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Reliability of digital orthodontic setups

Monica S. Barreto®; Jorge Faber®; Carlos J. Vogel°; Telma M. Araujo®

ABSTRACT

Objective: To evaluate the reliability of digital orthodontic setup technology by comparing it with
manual setups and models cast at the end of orthodontic treatment.

Materials and Methods: Initial models, manual setups, and final models of 20 patients were used.
The initial and final models, as well as the manual setups, were scanned using a 3Shape R-700
scanner, while the digital setups were fabricated based on the initial models using 3Shape
OrthoAnalyzer software. Evaluation of the models based on the manual setup, digital setup, and
final models of each patient was performed using the following linear measurements: intercanine
widths, intermolar widths, and length of the upper and lower dental arches.

Results: The results disclosed that none of the measures assessed through the manual setup,
digital setup, and final models showed statistically significant differences (P > .05).
Conclusions: Based on these findings, it can be inferred that digital setups are as effective and
accurate as manual setups and constitute a tool for diagnosing and treatment planning that can be

reliably reproduced in orthodontic treatments. (Angle Orthod. 2016;86:255-259.)

KEY WORDS: Computer-assisted diagnosis; Dental models; Three-dimensional imaging

INTRODUCTION

Setup is a technique whereby teeth are reassembled
in plaster models to depict the patient’s malocclusion.'*®
In carrying out this diagnosis, the teeth are separated
from each other and from the bases of upper and lower
casts, allowing them to be repositioned within the
framework of orthodontic treatment planning.'™ Setup’s
key advantage lies in allowing professionals to ascertain
that treatment planning is indeed viable in each
case."®® |t answers questions such as the following:
Are extractions necessary or will the mere stripping of
interproximal prove sufficient to align the teeth? How
much interproximal stripping should be performed and
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on which teeth? What precautions would be necessary
to ensure proper anchorage?

Fabrication of a manual setup involves a laborious
technique. However, when properly performed and
analyzed, it provides data that can facilitate treatment
and reduce biological damage to the patient.* Therapy
should be initiated only after making sure that planning
is suitable for correcting a given malocclusion.*®

With the increasing use of digital dental models, it is
now possible to build digital orthodontic setups. These
allow one to review different orthodontic treatment
options that can be shared with other orthodontists and
health-related professionals to exchange information
about the treatment. Furthermore, digital setups also
make it easier to present the therapeutic alternatives to
patients and/or their legal guardians, allowing them to
understand the best treatment option.®2

Given the emergence of new software, this study
aimed to evaluate the reliability of digital orthodontic
setup technology by comparing it with manual setups
and with the final treatment models. For this purpose,
OrthoAnalyzer (3Shape, Copenhagen, Denmark) com-
puter software was employed.

MATERIALS AND METHODS

The sample size (n) consisted of 20 patients.
Calculation was performed using an expected differ-
ence of 1 mm, with 80% power and an 5% alpha level.
Sample size calculation was performed using BioEstat
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software (version 5.0, Mamiraua Institute, Belém, Para
State, Brazil). Ethical approval for this study was
obtained from the Ethical Committee of the Federal
University of Bahia, Faculty of Dentistry.

To be selected, patients had to meet the following
criteria: orthodontic treatment must have been com-
pleted, presence of permanent teeth as far as the
second molars, treatment must not involve prosthetic
rehabilitation, facial growth must have been completed
before the start of treatment, no involvement of
orthognathic surgery, dental casts properly fabricated?
and in perfect condition, and manual setups based on
the proposed treatment plan.

Manual setups, digital setups, and final models of
the patients were used in the study. To fabricate the
setups, the authors endeavored to comply with the key
principles of a normal occlusion by preserving the
original intermolar and intercanine widths, maintaining
the arch form, attaining correct contact points, normal
overbite and overjet, coincident and correct midlines,
correct axial inclinations and angulations (tip), no
rotations, normal relationship between occlusal in-
clined planes, and appropriate curve of Spee and
curve of Wilson.

To produce the digital models, an R-700 scanner
(3Shape) was used, which features a laser beam and
two digital cameras capable of capturing high-resolution
images. The same specialist in orthodontics scanned the
models according to the specifications provided by the
equipment manufacturer. The initial models, final mod-
els, and manual setups were scanned.

The manual setups had been previously fabricated
by graduate students from the Specialization Program
in Orthodontics, Federal University of Bahia, according
to the treatment plan proposed under the supervision
of an orthodontics instructor following the method
described by Araujo et al.? The manual setups were
made and used for diagnosis and planning prior to the
orthodontic treatment.

In scanning the manual setups, the same technique
was used for initial models. However, given that wax—
where the teeth are mounted—is not scanned by the
laser, Spotcheck SKD-S2 (Magnaflux, Glenview, IlI)
solvent developer had to be used on the wax area.
The final models were scanned without the use of
a developer.

The digital setups were constructed based on the
initial models scanned using the OrthoAnalyzer
(8Shape) software. The researcher who built the digital
setup had access to the treatment plan, examinations,
and initial models. However, he was blinded to the
manual setup and final model. The setup was
based on the anchorage requirements, the final
desired position for the whole maxilla and mandible
according to the treatment plan, the expected torque
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Figure 1. (A) Maxillary model preparation process. (B) Image
depicting teeth manipulation.

loss related to wire play and other factors, the
amount of overcorrection for rotation control, and the
arch forms.

Initially, the upper and lower arch forms were
obtained and the crown axis determined. The teeth
were sectioned one by one, preserving the anatomy of
the tooth crown in the mesiodistal and buccolingual
directions (Figure 1A), while ensuring that each
section extended right through the contact point. After
this stage, manual adjustment of individual teeth to
their ideal positions was performed according to the
treatment plan. The mounting was initiated by reposi-
tioning the lower incisors. One side was mounted at
a time, and the arch form was maintained. Finally, the
models in occlusion were evaluated for potential
collisions between the teeth, and when necessary,
corrections were made (Figure 1B).

When ready, the digital setups were saved as
digital models, and no further changes were allowed
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Figure 2. (A) Intercanine and intermolar widths of the maxillary arch.
(B) Length of the mandibular arch.

to be made in tooth positions to ensure reliable
measurements.

Comparisons between digital models in terms of
manual setup, digital setup, and final model were
carried out by means of linear measurements: inter-
canine and intermolar widths and length of the upper
and lower dental arch (Figure 2). The measurements
were performed by a properly calibrated examiner with
the aid of OrthoAnalyzer software (3Shape).

Prior to measuring, five patients were randomly
selected. The digital measurements were performed at
two different points in time with 2-week intervals
between them, under the same conditions, by a single
duly trained operator. The measured values were
subjected to a statistical test to determine random
error. For all variables, random error was calculated
according to Dahlberg’s formula (S? = Xd?2n) to verify
intraexaminer agreement.

Analysis of the reproducibility of measurements
was performed by testing intraclass correlation, with
a confidence level of 95%.
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Table 1. Results of Intraclass Correlation (ICC) Between
Measurements?®

Measurement ICC Conclusion P
Upper
ICW .62 Fair reproducibility <.001
Outstanding reproducibility <.001
MW .8
Outstanding reproducibility <.001
LDA .93
Lower
ICW .75 Outstanding reproducibility <.001
IMW .76 Outstanding reproducibility <.001
LDA .93 Outstanding reproducibility <.001

a |CW indicates intercanine widths; IMW, intermolar widths; LDA,
length of the dental arches.

Statistical Analysis

Statistical analysis was performed with BioEstat
software (version 5.0, Mamiraua Institute, Belém, Para
State, Brazil).

D’Agostino-Pearson test was employed to observe
normal data distribution. Moreover, repeated-mea-
sures analysis of variance (ANOVA) and Friedman
test were used to test the null hypothesis of no
difference between the measurements of the setup
methods and final models of the patients. The
significance level was set at 5%.

RESULTS

Method error calculation took into account reliable
measurements given their remarkable reproducibility
potential. Correlations for most measurements were
rated as outstanding (r = .75 to .93), whereas in
evaluating the intercanine width in the upper arch,
there was a statistically significant correlation (P <
.001), which was given a positive rating (r = .62;
Table 1).

In analyzing the data, the Friedman test was used to
assess the length of the upper arch in the manual
setup, digital setup, and final model. Likewise, the
same test was applied to evaluate the intercanine
width in the lower arch of the manual setup. An
ANOVA was used to assess the remaining measures.
Descriptive statistics and results are shown in Table 2.

None of the measures assessed with the aid of the
manual setup, digital setup, and final models showed
any statistically significant differences (P > .05).

DISCUSSION

Studies on virtual setup reliability are still scant in the
literature, and this contrasts with the increasing
sophistication and investment in the development of
these tools. In using the setup, the main goal is to
provide the orthodontist with a realistic view of how
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Table 2. Descriptive Statistics and Results of Friedman and Analysis of Variance Tests for Manual Setups, Digital Setups, and Final Models®

Model

Manual Setup

Digital Setup

Final Model

Dental Mean°/Median,® Standard Deviation/ Mean°/Median,® Standard Deviation”/ Mean°/Median®, Standard Deviation/
Arches mm Range,” mm mm Range,” mm mm Range,” mm P
Upper
ICW 34.50° 1.38* 34.82° 1.72* 35.06° 1.57* .5301
IMW 49.79° 2.68" 49.51° 217" 49.24° 2.16" .7678
LDA 30.25% 28.05-39.15° 30.35° 27.68-39.56° 32.00¢ 29.11-40.12° .0578
Lower
ICW 27.11¢% 26.56-28.41° 27.33¢ 23.56-28.52° 27.23¢ 23.96-29.30° .256
IMW 43.12° 2.61" 42.84° 1.97¢ 42.80° 2.16* .888
LDA 29.24° 3.45* 28.88° 3.72¢ 29.48° 3.49* .8681

2 |CW indicates intercanine widths; IMW, intermolar widths; LDA, length of the dental arches.

® Friedman test was used to assess these measures.

° represents the mean value; %, the median value; * the standard deviation value.

Deviation*/

a case that is being planned will likely end, no matter if
the setup is physical or digital. Thus, the setup should
not be constructed artistically to help persuade the
patient to accept treatment but very carefully, in line
with the treatment goals and limitations of orthodontic
mechanics.?

In the study, the digital models were also analyzed
by converting the manual setup and final model into
digital models. According to Sousa et al.,* the digital
models proved as reliable as plaster models (casts) in
obtaining the measures commonly used for diagnosis.
Fleming et al.® reported that digital models offer a high
degree of validity when compared with the direct
measurement of plaster models, and the differences
between these approaches are likely to be within
clinically acceptable limits. However, there may be
small differences between measurements made on
plaster models vs digital models. Therefore, to obtain
more accurate results and to avoid confusion caused
by model analysis methods, models were analyzed by
converting manual setups into digital models.

The results indicated that manual setups are reliable
tools for planning treatment. This is because there are
no differences in the measurements performed in the
final models vs the manual setups, thus confirming the
results found by Im et al.® As a result, this lack of
differences between the manual and digital setups
suggests that the digital setups allow one to envision the
treatment goals in a manner similar to manual setups.

Digital setups seem to offer advantages over manual
setups. Initially, the program is easy to learn and
manipulate. In addition, image setups are easy to store
as they do not require large physical spaces, as is the
case with plaster models, whose storage costs are
extremely costly in many cities around the world.
Finally, communication between professionals and the
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patient is facilitated, since setups can be sent over the
Internet, avoiding potential breakage during shipping
and handling. This advantage is also mentioned by
some authors regarding digital models.'®"" In recent
years, replacing conventional diagnostic methods with
other more technologically advanced methods has
become common in the medical and dental areas.'®'®
The use of digital setups seems to have the potential to
reinforce this trend, which could mean further de-
velopment in the process of storing information re-
quired for orthodontic diagnosis. In this study, the
program used to perform the digital setup provided
poor visualization of the gum line. The gum does not
follow extensive tooth movements, which hinders gum
line analysis.

Araujo et al.2 emphasized the various disadvantages
of manual setups, including a lengthy fabrication time
given that professionals spend a few hours doing
laboratory work, although this factor does not preclude
its use. This assertion proves even more flexible when
the digital setup is used as an aid in orthodontic
diagnosis. Although this investigation did not evaluate
the time it takes to construct a model, it was found that
the time taken to construct a digital setup from
scanning of the initial model to completion was 2
hours. On the other hand, preparing the manual setup
directly on the plaster models involves cutting, pre-
paring the teeth and model bases, and mounting the
planned occlusion, and it takes much longer.

The results of this study demonstrate that the use of
digital orthodontic setups is reliable and an excellent
method of orthodontic treatment, as it allows a three-
dimensional view of the patient’s occlusion at the end
of treatment. This enables greater confidence in the
application of any orthodontic therapy. A comparison
between the setups and the final model in this study
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reassures orthodontists with respect to the use of
setups, both manual and digital, as a tool to determine
the orthodontic therapy of choice.

Nevertheless, further studies are warranted to
assess the reliability of virtual setups and to develop
algorithms to predict gingival response to tooth
movement, which would allow further refinement of
orthodontic planning.

CONCLUSION

« Based on these findings, it can be inferred that digital
setups are as effective and accurate as manual
setups and consist of a tool for diagnosis and
treatment planning that can be reliably reproduced
in orthodontic treatments.
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