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ABSTRACT
The use of 3 dimensional technologies in orthodontics has increased in recent years. 3D intraoral oral scanning, 
cone beam computed tomography, 3D printing and computer aided design and computer aided manufacturing 
technology (CAD/CAM) has been utilized to create personalized orthodontic appliances. CAD/CAM technology in 
orthodontics includes digital impressions, digital models, virtual articulators, face bow, wires, brackets, etc. While all 
this technological improvements to orthodontic field seem promising, but do they truly improve treatment efficiency 
and treatment quality? Therefore, to solve this dilemma this article will review the current published literature 
investigating the various methods and techniques of CAD/CAM technology.
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INTRODUCTION 

Orthodontics as a speciality is going through a lot of 
technological revolution. During the last 30 years there 
were more new developments in orthodontics than in 
the whole history of the speciality. The rapid evolution 
of CAD/CAM (Computer Aided Design, Computer 
Aided Manufacture), has led to a dramatic impact on all 
disciplines of dentistry. It has provided ease, comfort, 
and quality of restoration to both the dentists and 
dental lab technician. Moreover, restorations which are 
being produced through CADCAM these days, are more 
durable, more marginally adaptive, more aesthetically 
pleasing and more faster in fabrication as compared to 
the conventional restorations [1,2].The advantages of 
CAD/CAM technology in orthodontics including digital 
impressions [3,4], digital models [5,6], and virtual 
articulators and facebow [7]. Therefore, the purpose of 
this study is to review the current published literature 
investigating the various methods and techniques of 
CAD/CAM technology.

CAD/CAM components
CAD/CAM systems are composed of three major 
parts: (1) A data acquisition unit, which collects the 
data from the area of the preparation, adjacent and 

opposing structures and then converts them to virtual 
impressions [8] through intraoral scanners or indirectly 
by means of a stone model generated through making 
a conventional impression; (2) Software for designing 
virtual restorations on a virtual working cast and 
then computing the milling parameters; and (3) A 
computerized milling device for manufacturing the 
restoration from a solid block of restorative material or 
additive manufacturing.

Orthodontic application of CAD/CAM
A recent study cited orthodontic CADCAM applications 
that now include aids for diagnosis and treatment 
planning, clear aligner treatment, lingual appliances, and 
titanium Herbst appliances, customized brackets with 
patient-specific torque, machine-milled indirect bonding 
jigs, and robotically bent archwires, digital models are 
among the newest CAD/CAM advances in the speciality. In 
addition to precise and customized milling of orthodontic 
appliances, the application of 3D technology allows 
the practitioner and patient to utilize virtual treatment 
planning software to better identify case objectives and 
visualize treatment outcomes. Practitioners are able to 
evaluate different treatment plans, including extraction 
versus non extraction treatment options or substitution 
versus prosthetic replacement in cases of missing teeth. 
Multiple orthodontic systems are now utilizing this 
technology with success, including labial and lingual 
fixed appliances as well as removable clear aligner 
systems. The ultimate goal of incorporating CAD/CAM 
technology into the field of orthodontics can be best 
summed up as “improving reproducibility, efficiency, 
and quality of orthodontic treatment” [9].
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CAD/CAM designed bracket system
The applications of CAD/CAM in orthodontics are 
undoubtedly growing; Manufacturers of customized 
orthodontic appliances delivered with milled indirect 
bonding jigs claim these appliances reduce total 
treatment time, improve treatment efficiency, and 
yield better overall treatment results. Weber et al. 
[10] investigated a commercially available CAD/CAM 
orthodontic system (Ormco’s InsigniaTM), comparing 
treatment effectiveness and efficiency of the customized 
appliances to traditional twin appliances. The study 
reported significantly lower American Board of 
Orthodontic (ABO) scores, a reduced number of archwire 
appointments, and shorter overall treatment times with 
the CAD/CAM group.

Ormco insignia
One of the most comprehensive CAD/CAM orthodontic 
appliances on the market is Ormco’s Insignia, which is 
available in standard and self-ligating applications with 
optional use of esthetic ceramic brackets. The process 
begins with a polyvinyl siloxane (PVS) impression or 
intraoral scan of the patient’s dentition, which is sent 
to Ormco for creation of digital models of the dental 
arches. A virtual buccal-lingual boundary is constructed 
from the soft tissue outline of the intraoral scan [11]. 
The technicians then complete a virtual setup for ideal 
archform and occlusion that is sent to the clinician for 
approval. The Insignia software was one of the first in 
the market that allowed the clinician to manipulate 
the digital setup to refine the 3-dimensional position 
of individual teeth, adjust the archform, alter the smile 
arc when needed, and detail the dental contacts in final 
centric occlusion [12].

Once the clinician approves the treatment plan and 
virtual setup, the Insignia system is reverse-engineered 
in one of several ways depending on the clinician’s 
choice of bracket. The size and dimension of the virtual 
archform is precisely milled into metal plates and 
nickel titanium, stainless steel or beta-titanium wires 
are fabricated from these plates. The next step of the 
Insignia system is precisely delivering the customized 
brackets in the ideal position on each tooth to maximize 
the effectiveness of the individualized appliance. 
Bracket transfer jigs are custom milled to fit the occlusal 
surfaces of the teeth, allowing for indirect placement 
of the appliances. This step is crucial to the success of 
the system since imprecise bonding of brackets will not 
allow the custom straight wire to produce the planned 
tooth movement and the bracket transfer jigs to be 
highly accurate with error between 0.1-0.5mm with the 
largest bonding errors occurring at the lower 7s and 
high canines [13]. 

The main advantage of this system is the customization 
of the bracket slot. Cutting a slot into a bracket blank is 
potentially more precise than a slot created by injection 
moulding. The movement of the tooth no longer depends 
on the position of the bracket, but on the position of the 
slot. The treatment theoretically can be achieved with 

straight wires that, if needed, allow sliding of teeth along 
the wire. Disadvantages include the potential for error in 
bracket positioning, either virtually or during transfer to 
the mouth. Given that a customized bracket is used, if a 
bracket is lost, a new one must be ordered [14].

ORAMETRIX- Sure smile process
OraMetrix has been working on its unique approach to 
CAD/CAM orthodontics since the early 2000s. Similar 
to other CAD/CAM orthodontic systems, OraMetrix’ s 
SureSmile provides digital software that the clinician 
can utilize for diagnosing and treatment planning. The 
subsequent fabrication of robotically bent archwires 
is what separates Sure Smile from other customized 
appliances. Interestingly, the Sure Smile system can be 
used with any conventional orthodontic brackets and 
bands, with no special consideration during the delivery 
of the appliances [15].

The SureSmile (Ora Metrix, Dallas, Tex) [16] process 
begins with a direct 3D scan of the patient’s dentition 
using the OraScanner (OraMetrix), a light-based imaging 
device that projects a precisely patterned grid onto 
the teeth. As the handheld scanner is passed over the 
dentition, reflected images of the distorted grid are 
recorded with a video camera built into the handle 
of the scanner. The scanner is passed over the teeth 
in a rocking motion to allow visualization of all tooth 
surfaces, including undercut areas. At this point, the 
operator can diagnose and plan the treatment with 
tools to measure tooth and arch dimensions, and create 
symmetric and asymmetric arch forms. Information 
regarding wire sizes, materials, and brackets is supplied 
for the treatment plan. The operator can consider 
various treatment alternatives by moving the teeth with 
the mouse or with selected menus, by extracting teeth, 
or by reducing teeth mesially or distally to simulate 
interproximal disking. Once a goal or a treatment 
target is chosen, the operator can implement therapy 
by “virtual bracket placement” and select the archwires 
sequence and progression. The archwires are produced 
with a wire-bending robot in the sizes and shapes selected 
by the orthodontist. Our investigations into the precision 
of the bends with stainless steel wire show less than 1° 
of error in bends and twists [17]. This level of precision is 
extremely difficult, if not impossible, to replicate by hand.

The main advantage of the Sure Smile system is that 
the orthodontist can use his/her preferred bracket 
system of choice and increase precision during the 
finishing stages [18]. Necessary positional information 
to create the customized wires can be obtained through 
intra-oral scans of the dental arches or cone beam 
computed tomography (CT) acquisition. It remains 
to be seen whether the increase in precision warrants 
the additional radiation exposure associated with cone 
beam CT acquisition. Disadvantages include potential 
for accidental debonding after arch wire customization and 
before completion of treatment, and the potentially long 
and technique-sensitive intraoral scanning procedure [19].
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The current evidence on lingual orthodontics shows 
that any case that can be treated with labial orthodontic 
appliance can also be treated effectively with lingual 
orthodontic appliance. As the number of adult patients 
seeking orthodontic treatment is increasing, the demand 
for esthetic orthodontic appliance is also increasing. 
Lingual orthodontics is the only orthodontic appliance 
which has an advantage of complete invisibility and 3D 
control of orthodontic tooth movement. It is advantageous 
that lingual fixed appliances are associated with reduced 
incidence of WSLs as compared to labial fixed appliance. 
And, It is very important to emphasize that the diagnosis 
is paramount in any system, as well as establishing an 
individualized plan according to the characteristics and 
needs of each case, in order to achieve the satisfactory 
completion with excellent results.

Piezocision: Assisted orthodontic treatment using 
CAD/CAM customized orthodontic appliances
Corticotomies have been described as accelerating 
orthodontic treatment [27]. These interventions are 
based on the Rapid Acceleratory Phenomenon (RAP), 
which is characterized by an intensification of bone 
turnover and a diminution in the mineral content of 
the bone. Corticotomy surgery, however, involves full-
thickness flaps and, therefore, certain morbidity. More 
recently, minimally invasive and flapless alternatives 
have been developed such as piezopuncture [28], micro-
osteoperforations [29], or piezocision [30].

The flapless piezocision procedure is based on a 
localized piezoelectric alveolar decortication that 
combines buccal incisions and corticotomies performed 
with a piezotome [31]. Computer-aided design and 
computer-aided manufacturing (CAD/CAM) allow the 
manufacturing of custom-made orthodontic appliances, 
and it has been suggested that CAD/CAM appliances 
decrease treatment duration [32]. The combination of 
piezocision with customized appliances may therefore 
be relevant. Second, the surgical protocol of piezocision 
without sutures induces scars in 50 per cent patients, 
which leads to a contraindication in patients with a high 
smile line.

3D Virtual planning in orthognathic surgery and 
CAD/CAM surgical splints
Developments in 3D imaging technology enabled 
the creation of new computerized tools to assist in 
preoperative planning and manufacture of surgical 
splints [33]. There is a paradigm shift from a 2D imaging 
concept towards the use of a proper 3D scenario to plan 
the treatment of 3D deformities and the importance 
of 3D virtual surgical planning increases with the 
complexity of the deformity and reconstruction needed 
to correct it. As a result, surgeons are provided with 
extra information that could not be obtained from 
lateral cephalogram alone, improving the quality of the 
preoperative planning [34].

Multiple software programs are available for 3D 
planning, allowing an interaction with the 3D images 
to simulate the surgery and visualize the prediction of 

CAD/CAM in lingual orthodontics
Lingual orthodontics has been gaining space around the 
world due to its particularity to offer a discreet treatment 
option, “invisible”, in “secret” for the correction of 
malocclusion, combining biomechanical efficiency and 
enhancement of the smile during treatment. It is started 
in 1970’s when Fujita in Japan and Kurtz in the USA 
used lingual brackets for the first time. Fujita described 
his original lingual concept in 1979 as the “mushroom 
archwire” [20]. To reduce the number of bends, mainly 
in the anterior area, several laboratory techniques—
including the CLASS [21], BEST [22] and Hiro [23] 
systems—have positioned the incisor brackets at the 
same distance from the labial surfaces as the canine 
brackets. 

A landmark study was published in 2001, by Scuzzo et al. 
[24], which gave new perspective to lingual orthodontics 
describing the possibility of permanently eliminating 
compensating bends, with a Straight-Wire system, based 
on differential bracket positioning, placed more to the 
cervical region of the tooth. Within this context, the 
PSWb [25] (Prieto Straight-Wire brackets), a Brazilian 
bracket that is now in its third generation, was developed 
based on three principles: 

More cervical bonding (base without gingival extension 
beyond the slot, higher gingival wing far from the gums),

Anterior bracket profile slightly increased (compensation 
for the StraightWire technique can be possible);

Distal offset in the canine bracket, the second premolar 
bracket with its profile slightly higher than the first 
premolar bracket.

Virtual bracket positioning
Virtual brackets are selected from the software library 
and initially placed by the software on a plane parallel to 
the occlusal plane. Bracket positioning with the Orapix 
system has two objectives: to place the brackets as 
close as possible to the enamel, and to permit the use of 
straight wires [26]. The virtual brackets are first moved 
vertically to the ideal slot heights, which are 0.5-1mm 
more gingival than in the mushroom archwire technique. 
Next, the central incisor brackets are moved horizontally 
toward the lingual surfaces until contact occurs. To 
eliminate the bends between canines and premolars, 
the upper canine brackets must be rotated 10-15° and 
placed at a slight distance from the virtual tooth surfaces 
(mean=0.6mm).

Archwires design
Once bracket positioning is complete, the software shows 
the virtual straight wire passing through the center of 
each slot. Because the upper incisor brackets are closer 
to the lingual surfaces, the anterior part of the maxillary 
straight wire is flatter than that of the mandibular wire. 
In other systems, overcorrections are made by modifying 
the positions of the teeth on the wax setup. With the 
Orapix system, overcorrections are incorporated into the 
virtual setup by adjusting the virtual bracket positions 
for angulation, inclination, height, and rotation. 
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postoperative outcomes in soft and hard tissues. Surgical 
splints, manufactured using Computer Aided Design/
Computer Aided Manufacturing (CAD/CAM) technology, 
have been developed to avoid errors in the traditional 
model process that can lead to suboptimal outcomes 
[35]. CBCT technology also enhances the evaluation 
of the outcomes of combined orthodontic and surgical 
treatment. The study was carried out in a 19-year-old 
female who had a left craniofacial microsomia which 
required a combined orthodontic-orthognathic surgery 
treatment. Preoperative orthodontic treatment was 
performed for correction of dental compensations, 
enabling the occlusal coordination of both dental arches. 
The surgical treatment objectives were planned. The 
surgical plan and acrylic surgical splints generated 
by conventional planning methods were available as 
backup during the surgery. At the same time, the process 
of obtaining 3D images was initiated, in order to develop 
a 3D treatment plan and manufacture the CAD/CAM 
surgical splints. The process followed involved: 

3D image generation. 

3D surgical planning.

Designing CAD/CAM Surgical splints.

After these steps, in the CAD/CAM Centre the virtual 
splints (STL files) were exported to a milling machine 
which milled the surgical splints on polymethyl 
methacrylate (PMMA), a transparent rigid thermoplastic 
material.

CONCLUSION

Currently the digital technologies such as the CAD/
CAM system are increasingly taking hold in the design 
and implementation of dental appliances, leading the 
dentistry to a new era. The decrease of craftsmanships 
replaced by the computer and the implementation 
of a precise and reproducible method has allowed a 
reduction of the errors by providing to the patient a 
better quality of treatment. The goal is to develop an 
aid system for designing orthodontic devices that is 
quick, easy to use, cost-effective and reliable in terms 
of final results. So, Significant advances in orthodontic 
technology have occurred in recent decades, largely 
due to the incorporation of CAD/CAM technology into 
the design and fabrication of orthodontic appliances. 
The clinical evidence to support the efficiency and 
effectiveness of these appliances is varied, with no single 
system emerging clearly superior. Further research into 
the advantages and disadvantages of the available CAD/
CAM orthodontic appliances is needed to gain a better 
understanding of the technology and how it should be 
best utilized.
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