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ABSTRACT

Statement of problem. The accuracy of noncalibrated splinting implant scanning techniques that include horizontal implant scan bodies
(ISBs) positioned connecting the implants by following the shape of the dental arch have previously been analyzed. A novel horizontal ISB
connected in the center of the arch has been introduced; however, the accuracy of this noncalibrated splinting implant scanning technique
with a palatal orientation is unknown.

Purpose. The purpose of this in vitro study was to compare the accuracy of a nonsplinting and noncalibrated splinting implant scanning
technique recorded using 5 intraoral scanners (IOSs).

Material and methods. A laboratory scan (reference scan) of an edentulous stone cast with 6 implant abutment analogs (MultiUnit Abutment Plus
Replica) was acquired (T710). Five groups were created based on the IOS tested: TRIOS5, Primescan, i700, Aoralscan3, and iTero Element 5D. Two
subgroups were defined based on the implant scanning technique used to record complete arch implant scans: a nonsplinted (NS-ISB subgroup) or
noncalibrated splinting (NCS-IOC group) implant scanning technique (n=10). In the NS-ISB subgroup, an ISB (TrueScan Body) was positioned on each
implant abutment, and complete arch implant scans were recorded and exported in standard tessellation language (STL) format. In the NCS-I0C
subgroup, a horizontal ISB (IOConnect) was positioned on each implant abutment connecting them in the center of the palate. Implant scans were
recorded, capturing only the section of the horizontal ISBs located in the center of the arch. Then, the scans were processed by a specific program
(TruSuite), and the STL of the scans were exported. A program (Geomagic) was used to perform linear and angular measurements among the ISBs in
the control scan and each specimen. 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 (0=.05). The Levene and
pairwise multiple comparison Wilcoxon rank tests were used to analyze precision (a=.05).

Results. Linear trueness discrepancies were found among the groups (P<.001) and subgroups (P<.001), with a significant interaction
groupxsubgroup (P=.002). The NCS-IOC group had significantly better linear trueness than the NS-ISB group. The TRIOS5, Primescan, and
Aoralscan3 systems had significantly better linear trueness than the i700 device. The Levene test revealed that the NCS-IOC group had
significantly better linear precision than the NS-ISB group. Additionally, angular trueness discrepancies were revealed among the groups
(P<.001) and subgroups (P<.001), with a significant interaction groupxsubgroup (P<.001). The NCS-IOC group had significantly better
angular trueness than the NS-ISB group. The i700 and Aoralscan3 systems had the best angular trueness. Additionally, the NCS-IOC group
had significantly better angular precision than the NS-ISB group. The TRIOS5 and Aoralscan3 had the best angular precision.

Conclusions. The implant scanning technique used and 10S selected impacted the trueness and precision of complete arch implant scans.
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Clinical Implications

The complete arch noncalibrated splinting implant
scanning technique with a palatal orientation may
provide a reliable implant scanning technique for
acquiring a virtual definitive implant cast.

Different implant scanning techniques have been de-
scribed for recording the 3-dimensional implant positions
using intraoral scanners (IOSs), namely nonsplinting,
noncalibrated splinting, calibrated implant scan bodies
(ISBs), calibrated framework, and reverse impression
methods." The accuracy of these implant scanning tech-
niques has been analyzed, with a mean scanning trueness
ranging from 25 to 303 ym and a mean scanning preci-
sion from 8 to 181 pm." " This accuracy variability has
been related to the implant scanning technique used'
and also to other factors such as implant position,'” "
interimplant distance,”””' and implant scan body (ISB)
design or orientation.” ** Additionally, the accuracy of
IOSs can be impacted by different operator- and patient-
related factors.” " Therefore, the operator recording an
intraoral scan should understand and control these op-
erator- and patient-related factors as much as possible,
aiming to maximize the accuracy and efficiency of the
I0S used.”

Nonsplinting techniques involve recording implant
scans without connecting the ISBs, while noncalibrated
splinting implant scanning methods include connecting
the ISBs before recording the intraoral digital scans."'”
Among the noncalibrated splinting techniques, multiple
devices or horizontal scan bodies have been described
for connecting the ISBs."'” In the noncalibrated
splinting procedures, the dimensions of the horizontal
ISB have not been identified; therefore, only the theo-
retical or virtual dimensions of the horizontal ISB before
its manufacturing are known.' The purpose of these
horizontal ISBs is to connect adjacent implants; there-
fore, the position of ISBs follows the shape of the dental
arch being scanned. A new design of horizontal ISBs has
been developed aiming to improve the accuracy and
facilitate the scanning procedure. These novel horizontal
ISBs are placed so that they are connected in the center
of the arch. However, the accuracy of these novel hor-
izontal ISBs remains unknown.

The purpose of this in vitro study was to compare the
accuracy (trueness and precision) of a nonsplinting and
a noncalibrated splinting (IOConnect; TruAbutment)
implant scanning technique recorded by using 5 IOSs
(TRIOS 5; 3Shape A/S, CEREC Primescan; Dentsply
Sirona, i700; Medit, Aoralscan3; Shining 3D, and iTero
Element 5D Plus; Align Technologies). The null hy-
potheses were that no difference would be found in the
trueness and precision of the complete arch implant
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scans recorded with the different scanning techniques
tested and recorded using the IOSs assessed.

MATERIAL AND METHODS

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

Five groups were developed based on the IOS tested:
TRIOS 5 (TRIOS 5, v.24.1.7; 3Shape A/S), Primescan
(CEREC Primescan, Connect v.5.2.7; Dentsply Sirona),
i700 (1700, Medit scan for clinics v.1.12.2, Medit link
v.3.3.2; Medit), Aoralscan3 (Aoralscan3, v.1.0.0.3115;
Shining 3D), and iTero (iTero Element 5D Plus,
v.2.8.25.70; Align Technologies). Except for the TRIOS 5
and iTero devices, all the remaining IOS systems as-
sessed were calibrated before data collection and every
10 scans by using the corresponding calibration device
and following the manufacturer’s protocol.”” All the
experimental scans were recorded under 1000-lux am-
bient illumination conditions (LX1330B Light Meter; Dr.
Meter Digital Illuminance).”” " The scanning distance
recommended by each IOS manufacturer was followed
(0 mm for TRIOS 5 and iTero, 2 mm for Primescan, and
between 4 to 6 mm for Aoralscan3).” Experimental
scans were recorded without rescanning procedures.”” "
In the i700 system, a 23-mm focal length was chosen.
Additionally, 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 experience
with 108s.”*

Two subgroups were created depending on the im-
plant scanning technique used to record the complete
arch implant scans: a nonsplinted (NS-ISB subgroup) or
noncalibrated splinting (NCS-IOC group) implant
scanning technique (n=10). The order of the IOSs for
each subgroup was randomized by using a deck of cards.

A new ISB (TrueScan Body for MUA Abutment
Nobel Biocare RP; TruAbutment) was hand tightened on
each implant abutment of the maxillary reference stone
cast according to the manufacturer recommendations.
The ISBs were maintained in the same position until all
the specimens of the NS-ISB subgroup had been ob-
tained. Additionally, a reference scan was obtained by
using a calibrated laboratory scanner (T710; Medit) ac-
cording to the scanning protocol recommended by the
manufacturer. The reference scan was exported in a
standard tessellation language (STL) file format.

For the specimen acquisition of the TRIOS 5-NS-ISB,
Primescan-NS-ISB, i700-NS-ISB, Aoralscan3-NS-ISB,
and iTero-NS-ISB subgroups, consecutive complete arch
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Figure 1. Representative specimens NS-ISB subgroup. A, TRIOS 5-NS-ISB subgroup. B, Primescan-NS-ISB subgroup. C, i700-NS-ISB subgroup. D,

Aoralscan3-NS-ISB subgroup. E, iTero-NS-ISB subgroup.

implant scans were obtained following a circumferential
scanning pattern using the corresponding 10S.”” The
scan started in the ISB located in the right first molar
and continued towards the contralateral ISB with a cir-
cumferential motion around each ISB. Each scan was
automatically postprocessed by the IOS software pro-
gram (Fig. 1). The experimental scans were exported in
an STL file format. Afterwards, the ISBs were retrieved
from the reference stone cast.

For the specimen recording of the TRIOS 5-NCS-10C,
Primescan-NCS-IOC, i700-NCS-IOC, Aoralscan3-NCS-
IOC, and iTero-NCS-IOC subgroups, a horizontal ISB
(IOConnect; TruAbutment) was hand tightened on each
implant abutment of the reference cast. The horizontal ISBs
need to connect in the center of the palate. Three sizes (S,
M, and L) of the horizontal ISBs were available, aiming to
facilitate connecting the horizontal ISBs in the center of the
arch and avoiding their overlap (Fig. 2). A M-horizontal ISB
was hand tightened in the implant abutment analogs lo-
cated in the right first premolar and lateral incisor. A L-
horizontal ISB was hand tightened in the implant abutment
analog located in the right first molar and left first premolar
and lateral incisor. Then, consecutive complete arch implant
scans were obtained using the corresponding IOS. The in-
traoral scans involved the hexagon geometry of the hor-
izontal ISBs (Fig. 3). Each scan was automatically
postprocessed by the IOS software program. The experi-
mental scans were exported in STL file format. Afterwards,
the horizontal ISBs were retrieved from the reference
stone cast.

Each experimental scan obtained in the NCS-IOC sub-
group was imported into a computer-aided design (CAD)
program (TruSuite, v.1.0.29; TruAbutment). Then, the center
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Figure 2. Horizontal implant scan bodies (IOConnect; TruAbutment)
with palatal orientation.

of each hexagon geometry of the horizontal ISBs contained
in each experimental scan was selected, followed by the size
of each horizontal ISB. The program was used to locate the
geometry of the healing abutment of the system used
(I0Connect AOT HS Cap FDA; TruAbutment) (Fig. 4).

A complete arch implant-supported bar was designed
in the control and each experimental scan by using a
dental program (DentalCAD, v.3.2. Elefsina; exocad
GmbH). Each scan was imported into the CAD program.
Then, the virtual implant cast was acquired by aligning
the ISBs of the digital scan and the CAD file of the ISB
chosen. Subsequently, a complete arch implant-sup-
ported bar was designed by using the tools of the CAD
program (Fig. 5). Lastly, the bar designs were imported
into a metrology program (Geomagic; 3D Systems), and
linear and angular measurements among the implants of
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Figure 3. Representative specimens NCS-IOC subgroup. A, TRIOS 5- NCS-IOC subgroup. B, Primescan-NCS-10C subgroup. C, i700-NCS-10C subgroup.

D, Aoralscan3-NCS-I0C subgroup. E, iTero-NCS-10C subgroup.
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Figure 4. Representative procedures performed in NCS-IOC subgroups by using specific program (TruSuite, v.1.0.29; TruAbutment).

each bar design were obtained. The z-plane was located
at the apical base of each implant 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
Euclidean linear distances among the 6 implant abut-
ments. Additionally, the longitudinal axes of the implant
abutments were used to calculate the Euclidean angular
distances among the implants.
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Trueness was described as the average linear and
angular measurements between the reference and ex-
perimental scans.” Precision was described as the
measurement variations for each group.” 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 ANOVA Welch
test followed by the post hoc pairwise multiple com-
parison Tukey test was used to analyze trueness (a=.05).
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Figure 5. Representative procedures for designing implant-supported bars on each specimen. A, Alignment of CAD file and same geometry of
experimental scan. B, Implant abutment analogs. C, Implant-supported bar designed on implant abutment analogs.

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

Group Subgroup Overall Mean Overall Mean
+SD Linear +SD Angular
Discrepancies Discrepancies
(pm) (Degrees)
TRIOS5 NCS-10C 3045 0.39 +£0.09
NS-ISB 70+22 0.43 +0.09
Primescan NCS-10C 26 +8 0.34+0.12
NS-1SB 78 +28 0.62 +0.15
i700 NCS-10C 41+19 0.31+0.10
NS-ISB 195 +161 0.40 £0.15
Aoralscan3 NCS-10C 34410 0.29+0.13
NS-ISB 72424 0.29 +0.06
iTero NCS-10C 58+17 0.25 +0.07
NS-1SB 87 £33 0.63+0.13

10C, 10Connect; ISB, implant scan body; NCS, noncalibrated splinted;
NS, nonsplinted; SD, standard deviation.

The Levene test followed by pairwise multiple compar-
ison using the Wilcoxon rank sum test with continuity
correction data was used to analyze precision (a=.05).
Data were analyzed using a statistical program (SAS,
v.3.81, Enterprise Edition; SAS Institute Inc).

RESULTS

The discrepancies measured among the subgroups
tested are presented in Table 1. Regarding the linear
measurement discrepancies, the 2-way ANOVA test
revealed significant linear trueness discrepancies among
the groups (df=1, MS=0.09679, F=32.67, P<.001) and
subgroups (df=4, MS=0.01652, F=5.58, P<.001), with a
significant  interaction  groupxsubgroup  (df=4,
MS=0.01328, F=4.48, P=.002) (Fig. 6A). Regarding group
(scanning technique) effect, the Tukey test demon-
strated significant linear trueness discrepancies among
the groups. The NCS-IOC group obtained significantly
better linear trueness than the NS-ISB group (Fig. 6B).
Regarding subgroup (IOS system) effect, the Tukey test
demonstrated significant linear trueness discrepancies
among the subgroups tested (Iable 2). The TRIOS5
(mean of 50 pm) and i700 (mean of 118 um) (P=.002),
Primescan (mean of 52 pm) and i700 (P=.002), and i700
and Aoralscan3 (mean of 53um) (P=.003) were
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significantly different from each other. Therefore, the
TRIOS5, Primescan, and Aoralscan3 systems obtained
significantly better linear trueness than the i700 device
(Fig. 6C, D). Additionally, the Levene test revealed sig-
nificant linear precision discrepancies among the groups
tested (P=.003). The NCS-IOC group (mean of 38 um)
obtained significantly better linear precision than the
NS-ISB group (mean of 100 pm).

Regarding the angular measurement discrepancies, the
2-way ANOVA test revealed significant angular trueness
discrepancies among the groups (df=1, MS=0.6209,
F=47.81, P<.001) and subgroups (df=4, MS=0.1142, F=8.79,
P<.001), with a significant interaction groupxsubgroup
(df=4, MS=0.1410, F=10.86, P<.001) (Fig. 6E). Regarding the
group (scanning technique) effect, the Tukey test demon-
strated significant angular trueness discrepancies among the
groups. The NCS-IOC group (mean of 0.32 degrees) ob-
tained significantly better angular trueness than the NS-ISB
group (mean of 0.47 degrees) (Fig. 6F). Regarding subgroup
(IOS system) effect, the Tukey test demonstrated significant
angular trueness discrepancies among the subgroups tested
(Table 3). The TRIOS 5 (mean of 0.41 degrees) and Aor-
alscan3 (mean of 0.29 degrees) (P=.008), Primescan (mean
of 0.48 degrees) and i700 (mean of 0.35 degrees) (P=.005),
Primescan and Aoralscan3 (P<.001), and Aoralscan3 and
iTero (mean of 044 degrees) (P<.001) were significantly
different from each other. Therefore, the 1700 and Aor-
alscan3 systems obtained the best angular trueness (Fig. 6G,
H). Additionally, the Levene test revealed significant an-
gular precision discrepancies among the groups tested
(P<.001). The NCS-IOC group (mean of 0.017 degrees) had
significantly better angular precision than the NS-ISB group
(mean of 0.087 degrees). Moreover, the Levene test had
significant angular precision discrepancies among the sub-
groups tested (P<.001). The TRIOS 5 and Aoralscan3 ob-
tained the best angular precision (P<.001).

DISCUSSION

The results of this in vitro investigation revealed that the
implant scanning technique used and IOS selected
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Figure 6. A, Boxplot of linear measurements measured among subgroups tested. B, Plot overall linear measurement measured among groups
tested. C, Plot overall linear measurement measured among subgroups tested. D, GroupxSubgroup interaction plot. E, Boxplot of angular
measurements measured among subgroups tested. F, Plot overall angular measurement measured among groups tested. G, Plot overall angular
measurement measured among subgroups tested. H, GroupxSubgroup interaction plot. I0C, I0Connect; 10S, intraoral scanner; ISB, implant scan
body; NCS, noncalibrated splinting; NS, nonsplinting.
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Table 2.Post hoc overall linear discrepancies comparisons - subgroup (I0S system)

Subgroup Comparison Mean Difference SE df t Ptukey
TRIOS 5 Primescan -0.00189 0.0172 90.0 —-0.1097 >.999
i700 -0.06772 0.0172 90.0 —-3.9341 .002*
Aoralscan3 —0.00258 0.0172 90.0 -0.1501 >.999
iTero -0.02183 0.0172 90.0 —1.2684 711
Primescan i700 -0.06583 0.0172 90.0 —-3.8244 .002*
Aoralscan3 —6.94e-4 0.0172 90.0 —0.0403 >.999
iTero -0.01994 0.0172 90.0 -1.1586 775
i700 Aoralscan3 0.06513 0.0172 90.0 3.7840 .003*
iTero 0.04588 0.0172 90.0 2.6657 .067
Aoralscan3 iTero -0.01925 0.0172 90.0 -1.1183 .796

Comparisons based on estimated marginal means
*Subgroups significantly different (P<.05)

Table 3.Post hoc overall angular discrepancies comparisons — subgroup (I0S system)

Subgroup Comparison Mean Difference SE df t Ptukey
TRIOS 5 Primescan —0.0697 0.0360 90.0 -1.935 .307
i700 0.0596 0.0360 90.0 1.653 468
Aoralscan3 0.1238 0.0360 90.0 3436 .008*
iTero —0.0255 0.0360 90.0 -0.708 954
Primescan i700 0.1293 0.0360 90.0 3.588 .005*
Aoralscan3 0.1935 0.0360 90.0 5.371 <.001*
iTero 0.0442 0.0360 90.0 1.227 736
i700 Aoralscan3 0.0642 0.0360 90.0 1.783 .390
iTero —-0.0851 0.0360 90.0 -2.361 136
Aoralscan3 iTero —-0.1493 0.0360 90.0 —4.144 <.001*

Comparisons based on estimated marginal means
*Subgroups significantly different (P<.05)

impacted the trueness and precision of complete arch
implant scans. The noncalibrated splinting implant
scanning technique with a palatal orientation demon-
strated better accuracy outcomes when compared with
the standard ISBs or nonsplinting method tested.
Therefore, the null hypothesis that no difference would
be found in the trueness and precision of the complete
arch implant scans recorded with the different scanning
techniques tested and recorded using the IOSs assessed
was rejected.

Nonsplinting implant scanning methods have been
reported to have a trueness ranging from 41 to 303 pm
and a mean precision value varying from 25 to
181 pm." " In comparison, noncalibrated splinting im-
plant scanning methods have a trueness ranging from 49
to 240 pm and a mean precision value varying from 45 to
176 pm.""* However, multiple noncalibrated splinting
designs in which the ISBs were connected following the
dental arch shape have been described."'” The authors
are unaware of a previous investigation that analyzed
the accuracy of the selected noncalibrated splinting
implant scanning technique with a palatal orientation
(IOConnect; TruAbutment). Therefore, direct compar-
isons with previously published studies are not feasible.
However, while different noncalibrated splinting im-
plant scanning methods have been described in the
dental literature, this is a unique system with a different
orientation of the ISBs, being connected in the center of
the arch. Therefore, comparisons with other non-
calibrated splinting implant scanning techniques may be
inappropriate. However, in the present investigation, the
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noncalibrated implant scanning technique tested de-
monstrated significantly better linear and angular true-
ness and precision mean values than the nonsplinting
method considered. The noncalibrated splinting implant
scanning technique showed an overall linear dis-
crepancy ranging from 26 +8 pm to 58 +17 pm and an
overall angular discrepancy ranging from 0.25 +0.07
degrees to 0.39 +0.09 degrees. The noncalibrated
splinting implant scanning technique obtained accuracy
values that could be considered within the clinically
acceptable discrepancy. The nonsplinting implant scan-
ning technique showed an overall linear discrepancy
ranging from 72 +24 pm to 195 +161 pm and an overall
angular discrepancy ranging from 0.29 +0.06 degrees to
0.63 +£0.13 degrees. Therefore, the nonsplinting implant
scanning technique may not provide a clinically accep-
table scanning method.

The noncalibrated splinting with palatal orientation
method facilitated the digitizing method, as it only re-
quired the scanning of the hexagon geometry of the
horizontal scan body which is oriented in the center of
the arch. Additionally, as the horizontal ISBs were
connected in the center of the arch, the scanning pro-
cedure does not involve scanning the entire arch,
minimizing the scanning time and number of photo-
grams. The scanning performance varied among the
different IOS systems, and scanning nonsplinting ISBs is
more challenging for one IOS when compared with
others. However, the present investigation did not
analyze the scanning time or number of photograms
discrepancies among the 2 techniques tested. Laboratory
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and clinical studies are needed to further evaluate
scanning accuracy and scanning time among the dif-
ferent implant scanning techniques described.'

The IOS system and version have been reported to
impact the accuracy of digital implant scans.”'"”"*’
Comparisons with previous studies are challenging be-
cause of different research methodology; however, the
results of the present investigation were consistent with
this finding. Trueness and precision discrepancies in the
linear and angular measurements were found among
the complete arch implant scans recorded by using the
I0Ss tested. Furthermore, the TRIOS 5, Primescan, and
Aoralscan3 systems obtained better linear trueness than
the i700 device, while the i700 and Aoralscan3 systems
demonstrated the best angular trueness. The TRIOS5
and Aoralscan3 obtained the best angular precision.

Limitations of the present study included the in vitro
conditions, limited implant designs, positions, inter-
implant distances, and the standard implant scan body
design tested. Furthermore, an extraoral scanner was
selected to obtain the reference scan. Studies are re-
quired 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 and version on the accuracy of implant
scans.

CONCLUSIONS

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

1. The implant scanning technique and IOSs tested
impacted the scanning trueness and precision of
the complete arch implant scans.

2. The non calibrated implant scanning technique
(IOConnect; TruAbutment) had significantly better
accuracy (trueness and precision) outcomes (linear
and angular discrepancies) when compared with
the nonsplinting implant scanning method con-
sidered (standard nonsplinted implant scan
bodies).

3. The noncalibrated splinting implant scanning
technique showed an overall linear discrepancy
ranging from 26 +8pm to 58 +17um and overall
angular discrepancy ranging from 0.25 +0.07 de-
grees to 0.39 +0.09 degrees. The noncalibrated
splinting implant scanning technique obtained ac-
curacy values that could be considered within the
clinically acceptable discrepancy range.

4. The nonsplinting implant scanning technique
showed an overall linear discrepancy ranging from
72 +24pm to 195 x£161um and overall angular
discrepancy ranging from 0.29 +0.06 degrees to
0.63 +0.13 degrees. Therefore, the nonsplinting
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implant scanning technique may not provide a
clinically acceptable scanning method.

5. The TRIOS 5, Primescan, and Aoralscan3 systems had
significantly better linear trueness than the i700 device,
while the i700 and Aoralscan3 systems demonstrated
the best angular trueness. The TRIOS 5 and
Aoralscan3 had the best angular precision.
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