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Background: This study used an edentulous mandibular resin model with 6 parallel osteotomy sites and aimed to compare
the accuracy (trueness and precision) of 10 digital impressions using 3 intraoral scanners, the 3Shape TRIOS
5, Medit i700, and Primescan, using Medit Link v3.3.2 software.
Material/Methods: A model simulating a patient’s lower jaw was surgically prepared at 6 parallel sites (implant osteotomy), al-
lowing placement of 6 implant analogues. Matrix-Direct transfer abutments were attached to the analogs, and
a reference scan was obtained using a CeramilMap 600 extraoral scanner. Three intraoral scanners (3Shape
TRIOS 5, Medit i700, and Primescan) made 10 digital impressions of each model. The data obtained were su-
perimposed and compared using software (Medit Link 3.3.2) to evaluate accuracy. Mean values were statisti-
cally analyzed using one-way ANOVA and post hoc Tukey test. Differences were considered significant at a P
value of less than 0.05.

Results: The TRIOS 5 intraoral scanner displayed the lowest deviation for precision (37.8+4.53 pm) and trueness
(54.9£11 pm), followed by Medit i700 (precision 40.6+4.17 pm, trueness 60.5+10.9 ym), whereas the highest
deviation (precision: 49.1+8.31 pm, trueness: 72.3+10.4 um) was reported when Primescan intraoral scanner
was used for recording impressions of full arch implants. When the 3 intraoral scanners were compared, a sta-
tistically significant difference was observed in terms of precision (P<0.005) and trueness (P<0.005).

Conclusions: TRIOS 5 intraoral scanner displayed the lowest deviation values for precision and trueness (more accurate), fol-
lowed by Medit i700 and Primescan intraoral scanners. However, deviation values of all scanners were within
clinically acceptable limits.

Keywords: Computer Systems ¢ Dental Arch ¢ Dental Implant-Abutment Design ¢ Diagnosis, Computer-Assisted ¢
Implants, Experimental

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/946624

%4239 %4 M‘ae %79

Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the publisher

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) €946624-1



https://orcid.org/0000-0002-0071-4068
https://orcid.org/0000-0001-8667-8987
https://orcid.org/0009-0008-9515-5991
https://orcid.org/0000-0002-5569-9133
https://orcid.org/0000-0002-1061-9574
https://orcid.org/0000-0003-1097-5218
https://orcid.org/0000-0001-9669-2408
https://orcid.org/0009-0007-5631-7997
https://orcid.org/0000-0002-8496-184X
https://orcid.org/0009-0007-0591-3721
https://orcid.org/0000-0003-1191-437X

LAB/IN VITRO RESEARCH

Introduction

The rapid advancements in dentistry have revolutionized the
way dental treatment is provided to patients. With the advent
of new techniques, technologies, and machines, dentists can
provide high-quality treatment to their patients, with consistent
results [1,2]. Dental implants are commonly used to rehabili-
tate patients missing a few or all teeth [3]. Implant-supported
fixed prostheses for completely edentulous patients help im-
prove the patient’s overall quality of life [3]. For the implant-
supported prosthesis to be successful, it is imperative to have
a passive fit [4], as an active prosthesis can cause long-term
implant failure. Studies have reported that errors ranging from
10 pm to 150 pm can be acceptable, and the prosthesis can be
considered to have a passive fit [5-10]. The currently accept-
able range for a full arch prosthesis is 50 pm to 100 pm [5-
10]. Accurate impressions are crucial for ensuring this passive
fit of implant-supported prostheses. Conventional impressions
for implant-supported prostheses include splinting the impres-
sion posts and using rubber-based impression materials, em-
ploying an open tray technique [11]. These impressions have
shown high accuracy but have some inherent disadvantages,
including patient compliance and difficulty in making impres-
sions in non-cooperative patients (eg, those with high gag re-
flex, asthma, or hypersensitivity to impression materials [12,13].
Additionally, errors can be incorporated during laboratory steps
involved in model fabrication and due to dimensional changes
in impression materials and dental stone [14]. The digitaliza-
tion of dental impressions was introduced in 1987, when the
first scanners were commercially available [15-17]. These scan-
ners were limited to dental production laboratories. Although
extra-oral bench scanners can help digitize these impressions
and models, they still require the initial step of making impres-
sions using conventional impression materials [18-20].

With the introduction of the intraoral scanner (I0S), dentists
were able to make direct digital impressions of oral structures.
Similar to other 3-dimensional (3D) scanners, they work on the
concept of project light/laser beam being projected on the sur-
face to be recorded, and later, the reflected light is captured
back by the scanner on the area to be scanned [21]. The pro-
cessing software generates point clouds and meshes to recon-
struct a 3D image of the scanned object. The software process-
es multiple frames per second and later stitches them together
to produce the final 3D image of the recorded object [18,22-24].
I0S converts these images to standard tessellation language
(STL) files, which can be read and processed. Over time, 10Ss
have significantly improved in terms of accuracy [25]. Previous
versions of 10Ss used a closed system, in which the same com-
pany’s software and machines performed all the steps, from
scanning to processing. Now, most I0Ss are open systems and
can be read by most computer aided designing systems, mak-
ing them easier to manage for dentists and laboratories [25].
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The use of an I0S to record impressions has greatly resolved
most of the problems associated with conventional impression
materials [21,26]. Advantages of the 10S include a reduction in
the cost of impression materials [23,26,27], immediate visu-
alization and quality control of the impression [21,23,27], re-
duced chances of incorporating errors related to material han-
dling [28,29], and saving money and time, as impressions can
be sent electronically to the laboratory [21,30]. Lastly, digital
images can be helpful in patient understanding and marketing
[14,26,31-33]. Dentists nowadays have a wide variety of 10Ss
to choose from, each utilizing different optical technologies.
These include triangulation (active or passive), conofocal mi-
croscopy, wavefront sampling, and optical coherence tomog-
raphy [18,34]. The triangulation technique uses laser beams
to capture a 3D image of an object by applying the principles
of triangulation [18]. Confocal imaging involves using a pin-
hole aperture to selectively filter reflected laser light, thereby
enhancing the contrast and resolution of the captured image
[18]. Optical coherence tomography uses a low-coherence light
source and interferometry to gather scans. To measure echoes,
the light is split into reference and sample beams, resulting in
detailed images with high resolution [18]. The active wavefront
sampling technique projects a changing pattern of multiple rays
onto the teeth and analyzes the deformation of the ray pat-
tern to generate highly accurate 3D models [18]. To minimize
the errors, some scanners can use more than 1 technology
[18,34,35]. Additionally, scanners vary in the dimension of the
scanning tip, speed of scanning, and their ability to differenti-
ate and record colored objects [35,36]. The earlier generations
of 10Ss required some opaquers in the form of sprays or pow-
ders for accurate recording, which have inherent disadvantag-
es, including patient discomfort, time consumption, and tech-
nique sensitivity [36,37]. However, newer generations of 10Ss
do not require these opaquers, making them more convenient
for patients. Accuracy in general has 2 measurement parame-
ters: trueness and precision. Trueness is the measure of how
closely the mean of numerous test values aligns with the actu-
al reference value, whereas precision can be defined as the ca-
pability of a measurement to be reliably duplicated [24,38,39].

To objectively quantify trueness, the test value is subtracted
from the actual reference value. This provides the deviation. The
lower the deviation, the higher will be the trueness. However,
for quantifying precision, the data of a particular group that
has the highest trueness are taken as reference and are sub-
tracted from each measurement of the same group. Therefore,
lower the deviation, the higher will be the precision [24,39].

In digital scanning techniques, the scanner is expected to re-
cord the digital impression, which should have high trueness
and must be precise. Trueness and precision can be evaluated
through superimposition (where images of models are over-
laid on each other) using reverse engineering software or by
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Figure 1. Graphical summary of the workflow.
Figure created using MS PowerPoint,
version 20H2 (OS build 19042,1466),
windows 11 Pro, Microsoft Corp).
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measuring points in the tested image models using STL data
[14,40-43]. To calculate trueness, the image from a reference
scanner (bench top scanner having high accuracy) is super-
imposed on the image from the I0S using a using reverse en-
gineering software. The software will analyze any deviations
and present the data in numerical form. On the other hand,
for precision evaluation, the models obtained from the same
10S will be superimposed on each other [39,44]. The 3D de-
viation feature of the software quantifies the difference in
distance between the 2 superimposed images and uses col-
or coding to display this difference in the 2 superimposed im-
ages, so that once the images are superimposed, a color plot
is generated. Red represents displacement in the outward di-
rection/positive direction, whereas blue represents displace-
ment in the inward direction/negative aspect. The green col-
or represents a perfect alignment between the superimposed
images [40-44]. Multiple studies have compared the accuracy
of the 10S in recording impressions of fixed partial dentures
and have reported high accuracy [45-49]. Studies have also
reported the high accuracy of 10S in recording impressions of
implant-supported prostheses limited to a short span [40,50].
However, there are conflicting results regarding the accuracy of
the 10S for recording impressions of full arch implants [51-56].

Therefore, in this study, we used an edentulous mandibu-
lar resin model with 6 parallel osteotomy sites and aimed to
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compare the trueness and precision of 10 digital impressions
using 3 10Ss, the 3Shape TRIOS 5, Medit i700, and Primescan,
using Medit Link v3.3.2 software. The null hypothesis being
tested was that there was no difference in precision and true-
ness of the 3 tested 10S devices for recording impressions of
full arch implants.

Material and Methods

Ethics

The study was approved by the Scientific Research Committee
at the College of Dentistry, Jazan University, on October 22,
2023 (reference number CODJU-2302l).

Study Design

This in vitro study was a comparative study evaluating the pre-
cision and trueness of 3 different brands of 10Ss in recording
impressions of 6 implants placed in the mandibular edentu-
lous resin jaw. An extra-oral scanner was used as the reference
group, which was used to compare the trueness of the 3 test-
ed 10Ss. The independent variable was the type of 10S, where-
as the dependent variables were trueness and precision. The
study was conducted in 2 stages. Implant model preparation
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Table 1. Details of materials and instruments used in the study.

Material Manufacturer

Edentulous model GreatLH, Mainland, China

TRI Dental Implants Int, Hunenberg,
Switzerland

TRI Dental Implants Int, Hunenberg,
Switzerland

Impression post/
scan body

Jintai Dental, JT-09 Model Surveyor,
Guangdong, China

Vita Cerec; VITA, Bad Sackingen,
Germany

Ceramill Map 600
(Extra-oral scanner)

Trios 5
(Intraoral scanner)

3Shape A/S, Henry Schein Dental,
Gillingham, Kent, UK

Medit i700
(Intraoral scanner)

Primescan
(Intraoral scanner)

Software Medit Corp., Seoul, South Korea
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Specifications/features

Lower Jaw Implant Model
Equivalent to type D2 bone quality

Lot Number: 43100
Matrix Analog-1-P45, Ref. No: M-Analog-P45

Lot Number: VP66411
Matrix direct transfer component short diameter 5 mm-P45
Ref. No: M-IMPR-L-50-P45

Easy movement of the fixing vice with 360 rotation
High-quality precision tool for milling, drilling, fixing attached
models, and tapping

The surveyor holder is used for an exclusive handpiece
Surveyor pin, 7 pieces included

S.No: 1jd2252101053b.
Technology: Confocal microscopy

S.No.: M02886BD.
Technology: Triangulation

S. No.: 802648.
Technology: Confocal microscopy

Medit Link 3.3.2 and Medit design 2.1.4*

TRI — through research innovative; S.No — serial number; * version.

was the first stage, and scanning of the model and superim-
position to evaluate trueness and precision were performed in
the second stage. Figure 1 represents the flow chart explain-
ing the sequence of steps used in this study. All the measure-
ments involved in the study were performed by a trained and
calibrated operator who was blinded to the outcome of the
research and identity of the specimens, to minimize the bias.

Operational Definitions

A dental implant was defined as a prosthetic device made of
alloplastic material(s) implanted into the oral tissues beneath
the mucosal and/or periosteal layer and on or within the bone
to provide retention and support for a fixed or removable den-
tal prosthesis [57]. The 10S was an optical scanner (a type of
image scanner) that is usually comprised of a handheld cam-
era (hardware), computer, and software that captures and an-
alyzes reflected light to generate 3D images that represent
the intraoral environment [57]. A scan body is a type of fidu-
cial marker referring to a transfer coping that is connected to
an implant intraorally or to an implant analogue in a master
cast to enable the implant dimensions and position to be ac-

Sample Size Determination

For determining the sample size, previously published stud-
ies were used as references [36], [58]. To verify the sample
size, G*Power software (version 3.1.9.7, 2020; Heinrich Heine
University, Dlsseldorf, Germany) was used. A minimum sam-
ple size of 10 per group (3 groups) was found to be suitable
for an effect size (f) of 0.40, an alpha error value of 5%, and
study power of 85%. Additionally, one extra scan per group
was performed to compensate for any errors.

Sample Preparation
Materials Used and Work Flow

Details of the material and scanners used in the present study
are listed in Table 1. The conduct of the study is depicted as a
flowchart in Figure 1. All the operators were trained and cal-
ibrated to perform their designated task. The scanners and
software used in this study were also calibrated and used ac-
cording to the manufacturer’s guidelines.
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Figure 2. Six implants analogs placed on resin edentulous
jaw model and Matrix-Direct transfer abutments at-
tached. Photographs taken using digital single-lens
reflex (DSLR) (Canon EOS 700D) with 100-mm macro
lens) with/without ring flash.

Model Preparation

Resin jaw models are commonly utilized in in vitro implant re-
search to replicate clinical scenarios, due to their good mechan-
ical properties, opacity, and dimensional stability [15,59]. In the
recent study, a resin completely edentulous mandibular mod-
el (dental lower jaw Implant model, D2, GREATLH, Mainland,
China) was used to simulate the patient’s lower jaw, represent-
ing a type D2 bone quality. Six implants were planned, corre-
sponding to the mandibular first molar, first premolar, and lat-
eral incisor region. Six parallel osteotomy sites were prepared
using a surgical handpiece attached to a dental surveyor (Jintai
Dental, JT-09 Model Surveyor, Guangdong, China). Six implants
analogues (M-Analog-P45, diameter 5 mm, TRI Dental Implants
Int, Hunenberg, Switzerland) were placed and cemented using
adhesive resin. Matrix-Direct transfer abutments (5-mm P45)
were attached to these analogs and tightened up to 15 Ncm
torque (Figure 2). These direct transfer abutments have a spe-
cial surface treatment that allows them to be used as an im-
pression post and scan body for intra- and extra-oral scanners.

Acquisition and Virtual Models
Reference Scan (Extra-Oral Scan)

The model was sprayed with powder scan spray (VITA CEREC
powder scan spray; VITA, Bad Sackingen, Germany) from a
20-cm distance [58]. The model was placed on the extra-oral
scanner’s mounting table (Ceramill Map 600, Amann Girrbach,
Koblach, Austria), and the scanning procedure was performed
following the manufacturer’s instructions. Five scans were per-
formed for the same model. The STL file obtained was super-
imposed using the Medit design 2.1.4 software (MEDIT Corp,

LAB/IN VITRO RESEARCH

Figure 3. Frontal view of the 3D digital impression. Images
generated through Medit Link 3.3.2 and Medit de-
sign 2.1.4 software (Snip and Sketch 10.2008.3001.0,
Microsoft Corp).

Seoul, South Korea) to select the best scan, which could be
used as a reference scan (R1) while evaluating the trueness
of the tested 10Ss [58].

10S Scanning

Three 10Ss were used to scan the same model. The scanners
used were 3Shape TRIOS 5 (Henry Schein Dental, Gillingham,
Kent, UK), Medit i700 (MEDIT, Seoul, South Korea), and
Primescan (Dentsply Sirona, Charlotte, NC, USA). TRIOS 5 and
Primescan 10Ss work based on the principle of confocal micros-
copy, while the Medit i700 works on the triangulation princi-
ple [60,61]. Each scanner scanned the model 10 times, with a
10-min break between each scan to allow the scanner to cool
down and the operator to rest. Throughout the scanning pro-
cedures, the surrounding conditions were controlled. The room
temperature was maintained at 21.5°C, and the room light-
ing was at 1000 lux [4]. All scans were performed by a single
operator who was trained and calibrated. The same scanning
protocol was followed for all the scanners, which included first
scanning the occlusal surface, followed by the lingual surface,
then rotating to the disto-buccal surface, and finally covering
the buccal surface [4] (Figure 3).

Superimposition

The STL files obtained from the 4 scanners were superimposed
and compared using software (Medit Link 3.3.2 and Medit Design
2.1.4) to evaluate the trueness and precision of these 10Ss. A
template was created to crop all the models to remove irrele-
vant data and ensure uniformity. All the impressions made by
different scanners were cropped, and the final selected mod-
el files were saved in separate folders. To validate the proce-
dure, 1 reference STL file with a cropped model was duplicated,
renamed, and stored in another folder. Later, these 2 identi-
cal files were superimposed to validate the process. This step
was repeated 5 times to ensure the method’s validity before
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further steps were performed to evaluate precision and true-
ness. To evaluate trueness, each 3D scan from each model was
superimposed on the reference scan (R1) using the automatic
alignment feature of Medit design software. The 3D deviation
feature of the software quantifies the difference in distance
between the 2 superimposed images and uses color coding to
display this difference in the 2 superimposed images. Once the
images are superimposed, a color plot is generated. Red repre-
sents displacement in the outward direction/positive direction,
whereas blue represents displacement in the inward direction/
negative aspect. The green color represents a perfect alignment
between the superimposed images [36]. Superimposition for

Jain S. et al:
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all the 10 scanned images per scanner was performed, and
mean and standard deviation values were collected. A total of
10 values per 10S were obtained (Figure 4A-4F). The best scan
image from each 10S (P1) was selected to evaluate precision.
This image acted as the reference image for calculating preci-
sion for each type of intraoral scanner. Therefore, to calculate
the precision of the TRIOS 10S, the P1 image acted as the refer-
ence image, and all 9 images from the same scanner were su-
perimposed one by one, and the data were collected. Precision
was also calculated for the other 2 10Ss (Medit and Primescan)
using the same method. Color plots used to determine true-
ness values were also used to calculate precision (Figure 4A-F).
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Figure 4. Color plot depicting 3D deviation in the precision of the (A) TRIOS 5 intraoral scanner; (B) Medit i700; and (C) Primescan
intraoral scanners. Color plot depicting 3D deviation in the trueness of the (D) TRIOS 5 intraoral scanner; (E) Medit
i700; and (F) Primescan intraoral scanners. Red represents displacement in the outward direction/positive direction,
whereas blue represents displacement in the inward direction/negative aspect. The green color represents a perfect
alignment between the superimposed images. Images generated through Medit Link 3.3.2 and Medit design 2.1.4 soft-

ware (Snip and Sketch 10.2008.3001.0, Microsoft Corp).

Statistical Analysis

The data for precision and trueness (mean and standard devi-
ation values) were tabulated in a Microsoft Excel spreadsheet
(version 1910, 2019; Microsoft Inc, Redmond, WA, USA). The
statistical analysis was performed using SPSS software (ver-
sion 24.0, 2016; IBM Corp, Armonk, NY, USA). The mean and
standard deviations related to each investigated scanners were
derived, followed by their test of distribution with the Shapiro-
Wilk test. A one-way analysis of variance (ANOVA) determined
the differences between means in trueness and precision mea-
sured for each 10S. A post hoc multiple comparison test with

the Tukey honestly significant difference test determined the
differences within different 10Ss. All differences were consid-
ered to be statistically significant if the P value was equal to
or less than 0.05 (P<0.05).

Results

The results of the validation tests revealed that the superim-
position technique for evaluating trueness and precision was
reliable. A minimal error was reported during this validation
procedure (0.021+0.005 pm).
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Table 2. Mean and standard deviation values for precision and trueness values for the 3 tested intraoral scanners.

Intraoral scanner n Mean and SD (um)
TRIOS 5 9 37.8+4.53
Precision Medit i700 9 40.6+4.17
Primescan 9 49.1+8.31
TRIOS 5 10 54.9+11
Trueness Medit i700 10 60.5+10.9
Primescan 10 72.3£10.4
704 was observed in terms of precision (P<0.05). Table 4 represents
post hoc comparisons between different 10Ss. In terms of preci-
sion, a statistically significant differences were observed for the
s 601 TRIOS 5 vs Primescan and Medit i700 vs Primescan 10S groups.
= 50 ° Accuracy in Terms of 10S Trueness
20 Table 2 presents mean and standard deviation values for true-
- == ness for all 3 tested 10Ss. The TRIOS 5 10S displayed the lowest
deviation for trueness (54.9+11 pm), followed by the Medit i700
Trios 5 Medit 700 Primescan (60.5+10.9 um), whereas the highest deviation (72.3+10.4 um)
Group was reported when the Primescan I0S was used for record-
ing impressions of full arch implants (Figure 6). Table 3 pres-

Figure 5. Precision values of tested intraoral scanners. Figure
created using MS Excel, version 20H2 (OS build
19042,1466), windows 11 Pro, Microsoft Corp).

Accuracy in Terms of 10S Precision

Table 2 presents mean and standard deviation values for preci-
sion for all 3 tested intraoral scanners. The TRIOS 5 10S displayed
the lowest deviation for precision (37.8+4.53 pm), followed by
the Medit i700 (40.6+4.17 pm), whereas the highest deviation
(49.1+8.31 pm) was reported when the Primescan 10S was used
for recording impressions of full arch implants (Figure 5). Table 3
presents the overall model value of the ANOVA test for precision.
When 3 10Ss were compared, a statistically significant difference

ents the overall model value of the ANOVA test for trueness.
When 3 10Ss were compared, a statistically significant dif-
ference was observed in terms of trueness (P<0.05). Table 4
shows the post hoc comparisons between different 10Ss. In
terms of trueness, a statistically significant difference was ob-
served only between TRIOS 5 and Primescan.

Discussion

The present study evaluated the trueness and precision of 3
commonly used 10Ss in recording impressions of a full arch
implant jaw. The results revealed that when 3 10Ss were com-
pared, higher accuracy in terms of trueness and precision

Table 3. Overall model value of ANOVA test for precision and trueness.

Sum of squares df Mean square F P
Precision
Overall model 617 308.6
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 8.65 0.001*
Residuals 856 24 35.7
Trueness
Overall model 1585 2 793
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 6.83 0.004*
Residuals 3135 27 116

F — variation between sample means/variation within the samples; df — degree of freedom. Test used: one-way analysis of variance
(ANOVA). Significant levels: * All differences considered to be statistically significant if P value is equal to or less than 0.05.
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Table 4. Post hoc comparisons between different intraoral scanners.

Comparison Mean difference SE df t 4
Post Hoc Comparison — Precision
"""" TRIOS 5vs Meditizoo 276 28 24 098  05%
©TRIOS Svs Primescan 124 282 % 3991 0.002*
© Mediti700 vs Primescan 848 28 % 3011 0016*
PostHoc Comparison —Truemess
"""" TRIOS 5vs Meditizoo 565 48 27 117 0479
© TRIOS5vsPrimescan 1745 482 7 362 [ 0003
"""" Mediti700 vs Primescan  -1180 48 27 245 0053

F — variation between sample means/variation within the samples; df — degree of freedom; t — statistical representation of Tukey post
hoc test. Test used: Tukey honestly significant difference test (HSD). Significant levels: * All differences considered to be statistically

significant if P value is equal to or less than 0.05.

80

Trueness
(=)
o
1

T T
Trios 5 Medit i700 Primescan

Group

Figure 6. Trueness values of tested intraoral scanners. Figure
created using MS Excel, version 20H2 (OS build
19042,1466), windows 11 Pro, Microsoft Corp).

was observed in the TRIOS 5 I0S, followed by Medit i700 and
Primescan. The differences between the investigated 10S scan-
ners for precision and trueness were found to be statistical-
ly significant. The Medit i700 10S, however, had precision and
trueness values comparable to that of the TRIOS 5 10S.

Thus, the tested null hypothesis was rejected. However, the
extent of these differences varied between different groups
of 10Ss. 10Ss are commonly used these days to record impres-
sions of the oral cavity. Multiple studies have reported high
trueness and precision of I0Ss while recording impressions of
crowns, tooth-supported fixed partial dentures, and short-span
implant-supported prostheses [45-49]. The accuracy of these
I0Ss in recording impressions of full-arch implant-supported
fixed prostheses is still debatable [51-56]. Manufacturers up-
date their scanners regularly to overcome the shortcomings of
older generations of I0Ss and improve accuracy. In the present
study, the latest available generations of 10Ss were used to

guide the dentist in 10S selection. Studies have reported that
the accuracy of 10Ss depends on multiple factors, which can
be related to the operator (training of the operator, scanning
protocol, and operator’s experience) [46-48], ambient condi-
tions (temperature, room lighting, and humidity) [4], and the
10S itself (optical technology used, size of scanning tip, scan-
ning speed, and color differentiation) [18,34-36]. In the present
study, the single-trained operator performed all the scans fol-
lowing the recommended scanning protocol under controlled
surrounding conditions. Therefore, the only variable factor was
related to the type of 10S used.

The results of the present study can be compared to some ex-
tent with some of the previously published studies. Di Fiore
et al [62] compared the accuracy of 8 10Ss in recording abso-
lute position error in full arch implant-supported fixed dental
prosthesis. They reported that the best accuracy was report-
ed by True Definition (31+8 pm) and TRIOS 3 (325 pum) I0Ss.
In contrast, the highest errors were reported with 3D Progress
(3444121 pm) and Dental Wings (148+64 pm) 10Ss. A similar
study by Costa et al [58] reported the best trueness by iTero
I0S (24.4 pm), whereas Medit had the best reported precision
(18 pm) when used for recording impressions for implant-sup-
ported prostheses for completely and partially edentulous jaw
models. Mangano et al [36] evaluated the trueness and preci-
sion of 4 10Ss in their study by recording impressions of par-
tially and fully edentulous jaws with implants. They reported
no significant differences in partially and completely edentu-
lous models. They concluded that for a completely edentulous
maxillary jaw, the best trueness and precision were reported by
the CS 3500 (trueness: 63.2+7.5 pm and precision: 55.2+10.4
pm), followed by TRIOS 2 (trueness: 71.6+26.7 um and preci-
sion: 67+32.2 ym) and Zfx Intrascan (trueness: 103+26.9 pm
and precision: 112.4+22.6 pm), whereas Planscan reported
the highest values (trueness: 253.4+13.6 pm and precision:
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204.2422.7 pm). In the present study, the TRIOS 5 10S dis-
played the lowest deviation for precision (37.8+4.53 pm) and
trueness (54.9+11 um), followed by Medit i700 (precision:
40.6+4.17 pm, trueness: 60.5+10.9 pm), whereas the highest
deviation (precision: 49.1+8.31 pm, trueness: 72.3+-10.4 pm)
was reported when the Primescan 10S was used for recording
impressions of full arch implants.

The difference in the results of various other articles evaluat-
ing the accuracy of 10Ss can be due to the difference in the
methodology used in the studies. In some studies, the maxil-
lary edentulous jaw was used for implant placement and ac-
curacy evaluation [41,63-65], whereas in other studies, the
mandibular jaw was used [7,37,66-68]. In the present study,
an edentulous resin jaw model was used, and 6 implant an-
alogs were placed, simulating a clinical scenario of a full arch
implant case. The direct transfer abutments of the TRIOS im-
plant system have a mat finish; thus, I0S can record it with-
out separate scan bodies. Direct comparison cannot be made
between the results of our study and those of the study by
Giuliodori et al [15], who reported that the Medit i700 and
Primescan I0Ss have the best trueness and precision, when us-
ing different strategies for scanning. By contrast, in our study,
the Primescan 10S had the lowest accuracy among the test-
ed scanners, whereas the TRIOS 5 had the best accuracy, fol-
lowed by the Medit i700. The difference in the results could
be due to different scanning objects. Giuliodori et al scanned
dentate resin jaw models, whereas in our study scanning was
performed for a resin jaw with 6 implant abutments. In a sys-
tematic review, Vitai et al [69] reported that the precision and
trueness of 10Ss used for recording a full arch varies based on
the clinical scenario and type of 10S used. They reported high-
er deviations when 10Ss were used for recording completely
edentulous arches, when compared with partially edentulous
arches. Most previous studies used the meteorology-grade
software program Geomatic Control X (3D systems). However,
in the present study, we used the nonmeterology-grade soft-
ware Medit Link. This is open software that is compatible with
all STL files. Medit design 2.1.4 was used for superimposition
and quantifying the deviation in trueness and precision. This
software has an auto-alignment feature that superimposes
the images and quantifies the deviation between the super-
imposed images in a color plot. Yilmaz et al [70] compared
two 3D analysis software programs, Geomatic Control X and
Medit Link, for the accuracy evaluation of crowns and report-
ed non-significant differences between the 2 tested programs.
Studies have proposed using reference points when scanning
completely edentulous arches, to prevent errors due to incor-
rect stitching of the images [71,72]. Azevedo et al [73] and
Rutkiinas et al [74] reported that there are no significant dif-
ferences in the trueness and precision of I0Ss when used to
record impressions of full arch implants. Therefore, in the pres-
ent study, reference markers were not used during scanning.

LAB/IN VITRO RESEARCH

The scanning strategy is shown to affect the accuracy of the
I0Ss. Different scanning strategies have been proposed and
compared for recording digital impressions accurately [75-79].
We followed the most accepted scanning strategy as proposed
by the studies and as suggested by the manufacturer, which
included scanning the occlusal surface first, followed by the
lingual surface, then rotating to the distobuccal surface, and
lastly covering the buccal surface.

Strengths and Limitations of the Study

There are few studies that discuss the accuracy parameters
for full arch implant impressions. The present study involved
using the latest generations of 10Ss to evaluate the trueness
and precision of full arch implant digital impressions. The ro-
bust methodology and unbiased data evaluation are addi-
tional strengths of the present study. The primary limitation
of the present study is its in vitro nature. The study could
not replicate the true oral environment in which the saliva,
tongue, mouth opening, lighting conditions, and other pa-
tient-related factors play an important role in the final out-
come of the scans. Therefore, due to the influence of the oral
environment, the accuracy of the 10S that is purely based on
its competence cannot be evaluated. Patient- and operator-
related confounding influences, which can result in creating
an error, could also not be eliminated, which is a further lim-
itation of the study. Another limitation is the use of only 3
brands of 10S. Thus, more studies with a higher number of
commonly available scanners in patients should be conduct-
ed in the near future.

Clinical Implications

The findings of this study can guide dentists in selecting the
best possible 10S for making digital impressions of full arch
implants. The correct 10S selection will help dentists achieve
high impression accuracy, resulting in the fabrication of an im-
plant-supported prosthesis with a passive fit. This study rec-
ommends that all 10Ss tested in this study were within the
clinically acceptable limits for deviation values for passively
fitting full arch prostheses.

Conclusions

Within the limitations of this study, it can be concluded that
the TRIOS 5 10S displayed the lowest deviation for precision
and trueness, which should be interpreted as its being most
accurate, followed by the Medit i700, whereas the highest de-
viation (least accuracy) was reported when the Primescan 10S
was used to record impressions of full arch implants.
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