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ABSTRACT 
Statement of problem. Splinting implant scan bodies (ISBs) has been reported to improve the accuracy of intraoral scanners (IOSs) 
compared with nonsplinting methods. However, the accuracy of commercially available horizontal noncalibrated ISBs remains unknown.

Purpose. The purpose of this in vitro study was to compare the accuracy of complete arch scans obtained using horizontal noncalibrated 
or standard ISBs recorded by using 5 different IOSs.

Material and methods. An edentulous maxillary stone cast with 6 implant abutment analogs (MultiUnit Abutment Plus Replica) was used. 
The reference scan was obtained by digitizing the reference cast with a calibrated laboratory scanner (T710). Five groups were created 
based on the IOS tested: TRIOS 5, i700, Primescan, Aoralscan 3, and iTero. Two subgroups were defined based on the ISBs selected to record 
complete arch implant scans: standard ISBs (Stand subgroup) or horizontal noncalibrated ISBs (Apollo subgroup) (n=10). In the Stand 
subgroup, a standard ISB (Accurate Implant Body MUA) was positioned on each implant abutment, and experimental scans were captured. 
In the Apollo subgroup, a horizontal ISB (Apollo) was positioned on each implant abutment, connecting the implants horizontally following 
the arch shape. The standard tessellation language (STL) files of all the experimental scans were exported. A program (DentalCAD) was used 
to design a complete arch implant-supported bar from the control and each experimental scan. Then, another program (Geomagic) was 
used to perform linear and angular measurements of the implant interfaces of each bar. The measurements obtained in the control scan 
were used as a reference to measure the scanning distortion of each specimen. The 2-way ANOVA Welch and pairwise multiple comparison 
Tukey tests were used to analyze trueness (α=.05). The Levene and pairwise multiple comparison Wilcoxon rank tests were applied to 
analyze precision (α=.05).

Results. Significant linear trueness differences were found between the subgroups (P<.001) with a significant interaction group×subgroup 
(P<.05). The iTero system demonstrated a significantly worse linear trueness compared with the other IOSs (P<.001). The TRIOS 5 obtained 
the worst linear precision. Significant angular trueness discrepancies were found between the groups (P<.001) and subgroups (P=.048) with 
a significant interaction group×subgroup (P=.041). The Apollo group obtained better angular trueness (P<.001) and precision (P<.001) 
compared with the Stand ISBs group.
Conclusions. Both the implant scanning technique and choice of IOS impacted the accuracy of complete arch implant scans. (J Prosthet 
Dent 2025;133:1581.e1-e10)
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Intraoral scanners (IOSs) provide a digital method for 
obtaining virtual definitive implant casts.1–8 The accu
racy of complete arch implant scans is highly dependent 
on factors that include the implant positions (depth, 
angulation, position in the dental arch, and interimplant 
distance)9–15 and implant scanning method used to re
cord the intraoral digital scans when using IOSs.16,17

Moreover, the accuracy of all IOSs is influenced by op
erator- and patient-related factors that should be con
sidered to optimize the performance and accuracy of 
IOS systems.18–20

Different implant scanning techniques have been 
described for recording the 3-dimensional (3D) implant 
positions by using IOSs, including nonsplinting and 
noncalibrated splinting methods.16,17 Nonsplinting im
plant scanning techniques involve recording implant 
positions with standard implant scan bodies (ISBs), 
while noncalibrated implant splinting procedures in
volve connecting the ISBs prior to capturing the intraoral 
scans.16 The majority of the studies comparing the 
scanning accuracy of nonsplinting and noncalibrated 
splinting techniques have reported better outcomes 
when using splinting methods.17,21–36 Different non
calibrated horizontal ISBs splinting methods have been 
described for recording complete arch implant 
scans.17,21–36 However, the optimal design for max
imizing the accuracy of IOSs remains uncertain.16,17,21–33

Additionally, the ideal characteristics of ISBs in terms of 
height, diameter, geometry, material, and retention 
system design have not been definitively established.37

Furthermore, the majority of the proposed noncalibrated 
splinting methods are not commercially avail
able,17,21–29,31–35 with only limited horizontal ISBs30 or 
splinting devices36 offered by specific manufacturers.

The purpose of this in vitro study was to compare the 
accuracy (trueness and precision) of complete arch im
plant scans obtained using a commercially available 
horizontal noncalibrated ISB (Apollo; Apollo) and 
standard ISBs (Accurate Implant Scan Body MUA, 
Nobel Biocare; Elos Medtech) recorded using 5 IOSs 
(TRIOS 5; 3Shape A/S, CEREC Primescan; Dentsply 
Sirona, i700; Medit, Aoralscan 3; Shining 3D, and iTero 
Element 5D Plus; Align Technologies). The null hy
pothesis was that no difference would be found in the 
trueness and precision of the complete arch implant 
scans recorded with the 2 scanning techniques using any 
of the IOSs tested.

MATERIAL AND METHODS

A maxillary edentulous stone cast with 6 implant abut
ment analogs (MultiUnit Abutment Plus Replica; Nobel 
Biocare) was used. The implant abutment analogs were 
located at the right and left canines, right and left first 
premolars, and right and left first molars.

Two groups were created based on the implant 
scanning technique used to record the complete arch 
implant scans: a nonsplinting technique with standard 
ISBs (Stand subgroup) or a noncalibrated splinting 
method using horizontal ISBs (Apollo subgroup) (n=10). 
The order of the IOSs for each subgroup was rando
mized by using a shuffled deck of cards (Fig. 1).

Each group was divided into 5 subgroups depending 
on the IOS examined: TRIOS 5 (TRIOS 5, v.24.1.7; 
3Shape A/S), i700 (i700, Medit scan for clinics v.1.12.2, 
Medit link v.3.3.2; Medit), iTero (iTero Element 5D Plus, 
v.2.8.25.70; Align Technologies), Aoralscan 3 (Aoralscan 
3, v.1.0.0.3115; Shining 3D), and Primescan (CEREC 
Primescan, Connect v.5.2.7; Dentsply Sirona). Except for 
the TRIOS 5 and iTero devices, all the IOS systems 
evaluated were calibrated before data collection and 
every 10 scans by using their specific calibration devices 
and by following the manufacturer’s protocol.38 All the 
experimental scans were recorded under 1000-lux am
bient illumination conditions (LX1330B Light Meter; Dr. 

Clinical Implications 
The horizontal noncalibrated implant scan bodies 
tested in this study improved the angular trueness 
and precision of the IOSs tested compared with 
that of standard implant scan bodies.

A B

Figure 1. A, Standard implant scan bodies (Stand subgroup). B, Horizontal noncalibrated implant scan bodies (Apollo; Apollo).
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Meter Digital Illuminance).39–41 The left hand of the 
operator was used aiming to maintain the recommended 
scanning distance specified by each IOS manufacturer 
(0 mm for TRIOS 5 and iTero, 2 mm for i700 and Pri
mescan, and between 2 and 6 mm for Aoralscan 3).42

Experimental scans were recorded without rescanning 
procedures.43,44 For the i700 system, a 23-mm focal 
length was chosen. Also, the smart stitching, color, and 
scan filtering functions were disabled, but the reliability 
function was activated. All the experimental scans were 
obtained by a prosthodontist (M.R.-L.) with 11 years of 
previous experience using IOSs.45,46

For the data acquisition of the Stand groups, a new 
standard ISB (Accurate Implant Scan Body, MUA 
Abutment Nobel Biocare RP; Elos Medtech) was hand 
tightened onto each implant abutment of the reference 
stone cast, as recommended by the manufacturer. The 
bevel of the ISBs was oriented towards the lingual sur
face.47 The ISBs were maintained in the same position 
until all the specimens of the Stand subgroup were 
obtained (Fig. 2). Complete arch scans were acquired 
following a circumferential scanning pattern48 by using 
the IOSs examined (TRIOS 5-Stand, i700-Stand, Pri
mescan-Stand, Aoralscan 3-Stand, and iTero-Stand 
subgroups). Scanning began at the ISB located on the 
right first molar and continued towards the contralateral 
ISB following a circumferential motion around each ISB. 
Each scan was automatically postprocessed by the re
spective IOS software program All the experimental 
digital scans were exported in a standard tessellation 
language (STL) file format. Afterwards, a scan (reference 
scan) was captured by using a calibrated laboratory 
scanner (T710; Medit) and following the protocol 

recommended by the manufacturer. The reference file 
was also exported in STL file format. Afterwards, the 
standard ISBs were retrieved from the reference cast.

For data capturing in the Apollo groups, a new 
horizontal noncalibrated ISB (Apollo; Apollo) was hand 
tightened onto each implant abutment of the reference 
cast, as recommended by the manufacturer. There are 2 
main types of these horizontal ISBs: those with 1 wing 
or those with 2 wings. The horizontal ISBs were posi
tioned so that they were close to each other without 
making contact and followed the natural arch shape. 
Each horizontal ISB is coded to allow for posterior 
alignment with the computer-aided design (CAD) file by 
using a dental CAD program. After positioning the 
horizontal ISBs on the reference stone cast, consecutive 
complete arch implant scans were obtained by using the 
corresponding IOS (TRIOS 5-Apollo, i700-Apollo, 
Primescan-Apollo, Aoralscan 3-Apollo, and iTero- 
Apollo subgroups). The intraoral scans involved all the 
reference marks and surfaces of the horizontal ISBs ac
cording to the manufacturer’s protocol (Fig. 3). Scanning 
started at the linguo-occlusal surface of the ISB located 
on the right first molar and continued towards the oc
clusal and buccal surfaces. Then, in a continuous linguo- 
occlusal-buccal motion towards the contralateral ISB, 
the complete arch scans were recorded. Each scan was 
automatically postprocessed by the respective IOS 
software program. The experimental scans were ex
ported in STL file format. Afterwards, the horizontal 
ISBs were removed from the reference stone cast.

The reference and experimental scans were imported 
into a CAD program (DentalCAD, v.3.2. Elefsina; exocad 
GmbH). First, the virtual definitive implant cast was 

A B

D E

C

Figure 2. Representative specimens Stand subgroup. A, TRIOS 5-Stand subgroup. B, i700-Stand subgroup. C, Primescan-Stand subgroup. D, 
Aoralscan 3-Stand subgroup. E, iTero-Stand subgroup.
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obtained by superimposing the ISB of each scan to the 
corresponding CAD object of the ISB (Fig. 4A). Then, a 
complete arch implant-supported bar was designed by 
using the CAD tools (Fig. 4B). The STL files of each bar 
designed were then exported and imported into a re
verse engineering software program (Geomagic; 3D 
Systems). Five linear and 5 angular measurements were 
performed among the implants on each specimen. The 
z-plane was positioned at the apical base of each im
plant interface, followed by the longitudinal axis of each 
implant. The point located at the intersection between 
the z-plane and the longitudinal axis of the implant 
abutment was used to measure the 5 Euclidean linear 
distances among the 6 implant abutments (Fig. 4C). 
Moreover, the longitudinal axes of the implant abut
ments were used to compute the 5 Euclidean angular 
distances among the implants (Fig. 4D).

Trueness was described as the average linear and 
angular measurements between the reference and ex
perimental scans.49 Precision was described as the 
measurement variations in each subgroup.49 The Q-Q 
plots indicated the normality of residuals in regression 
models, while the variance across the groups was sig
nificantly unequal. Therefore, the 2-way Welch ANOVA 
test followed by the post hoc pairwise multiple com
parison Tukey test was used to analyze trueness (α=.05). 
The Levene test followed by the pairwise multiple 
comparison using the Wilcoxon rank sum test with 
continuity correction data was used to analyze precision 
(α=.05). Data were analyzed using a statistical software 
program (SAS, v.3.81, Enterprise Edition; SAS In
stitute Inc).

RESULTS

The linear and angular discrepancies computed among 
the subgroups tested are presented in Table 1. The 2- 
way Welch ANOVA test exposed significant linear 
trueness differences between the subgroups tested 
(IOSs) (df=4, MS=0.00838, F=15.317, P<.001), not 
among the groups tested (technique) (df=1, 
MS=0.00168, F=3.077, P=.083), with a significant inter
action group×subgroup (df=4, MS=4.15e-4, F=0.758, 
P<.05) ( Fig. 5A, B). The Tukey test showed significant 
linear trueness discrepancies between the IOSs ex
amined (Table 2, Fig. 5C). The iTero system (mean of 
103 µm) demonstrated significantly worse linear true
ness compared with TRIOS 5 (mean of 66 µm) (P<.001), 
i700 (mean of 71 µm) (P<.001), Primescan (mean of 
51 µm) (P<.001), and Aoralscan 3 (mean of 54 µm) 
(P<.001). The results of the pairwise multiple compar
isons for group×subgroup are presented in Table 3
(Fig. 5D). Lastly, the Levene test revealed significant 
precision linear discrepancies among the IOSs tested 
(P=.003), but not among the groups tested (P=.791). The 
TRIOS 5 (mean 37 µm) and iTero (mean 28 µm) 
(P=.009), i700 (mean 16 µm) and iTero (P=.001), i700 
and Primescan (mean 15 µm) (P=.008), i700 and Aor
alscan 3 (P=.021), iTero and Primescan (P<.001), and 
iTero and Aoralscan 3 (mean 13 µm) (P<.001) subgroups 
were significantly different from each other. Therefore, 
the TRIOS 5 demonstrated the poorest linear precision.

The 2-way Welch ANOVA test revealed significant 
angular trueness discrepancies between the groups 
(df=1, MS=0.26032, F=32.11, P<.001) and subgroups 

A B

D E

C

Figure 3. Representative specimens Apollo subgroup. A, TRIOS 5-Apollo subgroup. B, i700-Apollo subgroup. C, Primescan-Apollo subgroup. D, 
Aoralscan 3-Apollo subgroup. E, iTero-Apollo subgroup.
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(df=4, MS=0.02022, F=2.49, P=.048), with a significant 
interaction group×subgroup (df=4, MS=0.02108, F=2.60, 
P=.041) (Fig. 5E). The Tukey test demonstrated sig
nificant angular trueness discrepancies between the 
groups (P<.001). Therefore, the Apollo group obtained 
better angular trueness compared with the Stand ISBs 
group (Fig. 5F). The Tukey test demonstrated no 

significant angular trueness discrepancies between the 
IOSs tested (Table 4, Fig. 5G). The results of the pairwise 
multiple comparisons for group×subgroup are presented 
in Table 5 (Fig. 5H). Lastly, the Levene test revealed 
significant precision angular discrepancies among the 
groups tested (P<.001), but not among the subgroups 
tested (P=.054). Therefore, the Apollo group obtained 
better angular precision compared with the Stand ISBs 
group (P<.001).

DISCUSSION

The results of this in vitro investigation revealed that the 
implant scanning technique used and IOS selected im
pacted the trueness and precision of complete arch im
plant scans. The noncalibrated splinting implant 
scanning technique that involved horizontal ISBs 
demonstrated better angular trueness and precision 
compared with the nonsplinting method tested. 
Additionally, significant discrepancies in linear trueness 
and precision were found among the IOSs evaluated. 

Table 1. Overall linear and angular measurement discrepancies mea
sured among subgroups tested 

Group 
(Techniques)

Subgroup 
(IOS)

Overall Linear 
Discrepancy 
Mean ±SD (µm)

Overall 
Angular 
Discrepancy 
Mean ±SD 
(Degrees)

Stand ISBs TRIOS 5 65 ±40 0.411 ±0.201
i700 81 ±15 0.415 ±0.092
iTero 105 ±38 0.339 ±0.113
Primescan 58 ±13 0.304 ±0.106
Aoralscan 3 57 ±10 0.461 ±0.042

Apollo TRIOS 5 68 ±35 0.302 ±0.035
i700 60 ±9 0.278 ±0.034
iTero 100 ±15 0.290 ±0.048
Primescan 45 ±13 0.277 ±0.027
Aoralscan 3 52 ±16 0.275 ±0.032

IOS, intraoral scanner; ISB, Implant scan body; SD, Standard deviation

A

C D

B

Figure 4. A, Representative procedures for obtaining virtual definitive implant cast of each specimen. Alignment of CAD file and same geometry of 
experimental scan. B, Representative complete arch implant-supported bar design. C, Representative linear measurements. D, Representative linear 
measurements. CAD, computer-aided design.
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Therefore, the null hypothesis that no difference in the 
trueness and precision of the complete arch implant 
scans recorded with the 2 scanning techniques using any 
of the IOSs tested was rejected.

Previous studies have reported that noncalibrated 
splinting implant scanning methods have higher scan
ning accuracy than nonsplinting techniques.17,21–36

These techniques include the varying designs and 

materials of horizontal ISBs. However, the authors are 
unaware of a previous investigation that tested the 
commercially available horizontal ISBs (Apollo; Apollo). 
Overall, the results of the present study revealed that the 
noncalibrated horizontal ISBs improved angular true
ness and precision compared with the standard ISBs 
assessed, independently of the IOSs used. Thus, the 
findings of the present investigation were consistent 
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with previously published data reporting better out
comes when using splinted implant recording techni
ques.17,21–36 However, direct comparisons with previous 

studies is not feasible because of variations in the re
search methodology, including differences in ISB geo
metry, height, width, and material.

Table 2. Post hoc comparisons of linear discrepancies measured among subgroups tested 

Comparisons Mean Difference SE df t Ptukey

Subgroup Subgroup

TRIOS 5 i700 −0.00410 0.00740 90.0 −0.554 .981
iTero −0.03641 0.00740 90.0 −4.922 <.001*
Primescan 0.01500 0.00740 90.0 2.028 .261
5 0.01205 0.00740 90.0 1.629 .483

i700 iTero −0.03231 0.00740 90.0 −4.368 <.001*
Primescan 0.01909 0.00740 90.0 2.581 .082
5 0.01615 0.00740 90.0 2.183 .196

iTero Primescan 0.05140 0.00740 90.0 6.949 <.001*
Aoralscan 3 0.04846 0.00740 90.0 6.551 <.001*

Primescan Aoralscan 3 −0.00295 0.00740 90.0 −0.399 .995

Comparisons based on estimated marginal means

*Statistically significant differences between groups being compared (P<.05)

Table 3. Post hoc comparisons of linear discrepancies group×subgroup 

Comparisons Mean Difference SE df t Ptukey

Group Subgroup vs Techniques Subgroup

Stand ISBs TRIOS 5 - Stand ISBs i700 −0.01598 0.0105 90.0 −1.528
- Stand ISBs iTero −0.04055 0.0105 90.0 −3.876 .007*
- Stand ISBs Primescan 0.00636 0.0105 90.0 0.608 >.999
- Stand ISBs Aoralscan 3 0.00750 0.0105 90.0 0.717 .999
- Apollo TRIOS 5 −0.00348 0.0105 90.0 −0.333 >.999
- Apollo i700 0.00431 0.0105 90.0 0.412 >.999
- Apollo iTero −0.03574 0.0105 90.0 −3.417 .031*
- Apollo Primescan 0.02016 0.0105 90.0 1.927 .651
- Apollo Aoralscan 3 0.01312 0.0105 90.0 1.254 .961

i700 - Stand ISBs iTero −0.02457 0.0105 90.0 −2.349 .369
- Stand ISBs Primescan 0.02234 0.0105 90.0 2.136 .508
- Stand ISBs Aoralscan 3 0.02348 0.0105 90.0 2.245 .435
- Apollo TRIOS 5 0.01250 0.0105 90.0 1.195 .971
- Apollo i700 0.02029 0.0105 90.0 1.939 .643
- Apollo iTero −0.01976 0.0105 90.0 −1.889 .676
- Apollo Primescan 0.03614 0.0105 90.0 3.454 .027*
- Apollo Aoralscan 3 0.02910 0.0105 90.0 2.782 .159

iTero - Stand ISBs Primescan 0.04691 0.0105 90.0 4.485 <.001*
- Stand ISBs Aoralscan 3 0.04805 0.0105 90.0 4.593 <.001*
- Apollo TRIOS 5 0.03707 0.0105 90.0 3.544 .021*
- Apollo i700 0.04486 0.0105 90.0 4.288 .002*
- Apollo iTero 0.00481 0.0105 90.0 0.460 >.999
- Apollo Primescan 0.06071 0.0105 90.0 5.803 <.001*
- Apollo Aoralscan 3 0.05367 0.0105 90.0 5.131 <.001*

Primescan - Stand ISBs Aoralscan 3 0.00114 0.0105 90.0 0.109 >.999
- Apollo TRIOS 5 −0.00984 0.0105 90.0 −0.941 .995
- Apollo i700 −0.00205 0.0105 90.0 −0.196 >.999
- Apollo iTero −0.04210 0.0105 90.0 −4.025 .004*
- Apollo Primescan 0.01379 0.0105 90.0 1.319 .947
- Apollo Aoralscan 3 0.00676 0.0105 90.0 0.646 >.999

Aoralscan 3 - Apollo TRIOS 5 −0.01098 0.0105 90.0 −1.050 .988
- Apollo i700 −0.00319 0.0105 90.0 −0.305 >.999
- Apollo iTero −0.04324 0.0105 90.0 −4.134 .003*
- Apollo Primescan 0.01266 0.0105 90.0 1.210 .969
- Apollo Aoralscan 3 0.00562 0.0105 90.0 0.537 >.999

Apollo TRIOS 5 - Apollo i700 0.00779 0.0105 90.0 0.744 .999
- Apollo iTero −0.03226 0.0105 90.0 −3.084 .077
- Apollo Primescan 0.02364 0.0105 90.0 2.259 .425
- Apollo Aoralscan 3 0.01660 0.0105 90.0 1.587 .851

i700 - Apollo iTero −0.04005 0.0105 90.0 −3.828 .009*
- Apollo Primescan 0.01585 0.0105 90.0 1.515 .883
- Apollo Aoralscan 3 0.00881 0.0105 90.0 0.843 .998

iTero - Apollo Primescan 0.05590 0.0105 90.0 5.343 <.001*
- Apollo Aoralscan 3 0.04886 0.0105 90.0 4.671 <.001*

Primescan - Apollo Aoralscan 3 −0.00703 0.0105 90.0 −0.672 >.999

Comparisons based on estimated marginal means

*statistically significant differences between groups being compared (P<.05)
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Accuracy discrepancies have been reported among 
the different IOSs.4,7,8,17,18,20,24,50–53 However, the IOS 
system and software versions that provide the most 

accurate intraoral scans based on the purpose of the 
scan is difficult to determine because of the research 
methodology heterogeneity among the published 

Table 4. Post hoc comparisons of angular discrepancies measured among subgroups tested 

Comparisons Mean Difference SE df t Ptukey

Subgroup vs Subgroup

TRIOS 5 - i700 0.0104 0.0285 90.0 0.364 .996
- iTero 0.0417 0.0285 90.0 1.466 .587
- Primescan 0.0657 0.0285 90.0 2.307 .152
- Aoralscan 3 −0.0116 0.0285 90.0 −0.408 .994

i700 - iTero 0.0314 0.0285 90.0 1.102 .805
- Primescan 0.0553 0.0285 90.0 1.943 .303
- Aoralscan 3 −0.0220 0.0285 90.0 −0.772 .938

iTero - Primescan 0.0239 0.0285 90.0 0.841 .917
- Aoralscan 3 −0.0534 0.0285 90.0 −1.874 .339

Primescan - Aoralscan 3 −0.0773 0.0285 90.0 −2.715 .060

Comparisons based on estimated marginal means

*statistically significant differences between groups being compared (P<.05)

Table 5. Post hoc comparisons of angular discrepancies group×subgroup 

Comparison Mean Difference SE df t Ptukey

Techniques IOS vs Techniques IOS

Stand ISBs TRIOS 5 - Stand ISBs i700 −0.00334 0.0403 90.0 −0.08305 >.999
- Stand ISBs iTero 0.07216 0.0403 90.0 1.79223 .738
- Stand ISBs Primescan 0.10716 0.0403 90.0 2.66132 .206
- Stand ISBs Aoralscan 3 −0.04984 0.0403 90.0 −1.23775 .964
- Apollo TRIOS 5 0.11005 0.0403 90.0 2.73304 .177
- Apollo i700 0.13409 0.0403 90.0 3.33029 .039*
- Apollo iTero 0.12134 0.0403 90.0 3.01354 .092
- Apollo Primescan 0.13423 0.0403 90.0 3.33377 .039*
- Apollo Aoralscan 3 0.13664 0.0403 90.0 3.39357 .033*

i700 - Stand ISBs iTero 0.07551 0.0403 90.0 1.87528 .685
- Stand ISBs Primescan 0.11050 0.0403 90.0 2.74437 .172
- Stand ISBs Aoralscan 3 −0.04649 0.0403 90.0 −1.15470 .977
- Apollo TRIOS 5 0.11339 0.0403 90.0 2.81609 .147
- Apollo i700 0.13744 0.0403 90.0 3.41334 .031*
- Apollo iTero 0.12468 0.0403 90.0 3.09659 .074
- Apollo Primescan 0.13758 0.0403 90.0 3.41682 .031*
- Apollo Aoralscan 3 0.13999 0.0403 90.0 3.47662 .026*

iTero - Stand ISBs Primescan 0.03499 0.0403 90.0 0.86909 .997
- Stand ISBs Aoralscan 3 −0.12200 0.0403 90.0 −3.02998 .088
- Apollo TRIOS 5 0.03788 0.0403 90.0 0.94082 .995
- Apollo i700 0.06193 0.0403 90.0 1.53806 .873
- Apollo iTero 0.04918 0.0403 90.0 1.22131 .967
- Apollo Primescan 0.06207 0.0403 90.0 1.54154 .871
- Apollo Aoralscan 3 0.06448 0.0403 90.0 1.60134 .844

Primescan - Stand ISBs Aoralscan 3 −0.15700 0.0403 90.0 −3.89907 .007*
- Apollo TRIOS 5 0.00289 0.0403 90.0 0.07172 >.999
- Apollo i700 0.02694 0.0403 90.0 0.66897 >.999
- Apollo iTero 0.01418 0.0403 90.0 0.35222 >.999
- Apollo Primescan 0.02708 0.0403 90.0 0.67245 >.999
- Apollo Aoralscan 3 0.02948 0.0403 90.0 0.73225 .999

Aoralscan 3 - Apollo TRIOS 5 0.15988 0.0403 90.0 3.97080 .005*
- Apollo i700 0.18393 0.0403 90.0 4.56804 <.001*
- Apollo iTero 0.17118 0.0403 90.0 4.25129 .002*
- Apollo Primescan 0.18407 0.0403 90.0 4.57152 <.001*
- Apollo Aoralscan 3 0.18648 0.0403 90.0 4.63132 <.001*

2 TRIOS 5 - Apollo i700 0.02405 0.0403 90.0 0.59724 >.999
- Apollo iTero 0.01129 0.0403 90.0 0.28049 >.999
- Apollo Primescan 0.02419 0.0403 90.0 0.60072 >.999
- Apollo Aoralscan 3 0.02660 0.0403 90.0 0.66052 >.999

i700 - Apollo iTero −0.01275 0.0403 90.0 −0.31675 >.999
- Apollo Primescan 1.40e−4 0.0403 90.0 0.00348 >.999
- Apollo Aoralscan 3 0.00255 0.0403 90.0 0.06328 >.999

iTero - Apollo Primescan 0.01289 0.0403 90.0 0.32023 >.999
- Apollo Aoralscan 3 0.01530 0.0403 90.0 0.38003 >.999

Primescan - Apollo Aoralscan 3 0.00241 0.0403 90.0 0.05980 >.999

Comparisons based on estimated marginal means

*statistically significant differences between groups being compared (P<.05)
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studies.4,7,8,17,18,20,24,50–53 The results of the present 
study also obtained scanning discrepancies among the 5 
IOSs tested. Specifically, the iTero system demonstrated 
the poorest linear trueness, while the TRIOS 5 demon
strated the poorest linear precision. However, no an
gular trueness and precision differences were found 
among the IOSs compared.

The 2-piece polyetheretherketone (PEEK) horizontal 
ISBs tested demonstrated a different accuracy outcome 
based on the IOS selected to record complete arch im
plant scans, which may be explained by hardware and 
software variations among the IOS systems. Overall, the 
horizontal ISBs improved the mean linear discrepancy 
between 3 and 21 µm and the mean angular discrepancy 
ranging from 0.027 to 0.186 degrees when compared 
with the standard ISBs tested, depending on the IOSs: 
specifically, an improvement of the mean linear dis
crepancy by 3, 5, 5, 13, and 21 µm when using the 
TRIOS 5, iTero, Aoralscan 3, Primescan, and i700, re
spectively, and an improvement of the mean. angular 
discrepancy by 0.091, 0.137, 0.049, 0.027, and 0.186 
degrees when using the TRIOS 5, i700, iTero, Primescan, 
and i700, respectively. Studies are needed to further 
assess the impact of these horizontal ISBs on the accu
racy of different IOSs, as well as the impact of the im
plant impression level, implant design, and position.

The horizontal ISBs tested should be positioned in 
such a way that adjacent implants are connected 
through the horizontal ISB, but without any direct 
contact between the ISBs. This arrangement allows the 
natural arch shape to be followed while connecting the 
implants being scanned. Additionally, there are 2 hor
izontal ISB designs, featuring either 1 or 2 wings. 
Whether the positioning of the horizontal ISBs in the 
dental arch impacts the scanning accuracy of implant 
scans recorded by using different IOSs is unclear. 
Studies are needed to assess the impact of the horizontal 
ISBs positioning or orientation on the accuracy of in
traoral digital implant scans.

The impact of the sterilization, multiple use, and 
positioning torque of standard ISBs on the accuracy of 
intraoral digital implant scans has been evaluated.54,55 It 
may be reasonable to assume that the horizontal ISBs 
tested could also be affected by these 2 factors. Studies 
are needed to further evaluate the effect of the ster
ilization, multiple use, and positioning torque of the 
horizontal ISBs included in this study.

Limitations of the present study included the in vitro 
conditions, limited implant designs, positions, inter
implant distances, and the standard ISB designs tested. 
Furthermore, an extraoral scanner was used to obtain 
the reference scan. Studies are required to further 
evaluate the accuracy of the different implant scanning 
techniques for recording the definitive virtual implant 

casts, as well as to analyze the impact of the IOS system 
on the trueness and precision of implant scans involving 
varying number of implants being restored.

CONCLUSIONS

Based on the results of this in vitro study, the following 
conclusions were drawn: 

1. The implant scanning technique and the selected 
IOS impacted the accuracy of complete arch im
plant scans.

2. The noncalibrated splinting implant scanning 
technique that involved horizontal ISBs demon
strated better angular trueness and precision 
compared with the nonsplinting method tested.

3. The iTero system demonstrated the worst linear 
trueness, while the TRIOS 5 demonstrated the 
worst linear precision. However, no significant 
differences in angular trueness and precision were 
observed among the other IOSs compared, iTero 
Element 5D Plus, i700, and Aoralscan 3 systems.
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