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Objective: The purpose of this retrospective study was to
compare accuracy of arch expansion using two different ther-
moplastic materials in Invisalign aligners: EX30® (Polyeth-
ylene Terephthalate Glycol, or PETG) and SmartTrack® (poly-
urethane). Methods: The study sample comprised 65 adult
patients consecutively treated with Invisalign from two pri-
vate practices: group 1 — treated with EX30® (358 teeth) and
group 2 — treated with SmartTrack® (888 teeth). Six hundred
and twenty-three measurements were assessed in three digital
models throughout treatment: model 1 - initial, model 2 - pre-
dicted tooth position, and model 3 — achieved position. Sixteen
reference points per arch were marked and, after best align-
ment, 2 points per tooth were copied from one digital model to
another. Linear values of both arches were measured for ca-
nines, premolars, and first molars: on lingual gingival margins
and cusp tips of every tooth. Comparisons were performed by
Wilcoxon and Mann-Whitney test. Results: Both termoplastic
materials presented significant differences between predicted
and achieved values for all measurements, except for the lower
molar cusp tip in the SmartTrack® group. There is no statisti-
cal difference in the accuracy of transverse expansion between
these two materials. Overall accuracy for EX30® aligners in
maxilla and mandible were found to be 37 and 38%, respective-
ly; and Smarttrack® presented an overall accuracy of 56.62% in
the maxilla and 68.72% in the mandible. Conclusions: It is not
possible to affirm one material expands better than the other.
Further controlled clinical studies should be conducted com-
paring SmartTrack® and EX30® under similar conditions.

Keywords: Removable orthodontic appliances. Tooth move-
ment. Retrospective studies. Malocclusion.
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Objetivo: O objetivo deste estudo retrospectivo foi comparar
a acuracia na expansao da arcada utilizando alinhadores Invi-
salign com dois tipos de material termoplastico: EX30° (Polie-
tileno Tereftalato Glicol, ou PETG) e SmartTrack® (poliuretano).
Metodo: A amostra desse estudo incluiu 65 pacientes adultos
tratados consecutivamente em dois consultorios particulares:
grupo 1 - tratado com EX30° (358 dentes), e grupo 2 - tratado com
SmartTrack® (888 dentes). Foram avaliadas 623 medidas em trés
pares de modelos digitais, ao longo do tratamento: modelo 1 - ini-
cial, modelo 2 - posicao dentaria planejada, modelo 3 - posicao
alcancada. Foram marcados 16 pontos de referéncia por arcada
e, apos o bestfit, 2 pontos por arcada foram copiados de um mo-
delo digital para o outro. Medidas lineares de ambas as arcadas
foram aferidas para caninos, pré-molares e primeiros molares,
localizadas na margem gengival lingual e ponta de cuspide de
todos os dentes. Foram realizadas comparacoes usando os tes-
tes Wilcoxon e Mann-Whitney. Resultados: Ambos os materiais
termoplasticos apresentaram diferencas significativas entre os
valores planejados e alcan¢ados em todas as medidas, exceto
na ponta de cuspide dos primeiros molares inferiores do grupo
SmartTrack®. Nao houve diferenca estatistica entre esses dois
materiais quanto a acuracia da expansao transversa. Em ter-
mos gerais, a acuracia dos alinhadores EX30° na maxila e man-
dibula foi de 37% e 38%, respectivamente. O grupo SmartTrack®
apresentou acuracia de 56,62% e 68,72% na maxila e mandibula,
respectivamente. Conclusoes: Nao foi possivel afirmar que um
material expande melhor que o outro. Estudos clinicos contro-
lados futuros devem ser conduzidos comparando SmartTrack® e
EX30° sob condicoes similares.

Palavras-chave: Aparelho ortodontico removivel. Movimen-
tacao dentaria. Estudos retrospectivos. Ma oclusao.
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Since its launch in 1999, Invisalign® has grown rapidly in a
worldwide consumer demand as an esthethic alternative to
fixed appliances. The Invisalign® system operates a CAD/CAM
technology to help technicians and dentists elaborate a treat-
ment plan that relies on individualized aligners designed to
move teeth in 14 days intervals.’

Over the last decade, there was a shift on the complexity of
malocclusions being treated by Invisalign, the system evolved
from treating mild dental crowding to borderline cases.?

Nevertheless, dental crowding is still one of the main reasons
people seek orthodontic treatment. Expansion of a constricted
arch may resolve dental crowding by increasing the arch length,
and it is also an alternative to avoid interproximal reduction.®

Aligners currently on the market may have a similar external
appearance, butin reality they differ in many aspects, e.g. man-
ufacturing material, thickness, and clinical protocol.”? In an
ideal world, clear aligners should be able to exert light constant
forces to promote physiological tooth movement; however,
studies on clear aligner behavior under stress have reported
forces that are not constant and may differ considerably over-
time.? The magnitude of the force applied and the properties
of the material used for aligner manufacture tend to have a
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direct effect on performance.’”® Lombardo et al.” study results
confirm that aligners on the market will perform differently
depending on their thickness and construction material.

In 2013, there was a worldwide change in the construction
material of Invisalign®, when SmartTrack® (polyurethane) align-
ers were announced as a superior option, with better tooth
movement accuracy, higher flexibility, and more patient com-
fort. From that moment on, the former EX30® (Polyethylene
Terephthalate Glycol, or PETG) aligners were replaced by
SmartTrack®. However, that shift from PETG to polyurethane
material was not observed in other aligner companies, since
most of them currently rely on modified PETG, polypropylene
and polycarbonate.” "

Until this moment, the majority of scientific data regarding
tooth movement accuracy with clear aligners does not consider
aligner material a relevant variable.""'* And there is only a lim-
ited number of studies on tooth movement accuracy comparing
different plastic materials, specially in transverse expansion.
The hypothetical superiority of polyurethane over other aligner
materials is an assumption that has prevailed over the years,
nonetheless further studies are still needed to elucidate the
matter. Thus, the objective of the present study was to assess
the accuracy of maxillary and mandibular expansion planned
by ClinCheck® software for the use of EX30® and SmartTrack®
aligners at the end of the first treatment phase.
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The Ethics Committee of University of Sao Paulo School of
Dentistry approved this retrospective study (2.865.423) on
January 2019.

Sample size calculation was based on the linear distance
between two teeth, with an effect size of 0.88, a error prob-
ability of 0.05, and power of 80%. It was estimated to be 13
linear measurements per group. The sample was obtained
from two private practices, both with a high degree of exper-
tise with Invisalign®.

Patient selection was based on the following inclusion criteria:
age between 22 and 55 years, non extraction treatment, no
missing teeth, no midcourse corrections, no combined treat-
ment with fixed appliances or any other auxiliary appliance.
Exclusion criteria were: presence of autoimmune disease,
long-term use of medication three months prior to the begin-
ning of treatment (non-steroidal anti-inflammatory, cortisone,
immune suppressive, and bisphosphonate drugs), pregnant
and/or lactating women, and final digital scans should not
exceed 45 days post-treatment.

According to the eligibility criteria, the principal investigator
remotely recruited digital files (.stl) via ClinCheck® from 74
patients over a 30 day period (Sept. 2018). After consulting
physical archives, 5 patients treated with auxiliary mechanics
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and 2 with midcourse correction were excluded from the
study. Two other patients presenting corrupted files were also
excluded. Patient data were de-identified, and a unique num-
ber was assigned for each patient.

The final sample consisted of 65 consecutive patients divided
into two groups: EX30® and SmartTrack®. EX30® group included
22 patients (9 male and 13 female) with mean age of 37 years
(min = 22 years; max = 51 years) and mean treatment time of
8,8 months (min = 5 months; max = 13 months). SmartTrack®
group included 43 patients (12 male and 31 female) with mean
age of 35 years (min = 23 years; max = 55 years) and mean
treatment time of 12,8 months (min = 7 months; max = 25,5
months). Patients had to change aligners every two weeks.

The samplewas classifiedaccordingtothe manufacturing mate-
rial used for aligners: EX30® group (Polyethylene Terephthalate
Glycol, or PETG) (n =179 linear measurements) - aligners man-
ufactured until January 27t 2013; SmartTrack® group (polyure-
thane) (n = 444 linear measurements) - aligners manufactured
from January 28" 2013 until the present date.

For each patient, three sets of digital files (.stl) were uploaded
into Geomagic Control® software (North Carolina, USA):
Model 1 - before treatment, Model 2 - expansion predicted by
ClinCheck®, and Model 3 - expansion achieved at the end of
the first treatment phase (Fig 1).
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Sixteen reference points per arch were marked in Model 1
(Fig 2) and, after bestfit alignment, 2 points per tooth were
copied from Model 1 to Model 2, and from Model 1 to Model 3
(Fig 3). In case of wear facets, the tooth was excluded, because
bestfit alignment could not be performed. Arch width mea-
surements were recorded using Geomagic Control’s digital
caliper in the three sets of digital models. Linear values of
upper and lower arch widths were measured at the cusp tip
and lingual points at the gingival margin of canines, first and
second premolars, and first molars (Fig 4). Linear measure-
ments were obtained from X axis only, additional values from
Y and Z axis were discarded. Predicted tooth movement under
0.5 mm were not considered for analysis. The second molars
were not evaluated in this study.

Figure 1: Model 1 (A), Model 2 (B) and Model 3 (C).

Dental Press J Orthod. 2024;29(2):e2423212
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Figure 2: Sixteen reference
points were manually marked
on model 1 at the cusp tip
and gingival margin regions
of canines, first and second
premolars, and first molars.

Figure 3: The teeth in red
indicates best fit alignment
of the upper right canines
of models 1 and 2 (A), and
models 1 and 3 (B).

Figure 4: Linear values of the
upper arch were obtained
from X axis, measured at the
cusp tip and lingual points
at the gingival margin of ca-
nines, first and second pre-
molars, and first molars.

Dental Press J Orthod. 2024;29(2):e2423212



10 Medeiros RB, Santos RF, Mendes-Miguel JA, Rothier EKC, Mendes FM, Dominguez GC — Accuracy of arch

expansion with two thermoplastic materials in Invisalign® patients: EX30® and SmartTrack®

The following transverse linear values were measured for

each model:

»

»

»

»

»

»

»

»

Intercanine width tip: linear distance between cusp tips of
the canines.

Intercanine width gingival: linear distance between lingual
point of the gingival margin of canines.

First premolar width tip: linear distance between the buccal
cusp tips of first premolars.

First premolar width gingival: linear distance between the
lingual point of the gingival margin of first premolars.
Second premolar width tip: linear distance between the
buccal cusp tips of second premolars.

Second premolar width gingival: linear distance between
the lingual point of the gingival margin of second premolars.
First molar width tip: linear distance between the mesio-
buccal cusp tip of the first molars.

First molar width gingival: linear distance between the lin-
gual point of the gingival margin of the first molars.
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The accuracy of arch expansion was assessed by compar-
ing the discrepancies of predicted tooth position idealized
by ClinCheck® (Model 2 - Model 1) and the achieved tooth
positions obtained at the end of the first treatment phase
(Model3-Model 1).Theformulaappliedinthis studyto measure
the percentage accuracy for arch expansion was based on the
one proposed by Houle et al®: Percentage accuracy = [(achieved
post-treatment distance - pretreatment distance / predicted
post-treatment distance - pretreatment distance) x 100%].

This study did not assess any data of anterior teeth or angular
movements, such as rotation, inclination and torque. The anal-
ysis focused on linear tooth movement of posterior teeth.
To reduce potential source of bias, patients records were
de-identified, and all data extraction was performed by the
principal investigator, while all statistical methods were han-
dled by an assistant.

Statistical analysis was performed using SPSS v. 25 (Statistical
Package for the Social Sciences, IBM Corp, Chicago, USA).
Outcome variables were: predicted expansion (predicted post-
treatment distance - pretreatment distance) and achieved
expansion (achieved posttreatment distance - pretreatment
distance). Variables were submitted to Shapiro-Wilk and to
Levene's test, to assess normality and homogeneity of variance
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of these variables. They were expressed as median (1% and
31 quartiles), minimum and maximum values. Comparisons
between predicted and achieved expansions were performed
by Wilcoxon test. Comparisons between the accuracy of EX30®
and SmartTrack®expansionswere performed by Mann-Whitney
test. Values of p < 0.05 were considered statistically significant.

For the inter-rate reliability, 98 measurements (15%) were ran-
domly selected and were obtained again after three weeks.
The ICC (2-way mixed, single measurement, absolute agree-
ment) was used for analyses.

Assessed teeth presented a wide range of predicted tooth
movement (min = 0.50mm; max = 11.59mm), any predicted
tooth movement under 0.5 mm was not considered for analy-
sis. Data of achieved tooth movement ranged from negative to
positive values (min =-1.19mm; max = 6.75mm).

All measurements present a statistical difference between pre-
dicted and achieved outcomes in patients treated with EX30®
and SmartTrack® aligners, except lower molar cusp tip in the
SmartTrack® group (p=0.062).
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The most reliable areas to predict transverse changes with
EX30® aligners were the first premolar tip in the maxilla and
the canine tip in the mandible, with 55.73% and 69.91% of
achieved changes, respectively. The most reliable areas with
SmartTrack® aligners were the second premolar tip in the
maxilla and first molar tip in the mandible, with 76% and
83.32% of achieved changes, respectively.

Table 1 demonstrates the first premolar tip as the most accu-
rate area with EX30® alignersin the maxilla, in which the median
predicted change was 1.78 mm (min = 0.5mm; max = 5.56mm),
and at the end of treatment the real achieved change was
0.59 mm (min =-0.14mm; max = 3.18mm). In that case, EX30®
aligners have reached up to one third of what it was initially
planned. Table 2 demonstrates the canine tip as the most
accurate area with EX30® aligners in the mandible, reaching
approximately half of what it was predicted on ClinCheck®,
the median predicted change was 1.71 mm (min = 0.70mm;
max = 3.33mm), and the real achieved change was 0.85 mm
(min = -0.25mm; max = 2.82mm). Prediction accuracy with
EX30® aligners ranged from 14.38% (lower first molar gingival)
to 69.91% (lower canine tip).



Medeiros RB, Santos RF, Mendes-Miguel JA, Rothier EKC, Mendes FM, Dominguez GC — Accuracy of arch

14

expansion with two thermoplastic materials in Invisalign® patients: EX30® and SmartTrack®

Table 1: Accuracy of tooth movement (TM) changes with EX30® aligners in the maxilla.

Predicted Achieved D|ffe.rence
(Predicted -
TM* T™M* :
: : Achieved) P Accuracy
Tooth type Median Median :
Median value** | of change
(1st; 3rd (1st; 3rd (1st: 3rd
quartiles) quartiles) TR
L 1.87 0.53 0.74 0
Canine tip 12 (0.78: 4.43) 0.62-5.41 (0.05; 1.33) -0.30-4.90 (0.37: 3.08) 0.005 38.29%
. — 2.65 0.46 1.64 0
Canine gingival 13 (0.96: 3.47) 0.52-3.88 (-0.01: 0.98) -0.26-3.17 (0.66: 2.50) 0.002 25.16%
First premolar 1.78 0.59 0.66 0
tip 16 (0.79: 2.94) 0.50-5.56 (0.23: 1.22) -0.14-3.18 (0.11: 1.82) 0.005 55.73%
First premolar 1.83 0.52 1.13 0
gingival 14 100,288y 08328 0127002 034174 949,249 0001 1 33.72%
Second premo- 1.86 0.77 1.03 0
lar tip 14 (0.99; 3.19) 0.61-5.00 (0.15; 1.35) 0.23-4.97 (0.42; 1.67) 0.002 49.06%
Second premo- 1.62 0.61 1.21 0
lar gingival 10 (125083 068414 (g1.915 006384 (449973 0005~ 35.60%
: . 2.01 0.31 0.89 0
First molar tip 9 (0.96: 2.95) 0.59-5.76 (0.18: 1.48) -0.16-5.64 (0.49: 1.97) 0.008 26.75%
First molar 1.70 0.46 0.75 0
gingival 9 (104302 001410 (55433 011357 g5y 453 ~ 0008 - 42.26%

Comparison between predicted and achieved expansion was performed by Wilcoxon Test. * Median values in
millimeters; ** p < 0.05.

Table 2: Accuracy of tooth movement (TM) changes with EX30® aligners in the mandible.

Predicted Achieved Difference
TM* TM* (Predicted - P Accurac
Tooth type Median Median Achieved) y
: value** | of change
(1st; 3rd (1st; 3rd Median (1st;
quartiles) quartiles) 3rd quartiles)
L 1.71 (0.87; 0.85 0.26 0
Canine tip 11 2.49) 0.70-3.33 (0.13: 1.75) -0.25-2.82 (0.00; 1.49) 0.06 69.91%
: o 1.40 0.48 0.75 0
Canine gingival 17 (0.83: 2.37) 0.54-4.0 (-0.01: 1.21) -0.11-1.63 (0.20: 1.75) 0.001 35.47%
First premolar 1.48 0.32 0.82 0
tip 14 (0.93: 2.38) 0.68-4.68 (0.02: 0.80) -0.10-1.40 (0.05; 2.31) 0.001 16.26%
First premolar 1.79 0.17 1.12 0
gingival 9 (094260 990322 (001,074 027N 0ag 266 0008 1941%
Second premo- 2.62 1.22 1.26 0
lar tip 8 (1.13; 3.52) 0.82-3.70 (0.56; 1.92) 0.46-2.18 (0.40; 1.62) 0.017 >2.96%
Second premo- 1.06 0.37 0.72 0
lar gingival 10 (0.78; 1.75) 0.71-2.48 (0.22; 1.00) 0.10-1.22 (0.50; 1.33) 0.007 34.76 %
: . 1.56 0.53 0.90 0
First molar tip 7 (0.61: 2.07) 0.50-2.32 (0.08: 0.85) 0.05-1.31 (0.03: 1.69) 0.043 42.26 %
First molar 1.09 0.16 0.95 0
gingival ® (088136 17192 o103 0001120 (g37714g) 0046 14.38%

Comparison between predicted and achieved expansion was performed by Wilcoxon test. *Median values in

millimeters; ** p < 0.05.
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Table 3demonstrates the second premolar tip as the mostaccu-
rate area with Smarttrack® aligners in the maxilla: the median
predicted change was 2.0 mm (min = 0.54mm; max = 2.82mm),
and at the end of treatment the real change achieved was
1.57mm (min=-1.17mm; max=5.86mm). Table 4 demonstrates
the first molar tip as the most accurate area with Smarttrack®
aligners in the mandible: the median predicted change was
1.16mm (min = 0.50mm; max = 7.45mm), and the real change
achievedwas 1.18mm (min=0.0mm; max=5.35mm). Prediction
accuracy with SmartTrack® aligners ranged from 40.80% (lower
canine gingival) to 83.32% (lower first molar tip).

The least reliable areas to predict transverse changes with
EX30°® aligners were the lingual gingival margin of canine in the
maxilla and the lingual gingival margin first molar in the mandi-
ble, with 25.16% and 14.38% of achieved changes, respectively.
The least reliable areas to predict changes with Smarttrack®
aligners were the first molar tip in the maxilla and the canine
gingival in the mandible, with 43.95% and 40.80% of achieved
changes, respectively.

Table 1 demonstrates lingual gingival margin of the upper
canines as the least accurate area with EX30® aligners: the
median predicted change was 2.65mm (min = 0.52mm;
max = 3.88mm), and at the end of treatment the real change
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Table 3: Accuracy of tooth movement (TM) changes with SmartTrack® aligners in the maxilla.

Predicted Achieved Difference
TM* TM* (Predicted - Accurac
Tooth type Median Median Achieved) of chan );
(1st; 3rd (1st; 3rd Median (1st; 3rd g
quartiles) quartiles) quartiles)
1.45 1.08 0.60 .
Canine tip (0.96: 2.42) 0.50-4.12 (0.46: 1.35) -0.53-2.43 (0.11: 1.03) <0.001 63.19%
Canine 1.77 0.68 1.03 0
gingival 28 (1.03:267) 078905 (029,124 088201 g ug15qy) <0001 46.54%
First premolar 2.04 1.37 0.60 0
tip 32 (1.33: 3.49) 0.50-7.91 (0.48: 2.28) -0.21-5.83 (0.11: 1.58) <0.001 66.10%
First premolar 2.02 1.08 0.99 0
gingival 29 (134273 973481 (053194 033350 (gaq 973 | <0001 56.30%
Second 2.00 1.57 0.47 0
oremolartip 2 (1.31:3.61) 9% 741 (080,198 1177286 o4 167 <0001 76.00%
Second pre- 1.72 1.14 0.77 0
molar gingival 27 (1.37,2.65) 929218 (037.138) 0727396 (39,145 ~ <0001 33.57%
. . 1.43 0.68 0.63 .
First molar tip 25 (0.92: 2.84) 0.51-4.66 (0.25: 1.41) -0.81-3.50 (0.10: 2.16) <0.001 43.95%
First molar 1.05 0.62 0.49 0
gingival 23 077165 921742 (176098 1-19-2.08 (0.15; 1.06) <0.001 | 57.28%

Comparison between predicted and achieved expansion was performed by Wilcoxon test. *Median values in
millimeters; ** p < 0.05.

Table 4: Accuracy of tooth movement (TM) changes with SmartTrack® aligners in the mandible.

Predicted Achieved Difference
TM* TM* (Predicted - P Accurac
Tooth type Median Median Achieved) value** | of chan i
(1st; 3rd (1st; 3rd Median (1st; 3rd g
quartiles) guartiles) guartiles)
1.74 0.89 0.49 .
Canine tip (1.01: 2.52) 0.62-6.71 (0.35: 1.99) -0.34-3.85 (0.18: 0.80) <0.001 72.71%
Canine 1.69 0.67 0.77 0
gingival 36 0.99;201) 0049 (943129 V43328 (539,973 ~ <0001 40.80%
First premolar 2.21 1.22 0.41 0
tip 25 (1.43: 3.61) 0.68-8.69 (0.69: 2.53) 0.04-6.44 (0.00: 1.49) 0.005 76.66%
First premolar 1.44 _ 0.83 Nce 0.38 0
gingval  2°  (0.80;237) 99373 (045153 020400 (g031.0q) 0003 70.40%
Second pre- 2.31 0.55- 1.68 0.46 0
molartip | 3° | (0.93;4.10) 1159  (0.652.43) V0675 (543176 <0001 6412%
Second pre- 1.41 1.01 0.40 0
molar gingival 2 (0.92;2.48) 007741 (g1 15g) 019460 5 qqqqqy 0020 73.10%
. . 1.16 1.18 0.34 .
First molartip = 26 (0.78: 2.96) 0.50-7.45 (0.75: 1.76) 0.00-5.35 (-0.22: 0.85) 0.062 83.32%
First molar 0.94 0.82 0.34 0
gingival 2V 073;3.04) 9277207 040,141y 02331 006114y 0004 67.88%

Comparison between predicted and achieved expansion was performed by Wilcoxon test. *Median values in

millimeters; ** p < 0.05.
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achieved was 0.46mm (min =-0.26mm; max =3.17mm). Table 2
demonstrates lingual gingival margin of the first molar as
the least accurate with EX30® aligners: the median predicted
change was 1.09 mm (min = 0.51Tmm; max = 1.92mm), and at
the end of treatment the real change achieved was 0.16mm
(min =-0.00Tmm; max = 1.12mm).

Table 3 demonstrates the first molar tip as the least accurate
with SmartTrack® aligners in the maxilla: the median pre-
dicted change was 1.43mm (min = 0.5Tmm; max = 4.66mm),
and the real change achieved was 0.68mm (min = -0.081Tmm;
max = 3.50mm). Table 4 demonstrates the lingual gingival mar-
gin of the canines as the least accurate with SmartTrack® align-
ers in the mandible: the median predicted change was 1.69mm
(min = 0.50mm; max = 4.96mm), and the real change achieved
was 0.67mm (min = -0.43mm; max = 3.28mm).

Tables 5 and 6 provide a comparison of arch expansion accu-
racy obtained from EX30® versus SmartTrack® aligners in the
maxilla and mandible, respectively. There was no statistical
difference in the accuracy of transverse expansion between
these two materials (p > 0.05).
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Table 5: Comparison of arch expansion accuracy obtained from EX30® versus SmartTrack®
in the maxilla.

SmartTrack
Difference*
(Predicted -
Achieved)
Median (1st; 3rd

EX30 Difference*
(Predicted - SmartTrack
Achieved) group
Median (1st; 3rd (n)

Tooth type

quartiles)

quartiles)

Canine tip 12 0.74(0.37;3.08) | (-0.27-5.41) 26 0.60(0.11: 1.03) = (-0.26-3.08) = 0.72
;ig:\r/‘ael 13 1.64 (0.66; 2.50)  (-0.35-3.11) 28 1.03(0.46; 1.51)  (-0.26-10.54)  0.43
F'rslgf’;fpmo' 16 0.66 (0.11: 1.82) | (-0.47-5.33) 32 0.60 (0.12: 1.58)  (-0.26-10.54)  0.75
Fl'rSt premo- 14 1.13(0.49; 2.19) | (-0.01-3.29) 29 0.99 (0.41; 1.73) = (-0.73-3.35)  0.82
ar gingival
Sfﬁg[‘a‘: fi;e' 14 1.03(0.42; 1.67) | (-0.29-3.28) 30 0.47 (0.04: 1.67) (-0.42-434) 033
Second pre- 10 1.21(0.41: 1.73)  (0.6-2.32) 27 0.77(0.39; 1.45) = (-0.17-4.12) = 0.63
molar gingival
First molar tip 9 0.89 (0.49; 1.97) | (0.12-2.10) 25 0.63(0.10; 1.16) = (-0.78-4.53)  0.43
F';;g\/‘;'fr 9 0.75(0.51: 1.53) | (0.35-2.54) 23 0.49(0.15:1.12) = (-0.90-4.40) = 0.43

Comparison between EX30® and SmartTrack® differences was performed by Mann-Whitney test. *Median

values in millimeters; ** p < 0.05.

Table 6: Comparison of arch expansion accuracy obtained from EX30® versus SmartTrack®
in the mandible.

Tooth type

EX30 Difference*

(Predicted -
Achieved)

Median (1st; 3rd

quartiles)

SmartTrack
Group

(n)

SmartTrack
Difference*
(Predicted -
Achieved)
Median (1st; 3rd
quartiles)

Canine tip 1 0.26 (0.01: 1.49)  (-1.10-3.60) 28 0.49 (0.18; 0.80)  (-0.76-6.86)  0.92
gcif,QEC; 17 0.75(0.20; 1.75)  (-0.13-2.89) 36 0.77(0.39; 1.73) | (-0.38-4.32)  0.92
F'rsl‘;f;fpmo' 14 0.82(0.51:2.31)  (-0.21-4.65) 25 0.41(0.00; 1.49)  (-1.40-7.71)  0.26
Fl'rSt premo- 9 1.12(0.40; 2.66) = (0.21-3.22) 26 0.38 (-0.03; 1.14) (-0.58-5.07)  0.38
ar gingival
Second pre- 8 1.26 (0.40; 1.61) = (-0.29-2.68) 36 0.46 (-0.13; 1.76)  (-0.89-9.75)  0.69
molar tip
Second pre- 10 0.72 (0.50; 1.33) | (-0.43-1.45) 26 0.40 (-0.11; 1.11) | (-2.23-6.68)  0.26
molar gingival
First molar tip 7 0.90 (0.03; 1.69)  (-0.06-1.85) 26 0.34(-0.22: 0.85) (-1.51-5.94)  0.34
F';;;\Z'fr 6 0.95(0.37: 1.16) | (-0.05-1.45) 21 0.34(0.06; 1.14) | (-0.83-4.91)  0.077

Comparison between EX30 and SmartTrack differences was performed by Mann-Whitney test. *Median values

in millimeters; ** p <0.05.
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The goal of this study was to assess accuracy of transverse
expansion of two different plastic materials used for Invisalign®
aligners: EX30® and SmartTrack®. Even though Invisalign®
stopped producing EX30® aligners in 2013, PETG is still one of
the most used plastics for aligner manufacturing.’-1°

The outcomes of this study support there was no statistical
difference in the accuracy of transverse expansion between
EX30® and SmartTrack® (p > 0.05) (Tables 5 and 6), therefore a
hypothetical superiority of SmartTrack® in terms of transverse
expansion accuracy is not sustained by the present findings.

The results have shown a statistical difference between pre-
dicted and achieved outcomes in all patients treated with EX30°
and SmartTrack® aligners, except lower molar cusp tip in the
SmartTrack® group (p=0.062). A study outcome can be statis-
tically significant, but not clinically relevant, and vice versa.™
Nevertheless, when predicted tooth movements are under 60%
of achieved changes, it can not be overlooked or interpreted
as clinically irrelevant — in such cases, clinical results are most
likely unsatisfactory. Prediction accuracy above 60% has been
achieved in 1/16 of the measurements with EX30® aligners and
in 4/16 with SmartTrack® aligners (Tables 1-4).
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Overall accuracy of the upper and lower archin the EX30®group
was 37% and 38%, respectively. These poor results are in accor-
dance with prospective clinical trials performed by Kravitz et
al" and Solano-Mendoza et al.* SmartTrack® group presented
higher overall accuracy rates of 56.62% and 68.72% for the
upper and lower arches, respectively. Lione et al®reported poor
predictability for transverse expansion with SmartTrack® align-
ers from a prospective clinical trial, and two other retrospective
studies'®!” affirmed SmartTrack® aligners are an effective tool for
producing arch expansion, showing reasonable to high degree
of accuracy. There is still no consensus about the accuracy of
transverse expansion with SmartTrack® aligners. In our study,
we observed an improvement in transverse expansion accuracy
rates, where poor results from EX30® aligners were followed by
reasonable ones obtained from SmartTrack® aligners. It is clear
Align® Technology has evolved greatly over the years.

One limitation of this study is the small sample size of the EX30
group. The amount of expansion requested for molars in this
study was overall small, and any expansion under 0.5 mm was
not considered for analysis — these two factors combined con-
tributed to ashortage of bimolar linear measurements. Another
limitation include large variation on attachment design, tooth
movement sequencing according to orthodontist's preference
and G8 enhancements. This study relies on clinical decisions
by two orthodontic providers.
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According to Invisalign®, SmartTrack® material would in the-
ory improve control and predictability of tooth movements,
due to its flexibility. SmartTrack® has been favorably rated
in a patient survey as an aligner material that provides more
comfort during use, and a significant reduction in pain inten-
sity.'’® The latest improvements in transverse expansion accu-
racy are credited to the SmartTrack® aligner material, which
in our opinion is an erroneous interpretation of the available
evidence,'®' as it ignores the new protocols of G8 expansion
features'™ and restrains the exploitation of potential benefits
from other aligner materials. As reported by Moshiri et al™,
Align® Technology has released new improvements for poste-
rior arch expansion with the threshold of 0.5 mm buccal expan-
sion to activate G8 expansion features, which include: balanced
posterior forces, automatic placement of buccal root torque
to avoid tipping, and optimized support attachments on the
premolars and first molars. The hierarchy for tooth activation
has been updated and now expansion is considered a priority
to the software. Therefore, a comparison among two differ-
ent aligner materials to assess transverse accuracy should be
regarded with caution, due a limitation inherent to the sample.
To the best of our knowledge, there is no scientific evidence
that supports SmartTrack® bodily expands better than EX30°,
and for that purpose, future controlled clinical trials are needed
to assess transverse expansion accuracy of the two materials
under similar conditions.
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Several in-vitro studies on chemical and mechanical properties
of the most common PETG and polyurethane (PU) based ortho-
donticaligners have been published overthelastyears,”'%?°and
their conclusionis unanimous that the materials tested showed
significant differences in their chemical and mechanical char-
acteristics and, therefore, differences in their clinical behavior
are expected. The clinical effectiveness of PU in comparison to
PETG needs to be investigated under similar conditions.

The premise that clear aligners tend to decrease its accuracy as
it moves posteriorlyisinaccordance to our findings in the EX30®
group.>>'” And in contradiction to our findings for SmartTrack®
aligners, our data has shown an improvement in the accuracy
of posterior teeth, with first molars presenting from 67.88 to
83.32% of predicted changes. A potential explanation for this
finding is the overall small quantity of expansion requested for
molars in this study, the increase of requested movement has
a negative impact on accuracy' and, theoretically minor expan-
sions would achieve more accurate results.

Two reference points were selected to represent transverse
tipping and bodily movement, i.e. cusp tip and gingival margin,
respectively. The overall transverse changes in the maxilla with
EX30® aligners were found to be 41.46% at the cusp tips and
33.39% at the gingival margins; and in the mandible, 54.15% at
the cusp tips and 24.45% at the gingival margins. SmartTrack®
also confirmed the tendency to incline during arch expansion,
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overall accuracy in the maxilla was 65.20% at the cusp tips and
52.69% atthe gingival margin; andinthe mandible, itwas 76.16%
at the cusp tip and 63.29% at the gingival margin. As reported
in previous studies,*>'"?! data suggest that during dentoalveo-
lar expansion, Invisalign predicts more bodily movement than
it can actually achieve.

Our methodology was automated and able to quantify the dif-
ference between estimated and achieved expansion obtained
at the end of the first phase of treatment. The best alignment
feature from Geomagic Control allows to optimally match a set
of pointsto a CAD curve orsurface, in otherwords, the reference
points set on one tooth are precisely copied to its counterpart,
eliminating the risk of disagreement between measurements
when manual marking is performed.

Our findings sustain that overcorrection is needed for all cases of
transverse expansion in both types of aligner material, and buccal
crown torque of posterior teeth is recommended to minimize tip-
ping. These findings are in accordance with previous studies.>®1°

Future randomized clinical trials should be able to identify and
explore the potential of the most common PETG and PU aligner
material for the different types of tooth movement. Dental tip,
rotation, extrusion, intrusion, and expansion are distinct tooth
movements that may hipotethically benefit from specific chemi-
co-physical properties of aligner materials available in the market.
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»

»

»

»

The overall mean expansion accuracy has improved with
SmartTrack® nevertheless our findings support there was
no statistical difference in the accuracy of transverse expan-
sion between EX30® and SmartTrack®.

It is not possible to affirm one material expands better than
the other.

Further controlled clinical studies should be conducted com-
paring SmartTrack® and EX30® under similar conditions.
Overcorrection and buccal crown torque are recommended
for both materials to achieve planned expansion.



Medeiros RB, Santos RF, Mendes-Miguel JA, Rothier EKC, Mendes FM, Dominguez GC — Accuracy of arch

expansion with two thermoplastic materials in Invisalign® patients: EX30® and SmartTrack®

Conception or design of the study:

RBM, RFS
Raquel Bueno Medeiros (RBM) Data acquisition, analysis or
Renata Faria Santos (RFS) interpretation:

José Augusto Mendes-Miguel (JAMM) RBM, RFS, JAMM, EKCR, FMM, GCD

Eduardo Kant C. Rothier (EKCR) Writing the article:
Fausto Medeiros Mendes (FMM) RBM
Gladys Cristina Dominguez (GCD) Critical revision of the article:

RBM, RFS, JAMM, EKCR, FMM, GCD
Final approval of the article:

RBM, RFS, JAMM, EKCR, FMM, GCD
Overall responsibility:

RBM

» The authors report no commercial, proprietary or financial interest in the products or
companies described in this article.



Medeiros RB, Santos RF, Mendes-Miguel JA, Rothier EKC, Mendes FM, Dominguez GC — Accuracy of arch
expansion with two thermoplastic materials in Invisalign® patients: EX30® and SmartTrack®

26

1. Kravitz ND, Kusnoto B, BeGole E, Obrez A, Agran B. How well
does Invisalign work? A prospective clinical study evaluating
the efficacy of tooth movement with Invisalign. Am J Orthod
Dentofacial Orthop. 2009;135(1):27-35.

2. Blundell HL, Weir T, Byrne G. Predictability of overbite control
with the Invisalign appliance comparing SmartTrack with
precision bite ramps to EX30. Am ] Orthod Dentofacial Orthop.
2022;162(2).e71-e81.

3. Houle]P, Piedade L, Todescan R Jr, Pinheiro FH. The predictability
of transverse changes with Invisalign. Angle Orthod.
2017;87(1):19-24.

4. Solano-Mendoza B, Sonnemberg B, Solano Reina E, Iglesias-
Linares A. How effective is the Invisalign® system in
expansion movement with Ex30’ aligners? Clin Oral Investig.
2017;21(5):1475-84.

5. Zhou N, Guo J. Efficiency of the upper arch expansion with the
Invisalign system. Angle Orthod. 2020;90(1):23-30.

6. LioneR, Paolini V, Bartolommei L, Gazzani F, Meuli S, Pavoni C,
et al. Maxillary arch development with Invisalign system: Analysis
of expansion dental movements on digital casts. Angle Orthod.
2021;91(4):433-40.



27 Medeiros RB, Santos RF, Mendes-Miguel JA, Rothier EKC, Mendes FM, Dominguez GC — Accuracy of arch

expansion with two thermoplastic materials in Invisalign® patients: EX30® and SmartTrack®

7. Lombardo L, Martines E, Mazzanti V, Arreghini A, Mollica F,
Siciliani G. Stress relaxation properties of four orthodontic
aligner materials: A 24-hour in vitro study. Angle Orthod,
2017;87(1):11-8.

8. Tamburrino F, D’Anto V, Bucci R, Alessandri-Bonetti G, Barone S,
Razionale AV. Mechanical properties of thermoplastic polymers
for aligner manufacturing: in vitro study. Dent J. 2020;8(2):47-51.

9. Putrino A, Barbato E, Gallucio G. Clear aligners: Between
evolution and efficacy - a scoping review. Int ] Environ Res Public
Health. 2021;18(6):2870.

10. Daniele V, Macera L, Taglieri G, Spera L, Marzo G, Quinzi V. Color
stability, chemico-physical and optical features of the most
common PETG and PU based orthodontic aligners for clear
aligner therapy. Polymers (Basel). 2022;14(1):14-32.

11. Krieger E, Seiferth J, Marinello |, Jung BA, Wriedt S, Jacobs C,
et al. Invisalign® treatment in the anterior region: were the
predicted tooth movements achieved? ] Orofacial Orthop.
2012;73(5):365-76.

12. Simon M, Keilig L, Schwarze J, Jung BA, Bourauel C. Treatment
outcome and efficacy of an aligner technique--regarding incisor
torque, premolar derotation and molar distalization. BMC Oral
Health. 2014;11:14-8.

13. Khosravi R, Cohanim B, Hujoel P, Daher S, Neal M, Liu W, et al.
Management of overbite with the Invisalign appliance. Am |
Orthod Dentofacial Orthop. 2017;151(4):691-9.



28 Medeiros RB, Santos RF, Mendes-Miguel JA, Rothier EKC, Mendes FM, Dominguez GC — Accuracy of arch

expansion with two thermoplastic materials in Invisalign® patients: EX30® and SmartTrack®

14. Haouili N, Kravitz ND, Vaid NR, Ferguson DJ, Makki L. Has Invisalign
improved? A prospective follow-up study on the efficacy of tooth

movement with Invisalign. Am J Orthod Dentofacial Orthop.
2020;158(3):420-5.

15. Copay AG, Subach BR, Glassman SD, Polly DW Jr, Schuler TC.
Understanding the minimum clinically important difference:
a review of concepts and methods. Spine J. 2007,;7(5):541-6.

16. Morales-Burruezo |, Gandia-Franco JL, Cobo J, Vela-Hernandez A,
Bellot-Arcis C. Arch expansion with Invisalign system: Efficacy and
predictability. PLos ONE. 2020;15(12):e0242979.

17. Vidal-Bernardez ML, Vilches-Arenas A, Sonnemberg B, Solano-
Reina E, Solano-Mendoza B. Efficacy and predictability of maxillary
and mandibular expansion with the Invisalign system. ] Clin Exp
Dent. 2021;13(7):e669-77.

18. Brascher AK, Zuran D, Feldmann RE Jr, Benrath J. Patient survey
on Invisalign treatment comparing the SmartTrack material to the
previous aligner material. ] Orofac Orthop. 2016;77(6):432-8.

19. Moshiri M, Kravitz ND, Nicozisis J, Miller S. Invisalign eighth-
generation features for deep-bite correction and posterior arch
expansion. Semin Orthod. 2021;27(3):175-8.

20. Alexandropoulos A, Al Jabbari YS, Zineli S, Eliades T. Chemical
and mechanical characteristics of contemporary thermoplastic
orthodontic materials. Aust Orthod J. 2015;31(2):165-70.

21. Pavoni C, Lione R, Lagana G, Cozza P. Self-ligating versus Invisalign:
analysis of dento-alveolar effects. Ann Stomatol. 2011;2(1-2):23-7.



