 min with each IOS, performed all digi-
tal scans by using the most recent acquisition software program 
available for each IOS. Scanning parameters, including resolu-
tion (high-definition mode), depth, and angulation, were kept 
consistent for all scans.

Ten consecutive digital scans (n = 10) of the RDC were made 
with the 4 IOSs, in a temperature and humidity-controlled 

environment (Revilla-León et  al.  2021). The groups were 
scanned in a random order generated by a spreadsheet (Excel; 
Microsoft Corp). The STL files from both the IOSs and the 
desktop scanner were imported into CAD software (exocad 
DentalCAD 3.1 Rijeka, exocad GmbH, Germany) to align the 
digital scans with the CAD library's ISB, ensuring the same 
multi-unit abutment analog for all files to facilitate 3D evalu-
ation and comparison (Figure 2). All alignments with the cor-
responding library's ISB were performed by the same person 
(L.A.), who had experience working with CAD software. After 
obtaining all multi-unit STL files, they were imported into 
metrology software (Geomagic Control X 2022.1; 3D Systems 
Inc., USA) for comparison and analysis of deviation (trueness) 
by superimposing the digital analogs (digital multi-unit abut-
ments). The RDC was used as the reference. Subsequently, 
the surfaces of the STL files were aligned for optimal super-
imposition by using the “Align Between Measured Data” and 
“Best-Fit Alignment” functions. The overall deviation was 
assessed by using the “3D Compare” function, which gener-
ated a color map of the superimposed digital casts to quantita-
tively analyze the 3-dimensional (3D) changes. The color map 
ranged from +0.3 mm to −0.3 mm, with a tolerance range of 
±0.02 mm. The mean RMS error indicated the deviation value 
(trueness). The RMS is a mathematical parameter that mea-
sures the size of a dataset. The RMS values are calculated by 
taking the square root of the average of the squared differ-
ences between the corresponding points on the two digital 
multi-unit abutments. Figure 3 illustrates the digital analysis 
workflow.

The main dependent outcome was the trueness of each tech-
nique tested, measured in microns (μm). Trueness assessed how 
close the digitized test object (ISBs) was to the true dimensions 
of the RDC.

Descriptive statistics, including median, interquartile range 
(IQR), minimum, and maximum values, were calculated. 
Initially, a random intercept mixed model was fit to account for 

FIGURE 2    |    Digital workflow for aligning STL files from intraoral and desktop scanners with the CAD library's scan body (ISB) using exocad 
software (exocad DentalCAD, exocad GmbH), standardizing the multi-unit abutment for 3D evaluation and comparison.
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the correlated nature of the data. However, the likelihood ratio 
test compared to the uncorrelated model was not significant 
(p = 0.78), and the covariance for the mixed model was close to 
zero, suggesting that the repeated measurements were not cor-
related. Therefore, the simpler linear model was chosen. The lin-
ear model used RMS as the dependent variable, with operator, 
IOS, ISB, and their interactions as the independent variables. 
Wald tests were conducted for the main effects and interactions. 
A Tukey test was used to evaluate the differences between the 
groups. Trueness was defined as the amount of average 3D de-
viation between the corresponding ISBs in the test scan and the 
RDC. The level of significance was set at p < 0.05. All analyses 
were conducted using Stata 18.0 (StataCorp, USA).

3   |   Results

Descriptive statistics for RMS values across ISBs and IOSs com-
binations are presented in Table 1. The histogram indicated a 
distribution close to normal for the outcome variable. Although 
the Shapiro–Wilk test yielded p < 0.05, given the large sample 
size (n = 400), the histogram was considered a more reliable in-
dicator of normality.

Overall, the V-ISB consistently demonstrated lower trueness 
(higher RMS values), particularly with the iTero Element 5D, 
where V-ISB had the highest RMS value (77 [28] μm). In con-
trast, H-ISBs generally exhibited higher trueness (lower RMS 
values), with Primescan achieving the best performance for 
H-NS (12 [4] μm), which represented the highest trueness in 
the study. TRIOS 3 showed consistently high trueness across all 
ISBs, while TRIOS 4 had more variability, with H-NB showing 
the lowest trueness (39 [13] μm).

When comparing ISBs without considering IOS, V-EA had sig-
nificantly lower trueness than all H-ISBs (p < 0.001). Differences 
among H-ISBs were minimal, except for occasional variations 
with H-SF in comparison with H-M6 (p = 0.015). For IOSs 
without considering ISBs, iTero Element 5D showed the lowest 

trueness (p < 0.001), while Primescan consistently had the high-
est trueness across conditions.

When comparing ISBs within the same IOS, the iTero Element 
5D had the lowest trueness for V-EA (p < 0.001), with signifi-
cant differences between the two operators. In contrast, H-ISBs 
demonstrated much lower variation in trueness regardless of the 
operator. Comparing IOSs within the same ISB revealed that 
Primescan consistently outperformed other IOSs, especially 
with H-NB and H-NS, showing the highest trueness across mul-
tiple ISBs (p < 0.001).

Regression analysis showed that operator, ISB, and IOS all sig-
nificantly influenced RMS values (p < 0.05), with significant 
interaction effects (p < 0.001) (Table 2). However, the most pro-
nounced operator-dependent differences were found exclusively 
with the V-ISB when used with iTero Element 5D. In contrast, 
H-ISB showed stable, low RMS values across different IOSs and 
operators.

Figures 4, 5, and 6 illustrate these findings. Figure 4 presents 
boxplots of RMS values grouped by ISB, IOS, and operator, il-
lustrating the distribution of RMS values. This figure provides a 
comparative analysis of operator consistency and performance 
across various scanbody-scanner combinations, using RMS val-
ues as an indicator of scanning trueness. Figures 5 and 6 demon-
strate the predicted RMS values with 95% confidence intervals, 
highlighting the significant inconsistencies for V-ISB with iTero 
Element 5D between operators, while other ISB-IOS combina-
tions showed overlapping confidence intervals (no significant 
differences), suggesting a minimal operator effect.

Figures 4, 5, and 6 illustrate these findings. Figure 4 presents 
boxplots of RMS values grouped by ISB, IOS, and operator, il-
lustrating the distribution of RMS values. This figure provides a 
comparative analysis of operator consistency and performance 
across various scanbody-scanner combinations, using RMS val-
ues as an indicator of scanning trueness. Figures 5 and 6 demon-
strate the predicted RMS values with 95% confidence intervals, 

FIGURE 3    |    Summary of the 3D digital analysis for the superimposition of scans according to the “Best-fit Alignment” method in Geomagic 
Control X.
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highlighting the significant inconsistencies for V-ISB with iTero 
Element 5D between operators, while other ISB-IOS combina-
tions showed overlapping confidence intervals (no significant 
differences), suggesting a minimal operator effect.

4   |   Discussion

The findings of the present study emphasize the significant 
influence of the operator, IOS, and ISB on the trueness of 

complete-arch digital impressions. The results highlight that 
while all main effects and interactions between these factors 
were statistically significant, the most critical inconsistency was 
observed with the iTero Element 5D when used with the V-ISB. 
This suggests that the accuracy of complete-arch digital impres-
sions is not only device-dependent but also highly affected by 
scan body design and individual operator technique, leading to 
the rejection of the null hypothesis.

Regarding the comparison of different ISBs with the same IOS, 
the study found that V-EA exhibited lower trueness with both 
the iTero Element 5D and Primescan. However, the most notable 
variability was observed with iTero and V-EA, particularly for 
Operator 2. The higher RMS values for this combination suggest 
a greater susceptibility to operator-related inconsistencies, pos-
sibly due to the design and material of the V-ISB. The PEEK ma-
terial of V-ISB may be less compatible with the optical scanning 
technology of iTero, aligning with previous research indicating 
better performance with metal ISBs (Azevedo et al. 2024b).

From a design perspective, IOS systems primarily scan ISBs 
along the vertical axis (z-axis), initially capturing the narrow 
top portion before acquiring data from the curved sides. The 
reliance on an internal accelerometer for positional tracking 
introduces errors when excessive movement occurs, and in-
creased lateral movement further exacerbates these errors, 
requiring additional image stitching (Giglio et  al.  2024). H-
ISBs help mitigate these challenges by providing a more stable 
horizontal scanning surface, reducing dependence on acceler-
ometer adjustments and minimizing potential stitching errors 

TABLE 1    |    Median, interquartile range (IQR), minimum and maximum mean root-mean-square (RMS) values of different intraoral scan bodies 
(ISBs) for each intraoral scanner (IOS) (μm).

iTero Element 5D Primescan TRIOS 3 TRIOS 4

Median 
(IQR) Min-max

Median 
(IQR) Min-max

Median 
(IQR) Min-max

Median 
(IQR) Min-max

Operator 
1

V-EA 68 (12)a;α 54–80 25 (8)a;β 13–36 20 (6)a;β,γ 14–38 33 (11)a 25–47

H-NB 22 (4)b;α 15–28 13 (3)a,b;α,β 11–19 21 (7)a,b;α,β,γ 18–32 36 (15)a,b 30–48

H-NS 29 (3)b,c;α 19–32 14 (2)a,b,c;β 10–15 24 
(3)a,b,c;α,β,γ

22–30 40 
(11)a,b,c;α,γ

26–45

H-M6 18 
(17)b,c,d;α

12–52 26 (3)a,d;α,β 18–32 20 
(5)a,b,c,d;α,β,γ

11–35 22 (9)d;α,β,γ 15–29

H-SF 35 
(5)b,c,d;α

24–40 12 (7)a,b,c;β 4–19 32 
(10)a,b.c,d;α,γ

21–41 31 
(7)a,b,c,d;α,γ

27–48

Operator 
2

V-EA 95 (17)a;α 56–117 29 (9)a;β 11–39 22 (6)a;β,γ 20–35 36 (15)a;β 23–57

H-NB 22 (5)b;α 17–27 17 (5)a,b;α,β 12–25 24 (6)a,b;α,β,γ 16–31 42 (11)a,b 31–49

H-NS 32 (5)b,c;α 28–37 10 (2)b,c;β 10–12 21 
(7)a,b,c;α,β,γ

18–30 33 (5)a,b,c;α,γ 29–37

H-M6 30 
(18)b,c,d;α

14–50 21 
(5)a,b,c,d;α,β

12–34 21 
(2)a,b,c,d;α,β,γ

20–28 24 
(11)c,d;α,β,γ

15–43

H-SF 31 
(9)b,c,d;α

26–39 18 
(6)a,b,c,d;β

12–31 22 
(3)a,b,c,d;α,β,γ

19–24 34 (7)a,b,c,d;α 28–41

Note: Values sharing the same letter within a column (a, b, c and d) and within a row (α, β and γ), for each operator, are not statistically different at the 5% level. Tukey 
adjustment applied for multiple comparisons.

TABLE 2    |    Contrasts for main effects and interaction terms (Wald 
tests).

Degrees of 
freedom F p

Operator 1 5.66 0.020

ISB 4 94.86 < 0.001

IOS 3 185.75 < 0.001

Operator × IOS 
interaction

3 7.71 < 0.001

Operator × ISB 
interaction

4 6.88 < 0.001

IOS × ISB interaction 12 62.41 < 0.001

Operator × IOS × ISB 
interaction

12 4.88 < 0.001
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(Giglio et  al.  2024). This contributes to the observed consis-
tency in trueness across operators when using H-ISBs, regard-
less of the IOS system.

To address these scanning limitations, H-ISBs were specifi-
cally designed to optimize digital impression accuracy. Their 

horizontal orientation allows the IOS to capture more data points 
efficiently, reducing the need for excessive lateral movement 
and minimizing accelerometer-induced distortions. The multi-
ple planes on H-ISBs provide a broader scanning surface, while 
their lower vertical profile enhances accessibility within the oral 
cavity. As a result, H-ISBs demonstrated superior trueness across 

FIGURE 4    |    Boxplots of the mean root-mean-square (RMS) by intraoral scanner (IOS), intraoral scan body (ISB) and operator.

FIGURE 5    |    Margin plots for mean root-mean-square (RMS) by operator, intraoral scanner (IOS) and intraoral scan body (ISB) with 95% confidence 
intervals. Non-overlapping confidence intervals indicate statistically significant differences between operators for specific ISB × IOS combinations.
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multiple IOSs, particularly with the Primescan device. Factors 
such as reduced vertical height, improved scanner accessibility, 
and enhanced scanning surface area likely contribute to their 
improved performance. Future research should further explore 
how ISB design elements—such as geometry, height, retention 
system, and material—affect scanning accuracy.

Recent studies have focused on refining ISB designs to fur-
ther enhance intraoral scanning accuracy, particularly for im-
plant rehabilitation in edentulous patients (Zhang et  al.  2024; 
Wu et al. 2024; Etxaniz et al. 2024; Canullo et al. 2024; Ashry 
et al. 2024; Wu et al. 2023; Huang et al. 2021; Huang et al. 2020). 
Huang et  al. (Huang et  al.  2020) investigated the accuracy of 
an original ISB design compared to two newly developed CAD/
CAM ISBs—one with and one without an extensional structure. 
Their findings indicated that the extensional structure signifi-
cantly improved scanning accuracy by providing additional hor-
izontal reference points for the IOS (Huang et al. 2020). Other 
studies have explored auxiliary devices attached to ISBs or 
newly milled ISB designs incorporating horizontal structures to 
optimize digital impressions (Zhang et al. 2024; Wu et al. 2024; 
Etxaniz et al. 2024; Canullo et al. 2024; Ashry et al. 2024; Wu 
et  al.  2023; Huang et  al.  2021; Huang et  al.  2020). These ad-
vancements highlight the ongoing evolution of ISB technology 
to improve trueness and consistency in implant scanning.

Primescan consistently achieved the highest trueness across all 
ISBs, particularly with H-NB, H-NS, and H-SF, showing the low-
est RMS values. The low RMS values for Primescan, often under 
20 μm, further demonstrate its superior accuracy, which aligns 

with findings from previous studies (Azevedo et  al.  2024a; 
Ashraf et al. 2023).

The results from TRIOS 3 and TRIOS 4 IOSs showed some dis-
crepancies. TRIOS 4 exhibited higher RMS values (lower true-
ness) across all ISBs compared to TRIOS 3, echoing findings from 
other studies that reported lower trueness with Trios 4 (Azevedo 
et al. 2024a). This may be due to technological differences be-
tween the two scanner versions. Additionally, no significant 
difference in trueness was found between V-ISB and H-ISBs for 
both TRIOS scanners. Despite all the advantages of the horizon-
tal design mentioned above, in this study, the six-implant model 
with closely spaced implants may have minimized the influ-
ence of H-ISBs on scan accuracy for the TRIOS systems. These 
findings align with the study by Denneulin et al. (2023) which 
assessed the effect of implant number and splinting on digital 
scanning accuracy in edentulous arches. Their results showed 
that splinting ISBs negatively affected accuracy in a six-implant 
model using the TRIOS 3 system, while splinting improved ac-
curacy in a four-implant model. They concluded that both the 
number of implants and their distribution along the arch signifi-
cantly influence scanning accuracy (Denneulin et al. 2023).

The effect of operator variability in digital impressions was 
only observed with V-EA using the iTero Element 5D device, 
where Operator 2 exhibited higher RMS values (lower trueness). 
While these differences were statistically significant, they were 
relatively small and not consistent across other ISBs and IOSs. 
This suggests that while the operator influences the accuracy 
of complete-arch digital impressions, the choice of ISB and IOS 

FIGURE 6    |    Margin plots for mean root-mean-square (RMS) by operator, intraoral scanner (IOS), and intraoral scan body (ISB) with 95% 
confidence intervals. Non-overlapping confidence intervals indicate statistically significant differences between operators for specific ISB × IOS 
combinations.
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may have a more pronounced effect on overall trueness. These 
findings highlight the importance of training and familiarity 
with specific IOSs and ISBs to optimize performance. Further 
studies with a larger operator sample are necessary to better un-
derstand the extent of operator-dependent variability.

The regression analysis further supports the importance of con-
sidering the interactions between IOS, ISB, and operator. The 
findings suggest that the best outcomes are achieved when these 
factors are evaluated together rather than individually. This is 
particularly important when selecting an IOS and ISB combina-
tion for complete-arch digital impressions, as the wrong pairing 
could introduce higher errors, as seen with the iTero Element 5D 
and V-ISB combination.

This study has several limitations. First, the in  vitro design 
may not fully replicate clinical conditions, including patient 
movement, salivary contamination, and soft tissue dynamics, 
all of which can impact scan accuracy in a real-world setting. 
Additionally, the zigzag scanning protocol and variations in 
IOS technologies may have influenced the results, as different 
scanning strategies and technologies operate under distinct 
principles.

Furthermore, this study used an edentulous mandibular den-
tal cast previously used in the authors' research (Azevedo 
et al. 2024a, 2024b), which may not fully account for anatomical 
differences between the maxilla and mandible. Future studies 
should incorporate both arches to comprehensively assess digi-
tal impression accuracy.

Regarding the assessment method, this study evaluated true-
ness using root-mean-square (RMS) analysis, which provides 
an overall 3D deviation measurement but does not account for 
individual implant positions. While this approach aligns with 
previous studies (Azevedo et al. 2024a, 2024b) and ensures com-
parability, future research should integrate vector-based analy-
sis to examine deviations at specific implant sites, particularly 
in distal regions where accuracy may be lower. Vector-based 
analysis offers direct measurement of coordinate values (linear 
and angular deviations) and vectors, allowing for a more de-
tailed evaluation of implant position accuracy. However, a best-
fit alignment remains necessary to initially align the meshes 
and enable reliable comparisons, as discrepancies in orientation 
and positioning could introduce further errors. Additionally, 
multiple sources of error accumulate throughout the workflow, 
including CAD software alignment with the digital implant ana-
log, scanner-associated errors, best-fit alignment errors, and fab-
rication inaccuracies, all of which may influence final deviation 
measurements. Future investigations should explore whether 
certain implant positions are more susceptible to deviations de-
pending on the ISB and IOS combination.

Finally, while this study followed the recommended best prac-
tices for PEEK scan body use—including single-use application 
and controlled torque tightening (Gómez-Polo et al. 2023)—the 
potential for deformation remains a consideration. While the 
risk of distortion was minimized, existing literature suggests 
that metal ISBs generally provide superior accuracy compared 
to PEEK ISBs for complete-arch digital impressions (Azevedo 
et  al.  2024b). However, at the time of the study, the official 

scan body available in the market for Nobel Biocare multi-unit 
abutments was made of PEEK, leaving no alternative choice. 
Additionally, the absence of repeated measurements by multiple 
raters limited the ability to assess inter-rater reliability, high-
lighting the need for future studies to incorporate duplicate as-
sessments for greater methodological rigor.

In future research, validating the clinical performance of 
H-ISBs in an intraoral setting will be crucial to understand-
ing how in  vivo factors affect digital impression accuracy. 
Additionally, the authors are conducting a follow-up in vitro 
study to analyze whether reducing the number of implants af-
fects impression accuracy. Ultimately, the integration of new 
digital technologies should aim to enhance efficiency for both 
dentists and dental technicians without significantly increas-
ing costs. The adoption of digital workflows must be evidence-
based, with proper training and a streamlined learning curve 
to ensure smooth and effective implementation in clinical 
practice.

5   |   Conclusion

This study demonstrated that the accuracy of complete-arch 
digital impressions is significantly influenced by the interac-
tion between operator, IOS, and ISB type. The most notable 
inconsistency was observed with V-ISB when used with the 
iTero Element 5D, where operator-dependent variability was 
significant. In contrast, H-ISBs provided more consistent true-
ness across different operators and IOSs, particularly with the 
Primescan system.

Clinically, these findings suggest that H-ISBs may improve dig-
ital impression accuracy for complete-arch rehabilitations by 
minimizing operator-related inconsistencies. This consistency 
could potentially reduce the risk of prosthetic misfit. Given 
the multifactorial nature of digital impression accuracy, future 
studies should further investigate the role of ISB geometry, ma-
terial properties, and scanning protocols across various clinical 
conditions. Additionally, incorporating vector-based analysis 
could provide a more detailed assessment of deviations at spe-
cific implant positions, complementing existing best-fit align-
ment techniques.
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