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Abstract

Orthodontic treatment is a complex dental treatment which sometimes 
requires an interdisciplinary team where different specialists of dental medicine 
have to manage a vast quantity of data especially in adult orthodontics. In such 
complicated cases, good diagnostic tools and easy communication are essential. 
Computer science has an increasing impact in almost every aspect of the 
orthodontic practice. This review will discuss into the said aspects in the practice 
of orthodontics as well as evaluate the applications of computer technology 
in orthodontics like digital photographs, cone beam computed tomography, 
virtual study models, communication, three-dimensional craniofacial imaging, 
virtual reality software’s for prediction and treatment planning, video imaging, 
manufacture of orthodontic appliance, web-based digital orthodontic records 
and network-attached storage devices. 

Keywords: Orthodontic treatment; Cone Beam Computed Tomography 
(CBCT); Digital adjuncts

was introduced to manage practices in a more efficient manner. In the 
beginning, one used to have personal computers in the front office to 
manage the business part of offices which was considered a great leap 
which was then, later replaced by the computers on the chair-side 
for better communication with the patients, in educating them, for 
behavioral management and to increase the efficiency of the patient’s 
record keeping. Interdisciplinary orthodontic treatment of adults 
and in general orthodontics, use of digital imaging technology and 
computerized treatment planning tools have helped the orthodontists 
in giving better communication and care for the patients.

Review
Successful orthodontic treatment is based on a comprehensive 

diagnosis and treatment planning. A few of the fundamental factors 
in the diagnosis are the spacing condition, tooth size, arch form and 
its dimensions, as well as the tooth-arch discrepancies. The model 
analysis is a time-consuming procedure. Nevertheless, it is a vital part 
in the diagnosis and subsequent treatment planning process. 
However, in a day-to-day practice many orthodontists judge the 
models subjectively, without applying analytical tests. Traditionally, 
measurements on dental casts were performed with the aid of either 
Vernier calipers or needle pointed dividers. But this process can be 
very simple, effective, reliable and less time consuming by taking 
digital impressions, converting to digital models and analyzing them 
on the respective software’s. Digital photography is widely used today 
to document orthodontic adult patients. The digital single lens reflex 
(SLR) cameras were tested for use in intra- and extra-oral photography 
and proved to generate perfect images when used with the 
recommended macro-lens and macro-flash techniques. Digital 
photography was introduced to evaluate facial harmony [5]. It allows 
clinicians to establish a more proportional focus on all three structures 
of the triad to assess patient’s deformity. An accurate and objective 
assessment of a facial deformity or a preoperative prediction of the 
surgical outcome in two dimensions, especially regarding asymmetry, 
is always a lacuna that is deficient since it does not address the 

Introduction
Orthodontics and Dentofacial Orthopaedics, the most complex 

branch of dentistry, requires a careful acquisition and interpretation 
of a large amount of information to achieve a correct diagnosis and 
treatment planning. Imaging technology in dental field has emerged 
as one of the most important aspects of diagnosing and treating oral 
disorders, especially since the advent of three-dimensional (3D) 
techniques, which have found various applications in orthodontics as 
well as in oral and maxillofacial surgery. Methods used to examine the 
oral and maxillofacial anatomy have existed for many decades, dating 
back to the 1940s, but current technologies have allowed much faster 
and efficient analysis abilities. Medical imaging has become a major 
tool in almost every aspect of orthodontic practice, research and 
education. The evolution of orthodontics and dentofacial orthopaedics 
and learning about the location of malocclusions at different levels of 
the stomatognathic system has led to a more accurate diagnosis and a 
more effective treatment planning. In addition, the adult orthodontic 
treatment, a direction in continuous development, requires a 
broader interdisciplinary collaboration between Orthodontics, Oral 
and Maxillofacial Surgery, Periodontics, Prosthodontics and Oral 
Implantology. Within this collaboration, an enormous amount of 
information from each of the involved specialty is presented, analyzed 
and evaluated [1,2]. No effective therapy is possible without walking 
with the radiographs, photographs or models from one specialist to 
another. All these problems have found solutions in the present digital 
age with Computer-Aided Diagnosis (CAD) and treatment planning. 
The 21st century will be the digital era of dental imaging much as film 
imaging dominated the 20th century [3]. Computer-Aided Diagnosis 
involves the use of imaging techniques and image processing tools. 
Biomedical Imaging is one of the most dynamic development 
directions between medicine and computer sciences and involves the 
creation of images of the human body for clinical, medical or scientific 
purposes [4]. Everyday, one sees that the introduction of digital 
technology has improved our lives making things better, easier to use, 
relatively economical and more reliable. Steadily, digital technology 
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volumetric changes of all the facial portions that determine 
neuromuscular balance and facial harmony. As a consequence, with a 
computer graphic two-dimensional (2D) representation of facial 
appearance, it is not possible to achieve a realistic and acceptable 
result [6]. From the 1980s, the shortcomings of these techniques 
induced an increase in the use of three-dimensional (3D) imaging 
techniques [7], such as facial surface laser scanning [8], 3D 
stereophotogrammetry (3D photography) [9] and (3D) video-
imaging [10]. Reconstructions of Digital Imaging And 
Communications Of Medicine (DICOM) files from Multislice CT 
(MSCT), Cone-Beam CT (CBCT) imaging [11] or MRI slices [12] to 
display the skeletal structures and digital dental models to display the 
dentition [13] were also investigated 3D virtual planning software 
programs with a Virtual Operating Room (VOR) were also introduced 
by the end of the 1980s [14]. The IT revolution (2000s) has enabled 
significant improvements of these software modules [15]. The 
reconstruction of DICOM files in a VOR enables the clinician to 
document, analyze and plan orthognathic surgery on a facial skeleton 
model as often and in as many different ways as required. Programs 
to analyze the facial soft tissue surface [16] and dental models [17] 
were also introduced. For the first time, these programs gave the 
clinicians true insight into all three structures of the triad, albeit 
separately and routinely on a 2D computer screen. Since most of the 
3D imaging techniques only displays one of the three structures with 
optimal quality, it is evident that these imaging techniques are more 
powerful when they are used together [18]. This emphasizes the 
importance of image fusion of 3D image modalities to document and 
analyze the triad of a patient’s face accurately. This has enhanced a 
search for an ‘all in one ‘assessment of the face. The three methods 
that have been used to display the facial skeleton and the dentition 
include the Life-Sized Stereo Lithographic (STL) or milled models 
augmented with dental casts [19]; digital dental casts integrated in 
cephalograms [20]; and a 3D reconstruction of the CBCT with 
integrated digital dental casts [21]. Amongst these, the first two 
methods are actually considered to be obsolete and outdated. The 
third method virtually displays the facial soft tissue surfaces and the 
facial skeleton in all the three dimensions. The integration of digital 
dental casts into the CBCT reconstruction establishes an augmentation 
with improved visualization of the dentition. After impression taking, 
models, 3-D reconstruction and photography, the introduction of 
digital radiography is another important digital tool in the actual 
concept of virtual reality in orthodontics. Sometimes, on the way, the 
documentation is deteriorated or lost and there is no possibility to see 
again the initial or intermediary clinical situation. For this reason, 
sending digital images directly over phone lines virtually eliminates 
the chances of losing or destroying this vital piece of information 
during the course of treatment. The actual possibility to send images 
electronically to another dental office allows for consultation between 
different dental professionals in almost instantaneous fashion and 
this interoperability is very important for the success of the 
interdisciplinary team. The digital storage of the information allows 
printing copies for patients and dentists at the same quality after 
many years. Also, specific annotations can be printed on each image. 
The digital cephalometric radiograph can be analyzed more precisely 
using dedicated, digital software. Because of the ability to optimize 
the display of an image the orthodontist may choose to enlarge areas 
of greatest diagnostic interests, for example in the positioning of the 

specific landmarks. This was done until now manually using a 
magnifier. What is really amazing at this software is that after pointing 
the requested landmarks on the cephalometric radiograph, one can 
choose a lot of measurements and analysis that can be done to a 
particular case and can get a final label with the actual value, the 
deviation from the standard values and also, the clinical significance 
of the findings. Another important tool, Cone Beam Computed 
Tomography (CBCT), is ideally suited for dentomaxillofacial 
scanning and offers a lot of useful information for the interdisciplinary 
consideration of orthodontic diagnoses, with the risk from ionizing 
radiation that results from this examination, especially while working 
on growing children, is the only concern that needs a little attention. 
In a recent study, the authors had concluded that depending on the 
size of the scanned field, the effective doses with CBCT vary 
significantly. The authors had proposed that a scan of 13 cm height, 
which was sufficient in most growing child patients, in a fast scanning 
mode, results in a dose approximately two times than a conventional 
set of orthodontic radiographs. Even in the digital decade, always 
when indicating a radiographic examination, one must follow the 
ALARA principle (of “as low as reasonably achievable”). The digital 
radiography has a lot of benefits over the classic one beginning with 
the elimination of the requisite darkrooms, processors and flatbed 
scanners, all capital expenses. With no need for chemical processing, 
the monthly costs of chemicals, maintenance of the processors, film 
mounts and films are all eliminated with the use of digital equipments. 
There is also a significant environmental benefit to this technology 
since the heavy metal waste stream that results from chemical 
processing gets eliminated [22]. Today, with the use of computerized 
imaging techniques and the CAD/CAM technologies, the 
orthodontists can integrate the computer in the manufacture process 
of the orthodontic appliances. The best example is the Invisalign 
system where the series of trays are made using a computer-assisted 
simulation of the needed movements [23]. In education, the 
introduction of computer sciences has a tremendous effect. Virtual 
reality in orthodontics by creation of diagnosis web sites provides the 
undergraduate and postgraduate students in orthodontics an 
accessible source of complete, good-quality study materials. Web-
based digital orthodontic records are as effective in teaching clinical 
orthodontic diagnosis as were conventional records [24]. In the 
orthodontic research, one cannot imagine any important result 
without the use of computer sciences even for epidemiological studies 
and/or, for biomechanical and material studies. All this big quantity 
of information needs to be protected; else, it can be destroyed as easily 
as the previous versions of the clinical records. The digital tools have 
a lot of advantages over the classical diagnostic tools but are equally 
vulnerable to loss as the last ones. For this reason, if we want to have 
success with this paperless work environment and innovative imaging 
technology, we have to apply adequate backup protocols for this 
crucial data. Respecting the TEAM (together everyone achieves 
more) principle from interdisciplinary orthodontics, one can say that 
today, the computer and the computer science is the first partner in 
every team that tends to optimize the treatment effects for every 
patient [1].

Conclusion
Orthodontics is undergoing a gradual transition from plaster 

decade to digital decade, mainly due to advancements in computer 
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technology, bringing the dental specialists to a new way of imaging, 
diagnosing, documenting and communicating between them and 
with the patients, thereby, mandating each specialist in orthodontics 
as well as from other specialties of dental medicine to have a sound 
knowledge in bioinformatics and should be trained to use these new 
digital devices in order to provide better medical care for the complex 
cases.
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