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Abstract: We aimed to evaluate the trueness of digital and conventional impression techniques
based on different angles and distances between implants and the deviation caused by the angle
and distance parameters varying between implants. Eight implants were placed in a polyurethane
edentulous mandibular model at different angles and distances. After obtaining a 3-dimensional (3D)
reference model by using an optical scanner, the model was scanned with three intraoral scanners:
Cerec Omnicam (DO), Trios 3 (DT), and Carestream 3500 (DC). Then, the master casts obtained
from the conventional impressions (C) were also digitized, and all impression data were imported
into reverse engineering software to be compared with the 3D reference model. Distance and angle
measurements between adjacent implants were performed, and the data were analyzed with ANOVA–
Tukey and Kruskal Wallis tests. The significance level was accepted as p < 0.05. While DT and C
groups gave the best results for high interimplant distances, the trueness of intraoral scanners was
found to be superior to the conventional method between closer implants. At higher angulations, the
angular trueness of C group was found to be significantly lower. At short distances, digital groups
showed superiority, and the trueness of conventional impression decreased with higher angulations.

Keywords: angle; digital implant impression; interimplant distance; intraoral scanner; trueness

1. Introduction

One of the most important criteria for achieving long-term success in implant-supported
restorations is to provide a passive fit [1–5]. However, it is not possible to obtain a perfect
passive fit due to the dimensional changes that may occur during the impression and
subsequent prosthetic production stages [6]. Hence, the initial step in order to obtain the
optimum passive fit is to make an accurate conventional or digital impression [7] and
transfer the spatial positions of the implants in the bone to the working models where the
prosthetic design will be carried out.

Implant impressions use various components. Therefore, the inconsistencies in the
junction between the impression copings, the implant, and the analogue can significantly
affect the accuracy [8,9]. The amount of these deviations also increases exponentially in
cases of multiple implants rather than single implants [10].

In cases with severe alveolar ridge resorption, considering some reasons such as
time, cost, patient’s age, health condition, and desire, tilted implant placement in non-
ideal distances instead of combined treatments such as bone augmentation and sinus
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lift operation constitute a serious treatment alternative [11–13] However, in such cases,
implant impression may become complicated, and the trueness of the impression might be
compromised [14]. Although splinting of impression copings increases the accuracy, in full
arch cases when the angulations exceed 20◦, it has been shown that the non-splinted open
tray impression is better than the splinted technique [15,16].

The effect of the angulation on the implant impressions was mostly investigated in two
implants [17], and the effect of the angulation between each implant was not evaluated by
examining the general deviation according to the knowledge of the authors in the complete
arch studies performed [2,18–23]. In conventional impressions, deformation can occur
even when using polyvinyl siloxane (PVS), an impression material with a high elastic
memory, during the removal of the tray from the tilted implants [24,25]. Theoretically,
digital implant impressions should not be affected from the angulations, as there is no
material deformation or the movement of the impression coping within the impression.
However, there are also some studies in the literature that show that digital impression
accuracy decreases at angles above 15 to 30 degrees [21,26].

It has been shown that in cases of total and partial edentulism, the accuracy of the
impression can vary, taking into account the increased number of implants and the in-
creased distances between the implants [27]. In partial edentulism cases, linear and angular
dimensional changes are lower compared to total edentulism, when conventional impres-
sion techniques are used [28]. With the increase in the scanned arch distance in the digital
impression technique, it becomes difficult to obtain sufficient reference points between the
point clouds. As it is not possible to combine the images obtained separately, optical noise
and distortions occur in the 3-dimensional (3D) image, or because the software cannot
use the surface matching algorithm, it cuts out some of the scanned areas [29]. Therefore,
in theory, digital implant impressions are negatively affected by the increase in distance
between the scan bodies. In particular, intraoral scanners that work on the principle of
combining photos can stick different scan bodies on top of each other if they lose reference
points that will continue scanning [30].

The aims of this study are to evaluate the trueness of digital and conventional im-
pression techniques at different angles and distances between implants and the deviation
caused by the angle and distance parameters varying between implants. The first hypothe-
sis of this study is as follows: while the conventional method gives better results in areas
where the distance between implants is large, the digital method is superior for areas with
angulation. The second hypothesis is that the deviation will be higher in the regions where
the distance and angulation between the adjacent implants are also high.

2. Materials and Methods

Eight implants (Dyna Dental Engineering BV, the Netherlands) (4.2 mm diameter and
11.5 mm length) were placed in a polyurethane edentulous mandible model (Promedicus,
Poland) at different distances and angles. Implants were inserted to the sites of #47, #44,
#43, #41, #33, #34, #35, and #37. The implants were placed at 40◦, 0◦, 20◦, 0◦, 15◦, 0◦, 0◦, and
25◦ angles distally, respectively. All angles were arranged in the distal direction to mimic
the distal angulation used in the production of cantilever segmented prosthesis [31].

First, in order to obtain a 3D reference model in which measurements will be made,
Ti-base abutments (Dyna Dental Engineering BV, the Netherlands) were first placed on
each of the implants. Eight abutment-level scan bodies (Dyna Dental Engineering BV, the
Netherlands) were then seated on Ti-base abutments (Figure 1).

Afterwards, the model with the scan bodies was scanned using the Activity 885 Mark
2 Scanner (Smart Optics, Bochum, Germany) with an accuracy of 6 µm as in previous
studies [20,32,33], and the 3D reference model was obtained by exporting the data in
standard tesselation language (STL) format to be used in comparisons (Figure 2).
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The study model was scanned 10 times with each scanner by a single operator before 
the final scans so that the user could adapt to each of the intraoral scanning systems. Then, 
starting from area #47 on the right posterior and continuing to the left posterior, scans 
were performed by following the scanning strategy recommended by the manufacturer 
of each scanner [34–36]. 

In the scans performed with the Cerec Omnicam (Dentsply Sirona, Bensheim, Ger-
many), starting from the right posterior region (#47); occlusal, buccal, and lingual surfaces 
of each scan body were scanned, and the same procedure was continued until the left 
posterior region (#37). In Trios 3 (3-Shape, Copenhagen, Denmark) scans, scanning that 
started from the right posterior region occlusally was continued to the left posterior re-
gion, followed by scanning of the lingual and buccal surfaces. Unlike these, in Carestream 
3500 scans, occlusal imaging of the scan bodies was completed, and then buccal and lin-
gual surfaces were scanned. After each scan, the images were examined and the missing 
areas were scanned again; the digital impression phase was completed after the meshing 
procedure. Thus, a total of 30 STL files were obtained, including 10 from three different 
intraoral scanners. 

Figure 1. Working model with scan bodies attached to implants.

Machines 2022, 10, x FOR PEER REVIEW 3 of 13 
 

 

 
Figure 1. Working model with scan bodies attached to implants. 

Afterwards, the model with the scan bodies was scanned using the Activity 885 Mark 
2 Scanner (Smart Optics, Bochum, Germany) with an accuracy of 6 µm as in previous 
studies [20,32,33], and the 3D reference model was obtained by exporting the data in 
standard tesselation language (STL) format to be used in comparisons (Figure 2). 

 
Figure 2. Reference 3D model obtained with optical scanner. 

The study model was scanned 10 times with each scanner by a single operator before 
the final scans so that the user could adapt to each of the intraoral scanning systems. Then, 
starting from area #47 on the right posterior and continuing to the left posterior, scans 
were performed by following the scanning strategy recommended by the manufacturer 
of each scanner [34–36]. 

In the scans performed with the Cerec Omnicam (Dentsply Sirona, Bensheim, Ger-
many), starting from the right posterior region (#47); occlusal, buccal, and lingual surfaces 
of each scan body were scanned, and the same procedure was continued until the left 
posterior region (#37). In Trios 3 (3-Shape, Copenhagen, Denmark) scans, scanning that 
started from the right posterior region occlusally was continued to the left posterior re-
gion, followed by scanning of the lingual and buccal surfaces. Unlike these, in Carestream 
3500 scans, occlusal imaging of the scan bodies was completed, and then buccal and lin-
gual surfaces were scanned. After each scan, the images were examined and the missing 
areas were scanned again; the digital impression phase was completed after the meshing 
procedure. Thus, a total of 30 STL files were obtained, including 10 from three different 
intraoral scanners. 

Figure 2. Reference 3D model obtained with optical scanner.

The study model was scanned 10 times with each scanner by a single operator before
the final scans so that the user could adapt to each of the intraoral scanning systems. Then,
starting from area #47 on the right posterior and continuing to the left posterior, scans were
performed by following the scanning strategy recommended by the manufacturer of each
scanner [34–36].

In the scans performed with the Cerec Omnicam (Dentsply Sirona, Bensheim, Ger-
many), starting from the right posterior region (#47); occlusal, buccal, and lingual surfaces
of each scan body were scanned, and the same procedure was continued until the left
posterior region (#37). In Trios 3 (3-Shape, Copenhagen, Denmark) scans, scanning that
started from the right posterior region occlusally was continued to the left posterior region,
followed by scanning of the lingual and buccal surfaces. Unlike these, in Carestream
3500 scans, occlusal imaging of the scan bodies was completed, and then buccal and lin-
gual surfaces were scanned. After each scan, the images were examined and the missing
areas were scanned again; the digital impression phase was completed after the meshing
procedure. Thus, a total of 30 STL files were obtained, including 10 from three different
intraoral scanners.

For the conventional impression phase, eight open tray impression copings were
attached to the implants after the removal of the scan bodies and Ti-base abutments. Before
each impression, Kerr polyvinyl siloxane (PVS) tray adhesive (KaVo Dental GmbH, Bismar-
ckring, Germany) was applied to the customized impression trays produced according to
the model with 3-mm-space thickness. Then, the normal set Elite HD + putty soft and Elite
HD + light body (Zhermack SpA, Rovigo, Italy) PVS were placed on the study model with
the help of the tray to make single-step impression. After 10 min of setting time of the PVS,
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the trays were separated from the model and the analogs were attached to the impression
copings. Soft tissue silicone (Zhermack Gingifast Elastic, Zhermack SpA, Rovigo, Italy)
was applied to the areas where impression copings were located, and this silicone was
allowed set. Afterwards, casting was performed using 150 g GC Fujirock type IV dental
stone (GC Corporation, Tokyo, Japan) at a 1:5 powder–liquid ratio using a vacuum mixer.
The gypsum was set (2 h) in accordance with the manufacturer’s instructions, and in this
phase, all models were kept at room temperature.

Ti-base abutments and scan bodies were placed on the cast models before the mea-
surements were made. All cast models were digitized, and 3D models were obtained using
a Straumann 7 Series laboratory scanner (Straumann Group, Basel, Switzerland). In total,
40 STL files were obtained, including 30 from the digital impression group and 10 from the
conventional impression group (Figure 3).
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During distance and angle measurements, first, all STL data obtained with the impres-
sions were transferred to Rapidform (INUS Technology Inc., Seoul, South Korea) reverse
engineering software. Reference points were determined on the scan bodies in the 3D
images where measurements would be made. Two circles (Figure 4c) were formed in the
upper and lower cylinders on the scan body, and their centers were determined to be
0.7 and 3.4 mm away from the base of the triangular pyramid with the “point” command
(Figure 4a,b).

For all scan bodies in each scan, cartesian (x, y, z) coordinates of these points were
exported from Rapidform in “.txt” format. The coordinates of the reference points of each
scan body were determined by using midpoint of the centers of upper and lower circles.
The distance between two reference points of P1(x1, y1, z1) and P2 (x2, y2, z2) was calculated
by using the following formula:

|P1P2| =
√
(x1 − x2)

2 + (y1 − y2)
2 + (z1 − z2)

2
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Distance measurements were made by reference points (P) on scan bodies attached to
implants, each located at a different distance. Accordingly, the distances between adjacent
scan bodies were determined in both the reference model and the impression groups.
(P1-P2, P2-P3, P3-P4, P4-P5, P5-P6, P6-P7, P7-P8).

Angle measurements were made with the following formula:

l1 =
x− x1

a1
=

y− y1
b1

=
z− z1

c1
; l2 =

x− x2

a2
=

y− y2
b2

=
z− z2

c2

cosϕ =
→
s1
→
s2∣∣∣∣→s1
|.| →

s2

∣∣∣∣ =
a1.a2 + b1.b2 + c1.c2√

a2
1 + b2

1 + c2
1.
√

a2
2 + b2

2 + c2
2

In the angle measurements, the lines passing through the centers of the circles formed
on the scan bodies were used. In the angle measurement formulation, the lines were found
according to the points determined (l1, l2) and their direction vectors (→

s1
,→

s2
). A vector

(→
s

) was defined for each scan body, taking into account the center points of scan body’s

drawn circles. In a Cartesian coordinate system, a vector with a component “x, y, z” can be
calculated with this formula: (→

s
) = ai + bj + ck. The letters “a,b,c” are the coefficients that

express the direction magnitude. Consequently, the angle between the reference scan body
(→

s1
) and the other scan body (→

s2
) was defined in this way and it was calculated with the

above formulation (→
s1
→
s2

, →
s1
→
s3

, →
s1
→
s4

, →
s1
→
s5

, →
s1
→
s6

,→
s1
→
s7

,→
s1
→
s8
).

In this study, starting from the right posterior region (#47), all eight scan bodies were
numbered from P1 to P8. Distance (D) is expressed by adjacent scan body numbers: D1-2,
D2-3, D3-4, D4-5, D5-6, D6-7, D7-8. Angle (A) is also expressed by adjacent scan body numbers:
A1-2, A2-3, A3-4, A4-5, A5-6, A6-7, A7-8. By determining the deviation of the data of a total
of four impression groups with respect to the reference model, comparisons were made
between both the impression groups and different adjacent implants.

The distance and angle measurement data were analyzed with IBM SPSS Statistics
20.0 Release Notes program. First, the normality of the data was investigated with the
Shapiro–Wilk test. The difference between the mean values of the variables with normal
distribution was analyzed by one-way ANOVA, and Tukey’s multiple comparison test was
used to determine the differences between each group. The difference between the median
values of the variables with non-normal distribution was analyzed by the Kruskal–Wallis
test. First, the distance and angle deviations between the different adjacent implants of
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the impression groups were compared, and then the digital and conventional impression
performances of the double-adjacent implants were evaluated. All statistical analyses
were performed after taking absolute values of the data, and 0.05 was used as the level
of significance.

3. Results

The first comparison was made between different impression groups: Cerec Omnicam
(DO), Trios 3 (DT), Carestream 3500 (DC), and conventional (C).

3.1. Comparison of Distance Trueness

In the distance (D) parameter, there was no significant difference only in D1-2, while
a significant difference was found in all other distance deviations (Table 1). DT and C
groups showed less deviation in the D4-5 and D7-8 regions, where the distance between
the implants was greater than that in the other groups. In the regions where the distances
between the implants were close (D2-3, D3-4, D5-6, D6-7) the conventional group showed the
highest deviation, while the digital impression groups gave better results.

Table 1. Distance deviations of each impression group between adjacent implants.

DO DT DC C

Mean ± SD Median
(Min–Max) Mean ± SD Median (Min–Max) Mean ± SD Median (Min–Max) Mean ± SD Median (Min–Max) Test Statistics p

D1-2 * 0.35 ± 0.21 0.32 (0.06–0.73) b 0.5 ± 0.3 0.45 (0.16–1.18) ab 0.5 ± 0.43 0.38 (0.15–1.54) b 1.48 ± 0.78 1.33 (0.27–3.02) a 15,511 0.001
D2-3 * 0.25 ± 0.16 0.22 (0.01–0.55) a 0.44 ± 0.36 0.32 (0.08–1.01) a 0.73 ± 0.46 0.73 (0.1–1.45) a 1.72 ± 1.41 1.43 (0.47–5.05) b 17,118 0.001
D3-4 * 0.42 ± 0.37 a 0.41 (0.03–1.24) 0.37 ± 0.27 a 0.28 (0.03–0.74) 0.73 ± 0.43 ab 0.63 (0.08–1.41) 1.19 ± 0.83 b 1.12 (0.18–2.74) 5197 0.025
D4-5 * 1.18 ± 1.17 0.6 (0.03–3.03) 0.35 ± 0.28 0.22 (0.12–0.97) 0.51 ± 0.48 0.43 (0.08–1.52) 0.72 ± 0.74 0.57 (−0.19–2.26) 3773 0.287
D5-6 * 0.44 ± 0.3 a 0.41 (0.07–0.99) 0.81 ± 0.26 ab 0.82 (0.53–1.27) 0.69 ± 0.37 ab 0.84 (0.07–1.11) 1.39 ± 0.86 b 1.76 (0.19–2.7) 6255 0.011
D6-7 * 1.16 ± 0.25 1.25 (0.77–1.49) b 0.8 ± 0.25 0.76 (0.44–1.16) b 0.18 ± 0.19 0.12 (0.01–0.53) a 0.79 ± 0.6 0.79 (0.09–1.62) b 20,540 0.000
D7-8 * 0.68 ± 0.36 b 0.7 (0.07–1.25) 0.37 ± 0.3 ab 0.29 (0.01–0.89) 0.32 ± 0.2 a 0.3 (0.01–0.65) 0.39 ± 0.3 ab 0.28 (0.03–0.96) 3149 0.037

* D refers to distance deviations, and the numbers refer to adjacent implant pairs. The letters “a” and “b” indicate
statistically significant difference at p < 0.05 within each row comparison.

3.2. Comparison of Angle Trueness

In the angle (A) parameter, it was determined that there was a significant difference
between the groups for all angle deviations, except for A4-5, which had an angulation of
15◦. In the A1-2 region, where the angulation of 40◦ was the highest, C group deviated
significantly more than in the DC and DO groups; in the A2-3 and A3-4 regions, which also
had 20◦ angulation, the C group had the lowest performance at a significant level. In the
parallel placed implant area, A6-7, DC had significantly better results compared to other
groups, but there was no significant difference between other digital and conventional
impression groups (Table 2).

Table 2. Angle deviations of each impression group between adjacent implants.

DO DT DC C

Mean ± SD Median
(Min-Max) Mean ± SD Median (Min-Max) Mean ± SD Median (Min-Max) Mean ± SD Median (Min-Max) Test Statistics p

A1-2 * 0.17 ± 0.37 0.05 (0.01–1.23) 0.06 ± 0.02 0.07 (0.01–0.09) 0.05 ± 0.06 0.03 (0–0.19) 0.05 ± 0.03 0.05 (0.02–0.1) 4210 0.240
A2-3 * 0.01 ± 0 0 (0–0.01) a 0.01 ± 0.01 0.01 (0–0.03) a 0.01 ± 0.01 0.01 (0–0.03) a 0.13 ± 0.06 0.11 (0.06–0.27) b 25,948 0.000
A3-4 * 0.02 ± 0.01 b 0.02 (0–0.03) 0.02 ± 0.01 b 0.02 (0–0.03) 0.06 ± 0.03 a 0.05 (0.02–0.13) 0.08 ± 0.05 a 0.06 (0.01–0.16) 9410 0.001
A4-5 * 0.21 ± 0.4 0.05 (0–1.27) ab 0.03 ± 0.01 0.03 (0–0.04) b 0.23 ± 0.31 0.16 (0–1.11) a 0.06 ± 0.05 0.04 (0.01–0.15) ab 12,022 0.007
A5-6 * 0.03 ± 0.01 a 0.03 (0.01–0.04) 0.01 ± 0.01 b 0.01 (0–0.02) 0.03 ± 0.01 a 0.03 (0.02–0.03) 0.09 ± 0.08 a 0.07 (0–0.22) 8803 0.000
A6-7 * 0.01 ± 0.01 a 0.01 (0–0.02) 0.01 ± 0.01 a 0.01 (0–0.03) 0.01 ± 0 a 0.01 (0–0.02) 0.02 ± 0.01 b 0.02 (0–0.05) 7397 0.001
A7-8 * 0.04 ± 0.01 0.04 (0.01–0.06) ab 0.01 ± 0.01 0.01 (0–0.02) b 0.09 ± 0.02 0.09 (0.07–0.13) ab 0.02 ± 0.02 0.01 (0–0.07) b 27,985 0.000

* A refers to angle deviations, and the numbers refer to adjacent implant pairs. The letters “a” and “b” indicate
statistically significant difference at p < 0.05 within each row comparison.

3.3. Effects of Distance and Angle Parameters on Different Impressions

Regardless of the impression groups, when the distance and angle deviations between
the adjacent implants were compared, while a significant difference was detected between
the groups in the deviation parameter (p = 0.00) (Figure 5), no significant difference was
found between the groups in the angular deviation (p = 0.067) (Figure 6).
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In D6-7 and D2-3, where the distance between implants was the lowest, the distance
deviation was significantly the lowest, followed by D5-6, which also did not have any
edentulous area. These regions were followed by D3-4 and D7-8 with one missing tooth,
while the D4-5 and D1-2 regions, where the body distance was more than one tooth, were
the areas where deviation was detected the most (Table 3).

Table 3. Distance deviations between adjacent implants for entire impression groups.

Mean ± SD Median (Min–Max)

D1-2 0.08 ± 0.19 0.05 (0–1.22) d

D2-3 0.04 ± 0.06 0.01 (0–0.27) ab

D3-4 0.04 ± 0.04 0.03 (0–0.16) c

D4-5 0.13 ± 0.26 0.04 (0–1.27) cd

D5-6 0.04 ± 0.05 0.02 (0–0.22) b

D6-7 0.01 ± 0.01 0.01 (0–0.05) a

D7-8 0.04 ± 0.04 0.04 (0–0.13) c

Test Statistics p
52.508 0.000

The letters “a”, “b”, “c” and “d” indicate statistically significant difference at p < 0.05 within each column comparison.

4. Discussion

In the present study, the impressions of the scan bodies at different angles and distances
were made with different techniques and different intraoral scanners, and the performances
were compared. The deviation amounts of these angle and distance differences on the
impressions were evaluated.

According to the results, the first hypothesis of the study that the conventional impres-
sion technique would give better results at points where the distance increased and digital
impression technique would give better results at points where the angle increased was
partially rejected. Intraoral scanners showed superiority over conventional impression in
four regions where the distances between scan bodies were short, while Trios 3 was the
group that showed the least deviation with the conventional group in two regions with
increased distance. In addition, in areas with high angulation such as 40◦ and 20◦, C was
the group that showed the most deviation, as expected, while Cerec Omnicam showed the
worst performance in a region with 25◦ angulation.

As with the effect of the edentulous space distance between implants on digital
impression trueness [18,37–39], its effects on digital and conventional impressions have
been studied in a comparative way in many studies [19,40]. As a result of the study
conducted on two different models with six and eight implants, Tan et al. [19] stated
that the reduction of the distance between the implants increased the digital impression
accuracy, while the conventional impression technique was not affected by this parameter.
Schmidt et al. [40] revealed that the deviation that occurs in extent increases with the
length of the scanning distance. Likewise, Thanasrisuebwong et al. [37] stated that as the
edentulous space between the two implants increased, the accuracy of the Trios 3 and Cerec
Omnicam scanners decreased. In line with this research, while the largest deviations were
observed in the D1-2, D4-5, and D7-8 regions in the digital impression groups, this situation
was not observed in the conventional group in the present study.

The accuracy of the impressions made on angled implants has been examined in many
studies [2,14,18,22,25,26,41] due to the problems experienced in removing the impression
components away from the mouth and transferring them to the master cast. The fact
that there is no material deformation and the impression components do not move in
digital impressions makes the use of intraoral scanners for angled implants more ideal,
theoretically [41]. In this study, digital groups performed better than the conventional in
angulations such as 40◦ and 20◦, which support this argument, while DC was the group
with the highest deviation in the A7-8 region with 25◦. In a study conducted by Lin et al. [22],
while the angulation between implants did not affect the conventional impression accuracy,
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it has been reported that it influences the digital impression, but the increase in angulation
and deviation did not show a linear ratio. On the other hand, Gimenez et al. [26] stated
that angulations had no effect on the digital impression accuracy as a result of the study
they carried out on a full arch model including two implants with angulation of 30◦ and
four parallel implants.

In the current study, the deviations between adjacent implants at different distances
and angles were evaluated, and impressions with high trueness values were obtained in
the D2-3 and D6-7 regions where the distance was short. In the D1-2 and D4-5 regions with
two missing teeth in the pontic region, the highest deviation in the distance parameter
was found in the impression groups. While these data support the second hypothesis
of the study, no significant difference was detected in the angular deviations between
adjacent implants. Therefore, the second hypothesis that the deviation would increase with
advancing angulation and distance was also partially rejected.

Intraoral scanners must not lose the reference points they use during imaging so
that they can take images of small areas and stitch them together to create all the data
correctly [26]. In this study, various pauses were encountered in digital impressions,
especially during the scanning of edentulous areas, and the impression was continued
by returning and ensuring that the scanner caught the reference point. In these regions,
it is predicted that the errors that may occur during the stitching of the newly acquired
images with the previous ones by the software increase the deviation. On the contrary, in
angled implants, it was observed that the system could easily distinguish the relevant scan
body from the others and the scanning could be continued more easily. It is likely that
this situation will enable the digital technique to outperform the conventional technique in
angled implants.

Some researchers state that one of the factors that negatively affect digital measurement
clarity is the positioning of the scanned implants at the chin curvature in the anterior region,
rather than being on a straight line [42,43]. However, in the current study, similar deviation
values were detected in posterior regions of D1-2 and D7-8, such as the D4-5 region located
at the curvature. The measurement technique can also affect the trueness values. In some
studies, the study groups and the reference model were superimposed with the “best-fit
alignment” technique [18,37], but some researchers advocate comparing distance and angle
measurements between the reference model and other impression groups separately [21,44].
In the present study, the deviation values were obtained by comparing the distance and
angle measurements done firstly on the reference model and then on the study groups.

Since this in vitro study was carried out on an artificial jaw model, it is not possible to
reflect exactly the patient and mucosal movements that can be encountered on a digital
impression. Therefore, it is important to evaluate the existing data together with future
in vivo studies, in terms of clinical success to be achieved in implant impressions. In
addition, the negative effects of oral fluids such as saliva and blood on the imaging of
intraoral scanners could not be reflected. It will be useful to investigate the accuracy
of intraoral scanners in long edentulous spans by adding components that will create a
reference for the scanner.

5. Conclusions

Within the limitations of this in vitro study, it has been determined that digital im-
pression gave better results in areas where the distance between the implants is shorter.
With the increase in the distance, the Trios 3 scanner had the highest trueness with the
conventional group. The use of Cerec Omnicam and Carestream 3500 scanners was reliable
in areas where the distance was shorter between implants. In angular deviation, with
the decrease in the performance of the conventional technique compared to the digital
impression in the areas where the angle increases, a similar consistency was not found.
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C.S. and F.B.; writing—original draft preparation, B.A. and İ.H.K.; writing—review and editing, B.A.,
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