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Abstract

Orthodontics as well as dentistry are undergoing a technological revolution with

advances in medical imaging, 3D printing and customization of appliances and devices.

Digital orthodontics can be defined as the process of manufacturing customized appli-

ances based on a target setup which incorporates tooth positioning in six-degrees-of-

freedom. Three-dimensional medical imaging provides better diagnostic tools and allows

for fabrication of orthodontic appliances based on the coordinates system of the occlusal

plane within the facial anatomy. This article describes the state-of-the-art in goal-driven

orthodontic treatment, warns against the commercialization of our profession, and high-

lights the advantages of lingual orthodontics in terms of protection of the enamel.

K E YWORD S
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Currently the orthodontic specialty is facing many challenges. Some of these

threats are external; some are due to our own decision as a dental commu-

nity. External threats are easier to spot. A good example is the commercially

fabricated perception that aligner therapy can be executed without an

orthodontist, or even a dentist. Internal ones are not so easy to identify; a

good example is treatment dictated by the appliance that was chosen as

opposed to sound diagnosis and problem-oriented treatment planning. At

this challenging time, it is important for orthodontists and dentists to think

about the future role of the orthodontist and how we can use new technol-

ogy to improve and maintain quality in orthodontic treatment outcomes.1

Let us begin by assessing the achievement of goals during treatment.

1 | ARE WE ACHIEVING OUR GOALS?

A major goal of orthodontics is establishment and maintenance of an

appropriate arch form for each patient. We have learned by research and

experience through the years that the mandibular arch form should not

be modified to a major extent, and that teeth should be positioned within

the zone of equilibrium between the internal and external forces.2

Although most clinicians aim to maintain the pre-treatment arch form,

studies show that this is often not transferred to clinical practice.3 The

use of non-customized orthodontics with preformed arch wires does not

allow for maintenance of the arch form, especially using the pref-

abricated NiTi wires. A solution to this problem can be the use of setup-

driven manufactured orthodontic appliances where the initial arch shape

is incorporated into the design of the brackets and wires.4,5 This process

needs supervision and approval by a qualified orthodontist (Figure 1).

A second area where goals are often under-achieved is the expres-

sion of torque or inclination of the upper incisors and canines. This is due

to the use of undersized wires in slots that often are oversized. Inade-

quate, and usually deficient, torque has obvious esthetic consequences

and less obvious functional consequences.6 For example, the inclination

of the upper incisors determines the antero-posterior position of their

lingual surface, and this affects where tooth contacts occur in occlusion.

Deficient torque leads to a smaller upper dental arch perimeter and a

more palatally positioned lingual surface of the upper incisors.7 In order

to achieve Class I canine with under-torqued upper incisors, clinicians

resort to interproximal reduction of the lower incisors, even in the

absence of inter-arch tooth size discrepancy. In this example the lack of

customization and or the lack of accuracy of traditional appliances have

a cost in terms of interproximal enamel8 (Figure 2).

2 | WHAT IS GOAL-DRIVEN
ORTHODONTICS?

It seems that today there is a dissociation between diagnosis/treat-

ment planning and treatment delivery. Treatment goals are defined

during diagnosis and treatment planning process, but when treatment
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execution relies on the same average-driven preadjusted appliance for

everyone, the realization of these treatment goals is not always easy.

Human error, anatomical differences and secondary effects due to an

average prescription appliance applied to a specific patient result in

lengthy treatment times.9 The orthodontist is forced to have a con-

stant reactive approach to compensate for the lack of customization

of the orthodontic appliance. Orthodontic treatment delivery

becomes a trial and error exercise where the orthodontist must have

F IGURE 1 These two patients (A),(C) and (D),(F) with similar crowding pattern and different initial arch form were treated with WIN lingual
system WIN; (DW Lingual Systems, Bad Essen, Germany) (A) and (D). The original arch form was incorporated into the setup in order to be
maintained during orthodontic treatment (B) and (E). At the last appointment before debonding the crowding was resolved and the original arch
form was preserved. This level of customization is not possible with preformed arch wires

F IGURE 2 Large antero-posterior discrepancies can only be corrected if ideal inclination (torque) of the anterior teeth is established.
Deficient upper anterior inclination often occurs in labial technique due to the use of undersized wires and oversized slots. These images
correspond to: (A) initial malocclusion prior to bonding. (B) after leveling and aligning and (C) final result. Please note the excellent inclination
control of the anterior teeth which allow for correction of a full-cusp dental Class II relationship

F IGURE 3 The individual treatment goals are incorporated into a setup which will be the blueprint for appliance fabrication (A). Based on the
desired positions of the teeth brackets and wires are customized (B); these brackets are then transferred to the malocclusion model in order to be
bonded in the patient's mouth (C)
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a reactive approach to compensate for the secondary effects pro-

duced by non-customized appliances.10

Goal-driven orthodontics is achieved most effectively by a proac-

tive process of design and manufacturing of orthodontic appliances

where the target tooth positions are planned on a dental setup.11 The

setup includes both intra-arch and inter-arch tooth positioning. In

other words, the position of each individual tooth in relation to its

neighbors is defined in the three-dimensional space; then it is refined

based on the desired occlusion. The key to achieving the defined

treatment goals is that the individual setup be the blueprint for

manufacturing the appliances (Figure 3). The amount of tooth dis-

placement, rotation and overall expansion can be quantified and

adjusted during appliance fabrication.12 Advantages of this

approach include accurate tooth positioning,13 less human error dur-

ing indirect bracket bonding,14 and the possibility of maintaining the

pre-treatment arch form (Figure 4). Secondary advantages can be

faster treatment, with less secondary effects that are time-

dependent15 and better accurate and precise outcomes. Goal-driven

orthodontics applies to both labial and lingual appliances16-18

(Figure 5).

3 | WHY LINGUAL ORTHODONTICS?

With the advent of completely customized lingual appliances, the

delivery of lingual orthodontic treatment is more user-friendly

from the clinician's and patients' point of view.19 Precise slot

dimensions, ribbon-wise slot orientation, individualized arch wires,

large bracket bases, flat design and high standards in lingual ortho-

dontic education allow for high performance that surpass the pos-

sibilities of traditional orthodontic treatment. Some advantages

include:

• Reduction of the incidence of decalcification with its inherent sav-

ings in terms of enamel and financial burden (see discussion

below),20

• Individualized treatment plans that can be predictably transferred

to the patients' mouth,21

F IGURE 4 Small changes in angulation as seen in the lower right first molar can have a significant adverse effect on occlusion in all three
planes of space—especially in the vertical dimension. In crowded situations the angulation discrepancy may not be perceptible until late in
treatment. The use of customized and indirectly bonded braces minimizes errors in bracket positioning

F IGURE 5 Based on the patient's smile and facial esthetics the
desired change in incisor exposure, angulation and alignment of the

incisors is incorporated into the setup that will be the blueprint for
appliance design and fabrication. Note the correction of the
angulation of the midline and the relative extrusion of the upper
incisors relative to the back teeth
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• Better torque control because of precise slot and arch wires

dimensions,22

• Biomechanical advantages in terms of vertical control thanks to

ribbon-arch wires,23 and

• Avoidance of secondary effects due to conventional non-custom-

ized orthodontic treatment

� Human-error present in direct bonding techniques,14

� Inter-patient variability not accounted for with non-customized

appliances,24 and

� No preservation of arch form.

In competitive orthodontic markets, lingual appliances offer a

great marketing tool and a way for orthodontists to differentiate

themselves from their competitors. These appliances expand the

potential patient pool to include these patients that reject labial appli-

ances. Lingual appliances are the only non-visible appliances on the

market and are mainly compliance-free. Patients can perceive and

enjoy every improvement immediately without affecting their social

life. Dentists and orthodontists can visualize and detect small changes

without labial appliances in the visual field as often it is difficult to

evaluate smile esthetics and tooth position when labial appliances are

present. And overall, patients accept lingual orthodontics with great

enthusiasm which creates a happy practice.25

4 | ENAMEL DECALCIFICATION AS A
PROBLEM

One of the most frequent negative effects of orthodontic treatment is

decalcification of the enamel.20 Lingual appliances proved to be much

less hazardous for the enamel where the frequency of decalcifications

in comparison with labial appliances is five times less, and when present

are 10 times smaller (Figure 6). The self-cleansing effect of the tongue,

better exposure to cariostatic saliva, and the close adaptation of the

bracket base are factors in the reduction of this unwanted effect. A

more obvious difference between the lingual and other orthodontic

techniques is the fact that there is no need to remove labial composite

bonding material when braces are placed on the lingual surface, which

is the case for both labial braces and attachments bonded to the labial

surface of the teeth. Lingual debonding procedures maintain the natural

gloss of the untouched labial enamel surface. Even with excellent

debonding protocols in labial orthodontics a change in the labial enamel

surface can be detected without magnification.26

5 | WHY IS LINGUAL TREATMENT MORE
POPULAR IN EUROPE THAN IN THE UNITED
STATES?

Lingual orthodontics is not only more popular in Europe than in the

United States, but is also more popular in Asia and around the world.

American orthodontists over the age of 55 are still resentful from the

bad experiences they had with early lingual appliances in the last

century. When German-produced completely customized lingual

appliances were introduced in the United States, the number of users

increased considerably, but only for a short period of time until the

appliance production was attempted in a different country with

unsuccessful outcomes. A completely customized lingual appliance is

made out of 40 unique and individualized components—28 brackets,

10 archwires and 2 bonding trays—which require a high level of preci-

sion and accuracy. If one of these components is compromised the

customized lingual system will not perform as intended. The European

orthodontic market is highly competitive and the lingual market is

growing fast. Many young orthodontists want to offer an esthetic

treatment option with full three-dimensional tooth control in order to

differentiate themselves from the competition. Before building their

practices they learn lingual orthodontics.27

Many recent American orthodontic graduates start their career

with a great amount of debt and end up working as associates at a

corporate office. While in the corporate world their capabilities in

terms of making decisions are limited, and until they are able to

become independent their interest in lingual orthodontics is non-exis-

tent.28 This phenomenon is combined with a movement toward clear

removable appliances mainly pushed by the manufacturers and not by

scientific research, neglecting completely the limitations in tooth

movements one can expect when using only removable appliances.29

Unfortunately, many US orthodontic specialists have supported this

F IGURE 6 Not only the incidence of White-Spot lesions is lower
in lingual orthodontics, but also the size and severity of the lesions is
much lower compared to labial braces. In this graph (from van der
Veen MH, Attin R, Schwestka-Polly R, Wiechmann D. Caries
outcomes after orthodontic treatment with fixed appliances: do
lingual brackets make a difference? Eur J Oral Sci. 2010
Jun;1183:298–303) it can be observed that the fluorescence loss and
the area of the white-spot lesions post lingual orthodontic treatment
is much smaller than the ones in labial treatment
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approach, to the point that companies are starting to obviate the

orthodontist in the process and developing do-it- yourself orthodontic

products.30

6 | WILL THE USE OF TECHNOLOGY
ALLOW DENTISTS TO PERFORM
THOUGHTLESS ORTHODONTICS?

A well-executed but wrong strategy is very dangerous. The commer-

cialization of the orthodontic profession has changed the perception

of the importance of orthodontic diagnosis, treatment planning and

appliance customization among orthodontic professionals. Today

clinical research in orthodontics is barely present in meetings and

conferences. Company organized meetings are full of entertainment

showing that case” that luckily worked”. It seems that the figure of

the orthodontist is no longer making decisions and therefore not

necessary. But excellence in orthodontics depends mainly on the

orthodontist's skills and education and not in the appliance of

choice.

The only solution to this imminent threat comes from within

the profession where there should be an emphasis on quality in

orthodontic education at the postgraduate level, where the future

of the profession is shaped into high skilled and thoughtful profes-

sionals. After all we do really need orthodontists particularly in lin-

gual treatment.

In summary, quality orthodontics requires evidence-based

diagnosis and treatment planning, customized appliances with good

performance and reduced secondary effects, and a good team led by

a skilled orthodontist to gather the records, customize, deliver and

monitor the treatment. This knowledge and education should be the

purpose of graduate programs in orthodontics. It will depend on us—

dentists—to commit to quality in order to protect our patients. The

future is promising, advances in appliance customization—both in the

lingual side and labial side of the teeth—three-dimensional technology

applied to facial and dental diagnosis and treatment planning

and companies devoted solely to dental printing (for instance:

SprintRay, Los Angeles CA) enable clinicians to achieve excellence in

orthodontics.
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