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Abstract Objective: This systematic review aimed to investigate the accuracy, reproducibility,

scanning time, patient comfort, and operator experience of various commercially available intraoral

scanners (IOS) in orthodontics.

Methods: An elaborate and extensive search of literature in the PubMed, Scopus, Google Scho-

lar, Embase, Web of Science, and Cochrane Central databases was performed using various rele-

vant keywords.

Results: A total of 3256 articles were obtained from all the databases, 35 studies were included.

The accuracy of IOS was controversial compared to that of conventional impression techniques.

Digital scanning demonstrated satisfactory to excellent reproducibility, shorter scanning time,

and improved patient comfort compared with conventional techniques.

Conclusion: IOS are time-efficient, comfortable for patients, and simple to use with a learning

curve for the operator. These methods are sufficiently accurate for treatment planning and aligner

fabrication in orthodontics.
� 2023 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Study models are the basic pillars of diagnosis and treatment
planning in orthodontics. The gold standard for obtaining

conventional impressions is the use of elastomeric materials
or custom trays (Ender et al., 2013). Orthodontic science
advanced with the introduction of computer-aided design

and computer-aided manufacturing in 1973 (Harrell et al.,
2018). In the following years in 1987, the Chairside Economi-
cal Restoration for Esthetics Ceramics (CEREC) system was

introduced as a prototype for digital impression (Logozzo
et al., 2014). The first in-office commercial digital scanning sys-
tem with full-arch scanning by the Cadent iTero became avail-
able on the market in 2008 (Morris et al., 2010). Since then,

various digital intraoral scanning systems, scanners, and setups
have been introduced and implemented in dentistry
(Zimmermann et al., 2015).

Intraoral scanners (IOS) are noninvasive devices which cap-
ture optical impressions of dental arches and tissues when light
is projected onto them (Ting-Shu et al., 2015). Images from the

projected light are captured by imaging sensor cameras and
sent to the software for processing. The software then creates
a cloud of polygonal mesh points that represent three-

dimensional (3D) surface models of the teeth and tissue. The
mesh is further processed and refined to produce a final 3D
image of the scanned object (Logozzo et al., 2014; Martin
et al., 2015). This image is a replica of the intraoral teeth

and tissue presented digitally on the screen, rather than tradi-
tional stone or plaster models (Aragón et al., 2016). The differ-
ent optical properties of hard and soft tissues and saliva assist

in the standardization of surfaces scanned (Logozzo et al.,
2011). The data are stored in.stl file format and can be trans-
ferred via digital media anywhere worldwide. These optical

impressions can be used to create treatment plans and virtual
setups as well as fabricate customized orthodontic appliances,
lingual brackets, and aligners in orthodontics (Hajeer et al.,

2004; Marcel et al., 2001).
The amalgamation of IOS with orthodontics is a develop-

ing practice on a daily basis. Many studies have explained
the various uses, advantages, and disadvantages of IOS in

orthodontic practice. The clinical aspects of any IOS depend
on its features, such as accuracy, reproducibility, scanning
time, patient comfort, and operator experience. This system-

atic review aims to critically evaluate the features of various
commercially available IOS and published studies. Addition-
ally, it aims to elucidate the various aspects associated with
IOS for regular clinical use and their practical applicability
in everyday orthodontic practice.

2. Methods

2.1. Study selection

Various electronic databases, including PubMed, Scopus,

Google Scholar, Embase, Web of Science, and Cochrane Cen-
tral, were searched from inception to December 31, 2022. The
keywords ‘‘intraoral scanner”, ‘‘intraoral scanning”, ‘‘digital
impression”, ‘‘digital scanner”, ‘‘digital scanning”, ‘‘three-

dimensional scanner”, ‘‘three-dimensional scanning”, and
‘‘3D orthodontics” were used to identify relevant publications.
No restrictions were set on study design, type, year of publica-

tion, or publication status. Studies involving dry skulls, phan-
tom heads, reference models, and animals were excluded. Only
full-text articles published in English were included.

2.2. Search outcomes

Subsequently, all relevant articles were screened. Irrelevant

titles and abstracts were excluded from analysis. The review
was performed according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) guideli-
nes (Moher et al., 2009), and the study flowchart is presented

in Fig. 1.

2.3. Data extraction

The selected studies were then subjected to data extraction for
accuracy, reproducibility, scanning time, patient comfort, and
operator experience with IOS. Data entry was performed by

two examiners, and any disagreements between them were dis-
cussed further to reach a consensus.

3. Results

3.1. Study characteristics

A total of 3256 articles were obtained from all the databases.
After removing duplicates, unrelated, and irrelevant articles,

the total number of articles decreased to 45, of which 10 were



Fig. 1 PRISMA flowchart of the systematic review.

Table 1 Clinical features of Conventional and Digital impression methods.

Conventional Impression Intraoral Scanning Contradictory Results

Accuracy – – Unclear for both

Reproducibility – Excellent –

Scanning time – – Unclear for both

Patient comfort – Excellent –

Operator experience – Excellent –
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further excluded according to different categories. Ultimately,
35 studies were included (Fig. 1). The clinical features of con-

ventional and digital impression methods used in this study are
listed in Table 1.

3.2. Accuracy of IOS

Wide variation in the reporting accuracy of IOS has been
observed in the literature. Winkler and Gkantidis reported that

TRIOS 3 (3Shape) demonstrated a slightly higher precision
(approximately 10 lm) than CS 3600 (Carestream) only after
superimposition on the whole dental arch (Winkler et al.,

2020). Amornvit investigated the accuracy of 10 commercially
available scanners and observed that trueness varied, although
precision was similar for all the scanners. The Trios scanner

demonstrated the best results among other scanners (Amornvit
et al., 2021). Additionally, Nedelcu has reported that the Trios
scanner had a higher accuracy than CEREC (Nedelcu et al.,

2018). By contrast, one study has reported that the precision
of digital impressions obtained by IOS (iTero, Lythos, Trios)
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was of lower quality than those from conventional materials
and digitalized by extraoral scanners (Duvert et al., 2017).
Ender and Kuhr concluded that conventional impression

materials provide significantly higher precision than digital
impressions (Ender et al., 2016; Kuhr et al., 2016). However,
Grunheid and Sfondrini revealed that IOS acquired data as

accurately as alginate impressions (Grunheid et al., 2014;
Sfondrini et al., 2018). Comparing the IOS models with the
cone-beam computed tomography (CBCT) 3D models, the

IOS provided statistically and clinically acceptable accuracy
for all measurements. Although the CBCT-derived 3D models
underestimated lower dental measurements, such measure-
ments were within clinically acceptable limits (San José et al.,

2017).

3.3. Reproducibility of IOS

Previous studies have reported satisfactory to excellent repro-
ducibility of IOS compared to in vivo and ex vivo scanning.
This difference, if any, was slight or negligible (Duvert et al.,

2017; Naidu et al., 2013; Sun et al., 2018). Wiranto et al. have
indicated that both IOS and CBCT scanning of alginate
impressions are valid, reliable, and reproducible methods to

obtain dental measurements for diagnostic purposes
(Wiranto et al., 2013). A systematic review conducted by Ara-
gon et al. has demonstrated that inter- and intra-arch measure-
ments from digital models produced from intraoral scans may

be reliable and accurate compared to those from conventional
impressions (Aragon et al., 2016). A recent systematic review
and meta-analysis of in vivo studies concluded that the true-

ness of digital and alginate full-arch impressions was similar,
and that both impression techniques demonstrated high preci-
sion. The 3D deviation between the digital and alginate

impressions was 0.09 mm. The 3D precision of both impres-
sion techniques was < 0.1 mm (Kong et al., 2022).

3.4. Scanning time with IOS

A comparison of the time required to obtain full-arch intraoral
digital impressions and conventional impressions has been
extensively published. These findings are contradictory in nat-

ure, with several studies demonstrating that IOS are time-
efficient and reduce working time compared with conventional
impression techniques (Burhardt et al., 2016; Goracci et al.,

2016; Joda et al., 2017; Lee et al., 2013). However, studies have
indicated that alginate impressions require less time than digi-
tal scans (Burzynski et al., 2018; Grunheid et al., 2014;

Mangano et al., 2018).

3.5. Patient comfort with IOS

Patient comfort with digital and traditional impression meth-
ods has been evaluated extensively and was significantly better
and more comfortable with digital intraoral scanning.
Although the scanning time is longer than that of traditional

impression methods, digital scanning is preferred by patients
because of its ease of use and comfort (Burhardt et al., 2016;
Burzynski et al., 2018; Sfondrini et al., 2018; Yuzbasioglu

et al., 2014). Factors such as breathing, smell, taste, and gag
reflex are controlled with digital impressions (Christensen
et al., 2008; Glisic et al., 2019). Elimination of impression
materials and trays drastically improves patient comfort
(Wismeijer et al., 2014).

3.6. Operator experience with IOS

A significant learning curve has been reported for IOS in den-
tal clinics. Young dentists who are well-attuned to technology

can more easily adapt to IOS use than older dentists (Agnini
et al., 2015; Lee et al., 2013; Mandelli et al., 2017). Once the
learning curve is established, IOS may confer many significant

clinical advantages for clinicians (Lawson et al., 2015). Kim
et al. have reported that the learning rate of iTero was faster
than that of Trios and was not influenced by clinical experience

(Kim et al., 2016). Orthodontists indicated IOS as better and
more attractive in their practice (Park et al., 2016).

4. Discussion

With technological advancements in dentistry, the branch of
orthodontics has also witnessed a huge surge in 3D approaches
towards clinical practice management. Study models are the

most basic and important prerequisites for diagnosis and treat-
ment planning in any orthodontic case, and they have become
digital in the recent decade. This systematic review aimed to

process the literature on the accuracy, reproducibility, scan-
ning time, patient comfort, and operator experience of IOS
in orthodontics.

The 3D study models should be accurate, reproducible,
easy to construct, and cost-effective. The primary feature of
an IOS is its accuracy, which results from its trueness and pre-
cision. Accuracy is defined as the closeness of the agreement

between a measured quantity and the true quantity of a mea-
surand (JCGM 200:2012; ISO 5725–1, 1994). IOS should be
able to match reality as closely as possible, that is, have high

trueness and not deviate from reality (Imburgia et al., 2017;
Ting-Shu et al., 2015). The accuracy of the scans can be identified
by overlapping the digital scans with reference scans obtained

from industrial machines using powerful cameras and software.
The accuracy of IOS depends on the scanner acquisition and
processing software (Ahlholm et al., 2018; Chochlidakis et al.,

2016). In this systematic review, the literature has demonstrated
contradictory results regarding the accuracy of digital scans com-
pared with that of conventional scans (Amornvit et al., 2021;
Duvert et al., 2017; Ender et al., 2016; Grunheid et al., 2014;

Kuhr et al., 2016; Nedelcu et al., 2018; San José et al., 2017;
Sfondrini et al., 2018; Winkler et al., 2020). However, this finding
should be interpreted with caution, as technology is being

updated and refined rapidly. Recent late-generation scanners
have demonstrated very low errors in full-arch impressions
(Imburgia et al., 2017). Hence, understanding the advantages

and limitations of these IOS before reaching a conclusion is
important (Mangano et al., 2017). In terms of reproducibility,
IOS have demonstrated excellent results as well as superior effi-

ciency to conventional impression-making methods (Kirschneck
et al., 2018; Kong et al., 2022; Naidu et al., 2013; Sun et al., 2013;
Wiranto et al 2013; Yuzbasioglu et al., 2014). However, crowd-
ing measured by digital models tends to be less than that mea-

sured by cast models, and this should be considered during
clinical application (Yoon et al., 2018).

Scanning with IOS has been proven to be time-efficient in

the long term in various studies. The usual scanning time for
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full-arches is 3–5 min which is similar to or greater than that
required for conventional impressions (Joda et al., 2017;
Mangano et al., 2018). However, with scanning, the laboratory

work required post-impression with alginate or rubber base
materials can be avoided. Conventional impressions require
additional laboratory space, cast pouring, cleaning, and main-

tenance to obtain physical plaster models. With IOS, digital
files can be directly sent via e-mail to the technical laboratory
and processed further. This saves considerable time and money

spent on consumables during each clinical year (Joda et al.,
2015; Patzelt et al., 2014).

The ability of IOS to capture intraoral details without mak-
ing physical impressions is one of the main advantages of their

clinical applications. The misfit of impression trays, time and
resources for cleaning and sterilization, smell and taste of
impression material, gag reflex, and apprehension in pediatric

patients can all be avoided with digital scanning (Burhardt
et al., 2016; Grunheid et al., 2014; Yuzbasioglu et al., 2014).
When patients can see their digital impressions on the screen,

they can be more involved in the treatment. This helps to
explain the treatment plan better, which further increases emo-
tional involvement and treatment compliance (Lim et al.,

2017). Thus, IOS can act as a powerful indirect marketing
and advertisement tool, as they are welcomed by patients
and add value to clinics.

The use of IOS can be complex and perplexing in the begin-

ning; however, once the learning curve is overcome, handling
the scanner and software becomes fun and easy. A real-time
assessment of impression quality can be performed by an

orthodontist and a technician. Missing or less-refined details
can be easily recaptured using the scanner. This strengthens
the compatibility between orthodontists and technicians

(Lecocq et al., 2016; Park et al., 2015). However, no consensus
on the specific scanning strategies has been established. Differ-
ent scanners and techniques produce different results

(Mangano et al., 2017). Moreover, the cost of purchasing
and managing an IOS may be excessively high for individuals
and new practitioners. Thus, this aspect must be considered
before entering this segment of practice (Aragón et al., 2016;

Imburgia et al., 2017).
This review provides clinicians with a comprehensive

understanding of various clinical aspects of IOS scanners in

orthodontic practice. As technology becomes new and
updated, older published results become less relevant, and
readers should focus on recent literature to decide on purchas-

ing a scanner. This is the era of digital orthodontics, and IOS
may soon become a basic component of regular practice
worldwide. By fabricating accurate orthodontic appliances
for printing aligners, practical applications of IOS will increase

rapidly in the future. Further research using different scanners
on different cases with different strategies is recommended.
5. Conclusion

Digital impressions may not be as accurate as conventional
impressions, although the use of IOS is clinically acceptable

for orthodontic treatment planning, appliances, and aligner
fabrication in Orthodontics. Scanning time with IOS is higher
than that with the conventional impression; however, IOS are

time-efficient and simple, and they eliminate laboratory plaster
work. Patient comfort is undoubtedly better with IOS than
with the conventional methods. Although the operator/
orthodontist must overcome a learning curve to become accus-

tomed to IOS equipment and software, operators/orthodon-
tists have reported IOS to be easier, more attractive, and
comfortable to use in practice.
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method for assessing the accuracy of full arch impressions in

patients. J. Dent. 55, 68–74.

Lawson, N.C., Burgess, J.O., 2015. Clinicians reaping benefits of new

concepts in impressioning. Compend. Contin. Educ. Dent. 36 (2),

152–153.

Lecocq, G., 2016. Digital impression-taking: fundamentals and ben-

efits in orthodontics. Int. Orthod. 14 (2), 184–194.

Lee, S.J., Gallucci, G.O., 2013. Digital vs. conventional implant

impressions: efficiency outcomes. Clin. Oral Implants Res. 24 (1),

111–115.

Lee, S.J., Macarthur 4th, R.X., Gallucci, G.O., 2013. An evaluation of

student and clinician perception of digital and conventional

implant impressions. J. Prosthet. Dent. 110 (5), 420–423.

Lim JH, Park JM, Kim M, Heo SJ, Myung JY. Comparison of digital

intraoral scanner reproducibility and image trueness considering

repetitive experience. J Prosthet Dent. 2017 Jul 7. pii: S0022–3913

(17)30350–5

Logozzo S, Franceschini G, Kilpela A, Caponi M, Governi L, Blois L.

A comparative analysis of intraoral 3D digital scanners for

restorative dentistry. Int J Med Tech. 2011. https:// doi. org/ 10.

5580/ 1b90.

Logozzo, S., Zanetti, E.M., Franceschini, G., Kilpela, A., Makynen,

A., 2014. Recent advances in dental optics—part I: 3D intraoral

scanners for restorative dentistry. Optic. Lasers Eng. 54 (3), 203–

221.

Mandelli, F., Ferrini, F., Gastaldi, G., Gherlone, E., Ferrari, M., 2017.

Improvement of a digital impression with conventional materials:

overcoming intraoral scanner limitations. Int. J. Prosthodont. 30

(4), 373–376.

Mangano, A., Beretta, M., Luongo, G., Mangano, C., Mangano, F.,

2018. Conventional vs digital impressions: acceptability, treatment

comfort and stress among young orthodontic patients. Open Dent.

J. 31 (12), 118–124.

Mangano, F., Gandolfi, A., Luongo, G., Logozzo, S., 2017. Intraoral

scanners in dentistry: a review of the current literature. BMC Oral

Health 17 (1), 149.

Marcel, T., 2001. Three-dimensional on-screen virtual models. Am. J.

Orthod. Dentofacial Orthop. 119, 666–668.
Martin, C.B., Chalmers, E.V., McIntyre, G.T., Cochrane, H., Mossey,

P.A., 2015. Orthodontic scanners: what’s available? J. Orthod. 42

(2), 136–143.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., 2009. The

PRISMA Group: preferred reporting items for systematic reviews

and meta-analyses: the PRISMA statement. PLoS Med. 6 (7),

e1000097.

Morris, J.B., 2010. CAD/CAM options in dental implant treatment

planning. J. Calif. Dent. Assoc. 38, 333–336.

Naidu, D., Freer, T.J., 2013. Validity, reliability, and reproducibility of

the iOC intraoral scanner: a comparison of tooth widths and

Bolton ratios. Am. J. Orthod. Dentofacial Orthop. 144 (2), 304–

310.

Nedelcu, R., Olsson, P., Nyström, I., Rydén, J., Thor, A., 2018.

Accuracy and precision of 3 intraoral scanners and accuracy of

conventional impressions: a novel in vivo analysis method. J. Dent.

69, 110–118.

Park, J.H., Laslovich, J., 2016. Trends in the use of digital study

models and other technologies among practicing orthodontists. J.

Clin. Orthod. 50 (7), 413–419.

Park, H.R., Park, J.M., Chun, Y.S., Lee, K.N., Kim, M., 2015.

Changes in views on digital intraoral scanners among dental

hygienists after training in digital impression taking. BMC Oral

Health 15 (1), 151.

Patzelt, S.B., Lamprinos, C., Stampf, S., Att, W., 2014. The time

efficiency of intraoral scanners: an in vitro comparative study. J.

Am. Dent. Assoc. 145 (6), 542–551.
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