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In recent years, with the development of computer technology, digital medical technology plays an important role in the medical field. Digital technol-
ogies such as intraoral scanning digital impression and cone beam computed tomography make the examination results of patients more accurate and
perfect and derive a series of intelligent tools such as virtual bracket location and artificial intelligence automatic tooth arrangement to help doctors make
personalized treatment plans for patients. In addition, the application of digital technology in orthodontics achieves a realistic preview effect through
virtual simulation, which facilitates the communication between doctors and patients and improves the satisfaction of patients.
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INTRODUCTION

With the continuous development and application of social digital tech-
nology, it has had a great impact on the technological revolution in the
field of stomatology. Digital technology uses computer technology to ana-
lyze clinical data, classification and case similarity, on the basis of which it
integrates orthodontics, biomechanics, medical imaging, 3D scanning and
printing technology, mathematics and other multi-disciplinary knowl-
edge. Highlight the importance of doctors” decision-making in the design,
and reduce human errors in the treatment process, making the results
infinitely close to the ideal. At present, digital technology is widely used
in the fields of computer-aided design / computer-aided manufacturing,
computer-aided diagnosis and navigation, three-dimensional digital im-
aging technology, laser 3D printing, design and manufacture of personal-
ized appliance and so on. Among them, digital dental model, cone beam
computed tomography, digital occlusal reconstruction technology, digital
guide plate are commonly used in orthodontics and restoration treatment
[1]. In order to understand the application and development of digital
technology in the field of orthodontics, this review looked up a number
of literatures about digital diagnosis and treatment at home and abroad, in
order to better apply it to orthodontic diagnosis and research.

1.Three-dimensional data acquisition technology in
stomatology

1.1 Scanning technique of dental model

The traditional plaster model divides the crown of the plaster model
through the model saw, rearranges and locates it, but the segmented plas-
ter model is difficult to achieve multiple splicing operations and is easily
damaged, and the positioning and rearrangement will be limited accord-
ingly. However, the three-dimensional digital dental model completely
shows the arrangement of the patient’s teeth, as well as the dental arch,
alveolar, base bone and palatal cover through the software. The traditional

plaster model is difficult to disassemble and reorganize one by one [2],
which will no longer be a problem in the three-dimensional model, it can
locate and measure each tooth in the patient’s oral cavity separately, and it
is convenient to disassemble and rearrange one by one. So as to provide a
more accurate digital basis for orthodontic programs [3]. Laser scanning
method has been developed rapidly since it was used for three-dimension-
al reconstruction of tooth and jaw model at the end of 1980s. Its principle
is to measure the distance between the axis of constant spiral rotation and
the surface of the object by laser triangulation. According to the position
and distance of the detection parts, the three-dimensional coordinates of
the point are calculated, and the integrated reconstruction is carried out
after computer analysis and processing [4].

In the three-dimensional digital dental model reconstructed based on la-
ser scanning technology, the accuracy of crown width and crown height
is high, the arch length is the second, and the accuracy of arch width is
low [5]. The main advantages of this method are simple operation, low
cost and image accuracy of 300um. However, there are some shortcomings
such as a certain scanning blind area and slow scanning speed when the
model is too large and concave [4].

With the development of three-dimensional reconstruction of CT, not
only the three-dimensional anatomical structure of the jaw can be dis-
played digitally, but also the morphological results of dental crown and
root can be displayed. Using laser three-dimensional scanning to recon-
struct the digital model of dentition and recording the spatial structure
of dental crown arrangement can not only directly show the anatomical
structure of dentition for clinicians, but also lay a foundation for com-
puter-aided design and computer-aided manufacturing of clinical dental
models. In the process of orthodontic treatment, using laser three-dimen-
sional scanning and CT data to establish a three-dimensional digital tooth
model with tooth root can not only show the anatomical structure of tooth
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crown and root, but also monitor the movement of tooth crown and root,
which is convenient to guide the treatment process and evaluate the treat-
ment effect [6].

1.2 Intraoral three-dimensional scanning technique
Intraoral scanning directly obtains the information in the patient’s mouth
through the instrument, and directly transmits the information to the
orthodontic design company through the connection network for corre-
sponding processing, diagnosis, design, and production of virtual tooth
arrangement animation. so that doctors and patients can understand the
orthodontic process more intuitively. The intra-oral scanning avoids the
error caused by the deformation of the material, has high accuracy, and
avoids the tedious steps such as mold taking and mailing, which makes the
whole process more convenient [7,8].

At the same time, by obtaining dental model data directly from patients’
mouth, intraoral scanning technology can avoid the problems of deforma-
tion and air bubbles in the process of traditional impression making, and
can also obtain the color data of teeth and gums, which can improve the
accuracy of the model data (the accuracy can reach 5~20 g m) and reduce
the clinical operation time (scanning time 5 ~ 10 min) [9]. In addition, the
artificial intelligence automatic dental arrangement software (iTero, Shin-
ing 3D Tech Co. etc.), which is included in the intraoral scanning software
at home and abroad, can complete the automatic dentition segmentation
and automatic dental arrangement of the intraoral scanning data in tens
of seconds. But this kind of artificial intelligence can only arrange the
teeth neatly and evenly. However, there are many considerations missing
in the real orthodontic scheme, such as: coordination of tooth mass and
bone mass after direct alignment of dentition, tooth extraction, sagittal
and transverse position and relationship of upper and lower teeth, vertical
control, facial aesthetic ratio and so on. Doctor intervention is still needed
to establish accurate results of dental arrangement [10]. With the contin-
uous development of scanning technology, it can even realize the tracking
and simulation of patients facial dynamic data, digitization and informa-
tion technology will play a more and more important role in orthodontic
diagnosis and treatment.

1.3 Facial 3D scanning technique

In orthodontic clinical work, attention is paid not only to the changes of
tooth and occlusal relationship, but also to the changes of maxillofacial
soft tissue. However, at present, the direct contact method is often used in
the quantitative measurement of maxillofacial soft tissue changes in clin-
ics, and the measurement accuracy is low, so it is impossible to compare
different treatment stages. Because the laser three-dimensional scanning
technology is mainly used to scan the spatial shape structure of the object
and obtain the spatial coordinates of its surface, it can scan the surface of
human tissues and organs and use its data to accurately reconstruct the
three-dimensional digital model of the surface profile of human tissues
and organs [11].

The establishment of soft tissue digital model by laser three-dimensional
scanning of maxillofacial region has the advantages of intuition, conve-
nience, simplicity, strong repeatability and so on. The overlap of digital
models in different periods can clearly and intuitively show the changes of
maxillofacial soft tissue, and can quantitatively measure points, planes, an-
gles and radians in the software; at the same time, it is convenient, non-ra-
dioactive, and patients can be collected many times, and the results are
digitally preserved. Through the establishment of three-dimensional digi-
tal models of soft and hard tissues and teeth and jaws of the maxillofacial
region, and with the help of interactive technology, three kinds of digital
information of the reconstructed skull, facial image and dental jaw model
can be accurately integrated. Help orthodontists to make a more compre-
hensive and accurate judgment and analysis of dental and maxillofacial

deformities, and provide rich data for teaching and scientific research.

1.4 Cone beam CT (CBCT) technology

Cone beam CT (Cone Beam Computed Tomography,CBCT) is a cone
beam projection computer recombination tomography equipment. Differ-
ent from the traditional two-dimensional imaging, it can reflect the rela-
tionship between each tooth and bone from a three-dimensional point of
view, which promotes the development of stomatology [12].

CBCT is a new three-dimensional imaging technology, which has the ad-
vantages of simple operation, fast scanning speed and high X-ray utiliza-
tion rate. Traditional two-dimensional images such as curved section film
and frontal and lateral cephalogram can be obtained from CBCT images,
and doctors can measure cephalometry through cephalogram. The tradi-
tional lateral X-ray film of the head is affected by the distance between the
bilateral facial tissue and the radiation probe, and the phenomena of image
magnification, overlap and distortion are more serious, which makes the
image clearer. After CBCT reconstruction, the clear and real tissue struc-
ture can be displayed in multiple directions and on multiple planes, and
the angle can be changed arbitrarily to observe the position and shape of
teeth and jaws in all directions to obtain a more accurate and clear image
[13]. At the same time, the radiation dose of CBCT is much lower than
that of CT examination, and the radiation dose is about 20% of that of
traditional CT, which is safe [14]. In addition, the three-dimensional mod-
el of the skull obtained by three-dimensional CT scanning is suitable for
surgical simulation, molding, template making and so on, which can help
clinicians better understand the inducing mechanism of dental deformi-
ties, and then provide a basis for the specific implementation of clinical
orthodontic treatment [15].

CBCT is designed to overcome some of the limitations of traditional
computed tomography (CT) and provide high-resolution 3D images at
relatively low dose and cost [16]. However, CBCT still provides higher
doses than two-dimensional scans. With the rapid development of CBCT
technology, there is still a growing gap between the rational use of CBCT
and the existing scientific evidence. This is especially true among children,
who are more vulnerable to radiation doses and whose diagnosis is often
challenging [17,18].

1.5 Recording and analysis technique of mandibular

movement trajectory

Mandibular movement has always been the common object of various
disciplines of stomatology, and it is also the external manifestation of oral
functional activities such as chewing, swallowing, language, expression
and so on. Temporomandibular joint, masticatory muscle group, tooth
occlusal contact and so on need to coordinate to ensure normal mandib-
ular movement, so it is very necessary to record the track of mandibular
movement accurately [19].

Electronic facial arch, also known as mandibular movement analyzer,
MMA, can accurately record data, use sensors to find the exact position of
the hinge axis, and guide patients to do corresponding mandibular move-
ment. The sensor records the patient’s motion data and transmits it to the
computer. The computer uses the software system to analyze and process
the joint motion data, and uses various joint analysis data built in the soft-
ware to get the frame setting data [20].

For orthodontics, orthodontic treatment is a complex and long-term pro-
cess. The real-time recording system of mandibular movement can well
detect the changes in the process of orthodontics, analyze the effects of
orthodontic treatment on patients’ joints and oral jaw system, and help
clinicians to make an analysis [21]. The research of Aslanidou K, He S [22-
23] and others shows that this system can also assist doctors to analyze
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the changes of patients’ oral and maxillofacial system during the whole
orthodontic process, and can quantitatively display some indexes, accu-
rately analyze the orthodontic treatment of each patient, and promote the
progress and innovation of related technology.

Therefore, in clinical work, orthodontic treatment should not only pay at-
tention to beauty, but also pay attention to the stability and coordination
of mandibular system movement.

1.6 Stereoscopic photography technology

3dMD is a three-dimensional photography system based on the principle
of binocular vision. More than two digital images of the same object can
be obtained at the same time by more than two cameras in different po-
sitions, and the image can be transferred to the computer to reconstruct
the three-dimensional image of the object. The image can be rotated and
moved at will in the three-dimensional space to help the observer observe
the object from any angle. It can also be measured and analyzed in the
supporting auxiliary software [24].

Eidson et al.[25] measured the lip position before and after orthodontic
appliance movement by using 3dMD system, and found that the average
difference of measurement did not reach the clinically detectable level
(set at 1. 5 mm), which proved that the lip position did not change sig-
nificantly after fixed appliance movement. Schaaf et al.[26] 3dMD system
was used to evaluate the curative effect of early helmet cranial deformi-
ties in children. Maal et al.[27] used three-dimensional photography to
track and record the changes of facial soft tissue after botulinum injection.
Shen Shunyao et al.[28] used 3dMD photography system to evaluate the
variation of maxillofacial soft tissue in patients with hemifacial shortness
syndrome. Xin Pengfei et al.[29] used 3dMD system to plan the prepara-
tion of skin flap in patients with forehead skin defect, and good surgical
results were obtained. Gao Pengcheng et al.[30] analyzed the facial images
of patients with different facial deformities by three-dimensional photo-
graphic system, and measured the linear measurement items commonly
used in orthodontic clinic, and it was found that the measurement error
was within the clinically acceptable range (the facial measurement accu-
racy of about 1.0 mm for orthodontic surgery combined with orthodontic
surgery). Recently, 3dMD face dynamic system based on four-dimension-
al technology has been put into use, which can obtain high-quality 3D
images at high frame rate and quantify the nuances of soft tissue when
patients speak [31].

The application of 3dMD in orthodontics has advantages, it can be used to
measure facial line distance and evaluate facial soft tissue, it can effective-
ly eliminate the angle error in the process of traditional photo shooting,
eliminate the possible difference of occlusal position between different
angle photos [32], and can obtain images accurately and quickly, provide
multi-dimensional observation angle, and obtain and save data economi-
cally and effectively. The image overlap at the critical time cut-off point can
also visualize the originally long and abstract treatment process.

To sum up, as a modern ideal 3D photography system, 3dMD has the ad-
vantages of accuracy, safety, reliability, convenience and so on.

1.7 Computer convolution image analysis technology

Computer vision related technologies, including convolution neural net-
work (Convolutional Neural Network,CNN) and deep learning algorithm
and so on. The repeated application of CNN in all kinds of computer vision
research has made remarkable progress in speed and accuracy compared
with the traditional image classification methods. Deep learning model
has the ability to automatically learn deep and more discriminative fea-
tures from data. Compared with traditional image recognition methods,
such as manually designed feature extraction and classifier, deep learning

has higher accuracy and stronger adaptability [33].

Lee et al.[34] used GoogLeNet and Inception v3 network to detect dental
caries with an accuracy of 0.820 ~ 0.890, and evaluated the effectiveness
of this method. Miki et al.[35] used the trained AlexNet model to classify
teeth, and successfully marked the tooth categories on cone beam com-
puted tomography images. Tang Qing et al.[36] constructed the computer
automatic cephalometric measurement system by using cascaded convo-
lution neural network and proved the accuracy of its automatic fixed point
and measurement. Zhang Yujie proved that dental segmentation based on
deep convolution neural network can automatically classify dental video
and 3D point cloud data point by point, saving a lot of medical resources.
Liu Nali proposed an automatic tooth shape design method based on con-
volution neural network, which mainly solved the problem of tooth shape
design and subsequent model deformation in the tooth design workflow.

To sum up, computer vision-related technology has made remarkable
achievements in the field of stomatology, and this technology can also help
clinical orthodontic diagnosis and treatment. For example, in the intelli-
gent dental arrangement system, the depth learning algorithm is used to
automatically mark the head landmarks in the X-ray X-ray image to assist
the measurement of aesthetic indexes, such as facial aesthetic index, dental
aesthetic index, lip aesthetic index and so on, and the recognition ability
of digital oral impression instrument software can be improved by using
computer vision related technology.

1.8 Nuclear magnetic resonance technology (MRI)

In orthodontic treatment, the measurement of hard tissue parameters
such as maxillofacial bone, teeth and maxillofacial soft tissue parameters
is of great value for orthodontic planning and prognosis estimation. At
present, the most commonly used measurement method in clinic is X-ray
cephalometry, but the cephalometric measurement is based on the image
basis of two-dimensional plane, and the maxillofacial region is a complex
three-dimensional structure. therefore, there are some defects in X-ray
cephalometric measurement, such as deformation, magnification, over-
lap and so on. With the application of multi-slice spiral CT and three-di-
mensional reconstruction technology, the three-dimensional imaging and
measurement of teeth and maxillofacial region become possible, and the
measurement of related parameters is more accurate and convenient. As
X-ray head radiography, spiral CT and other examination methods have
the harm of X-ray radiation, and the vast majority of patients undergo-
ing orthodontic treatment are teenagers, more attention should be paid
to the effects of X-ray radiation on the body [37]. MRI images the tissue
through the principle of nuclear magnetic resonance, which can perform
multi-plane and multi-sequence imaging, and stereoscopically display the
structure of the oral and maxillofacial region [37]. It has the advantages of
non-invasive, non-ionizing radiation, the ability to distinguish different
soft tissues, and can well display the structures around the joint. It has
been widely used in clinical examination [38].

Because MRI imaging technology has the characteristics of non-radiation
and high soft tissue resolution, it is mainly used to display the temporo-
mandibular joint in oral and maxillofacial orthodontics. MRI can not only
observe the bone remodeling of condyle and articular fossa in maxillofa-
cial orthodontic patients, but also evaluate the morphology of articular
cartilage more accurately[39]. MRI can clearly display the soft tissue struc-
ture of maxillofacial skin, subcutaneous fat and muscle, and measure the
related parameters conveniently, which has obvious advantages over spiral
CT and X-ray cephalometry in maxillofacial soft tissue measurement [37].

2.Computer aided design technology

2.1 3D printing
In the field of orthodontics, 3D printing technology has been used to make
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plaster models, personalized brackets and invisible appliances, which can
be customized according to different conditions of patients in the mouth.
to meet the accuracy, comfort and personalized needs of orthodontic
treatment [40]. Under the background of digital and accurate treatment,
“3D digital orthodontics” combined with computer-aided three-dimen-
sional diagnosis, personalized design and digital molding technology has
the advantages of accuracy, natural effect, short correction time and so
on[41].In recent years, with the development of 3D printing technology
and the popularization of digital image acquisition and CAD technolo-
gy, the development and application of “digital workflow”in the field of
stomatology have been pushed forward, which mainly includes three
steps.That is, through the intraoral scanner and cone beam computed to-
mography (CBCT) for digital data acquisition, the use of CAD software to
complete data processing and model design, the construction of 3D print-
ing products [42,43].

At present, three-dimensional (3D) printing is the most advanced tech-
nology in the manufacturing industry because it shortens the manufac-
turing lead time, reduces the required cost, and allows printing projects
with complex structures. Therefore, it has been implemented in dentistry
to create a clear orthodontic alignment machine and to implant surgical
templates, orthognathic surgical chips and temporary crowns. However,
physical models are needed to make orthodontic appliances. On the other
hand, the 3D printing model can realize the digital reproduction of den-
tition, and the model is more robust, which avoids the possible clinical
technical errors, impression deformation and model material shrinkage of
the traditional plaster model [43].

Kim et al.[44] found that compared with the traditional plaster impression,
the resin model based on in-mouth scanning digital model and photocur-
ing 3D printing technology has higher accuracy and strength. Moreover,
compared with the traditional hot-pressing film technology, the direct
3D printing invisible appliance has the advantages of smooth edges and a
small number of accessories, but it also has some problems such as poor
biosafety and unstable color[45]. Therefore, the research and development
of 3D printing stealth appliance materials with excellent biocompatibility,
which can be stable, safe and long-term used in oral environment is the
current research hotspot [40].

2.2 Digital analysis and design of cephalometric mea-

surement

In recent years, with the continuous development of three-dimensional
measurement technology and computer software technology, scholars’
attention and application of three-dimensional measurement technology
are increasing. Three-dimensional measurement technology can provide
more information than two-dimensional cephalometric measurement, es-
pecially in facial soft tissue imaging and measurement, quantitative anal-
ysis of asymmetric deformities and the establishment of digital occlusal
model [46].

Three-dimensional cephalometry is to use CBCT or spiral tomography
technology to obtain the three-dimensional data of the patient’s cra-
nio-maxillofacial region, simulate the three-dimensional anatomical
structure of the patient’s cranio-maxillofacial region, construct a virtual
cranio-macxillofacial structure model, and use related software to measure
and analyze the line distance, angle, proportion and other indexes on the
computer. Compared with the traditional cephalometric film, three-di-
mensional cephalometric measurement can measure the left and right
sides of the skull respectively, in addition to eliminating the overlap and
unequal magnification artifacts of the left and right sides of the anatomical
structure, thus improving the accuracy of line distance and angle measure-
ment [47].

The content of three-dimensional cephalometry can be further enriched

by combining CBCT images with images of other measurement forms,
such as three-dimensional photographic images recording the surface
morphology of the head and face, magnetic resonance images showing
soft tissue, and intraoral scanning images showing dentition and sur-
rounding tissues, to obtain an omni-directional individualized model of
the patient [48].

2.3 Digital design of orthodontic appliance

With the wide application of digital technology in the field of stomatology,
especially in the past few years, people have higher and higher require-
ments for orthodontic aesthetics, which leads to the traditional orthodon-
tic methods can not meet the needs of people. The invisible correction
technology without bracket is the embodiment of the combination of dig-
italization and precision treatment. Since Align launched the Invisalign
bracket-free stealth appliance in 1997, with the continuous development
of digital technology, the indications for bracket-less stealth correction
range from mild to moderate crowding with low difficulty to cases with
high difficulty in tooth extraction and severe deep covering, allowing more
and more patients to enjoy the benefits brought by digital technology[49].
The domestic bracket-free invisible appliance officially entered the market
in 2004. The product was jointly developed by the School of Stomatology
of Capital Medical University, the Department of Mechanical Engineering
of Tsinghua University and Beijing Times Angel Biotechnology Co., Ltd.
The bracket-free stealth correction technology with independent intellec-
tual property rights in China has been developed for the first time, and
it has been popularized and applied in domestic orthodontic clinic [50].

The transparent appliance is made of polymer material by hot pressing
film technology, which produces the corrective force to move the teeth
through the elastic deformation of the material, and finally achieves the
designed target position by constantly moving the teeth in a small range
[51]. The manufacture of transparent appliance requires that the den-
tal information of patients is scanned by intraoral scanner or collected
by silicone rubber impression material to reconstruct the digital model.
After the digital model is established, the treatment design is carried out
by digital tooth arrangement. At this stage, orthodontists interact with
technicians through computer software to complete the design of tooth
movement. The digital models corresponding to each step of tooth move-
ment design are processed into solid models, which are also called master
molds, and then the hot pressing die forming technology is used to make
all the appliances [52].

Compared with the traditional fixed treatment, the transparent appliance

has the following advantages: high comfort, good aesthetics, easy to main-
tain oral hygiene, mild oral mucosal stimulation and less prone to ortho-
dontic emergency([53]. The application advantages of digital technology
in invisible correction are reflected in accurate positioning and efficient
movement, visual scheme design, which can better complete orthodontic
correction. However, the application of invisible correction still needs to
evaluate patients in many aspects and formulate personalized diagnosis
and treatment programs based on the situation of patients, so as to maxi-
mize the advantages of digital medicine.

CONCLUSION

Digital technology is indispensable for medicine. In the environment of
promoting accurate medical treatment and minimally invasive medical
treatment, doctors have to have higher requirements for themselves, and
have higher requirements for the patient data obtained by examination,
more accurate and perfect data is essential. At this time, digital technology
just meets the needs of medical development in the general environment
[54].

Nowadays, with the accelerated arrival of the information age, various
medical disciplines are developing rapidly, and digital technology is more
and more widely used in orthodontics, which will be an important trend
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and direction to change the future of stomatology. We need to pay atten
tion to it,fully study it, and treat digital technology reasonably. Strive for
its better application in orthodontic treatment, so that more people can
benefit from it.
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