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ABSTRACT: The aim of this integrative review is to investigate the possibility of aligning three-dimensional
intraoral scanner data with facial mobile device data, as well as comparing the effectiveness of Al-based
search with manual search methods. This investigation adhered to the PRISMA guidelines aiming to
answer the PICO question: “Does the facial and intraoral three-dimensional technologies are compatible
and clinically applicable in oral rehabilitation?”. Was employed a search strategy incorporating specific
keywords ("dental”, “intraoral", "photogrammetry”, "stereo photo", "scanner", "three-dimensional”,
"stereophotogrammetry”, "scan", "virtual articulators", "facebow", "face", "facial") within multiple
databases (Pubmed, BVS, and Scielo), including artificial intelligence (Scite.ai). Of the 7128 initially
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identified articles, 4 articles of manual search were included but none article of the artificial intelligence
website were added. Among the most used: at the intraoral scanners were the TRIOS (3shape) (n=2) and
for facial images the Apple Inc. cell phones (n=2). The most frequently reported software was Bellus3D
(Bellus3D Inc.) with particular emphasis on the georeferencing tactic software. Several commonalities
were observed, including the requirement for a 30cm spacing during cell phone-based extraoral
scanning, the necessity for multiple captures, and the inclusion of landmarks and/or perioral and nasal
scans. Manual searching is still the gold standard scientific searching data; Both stereophotogrammetry
and mobile device scan can be used for facial scanning and the files can be integrated by utilizing
georeferencing tactic software.

KEYWORDS: Three-dimensional imaging; Artificial intelligence; Dental articulator; Temporomandibular
joint; Photogrammetry.

RESUMEN: El objetivo de esta revision fue investigar la posibilidad de alinear los datos de un escaner
intraoral tridimensional con los datos de dispositivos moviles faciales, asi como comparar la efectividad
de la busqueda basada en Inteligencia Artificial con los métodos de busqueda manual. Esta investigacion
se adhirio a las directrices PRISMA con el objetivo de responder a la pregunta PICO: ";Las tecnologias
tridimensionales faciales e intraorales son compatibles y clinicamente aplicables en la rehabilitacion
oral?". Se empled una estrategia de busqueda incorporando palabras clave especificas (“dental”,
“intraoral", "fotogrametria”, "escaner", "tridimensional”, "estereofotogrametria”, "scan", "articuladores
virtuales", " facebow", "rostro", "facial") dentro de multiples bases de datos (Pubmed, BVS y Scielo),
incluida la inteligencia artificial (Scite.ai). De los 7128 articulos identificados inicialmente, se incluyeron
4 articulos de busqueda manual pero no se agrego ningun articulo del sitio web de inteligencia artificial.
Entre los mas utilizados: en los escaneres intraorales se encontraban los TRIOS (3shape) (n=2) y para
imagenes faciales los teléfonos moviles de Apple Inc. (n=2). El software reportado con mayor frecuencia
fue Bellus3D (Bellus3D Inc.), con especial énfasis en el software de georreferenciacion. Se observaron
varios puntos en comun, incluido el requisito de un espacio de 30cm durante el escaneo extraoral
con teléfono celular, la necesidad de capturas multiples y la inclusion de puntos de referencia y/o
escaneos periorales y nasales. La busqueda manual sigue siendo el estandar de oro para la busqueda
de datos cientificos. Tanto la estereofotogrametria como el escaneo de dispositivos moviles se pueden
utilizar para el escaneo facial y los archivos se pueden integrar mediante el uso de software tactico de
georreferenciacion.

PALABRAS CLAVE: Imagen tridimensional; Inteligencia artificial; Articulador dental; Articulacion
temporomandibular; Fotogrametria.
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INTRODUCTION

In a new era of precision, efficiency, and
patient-centric care, the progression of the use of
scanners has been linked to the growth of CAD/CAM
systems and their completely digitalized workflow
reality, revolutionizing the diagnostic and treatment
planning phases of oral rehabilitation (1).

The transition to a fully digital workflow in
dentistry naturally sparked interest in publications
related to the development of a virtual articula-
tor aiming their digital high-precision, manufac-
turing speeding up process and making it more
accurate (2).

The mechanical articulators are insufficient
to simulate the distortion and deformation of the
mandible during loading conditions. They follow the
average boundary measurements of the mechani-
cal joint, which never represent the effects of the
resilience of the soft tissue (3, 4).

There are numerous types of digital facebow
software, and regardless of their type, they are
extremely important in both diagnosis and complex
treatment planning. It has been reported that the
accuracy of virtual patients registered by different
methods varies, possibly as a result of errors in
registration and digitization (2, 5).

Recently, interest in the use of three-dimen-
sional (3D) depth-sensing smartphone cameras
has been spreading for facial scanning. These
devices have become popular due to their affor-
dable cost as well as their easy transportation and

handle, reducing technical learning time. Another
growing 3D system is short-range photogrammetry,
but there has been limited existing studies about
the integration of extraoral with intraoral data (5).

The gold standard of this individualized combi-
nation data is the cone beam computed tomography
(CBCT) and intraoral scanning (6). Still, its use,
involving unnecessary ionizing radiation and the
need to transport patients to a radiology center,
makes this standard unfeasible for all dental
no-surgical rehabilitation (6).

However, despite the many advantages, there
are still obstacles and shortcomings to be resolved.
Some systems require a layer of powder on the tooth
to recognize the surface during scanning process,
which can affect accuracy and most professional
stereophotogrammetry scanners are complex and
require a long learning curve to optimally execute
the scanning protocols (1).

While the accuracy of these systems is still
being assessed, additional analysis and compa-
risons remain essential. When conducting data
pursuit, a more expansive search increases the
likelihood of discovering articles relevant to the
chosen topic, being extremely relevant the artificial
intelligence (Al) application (7).

So, this integrative review aims to explore
the potential for integrating three-dimensional
intraoral scanner data and aligning it with facial
mobile device data, as well as comparing the
effectiveness of Al-based search with manual
search methods.
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MATERIAL AND METHODS

This study was based on the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (8) and presents the
hypothesis that:

e The three-dimensional intraoral scanner data
may align with extraoral mobile device data;

e And that the Al-based search will discover a
greater number of relevant articles on the topic
compared to manual search.

SEARCH STRATEGY AND DATABASE
STANDARDIZATION PROTOCOL

The search has been conducted up to 2023
December 19th and the articles were analyzed by
a reviewer (J.L.B.) aiming to answered the PICO
question: “Does the facial and intraoral three-
dimensional technologies are compatible and
clinically applicable in oral rehabilitation?”.

The manual search strategy in three electro-
nic databases (PubMed, BVS, and Scielo) used a
combination of the keywords with Boolean opera-
tors (AND/OR): "dental", “intraoral", "photogram-
metry", "stereo photo", "scanner", “three-dimen-
sional", "stereophotogrammetry”, "scan", "virtual

articulators", "facebow", "face", "facial"

For the Al-based search, one site was
elected (Scite.ai) and the voice command “Name
the articles that correlate...” was added before the
same manual strategy keywords.

INCLUSION AND EXCLUSION CRITERIA

The literature search included articles in all
languages in the field of dentistry, published in
peer-reviewed journals, and the reference lists of
the selected articles were screened.

llo el al Intraoral and Extraoral Scanning Technologies in the Digital Workflow Era

The inclusion criteria applied in the search
strategy for choosing the studies were: 1. in vivo
studies; 2. adults without facial deformities or
syndrome; 3. that performed intraoral scanning;
4. that performed extraoral scanning with a mobile
device and with stereophotogrammeter or Cone
Beam computed tomography or scanner and 5.
that were published until December 19, 2023. And
were not included: 1. studies that did not cover the
topic in question; 2. duplicate studies; 3. literature
reviews or conference abstracts; and 4. exclusi-
vely using only one of the scan techniques.

DATA COLLECTION AND EXTRACTION PROCESS

The selection of articles was carried out
by the same reviewer with blind and indepen-
dent analysis, following the steps: 1. reading the
title and abstract; 2. complete reading; 3. data
collect. And then organized in a spreadsheet using
Microsoft Excel® Professional Plus version 2016
(Microsoft Corporation, USA), standardized for
later qualitative comparison between the studies.

RESULTS

The initial search retrieved 3648 records
from various databases, supplemented by an
additional 3480 records sourced from artificial
intelligence, resulting in a total of 7128 studies.
None of the 114 articles identified through artifi-
cial intelligence (www.scite.ai) were included due
to failure to meet inclusion criteria or duplication.

After the selection of titles and removal of
duplicates, the articles underwent full-text review.
Manual inclusion within selected articles led to the
final inclusion of 4 publications (Figure 1).

The qualitative data in Table 1 provides

a comprehensive and detailed overview of the
technologies, procedures, and equipment utili-
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zed in dental and facial 3D scanning applications
(9-12). All studies feature small sample sizes and
successful alignment of intraoral and extraoral STL
and OBJ file formats. This integration was facilita-
ted by various software platforms, with particular
emphasis on the georeferencing tactic employed
by Geomagic X (3D Systems).

Despite variations in brands and products,
all articles underscore the necessity of geore-
ferencing tactics, even in the absence of added
landmarks and occlusal devices. Notably, Jreige
(2022) (11) stands out as the only author to
produce a video without incorporating landmarks
and/or occlusal devices, resulting in an animated
projection of the rehabilitation process.

Among intraoral scanners, the most
frequently cited device was the TRIOS (3Shape)
(n=2) (10, 11), followed by the CS3600 (Cares-

Identification of studies via databases and registers

«  Sciete.ai (n=3 480)

—

Records screened (n=
1142) | 803)

—

Screening

Reports  assessed for
eligibility {n=249)

New studies included in
review (n=3)

Total studies included in
review (n=4)

=
L
o
=
L)
i

Reports excluded:
Out of scope (n= 246)

tream)9 and the Medit i50012. In the realm of
extraoral scanning via mobile devices, the iPhone
(Apple Inc.) (10, 11) and the Bellus3D (9, 12) App
were prominently mentioned. Among other 3D
extraoral analyzers, Li (2023) (11) was the only
researcher to compare a Cone Beam Computed
Tomography (CBCT) file with a cellphone scan,
while others utilized industrial scanners (9) and
stereophotogrammetry (10, 12).

Several commonalities were observed, inclu-
ding the requirement for a 30cm spacing during cell
phone-based extraoral scanning, the necessity for
multiple captures, and the inclusion of landmarks
and/or perioral and nasal scans when employing
intraoral scanners (9-12). In contrast to other
studies, which scanned at maximal intercuspal
position, Li ef al. (2023) (11) designed a customi-
zed Gothic arch, reporting the centric relation and
vertical dimension of occlusion.

Identification of new studies via other methods

Eecords identified from citation searching (n= 132)

Records identified
5 . et R.econ.‘fs {'emoved before
*E*g = 7128 f fmmg;%at rd
= * PubMed(n = 784) s g 'D :
= removed {n= 893)
= ~ BVS (n=2847) » Records marked as
= = Scielo (n=17)

ineligible (n=6 205)

Records excluded (n=

Reports  excluded
for:
Duplicate  records

removed (n= 126)

Reportrs assessed for
eligibility (n=1)

Figure 1. Flowchart showing the selection process for the studies analyzed.
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DISCUSSION

The hypothesis of this study has been valida-
ted as the research shows that it is posible to align
images obtained at different times using various
software and equipment, given that equivalent file
formats are employed.

The integration of diverse technologies is
crucial for technological advancements from tradi-
tional oral rehabilitation to fully digital solutions.
Being compatible the intraoral and facial digital
files for effective implementation in Computer-Aided
Design/Computer-Aided Manufacturing (CAD/CAM)
(13). In connection to these technologies, the
potential of artificial intelligence (Al) has been
increasingly evident in expediting and efficiently
replicating intermaxillary relationships, predict
decimation through intraoral scanning, and to other
functions such as workflow enhancement and
image retrieval and linking (7).

Nevertheless, despite significant progress,
a systematic review (7) indicates that Al's appli-
cation in rehabilitation remains limited (1.61%),
highlighting the need for further refinement and
human assistance in Al-driven data extraction.

Even though the CBCT is currently consi-
dered the gold standard imaging method (14),
Bechtold et al. (15) shows close accuracy values
between CBCT and SPG. While most facial SPG
have an accuracy within 500pm, the CBCT have
shown variances ranging from 106 to 760um due
to the influence of exposure parameters.

This discrepancy prompted an analysis of
interoperative and intraoperative measurements.
Gallardo et al. (2023) (16) studied twelve patients
with SPG system (LifeViz™) to capture facial
images, which were then analyzed using Derma-
Pix™ software. Operators recorded distances

between reference points, and the measurements
were repeated after one week to assess reliabi-
lity. The data from this study indicated that there
were no significant differences in interoperative
and intraoperative measurements when using the
aforementioned equipment.

Additionally, Mai et al. (2021) (9) demons-
trated the significance of landmarks for aligning
intraoral scans with cell phone and SPG, suppor-
ted by the findings of Ritchl et al. (17), putting
emphasis to the need for parameter lines to facili-
tate precise alignment.

Ritschl et al. (17) conducted a geometric
comparison between spherical and cross geome-
tries devices, concluding that spherical geome-
tries achieved more precise intraoral and extraoral
alignments and were easier to superimpose. In the
discussions of the cited articles (9-12), the cell
phones exhibited clinically acceptable accuracy
but was lacking in capturing finer details, corro-
borating with the findings of Andrews et al. (18).

It's crucial to highlight the variability in the
number of steps taken by different authors (9-12)
in their methodologies, potentially leading to varia-
tions in the total working time for each technique
and equipment, despite following a similar flow.
Notably, while these steps do not directly impact
the final results, the incorporation of required
landmarks is crucial for accurate outcomes.

This integrative review offers valuable
insights into diverse clinical approaches for proce-
dures utilizing intraoral and facial scans, paving
the way for potential integration of these imaging
examinations into daily oral rehabilitation practice,
including the use of virtual patients and articula-
tors. However, it's important to note that further
clinical studies are necessary to validate the clini-
cal accuracy of this information.
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CONCLUSION
From the data reported, we can conclude that:

e Manual searching is still the gold standard for
scientific searching data;

¢ Both stereophotogrammetry and mobile device
scan can be used for facial scanning, but this
capability does not extend to intraoral image;

e Facial (SPG and mobile device) and intraoral
scan files can be integrated by utilizing georefe-
rencing tactic software.
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