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Dental digital impressions with
intraoral scanners: a review of
the literature
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ABSTRACT

Computer-aided design and computer-aided manufacturing (CAD-CAM) has
been applied in dentistry for the preparation and analysis of various dental
treatments. It starts with capturing images through intraoral scanners, having
different types of software and image export systems and technology. The
advantages of this digital workflow are the following: better adjustment, shorter
clinical time, and speed in dental treatments, in addition to providing greater
practicality for dental surgeons. The accuracy provided is clinically acceptable in
comparison with conventional methods, so there is sufficient evidence for their
validity; however, it should be taken into account that several factors can alter the
result, such as the operator’s experience, the type of scanner, the type of software,
the software update, the scanning principle of the scanner, the environment, the
scanning sequence, and the oral structures. The present review article aims to
analyze the literature on the different characteristics and properties that intraoral
scanners present today and the evidence of the potential benefits and accuracy of
digital impression techniques versus conventional impression techniques.

Keywords: dental impression technique, dental impression materials, computer-
aided design.

INTRODUCTION

Since the beginning of dentistry, conventional impression techniques have been
required and used to register the oral cavity of patients in a three-dimensional
way (1). However, volume changes of impression materials and the expansion
of dental plaster are sensitive to erroneous results. At the same time, with the
advancement of technology applied to dentistry (1), in the early 1980s, computer-
aided design and computer-aided manufacturing (CAD-CAM) were developed
(2), which was the first system of the commercial brand Cerec (Sirona). This
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has become increasingly important in dentistry, and
excellent results have been obtained in the preparation
of restorations with various materials (2). The three
main components of a CAD-CAM system are the
data acquisition unit (intraoral or extraoral scanner),
the program software, and the milling or 3D printing
device (3). This way, the digital workflow starts with
intraoral scanning, expanding the availability of various
scanning systems in recent years, operating according
to different principles, including active triangulation,
parallel confocal imaging, active wavefront sampling
and stereophotogrammetry. On the other hand, more
recent systems present combined principles (3).

Digital impressions are a clinically acceptable
alternative to conventional impression methods,
as digital dental technology has evolved, and their
application extends from single crowns to complete
rehabilitations and even implant support (3).
However, there are still limitations as the accuracy
of intraoral scanning can be influenced by scanner
technology, operating system, device calibration,
scanning pattern, ambient light scanning conditions,
cutting and rescanning procedures, extent of digital
scanning, characteristics of the structures to be
scanned as tooth preparation, implant-supported
restorations, and partial or total edentulous jaws (4).
Additionally, digital impressions present advantages
such as efficiency of clinical time in the dental chair,
greater patient comfort, real-time viewing, easy
communication with dental laboratories, and the
versatility of a smoother and more accurate workflow
(5,6).

The aim of this review article is to analyze the literature
on the different characteristics and properties of
current Intraoral Scanners (IOS) as well as to evaluate
the evidence of the potential benefits and accuracy
of digital impression techniques versus conventional
impression techniques.

INTRAORAL SCANNERS

Imaging with intraoral scanners

IOS are devices used to capture direct optical
impressions of the oral cavity (7). They perceive the
surface structure of different tissues and capture this 3D
image through a laser that projects a light source onto
the dental arches, prepared tooth surfaces, and adjacent
tissues, while images are captured by sensors (8).

IOS are composed of a handheld wand that generates
a light projection (active technology) to capture
the image by a static (photos) or dynamic (videos)
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method, which will be put together by the software
after recognizing the triangulation of 3D images (9).
Triangulation is a technique in which a light source
is reflected onto an object, the x and y coordinates of
each point are registered, and then the z coordinate
is calculated, all based on various optical imaging
technologies (10).

Active confocal microscopy

[tis a technique for obtaining images of specific depths.
It detects the different areas of image accuracy to be
able to estimate the distance between the object to be
scanned and the focal length of the lens. After that, a
tooth can be reconstructed with consecutive images
acquired with different focal lengths and diaphragm
values from different angles of the object’s periphery
(11). The area of accuracy is clearly linked to the user’s
experience, since some type of motion blur may occur.
Apart from that, this type of procedure requires a
long head, which may cause difficulties in the clinical
practice (12).

Active wavefront sampling

[t is an image collection technique that uses a camera
and an off-axis aperture. The module has a movement
where it follows a circular path around the optical
axis, which generates a rotational movement of the
specific point of location to be scanned (POI). From
the pattern produced by each evaluated point, depth
and distance data can be obtained (13).

The images captured by different sensors are processed
by the scanner software that generates a set of vertices
(point clouds). These are then triangulated to create a
three-dimensional mesh model (7). Performance can
be influenced by several factors, including IOS type,
intraoral conditions, scanning protocols, scanned
object geometries and surface optical properties,
processing software algorithms, and ambient light
conditions (14).

Types of software and image export systems
and technology

Digital print data transfer systems using [OS can be
classified into open systems and closed systems.

Open systems

They are systems where 10S software allows digital
printing to be sent directly through the export of
source files, which can be a standard data transmission
format for making elements in 3D (STL) Standard
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Tessellation Language or Standard Triangle Language,
a Polygon File Format (PLY) or an Object File Format
(OBJ) to different laboratory units, which gives
the desired flexibility and allows maximizing the
investment potential with different options (15).

The STL file format is simple and small, so its
processing is faster, but without color or texture
representation. On the other hand, OBJ and PLY
formats can store properties such as color and texture
that benefit enhanced 3D printers (7).

Closed systems

In a closed system, digital impressions are sent to
the manufacturing company for a subscription fee.
The advantage is that, since the configuration, data
collection, and manipulation are used by the same
manufacturer, there is greater security, accuracy and
a single place for delivery. Some scanners only allow
data acquisition, which is then sent to the laboratory
for further processing and manufacturing. On the
other hand, there are scanners that, in addition to
acquisition, can mill or print the same day, allowing
the patient to have a dental restoration in a single
session (7, 16).

Data collection methods, image transfer, tracking
strategies, and scanner head size may vary between
different types and brands, but each procedure
produces a digital model of the patient’s dentition (9,
16).

Patient acceptance of the use of intraoral
scanners

In some of the studies using irreversible hydrocolloid
impression,  patients  preferred
impression, compared to a previous IOS generation,
due to the difficulties in optical impression, regarding
operability, scanner size, scanning speed, etc.
However, due to improved hardware technology, the
scanning speed has improved, and the size of devices
has been reduced, optimizing their ergonomics
(1-6). Therefore, in recent research, many patients
responded that IOS was more comfortable, especially

conventional

when it is necessary to repeat some dental impression
with the conventional technique, which would
mean more time with the patient in the dental
chair and the use of extra material. Furthermore,
an additional benefit is that the gag reflex would be
minimized. Some studies use irreversible hydrocolloid
impressions as a comparison since they are easier to
control than elastomeric impressions (3). As a result,

when comparing IOS with conventional impressions,
the first one presents superior qualities and results
with respect to patient acceptance (1-7).

Operator satisfaction

Schlenz et al. (10) and Lam et al. (11) demonstrated that
there was a significantly higher proportion of students
who perceived that 10OS require less armchair support
and it is easier to master as a beginner. In addition,
60.2% of students had no difficulty to operate the
scanner software, so the scanning process was
manageable (11).

Accuracy of digital impressions made with
intraoral scanners

Accuracy of impression methods is critical for
the internal and external adjustment of indirect
restorations. Accuracy is the difference between the
quantitative values obtained from the measurement
and the actual spatial values of the measured object,
and, in turn, comprises trueness and precision.
Trueness means how close the results of ameasurement
are to the actual values of the measured object, while
accuracy is the variability of repeated measurements
of the measured object (7). The higher the accuracy,
the more reliable the measurement; and the higher the
trueness, the closer the measurement is to the actual
dimensions of the object. The methods for comparing
the accuracy of digital and conventional impressions
are linear measurement and 3D superimposition.
Compared to linear measurement, 3D superimposition
evaluates hundreds of measurement points, which
may reflect the deformation of the entire dental arch
(11).

The accuracy of a digital scan depends on the ambient
light, the size of the scanner head, the scanning
technology, whether reflective powder is required,
the scanner software program, the scanning protocol,
the limited space in the buccal opening, the length of
the edentulous section, among others (5). Therefore,
to evaluate the adjustment of restorations when using
IOS systems, two-dimensional or three-dimensional
indirect approaches can be used (4-6). Internal
marginal discrepancies of less than 120 pm have been
described as clinically sufficient for the fitting of single-
tooth restorations (2). Despite this, the American
Dental Association suggests that the thickness of
cementation do not exceed 40 pum (2, 17). Hence, this
acceptability limit is not yet defined, and inadequate
marginal/internal adaptation may predispose to
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restoration failure. When assessing the final fit,
factors such as CAD design, CAM milling process and
seating of the restoration, and preparation geometry
should all be taken into account because the existing
literature advocates that the more complex the scanned
morphologies are, the more difficult it is to reproduce
them in digital form and, consequently, there could be

Poor marginal fit can promote biofilm buildup and
cause complications, such as secondary caries and
periodontal disease, and poor internal adaptation
can lead to periodontal loss of axial retention, lack of
rotational stability, reduced fracture toughness and

positioning inaccuracies, which lead to interproximal

a detrimental effect on accuracy (3, 15, 18).

and occlusal interferences (3-8).

Scanner (Brand name) Scanning principle Size Price Integrated screen Open system
Trios 4 Confocal microscopy Small [Cle[)] [Cl8[)] (I8 No Yes
(3Shape)
;I;rslﬁzse) Confocal microscopy Small Clelo)] (I8 No Yes
PrlmenScan. Active trlar}gulatlon and Medium-sized I—E@B—l @g@l @g@ Yes Yes
(Dentsply Sirona) confocal microscopy
Omnicam . Active triangulation Medium-sized (=162 [=16]%) Yes Yes
(Dentsply Sirona)
C53600 3D active speed video Medium-sized |=18[)] [=16[%) No Yes
(Carestream)
€s3500 Optical triangulation Medium-sized |=6[2)] |=I[°] No Yes
(Carestream)
iTero Scanner Parallel confocal . .

. . Medium-sized [C18[2)] [CI6])] |16 Yes Yes
(Align Technology) | microscopy
823 i) Active triangulation Medium-sized |C$[2)] [CI6[2] No Yes
700 3D motion video
(Medit) technology / Fullcolor Medium-sized [C18[2)] [C16]°) No Yes

3D broadcast capture

Virtuo VIV,O “Orthographic projection” Small Gl [l No Yes
(Dental Wings)

Figure 1. Comparison of intraoral scanners according to their characteristics

In addition, the manufacturer of each scanner specifies
a scanning strategy, although for each full arch it does
not mention the starting quadrant. In general, newer
scanners, Trios 4 and Primescan provide more accurate
data for full-arch digital impressions. However,
up to the moment there is no evidence of relevant
differences in performance between the various digital
scanners that are clinically relevant. This, on the one
hand, may be due to continuous advances in hardware
development and/or software upgrades. For the
Cerec systems, the software version had a significant
impact on IOS accuracy. And for the Trios scanner,
the hardware also has a significant influence on the
transfer accuracy of full-arch scans (1, 17).
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Comparison between digital impressions
and conventional impressions

Dental impressions can be conventional or digital.
Conventional impressions refer to the negative
impression of the tooth surface and adjacent
structures. Nowadays, the most used materials for this
type of impressions are irreversible hydrocolloids and
elastomers (1, 5, 16).

With the advent of IOS, interest in digital impressions

obtained directly from intraoral scanning has
been increasing (4, 5). Compared to conventional
impressions, digital impressions generated by 10S

have several advantages. However, conventional
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impressions and plaster models have always been
considered the gold standard (9-12). Hasanzade et al.
(13) demonstrated that, for partial-arch impressions,
digital impressions were so —or even more— accurate
than polyether and polyvinylsiloxane impressions
in the fabrication of single-unit, short-span fixed
dental prostheses. In addition, digital scans have
demonstrated clinically acceptable impressions of one
or two contiguous implants (6-8, 10).

As for full-arch impressions, the results of accuracy and
trueness are ambiguous. In this regard, Kong et al. (19)
demonstrated in a systematic review that the veracity
of digital impressions and full-arch irreversible
hydrocolloid impressions were similar, and both
showed high accuracy. This coincides with Sfondrini
et al. ( 14), who reported that accuracies of digital and
alginate impressions were the same. However, Tomita
etal. (15) stated that digital impressions showed higher
accuracy compared to alginate and polyvinylsiloxane
impressions. At the same time, Duvert et al. (16)
found that digital impressions were less accurate
than polyvinylsiloxane impressions. And Atieh et al.
(18) concluded that digital impressions showed lower
accuracy compared to polyvinylsiloxane impressions.

On the other hand, full-arch impressions are essential
for diagnosis in some dental specialties, such as
orthodontics, restorative dentistry, oral rehabilitation,
as well as in preoperative evaluation in orthognathic
surgery (15-20). Therefore, several in vitro studies have
concluded that digital impression provides higher
accuracy for marginal fit values than the conventional
technique, since it avoids possible deformations
due to material properties caused by incomplete
polymerization. However, one should not exclude the
different factors such as saliva, sulcular fluid, blood
and patient motion, which could affect the accuracy of
the impression in in vivo conditions that do not exist
in the in vitro method (1, 6, 17, 19, 20).

Nowadays, digital compared to
conventional impressions, show excellent accuracy
and versatility, and provide a faster workflow, so they
are considered acceptable for clinical use. However,
consideration should be given to the various causes
that may alter the result, such as operator experience,
type of scanner, type of software, environment,
scanning sequence and oral structures. For these
reasons, it is essential to be aware of the factors
that can decrease scanning accuracy to maximize
precision.

impressions,

REFERENCES

1. Kihara H, Hatakeyama W, Komine F, Takafuji
K, Takahashi T, Yokota ], et al. Accuracy and
practicality of intraoral scanner in dentistry: a
literature review. J Prosthodont Res [Internet].
2020; 64(2): 109-113. Available from: https://doi.
org/10.1016/j.jpor.2019.07.010

2. Siqueira R, Galli M, Chen Z, Mendonca 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 Cosmet
Investig [Internet]. 2021; 25(12): 6517-6531.
Available from: https://doi.org/10.1007/s00784-
021-04157-3

3. Carneiro Pereira AL, Bezerra de Medeiros
AK, De Sousa Santos K, Oliveira de Almeida E,
Seabra Barbosa GA, Da Fonte Porto Carreiro A.
Accuracy of CAD-CAM systems for removable
partial denture framework fabrication: a
systematic review. ] Prosthet Dent [Internet].
2021; 125(2): 241-248. Available from: https://doi.
org/10.1016/j.prosdent.2020.01.003

4. Bandiaky ON, Le Bars P, Gaudin A, Hardouin
JB, Cheraud-Carpentier M, Mbodj EB, et al.
Comparative assessment of complete-coverage,
fixed tooth-supported prostheses fabricated
from digital scans or conventional impressions:
a systematic review and meta-analysis. ]
Prosthet Dent [Internet]. 2022; 127(1): 71-
79. Available from: https://doi.org/10.1016/j.
prosdent.2020.09.017

5. Siqueira R, Galli M, Chen Z, Mendonca 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 Cosmet
Investig [Internet]. 2021; 25(12): 6517-6531.
Available from: https://doi.org/10.1007/s00784-
021-04157-3

6. Khalifa N. Digital impressions. En: Jain P, Gupta
M, editores. Digitization in Dentistry. Cham:
Springer; 2021. pp. 169-187.

7. Mangano F, Gandolfi A, Luongo G, Logozzo S.
Intraoral scanners in dentistry: a review of the
current literature. BMC Oral Health [Internet].
2017; 17(1): 149. Available from: https://doi.
org/10.1186/s12903-017-0442-x

8. Ma Y, Guo YQ, Saleh MQ, Yu H. Influence of
ambient light conditions on intraoral scanning: a

Rev Estomatol Herediana. 2024; 34(1): 67-72 71


https://doi.org/10.1016/j.jpor.2019.07.010
https://doi.org/10.1016/j.jpor.2019.07.010
https://doi.org/10.1016/j.prosdent.2020.01.003
https://doi.org/10.1016/j.prosdent.2020.01.003
https://doi.org/10.1016/j.prosdent.2020.01.003
https://doi.org/10.1186/s12903-017-0442-x
https://doi.org/10.1186/s12903-017-0442-x

Palomino-Granados RC, et al.

10.

11.

12.

13.

14.

72

systematic review. ] Prosthodont Res [Internet].
2023; 68(2): 237-245. Available from: https://doi.
org/10.2186/jpr.jpr_d_23_00098

Pan Y, Tsoi JKH, Lam WYH, Chen Z, Pow EHN.
Does the geometry of scan bodies affect the
alignment accuracy of computer-aided design
in implant digital workflow: an in vitro study?
Clin Oral Implants Res [Internet]. 2022; 33(3):
313-321. Available from: https://doi.org/10.1111/
clr.13890

Schlenz MA, Michel K, Wegner K, Schmidt A,
Rehmann P, Wostmann B. Undergraduate dental
students’ perspective on the implementation of
digital dentistry in the preclinical curriculum: a
questionnaire survey. BMC Oral Health [Internet].
2020; 20(1): 78. Available from: https://doi.
org/10.1186/512903-020-01071-0

Lam WYH, Mak KCK, Maghami E, Molinero-
Mourelle P. Dental students’ preference and
perception on intraoral scanning and impression
making. BMC Med Educ [Internet]. 2021; 21(1):
501. Available from: https://doi.org/10.1186/
$12909-021-02894-3

Manisha J, Srivastava G, Das SS, Tabarak N,
Choudhury GK. Accuracy of single-unit ceramic
crown fabrication after digital versus conventional
impressions: a systematic review and meta-
analysis. ] Indian Prosthodont Soc [Internet].
2023; 23(2): 105-111. Available from: https://doi.
org/10.4103/jips.jips_534_22

Hasanzade M, Aminikhah M, Afrashtehfar KI,
Alikhasi M. Marginal and internal adaptation of
single crowns and fixed dental prostheses by using
digital and conventional workflows: A systematic
review and meta-analysis. ] Prosthet Dent
[Internet]. 2021; 126(3): 360-368. Available from:
https://doi.org/10.1016/j.prosdent.2020.07.007
Sfondrini MF, Gandini P, Malfatto M, Di Corato
F, Trovati F, Scribante A. Computerized casts
for orthodontic purpose using powder-free
intraoral scanners: accuracy, execution time,
and patient feedback. Biomed Res Int [Internet].

Rev Estomatol Herediana. 2024; 34(1): 67-72

15.

16.

17.

18.

19.

20.

2018; 2018: 4103232. Available from: https://doi.
org/10.1155/2018/4103232

Tomita Y, Uechi J, Konno M, Sasamoto S, lijima
M, Mizoguchi I. Accuracy of digital models
generated by conventional impression/plaster-
model methods and intraoral scanning. Dent
Mater J [Internet]. 2018; 37(4): 628-633. Available
from: https://doi.org/10.4012/dmj.2017-208
Duvert R, Gebeile-Chauty S. La précision
des empreintes numériques intra-orales en
orthodontie est-elle suffisante? [Is the precision
of intraoral digital impressions in orthodontics
enough?]. Orthod Fr [Internet]. 2017; 88(4):
347-354.  Available from: https://www.jle.
com/10.1051/orthodfr/2017024

Tabesh M, Nejatidanesh F, Savabi G, Davoudi A,
Savabi O. Marginal accuracy of lithium disilicate
full-coverage single crowns made by direct and
indirect digital or conventional workflows: a
systematicreview and meta-analysis. ] Prosthodont
[Internet]. 2022; 31(9): 744-753. Available from:
https://doi.org/10.1111/jopr.13515

Atieh MA, Ritter AV, Ko CC, Duqum I. Accuracy
evaluation of intraoral optical impressions:
a clinical study using a reference appliance. ]
Prosthet Dent [Internet]. 2017; 118(3): 400-405.
Available  from:  https://doi.org/10.1016/j.
prosdent.2016.10.022

Kong L, Li Y, Liu Z. Digital versus conventional
full-arch impressions in linear and 3D accuracy:
a systematic review and meta-analysis of in vivo
studies. Clin Cosmet Investig [Internet]. 2022;
26(9): 5625-5642. Available from: https://doi.
org/10.1007/s00784-022-04607-6

Pilecco RO, Dapieve KS, Baldi A, Valandro LF,
Scotti N, Pereira GKR. Comparing the accuracy
of distinct scanning systems and their impact on
marginal/internal adaptation of tooth-supported
indirect restorations. A scoping review. ] Mech
Behav Biomed Mater [Internet]. 2023; 144:
105975. Available from: https://doi.org/10.1016/j.
jmbbm.2023.105975


https://doi.org/10.2186/jpr.jpr_d_23_00098
https://doi.org/10.2186/jpr.jpr_d_23_00098
https://doi.org/10.2186/jpr.jpr_d_23_00098
https://doi.org/10.1111/clr.13890
https://doi.org/10.1111/clr.13890
https://doi.org/10.1186/s12903-020-01071-0
https://doi.org/10.1186/s12903-020-01071-0
https://doi.org/10.1186/s12903-020-01071-0
https://doi.org/10.1186/s12909-021-02894-3
https://doi.org/10.1186/s12909-021-02894-3
https://doi.org/10.4103/jips.jips_534_22
https://doi.org/10.4103/jips.jips_534_22
https://doi.org/10.1155/2018/4103232
https://doi.org/10.1155/2018/4103232
http://www.jle.com/10.1051/
http://www.jle.com/10.1051/
http://www.jle.com/10.1051/
https://doi.org/10.1016/j.prosdent.2016.10.022
https://doi.org/10.1016/j.prosdent.2016.10.022
https://doi.org/10.1007/s00784-022-04607-6
https://doi.org/10.1007/s00784-022-04607-6
https://doi.org/10.1016/j.jmbbm.2023.105975
https://doi.org/10.1016/j.jmbbm.2023.105975

