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ARTICLE INFO ABSTRACT

Keywords: Purpose: To assess the influence of the scan body geometry bevel location and implant angulation and position of
A_CC_uraC_Y ) complete-arch implant digital scans.

Digital impression Material and methods: Two definitive casts with 4 implant analogs placed parallel (P group) or angulated up to

Implant dentistry

Intraoral scanner 30° (NP group) were fabricated. Five subgroups were created based on the scan body geometry bevel position:

facial, mesial, distal, lingual, or random (F, M, D, L, and R subgroup). Casts were digitized using a laboratory
scanner (reference) (7Series Desktop Scanner) and an intraoral scanner (TRIOS 3). The implant position dis-
crepancies between the reference and experimental scans were calculated. Data was analyzed using 3-way
ANOVA and Tukey tests (a = .05).

Results: The scan body geometry bevel position (P < .001) and the inter-implant distance (P < .001) were shown
as significant predictors of the linear discrepancies obtained. The L subgroup had a significantly lower
discrepancy compared with the other subgroups. Implant angulation (P < .001), the scan body geometry bevel
position (P < .001), and the inter-implant distance (P < .001) were all significant predictors on the angular
discrepancies obtained.

Conclusions: The scan body geometry bevel location and implant angulation and position influenced the accuracy
of the IOS tested. The lingual orientation obtained significantly better accuracy values compared with the other
positions. The parallel implant analog position obtained better accuracy than the angulated positions. Lastly, the
implant positioned in the dental arch where the intraoral digital scan was finished obtained significantly higher
distortion than the contralateral implant.

Prosthodontics

1. Introduction

Clinical significance L
Intraoral digitization has now become commonly and successfully

To maximize the scanning accuracy (trueness and precision) of integrated within clinical dental procedures [1-5]. However, different

complete-arch intraoral digital scans by using the intraoral scan- variables that can affect and decrease intraoral scanning accuracy have
ner tested, the implant scan body geometry bevel feature should been identified such as scanning pattern [6,7], ambient lighting [8-10],
be positioned with a lingual orientation. technology [11-13], size of the scanner head [14], extension of the

digital scan [15,16], operator experience [17-19], characteristics of the
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surface scanned [20-23], presence of edentulous areas [24], and
post-processing procedures [15,25]. Furthermore, for intraoral implant
digital scans additional elements might need to be considered including
implant scan body selected [26-29], implant angulation [30-33],
implant depth [34-36], and inter-implant distance [35-37].

Implant scan bodies assist on the digital transfer of the 3-dimensional
position of dental implants from the patient’s mouth to computer-aided
design (CAD) programs [38]. The geometric design of the implant scan
bodies includes a feature that aims to translate the anti-rotational
element of the dental implant [39]. However, there is no agreement
on the optimal implant scan body material and design [26-29]. Addi-
tionally, a geometry bevel feature design on the implant scan body is
generally incorporated as flat surfaces over a generally cylindrical body
[39]. However, the impact of the implant scan body geometry bevel
feature position in relation to the orientation in the patient’s mouth on
the scan accuracy remains uncertain.

The purpose of the present study was to evaluate the influence of the
implant scan body geometry bevel feature location (facial, mesial, distal,
lingual, or random), implant angulation (parallel or up to 30°) and
implant position in the dental arch on the accuracy (trueness and pre-
cision) of complete-arch intraoral digital scans. The null hypotheses
were that the implant angulation would have no effect on the trueness
and precision of the IOS tested, that the implant angulation would have
no effect on the trueness and precision of the IOS tested, that the implant
scan body geometry bevel feature position would have no effect on the
trueness and precision of the IOS tested, and that the implant position in
the dental arch would have no effect on the trueness and precision of the
IOS tested.

2. Material and methods
2.1. Reference casts fabrication

A computer-aided design (CAD) software program (Dental Systems
2021, Model Builder; 3Shape A/S) was used to design 2 definitive
implant casts (P and NP groups). For the P group, an edentulous
maxillary cast was obtained. Four implant abutment analogs (Avinent
Transepithelial implant analog digital model; Avinent) were virtually
placed in the right first molar (implant 1), right canine (implant 2), left
canine (implant 3), and left first molar (implant 4) positions. The
implant abutment replicas were positioned at the same apico-coronal
height, 3 mm subgingival from the gingival margin of the diagnostic
waxed teeth, and with a parallel orientation. For the NP group, the same
edentulous maxillary cast, implant abutment analogs, and implant
abutment analogs positions and heights were used; however, the
implant abutment replicas were virtually placed with up to 30° of
angulation among them.

In both virtual definitive implant casts, the implant analog housings
were shortened from the intaglio surface to facilitate the posterior
engagement between the implant abutment analogs and dental stone.
When the definitive implant cast designs were completed, the standard
tessellation language (STL) files were exported.

The STL files were used to additively manufacture the polymeric
(Nexdent Model 2.0 & Nexdent Gingiva Mask; 3D Systems) casts by
using a printer (Nexdent 5100; 3D Systems) following the recommen-
dations of the manufacturer. Then, implant abutment analogs (Avinent
Transepithelial implant analog digital model; Avinent) were positioned
on each corresponding housing of each implant cast. Subsequently, the
base of the casts was filled with Type IV dental stone (GC Fujirock EP;
GC) after mixing 22 ml water with 100 g dental stone under vacuum for
30 s per manufacturer’s recommendations. The casts were stored at
room temperature for 48 h [40]. All the data collection procedures were
performed within the 2 following weeks.

Both definitive implant casts (N and NP groups) were digitized by
using 2 digitizing methods: a laboratory scanner (7Series Desktop
Scanner; Dentalwings) and an I0S (TRIOS 3, Pod, v. 1.7.19.0; 3Shape A/
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S). The laboratory scan of each definitive implant cast (reference or
control) will be used to measure the implant abutment analogs’ position
discrepancy with the different intraoral digital scans obtained. The
manufacturer of the laboratory scanner selected reports an accuracy of
15 pm.

For obtaining the laboratory scan (reference model) of both defini-
tive implant casts, a new implant abutment scan body was positioned on
each implant abutment analog (Avinent Transepithelial 4.8 scanbody;
Avinent). The implant abutment scan bodies were torqued at 15 Ncm
(Torque wrench; Avinent) following the instructions of the manufac-
turer. The manufacturer’s protocol was used to calibrate the extraoral
scanner. From each laboratory scan, a STL file was obtained.

2.2. Acquisition of the experimental intraoral digital scans

For obtaining the intraoral digital scans, a room with no windows
was selected. The room presented a constant temperature of 24 °C with a
56% relatively humidity. The intraoral scans started and finished on the
implant 1 following the scanning pattern recommended by the manu-
facturer was followed under 1003-lux ambient light illuminance con-
ditions (Fig. 1) [8-10]. The IOS system was color and 3D calibrated
before the first scan and after every 10 intraoral digital scans [41]. The
scanning pattern was performed following a zigzag technique [42-44].
As reported in previous studies, this scanning pattern started in the right
quadrant of the cast from the buccal to palatal and back, slowly and
constantly moving forward to the left quadrant of the cast, so that the
complete implant scan bodies and gingiva were scanned [42-44].

The intraoral digital scans were obtained by a restorative dentist
with 6 years of prior experience handling I0Ss (M.G-P). Five subgroups
were created based on the position of the anti-rotational flat surface
feature of the implant scan bodies: facial (F subgroup), mesial (M sub-
group), distal (D subgroup), lingual (L subgroup), or random (R sub-
group) surface orientation.

For the P-F and NP-F subgroups, a new implant scan body (Avinent
Transepithelial 4.8 scanbody; Avinent) was positioned on each implant
abutment analog of both definitive implant casts. The implant scan
bodies were positioned with the geometry bevel feature oriented to the
facial surface. The implant scan bodies were torqued at 15 Ncm (Torque
wrench; Avinent) following the instructions of the manufacturer. The
implant scan bodies were maintained until all the digitizing procedures
of the P-F and NP-F subgroups were completed. A total of 15 consecutive
intraoral digital scans were obtained and exported in a STL file format
using the IOS software program. Sample size was determined based on
previous studies [45-48].

For the remaining subgroups, the same procedures were replicated as
for the P-F and NP-F subgroups, except the geometry bevel feature orien-
tation which varied depending on the subgroup. For the P-M and NP-M
subgroups, the geometry bevel feature was orientated towards the mesial
surface, for the P-D and NP-D subgroups, the geometry bevel feature of the
implant scan bodies was orientated towards the distal surface; for the P-L
and NP-L subgroups, the geometry bevel feature of the implant scan bodies
was orientated towards the lingual surface; and for the P-R and NP-R
subgroups, the geometry bevel feature of the implant scan bodies was
orientated randomly towards the facial, mesial, distal, or lingual surfaces.
The random position of the implant scan body geometry bevel feature per
each implant was determined by using a randomization software program
(Random app v1.3; ConnStruct Studios Pty Ltd).

2.3. Measurements

The implant abutment analog position discrepancies between the
reference virtual definitive implant casts and their corresponding
intraoral digital scans were measured by computing 6 linear inter-
implant abutment analog distances and 3 angular measurements
among the 4 implant abutment analogs (Fig. 2).

Each STL file obtained on the different experimental intraoral digital
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Fig. 1. A, Maxillary definitive implant cast with 4 parallel implant analogs (P group) with the lingual orientation of the geometry bevel feature of the implant scan
bodies. B, Maxillary definitive implant cast with 4 non-parallel implant analogs (NP group) with the lingual orientation of the geometry bevel feature of the implant

scan bodies.

scans (P-F, P-M, P-D, P-L, P-R, NP-F, NP-M, NP-D, NP-L, and NP-R sub-
groups) were imported into the CAD software program (Exocad v 2.2
Valetta; Align Technology). The CAD tools were used to align each
implant scan body with the corresponding implant scan body from the
library of the CAD software program. Subsequently, an implant-
supported Ackerman bar design was completed using the CAD tools
(Fig. 3). Then, the bar design was exported in an STL file format. Each
digital bar design was imported into a CAD software program (Netfabb,
v. 2021; Autodesk) to compute the same linear and angular measure-
ments among the different implants. The linear and angular distances
computed on each reference virtual definitive implant cast (reference or
control) were used to calculate the discrepancies with the linear and
angular distances obtained on each experimental intraoral digital scan.

Trueness was defined as the closeness of agreement between a test
result and an accepted reference value, or in another words, the average
linear measurement discrepancies between the reference and scanned
models [40,41]. Precision was described as closeness of agreement be-
tween independent results of measurement obtained under stipulated
conditions, or as the linear measurement variations per each group or
standard deviation (SD) [49,50].

Implant 2

Implant 3

Implant 1 Implant 4

2.4. Statistical analysis

The variable analyzed were implant scan body geometry bevel
feature position, implant angulation, and implant position in the dental
arch. The Shapiro-Wilk and Kolmogorov-Smirnov tests revealed that the
data were normally distributed (P > .05). Both outcome variables
including linear and angular measurements were transformed using
square root method after which the residuals were normally distributed,
and no patterns were visible on residuals versus fits plot. Three-way
ANOVA followed by the pairwise comparison Tukey tests were used to
analyze the data using a statistical software program (IBM SPSS Statis-
tics for Windows, v26; IBM Corp) (a = .05).

3. Results

Three-way ANOVA analysis of variance showed that the geometry
bevel feature position (df = 1, MS = 0.1342, F = 7.92, P < .001) and the
inter-implant distance measurement (df = 5, MS = 0.7154, F = 42.25, P
< .001) were significant predictors of the linear discrepancies obtained;
however, 3-way ANOVA analysis of variance showed that the group (P
or NP groups) variable was not a significant predictor (df = 1, MS =

Implant 2
Implant 3

Implant 1 Implant 4

Fig. 2. A, Representative linear measurements among the 4 implant abutment analogs on each reference virtual definitive cast and experimental intraoral digital
scans. B, Representative angular measurements among the 4 implant abutment analogs on each reference virtual definitive cast and experimental intraoral digi-

tal scans.
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Fig. 3. Representative digital implant-supported Ackerman bar design.

0.0071, F = 0.42, P = .517) on the linear discrepancies calculated
(Fig. 4AB). Furthermore, the geometry bevel feature position explains
the 2.80% of variation in the linear discrepancies computed, while the
inter-implant distance measurement explains the 18.65% of variation in
the measurement discrepancies found (Table 1).

Tukey pairwise comparison showed that only the linear measure-
ment of L subgroup (0.29) was significantly lower from the rest of the
subgroups (Table 2) (Fig. 4C). Also, Tukey pairwise comparison showed
that there were significant differences among the different inter-implant
distances tested (Table 3) (Fig. 4D).

Three-way ANOVA analysis of variance showed that the implant
angulation (df = 1, MS = 8.6506, F = 162.83, P < .001), the geometry
bevel feature position (df = 4, MS = 0.5841, F = 11.00, P < .001), and
the inter-implant distance measurement (df = 2, MS = 6.0111, F =
113.15, P < .001) were all significant predictors of the angular mea-
surement discrepancies obtained. Additionally, the implant angulation
feature position explains the 18.61%, the geometry bevel feature posi-
tion the 5.03%, and the inter-implant angulation measurement the
25.85% of variation in the angular measurement discrepancies
computed (Fig. 5AB).

Tukey pairwise comparison showed a significant mean angular
measurement difference between them with a mean of 0.92 for angu-
lated and 0.64 for parallel (Fig. 5C). Tukey pairwise comparison
demonstrated significant differences among the different geometry
bevel positions tested. Tukey pairwise comparison showed significant
differences between the angular measurements of L and B, M and B, R
and B, M and D, and R and D (Table 4) (Fig. 5D).

4. Discussion

Based on the results of the present study, the lingual orientation of
the implant scan body geometry bevel feature computed the highest
trueness and precision values when compared with the remaining ori-
entations tested. Additionally, the implant abutment analog position on
the definitive implant cast, as well as the implant abutment analog
angulation were identified as significant predictors for the trueness and
precision mean values obtained. Therefore, all the null hypotheses were

rejected.

In the best knowledge of the authors, this is the first investigation
that assessed the influence of the implant scan body geometry bevel
feature position on the complete-arch intraoral scanning accuracy. The
results of this study revealed that the location of the geometry bevel
feature of the scan body can decrease the scanning accuracy of the I0S
system tested. In this investigation, the lingual orientation demonstrated
the lowest linear and angular measurement discrepancies or the highest
accuracy values compared with the rest of the orientations tested.
However, additional clinical studies are needed to assess the influence of
this parameter on intraoral implant scanning accuracy.

Previous literature has evaluated the influence of implant angulation
on the accuracy of I0Ss; however, contradictory results have been re-
ported [28-32]. A systematic review and meta-analysis, based mostly on
in-vitro studies, compared conventional and intraoral digital scans in
completely and partially edentulous scenarios [31]. The authors
concluded that the implant angulation decreased the accuracy of the
digital scans when compared to the conventional impression techniques;
however, the difference was not statistically significant [31]. Similarly,
an in-vitro study compared conventional and intraoral digital scans using
a partially edentulous mandibular cast with 4 implant analogs [29]. The
right quadrant of the mandibular reference cast had the 2 implant an-
alogs parallel, but on the left side the implant analogs were placed with
20° convergence. Results showed that the implant angulation did not
influence the overall definitive implant cast accuracy [29]. Comparisons
with the present study are difficult due to differing number, position,
type, and angulation of the implant abutment analogs, digitizing pro-
cedures, and measurement methods. Furthermore, the implant scan
body anti-rotational feature orientation was not described.

On the other hand, a study by Lin et al. [32] compared conventional
and intraoral digital scans of 4 casts with 2 implant analogs placed
parallel and at 3 different angles (15, 30, and 45°). Authors reported that
the intraoral digital scans of the implant analogs having 0- and 15°
divergence showed lower accuracy compared with the conventional
methods. Additionally, the intraoral digital scans of 30° implant diver-
gence revealed no difference in angular measurements when compared
to the conventional group. At 45° implant divergence both angular and
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Fig. 4. Linear measurement analysis. A, Interval plot. B, Main effects plot. C, Tukey for pairwise comparisons grouping the data by the anti-rotational feature
position. D, Tukey for pairwise comparisons grouping the data by inter-implant distance measured. D, distal; F, facial; M, mesial; NP, non-parallel; L, lingual; P,
parallel; R, random.

Table 1

Descriptive statistics of the overall linear and angular measurement discrep-

ancies computed on the different groups tested.

Table 2
Tukey pairwise comparisons grouping the information by the geometry bevel
feature position (F, M, D, L, A) using the Tukey method and 95% confidence

ninterval. D, distal; F, facial; M, mesial; L, lingual; R, random.

Group  Subgroup  Overall linear measurement  Overall angular text
discrepancies mean measurement discrepancies Subgroup Mean overall linear measurement discrepancy
+standard deviation mean +tstandard deviation
(trueness +precision) (mm) (trueness +precision) F 0.362°
(degrees) M 0.351*
D 0.336*
P F 0.099 +0.091 0.391 + 0.200 L 0.333%
M 0.174 +0.138 0.611 + 0.424 R 0.291°
D 0.162 +0.136 0.401 £ 0.350
L 0.090 +£0.112 0.503 + 0.251 Means that do not share a letter are significantly different (P < .05)
R 0.161 +0.097 0.472 £ 0.361
NP F 0.170 +0.129 0.621 + 0.416
M 0.112 £0.090 0.993 + 0.414 Table 3
D 0.145 £0.110 0.861 -+ 0.396 Tukey pairwise comparisons grouping the information by the inter-implant
L 0.114 :£0.070 0.863 + 0.585 distance tested using the Tukey method and 95% confidence interval.
R 0.105 +0.115 1.369 + 0.759

Inter-implant distance Mean overall linear measurement discrepancy

D, distal; F, facial; L, lingual; M, mesial; NP, non-parallel; P, parallel, R, random

Linear-3 0.423°

X . Linear-5 0.404
distance measurements were comparable to the conventional group. The Linear-6 0.328°
results suggested that the digital scans showed better results when the Linear-2 0.318"
inter-implant angulation was greater than 30° [32]. Arcuri et al. [28] Linear-4 0.297°
Linear-1 0.237°¢

reported that the implant angulation could negatively affect the accu-
racy of the intraoral complete-arch digital scans. Comparisons with the
present study are challenging due to differing research protocols.

Means that do not share a letter are significantly different (P < .05).
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Fig. 5. Angular measurement analysis. A, Interval plot. B, Main effects plot. C, Tukey for pairwise comparisons grouping the data by the P and NP groups. D, Tukey
for pairwise comparisons grouping the data by the anti-rotational feature position tested. A, arbitrary; D, distal; F, facial; M, mesial; L, lingual.

Table 4

Tukey pairwise comparisons grouping the information by the inter-implant
distance tested using the Tukey method and 95% confidence interval. D,
distal; F, facial; M, mesial; L, lingual; R, random.

Geometry bevel feature position Mean overall angular measurement discrepancy

F 0.669°
M 0.846%
D 0.735>¢
L 0.774%°
R 0.865°

Means that do not share a letter are significantly different (P < .05).

Additionally, the implant scan body geometry bevel feature orientation
was not disclosed.

The influence of the implant position in the dental arch on the
intraoral scanning accuracy has not been assessed previously, as dental
literature usually reports the overall implant position discrepancy.
Based on the results of the present study, the linear measurements 3 and
5 obtained the highest discrepancy values, while the linear measure-
ment obtained the lowest discrepancy values. A pattern can be observed
in which the implant where the intraoral digital scan is finished (implant
positioned in the left first molar) presented higher discrepancy than the
contralateral implant (implant positioned in the right first molar). This
could be explained by the accumulative distortion during the stitching
procedures in the data acquisition process. However, further studies are
needed to comprehend this outcome. Additionally, previous studies

have reported that the higher the inter-implant distance, the higher the
intraoral scanning deviations obtained [35-37]. In the present study, the
implant analogs might not represent the ideal position aiming to in-
crease the inter-implant distance.

In the present investigation, the scanning conditions, including
scanning pattern [6,7] and ambient light illuminance conditions [8-10],
were standardized to minimize the variables that can affect IOSs accu-
racy. The implant scan body selected was fabricated in poly-
etheretherketone (PEEK) material, which might have influenced the
results obtained; however, all the intraoral digital scans were acquired
using the same implant scan body and new implant scan bodies were
used. Therefore, the results obtained can be compared among the
different subgroups tested. Additionally, the present study presents
several limitations such as the laboratory conditions, the single scan
body geometry and material tested, and testing with only one IOS.

Additional studies are recommended to further evaluate the influ-
ence of the scan body material, geometry, geometry bevel orientation,
implant position, implant type, or extension of the implant digital scan
on the intraoral scanning accuracy of I0Ss. Dental literature might
require additional data before systematic clinical recommendations can
be formulated. Additionally, hardware and software advancements are
continuous and progressive, and therefore, data obtained from older
systems should be considered carefully. An understanding of this liter-
ature limitation is fundamental for the evidence-based implementation
of digital technologies in the dental field.



M. Gémez-Polo et al.

5. Conclusions

Within the limitations of this in-vitro study, the following conclusions
were drawn:

- The implant scan body geometry bevel feature location, implant
angulation and implant position in the dental arch influenced the
accuracy (trueness and precision) of the I0S tested.

The lingual orientation of the implant scan body geometry bevel
feature obtained significantly higher trueness and precision values
compared with the facial, mesial, distal, or random positions tested.
Implant angulation decreased intraoral scanning accuracy (trueness
and precision) of the I0S tested.

The implant positioned in the dental arch where the intraoral digital
scan is finished obtained significantly higher distortion than the
contralateral implant.
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