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Abstract: Background: This study evaluated the number of aligners that Invisalign ClinCheck™ Pro
Software estimates for correcting different malocclusion traits. Methods: This retrospective study
included 157 non-extraction patients over the age of 12 years old with easy to mild malocclusions
who were treated with Invisalign aligners. The Index of Complexity, Outcome, and Need (ICON)
was used to evaluate the malocclusion complexity level. The number of aligners (upper, lower,
and total) required to correct the malocclusion was compared based on sex, ICON level, molar
and canine class, occlusal asymmetry, overbite, overjet, crowding, incisor inclination, and Bolton
discrepancy. A Mann—Whitney U test (for comparisons between two groups) or a Kruskal-Wallis
test (for comparisons between three or more groups) (p < 0.05) was used to evaluate differences
in the number of aligners across variable categories. Results: ICON, molar class, overbite, and
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the initial and final ClinCheck model scans of 38 subjects to assess the accuracy of tooth
movement, and they found a noticeable improvement in accuracy compared to a previous
study published in 2009 [3]. According to another study, both clear aligners and braces
showed the same excellent results. Using the American Board of Orthodontics Objective
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In search of a way to broaden the frontiers of clear aligners, some clinical strategies
have been implemented in recent years. For example, combining clear aligners with
auxiliaries, such as mini-implants [5] and braces in certain treatment phases [6], has helped
overcome some of the clear aligner’s limitations. In addition, Invisalign has developed
new attachment designs, introduced improvements to the clear aligner materials, and
incorporated the SmartStage protocol, which is a set of special instructions in its algorithm
to make challenging movements more predictable [7]. Today, almost every patient is
a candidate for treatment with clear aligners; however, mild to moderate malocclusion
patients continue to be the main treatment focus of this system [5].

The success of clear aligners has motivated an increase in commercial options over
the past two decades, and most of them offer different products based on the number
of aligners needed to correct specific malocclusions. For example, Invisalign offers four
products for adult patients: (1) Express (up to 7 pairs of aligners), (2) Lite (up to 14 pairs),
(3) Moderate (up to 26 pairs), and (4) Comprehensive (unlimited number of aligners).
Patients with high malocclusion complexity levels are easy to allocate and are usually
candidates for the Comprehensive product, whereas allocation is more challenging for
simpler cases. Understanding this information is important because the number of aligners
determines the treatment time and cost. This study seeks to identify malocclusion traits
that increase the number of aligners needed in easy to mild cases; this information will
provide clinicians with a better approach to assessing treatment time and cost for these
cases that are difficult to estimate.

This study evaluated the number of aligners that Invisalign ClinCheck™ Pro Software
(version 6.0) estimates for correcting different malocclusion traits.

2. Materials and Methods

This retrospective study was carried out using a private clinic database, which exclu-
sively uses the Invisalign system in its practice in orthodontics. All patients were treated
by an orthodontist recognized as an Invisalign Diamond Doctor. Patients over 12 years of
age with permanent occlusion treated with Invisalign SmartTrack material were included
in the study. All patients gave informed consent to participate in the study (in the case of
minors, parents or legal guardians gave their consent). Subjects affected by dental agenesis,
supernumerary teeth, and/or impacted teeth were excluded. In addition, the sample did
not include individuals affected by syndromes or cleft lip and/or palate. Finally, patients
with extensive dental restorations were also excluded because its presence may alter the
assessment of some of the study variables.

The Index of Complexity, Outcome, and Need (ICON) was used to estimate a patient’s
malocclusion complexity level. The ICON classifies malocclusions as easy, mild, moderate,
difficult, or very difficult to treat. The ICON assesses six components: (1) aesthetic component
of the Index of Orthodontic Treatment Need (IOTN); (2) upper arch crowding/spacing;
(3) crossbite; (4) vertical relationship of the incisors (open bite or overbite); and (5) buccal
segment anteroposterior relationship [8]. Only easy and mild cases were included in this study.

A single operator retrieved several variables from the patients’ initial records: (1) age,
(2) sex, (3) malocclusion complexity (ICON levels), (4) molar and canine class (class I or no
class I), and (5) occlusal asymmetry (patients were considered to have occlusal asymmetry
when they presented different molar classes on each side).

From the ClinCheck™ Pro Software (version 6.0), we obtained data on overbite (normal
0.1-4 mm, open bite < 0.1, or deep bite > 4 mm); overjet (normal 0.1-4 mm, crossbite < 0.1,
or increased > 4 mm); dental crowding (no crowding/spacing; mild: up to 3 mm, mod-
erate: >3 mm and up to 6 mm, or severe: >6 mm); incisor inclination (interincisal angle:
proclined < 124°, in norm 124° to 136°, and retroclined > 136°); Bolton discrepancy (patients
were divided into two groups according to the amount of dental mass discrepancy: (1) up
to 2 mm and (2) greater than 2 mm); and the number of upper, lower, and total aligners (see
Table 1 for the definitions of the variables). Only the first course of aligners was counted.
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After the patients wore the first set of aligners, the ICON level was calculated a second
time, and it was compared with the initial records to evaluate the treatment results.

Table 1. Definitions of the variables.

Variables Categories Definitions
Cani ] Canine class I Patients with bilateral class I canine
anine class Patients with at least one canine in a class II or
Other . .
III relationship
Molar dl. Molar class I Patients with bilateral class I molar
olar class Patients with at least one molar in a class II or
Other . .
III relationship
Occlusal asvmmetr Symmetrical Patients with the same molar classes on each side
y y Asymmetrical Patients with different molar classes on each side
Bolton discrepanc Up to 2 mm of dental mass discrepancy Up to 2 mm of dental mass discrepancy
pancy More than 2 mm of dental mass discrepancy More than 2 mm of dental mass discrepancy
Crossbite <0.1 mm
Overjet Norm 0.1-4 mm
Increased overjet >4 mm
Open bite <0.1 mm
Overbite Norm 0.1-4 mm
Deep bite >4 mm
Proclined <124°
Incisor angulation Norm 124° to 136°
Retroclined >136°
No crowding No crowding/spacing
Crowdin Mild Up to 3 mm
& Moderate >3 mm and up to 6 mm
Severe >6 mm

2.1. Sample Estimation

The design of this study included planned comparisons between two groups and
three or more groups. The sample size estimation for comparisons of two groups was
144 patients (alpha = 0.05, power = 0.8, effect = 0.5, and ratio = 0.6), and for comparing
three or more groups, it was 128 patients (alpha = 0.05, power = 0.8, effect = 0.3).

2.2. Error Method

The ICON value was calculated by a specially trained single operator after participat-
ing in a prior pilot test (Kappa 0.94).

2.3. Statistical Analysis

Using the SPSS program (version 20; IBM, Armonk, NY, USA), the Levene test was
used to determine the homogeneity of variance, while the Kolmogorov-Smirnov test was
applied to verify the normality of the data. The Wilcoxon test (p < 0.05) was used to compare
the sample’s malocclusion complexity level before (T0) and after (T1) the first set of aligners
was worn by the patients, and a rank-biserial correlation was utilized to estimate the effect
size. The Mann-Whitney U test or Kruskal-Wallis test (p < 0.05) was applied to evaluate
the differences in the number of aligners across the variable categories.

3. Results

The final sample included 157 patients, of which 38.85% were male (n = 61) and
61.14% were female (n = 96), with a mean age of 33.38 &+ 12.24 years. The group’s average
malocclusion complexity level was 18.9 & 8.81. The mean number of aligners for the upper
arch was 23.51 + 10.6, 23.24 & 11.25 for the lower arch, and 46.75 + 20.6 for the total.
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A before (T0) and after (T1) ICON comparison was possible in 137 of 157 patients
(20 were eliminated because they did not have a second ClinCheck to compare with).
The Wilcoxon test demonstrated that the malocclusion complexity level was significantly
reduced after the first set of aligners was worn (T0 median = 18, T1 median = 12, and
p =0.000001), and the effect size was 0.801.

A total of 132 subjects were classified as easy cases (84.07%), and 25 were classified
as mild (15.92%). The Mann-Whitney U test showed that the mild cases required more
aligners (upper, lower, or total number of aligners) to correct their malocclusions than the
easy ones (p < 0.05), as shown in Table 2.

Table 2. Comparison of the number of aligners by sex, Index of Complexity, Outcome, and Need
(ICON) level, canine class, molar class, occlusal asymmetry, and Bolton discrepancy based on the
Mann-Whitney U test.

Number of Aligners
Variables N) % Upper Lower Total
Median (IQR) p Median (IQR) P Median (IQR) P
Male (61) 38.85% 20 (11) 20 (12.5) 40 21.5)

Female (96) 61.14% 20 (11) 0.392 20 (10.75) 0.25 40 (16.5) 0.19
ICON Easy (132) 84.07% 20 (11) 0,006 20 (10.75) 0.003 40 (18.5) 0,002
ICON Mild (25) 15.92% 23 (14.5) : 26 (13.5) . 50 (32) :

Canine class T (66) 42.03% 20 (9.25) 0.087 20 (9.5) 0003 40 (18.25) 0015+
Other (91) 57.96% 20 (10) ' 20 (10) . 40 (23) :
Molar class I (97) 61.78% 20 (11.5) 001 20 (11) 0.001 40 22) 0001+
Other (60) 38.21% 20 (15) : 20 (14) . 40.5 (28.25) :
Symmetrical (129) 82.16% 20 (11) 20 (11) 40 (18.5)
Asymmetrical (28) 17.83% 20 (5.25) 0.945 20 (5.5) 0.563 40 (11.5) 0.631
Upto2mmof DMD  (120) 76.43% 20 (10) 20 (11) 40 (16.5)
More than 2 mm of DMD  (37) 23.56% 21 (10) 0.258 20 (15) 0.334 40 (25) 0.182

(*) Statistically significant (p < 0.05). ICON: Index of Complexity, Outcome, and Need. DMD: Dental mass
discrepancy. IQR: Interquartile range.

No statistical difference was found when comparing the median number of aligners
based on sex, occlusal asymmetry, Bolton discrepancy, incisor angulation, and upper dental
crowding (p > 0.05). On the other hand, ICON, molar class, overbite, and overjet presented
significant differences in the upper, lower, and total number of aligners required to treat
the malocclusion (p < 0.05). Concerning the ICON, the mild cases had a higher number of
aligners in the three groups (p = 0.006 for the upper, p = 0.003 for the lower, and p = 0.002
for the total; see Figure 1). The cases without molar class I required more aligners for their
correction (p = 0.014 for the upper, p = 0.001 for the lower, and p = 0.001 for the total; see
Figure 2). Regarding overjet, the total number of aligners increased in patients outside
the norm (p = 0.00007). However, in the upper arch, the number of aligners increased in
the presence of augmented overjet (p = 0.0001), whereas in the lower arch, the number of
aligners increased in subjects with crossbites (p = 0.001) (see Figure 3). In the case of an
overbite, the upper and total aligners increased when the patient was outside of the norm
(p = 0.0004 and p = 0.001, respectively); on the other hand, the lower aligners increased in
open bite cases (p = 0.005) (see Figure 4).
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Figure 1. Boxplots of the upper, lower, and total aligners according to the ICON levels.
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Figure 2. Boxplots of the upper, lower, and total aligners according to the molar class.
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Figure 3. Boxplots of the upper, lower, and total aligners according to the overjet categories.
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Figure 4. Boxplots of the upper, lower, and total aligners according to the overbite categories.

Meanwhile, canine class (p = 0.003 for lower and p = 0.015 for total; Figure 5) and
lower dental crowding (p = 0.002 for lower and p = 0.016 for total; see Figure 6) presented
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significant differences in the lower and total number of aligners. Tables 2 and 3 show the
test results.

Table 3. Comparison of the number of aligners by overjet, overbite, incisor angulation, upper

crowding, and lower crowding based on the Kruskal-Wallis test.

Number of Aligners
Overjet (N) % Upper Lower Total
Median (IQR) P Median (IQR) P Median (IQR) P
Crossbite (5) 3.18% 35 (20.5) 2b 38 (24)b 76(36) P 0.00007
Norm (128) 81.52% 20 (9) 2 0.0001 * 20 (10) 2 0.001 * 40 (14.5) .
Increased overjet (24) 15.29% 32 (25.5)P 24 (30.5) 2P 525 (52.5) b
Number of Aligners
Overbite (N) % Upper Lower Total
Median (IQR) p Median (IQR) P Median (IQR) p
Open bite (16) 10.19% 26.5 (15) P 27.5(15) P 53.5 (30.75)
Norm (116) 73.88% 20 (10.75) 2 0.0004 * 20 (11.75) 2 0.005 * 40 (19.25)2 0.001 *
Deep bite (25) 15.92% 23 (21.5) P 20 (17.5) b 40 (37) 0
Number of Aligners
Incisor Angulation (N) % Upper Lower Total
Median (IQR) r Median (IQR) p Median (IQR) p
Proclined (57) 36.3% 21 (12.5) 20 (13.5) 40 (21.5)
Norm (56) 35.67% 20 (9) 0.077 20 (10.75) 0.15 40 (18) 0.071
Retroclined (44) 28.02% 20 (5.5) 20 (6) 40 (11)
Number of Aligners
Upper Crowding (N) % Upper Lower Total
Median (IQR) r Median (IQR) P Median (IQR) r
No crowding (7) 4.46% 20 (15) 19 (10) 40 (25)
Mild (116) 73.88% 20 (10.75) 20 (11) 40 (16.5)
Moderate (29) 18.47% 21 (9.5) 0.152 20 (15.5) 0.078 46 (26.5) 0.089
Severe (5) 3.18% 25 (12) 25 (8.5) 50 (20.5)
Number of Aligners
Lower Crowding (N) % Upper Lower Total
Median (IQR) P Median (IQR) p Median (IQR) p
No crowding (7) 4.46% 14 (6) 14 (6) 2 28 (12) 2
Mild (87) 55.41% 20 (12) 20(12) @ 40 (19) @
Moderate (47) 29.93% 20 (7) 0.135 20 (7) 0.002% 40 (14) 0.016*
Severe (16) 10.19% 23.5 (10.75) 27 (15.75) ® 52 (23) b

(*) Statistically significant (p < 0.05). IQR: Interquartile range. Different letters represent significant differences
between the values.

60

Upper

207

60

Lower

207

1257

100

Total

757

|

50

25

1

T
Other

T
Canine class |

Canine class

Other

Canine class

-
Canine class |

Other

T
Canine class |
Canine class

Figure 5. Boxplots of the upper, lower, and total aligners according to the canine class.
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Figure 6. Boxplots of the upper, lower, and total aligners according to the lower dental crowding severity.

4. Discussion

The present study’s results identified malocclusion traits requiring more aligners for
correction. For instance, the presence of an incisor in crossbite, a canine in a class II relation-
ship, or severe lower crowding are indicators that a higher number of aligners and more
treatment time may be needed. The comparison between the malocclusion complexity
levels (mild vs. easy) showed differences, with more aligners needed to correct more
complex malocclusions. Lee et al. (2023) found a similar result using the Peer Assessment
Rating (PAR) index [9]. Although this similarity is expected, it is still interesting that the
number of aligners needed in each category (easy or mild) presents a high standard devia-
tion, indicating that there is a wide margin for orthodontists to consider when estimating
the number of aligners needed to treat these types of malocclusions. For example, in the
mild group, the average number of upper aligners was 28.16, with a standard deviation of
£11.12 (Supplementary Table S1); therefore, two-thirds of the patients classified at this level
required between 17 and 39 aligners. These results demonstrate that a high dispersion of
aligners is needed even in comparable malocclusions, a factor that translates into important
differences in treatment time.

The results showed that the absence of class I, either on the canine or on the molar rela-
tionship, causes an increase in the number of required aligners. Class II or III malocclusions
require another treatment phase to correct the molar or canine relationship. Considering
that only non-extraction-treated subjects were included in our sample, inter-maxillary
elastics, molar distalization, or interproximal reduction were the options for addressing the
lack of a class I relationship. Scientific evidence has proven that class II malocclusions are
more challenging to resolve when using clear aligners than class I [10]. In general terms,
anteroposterior corrections are among the most complicated movements to achieve [11].
Some authors suggest that the sagittal correction of the molars or canines involves many
concurrent movements; thus, the software prioritizes specific tooth movements over oth-
ers, which compromises efficiency [10,12]. The solution to this problem is to divide the
movements into different stages and not combine sagittal correction with other treatment
objectives. For example, Simon et al. (2014) suggested not moving anterior teeth while
distalizing molars during class II corrections [13]. Therefore, this strategy increases the
number of aligners needed, no matter how mild the sagittal discrepancy is.

Concerning dental crowding, the statistical test showed mixed results when comparing
severity levels. On the one hand, a statistical difference was found in the number of lower/total
aligners between patients with spacing or mild crowding when compared with severe cases.
On the other hand, no differences were found in the upper arch, nor between lower moderate
crowding with the other groups (no crowding/spacing, mild and severe cases).

Non-extraction patients with dental crowding are usually treated with a combina-
tion of strategies, including expansion, interproximal reduction, and/or proclination [14].
Usually, mild to moderate crowding cases end with incisors in their original position
(using expansion and interproximal reduction); the severe cases wind up in a proclined
position [15]. Fiori et al. (2022) found that interproximal reduction (IPR) and expansion
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had a low, predictable value for crowding resolution, while the value for proclination was
high [14]. Regarding IPR, studies have shown that clinicians do not accurately reproduce
the planned amount of enamel reduction, hence the poor predictable value of IPR [14,16,17].
On the other hand, Fiori et al. (2022) found that the virtual planned expansion was not
achieved, and this movement showed a wide variation [14].

Despite these results, the overall effect of combining these three strategies to solve
crowding is highly efficient [14]. However, considering that only non-extraction patients
with mild to moderate malocclusions were included in this study, IPR and expansion
(the least predictable strategies) were the most common strategies used to solve their
crowding [15]; therefore, these results are limited to subjects under similar circumstances.

Dental crowding in the lower arch was the sole variable with a transverse component,
which showed statistically significant results. This is interesting because almost every
clinical variable that presented no statistically significant difference with the number of
aligners had a transversal component (upper crowding, Bolton discrepancy, and occlusion
asymmetry). In this regard, Invisalign ClinCheck demonstrates a low predictability for
movements in the transverse dimension [18-21]. Expansion is not a predictable movement
because ClinCheck estimates a bodily movement of the teeth, while expansion is primarily
expressed by buccolingual inclination [18-20,22].

On the other hand, overbite and overjet presented differences in terms of the number
of aligners. This is a relevant finding because it is easy for the orthodontist to identify when
a patient’s overjet or overbite is altered (crossbites, subjects with increased overjet, open
bite, and deep bite).

Regarding overjet, evidence shows that ClinCheck’s incisors’” sagittal movement plan-
ning is not entirely accurate, especially when root control is required [23,24]. A large overjet
also compromises the outcome [5]. When the incisor position is altered in the sagittal
dimension, ClinCheck stages the correction, and more aligners are needed to achieve the
desired result.

Interestingly, the total number of aligners increases regardless of whether the patient
presents a crossbite or increased overjet. However, there are differences between the upper and
lower arches. In the upper arch, the number of aligners increases in the presence of increased
overjet, whereas in the lower arch, the number of aligners increases in subjects with crossbites.
This behavior difference demonstrates how the aligners correct those malocclusions.

Concerning the vertical dimension, clear aligners correct deep bites through mandibu-
lar incisor proclination [25], upper incisor intrusion [25-27], and molar extrusion [25,26].
Meanwhile, open bites are corrected via incisor extrusion [25,28-32], retroclination [28-31,33],
and, in some cases, a slight intrusion of the upper molars with mandibular counterclock-
wise rotation [28,30-32]. As can be seen, correction of the vertical dimension involves a
combination of movements that cause an increase in the number of aligners. However,
other studies prove that in deep bite cases, intrusion and inclination movements are not
expressed as accurately as ClinCheck predicted [24]. Shahabuddin et al. found only 33%
deep bite correction compared to the initial planning (2023) [34]. Thus, they suggested
overcorrecting and claimed that refinements would be needed when deep bites are treated
with Invisalign. Meanwhile, Al-Balaa et al. (2021) found a precision of 48.81% when
comparing the predicted outcome with the actual outcome of intrusion using cone-beam
computed tomography, and they proposed using auxiliaries to avoid midcourse corrections
and refinements [35].

Lee et al. (2023) show that individual movements are not good predictors for the
number of aligners that a malocclusion will require for correction, while a combination
of movements shows the opposite results [9]. Given the many movements involved, the
software stages the correction; thus, this concept may explain why altered overbite and
overjet increase the number of aligners estimated for correction.

To summarize the main findings of this study, the clinician should expect that, in cases
with an altered canine class, molar class, overjet, or overbite, the software will project an
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increased number of aligners because it stages the correction in different phases, so it would be
beneficial to estimate a higher number of aligners, resulting in more time and cost to the patient.

The results of this study should be evaluated after considering its limitations. First,
all subjects were treated with Invisalign, and the treatment options may vary from system
to system. For example, some clear aligner systems do not recommend distalization for
class II correction. Instead, they use auxiliaries, such as mini-implants. Second, even
among orthodontists who use Invisalign as their clear aligner system, each orthodontist has
different clinical preferences that may alter the outcome. In this case, a single orthodontist
treated all subjects, so care should be taken when generalizing the results. Finally, the results
of this study were limited to easy to mild malocclusions with non-extraction treatment.

Derived from these limitations, future research might be recommended. For example,
it might be interesting to compare variations among different aligner systems and their
results, how the orthodontists’ clinical preferences affect treatment efficiency, and whether
the findings of this study can be extrapolated to moderate or severe cases.

5. Conclusions

According to this study’s results, clinicians should consider the absence of molar or
canine class I, altered overjet or overbite, and severe lower crowding as indicators for an
increase in estimated aligners needed to correct easy to mild malocclusions, and specifically
in the case of Invisalign, its allocation among the different products the company offers.

The results also determined that the malocclusion complexity level affects the number
of aligners required for its correction.
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mdpi.com/article/10.3390/jcm13216552/s1, Supplementary Table S1: Variables” descriptive statistic.
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