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Abstract
Background  Intraoral scanners (IOS) offer advantages in implant dentistry, but accuracy depends on factors 
including implant scan body (ISB) material and implant angulation. Conflicting evidence exists on the performance of 
Titanium (Ti) versus PEEK ISBs, especially with angulated implants. This study aimed to evaluate the combined effect 
of ISB material (PEEK vs. Ti) and implant angulation (0° vs. 30°) on the trueness and precision of digital impressions 
obtained from four different IOSs.

Methods  A 3D-printed edentulous maxillary model with four implants (two parallel 0°, two angled 30°). Four ISB 
configurations (Ti 0°, Ti 30°, PEEK 0°, PEEK 30°) were screwed to the implants and scanned (n = 10 per group) using four 
IOSs: Primescan, Trios 3, Aoralscan 3, and Fussen S6000. A high-resolution desktop scanner provided the reference. 
Trueness (RMS error vs. reference model) and precision (RMS error from intra-group comparisons) were calculated 
using Geomagic software. Data were analyzed using Friedman and Kruskal-Wallis tests (α = 0.05).

Results  ISB configuration significantly affected trueness (P < 0.001) and precision (P < 0.001). PEEK ISBs demonstrated 
significantly higher trueness and precision than Ti ISBs (P < 0.001). PEEK 30° showed the highest trueness, while PEEK 
0° showed the highest precision. Angulation did not significantly affect trueness for Ti ISBs. IOS type significantly 
influenced trueness and precision across all ISB configurations (P < 0.001). Primescan and Trios 3 generally exhibited 
higher trueness and precision compared to Aoralscan 3 and Fussen S6000 (specific pairwise differences varied by 
condition, P < 0.05).

Conclusions  Both ISB material and implant angulation significantly influence the trueness and precision of full-arch 
digital implant impressions. PEEK ISBs consistently outperformed Titanium ISBs. Choice of IOS is also critical, with 
significant performance differences observed among the tested IOSs. Clinicians should consider these interactions 
when selecting materials and IOSs for optimal accuracy.
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Background
Intraoral scanners (IOS) have revolutionized implant 
dentistry, offering a quicker, more efficient, and patient-
friendly alternative to traditional impression methods 
[1, 2]. Acquiring digital implant impressions using IOS 
technology is increasingly common in fabricating dental 
restorations, providing significant advantages over con-
ventional techniques. These benefits include reduced 
impression time, enhanced patient comfort, and the pre-
vention of material distortion that could adversely impact 
the final restoration. Furthermore, digital impressions 
simplify model storage and management [3–5].

Despite these advancements, the accuracy of digi-
tal impressions remains influenced by several factors. 
These include the specific IOS used, scanning protocols, 
the geometry of scanned objects, operator skill, implant 
position, and importantly, the material and design of 
the implant scan body (ISB) [6–10]. Among these, the 
ISB material is crucial for achieving precise digital 
impressions.

Commonly utilized ISB materials include titanium and 
PEEK. Titanium is valued for its durability and biocom-
patibility; however its reflectivity can hinder scanner pre-
cision, potentially altering perceived surface geometry, 
especially in complex areas or where light scatters. Con-
versely, PEEK is non-reflective and often chosen for its 
compatibility with optical scanning technologies. Its sur-
face properties can enhance data acquisition, particularly 
in challenging situations [11, 12]. However, conflicting 
evidence exists regarding their comparative performance, 
especially when implants are placed at varying angula-
tions [13].

Implant angulation, often necessary for functional or 
aesthetic reasons, adds complexity to scanning. While 
conventional impression accuracy improves with parallel 
implants due to reduced deformation during tray removal 
[14, 15], the effect of angulation on digital impression 
accuracy remains debated. Some studies suggest scan 
data accuracy is enhanced with angled implants, while 
others report decreased accuracy [16–18], or no signifi-
cant difference [19–24].

Therefore, understanding how ISB material (PEEK vs. 
Titanium) and implant angulation (parallel vs. angled) 
interact to influence digital impression accuracy is essen-
tial for optimizing clinical workflows and patient out-
comes. The present study aimed to assess the effect of 
these two factors (material: PEEK/Titanium; angulation: 
0°/30°) on the trueness and precision of digital impres-
sions obtained from four different intraoral scanners.

Methods
Study design and model preparation
The present study employed a factorial design to evaluate 
the trueness and precision of digital impressions. The two 
variables investigated were:

IOS Type: Four IOSs: Primescan (Dentsply Sirona, 
Charlotte, NC, USA), Trios 3 (3Shape, Copenhagen, Den-
mark), Aoralscan 3 (Shining 3D, Hangzhou, China), and 
Fussen S6000 (Fussen Technology Co., Shenzhen, China).

Scan Body Configuration: Four scan bodies with com-
binations of material and angulation: Titanium at 0° 
angulation (Ti 0), Titanium at 30° angulation (Ti 30), 
PEEK at 0° angulation (PEEK 0), and PEEK at 30° angula-
tion (PEEK 30).

A 3D-printed resin model of an edentulous maxilla was 
made using Standard Resin V2 (Anycubic, Shenzhen, 
Guangdong, China) with an L5 3D printer (Charming3D, 
Hong Kong). Four implants RP (Nobel Biocare, Zurich, 
Switzerland) were inserted, following implant positions 
commonly utilized in all-on-4 implant-supported res-
torations: two parallel implants (0°) in the lateral incisor 
sites and two implants angled at 30° in the second pre-
molar sites, the implants were embedded in the model 
with their platforms positioned at the alveolar crest level, 
topped with 2  mm of Silicone artificial gingiva (Zher-
mack, Badia Polesine, Italy) was fabricated using a sili-
cone index, polymerized, polished, and attached to the 
model to simulate clinical conditions (Fig. 1A) To ensure 
dimensional stability during the study, the printed model 
was stored under controlled conditions (20–22  °C, 50% 
relative humidity), as recommended by the resin manu-
facturer. All scanning procedures were completed within 
one week of printing to minimize potential time-depen-
dent deformation.

Reference model digitization and scan body placement
Titanium scan bodies (80610226, 3Shape, Copenhagen, 
Denmark) were screwed onto the left-side implants, and 
PEEK scan bodies (IO 2B-B SA, Elos Medtech, Gothen-
burg, Sweden) onto the right-side implants. All scan bod-
ies were directly connected to the implant analogs. All 
scan bodies were tightened to 15 Ncm using a calibrated 
torque wrench. A high-resolution desktop scanner E3 
(3Shape, Copenhagen, Denmark) with a manufacturer-
declared accuracy of 7 μm was used to scan the prepared 
model, generating the digital reference model in standard 
tessellation language (STL) format (Fig. 1B).

Digital impression acquisition
All intraoral scanning was performed by a single operator 
with over five years of experience. Scans were obtained in 
a light-sealed optical darkroom to minimize external light 
interference. Standardized ambient lighting (1000  lx, 
5400 K color temperature) was provided by a specialized 
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LED source connected to the scanner head, verified using 
a spectrophotometer CL-200 A (Konica Minolta, Tokyo, 
Japan). All scanners were calibrated according to manu-
facturer recommendations before use.

A standardized zigzag scanning pattern was employed, 
starting from the left posterior implant and moving 
across to the contralateral side with continuous buccal-
to-lingual motions. To minimize operator fatigue, five-
minute rest periods were implemented after every fifteen 
minutes of scanning. Ten digital impressions (n = 10) 
were captured for each combination of scanner and scan 
body. This resulted in a total of 160 scan body datasets. 
Each scan took approximately 3 to 4  min to complete. 
The operator performed 3 to 4 scans per 15-minute 
interval, followed by a standardized 5-minute rest period 

to minimize fatigue. All scans obtained from the four 
IOSs (n = 40) were completed on the same day to reduce 
the risk of time-dependent dimensional changes in the 
3D-printed model.

Data Preparation and accuracy evaluation
All acquired STL files were imported into Geomagic Stu-
dio 2014® software (Geomagic, Morrisville, NC, USA). 
Individual scan bodies were digitally segmented based on 
material and angulation (Fig. 2). To ensure blinding of the 
accuracy assessor, original file names were replaced with 
unique, randomly generated alphanumeric codes, con-
cealing the scanner, material, and angulation information.

Trueness evaluation: trueness (accuracy) was assessed 
using Geomagic Control X software (3D Systems, Rock 

Fig. 2  Segmentation of scan bodies on the reference model, (A) titanium scan body at 0° angulation, (B) titanium scan body at 30° angulation, (C) PEEK 
scan body at 0° angulation, (D) PEEK scan body at 30° angulation

 

Fig. 1  Reference models with scan bodies, (A) physical reference model with four implants: titanium scan bodies (left, 0° and 30°) and PEEK scan bodies 
(right, 0° and 30°). silicone artificial gingiva simulates clinical conditions, (B) digital reference model generated using a high-resolution desktop scanner 
E3 (3Shape, Copenhagen, Denmark)
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Hill, SC, USA). Each segmented intraoral scan (n = 10 
per group) was aligned to the corresponding segmented 
reference scan using a best-fit alignment based on the 
iterative closest point (ICP) algorithm (Fig. 3). The three-
dimensional deviation was calculated, and the root mean 
square (RMS) error was recorded as the trueness metric.

Precision evaluation: precision (repeatability) was 
assessed by comparing scans within each group. Forty-
five pairwise comparisons (n = 45) were performed 
among the ten scans within each group using a best-fit 
alignment (Fig. 4). The RMS error quantifying the three-
dimensional deviations between the paired scans was 
recorded as the precision metric.

Statistical analysis
Statistical analysis was conducted using JASP (Version 
0.19.3; JASP Team, University of Amsterdam, Amster-
dam, The Netherlands) for macOS, Data normality was 
assessed using Shapiro-Wilk and Kolmogorov-Smirnov 
tests. Homogeneity of variance was checked using Lev-
ene’s test. As Levene’s test indicated violation of homoge-
neity of variance for most data, non-parametric statistical 
tests were employed.

The Friedman test for related samples was used to 
evaluate the overall effect of the scan body configura-
tion (material and angulation) on trueness and precision. 
Post hoc pairwise comparisons were conducted using 
Conover’s method with Bonferroni correction.

The Kruskal-Wallis test was used to analyze the effect 
of different intraoral scanner types on trueness and pre-
cision within each specific scan body configuration. Post 
hoc pairwise comparisons were performed using Dunn’s 
method with Bonferroni correction. The level of signifi-
cance for all statistical analyses was set at α = 0.05.

Results
This study evaluated the trueness (accuracy) and preci-
sion (repeatability) of digital impressions obtained using 
four IOSs (Aoralscan 3, Fussen S6000, Primescan, Trios 
3) with two ISB materials (Titanium, PEEK) at two angu-
lations (0°, 30°).

Trueness analysis
Descriptive analysis, illustrated in (Table 1) and (Fig. 5), 
suggests variations in trueness across different IOSs 
and scan body configurations. Notably, the Primescan 
and Trios 3 generally exhibited lower deviation values, 

Fig. 3  Three-dimensional (3D) deviation analysis of trueness, (A) titanium scan body at 0° angulation, (B) PEEK scan body at 0° angulation, (C) titanium 
scan body at 30° angulation, (D) PEEK scan body at 30° angulation. The colorimetric maps illustrate the 3D deviation between the digital impressions 
obtained using intraoral scanners and the reference model. the color scale represents the magnitude of deviation, with red indicating higher positive 
deviations and blue indicating higher negative deviations
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indicating higher trueness, compared to the Aoralscan 3 
and Fussen S6000 across most tested conditions.

Effect of scan body configuration
The scan body configuration (material and angulation 
combined: Ti 0, Ti 30, PEEK 0, PEEK 30) significantly 
impacted trueness, as revealed by the Friedman test 

(χ²F(3) = 80.441, P < 0.001), with a large effect size (Ken-
dall’s W = 0.670). Post hoc comparisons, demonstrated 
that PEEK scan bodies (PEEK 0 and PEEK 30) provided 
significantly higher trueness compared to Titanium scan 
bodies (Ti 0 and Ti 30) in all comparisons. The PEEK 30 
configuration achieved the highest overall trueness, fol-
lowed sequentially by PEEK 0, Ti 30, and Ti 0. While the 

Table 1  Descriptive statistics for trueness values (accuracy) across the four IOSs and four scan body configurations
n Mean SD Minimum Maximum

Ti 0 Aoralscan 3 10 0.076 0.007 0.066 0.088
Fussen S6000 10 0.083 0.009 0.072 0.099
Primescan 10 0.043 0.008 0.033 0.061
Trios 3 10 0.041 0.005 0.037 0.050

Ti 30 Aoralscan 3 10 0.086 0.006 0.078 0.096
Fussen S6000 10 0.092 0.011 0.078 0.112
Primescan 10 0.037 0.003 0.033 0.042
Trios 3 10 0.042 0.008 0.032 0.054

PEEK 0 Aoralscan 3 10 0.052 0.006 0.045 0.061
Fussen S6000 10 0.054 0.005 0.044 0.061
Primescan 10 0.030 0.007 0.020 0.040
Trios 3 10 0.036 0.007 0.029 0.052

PEEK 30 Aoralscan 3 10 0.060 0.004 0.053 0.064
Fussen S6000 10 0.048 0.014 0.034 0.073
Primescan 10 0.019 0.007 0.013 0.036
Trios 3 10 0.026 0.002 0.022 0.029

SD: standard deviation

Fig. 4  Colorimetric maps of precision analysis for digital Impressions (A) titanium scan body at 0° angulation, (B) PEEK scan body at 0° angulation, (C) 
titanium scan body at 30° angulation, (D) PEEK scan body at 30° angulation
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difference between PEEK 0 and PEEK 30 was statistically 
significant, the difference in trueness between the two 
Titanium configurations (Ti 0 vs. Ti 30) did not reach sta-
tistical significance after Bonferroni correction (Table 3).

Effect of IOSs
The influence of the specific IOS on trueness was statisti-
cally significant within each scan body configuration, as 
determined by Kruskal-Wallis tests.

For the Titanium scan body at 0° (Ti 0), IOS type had 
a significant effect (H(3) = 30.398, P < 0.001, Rank η² = 
0.761). Pairwise comparisons showed that Primescan 
and Trios 3 demonstrated significantly higher trueness 
than both Aoralscan 3 and Fussen S6000. No significant 
difference in trueness was observed between Primescan 
and Trios 3 under this condition (Table 2). Similarly, with 

the Titanium scan body at 30° (Ti 30), IOS type signifi-
cantly affected trueness (H(3) = 29.972, P < 0.001, Rank η² 
= 0.749). Primescan and Trios 3 again exhibited signifi-
cantly higher trueness compared to Aoralscan 3 and Fus-
sen S6000. No significant differences were found between 
Primescan and Trios 3 or the lower-performing pair 
(Aoralscan 3 vs. Fussen S6000) (Table 4).

When using the PEEK scan body at 0° (PEEK 0), 
IOS type remained a significant factor (H(3) = 27.880, 
P < 0.001, Rank η² = 0.691). Primescan achieved the high-
est trueness, significantly outperforming Aoralscan 3 
and Fussen S6000. Trios 3 also showed significantly bet-
ter trueness than Aoralscan 3 and Fussen S6000. Com-
parisons between Primescan and Trios 3, and between 
Aoralscan 3 and Fussen S6000, revealed no signifi-
cant differences. Finally, for the PEEK scan body at 30° 

Table 3  Comparison of trueness across scan body configurations. P and effect sizes (rrb) from pairwise comparisons using conover’s 
method with bonferroni correction

T-Stat df rrb p pbonf
Ti 0 Ti 30 1.943 117 −0.343 0.054 0.326

PEEK 0 7.550 117 0.941 < 0.001 < 0.001
PEEK 30 11.437 117 1.000 < 0.001 < 0.001

Ti 30 PEEK 0 9.493 117 0.917 < 0.001 < 0.001
PEEK 30 13.380 117 1.000 < 0.001 < 0.001

PEEK 0 PEEK 30 3.887 117 0.410 < 0.001 0.001
df: degree of freedom, rrb: rank-biserial correlation coefficient, pbonf**: P after Bonferroni correction, (P < 0.05)

Fig. 5  Box-and-whisker plots for the descriptive analysis of trueness (root mean square RMS) across different intraoral scanners and scan body configura-
tions. data provided in millimeter (mm), Ti (titanium), PEEK (Polyetheretherketone)
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(PEEK 30), IOS type significantly influenced trueness 
(H(3) = 31.275, P < 0.001, Rank η² = 0.785). Both Prim-
escan and Trios 3 demonstrated significantly higher 
trueness compared to Aoralscan 3 and Fussen S6000. 
Primescan slightly outperformed Fussen S6000 with 
greater significance than Trios 3 did. Again, no significant 
differences were observed between Primescan and Trios 
3 or between Aoralscan 3 and Fussen S6000. (Table 5)

Precision analysis
Analysis of precision (repeatability), summarized 
descriptively in (Table  2) and (Fig.  6) indicated varia-
tions depending on the IOSs and configuration. Primes-
can generally showed high precision across conditions, 
although Trios 3 demonstrated comparable repeatability 
for the PEEK 30 configuration.

Effect of scan body configuration
Scan body configuration exerted a statistically signifi-
cant effect on precision (Friedman test: χ²F(3) = 116.895, 

Table 2  Descriptive statistics for precision values (repeatability) across the four IOSs and four scan body configurations
n Mean SD Minimum Maximum

Ti 0 Aoralscan 3 45 0.064 0.011 0.041 0.087
Fussen S6000 45 0.037 0.008 0.024 0.057
Primescan 45 0.027 0.008 0.019 0.053
Trios 3 45 0.038 0.012 0.023 0.079

Ti 30 Aoralscan 3 45 0.048 0.008 0.036 0.079
Fussen S6000 45 0.035 0.006 0.025 0.052
Primescan 45 0.024 0.005 0.015 0.035
Trios 3 45 0.036 0.006 0.025 0.045

PEEK 0 Aoralscan 3 45 0.026 0.006 0.016 0.039
Fussen S6000 45 0.019 0.005 0.013 0.031
Primescan 45 0.021 0.006 0.002 0.035
Trios 3 45 0.036 0.011 0.020 0.065

PEEK 30 Aoralscan 3 45 0.045 0.014 0.025 0.079
Fussen S6000 45 0.042 0.016 0.022 0.073
Primescan 45 0.026 0.010 0.007 0.048
Trios 3 45 0.027 0.005 0.018 0.038

SD: standard deviation

Table 4  Effect of IOS type on trueness for titanium scan bodies at 0° and 30° angulation. Pairwise comparisons using dunn’s method 
with bonferroni correction

Ti 0 Ti 30
Comparison z rrb p pbonf z rrb p pbonf
Aoralscan 3 - Fussen S6000 −1.052 0.550 0.293 1.000 −0.612 0.320 0.540 1.000
Aoralscan 3 - Primescan 3.252 1.000 0.001 0.007 3.806 1.000 < 0.001 < 0.001
Aoralscan 3 - Trios 3 3.348 1.000 < 0.001 0.005 3.233 1.000 0.001 0.007
Fussen S6000 - Primescan 4.305 1.000 < 0.001 < 0.001 4.418 1.000 < 0.001 < 0.001
Fussen S6000 - Trios 3 4.400 1.000 < 0.001 < 0.001 3.845 1.000 < 0.001 < 0.001
Primescan - Trios 3 0.096 0.050 0.924 1.000 −0.574 0.300 0.566 1.000
rrb: rank-biserial correlation coefficient, pbonf**: P after Bonferroni correction, (P < 0.05)

Table 5  Effect of IOS type on trueness for PEEK scan bodies at 0° and 30° angulation. Pairwise comparisons using dunn’s method with 
bonferroni correction

PEEK 0 PEEK 30
Comparison z rrb p pbonf z rrb p pbonf
Aoralscan 3 - Fussen S6000 −0.555 0.260 0.579 1.000 1.014 0.500 0.311 1.000
Aoralscan 3 - Primescan 3.845 1.000 < 0.001 < 0.001 4.954 1.000 < 0.001 < 0.001
Aoralscan 3 - Trios 3 2.907 0.880 0.004 0.022 3.596 1.000 < 0.001 0.002
Fussen S6000 - Primescan 4.399 1.000 < 0.001 < 0.001 3.941 0.940 < 0.001 < 0.001
Fussen S6000 - Trios 3 3.462 0.940 < 0.001 0.003 2.582 1.000 0.010 0.059
Primescan – Trios 3 −0.937 0.400 0.349 1.000 −1.358 0.740 0.174 1.000
rrb: rank-biserial correlation coefficient, pbonf**: P after Bonferroni correction, (P < 0.05)
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P < 0.001), with a small to medium effect size (Kendall’s 
W = 0.216). Post hoc analysis indicated that PEEK scan 
bodies generally yielded significantly higher precision 
than Titanium scan bodies. The highest precision was 
achieved with the PEEK 0 configuration, followed by 
PEEK 30, Ti 30, and Ti 0. Significant differences in preci-
sion were observed between the two PEEK configurations 
and between the two Titanium configurations (Table 6).

Effect of IOSs
IOS type significantly influenced precision within each 
scan body configuration, confirmed by Kruskal-Wallis 
tests, For Ti 0, IOS type was significant (H(3) = 114.740, 
P < 0.001, Rank η² = 0.635). Primescan exhibited signifi-
cantly higher precision than all other IOS. Trios 3 was 
also significantly more precise than Aoralscan 3. No 

significant difference was found between Fussen S6000 
and Trios 3. With Ti 30, IOS type significantly affected 
precision (H(3) = 121.917, P < 0.001, Rank η² = 0.676). 
Primescan again showed the highest precision, signifi-
cantly better than the other IOSs. Trios 3 and Fussen 
S6000 demonstrated significantly higher precision than 
Aoralscan 3, with no significant difference found between 
Fussen S6000 and Trios 3 (Table 7).

Using PEEK 0, IOS type remained a significant factor 
(H(3) = 81.022, P < 0.001, Rank η² = 0.443). The Fussen 
S6000 and Primescan both exhibited considerably greater 
precision than the Trios 3 and Aoralscan 3. Even though 
the Fussen S6000 displayed marginally better precision 
than the Primescan, their difference was not statistically 
significant. Lastly, for PEEK 30, IOS type significantly 
influenced precision (H(3) = 68.841, P < 0.001, Rank η² = 

Table 6  Comparison of precision across scan body configurations. P and effect sizes (rrb) from pairwise comparisons using conover’s 
method with bonferroni correction

T-Stat df rrb p pbonf
Ti 0 Ti 30 2.830 537 0.433 0.005 0.029

PEEK 0 11.643 537 0.772 < 0.001 < 0.001
PEEK 30 5.591 537 0.406 < 0.001 < 0.001

Ti 30 PEEK 0 8.812 537 0.770 < 0.001 < 0.001
PEEK 30 2.761 537 0.173 0.006 0.036

PEEK 0 PEEK 30 6.051 537 −0.523 < 0.001 < 0.001
df: degree of freedom, rrb: rank-biserial correlation coefficient, pbonf**: P after Bonferroni correction, (P < 0.05)

Fig. 6  Box-and-whisker plots for the descriptive analysis of precision (RMS) across different intraoral scanners and scan body configurations. data pro-
vided in millimeter (mm), Ti (titanium), PEEK (Polyetheretherketone)
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0.374). Both Trios 3 and Primescan achieved significantly 
higher precision compared to Aoralscan 3 and Fussen 
S6000. No significant differences in precision were found 
between Trios 3 and Primescan, nor between Aoralscan 3 
and Fussen S6000 under this condition (Table 8).

Discussion
The accuracy of digital implant impressions is funda-
mental for fabricating well-fitting, passive full-arch res-
torations, which directly impacts clinical success and 
longevity. Factors such as the material properties of ISBs 
and the angulation of implants relative to the IOS can 
significantly influence the quality of the acquired data. 
Therefore, understanding how ISB material (PEEK vs. 
Titanium) and implant angulation (parallel vs. angled) 
interact to influence digital impression accuracy is essen-
tial for optimizing clinical workflows and patient out-
comes. The present study aimed to assess the effect of 
these two factors (material: PEEK/Titanium; angulation: 
0°/30°) on the trueness and precision of digital impres-
sions obtained from four different IOSs, representing 
both established high-end systems and more affordable 
market entrants.

The findings revealed that scan body material, angula-
tion (as part of the overall scan body configuration), and 
the IOS employed all significantly impacted the accuracy 
outcomes.

Overall, the mean trueness deviations observed across 
all conditions and IOSs ranged from 0.019  mm to 
0.092 mm, while mean precision deviations ranged from 
0.019  mm to 0.064  mm. While many mean values fall 

within ranges considered potentially acceptable for clini-
cal applications [25–28], and consistent with the results 
of prior studies [29–31].

Confirming findings from previous studies [11, 32–34], 
scan body material emerged as a critical factor influenc-
ing both trueness and precision. Results from the pres-
ent study demonstrated that PEEK scan bodies generally 
yielded significantly higher accuracy (lower deviation 
values) compared to Titanium scan bodies across the 
tested configurations and IOSs (Trueness: P < 0.001, Pre-
cision: P ≤ 0.036). This outcome may be attributed to the 
favorable optical properties of PEEK material, includ-
ing its matte, non-reflective surface, which reduces light 
scattering and enhances scanner detection. Addition-
ally, the surface finish of PEEK may offer better com-
patibility with intraoral scanner optics, contributing 
to improved capture accuracy. This aligns with a study 
conducted by Arcuri et al. [10] and Karthhik et al. [12], 
who also reported superior performance for PEEK. Nota-
bly, the PEEK 30 configuration demonstrated the lowest 
mean deviations values regarding the trueness overall, 
while the PEEK 0 configuration showed the lowest devia-
tion mean values regarding the precision. However, the 
results of the present study were in contrast with Lee et 
al. [13], who found Titanium superior in trueness. This 
divergence may be attributed to differences in the specific 
scan body designs employed across studies, as geometric 
features can interact with scanner optics in variable ways, 
potentially influencing the scanning outcome more sig-
nificantly than material properties alone. In particular, 
when comparing products from different manufacturers, 

Table 7  Effect of IOS type on precision for titanium scan bodies at 0° and 30° angulation. Pairwise comparisons using dunn’s method 
with bonferroni correction

PEEK 0 PEEK 30
Comparison z rrb p pbonf z rrb p pbonf
Aoralscan 3 - Fussen S6000 4.982 0.705 < 0.001 < 0.001 1.430 0.158 0.153 0.916
Aoralscan 3 - Primescan 3.029 0.410 0.002 0.015 6.794 0.749 < 0.001 < 0.001
Aoralscan 3 - Trios 3 −3.430 0.557 < 0.001 0.004 6.159 0.849 < 0.001 < 0.001
Fussen S6000 - Primescan −1.953 0.268 0.051 0.305 5.364 0.607 < 0.001 < 0.001
Fussen S6000 - Trios 3 −8.412 0.900 < 0.001 < 0.001 4.729 0.607 < 0.001 < 0.001
Primescan - Trios 3 −6.459 0.777 < 0.001 < 0.001 −0.635 0.205 0.525 1.000
rrb: rank-biserial correlation coefficient, pbonf**: P after Bonferroni correction, (P < 0.05)

Table 8  Effect of IOS type on precision for PEEK scan bodies at 0° and 30° angulation. Pairwise comparisons using dunn’s method with 
bonferroni correction

Ti 0 Ti 30
Comparison z rrb p pbonf z rrb p pbonf
Aoralscan 3 - Fussen S6000 6.271 0.950 < 0.001 < 0.001 5.606 0.840 < 0.001 < 0.001
Aoralscan 3 - Primescan 10.641 0.982 < 0.001 < 0.001 11.030 1.000 < 0.001 < 0.001
Aoralscan 3 - Trios 3 6.085 0.875 < 0.001 < 0.001 5.132 0.817 < 0.001 < 0.001
Fussen S6000 - Primescan 4.370 0.716 < 0.001 < 0.001 5.424 0.858 < 0.001 < 0.001
Fussen S6000 - Trios 3 −0.186 0.021 0.852 1.000 −0.473 0.098 0.636 1.000
Primescan - Trios 3 −4.556 0.690 < 0.001 < 0.001 −5.897 0.870 < 0.001 < 0.001
rrb: rank-biserial correlation coefficient, pbonf**: P after Bonferroni correction, (P < 0.05)
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such design-related variations can introduce substan-
tial inconsistencies. Additionally, discrepancies between 
studies may arise from differences in scanner type, soft-
ware algorithms, and scanning protocols, all of which 
can affect the accuracy of digital impressions. The over-
all scan body configuration (Including both material and 
angulation) significantly affected trueness and preci-
sion (P < 0.001). The influence of angulation, however, 
appeared complex and interacted with the material type. 
For trueness, the 30° angulation significantly improved 
results for PEEK (PEEK 30 better than PEEK 0, P = 0.001), 
but had no significant effect for Titanium (Ti 30 vs. Ti 0, 
p = 0.326). Conversely, for precision, the 30° angulation 
significantly improved results for Titanium (Ti 30 better 
than Ti 0, P = 0.029), but significantly worsened results for 
PEEK (PEEK 0 better than PEEK 30, P < 0.001). This inter-
action indicates that stating whether angulation improves 
or hinders accuracy is insufficient, the effect also depends 
on the scan body material used and whether trueness or 
precision is the primary measure. This finding contrasts 
with studies suggesting a more direct relationship where 
accuracy either improves [13, 16, 17] or diminishes [18, 
35] with angulation, highlighting the importance of con-
sidering material interactions.

This study also revealed that IOS selection substantially 
influenced both trueness and precision across all scan 
body configurations (P < 0.001). This highlights that IOS 
performance varies considerably depending on scan body 
material and angulation rather than being consistent 
across conditions.

Generally, Primescan and Trios 3 demonstrated sig-
nificantly higher trueness (lower mean deviations) com-
pared to the affordable IOSs (Aoralscan 3 and Fussen 
S6000) across most configurations (e.g., P ≤ 0.007 for Ti 
0, P ≤ 0.007 for Ti 30, P < 0.001 for PEEK 0, P ≤ 0.002 for 
PEEK 30). This suggests that for achieving the highest 
level of trueness, crucial for the passive fit of full-arch 
implant prosthetics, the established high-end systems 
still hold an advantage under the conditions tested.

Precision results showed more variability. While Prim-
escan often demonstrated high precision, Fussen S6000 
(an affordable IOS) achieved the lowest mean precision 
deviation in the PEEK 0 configuration (mean 0.019 mm), 
outperforming Trios 3 in that specific scenario. However, 
Aoralscan 3 consistently showed higher mean deviation 
values for both trueness and precision compared to the 
other scanners across many configurations. This indi-
cates that while some affordable IOSs may achieve com-
petitive precision in certain situations, the high-end IOSs 
provided more consistently superior trueness.

The observed performance gap, especially in trueness, 
between the high-end and affordable IOSs tested war-
rants consideration. While the availability of cost-effec-
tive intraoral scanning (IOS) technology has increased 

access to digital workflows, clinicians performing com-
plex procedures that require high accuracy, such as full-
arch implant restorations, must be aware of potential 
variations in IOS performance. Careful IOS selection 
and validation for specific clinical applications remain 
essential, as reliance solely on lower-cost systems may 
introduce risks if their accuracy limits under challenging 
conditions are not fully understood.

Limitations
This study’s in vitro nature precludes the influence of 
clinical variables such as saliva, limited intraoral space, 
patient movement, humidity, all of which can negatively 
affect scanning accuracy. Moreover, the potential influ-
ence of scan body geometry on the accuracy of digi-
tal impressions was not evaluated, which may limit the 
generalizability of the results. Additionally, the findings 
are specific to the four IOS models and scan body types 
tested and may not be universally applicable to all sys-
tems available on the market.

Conclusions
Within the limitations of this study, it may be concluded 
that the scan body material, angulation, and IOS selection 
significantly influenced trueness and precision of full-
arch digital implant impressions. While PEEK scan bod-
ies generally demonstrated superior overall performance 
compared to titanium, this advantage varied depending 
on the specific intraoral scanner and implant angulation. 
For instance, titanium scan bodies, particularly when 
used with high-end scanners such as Primescan, exhib-
ited highly stable and competitive accuracy outcomes. 
Substantial accuracy differences were observed between 
IOS systems, with the tested high-end systems gener-
ally providing higher trueness than the tested affordable 
systems across the studied configurations. While afford-
able IOSs show potential regarding precision, clinicians 
should carefully assess IOs capabilities for complex pro-
cedures. Further in vivo research is needed to validate 
these findings clinically and evaluate additional IOS sys-
tems and scan body designs.
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