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Effects of Class Il maxillomandibular
elastics on Invisalign aligners: An in vitro

study
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Objective: To evaluate the effects of Class Il maxillomandibu-
lar elastics on Invisalign aligners (Align Technology, San Jose,
CA, USA) and assess whether the type of fitting or immersion
in a medium simulating the oral environment influence pos-
sible dimensional changes.

Materials and methods: Twenty new pairs of Invisalign
aligners were tested. Ten pairs had inserts for maxillomandibu-
lar elastics made by the manufacturer (precision cuts) and ten
had cutouts. Epoxy resin casts were created for aligners, and
were later mounted on articulators. Class Il maxillomandibu-
lar elastics were attached to the fittings with a force of approx-
imately 130 gf. The width and anteroposterior distance were
measured at predetermined points prior to the use of elastics
and 24 hours, 7 days and 14 days after force application be-
gan. Ten sets of models, each with a pair of aligners, were
immersed in artificial saliva at 37°C over the experimental
period, and the other 10 were kept in a dry environment.
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Results: Statistically significant changes were observed main-
ly in the first 24 hours. In the dry environment, the aligners
with precision cuts suffered the most considerable deform-
ations. Dimensional changes increased in both groups when
they were maintained in a simulated oral environment. The
highest values of changes were observed closer to the site
where the elastics were fitted.

Conclusion: Class Il maxillomandibular elastics cause dimen-
sional deformations of Invisalign aligners. The changes re-
corded in maxillary intercanine distance and the distance be-
tween mandibular first molars in the immersed aligners with
both types of fitting were considered statistically and clinically
significant.

Introduction

The idea of making removable and flexible devices to move
teeth dates back many years. In 1945, Kesling? introduced
the tooth positioner as a method of reducing the spaces left
after removal of the orthodontic appliance. He realised that
several minor tooth movements could be incorporated into
the positioner, and that important tooth movements could
be performed using a series of positioners manufactured
from sequential setups as treatment progressed.2; how-
ever, the main limitation of this method is the difficulty of
manually dividing a larger general tooth movement into
small, precise stages3.
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Developments in materials and manufacturing technol-
ogy have facilitated the manufacture of aesthetic position-
ers for orthodontic treatment. The use of these positioners
in orthodontics, later called aligners, has spread rapidly,
with an increasing number of patients seeking an aesthetic
and comfortable alternative to fixed braces?.

The Invisalign system (Align Technology, San Jose, CA,
USA) was introduced in 1998, and was the first orthodontic
treatment method based solely on digital 3D technology?3.
From a single impression of the patient's teeth, it is possible
to produce a final projection, plan the stages of tooth move-
ment from the initial to the final state and create a series of
aligners that are capable of moving the teeth according to
the treatment plan®. The system generally requires patients
to wear their aligners for a minimum of 20 hours a day and
to remove them only when eating, drinking, brushing their
teeth or flossings.

Prior to September 2001, Invisalign aligners were made
from a material called Proceed30 (PC30), a mixture of poly-
mers that did not meet all physicochemical and clinical re-
quirements for orthodontic movement5. Many disadvan-
tages were reported, which in some cases limited the use
of these aligners®7. PC30 was later replaced by the poly-
meric material Exceed30 (EX30), which exhibited 1.5 times
more elasticity and improved aligner adaptation by four
times8. In 2013, EX30 was replaced by Smart Track (LD30),
a multilayer aromatic thermoplastic polyurethane/copoly-
ester that displays greater consistency in the application of
orthodontic forces, better elasticity and improved chemical
stability8.

Maxillomandibular elastics can be combined with align-
ers to correct sagittal discrepancies between dental arches
or control anchorage. These elastics can be supported by
buttons bonded to the teeth or incorporated into the appli-
ance using cutouts made by the orthodontist or requested
during the ClinCheck (Align Technology) phase. In the latter
case, they are called precision cuts®. Align Technology rec-
ommends a force of 128 gf for the elastics but warns that
they can compromise the strength and durability of the
aligner, and thus advises that only one precision cut be
made per quadrant. Making precision cuts on teeth with
conventional attachments can also affect the performance
of both accessories?0.

Thermoplastic polymers used to manufacture aligners
have some limitations. They absorb water, which can cause
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expansion and changes in their mechanical properties!i.
It has been demonstrated that, in intraorally aged Invisalign
aligners, the indentation modulus12 and Martens hard-
ness!3 decrease during use, weakening the force delivery
capacity and leaving the aligner less resistant to wear. The
increase in the elastic index also contributes to its weaken-
ing13. Despite these limitations, the influence of maxillo-
mandibular elastics on the dimensional stability of aligners
remains unknown.

The present study aimed to verify the effects of Class I
maxillomandibular elastics on Invisalign aligners and as-
sess whether the type of fitting or immersion in a medium
simulating the oral environment influence possible dimen-
sional changes.

Materials and methods

Twenty new pairs of Invisalign aligners made from Smart
Track material were used. The aligners had been made for
orthodontic patients but, due to changes in treatment
plans, they became redundant and were donated to be
used in the present study. Each pair consisted of two align-
ers from the same individual, one for the maxillary teeth
and one for the mandibular teeth.

The aligners were filled with epoxy resin (Redelease, Sdo
Paulo, Brazil) and their bases were constructed using the
same material. Epoxy resin was chosen because it offers
excellent reproduction of detail and stability’415 and can be
submerged without any change to its properties’®. The
casts were then mounted in articulators (Inova Pro, Sédo
Paulo, Brazil) that simulated the patients’ occlusion.

Ten pairs of aligners were keptimmersed in a laboratory
water bath (model 100, Fanem, Sdo Paulo, Brazil) filled with
artificial saliva (Farmacia Formulando, Niterdi, Brazil) at a
constant temperature of 37°C for the entire experimental
period. They were removed from the machine only to per-
form measurements and change the elastics. The remain-
ing 10 pairs of aligners were tested in a dry environment.

For both the immersed and non-immersed groups, cut-
outs for five pairs of aligners for maxillomandibular elastics
were made by Align Technology (precision cuts), while cuts
for the other five pairs were performed manually in a la-
boratory by one of the researchers (FSF). Ahole was created
using a 1.5-mm diamond bur (KG Sorensen, Cotia, Brazil)
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Figs 1a-b (a) Precision cut and (b) manual
fitting.

Fig 2 Measurement of force produced by
maxillomandibular elastics using a
tensiometer.

and finished with an orthodontic ligature cutter (#020-A,
Orthopli, Philadelphia, PA, USA) to obtain a similar shape to
that of the precision cut. The fittings were located in the
canine site for the aligners for the maxillary teeth and in the
first molar site for those for the mandibular teeth, to enable
the placement of Class Il elastics (Fig 1).

The 5/16 diameter maxillomandibular elastics (Morelli,
Sdo Paulo, Brazil) were inserted into the grooves using a
tensiometer (SDS Ormco, Orange, CA, USA) and tensioned
until they reached approximately 130 gf (Fig 2). They were
changed every 24 hours and their thickness varied between
light, medium and heavy so that the desired strength was
achieved.

Marks were made using a permanent marker with a
0.1-mm line width (Pilot, Tokyo, Japan) at the highest point
of the buccal surface of the right and left canines (inter-
canine), the right and left first premolars (1PM), the right and
left second premolars (2PM) and the right and left first mo-
lars (1M). Marks were also made at the most anterior point,
located in the uppermost part at the point of contact be-
tween the central incisors, and at the most posterior right
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(AP right) and left (AP left) points, at the most distal points of
the most posterior tooth of the aligner on each side (Fig 3).
Linear distance measurements were taken using a digital
caliper (Starrett, Sao Paulo, Brazil) just before and 24 hours,
7 days and 14 days after placement of the elastics.

Statistical analysis
Anintraclass correlation coefficient (ICC) was used to assess
operator calibration by comparing repeated measures. For
this purpose, 24 measurements obtained from five pairs of
aligners were repeated after 15 days.

Normality was confirmed using a Shapiro-Wilk test.
A repeated-measures analysis of variance (ANOVA) was
used to assess the differences between time points in each
group. ANOVA and a Tukey post hoc test were used to
evaluate the differences between the groups. The results
are presented in Tables 1 to 4. The level of significance was
setat 5% (P <0.05) for all analyses. Differences greater than
0.5 mm for each side of the dental arch were considered
clinically significant. The data were analysed using SPSS
software (version 20.0, IBM, Chicago, IL, USA).
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Fig 3 The evaluated linear distances.

A power analysis was performed for the intercanine dis-
tance, which was the primary outcome, considering a=0.05,
a minimum detectable difference of 0.6 mm and a mean
standard deviation (SD) of 0.2 mm, achieving a power of
80%.

Results

The ICC for intrarater agreement was 0.996 for intercanine
distance, 0.991 for 1PM distance, 0.994 for 2PM distance,
0.974 for 1M distance, 0.905 for AP right distance and 0.824
for AP left distance; thus, the reproducibility of all variables
studied was considered excellent.

Table 1 presents the means and SDs of the maxillary
measurements for each group at each time point. In the
immersed aligners group, a statistically and clinically signifi-
cant difference (P < 0.05) was observed only for the inter-
canine distance in the precision cuts and fittings made in
the laboratory after 7 and 14 days, respectively. A statisti-
cally significant increase (P < 0.05) was also recorded in
many of the distances evaluated for the immersed aligners,
especially in the first 7 days. Figure 4 illustrates the maxil-
lary intercanine distances in the different groups.

Table 2 presents the means and SDs of the mandibular
measurements for each group at each time point. For the
immersed aligners, there was a statistically and clinically
significant difference (P < 0.05) for the 1M distance only. In
the precision cut group, this difference (P < 0.05) emerged
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Fig 4 Intercanine distances in the different groups.
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Fig 5 Intermolar distances in the different groups.

in the first 7 days, whereas in the laboratory fitting group, it
was verified after 14 days. The non-immersed aligners with
precision cuts showed statistically significant differences
(P < 0.05) for all distances, except for the AP right and left
distances, at different time points. The 1M distances in the
different groups are shown in Fig 5.

The means and SDs of differences in the maxillary meas-
urements between the groups for each time interval are
shown in Table 3. The differences were calculated for each
individual at each interval, then the means for each group
and interval were calculated. In the first 24 hours, the im-
mersed aligners with precision cuts showed significantly
greater dimensional changes (P < 0.05) in transversal 1PM
and 1M distances than all other groups. The immersed
aligners with manual fittings presented statistically greater
dimensional changes (P < 0.05) than all other groups in the
1M and AP right distances between 7 and 14 days.

The means and SDs of differences in the mandibular
measurements between the groups for each time interval
are shown in Table 4. The differences were calculated for
each individual at each interval, then the means of each
group and interval were calculated. Although the immersed

Journal of Aligner Orthodontics 2021;5(3):185-195
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Table 1 Mean + standard deviation (SD) and statistical significance for variables evaluated in the maxilla. Different superscript letters in
the same row indicate a statistically significant difference between the respective time points

Measurement Mean + SD, mm
Baseline 24 hours 7 days 14 days
Intercanine Dry lab fitting 36.95+ 1.78a 37.33 + 1.502 37.47 + 1.53a 37.57 £ 1.52a
distance Immersed lab fitting 34.47 £1.702 35.07 + 1.63b 35.38 £ 1.60¢ 35.60 £ 1.76¢
Dry precision cut 37.58 £ 0.222 38.23+0.31b 38.49 + 0.35b 38.54 +0.37b
Immersed precision cut 37.96 + 2.392 38.67 £ 2.162b 39.03 £ 2.16bc 39.18 £ 2.22¢
1PM distance Dry lab fitting 43.94 + 1.052 44.09 + 0.982 44.27 + 1.072 44.28 + 1.072
Immersed lab fitting 42.76 + 2.892 43.00 + 2.81P 43.17 £ 2.81¢ 43.31 + 2.81bc
Dry precision cut 45.10 £ 0.202 45.19 + 0.262 45.23 +0.322 45.23 + 0.302
Immersed precision cut 45.60 + 3.282 46.35 + 3.31P 46.57 + 3.30P 46.59 + 3.29P
2PM distance Dry lab fitting 48.71 £ 1.162 48.79 £ 1.092 48.81 £ 1.092 48.80 £ 1.102
Immersed lab fitting 48.65 + 2.51a 48.82 +2.52P 48.93 + 2.55¢ 48.98 + 2.55¢
Dry precision cut 49.79 + 0.302 49.78 £ 0.272 49.78 £ 0.272 49.78 + 0.272
Immersed precision cut 50.75 + 4.312 51.07 £ 4.192ab 51.22 + 4.30b 51.23 + 4.30b
1M distance Dry lab fitting 53.72 £ 1.34a 53.86 + 1.072 53.88 + 0.982 53.86 + 0.982
Immersed lab fitting 52.76 + 1.382 52.89 + 1.38b 52.99 + 1.38¢ 53.04 £ 1.40¢
Dry precision cut 55.34 £ 0.402 55.31 £ 0.392 55.33 £ 0.382 55.33 + 0.382
Immersed precision cut 55.97 £ 4.572 56.46 + 4.552b 56.56 + 4.58bP 56.56 + 4.56b
AP right Dry lab fitting 53.03 £ 3.082 53.06 £ 3.032 53.04 £ 3.022 53.02 + 3.042
distance Immersed lab fitting 46.67 £ 4.292 46.78 £ 4.262 46.83 + 4.28ab 46.88 + 4.29b
Dry precision cut 53.71 £ 0.302 53.68 + 0.30b 53.69 £ 0.31ab 53.69 + 0.32ab
Immersed precision cut 54.04 + 1.972 54.07 + 1.98ab 54.13 + 1.98b 54.12 + 1.98b
AP left Dry lab fitting 53.14 + 2.382 53.16 + 2.352 53.16 + 2.292 53.15 £ 2.34a
distance Immersed lab fitting 48.74 +2.782 48.85 + 2.77P 48.93 + 2.74bc 48.97 + 2.73¢
Dry precision cut 51.11 £ 0.872 51.09 £ 0.862 51.10 £ 0.862 51.10 £ 0.872
Immersed precision cut 51.70 £ 3.322 51.77 £3.31a 51.87 £3.332 51.89 £3.352

aligners with precision cuts showed the greatest dimen-
sional change for the 1M distance at 24 hours, the differ-
ence in dimensional change between the immersed align-
ers with precision cuts and the other groups was not
statistically significant. In contrast, between 24 hours and
7 days, this group showed more statistically significant di-

Journal of Aligner Orthodontics 2021;5(3):185-195

mensional changes (P < 0.05) for the 2PM distance than all
other groups. The immersed aligners with fittings made in
the laboratory showed statistically greater dimensional
changes (P < 0.05) for the 1PM, 1M and AP linear distances
than all other groups between 7 and 14 days.

189



FERNANDES ET AL

Table 2 Mean + SD and statistical significance for variables evaluated in the mandible. Different superscript letters in the same row
indicate a statistical difference between the respective time points

Measurement

Intercanine
distance

1PM distance

2PM distance

1M distance

AP right

distance

AP left
distance
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Dry lab fitting
Immersed lab fitting
Dry precision cut
Immersed precision cut
Dry lab fitting
Immersed lab fitting
Dry precision cut
Immersed precision cut
Dry lab fitting
Immersed lab fitting
Dry precision cut
Immersed precision cut
Dry lab fitting
Immersed lab fitting
Dry precision cut
Immersed precision cut
Dry lab fitting
Immersed lab fitting
Dry precision cut
Immersed precision cut
Dry lab fitting
Immersed lab fitting
Dry precision cut

Immersed precision cut

Mean = SD, mm

Baseline

29.23 £ 1.44a
28.23 £ 0.562
28.25+0.182b
29.21 + 1.55ab
38.97 +0.902
37.48 £ 1.092
36.35 + 0.332b
38.15 £ 2.892
4498 + 1.612
44.54 + 1.802
43.24 + 0.452
45.36 + 3.982
51.28 + 2.33ab
50.94 + 0.702
50.00 + 0.542
52.83 +4.712
49.82 + 3.532
47.68 + 3.382
49.12 +0.182
50.14 £ 2.732
50.27 £ 2.962
48.57 + 2.492
50.43 £ 0.322
50.11 £ 3.44a

24 hours

29.23+1.432
28.36 + 0.56bP
28.23 +0.192ab
29.59 £ 1.372
39.03 +0.892
37.65 £ 1.04a
36.34 £ 0.352
38.43 £2.792
45.02 + 1.612
44,79 + 1.81P
43.27 + 0.44ab
45.68 + 3.782
51.52 + 2.092
51.39 £ 0.72b
50.36 + 0.68P
53.55 + 4.37ab
49.80 + 3.552
47.76 + 3.39P
49.08 £ 0.182
50.19 £ 2.71a
50.21 £ 2.952
48.67 + 2.482
50.37 £ 0.302
50.19 £ 3.432
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7 days

29.19 £ 1.362
28.45 £ 0.56¢
28.26 £0.182
29.67 + 1.38bP
39.05 £ 0.872
37.75 + 1.02b
36.37 +£ 0.35bP
38.60 + 2.81b
45.10 + 1.622
44.92 + 1.82¢
43.30 + 0.45¢
46.16 + 3.87P
51.63 + 2.02ab
51.68 + 0.80P
50.61 + 0.832b
54.09 + 4.38¢
49.77 + 3.522
47.82 + 3.42bc
49.12+0.182
50.23 £ 2.74a
50.01 £ 2.852
48.75 + 2.49b
50.40 £ 0.312
50.24 £ 3.452

14 days

29.17 £ 1.372
28.50 + 0.58¢
28.23+0.18pP
29.68 + 1.39P
39.04 £ 0.872
37.84 +1.05pP
36.37 + 0.34ab
38.61 +2.81b
4510+ 1.612
45.05 + 1.82¢
43.33 + 0.46bc
46.22 +3.83P
51.72 £ 2.09b
51.99 + 0.73¢
50.67 + 0.84ab
54.18 + 4.43bc
49.77 + 3.532
47.88 + 3.43¢
49.11 £ 0.172
50.25 £ 2.742
50.00 + 2.852
48.80 + 2.50¢
50.39 £ 0.322
50.26 £ 3.462
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Table 3 Mean + SD and statistical significance for differences in the maxillary measurements between the groups for each time interval.
Different superscript letters in the same column indicate a statistically significant difference between groups

Measurement Mean £+ SD, mm
Baseline-24 hours 24 hours-7 days @ 7-14 days Baseline-14 days
Intercanine Dry lab fitting 0.38 + 0.362 0.14 £ 0.102 0.10+£0.092 | 0.62 +0.392
distance Immersed lab fitting 0.60 + 0.192 0.26 £ 0.172 0.21+£0.182 | 1.12+0.152ap
Dry precision cut 0.65 + 0.232 0.30 £ 0.052 0.04 £0.032 | 0.95+0.31ap
Immersed precision cut | 0.71 + 0.452 0.35+0.202 0.15+0.112 | 1.21 +£0.26P
1PM distance Dry lab fitting 0.14 £ 0.152 0.18£0.172 0.01 £0.032 | 0.34 +0.24ab
Immersed lab fitting 0.24 £0.11a 0.17 £ 0.02a 0.13+0.11b | 0.55+0.13P
Dry precision cut 0.09 £ 0.072 0.03 £ 0.072 0.00 £ 0.042 0.12 £ 0.12a
Immersed precision cut | 0.75+0.21P 0.21+0.122 0.02 £ 0.032> | 0.99 +0.19¢
2PM distance Dry lab fitting 0.07 £ 0.092 0.02 + 0.04ab -0.01 £ 0.022 | 0.09 + 0.082
Immersed lab fitting 0.17 £ 0.05ab 0.10 £ 0.03ab 0.04 + 0.02b 0.32 £ 0.07b
Dry precision cut -0.01 £ 0.032 0.00 + 0.022 0.00 + 0.022 0.00 + 0.042
Immersed precision cut | 0.32 + 0.16bP 0.14 £ 0.12P 0.01 £ 0.002b | 0.47 +0.11¢
1M distance Dry lab fitting 0.13 £ 0.272 0.02 £ 0.102 -0.01 £0.02a A 0.13 +0.372
Immersed lab fitting 0.12 + 0.032 0.10 £ 0.032 0.05+0.02b | 0.27 + 0.07ab
Dry precision cut -0.03 £ 0.022 0.01 £ 0.022 0.00+0.012 | -0.01 + 0.022
Immersed precision cut | 0.49 + 0.23b 0.09 + 0.052 0.00 + 0.022 | 0.59 + 0.25P
AP right Dry lab fitting 0.03 £0.11ab -0.02 + 0.022 -0.02 +£0.012 = -0.01 +0.13a
distance Immersed lab fitting | 0.11 + 0.06b 0.05 + 0.03b 0.04+0.03> | 0.21+0.06b
Dry precision cut -0.03 £ 0.012 0.01 £ 0.03ab 0.00 £ 0.002 = -0.01 +0.04a
Immersed precision cut | 0.02 + 0.04ab 0.06 + 0.05P 0.00 +0.012 | 0.08 + 0.02ab
AP left Dry lab fitting 0.02 + 0.06ab 0.00 £ 0.14a -0.01 £ 0.052 = 0.01 +£0.21ab
distance Immersed lab fitting | 0.11 + 0.03b 0.08 + 0.03a 0.04+0.022 | 0.230.05b
Dry precision cut -0.01 £ 0.02a 0.00 £ 0.012 0.00 £ 0.022 -0.01 £ 0.032
Immersed precision cut | 0.07 £ 0.11ab 0.09 + 0.052 0.02+0.022 | 0.19+0.13ap
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Table 4 Mean + SD and statistical significance for differences in the mandibular measurements between the groups for each time
interval. Different superscript letters in the same column indicate a statistically significant difference between groups

Measurement Mean + SD, mm
Baseline-24 hours = 24 hours-7 days 7-14 days Baseline-14 days
Intercanine Dry lab fitting 0.00 £ 0.01ab -0.04 + 0.082 -0.02 + 0.022  -0.06 + 0.072
distance Immersed lab fitting 0.13 £ 0.03ab 0.09 + 0.03P 0.05+0.03b | 0.27 + 0.08ab
Dry precision cut -0.02 + 0.012 0.02 £ 0.01ab -0.02 £+ 0.002  -0.01 +0.012
Immersed precision cut | 0.37 + 0.42b 0.08 + 0.03P 0.01 £ 0.02ab | 0.47 + 0.41P
1PM distance | Dry lab fitting 0.06 + 0.09ab 0.02 £ 0.092 -0.01 +£0.012 = 0.07 +0.102
Immersed lab fitting 0.16 + 0.08be 0.10 £ 0.02ab 0.08+0.04b | 0.35+0.100
Dry precision cut -0.01 £0.012 0.02 £ 0.002 0.00 £ 0.022 0.01 £ 0.032
Immersed precision cut = 0.28 + 0.14¢ 0.16 + 0.05P 0.00 £ 0.012 0.46 + 0.16P
2PM distance | Dry lab fitting 0.03 £ 0.022 0.07 £ 0.072 0.00 £ 0.022 0.12 £ 0.072
Immersed lab fitting 0.25 + 0.082b 0.13 £ 0.042 0.13 + 0.06b 0.51 +£ 0.15P
Dry precision cut 0.02 £0.012 0.03 £0.012 0.02 £ 0.032 0.08 £ 0.022
Immersed precision cut | 0.31 + 0.27b 0.48 + 0.10P 0.05 + 0.082b | 0.85 + 0.30¢
1M distance Dry lab fitting 0.24 £ 0.292 0.11 £ 0.092 0.08 £ 0.072 | 0.43+0.34a
Immersed lab fitting 0.45+0.172 0.28 £ 0.192b 0.31+£0.12b | 1.05 + 0.09bc
Dry precision cut 0.36 + 0.152 0.24 + 0.152b 0.06 + 0.052 | 0.67 + 0.332b
Immersed precision cut | 0.72 + 0.592 0.53 £ 0.23P 0.09 + 0.072 1.35+0.42¢
AP right Dry lab fitting -0.01 +£ 0.01ab -0.03 + 0.052 0.00 £0.022 | -0.04 +0.03a
distance Immersed lab fitting 0.08 + 0.02¢ 0.05 + 0.04b 0.06 £0.03b | 0.20 + 0.06P
Dry precision cut -0.04 + 0.022 0.04 £ 0.02° -0.01 +0.012  -0.01 + 0.032
Immersed precision cut | 0.05 + 0.10bc 0.04 £ 0.04b 0.01 £0.012 | 0.11 +£0.08P
AP left Dry lab fitting -0.05 + 0.082 -0.20 + 0.352 0.00+0.032  -0.26 +0.412
distance Immersed lab fitting 0.10 £ 0.05b 0.07 £ 0.03a 0.04 £0.01b | 0.22 +0.02P
Dry precision cut -0.05 £ 0.022 0.03 £ 0.022 -0.01 £ 0.022 | -0.03 + 0.04ab
Immersed precision cut | 0.08 + 0.112ab 0.04 + 0.032 0.02 £0.01a8> | 0.15+0.12P
Discussion The Invisalign system permits the placement of maxillo-

The sequential use of aligners that gradually move teeth
into the desired position forms the basis of orthodontic
treatment performed with removable thermoformed de-
vices. The optimal adaptability of the aligners is critical to
the success of this type of treatment.
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mandibular elastics in precision cuts. Cuts can also be per-
formed chairside, for example using pliers (e.g., IX890, Ixion
Tear Drop Aligner Pliers, DB Orthodontics, Silsden, UK or
OLS-1502 Clear Aligner Punch drop shape, Carl Martin, Sol-
ingen, Germany). Elastics are indicated for anchorage con-
trol when treating sagittal discrepancies between the den-
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tal arches, such as Class Il malocclusions (according to the
Angle classification). Although it is possible to simulate the
result of use of these elastics virtually!?, it is still unclear
whether they influence the dimensional stability of aligners.

Thermoplastic polymers used to fabricate aligners ab-
sorb waterll. This absorption reduces moduli and the main
glass transition temperature increases fracture strain and
impact strength (softening or plasticising effect)18. Further-
more, changes to the dimensions of the appliance caused
by hygroscopic expansion can affect its adjustment to the
teeth and consequently modify the orthodontic forces!3,
The present study compared aligners submerged in artifi-
cial saliva (water bath maintained at 37°C, simulating the
oral environment) with aligners kept in a dry environment
to determine whether use of maxillomandibular elastics
increases the dimensional changes caused by water ab-
sorption. The investigation was conducted over a 2-week
period.

Galan-Lopez et all® recommend a customised aligner
change frequency depending on the complexity of the case
and the degree of movement desired. Despite the lack of
consensus regarding the aligner change frequency, Bollen
et al2 found that changing aligners every 2 weeks produces
more efficient tooth movement when compared to chang-
ing them weekly.

In the dry environment, the placement of maxilloman-
dibular elastics changed the dimensions of the aligners,
specifically in the places where the fittings were located;
thus, the closer the placement of maxillomandibular elas-
tics to the fitting, the more significant the dimensional
change. These changes may have occurred due to the force
released by the elastics on the aligners being located in the
fittings rather than being globally distributed. The aligners
with precision cuts presented statistically significant
changes in nine sites (considering both maxillary and man-
dibular sites), whereas those with fittings made in the la-
boratory showed significant changes only for the mandibu-
lar 1M distance. These findings suggest that the use of
maxillomandibular elastics can produce dimensional
changes in aligners, and that fittings made by an orthodon-
tist are preferable to precision cuts, at least with regard to
the prevention of possible deformations.

When the maxillomandibular elastics were placed in
conditions simulating the oral environment, a significant
change was noted in most of the measured sites, with the
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exception of the AP left distance for the maxillary precision
cuts and the AP left and right distances for the mandibular
precision cuts. The immersed aligners with precision cuts
displayed more significant changes in cross-sectional meas-
urements, whereas those with manual fittings showed
more significant changes in anteroposterior distances.
These findings may be attributed to differences in how the
fittings were produced, i.e., whether they were made by
Align Technology or by the orthodontist. The manual fit-
tings may have been located in a region closer to the centre
of the aligner, which was more stable and less flexible,
meaning that the strength of the elastics acted mainly in an
anteroposterior direction. As the peripheral region is more
flexible, the strength of the elastics could generate greater
deformation in a transverse direction than in an anteropos-
terior direction. The immersion process increased the di-
mensional changes of the aligners.

For the immersed aligners, the most significant vari-
ation was observed in the intercanine distance in the max-
illa after 14 days. An increase of 1.13 mm was noted for the
aligners with fittings made in the laboratory and 1.22 mm
for those with precision cuts. The greater height of the an-
terior teeth could explain the reduced resistance of the
material in the most peripheral part of the aligner, thereby
influencing the result. There were also significant variations
in the distance between the first molars in the immersed
aligners for the mandibular teeth 14 days after the start of
the experiment. For the aligners with fittings made in the
laboratory, a 1.05-mm increase was observed, and for
those with precision cuts, the increase was 1.35 mm. Again,
more significant changes were observed closer to the fit-
tings. The use of buttons attached to the maxillary canines
and mandibular molars might reduce the deformation in
this region of the aligners.

The Invisalign system performs simultaneous tooth
movements, and each tooth is moved by a maximum of
0.25 mm per stage'?. The alterations in the maxillary inter-
canine distance observed in the first 24 hours were greater
than this value and increased over time in the immersed
groups. For the laboratory fitting group in the dry environ-
ment, the changes exceeded 0.25 mm from day 7. Changes
of this magnitude were also noted from day 7 in the man-
dibular intermolar distance for the immersed group. The
movements predicted for these teeth would not be achieved
under these circumstances. Furthermore, the aligners that

193



FERNANDES ET AL

suffered these dimensional changes have the potential to
move teeth (e.g., maxillary canines and mandibular first
molars) to a non-planned position. The present authors
therefore agree with the criteria adopted by the American
Board of Orthodontics20 that state that differences greater
than 0.50 mm for linear measurements in the mesiodistal,
faciolingual and occlusogingival directions can be consid-
ered clinically relevant.

In general, torque movement is not planned in the loca-
tions of fittings for maxillomandibular elastics. Thus, if fit-
tings for elastics are made during treatment, the orthodon-
tist should verify which movements are programmed for
the teeth near to the site where the cut will be made.

The orthodontic forces exerted by aligners are partly
determined by the thickness and stiffness of the material
used for their manufacture. When materials with a higher
elastic modulus are employed, it is possible to reduce the
thickness to achieve the desired forcesi3. In addition, these
forces are less affected by the frequency of aligner removal
during treatment?21. According to Cowley?22, one of the most
significant flaws in removable thermoformed appliances is
the excessive flexibility of the material close to the gingival
margins. Invisalign aligners have a higher elastic index than
other aligners made from thermoplastic polyethylene ter-
ephthalate glycol (PETG) materials13. Thus, the Invisalign
system is hypothetically more susceptible to dimensional
changes when acted upon by other forces, such as those
exerted by maxillomandibular elastics, although further
studies are required to confirm this.

In a study conducted in 2009, Kravitz et al23 concluded
that the mean accuracy of tooth movement with the Invis-
align system was 41.0%. In 2017, this had risen to 87.7%24.
According to Houle et al?4, this increase is due to a new
version of the ClinCheck software, changes in the algo-
rithm and improvements to the technique. The dimen-
sional changes produced by maxillomandibular elastics
can decrease the accuracy of the system, making it difficult
for the expected result to be achieved. It may be necessary
to make adjustments during treatment, generate new
scans and make revisions that are time-consuming for the
orthodontist, and increase costs and treatment time.
Then, when the orthodontist intends to include Class Il
maxillomandibular elastics in orthodontic mechanics,
these dimensional changes must be considered during the
planning process.
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Oral environment conditions are challenging to repro-
duce in vitro. The present authors were unable to repro-
duce tooth movement, occlusal contacts and exposure to
microbial species; thus, the use of elastics over 24 hours
was not in accordance with what is expected in real treat-
ment scenarios.

Data regarding the effects of maxillomandibular elastics
on aligners can improve aesthetic aligner treatment. Over-
correction during virtual planning can be necessary to
achieve the desired position clinically, but the aforemen-
tioned data would help to achieve clinical outcomes closer
to the predicted results, saving time and resources.

Conclusions

Invisalign aligners undergo dimensional deformation when
Class Il maxillomandibular elastics are placed. When im-
mersed, the deformations suffered by the aligners with fit-
tings made in the laboratory and with precision cuts in-
creased. Changes observed in the maxillary intercanine
distance and the distance between mandibular first molars
with immersed aligners with both types of fitting were con-
sidered statistically and clinically significant. When Class I
elastics are planned to be attached directly onto the align-
ers, these dimensional changes must be considered during
the planning process.
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