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Abstract

The aim of this narrative literature review is to present the possibilities of using cone beam computed
tomography (CBCT) and 3D dental scanners to prepare comprehensive, interdisciplinary treatment plans.
Scanners are instruments whose usage seems to be a key element of modern digital dentistry. Their im-
portance in orthodontic treatment with overlay appliances, planning modemn prosthetic treatments (CAD/
(CAM) and implantology cannat be overestimated. These scanners allow for accurate imaging of the tooth
structures and their positioning independently in the maxilla and mandible as well as in the occlusion.
As aresult, dentists can plan treatment, e.g., in the case of the need to implant dental implants, prosthetic
crowns or orthodontic braces. Dentistry was revolutionized to a similar extent by the introduction of CBCT
to everyday diagnostics, which is the most advanced imaging technology that provides even more detailed
images in 3 dimensions. Its use has enabled a wider and more precise range of diagnostics, which in turn has
improved the quality of multidisciplinary treatment planning. This paper explains how scanners and CBCT
can be used in orthodontics and prosthetics based on the articles found in 3 databases: PubMed, Scopus
and Embase. The review included 28 articles on the aforementioned topics and was presented with a brief
description of the content of each article.
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Introduction

Modern dentistry provides many new tools for carrying
out diagnostics allowing for the preparation of the saf-
est, interdisciplinary treatment plans. They include, e.g.,
cone-beam computed tomography (CBCT) and modern
intraoral scanners.!

Cone beam computed tomography can be used in almost
every field of dentistry as it allows for determining the spa-
tial conditions of the jaw bones, which is used, among
others, in dental surgery, orthodontics and maxillofacial
surgery, but also enables precise assessment of alveolar
processes, the quality and density of their bones, the course
of individual tooth structures, such as root canals, which
greatly facilitates endodontic treatment or endodontic
re-treatment, and also makes it possible to detect even
the smallest periapical inflammatory foci or external and
internal resorption?. In orthodontics, CBCT makes it pos-
sible to assess bone conditions and plan the range of pos-
sible tooth movements while avoiding complications such
as fenestrations, dehiscences or recessions.®

In implant prosthetics, CBCT can be used to assess
the possibility of implantation without additional pro-
cedures, such as sinus floor elevation or bone grafting,
and if the procedure is necessary, to design its scope and
architectonics.* After the initial planning of the implant
insertion position and path, another digital element facili-
tating the complicated implantation procedure is the use
of a Dynamic Navigation system or specially prepared sur-
gical templates in CAD/CAM technology.® Cone beam
computed tomography also increases the safety of per-
formed procedures, allowing for precise determination
of the location of individual nerve canals, which are ana-
tomically variable.®

In addition to CBCT, 3D scanners are also widely used
in today’s dentistry. Intraoral scanners make it possible
to reproduce the patient’s occlusion without the use
of impression materials.” This ensures accurate mapping
of the mutual arrangement of teeth, which is necessary for
proper diagnosis before orthodontic treatment and assess-
ment of the correctness of the treatment effects, as well
as minimizes the impression-taking procedure, which
is unpleasant for patients. As a result, it is also possible
to avoid distortions in models cast from impressions, when
they are stored under inappropriate physical conditions.
Owing to scanners, this problem can also be eliminated
in prosthetics. They enable to accurately map the tooth
preparation border for permanent restorations (inlays,
onlays, crowns) directly in the patient’s oral cavity, or in-
directly, by applying extraoral scanners used in prosthetic
laboratories.® Using special computer software, it is pos-
sible to determine the insertion path, and then fabricate
the finished prosthetic appliance (e.g., in CAD/CAM tech-
nology) and transfer it into the patient’s mouth.

Nowadays, CBCT and scanners are auxiliary tools com-
monly used in various fields of dentistry, which is the aim
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of this article. It presents their principles, types, and ap-
plications based on academic knowledge and provides
the current knowledge contained in articles from the last
5 years available in the US National Library of Medicine
National Institutes of Health (PubMed), as well as Sco-
pus and Web of Science databases. The last search was
performed on May 10, 2023. Two authors selected and
described the articles (WF, AJ), and the 3'4 author reviewed
them in accordance with the guidelines (MM). The results
of their review are presented later in the article.

Objectives

The aim of this study was to present the advantages and
possibilities of using CBCT and intraoral scanners in clini-
cal practice during dental procedures, to show their useful-
ness in planning prosthetic and orthodontic procedures
as a tool of modern digital dentistry.

Materials and methods

The present systematic review was conducted in ac-
cordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement.’
The study took into account articles from 3 databases:
PubMed, Scopus and Web of Science. The initial search
took place on March 15, 2023, and included a total
of 421 articles. After removing duplicates, 273 articles
advanced to the next stage. Articles had to meet cri-
teria such as being written in English and not being
older than 5 years. After a deeper analysis, 214 articles
were excluded due to a topic other than the main one
discussed by the authors. Overall, 28 articles were in-
cluded for the final description in the review if they
met all the criteria, i.e., they referred to CBCT and/or
dental scanners used in dentistry. A PRISMA 2022 Flow
Diagram representing the study selection process is pre-
sented in Fig. 1.

Cone beam tomography in dentistry

Itis very interesting to observe how innovative technolo-
gies are increasingly applied in dentistry and orthodontics.
Cone beam computed tomography, in particular, is becom-
ing the imaging technique of choice in comprehensive
orthodontic treatment.'’

Over the past 2 decades, CBCT, a versatile 3D X-ray
imaging technique, has become increasingly popular
in the field of dental radiology.!! Since the development
of the first CBCT device specifically for maxillofacial im-
aging in 1998, the variety of models has increased signifi-
cantly, especially in the last 10 years.!?

The CBCT technology uses a conical source of ionizing
radiation and a 2-dimensional (2D) monitor.'® It offers
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dimensionally accurate multi-dimensional images for
diagnosis and treatment planning. The isotropic vox-
els (volume elements) in these images provide accurate
multiplanar images in any direction.! Each volume ele-
ment has equal dimensions in each of the 3 perpendicular
planes.

Principles of CBCT

The principle of CBCT scanning is based on the rota-
tion of a gantry with an X-ray tube and an image detector.
The X-ray cone beam is attenuated by the patient’s tissues
and the imaging area is exposed during scanning. Partial
tissue exposure occurs in a rotating region around the im-
aging area, as the X-ray beam cone sweeps the necessary
angular range to obtain the raw projection images used
to reconstruct the final 3D CBCT images.'®

Radiation doses from CBCT devices can be determined
using an optically stimulated luminescence dosimeter
(OSLD) or the Monte Carlo method. In the first method,
a phantom simulating human body tissues in the maxillo-
facial area was equipped with OSLD and subjected to 4 dif-
ferent test conditions using 2 different devices. The ir-
radiated portion of the skin, lymph nodes and muscles
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of the head and neck area was estimated to be 5%, and
the irradiated portion of the esophagus was estimated
at 10%. In both cases, the oral mucosa and salivary glands
were the most frequently irradiated organs.®

The use of CBCT in prosthetics
and orthodontics

The digitization of orthodontic and prosthetics proce-
dures is increasing due to the use of the latest technologies.
Currently, better and more individualized treatment plan-
ning is possible, largely due to the use of overlays, digital
dental models and wider access to CBCT images."”

In addition, CBCT offers applications for surgical pro-
cedures, such as conducting CT scans with computer-
generated surgical templates used in implant prosthetics,
as well as enhanced in-office diagnostic capabilities. Cur-
rent practice requires a thorough understanding of the ba-
sics of CBCT science and the ability to accurately and fully
interpret images.!®

The tables below summarize the potential applications
and current knowledge on some types and selected proper-
ties of CBCT, which is increasingly used in dental prosthet-
ics (Table 1) and orthodontics (Table 2).
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Table 1. The use of cone beam computed tomography in prosthodontics in the last 5 years of publications

Significance

Number Author and year
Visual grading experiments and
Al-Humairietal, | . optlmlzatlgn in 'CBCT dgntél
1. 20221 implantology imaging: Preliminary
application of integrated visual
grading regression
Guided implant surgery with
5 Chandranetal, = R2Gate® A multicenter retrospective
’ 2022% clinical study with 1 year
of follow-up
The accuracy of computer-guided
implant surgery with tooth-
3 Derksen et al., supported, digitally designed drill
' 2019 guides based on CBCT and intraoral
scanning. A prospective cohort
study
Predictability and image quality
of low-dose cone-beam computed
Horsch et al,, ; 4
4. 20212 tomography in computer-guided
implantology: An experimental
study
Kauling et al Can lithium disilicate ceramic
5. 2019923 ! crowns be fabricated on the basis
of CBCT data?
Leisner et al, .Measur'lng peri-implant bone
6. 202% lesions using low-dose cone-beam
computed tomography
Quantitative assessment of artefacts
Mauad et al, . and \qlentlﬂcatlon of gaps ‘
77. 20015 in prosthetic crowns: A comparative
in vitro study between periapical
radiography and CBCT images
Digital immediate tooth restoration:
Fabricating acrylic resin interim
Polara et al,
8. 2022 crowns from CBCT scans for
immediate implant-supported
prostheses: A case series

Optimization of the radiation dose used in the examination in dental
implantology — CBCT was used as a tool for visualizing a human skull phantom
using a real skull as bone and a plexiglass-like material as soft tissues.
Using integrated visual grading regression (IVGR), it was assessed whether
it was possible to reduce the amount of radiation during the examination
without significantly affecting the image quality. The dose reduction was
estimated at 31%, proving that IVGR can be an effective tool to determine
reduction not only in CBCT but also in computed tomography (CT) — but more
research is needed to confirm it.

Cone beam computed tomography was used to study the patient’s anatomy
and bone condition before planning implant treatment. The prosthetic
laboratory, based on Digital Imaging and Communications in Medicine (DICOM)
files, made surgical guides without a guide sleeve in a new, keyless system.

Implantation using surgical templates - the initial qualification of patients
included 68 study participants. Based on CBCT results, 2 patients were
excluded due to insufficient bone width and the need for horizontal bone
augmentation. Cone beam computed tomography was also used to determine
the standard deviation of the implant position.

Digitally designed and printed 3D drill guides/surgical templates were created
based on both (intra-oral scans (I0S) and CBCT data.

The study was designed to test the predictability and image quality of low-
dose cone beam computed tomography (LD-CBCT). The aim was to reduce
the radiation dose without compromising image quality and its usefulness
in clinical analysis. The apex deflection and deflection angle of LD-CBCT were
greater than in the case of high-definition cone beam computed tomography
(HD-CBCT), whereas no significant differences were noticed in entry point
deviation. Despite the differences, the authors claimed that the advantages
of HD-CBCT could be balanced with a higher radiation dose.

The fit of lithium disilicate CAD/CAM crowns fabricated on the basis of direct
(109), indirect (CBCT) digitization of impressions and indirect digitization
of plaster cast (extraoral scanners (EOS)) was assessed. Unfortunately,
although the marginal fit of CBCT is within the clinically acceptable range,
it is significantly inferior to EOS and IOS.

The aim of this study was to determine whether peri-implant bone changes
could be accurately measured with LD-CBCT, even when the influence
of surrounding tissues was taken into account. Although the surrounding
tissue degrades the quality of CBCT with an LD image, the differences between
the 2 technologies in terms of absolute differences are negligible.
Taking into account the limitations of the in vitro study, LD-CBCT may become
a useful imaging technique for tracking peri-implantation lesions while
exposing patients to much less radiation.

Determination of the diagnostic precision of CBCT scans and periapical
radiographs in identifying gaps in prosthetic crowns and the number
of artifacts produced in vitro by 2 separate regenerating materials.

Periapical radiography remained the most economical method of identifying
the maladjustment of prosthetic restorations. CBCT examinations, although

more expensive than ordinary radiovisiography (RVG), did not increase
the accuracy of identifying defects in prosthetic crowns. However, they can

serve as an additional diagnostic tool.

The purpose of this clinical study was to describe a method for creating
a temporary acrylic resin crown using CBCT information. Using the technique
of rapid implant placement and provisional restoration, information from
CBCT scans resulted in temporary acrylic resin crowns, which required fewer
corrections, thus shortening the time of performing the procedure.

Scanners in dentistry

Intraoral scanners are used to visualize the maxillary and
mandibular dental processes together with their soft tis-
sues.®? They allow for digitization of dental arches to create
virtual models that replace conventional dental impressions.

The scanner works by projecting a light source in the form
of alaser or structured light to capture 2D images of the object

being scanned. The scanner software then processes the cap-
tured 2D images to create point clouds, which are triangulated
to create a 3D surface model (mesh) of the scanned object.3*

The history of intraoral scanners dates back to 1985,
when a scanner called CEREC 1 was developed by Dentsply
Sirona. However, the system created over 30 years ago had
its limitations — it provided a 2D view of scanned images and
was only used to create posts for immediate cementation.®®
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Table 2. The use of cone beam computed tomography in orthodontics in the last 5 years of publications

Number | Author and year |

Alsino et al.,
2022%

Chunetal,
2022%8

Halim et al.,
2021%

Ruetters et al.,
20223

van Bunningen
etal, 20223

Wang et al.,
202132

Title

The diagnostic accuracy of cone-
beam computed tomography
(CBCT) imaging in detecting
and measuring dehiscence and
fenestration in patients with
class I malocclusion: A surgical-
exposure-based validation study

Skeletal and alveolar changes
in conventional rapid palatal
expansion (RPE) and mini-
screw-assisted RPE (MARPE):
A prospective randomized
clinical trial using low-dose
CBCT

Preliminary study: Evaluating
the reliability of CBCT images for
tongue space measurements
in the field of orthodontics

Low-dose CBCT imaging
of alveolar buccal bone adjacent
to mandibular anterior teeth:
A pilot study

Precision of orthodontic
cephalometric measurements
on ultra-low dose-low
dose CBCT reconstructed
cephalograms

Multiclass CBCT image
segmentation for orthodontics
with deep learning

Significance

The authors of the article intended to check how CBCT could increase the rate
of fenestration and dehiscence detection among patients. Unfortunately, no study
evaluated diagnostic accuracy, so pre-orthodontic status was assessed against
the gold standard, i.e.,
actual clinical detection of bone defects during surgical exposure. Compared
to the gold standard, the crack detection percentage was 2.5 times higher, and
the fenestration detection rate was almost 3 times higher.

Cone beam computed tomography was used to define and visualize skeletal and
alveolar changes in conventional rapid palatal expansion (RPE) and mini-screw-
assisted RPE (MARPE). The main outcome of this study was the opening of the mid-
palatal suture, and the secondary findings were the assessment of the skeleton,
dento-alveoli and periodontium, imaged with CBCT.

The aim of the study was to assess the accuracy of tongue space measurement,
including tongue volume and oral air volume, using CBCT. According to the earliest
findings of the study,
the landmarks used to calculate the total language space are repeatable and easy
to detect using CBCT.

The aim of the study was to assess whether CBCT could be used to measure
the thickness of the buccal bone in the mandible and in the anterior segment,
which would be useful during orthodontic and periodontal treatment. It was
noted that low-dose cone beam computed tomography (LD-CBCT) is a sufficiently
accurate and practical method for measuring the bone of the buccal alveolar
process adjacent to the anterior teeth of the human lower jaw.

The authors of the study aimed to assess whether the use of CBCT could replace
the standard radiovisiography (RVG) image/radiograph during cephalometric
measurements. Low-dose CBCT was used for this purpose. It turned out that
CBCT allows for cephalometric measurements with small differences. However,
the significant advantage is the avoidance of a high radiation dose, so using it for
these purposes should be considered by orthodontists in the future.

The study describes the use of CBCT for maxillary and mandibular segmentation,
necessary to plan the correct orthodontic treatment. This is usually a long-term
process performed manually/semi-automatically by the physician, which is why

the authors are looking for a new method of segmentation. The study used

a new MS-D network (multi-class segmentation) for CBCT scans of the jaw, teeth

and background - it achieved segmentation accuracy comparable to binary
segmentation, i.e, the one used by default.

Since then, the shortcomings of the scanner have been re-
moved and the device has been improved. The current version
of the system is CEREC 3D, and there is a whole list of intraoral
scanners available on the market. These include, i.a., Trios 3
and Trios 4, iTero Element, iTero 2, iTero 5D Element, Dental
Wings, Panda, Medit i500, Planmeca Emerald™ and Aorals-
can. Of these, the Trios series shows the highest scanning
accuracy. It should be noted that regardless of the type of scan-
ner used, moving the device away from the scanned image has
a negative effect and reduces the accuracy of measurements.
The same happens when scanning from a different angle.
It has been shown that diagonal scanning reduces the preci-
sion of mapping, so it should always be done carefully and
in accordance with the manufacturer’s recommendations.3®

In addition to the scanning technique, the operator’s
experience is important. The more experienced the op-
erator and the smaller the area to be scanned, the more
precise the effect is.”

Orthodontic scanners are used at the beginning, dur-
ing and after treatment. There is often a need to obtain

an image of full dental arches together with the fixed
orthodontic appliances. There may be doubts about
the accuracy of the obtained scan. Studies have shown
that the presence of orthodontic brackets has no clinically
significant effect on the scanning precision.3®

The use of scanners in prosthetics
and orthodontics

For prosthetic reconstruction planning or malocclusion
diagnosis, it is important to register occlusal contacts.
The intraoral scanner minimizes the need to use occlud-
ing papers for this purpose, because the interocclusal re-
cord made with intraoral scanners is more accurate than
the measurement using traditional physical methods.**

An important procedure in both prosthetics and ortho-
dontics is reporting the mutual position of the maxilla and
mandible at various stages of treatment. In the case of con-
ventional methods, such registration may give false mea-
surement results due to the deformation of the materials
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Number Author and year
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Significance

Influence of preparation type and tooth
geometry on the accuracy of different
intraoral scanners

Ashraf et al,,
20224

Clinical study comparing the accuracy
of interocclusal records, digitally
obtained by three different devices

2. Fraile et al,, 20224

A digital approach to the evaluation
of mandibular position by using
a virtual articulator

3. Park et al, 202143

Clinical evaluation of time efficiency
and fit accuracy of lithium disilicate
single crowns between conventional
and digital impression

4, Park et al.,, 2020*

Accuracy of virtual interocclusal records

45
> i Gl 2029 for partially edentulous patients

Comparison of intaglio surface
adjustment in the oral cavity for lithium
disilicate crowns fabricated using
different scanners

6. Son et al, 202146

In the case of complex tooth preparations and non-standard geometries,
scanning accuracy decreases. The type of scanner also affects precision
— when comparing the 3 Shape Trio, Medit i500 and Cerec Omnicem,
there were no significant differences between the first 2, but they
showed significantly higher accuracy than Cerem Omnicem, even when
the preparation was simple.

When comparing the accuracy of occlusal contact measurements
made with the intraoral scanner, the extraoral scanner and the T-Scan Il
system, it was found that the intraoral scanner was the most accurate.
The intraoral scanner can be successfully used to examine occlusal
contacts.

The use of an intraoral scanner together with CBCT makes it possible
to assess the centric relation occlusion (CRO) and the maximal intercuspal
position (MIP). This eliminates the need to wear a facebow.

The impression of abutments for lithium silicate crowns was made
by conventional and digital methods using 2 scanners — AEGIS,

PO and CEREC Omnicam. The scanning time was shorter compared
to the traditional method of taking impressions, which made it possible
to make a single crown during one visit.

The difference in the accuracy of fitting between the 2 mentioned
methods was not statistically significant.

The study showed that the intraoral scanner in a partially edentulous
arch can be used without fear of a decrease in the accuracy of the virtual
record when a single tooth in the posterior segment is missing. When
the edentulous area is more extended (3 or more teeth in the anterior
and posterior parts of the arch), the record accuracy decreases.

The intra-oral fitting of crowns made on the basis of a scan taken with
3 scanners was compared with crowns made on the basis of conventional
impressions. Intraoral scanners can be used to make fitted crowns instead
of the conventional method. However, the study proved
that those prepared with impressions require fewer intraoral adjustments.

used. Intraoral scanners overcome this problem — there
is no need for materials, so there is no deformation and
the results become repeatable.*

The following tables summarize the current knowledge
on the selected types as well as properties of scanners used
in prosthetics (Table 3) and orthodontics (Table 4).

Discussion

Three-dimensional models designed on the basis
of CBCT can be used to perform various types of proce-
dures, such as crown lengthening, making a surgical tem-
plate, or redesigning the patient’s occlusion using spe-
cialized software. This is possible by converting CBCT
images from Digital Imaging and Communications in
Medicine (DICOM) files to STL, which in turn can be
applied to stereolithographic (STL) files from intraoral
scans, and then, using 3D printers, a specific drill guide
can be prepared.>>%¢ Cone beam computed tomography
is also helpful in implant prosthetics. The accuracy of im-
aging of bone defects around implants using CBCT was
assessed by Song et al.” The study showed that CBCT
is more accurate and reliable than intraoral imaging
in detecting, classifying and measuring peri-implant
bone defects. Based on the data obtained, it is possible

to take actions whose righteousness could not be con-
firmed with intraoral imaging alone.

Cone beam computed tomography tools also have their
drawbacks as their accuracy can be affected by factors such
as patient’s movement, metal artifacts, device-specific ex-
posure parameters, software, and manual and automated
procedures.>® They can reduce the precision and reliability
of linear measurements in CBCT images.

The development of CBCT and CAD/CAM technolo-
gies has made it possible to create partial dentures and
single crowns with precise mapping of tooth, arch and
bone anatomy. Direct transfer of CBCT data to CAM
software can eliminate a number of manufacturing pro-
cesses. After tooth preparation, crowns can be restored
directly on the prepared natural teeth, without the need
to take final intraoral impressions thanks to CBCT with
a voxel size of 0.125 mm, which is necessary for diagno-
sis and/or treatment planning.>® However, CAD/CAM
technology is not without its disadvantages, because
prosthetic restorations are milled from large blocks and
about 90% of the prefabricated blocks are lost during
their machining.%°

Intraoral scanners have significantly shortened the time
from the patient’s first visit to the completion of treatment.
Omitting the stage of making a conventional impression
shortens the time needed to send it to the prosthetic
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Table 4. The use of scanners in orthodontics in the last 5 years of publications

Number | Authorand year

1273

Significance

: Comparison of digital intraoral scanners
Burzynski et al,, ) ) . . .
1. 20184 and alginate impressions: Time and patient
satisfaction
Accuracy of three-dimensional printed
Ferraro et al,, g
2. 2022 models derived from cone-beam computed
tomography
3 Koch et al, 2022 Accuracy of indirect bomdmg trays
— a measurement algorithm
. Comparative analysis of intraoral scanners
Pellitteri et al,, . .
4. 50225 accuracy using 3D software: An in vivo
study
s Pellitteri et al,, Comparison of the accuracy of digital face
’ 20217 scans obtained by two different scanners
Computerized casts for orthodontic
6 Sfondrini et al,, purpose using powder-free intraoral
' 2018%2 scanners: Accuracy, execution time, and
patient feedback
7 Schnailendran Accuracy and reliability of tooth widths and
’ etal, 2022> Bolton ratios measured by ClinCheck Pro
Accuracy on scanned images of full
8 Song and Kim, arch models with orthodontic brackets
’ 2020° by various intraoral scanners in the presence
of artificial saliva

An intraoral scanner can be a solution for patients who experience
discomfort and pain when using standard alginate masses.

Intraoral scanners and cone beam computed tomography (CBCT) can
be used to measure tooth width and intercanine molar width, giving
clinically insignificant discrepancy in results. Most deviations are noted
in the area of the molars.

TRIOS® 3 Shape was used to make a transfer splint, which turned out
to be a digital alternative to the conventional one.

An intraoral scanner provides information about the shape and width
of dental arches. Among CS3600, CEREC Omnicam and Trios 3Shape,
the latter reproduces single teeth most accurately. Comparing the use
of scanners to conventional impressions, it can be observed that
scanners deform the molar area more than conventional impressions.

The Face Hunter extraoral scanner gives the opportunity to compare
key parameters before and after treatment, which is why it is a very
good clinical tool for routine assessment of treatment effectiveness.

It can also replace the X-ray in the youngest patients. The image
obtained from this scanner can be compared with the image of hard
tissues obtained from computed tomography.

Intraoral scanners show accuracy comparable to alginate impressions.
They can be used to reduce the waiting time for the final product
to be picked up from the lab. Scanning takes less time than taking

a conventional impression, which is especially important for patients

with a gag reflex.

The Clincheck Pro scanner was used to measure the tooth width and
Bolton ratio. This scanner, compared to the 3D OP and a calibrated
digital caliper, underestimates the tooth width.

The accuracy of mapping full arches with 3 types of brackets — ceramic,
metal, resin, and without brackets using CS3600, i500, Trios3 was
compared. Metal or resin brackets showed greater discrepancies.

Regardless of the bracket type, CS3600 and Trios3 gave more accurate
results than i500.

laboratory, as well as the time needed for corrections
caused by a communication error between the doctor and
the technician.®! Regarding the aforementioned commu-
nication, the scanner is also a tool that helps in mutual
understanding between the doctor and the patient. Pre-
sentation of a prosthetic or orthodontic problem by means
of a scan displayed on the monitor screen better illustrates
the scale of the problem to the patient and makes it pos-
sible to avoid misunderstandings resulting in the failure
to meet the patient’s expectations or irreversible damage
to the patient’s tissues. In the patient—doctor—technician
relationship, the mapping of the patient’s oral tissues
using a scanner instead of conventional impressions re-
duces the risk of cross-infection, which is important given
the existing problem of unsatisfactory awareness of dental
technicians about infection control.®?> Al-Mortadi et al.
assessed the knowledge of dental technicians in Jordan
about infection control and their practice of disinfection.®
Over 40% of laboratories admitted that they did not ad-
equately disinfect both alginate and silicone impressions.
Most (more than half) of the laboratory owners believe
that disinfection of impressions is only the dentist’s re-
sponsibility before sending them to laboratory, and 38%

of the respondents declared that they did not use gloves
in the laboratory.

Specialists from all fields of dentistry, especially ortho-
dontics and prosthetics, would not be able to fully solve
the patient’s problems without imaging. Scanners are a very
good clinical tool for routine assessment of treatment ef-
fectiveness. Due to the fact that data are collected in files
on a computer, there is no problem with the lack of space
for the required storage of plaster models for 20 years after
treatment. Nevertheless, the CBCT scanner is quite large,
which is its disadvantage, as is its price.**

Scanned images provide essential information needed
for digitally assisted design and even fabrication of full
dentures. Data obtained with scanners are often more
precise and accurate than those obtained with analogue
impressions.®® Al-Atyaa and Majeed proved that the im-
pression technique had a significant impact on the mar-
ginal and internal seal of CAD/CAM monolithic zirconia
crowns.%¢

Differences in mean values of marginal fissures caused
by the impression technique were statistically significant.
Zirconium oxide crowns made using an intraoral scanner
showed a better marginal and internal fit than crowns made



1274

with conventional impression techniques. The authors also
noted that, among conventional impressions, a better fit
of the crowns is obtained with the use of a two-step rather
than one-step impression-taking method. In turn, when
comparing the discrepancy in the marginal seal of lithium
disilicate crowns made in CAD/CAM technology using
conventional impressions and with the use of intraoral
scanners, it was found®” that there is no statistically signifi-
cant difference in the effects between the above-mentioned
impression techniques.

A similar level of accuracy is achieved in the case
of crowns made using conventional and digital impressions.

In reviews with meta-analyses performed by other
authors, we can find information that IOSs are precise
enough to provide full-arch digital impressions that meet
clinical requirements. The accuracy of IOS’s for complete
arches can change depending on the clinical situation.
Based on information from articles examined in another
systematic review, objectives could not be precisely and
objectively defined. The authors do not know which im-
plant impression approach results in a superior passive fit
of the superstructure.®®®

Limitations

When scanners and CBCT are used, we can count
on more accurate imaging of tissues and anatomical struc-
tures within the patient’s head, but unfortunately there
are also limitations to this technology. A large number
of studies indicate the advantages of using these devices
in everyday clinical practice.

However, taking into account the opinion of many pros-
thetic technicians working in prosthetic laboratories, it can
be noticed that not all scans allow for as accurate reflection
of the patient’s oral cavity conditions as impressions taken,
e.g., with silicone or polyether masses. They believe that
impressions prepared with the use of scanners often need
additional corrections, which extends the treatment time
and causes additional visits to the dentist’s office.1®

In the case of CBCT, the main limitations that may oc-
cur during the examination are the high cost of the device,
which translates into a higher cost of the examination,
limited access to the radiology laboratory, and exposure
of the patient to ionizing radiation.!* The limitation for
the physician is mainly the additional need for training,
which also generates costs for the office.

Conclusions

Cone beam computed tomography is a tool for in vivo
and in vitro examinations of oral cavity tissues. Despite
the existing doubts and discussions regarding the safe dose
of radiation, it has been proven that cone beam tomography
can be applied in various fields of dentistry, from maxil-
lofacial surgery through prosthetics to orthodontics.

W. Frackiewicz, A. Jankowska, M.E. Machoy. CBCT and scanners in modern dentistry

Early detection of changes in the bone and its more ac-
curate image help to plan a safe range of tooth movements
and to notice early periapical changes that are a contrain-
dication to moving the teeth.

Intraoral scanners allow for hard tissue imaging, which
can be useful in prosthetics to determine the margin
of preparation during tooth preparation procedures for
permanent restorations, and in both prosthetics and or-
thodontics to determine and design the occlusion.

Despite the discussed applications for both tools, there
are still many fields of dentistry and other applications that
have not been described so far, and future research may
enable their widespread use in everyday dentistry.
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