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Abstract 

Purpose  This study aims to examine the effect of the size of the intraoral scanning area on implant position repro-
ducibility and compare the implant position reproducibility of plaster models fabricated using the silicone impression 
technique, the digital model of an intraoral scanner, and three-dimensional (3D)-printed models fabricated using an 
intraoral scanner.

Methods  Scanbodies were attached to an edentulous model with six implants (master model) and were scanned 
using a dental laboratory scanner to obtain basic data. The plaster model was fabricated using the open-tray method 
(IMPM; n = 5). The master model was then scanned in various implant areas using an intraoral scanner to obtain data 
(IOSM; n = 5); the scanning data of six scanbodies were used to fabricate the 3D-printed models (3DPM; n = 5) using a 
3D printer. Scanbodies were attached to the implant analogs of the IMPM and 3DPM models and data were obtained 
using a dental laboratory scanner. The basic data and IMPM, IOSM, and 3DPM data were superimposed to calculate 
the concordance rate of the scanbodies.

Results  The concordance rate of intraoral scanning decreased as the number of scanbodies increased. Significant 
differences were observed between the IMPM and IOSM data, and between the IOSM and 3DPM data; however, the 
IMPM and 3DPM data did not differ significantly.

Conclusions  The implant position reproducibility of the intraoral scanner decreased with an increase in the scanning 
area. However, ISOM and 3DPM may provide higher implant position reproducibility than plaster models fabricated 
using IMPM.

Keywords  Full-arch implant cases, Intraoral scanner, 3D printer, Plaster model, Implant position reproducibility

Background
Digital dental technology has progressed significantly, 
and thus, it has been used for various applications rang-
ing from the fabrication of surgical guides for implant 
placement and fixed dental prostheses to aligner ortho-
dontics [1–6]. The application of these digital technolo-
gies in clinical dentistry can improve the accuracy of 
diagnosis and treatment while simultaneously improving 
patients’ quality of life [7–11].
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Among the digital dental technologies, dental com-
puter-aided design/computer-aided manufacturing 
(CAD/CAM) systems have progressed significantly. In 
the 1990s, the average error in dental CAD/CAM sys-
tems was reported to be 200  μm [12]; however, the 
current dental laboratory scanners (D1000, 3Shape, 
Copenhagen, Denmark) have a high average precision 
of 0.5  μm, suggesting that their accuracy is comparable 
to that of the high-precision industrial scanners [13]. In 
addition to dental laboratory scanners, intraoral scan-
ners have exhibited excellent performance [13–15]. 
Murakami et  al. placed implants in a jaw model with a 
single missing tooth and compared the implant posi-
tion reproducibility obtained by intraoral scanners and 
the silicone impression technique; they obtained better 
results with the former than with the latter [16]. Pesce 
et  al. placed four implants in an edentulous maxillary 
model and scanned them using an intraoral scanner to 
fabricate a metal framework, which showed a good fit 
[17]. Three-dimensional (3D) printers also possess high 
precision level, which is comparable to that of intraoral 
scanners. Several researchers have reported that the use 
of 3D-printed surgical guides results in accurate implant 
placement and yields excellent clinical results [18–20]. 
Tanaka et  al. compared the accuracy of implant-sup-
ported copy overdentures fabricated using an intraoral 
scanner and a 3D printer with that of copy overdentures 
fabricated using conventional impression materials and 
room-temperature curing resin; they found that the 
accuracy of the former was significantly higher than that 
of the latter, confirming the high accuracy of intraoral 
scanners and 3D printers [21, 22]. However, the effect of 
an increase in the number of implants on the accuracy 
of impression in the optical impression technique using 
an intraoral scanner, the implant position reproducibility 
of intraoral scanners when they are applied to full-arch 
implant, as well as working models fabricated using an 
intraoral scanner combined with a 3D printer, have not 
been investigated in detail.

This study aimed to examine the effect of the size of the 
intraoral scanning area on implant position reproducibil-
ity and compare the implant position reproducibility of 
plaster models fabricated using the silicone impression 
technique with that of optical impressions obtained using 
an intraoral scanner and 3D-printed models obtained 
using an intraoral scanner. Herein, six implants were 
placed in an edentulous maxillary plaster model, and the 
area of each implant was scanned using an intraoral scan-
ner to determine the appropriate number of implants. 
Subsequently, the working models were fabricated using 
the conventional silicone impression technique and a 
combination of an intraoral scanner and a 3D printer. The 
implant position reproducibility of all the models were 

then compared. The null hypothesis of this study was that 
the size of the intraoral scanning area would not affect 
the implant position reproducibility and that the implant 
position reproducibility obtained by plaster models fab-
ricated using the silicone impression technique and 
3D-printed models fabricated using an intraoral scanner 
will not differ significantly.

Materials and methods
Fabrication of the master model and acquisition of basic 
data
To fabricate a master model, six implants (Roxolid Tis-
sue Level Standard Implant Ø 4.1  mm RN-SLActive 
Loxim-8  mm, Straumann, Basel, Switzerland) were 
placed in different parts of an edentulous maxillary plas-
ter model corresponding to tooth numbers 16, 14, 12, 22, 
24, and 26. Implants corresponding to teeth 16, 14, 24, 
and 26 were placed perpendicular to the virtual occlusal 
plane, whereas those corresponding to teeth 12 and 22 
were placed labially inclined. The insertion angles of the 
implants were measured using a surveyor. Reference bod-
ies were then placed between teeth 12 and 22 and behind 
teeth 16 and 26 (Fig. 1).

Thereafter, scanbodies (CARES Mono Scanbody RN, 
Straumann) were attached to the implants on the master 
model and scanned to obtain the basic master model data 
using a dental laboratory scanner (3Shape) with the accu-
racy of 5 μm [ISO 12836]. The basic data obtained were 
saved as a standard triangulated language (STL) file.

Fabrication of working models using the silicone 
impression technique and acquisition of the data
An individual tray for the master model was prepared to 
obtain precise impression of the implants. Impression 
copings (RN synOcta Impression Cap, Straumann) were 

Fig. 1  Master model
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attached to the implants on the master model, and a pre-
cise impression of the implants was obtained using a sili-
cone impression material (Imprint™ 4, 3M, St Paul, USA). 
Attachment of the impression copings to the implants 
in a consistent state was performed by a dentist with 
10  years postgraduate experience, using the tightening 
manual recommended by the manufacturer. After remov-
ing the impression material, the implant analog (RN syn-
Octa Implant Analog, Straumann) was attached to the 
impression copings inside the impression, and plaster 
was poured onto the impression to fabricate the work-
ing models (impression working model [IMPM], n = 5) 
(Fig.  2). Scanbodies were then attached to the implant 
analogs on the working models, which were stored in a 
desiccator for 1 week and scanned using a dental labora-
tory scanner to obtain the scanning data. The scanning 
data were saved as STL files.

Acquisition of the master model data using an intraoral 
scanner
Optical impressions of the master model with vary-
ing numbers of implants from one to six were obtained 
using an intraoral scanner (Trios 3, 3Shape, Copenhagen, 
Denmark). First, the alveolar ridge of the master model 
was scanned (Fig.  3A). Scanbodies were then attached 
to the implants and scanned in full view, as shown in 
Fig.  3B (IOSMs) [IOSM-1 (scanning of a scanbody cor-
responding to tooth 16), IOSM-2 (scanning of scanbod-
ies corresponding to teeth 16 and 14), IOSM-3 (scanning 
of scanbodies corresponding to teeth 16, 14, and 12), 
IOSM-4 (scanning of scanbodies corresponding to teeth 
16, 14, 12, and 22), IOSM-5 (scanning of scanbodies 
corresponding to teeth 16, 14, 12, 22, and 24), IOSM-6 
(scanning of scanbodies corresponding to teeth 16, 14, 

Fig. 2  Working model fabricated using the silicone impression 
technique

Fig. 3  Scanning of the A alveolar ridge and B scanbodies
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12, 22, 24, and 26)], n = 5). Attachment of the scanbodies 
to the implants in a constant state was also performed by 
the same operator, using the tightening manual recom-
mended by the manufacturer. The scanning data obtained 
were saved as STL files.

Fabrication of working models using an intraoral scanner 
and a 3D printer and acquisition of the data
The master model data acquired using an intraoral scan-
ner (IOSM-6) were fed to CARES® Visual 8.0 software 
(Straumann) and then imported into a 3D printer (P30, 
Straumann) to fabricate the working models using the 
printing material (FREEPRINT temp, DETAX GmbH & 
Co. KG, Ettlingen, Germany). The forming angle of the 
working model was set to 45° (Fig. 4A), and the lamina-
tion pitch was set to 100  μm. After the formation was 
complete, the working models were ultrasonically washed 
with 100% isopropyl alcohol for 5 min, dried at 25 °C for 
30  min, and photoflashed 2000 times with a photopo-
lymerization system (Flash-light plus, SHERA Werkst-
off Technologie, GmbH & Co. KG, Lemförde, Germany) 
for final curing. Subsequently, to complete the working 
models, the implant analogs for the digital models (RN 
Implant Analog [Digital], Straumann) were placed in the 
parts of the working models corresponding to teeth 16, 
14, 12, 22, 24, and 26 (Fig. 4B).

To obtain the data for the working models fabricated 
using a 3D printer, scanbodies were attached to the 
implant analogs on the working models, which were 
then stored in a desiccator for 1 week and scanned using 
a dental laboratory scanner (3D-printed model [3DPM], 
n = 5). The obtained basic data were saved as STL files.

Data analysis
The basic data, IMPM, IOSMs, and 3DPM data were 
imported into the 3D analysis software (Gom Inspect 2020, 
GOM GMBH, Braunschweig, Germany) to superimpose 

all the model data with the basic data; the three reference 
bodies were used as the reference points for superimposi-
tion (Fig. 5A).

To calculate the concordance rate of the scanbody to 
the surface area for each model, the position data of the 
scanbodies in IMPM, IOSMs, and 3DPM were color-
mapped on the basic data of the scanbodies (Fig.  5B), 
and the error margin in the superstructure position was 
100  μm or less, which was considered concordant [23–
25] (Fig. 5C).

Statistical processing
In this study, the sample size was determined with refer-
ence to the published articles [26–28]. The median and 
interquartile range (IQR) of the mean concordance rates 
of the scanbodies were determined for IMPM, IOSMs, 
and 3DPM. These values were statistically analyzed using 
the Kruskal–Wallis test followed by the Steel–Dwass 
multiple comparison test to determine the significant dif-
ferences at a significance level of 5%.

Results
Concordance rate of each scanbody area by optical 
impression technique using an intraoral scanner
The scanbody concordance rates based on the number 
of scanbodies are shown in Fig. 6. The median concord-
ance rate (interquartile range) was 98.3% (0.5) for IOSM-
1, 98.2% (0.5) for IOSM-2, 96.9% (0.6) for IOSM-3, 95.9% 
(0.6) for IOSM-4, 95.6% (0.8) for IOSM-5, and 94.6% (0.8) 
for IOSM-6. The median rate was the highest for IOSM-
1, followed by IOSM-2, IOSM-3, IOSM-4, IOSM-5, and 
IOSM-6. Statistical processing showed significant differ-
ences between IOSM-1 and IOSM-3, IOSM-4, IOSM-5, 
and IOSM-6, and between IOSM-2 and IOSM-3, IOSM-
4, IOSM-5, and IOSM-6 (p < 0.05); however, not between 
IOSM-1 and IOSM-2 (p > 0.05).

Fig. 4  A Data used for printing of the working models, and B working model fabricated using an intraoral scanner and a 3D printer
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Fig. 5  Calculation procedure of the color mapping image and concordance rate

Fig. 6  Concordance rate of each scanbody area by the optical impression technique using an intraoral scanner. Significant differences were 
observed between the median concordance rates “a” and “b” (p < 0.05)
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Mean concordance rates of six scanbodies of working 
models fabricated through the silicone impression 
technique, digital models obtained by optical impressions 
taken with an intraoral scanner, and working models 
fabricated using an intraoral scanner and a 3D printer
The mean concordance rates of the six scanbodies are 
shown in Fig.  7. The median (IQR) concordance rates 
were 89.0% (1.1) for IMPM, 94.6% (0.8) for IOSM-6, and 
93.3% (1.8) for 3DPM. The median value was highest in 

IOSM-6, followed by that in 3DPM and IMPM. Signifi-
cant differences were observed between the values in 
IMPM and IOSM-6 and between those in IMPM and 
3DPM (p < 0.05); however, the median values in IOSM-6 
and 3DPM (p > 0.05) did not differ significantly.

Comparison of scanbody concordance rate by tooth 
position
The scanbody concordance rates by tooth position are 
shown in Fig. 8.

The median (IQR) scanbody concordance rates at each 
tooth position (16, 14, 12, 22, 24, and 26, respectively) 
were as follows: 94.0% (2.2), 94.8% (1.1), 78.2% (10.1), 
86.6% (18.0), 95.8% (1.6), and 95.1% (1.7) for IMPM; 
96.3% (1.0), 94.7% (1.4), 95.8% (0.6), 95.7% (1.3), 95.7% 
(1.1), and 91.0% (1.9) for IOSM-6; and 96.0% (0.3), 96.4% 
(1.0), 95.2% (1.5), 94.0% (9.8), 95.2% (0.8), and 92.4% (4.7) 
for 3DPM.

Statistical analysis comparing the median concord-
ance rates among tooth positions showed significant dif-
ferences between positions 16, 14, 26, and 12 for IMPM, 
between positions 16, 14, 12, 22, 24, and 26 for IOSM-
6, and between positions 16, 14, and 26 for 3DPM (p < 
0.05).

Evaluation of color mapping images
The color mapping images of the best-fit data obtained 
for IMPM, IOSM-6, and 3DPM are shown in Fig. 9.

The color mapping image of IMPM showed negative 
displacement in the upper part of all scanbodies, while 
a large positive displacement was observed in the scan-
bodies at positions 12 and 22. In IOSM-6, most scan-
bodies showed displacement of less than 20 μm, except 
for the buccal scanbody at position 26, which showed 

Fig. 7  Mean concordance rates of the six scanbodies of the working 
models fabricated using the silicone impression technique (IMPM), 
digital models obtained by optical impressions taken using an 
intraoral scanner (IOSM-6), and working models fabricated using an 
intraoral scanner and a 3D printer (3DPM). Significant differences 
were observed between IMPM and IOSM-6 and between IOSM-6 and 
3DPM (p < 0.05)

Fig. 8  Concordance rates of scanbodies at each position. Significant differences were observed between the median concordance rates “a” and “b” 
(p < 0.05)
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a positive displacement. For 3DPM, the scanbody at 
position 26 showed a similar pattern to that shown for 
IOSM-6, while negative and positive displacements were 
observed in the upper part of the scanbody at position 22 
and 12, respectively.

Discussion
Currently, implant superstructures are fabricated by 
obtaining the impression of implants using a silicone 
impression material, followed by pouring plaster into the 
impression. This process requires impression materials, 
impression copings, implant analogs, and working mod-
els of the implants; therefore, there are problems associ-
ated with this process, such as the disposal of infectious 
waste, increased risk of infection, and increased technical 
complexity. In this study, to overcome these problems, we 
used an intraoral scanner, a digital dental technology, to 
obtain optical impressions of various scanning areas of 
the master model, fabricated working models of implants 
using a 3D printer utilizing the scanning data of six scan-
bodies, and compared the implant position reproduc-
ibility of the models with that of the working models 
fabricated using the conventional silicone impression 
material.

We investigated the concordance rate for each scan-
body region using the optical impression technique 
with an intraoral scanner and found that IOSM-1 and 
IOSM-2 showed significantly higher median concord-
ance rates than IOSM-3, IOSM-4, IOSM-5, and IOSM-6, 
with a greater interquartile range as the size of the scan-
ning area increased. These findings suggest that in the 
optical impression technique using an intraoral scan-
ner, which constructs 3D data by continuously acquir-
ing scanned data, a larger scanning area and a greater 
amount of resulting data correlated with a larger error 
and a lower implant position reproducibility. The scan-
ning trajectories of IOSM-1 and IOSM-2 were close 

to straight lines, whereas those of IOSM-3, IOSM-4, 
IOSM-5, and IOSM-6 were a combination of straight and 
curved lines, suggesting that the accuracy of impressions 
with an intraoral scanner is affected when the scanning 
trajectory includes curved lines. However, no statistically 
significant difference was observed between IOSM-1 and 
IOSM-2, indicating that higher impression accuracy may 
be expected in implant-supported fixed dental prostheses 
for molars with up to three units.

The mean concordance rates of the six scanbodies of 
IOSM-6 and 3DPM were significantly higher than those 
of IMPM, demonstrating that the impression accuracy 
of the intraoral scanner and the modeling accuracy of 
the 3D printer were superior to those of the models 
fabricated using the conventional silicone impression 
technique. Natsubori et  al., Miyoshi et  al., and Fuka-
zawa et  al. implanted multiple implants in an edentu-
lous model, attached abutments to the implants, and 
then used an intraoral scanner to scan the alveolar 
ridge and abutments simultaneously to verify the accu-
racy of the intraoral scanner. They found that longer 
and larger area scanning by intraoral scanners led to 
greater impression accuracy errors and concluded that 
digital scanning by intraoral scanners should be applied 
to cases with a small number of implants [29–31]. On 
the contrary, in this study, we used the implant optical 
impression technique recommended by the manufac-
turer. After scanning the alveolar ridge of the master 
model (the first scanning), the scanbody attached to 
the implant was scanned (the second scanning), and the 
scanning data were superimposed on the attached per-
sonal computer for verification. The results showed that 
assuming a full-arch implant case, the optical impres-
sion technique of the intraoral scanner could show high 
implant position reproducibility in a jaw model. These 
results were contrary to the reports of Natsubori et al., 
Miyoshi et  al., and Fukazawa et  al. [29–31]. However, 

Fig. 9  Color mapping images of the working models fabricated using the silicone impression technique, optical impression taken using an 
intraoral scanner, and working model fabricated using an intraoral scanner and a 3D printer
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this is probably because the alveolar ridge was scanned 
before the scanbody. This made the alveolar ridge scan-
ning data a landmark for the scanbody to be added later 
and clarified the positional relationship of the scan-
body. Additionally, in 2018, Alshawaf et  al. compared 
the precision of working models by mimicking jaws 
with a few missing teeth fabricated using conventional 
impression materials with those fabricated using an 
intraoral scanner and a 3D printer; they found a sub-
stantially lower precision for models fabricated using 
an intraoral scanner and a 3D printer than for mod-
els fabricated using conventional impression materi-
als [32]. The discrepancy between the two studies may 
be attributed to the differences in the precision of the 
intraoral scanners and 3D printers used and the angle 
at which the 3D printer formed the working models. In 
this study, the Trios3 intraoral scanner and the P30 3D 
printer were used, which have been proven to be highly 
precise and superior to other products [13–15, 33, 34]. 
Tamaki et al. fabricated maxillary dentures using a 3D 
printer at 0°, 45°, and 90° and found that the maxillary 
denture fabricated at 45° showed the highest precision 
[35]. Burde et  al. and Camardella et  al. reported that 
when fabricating a 3D-printed model of a horseshoe-
shaped dental arch, providing bars connecting to the 
palate in the bilateral molar regions prevented dimen-
sional deformation of the 3D-printed model [36, 37]. 
Based on the results obtained in the present study, we 
believe that providing multiple support materials when 
forming models on a 3D printer reduces the dimen-
sional deformation of 3D-printed models. These fac-
tors may have led to the improved impression precision 
of the intraoral scanner and modeling precision of the 
3D printer, resulting in the superior implant position 
reproducibility of IOSM-6 and 3DPM. In contrast, the 
IMPM showed the lowest concordance rate, possibly 
due to the permanent strain caused by the removal of 
the silicone impression material, shrinkage of the sili-
cone impression material, and setting expansion of the 
plaster.

We compared the scanbody concordance rates at 
each tooth position. IMPM showed low concordance 
rates with large IQRs at positions 12 and 22, whereas 
high concordance rates were observed at positions 16, 
14, 24, and 26, where the scanbodies were placed per-
pendicular to the virtual occlusal plane. Color mapping 
images showed negative displacement in the upper 
parts of all the scanbodies. This may be because the 
permanent strain generated during the removal pro-
cedure of the silicone impression material remained 
in the impression material around the impression cop-
ings. A positive displacement of up to 100  μm was 
observed on the labial side of the upper part of the 

scanbody at positions 12 and 22. This may be attrib-
uted to the fact that the implants at positions 12 and 
22 remained inclined and were more easily affected by 
the removal of the silicone impression material than 
those at other positions. On the other hand, no signifi-
cant difference in the concordance rate was observed 
in between the most distant scanbodies, i.e., those 
at positions 16 and 26, indicating that IMPM had no 
effect on implant position reproducibility even when 
the distance between implants was long. In IOSM-6, 
the scanbody at position 26 showed a lower concord-
ance rate than that at other positions. Color mapping 
revealed a positive displacement up to 100  μm in the 
mesial side of the scanbody at position 26. In addition, 
since a significant difference in the concordance rate 
was observed in between the most distant scanbodies 
at positions 16 and 26, in IOSM-6, the implant posi-
tion reproducibility was considered to decrease when 
the distance between implants increases. When an 
optical impression is taken with an intraoral scanner, 
the scanning data are stacked to construct the 3D data. 
Position 26 was both the starting and ending points 
of scanning; therefore, the scanbody at this position 
was significantly affected by the error in data stacking, 
which might have led to the above result. In IOSM-
6, the scanbodies at positions 16, 14, 12, 22, and 24 
showed high concordance rates and small IQRs, indi-
cating that the inclination of the implants had a slight 
effect on impression precision. In 3DPM, similar to 
IOSM-6, the scanbody at position 26 showed a lower 
concordance rate than that at other positions. The IQR 
of position 26 of 3DPM was also larger than that of 
the same position of IOSM-6 and the color mapping 
image of 3DPM showed a positive displacement of up 
to 100 μm on the buccal side of the scanbody at posi-
tion 26. These findings suggest that the error related 
to the modeling precision of the 3D printer increases 
when the precision of the optical impression obtained 
using an intraoral scanner decreases. The scanbody at 
position 22 on 3DPM showed the largest IQR, and the 
color mapping image revealed a negative displacement 
of up to 100 μm on the labial side of the upper part of 
the scanbody at this position. The volume of the print 
material was the largest during the forming procedure 
at this position, and thus was greatly affected by the 
polymerization shrinkage of the printing material, 
which may have led to the above results. However, the 
positive displacement observed at the upper part of 
the scanbody at position 12 indicates the influence of 
the polymerization deformation of the printing mate-
rial. At the same time, the IQR of scanbodies at each 
position on 3DPM was smaller than that on IMPM, 
indicating that the working models fabricated using an 
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intraoral scanner and 3D printer had lesser error mar-
gin than those fabricated using the conventional sili-
cone impression method.

These results confirm that the optical impression 
technique using an intraoral scanner provides an 
impression with higher precision than the conven-
tional silicone impression technique. In addition, the 
combined use of an intraoral scanner and 3D printer 
enabled the fabrication of working models with high 
implant position reproducibility. In this study, tis-
sue level implants were used to facilitate confirmation 
of the junction status between the implant and scan-
body. However, in recent dental practice, bone level 
implants are often used for this purpose. In addition, 
a jaw model was used in this experiment. In compari-
son with a patient’s oral cavity, a jaw model (1) allows 
better manipulation of the intraoral scanner, (2) is free 
from the patient’s body motion, (3) is invulnerable to 
the hindrance of image acquisition by saliva, and (4) 
has no movable mucosa. Based on these favorable fea-
tures, a high implant position reproducibility of optical 
impressions obtained using an intraoral scanner can be 
expected. At the same time, one should bear in mind 
that the depth of implant insertion and the experience 
level of operators may affect the accuracy of the impres-
sion. Therefore, in the future, we intend to use bone 
level implants in a patient dummy with an edentulous 
ridge to verify the influence of implant depth and oper-
ator experience on impression accuracy. Additionally, 
the best-fit algorithm allowed intuitive visualization of 
the amount and direction of displacement of the scan-
body by color mapping in this study. However, Sanda 
et al. reported that large scanning data may cause errors 
in the actual positional relationship between the refer-
ence and test data, possibly causing an underestimation 
of errors between images [38]. Thus, in the future, we 
intend to evaluate errors in the distance and angle of 
the scanbody, which are considered to be more reliable.

Conclusions
In this in vitro study, we examined the effect of the size of 
the intraoral scanning area on implant position reproduc-
ibility and compared the implant position reproducibility 
of plaster models fabricated using the silicone impression 
technique, digital models obtained using an intraoral scan-
ner, and 3D-printed models fabricated using an intraoral 
scanner. As a result, although the implant position repro-
ducibility of the optical impression technique using an 
intraoral scanner decreased with an increase in the scan-
ning area, we found a fair possibility that digital models 
obtained by the optical impression technique using an 
intraoral scanner and 3D-printed models fabricated using 
an intraoral scanner may provide higher implant position 

reproducibility than plaster models fabricated using the 
conventional silicone impression technique.

Abbreviations
3D	� Three-dimensional
IMPM	� Impression working model
IOSM	� Intraoral scanner model
3DPM	� 3D-printed models
CAD	� Computer aided design
CAM	� Computer aided manufacturing
STL	� Standard triangulated language
IQR	� Interquartile range

Acknowledgements
Not applicable.

Author contributions
MI acquired and interpreted the experimental data. WA, YK, JI, TK, TM, and JT 
assisted with the acquisition and interpretation of the experimental data. All 
authors have read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 11 August 2022   Accepted: 26 May 2023

References
	1.	 Galan-Lopez L, Barcia-Gonzalez J, Plasencia E. A systematic review of the 

accuracy and efficiency of dental movements with Invisalign®. Korean J 
Orthod. 2019;49:140–9.

	2.	 Wegmüller L, Halbeisen F, Sharma N, Kühl S, Thieringer FM. Consumer vs. 
high-end 3D printers for guided implant surgery—an in vitro accuracy 
assessment study of different 3D printing technologies. J Clin Med. 
2021;10:4894.

	3.	 Zaki J, Yusuf N, El-Khadem A, Scholten RJPM, Jenniskens K. Efficacy of 
bone-substitute materials use in immediate dental implant placement: 
a systematic review and meta-analysis. Clin Implant Dent Relat Res. 
2021;23:506–19.

	4.	 Siqueira R, Galli M, Chen Z, Mendonça G, Meirelles L, Wang HL, et al. 
Intraoral scanning reduces procedure time and improves patient comfort 
in fixed prosthodontics and implant dentistry: a systematic review. Clin 
Oral Investig. 2021;25:6517–31.

	5.	 Schmidt A, Wöstmann B, Schlenz MA. Accuracy of digital implant impres-
sions in clinical studies: a systematic review. Clin Oral Implants Res. 2022. 
https://​doi.​org/​10.​1111/​clr.​13951.

	6.	 Francisco I, Paula AB, Ribeiro M, Marques F, Travassos R, Nunes C, et al. The 
biological effects of 3D resins used in orthodontics: a systematic review. 
Bioengineering (Basel). 2022;9:15.

https://doi.org/10.1111/clr.13951


Page 10 of 10Iwamoto et al. International Journal of Implant Dentistry            (2023) 9:14 

	7.	 Joda T, Zarone F, Ferrari M. The complete digital workflow in fixed pros-
thodontics: a systematic review. BMC Oral Health. 2017;17:124.

	8.	 Vandenberghe B. The digital patient—imaging science in dentistry. J 
Dent. 2018;74(Suppl 1):S21–6.

	9.	 Al Yafi F, Camenisch B, Al-Sabbagh M. Is digital guided implant surgery 
accurate and reliable? Dent Clin N Am. 2019;63:381–97.

	10.	 Giachetti L, Sarti C, Cinelli F, Russo DS. Accuracy of digital impressions in 
fixed prosthodontics: a systematic review of clinical studies. Int J Prostho-
dont. 2020;33:192–201.

	11.	 Clavijo V, Duart ES. Digital scan over dental dam: workflow for successful 
clinical outcome. Quintessence Int. 2021;52:660–5.

	12.	 Inokoshi S, Van Meerbeek B, Willems G, Lambrechts P, Braem M, Vanherle 
G. Marginal accuracy of CAD/CAM inlays made with the original and the 
updated software. J Dent. 1992;20:171–7.

	13.	 Nedelcu R, Olsson P, Nyström I, Rydén J, Thor A. Accuracy and precision 
of 3 intraoral scanners and accuracy of conventional impressions: a novel 
in vivo analysis method. J Dent. 2018;69:110–8.

	14.	 Imburgia M, Logozzo S, Hauschild U, Veronesi G, Mangano C, Mangano 
FG. Accuracy of four intraoral scanners in oral implantology: a compara-
tive in vitro study. BMC Oral Health. 2017;17:92.

	15.	 Nedelcu R, Olsson P, Nyström I, Thor A. Finish line distinctness and accu-
racy in 7 intraoral scanners versus conventional impression: an in vitro 
descriptive comparison. BMC Oral Health. 2018;18:27.

	16.	 Murakami T, Atsuta W, Iwamoto M, Kanno T, Ito J, Murakami S, Tanaka J. 
A study on the implant position reproducibility of an intraoral scanner: 
comparison with the conventional silicone impression method. J Jpn Soc 
Oral Implant. 2022;35:9–15 (in Japanese).

	17.	 Pesce P, Pera F, Setti P, Menini M. Precision and accuracy of a digital 
impression scanner in full-arch implant rehabilitation. Int J Prosthodont. 
2018;31:171–5.

	18.	 Henprasert P, Dawson DV, El-Kerdani T, Song X, Couso-Queiruga E, Hol-
loway JA. Comparison of the accuracy of implant position using surgical 
guides fabricated by additive and subtractive techniques. J Prosthodont. 
2020;29:534–41.

	19.	 D’haese R, Vrombaut T, Hommez G, De Bruyn H, Vandeweghe S. Accu-
racy of guided implant surgery in the edentulous jaw using desktop 
3D-printed mucosal supported guides. J Clin Med. 2021;10:391.

	20.	 Pessoa R, Siqueira R, Li J, Saleh I, Meneghetti P, Bezerra F, et al. The impact 
of surgical guide fixation and implant location on accuracy of static 
computer-assisted implant surgery. J Prosthodont. 2022;31:155–64.

	21.	 Tanaka J, Murakami T, Kanno T, Kimura K. A study of various clinical 
applications by optical impression using an intraoral scanner: form the 
optical impression of the full arch implant case to the production of copy 
denture. J Jpn Soc Oral Implant. 2019;32:71–9 (in Japanese).

	22.	 Tanaka J, Murakami T, Tanaka S, Kanno T, Imada Y. Accuracy of implant-
supported copy overdentures fabricated using either an intraoral 
scanner and a 3D printer or the conventional copy denture technique: a 
comparative study. Int J Oral Maxillofac Implants. 2022;37:989–96.

	23.	 Jemt T, Lekholm U. Measurements of bone and frame-work deformations 
induced by misfit of implant superstructures. A pilot study in rabbits. Clin 
Oral Implants Res. 1998;9:272–80.

	24.	 Wettstein F, Sailer I, Roos M, Hämmerle CHF. Clinical study of the internal 
gaps of zirconia and metal frameworks for fixed partial dentures. Eur J 
Oral Sci. 2008;116:272–9.

	25.	 Jokstad A, Shokati B. New 3D technologies applied to assess the long-
term clinical effects of misfit of the full jaw fixed prosthesis on dental 
implants. Clin Oral Implants Res. 2015;26:1129–34.

	26.	 Böse MWH, Beuer F, Schwitalla A, Bruhnke M, Herklotz I. Dynamic naviga-
tion for dental implant placement in single-tooth gaps: a preclinical pilot 
investigation. J Dent. 2022;125: 104265.

	27.	 Al-Zain AO, Alboloshi EA, Amir WA, Alghilan MA, Münchow EA. Effects of 
aging and light-curing unit type on the volume and internal porosity of 
bulk-fill resin composite restoration. Saudi Dent J. 2022;34:243–8.

	28.	 Yilmaz B, Guo X, Schimmel M, Abou-Ayash S. Effect of industrial scanner 
and framework material interaction on the marginal gaps of CAD-CAM 
complete-arch implant frameworks. J Prosthet Dent. 2022. https://​doi.​
org/​10.​1016/j.​prosd​ent.​2021.​10.​013.

	29.	 Natsubori R, Fukazawa S, Chiba T, Tanabe N, Kihara H, Kondo H. In vitro 
comparative analysis of scanning accuracy of intraoral and laboratory 
scanners in measuring the distance between multiple implants. Int J 
Implant Dent. 2022;8:18.

	30.	 Miyoshi K, Tanaka S, Yokoyama S, Sanda M, Baba K. Effects of different 
types of intraoral scanners and scanning ranges on the precision of 
digital implant impressions in edentulous maxilla: an in vitro study. Clin 
Oral Implants Res. 2020;31:74–83.

	31.	 Fukazawa S, Odaira C, Kondo H. Investigation of accuracy and reproduc-
ibility of abutment position by intraoral scanners. J Prosthodont Res. 
2017;61:450–9.

	32.	 Alshawaf B, Weber HP, Finkelman M, El Rafie K, Kudara Y, Papaspyridakos 
P. Accuracy of printed casts generated from digital implant impressions 
versus stone casts from conventional implant impressions: a comparative 
in vitro study. Clin Oral Implants Res. 2018;29:835–42.

	33.	 Joda T, Matthisson L, Zitzmann NU. Impact of aging on the accuracy 
of 3D-printed dental models: an in vitro investigation. J Clin Med. 
2020;9:1436.

	34.	 Etemad-Shahidi Y, Qallandar OB, Evenden J, Alifui-Segbaya F, Ahmed KE. 
Accuracy of 3-dimensionally printed full-arch dental models: a systematic 
review. J Clin Med. 2020;9:3357.

	35.	 Hada T, Kanazawa M, Iwaki M, Arakida T, Soeda Y, Katheng A, et al. Effect 
of printing direction on the accuracy of 3D-printed dentures using 
stereolithography technology. Materials (Basel). 2020;13:3405.

	36.	 Burde AV, Gasparik C, Baciu S, Manole M, Dudea D, Câmpian RS. 
Three-dimensional accuracy evaluation of two additive manufactur-
ing processes in the production of dental models. Key Eng Mater. 
2017;752:119–25.

	37.	 Camardella LT, Vilella ODV, Breuning H. Accuracy of printed dental models 
made with 2 prototype technologies and different designs of model 
bases. Am J Orthod Dentofac Orthop. 2017;151:1178–87.

	38.	 Sanda M, Miyoshi K, Baba K. Trueness and precision of digital implant 
impressions by intraoral scanners: a literature review. Int J Implant Dent. 
2021;7:97.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.prosdent.2021.10.013
https://doi.org/10.1016/j.prosdent.2021.10.013

	Investigating the implant position reproducibility of optical impressions obtained using an intraoral scanner and 3D-printed models fabricated using an intraoral scanner
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Fabrication of the master model and acquisition of basic data
	Fabrication of working models using the silicone impression technique and acquisition of the data
	Acquisition of the master model data using an intraoral scanner
	Fabrication of working models using an intraoral scanner and a 3D printer and acquisition of the data
	Data analysis
	Statistical processing

	Results
	Concordance rate of each scanbody area by optical impression technique using an intraoral scanner
	Mean concordance rates of six scanbodies of working models fabricated through the silicone impression technique, digital models obtained by optical impressions taken with an intraoral scanner, and working models fabricated using an intraoral scanner and a
	Comparison of scanbody concordance rate by tooth position
	Evaluation of color mapping images

	Discussion
	Conclusions
	Acknowledgements
	References


