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Abstract: To analyze the derotation of maxillary mesio-rotated first permanent molars in subjects
with Class II edge-to-edge dental malocclusion in mixed dentition treated with Invisalign Clear
Aligners (CA). In total, 36 patients (16 males, 20 females, 9.9 ± 1.9 years) treated with CA are enrolled
from the Department of Orthodontics. Inclusion criteria are the following: Caucasian ancestry,
mixed dentition, molar Class II edge-to-edge, no tooth/craniofacial anomalies, no caries/periodontal
diseases. Pre-treatment (T1) and post-treatment (T2) digital casts, and final ClinCheck representations
(T2ClinCheck) are acquired. The Henry’s angle (HA) is used to assess maxillary first molars rotation.
The molars with an HA > 11◦ are taken (53 teeth). Five measurements are performed at T1, T2,
and T2ClinCheck: Henry’s angle (HA), mesiobuccal-expansion (MBE), distobuccal-expansion (DBE),
mesiobuccal-sagittal (MBS), and distobuccal-sagittal (DBS). A paired t-test was used to compare
T2-T1 and T2ClinCheck-T2. The T2-T1 shows a distal-rotation (difference −6.3◦) with an expansion
of 2.2 mm for MBE and 1.5 mm for DBE. At T2, the mesiobuccal cusps show a distal movement of
1.0 mm and the distobuccal cusps of 0.9 mm. The HA’s T2ClinCheck-T2 difference is −4.2◦. In the
sagittal plane, the difference is 0.9 mm for the MBS and 0.7 mm for the DBS. The expansion showed
the highest predictability (60% HA, 52.6% MBS, and 56.25% DBS). The CA effectively produces an
arch expansion and upper molars’ distal rotation. Upper molar derotation provides a 1 mm of gain in
arch perimeter and occlusal improvement.

Keywords: class II malocclusion; clear aligner therapy; digital cast analysis

1. Introduction

The correct molar position and occlusal relationship have been described by Andrews
as one of the six keys essential to achieving a successful orthodontic treatment [1,2]. In 1969,
Ricketts described the following method to assess the proper distal rotations of the upper
first molars in evaluating mesial drift in the malocclusion: in a parabolic dental arch form,
the normal position of the upper first molar can be assessed when a line is drawn through
the tips of the molar’s disto-buccal and the mesio-lingual cusps cross the distal surface of
the opposite canine [3]. Due to its rhomboidal shape with a wider buccolingual diameter
than mesiodistal, a rotated upper first molar occupies more space, creating a situation
unreceptive to obtain a normal occlusion with more crowding between adjacent teeth [2,4].
This rotation is caused by the mesiolingual cusp of the upper first molar, which firmly
occludes in the central fossa of the lower first molar and acts as a center of rotation, causing
a mesial movement of the mesiobuccal cusp [4]. The tooth occupies excessive space in the
dental arch and its buccal cusps occlude with a tendency of Class II molar relationship [5].
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In the literature, there are plenty of investigations focused on this topic [5–9]. The
prevalence of the mesial rotation in subjects with the presence of Class II malocclusion is
about 86%. Lima et al. [6] found a correlation between the severity of Class II division 1
malocclusion and the amount of maxillary first molars’ mesiopalatal rotation. Furthermore,
Quinzi et al. reported that there is an association between upper first molar mesial rotation
and anterior dental crowding in permanent dentition, while subjects in mixed dentition
with mesial rotation should be considered at a higher risk of dental crowding [7]. In 2011,
Giuntini et al. [8] investigated the upper first molar mesial rotation in Class II division 1
malocclusion subjects in mixed dentition. They performed dental cast measurements in a
sample of 120 Class II division 1 subjects and in a sample of 58 Class I subjects, and they
found that the amount of upper molar rotation was significantly greater in the Class II
group than in the Class I group. In a recent case report, Giancotti et al. highlighted how
maxillary molar derotation represented a strategic step to allow mesial mandibular shift
and gain space in the arch, thus contributing to malocclusion correction [9].

However, in the literature there is a lack of information about the correction of upper
first molar mesial rotation with clear aligners (CA).

The aim of the present study was to analyse the derotation movement of the maxil-
lary mesio-rotated first permanent molars in subjects with Class II edge-to-edge dental
malocclusion in mixed dentition treated with Invisalign Clear Aligners (CA).

2. Materials and Methods

This project was approved by the ethical committee of the University of Rome “Tor
Vergata” (Protocol number: 163/20). All patients were aware of the study design and
informed consent was obtained from patients’ parents prior to participating.

In this prospective study, 36 patients (16 males, 20 females, mean age 9.9 +/− 1.9 years)
who received Invisalign system clear aligners treatment protocol (CA) were consecutively
enrolled at the Department of Orthodontics of the University of Rome “Tor Vergata” from
September 2019 to March 2021.

2.1. Inclusion/Exclusion Criteria

The patients were selected according to the following inclusion criteria: Caucasian
ancestry, mixed dentition, Class II edge-to-edge first molar occlusal relationship assessed
through clinical evaluation, and good compliance with aligners. The following exclusion
criteria were applied: presence of second permanent molars, multiple and/or advanced
caries, tooth agenesis, supernumerary teeth, cleft lip and/or palate, and other periodon-
tal diseases.

2.2. Therapeutic and Measurement Protocol

For each patient, pre-treatment (T1) and post-treatment (T2) digital dental casts were
taken using an intraoral scanner iTero® Orthodontic ver. 5.2.1.290 (Align Technology Inc.,
Santa Clara, CA, USA). Final position of the corresponding ClinCheck representation was
also collected to establish the predictability of the final virtual model (T2ClinCheck) with
respect to the movements observed in the post-treatment models.

On the initial digital casts, the upper permanent right and left first molars’ rotations
were assessed using the angular measurement of Henry [10] (Figure 1).

All the upper permanent first molars with a Henry’s angle more than 11 degrees were
analyzed in the study, making a sample of 53 teeth.

Patients received a non-extraction treatment protocol consisting of Invisalign System
clear aligners.

The ClinCheck for each patient was planned with the same standardized disto-rotation
protocol, according to Rickett’s line [3]. Using ClinCheck software, a mesial-out buccal
rotation of upper first molars was programmed with an amount of 2 degrees for each
aligner. During the rotational correction, an arch expansion was always required. No
distalization movements were included in the treatment protocol.
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Figure 1. Henry’s angle (HA) formed between the mid-palatal raphe and the line passing through
the mesiobuccal (MB) and distobuccal (DB) cusps of the maxillary first molar.

All patients were instructed to wear their aligners full-time, excluding meals and tooth
brushing. The patient changed the aligners every 7 days and every 4 stages the clinician
checked for good aligner fitting and the position of the attachments. The mean number of
aligners was 32 for the maxillary arch. If new scans were necessary to improve the fit of the
aligners due to dental exfoliation and eruption, the prescription form was settled to con-
tinue the treatment until reaching the same final position as the first approved ClinCheck.
Optimized expansion support attachments and optimized retention attachments were
automatically placed by the software on the posterior teeth.

The average time between the initial and final scans was 8.6 months.
At the delivery appointment, the patients gained awareness that they were part of a

research study, and honest compliance reporting was difficult. Patient’s compliance was
noted in the clinical diary. A single investigator conducted a face-to-face interview with
each patient and their parents to assess his/her cooperation. Compliance was appraised
on a 3-point Likert-type scale (poor, moderate, good) [11]. Poor compliance was reported
when the patient wore the aligners less than 16 h/day; moderate from 16–20 h/day; good
when the patient wore the aligner full time as suggested by the clinicians.

All the maxillary digital dental casts were exported in .stl format and for each of the
53 upper permanent first molars included in the study the following measurements were
carried out at T1, T2, and T2ClinCheck using Viewbox 4 (dHAL software, Kifissia, Greece):

− Henry’s angle (HA): the angle formed between the mid-palatal raphe (identified
by an anterior and a posterior point along the mid-palatal raphe) and the line pass-
ing through the mesiobuccal (MB) and distobuccal (DB) cusps of the maxillary first
molar [8] (Figure 1);

− Mesiobuccal Expansion (MBE): the perpendicular distance between the mesiobuccal
cusp of the first right or/and left permanent molar and midpalatal raphe (Figure 2a);

− Distobuccal Expansion (DBE): the perpendicular distance between the distobuccal
cusp of the first right or/and left permanent molar and midpalatal raphe (Figure 2a);

− Mesiobuccal Sagittal (MBS): the distance between the midpoint of the first palatal ru-
gae and the projection of the mesiobuccal cusp of the first right or/and left permanent
molar on the midpalatal raphe (Figure 2b);

− Distobuccal Sagittal (DBS): the distance between the midpoint of the first palatal rugae
and the projection of the distobuccal cusp of the first right or/and left permanent
molar on the midpalatal raphe (Figure 2b).
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Figure 2. (a) Linear measurements of the expansion (MBE, DBE) movements of the upper first molar
mesiobuccal (MB) and distobuccal (DB) right or/and left cusps. (b) Linear measurements of the
distalization (MBS, DBS) movements of the upper first molar mesiobuccal (MB) or/and distobuccal
(DB) right and left cusps.

3. Statistical Analysis

In a pilot study, 12 upper first permanent molars were used to calculate the repro-
ducibility and the sample size, which indicated the need for approximately 45 teeth to
estimate Henry’s angle with a 95% confidence interval (CI), a minimum difference of 2.3◦

and a standard deviation (SD) of 3.5◦, with a power of 80%.
A unique operator (F.C.D.R.) performed all the measurements. In order to test the

intra-examiner reliability, the same operator measured the entire sample again 2 weeks after
the first assessment. The reliability of the measure was assessed by means of an interclass
correlation coefficient (ICC).

Sample normality was tested by the Shapiro–Wilk test.
In the presence of normally distributed data, a paired t-test was selected to compare

the T2-T1 changes and the T2ClinCheck-T2 differences. The level of significance was set
at 5%.

The Statistical Package for the Social Sciences (SPSS), version 18.0 (IBM Corp, Chicago,
IL, USA) was the chosen software to analyze data.

4. Results

Of the 72 analyzed molars, 53 showed increased mesial rotation according to a Henry’s
angle of more than 11 degrees.

The analysis of compliance of the treated subjects (use of CA) showed that cooperation
was good/moderate in all treated patients.

The ICC test showed almost perfect agreement with a score of 0.97 for the angular
measurement and 0.96 for the linear measurements.

A new scan to make additional aligners was needed for eight patients to improve the
fit of the aligners and better incorporate the erupting premolars into the appliance.

4.1. Changes between Pre-Treatment (T1) and Post-Treatment (T2)

Table 1 summarizes the differences between pre-treatment conditions and final out-
comes, showing that there were statistically significant differences for all the performed
measurements. In particular, the comparison between T2-T1 angular outcomes showed
a distal rotation of the maxillary first permanent molars with a mean difference of −6.3◦

(mean HA T1: 17.5◦ ± 4.2◦; mean HA T2: 11.2◦ ± 5.7◦; p < 0.001). The mean transversal
expansion was 2.2 mm for the mesiobuccal cusps (mean MBE T1: 24.3 ± 1.0 mm; mean
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MBE T2: 26.5 ± 0.8 mm; p < 0.001) and 1.5 mm for the distobuccal cusps (mean DBE T1:
26.1 ± 0.9 mm; mean DBE T2: 27.6 ± 0.8; p < 0.001). Regarding the sagittal plane, at T2,
the mesiobuccal cusps showed an average distal movement of 1.0 mm (mean MBS T1:
29.3 ± 2.2 mm; mean MBS T2: 30.3 ± 2.5 mm; p < 0.001), while the distobuccal cusps moved
distally by a mean of 0.9 mm (mean DBS T1: 24.3 ± 2.1 mm; mean DBS T2: 25.2 ± 2.5 mm;
p < 0.001).

Table 1. Descriptive statistics and statistical comparisons of T2-T1 changes (Paired t-test).

Measurements Pre-Treatment T1 (n = 53) Post-Treatment T2 (n = 53)

Mean SD Mean SD Diff 95% CI p Value

Henry’s
angle (HA) 17.5 4.2 11.2 5.7 −6.3 −8.526 to

−4.165 ***

Mesiobuccal
Expansion

(MBE)
24.3 1.0 26.5 0.8 2.2 1.905 to 2.511 ***

Distobuccal
Expansion

(DBE)
26.1 0.9 27.6 0.8 1.5 1.255 to 1.779 ***

Mesiobuccal
Sagittal
(MBS)

29.3 2.2 30.3 2.5 1.0 1.431 to 0.636 ***

Distobuccal
Sagittal
(DBS)

24.3 2.1 25.2 2.5 0.9 1.250 to
−0.475 ***

SD: standard deviation; diff: mean difference; CI: confidence interval; *** = p < 0.001.

4.2. Comparison between Post-Treatment (T2) and Final ClinCheck (T2ClinCheck) Results

The predictability of ClinCheck of the Invisalign software was determined at the end
of the treatment (Table 2) by establishing comparisons between the final molar rotations
achieved in the digital models (T2) and the planned one (T2ClinCheck). A statistically
significant difference was detected, meaning that the amount of change planned was not
associated with the obtained outcomes. The mean difference between T2ClinCheck-T2
was −4.2◦ (mean HA T2: 11.2◦ ± 5.7◦; mean HA T2ClinCheck: 7.0◦ ± 5.4◦; p < 0.001).
Comparable results were obtained for the measurements on the sagittal plane, showing a
mean difference of 0.9 mm for the mesiobuccal cusps (mean MBS T2: 30.3 mm ± 2.5 mm;
mean MBS T2ClinCheck: 31.2 mm ± 2.3 mm; p < 0.001) and 0.7 mm for the distobuccal cusps
(mean DBS T2: 25.2 ± 2.5 mm; mean DBS T2ClinCheck: 25.9 ± 2.2 mm; p < 0.001). On the
contrary, the expansion movements showed high predictability for both the mesiobuccal
and distobuccal cusps. The mean difference between T2ClinCheck-T2 was 0.4 mm for
MBE and 0.3 mm for DBE, meaning no statistically significant changes. As a percentage,
predictability was 60% for Henry’s angle, 52.6% for mesiobuccal sagittal movement, and
56.30% for distobuccal sagittal movement (Table 3).
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Table 2. Descriptive statistics and statistical comparisons of T2ClinCheck-T2 (Paired t-test).

Measurements Post-Treatment T2 (n = 53) T2 ClinCheck (n = 53)

Mean SD Mean SD Diff 95% CI p Value

Henry’s
angle (HA) 11.2 5.7 7.0 5.4 −4.2 −5.289 to

−3.003 ***

Mesiobuccal
Expansion

(MBE)
26.6 0.8 27.0 0.7 0.4 0.154 to 0.780 NS

Distobuccal
Expansion

(DBE)
27.6 0.8 27.9 0.9 0.3 −0.045 to

0.636 NS

Mesiobuccal
Sagittal
(MBS)

30.3 2.5 31.2 2.3 0.9 1.223 to 0.594 ***

Distobuccal
Sagittal
(DBS)

25.2 2.5 25.9 2.2 0.7 1.032 to
−0.343 ***

SD: standard deviation; diff: mean difference; CI: confidence interval; NS: Not Significant; *** = p < 0.001.

Table 3. Predictability of the changes: T2—T2ClinCheck.

Variable Percentage %

Henry’s angle (HA) 60%
Mesiobuccal Sagittal (MBS) 52.60%
Distobuccal Sagittal (DBS) 56.30%

5. Discussion

The purpose of the present study was to evaluate the changes in upper molar position
and to assess the predictability of digital planning in a sample of growing patients with
late mixed dentition or early permanent dentition with mesio-rotated upper molars treated
with Invisalign CA.

In 1956, Henry stated, “The upper first permanent molars in the malocclusions are
rotated in 83% of the cases, and the axis of rotation passes through the palatal root and the
mesiolingual cusp” [10].

Several studies reported a high percentage of rotated maxillary first molars in Class II
malocclusion. The upper first molar rotation existed in 85% of all orthodontic conditions,
90% of all Class II division 1 cases, and 100% of all maxillary constrictions [12]. It appeared
that a transverse deficiency of the maxillary arch is a typical finding in growing subjects
with upper molar mesial rotation [13]. Maxillary first molar rotates mesiolingually on
its long axis, with the mesiolingual cusp and the lingual root acting as a center or axis
rotation [13]. From the anatomical aspect, the upper first molar is prone to rotation due to
its trapezoidal configuration and its triple roots, and thus the mesiopalatal cusp is a pivotal
axis around which the upper first molar rotates [14]. For this reason, when digital planning
the new molar position, it is important to apply the mesial-out buccal rotation, allowing for
a distal rotation on the mesiopalatal cusp as a center of rotation. Moreover, derotation of the
maxillary first molar while applying a simultaneous expansion force can provide centers
of rotation at various points migrating from the molar center of resistance toward the
distal margin ridge. The greater the expansion, the more the center of rotation will migrate
distally. Therefore, the primary objective of accommodating a functional intercuspation is
to expand and derotate at the same time [12].

Our results showed that there were statistically significant differences between T2-T1
maxillary first molar rotation (Figure 3). In the present study, the upper molars were mildly
mesial rotated since the study group involved was in mixed dentition, before the exfoliation
of second deciduous molars, and with a Class II edge-to-edge malocclusion. This meant
that our treatment protocol required molar disto-rotation without distalization. The main
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derotation observed was of about six degrees. Giuntini et al. [8] reported that in the case
of extreme mesial rotation of the upper permanent molar, i.e., when the molar is included
in the dental arch perimeter with its oblique diameter instead of its mesiodistal diameter,
maximal molar derotation leads to a corresponding maximal gain of space of about 2.5 mm.
According to our results, orthodontic molar derotation (about six degrees) led to a mean
gain of arch space of about 1 mm. Our findings agree with Braun et al. [12], who reported
a value of gain in arch perimeter of 2.5 mm with an upper molar derotation of about
20 degrees. It is important to emphasize that the gain in arch perimeter following molar
derotation occurred anteriorly to the derotated tooth, as the buccal cusps moved distally by
about 1 mm, with a simultaneous improvement in the molar occlusal relationship.

Figure 3. Intraoral occlusal evaluation pre-treatment (T1) and post-treatment (T2).

Our findings indicated that there were statistically significant differences between T2
effective rotation and T2ClinCheck programmed outcomes. ClinCheck software overesti-
mated the value obtained in planning molar derotations. To test the predictability of the
ClinCheck treatment planning software, measurements taken at the end of treatment (T2)
were analyzed in comparison with the amount of movement predicted by the software at
the end of the first phase of aligners (T2ClinCheck). The percentage of predictability of dis-
tal rotation was 60%. These results are similar to those obtained by several studies [15–19],
reporting that the ClinCheck generated a prognosis of greater distal rotation than actually
realized. In a recent study, Haouili et al. [20] assessed that the mesial rotation of the upper
first molars was around 42.9%. The difference in percentage predictability could be associ-
ated with maxillary arch expansion, which is essential to gain further space and increase
the predictability of disto-rotational movement. However, the rotation accuracy achieved in
the present study was inferior when compared with the one reported by Morales-Burruezo
et al. [15]. This difference is due to the fact that the predictability was tested at the end of
the first set of aligners before any refinement.

Regarding the expansion movements, recently, Lione et al. [21] found a high pre-
dictability of the planned molar expansion with CA in permanent dentition. Our results
showed that the same accuracy could be obtained in mixed dentition as well. Our data
indicated that Invisalign CA are an effective tool for achieving transverse expansion as no
statistical differences with the ClinCheck prediction were observed.

This is, in the literature, the first prospective investigation to compare the T2-T1
changes of the maxillary first permanent mesio-rotated molar position obtained by means
of the Invisalign First System with the same disto-rotation protocol in all subjects with
mixed dentition. Prior published data included case reports, material studies, technical
articles, editorials, surveys, and studies assessing the predictability of multiple tooth
movements. A limitation of the present investigation is its short-term nature and the small
sample size of the treated groups. Therefore, further evaluations are necessary to increase
the sample size and to analyze the stability of the results obtained in the long term.
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6. Conclusions

The outcomes of the present study revealed that subjects with Class II edge-to-edge
mixed dentition often presented with mesial upper first molar rotation. In fact, of the
72 analyzed molars, 53 teeth had a moderate increase in mesial rotation. Molar disto-
rotation is a complex movement involving expansion and distal drift of buccal cusps.
Despite the complexity, CA is an effective tool for producing upper distal molar rotation
with an observed 60% predictability. The orthodontic correction of mesial upper molar
rotation provided 1 mm of gain in arch perimeter and improvement in molar relationships,
with the movement of transversal expansion that showed the highest accuracy.
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