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Abstract
Aim The current study aimed to analyse the dentoskeletal
effects of the Invisalign mandibular advancement (MA) device
in the treatment of skeletal Class II malocclusions.
Materials and methods Pre-treatment and post-treatment
lateral skull radiographs from patients treated with MA versus
TB (Twin-Block Appliance) at the Department of Orthodontics
of the University of L’Aquila, Italy, were traced. Eligibility criteria
included SNB<78; ANB>4; no previous orthodontic treatments;
and vertebral maturation stage (CVM) CS3. Radiographs
from patients with craniofacial anomalies, or who underwent
extraction treatments, were excluded. Totally, 20 patients were
examined, 10 of whom treated with MA and 10 treated with
TB. All the radiographs were traced by one expert operator,
blind to the groups. A preliminary method error study was
performed to exclude intra-operator differences.
Results Baseline characteristics of the participants were
similar between the groups. Both appliances demonstrated a
reduction of SNB and ANB angle, and a decrease in overjet.
TB demonstrated a higher efficacy in increasing mandibular
dimensions. A significant retroinclination of the upper incisive
was observed in the TB group, where a decrease of SNA angles
was additionally observed. The resulting differences between
the two groups could be attributed to the different design of
the appliances.
Conclusions The present data show the effectiveness
of both TB and MA in the management of skeletal Class II
malocclusions due to mandibular retrusion. But some differences
exist in the dentoalveolar effect of the two appliances. MA
seems indicated in Class II cases where a control of the upper
frontal teeth position is needed.

KEYWORDS Functional jaw orthopaedics; Class II malocclusion;
Cephalometrics; Growing subjects; Interceptive orthodontics;
Removable orthodontic appliances.

Introduction
Skeletal Class I I malocclusions are caused by
mandibular retrusion in about 80% of the cases, which
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prompted many clinicians and researchers to study and
typically use functional appliances that stimulate the growth
of the mandible for the treatment of
these dentoskeletal disharmonies in growing subjects
[Pancherz, Zieber and Hoyer, 1997].
This is a complex clinical situation that does not only
involve aesthetic problems, or teeth occlusion on sagittal
plane, but it is also associated with various clinical conditions
that require the attention of the clinician, such as the palatal
dimension [Baldini et al., 2018], mouth breathing [Caruso
et al., 2018], sleep apnoea [Marino et al., 2019; Paduano
et al., 2019], atypical swallowing [Silvestrini-Biavati et al.,
2013], anomalies of the visual apparatus [Alberto Baldini et
al., 2018; Caruso et al., 2018], and poor oral habits [Caruso,
Nota, Darvizeh et al., 2019] or signs and symptoms of
temporomandibular joint (TMJ) disorder [Tecco et al., 2017;
Caruso et al., 2017). Thus, treatment of Class II malocclusion
is very common in the orthodontic field.
In the 1950s, William Clark developed the Twin-Block
Appliance (TB) for the treatment of Class II malocclusions,
which consists of two separate plates overlapping each
other, with inclined acrylic surfaces that guide the mandible
forward [Clark, 1988]. Many modifications to this appliance
were made, while maintaining the same mechanism
[Harradine and Gale, 2000]. The use of separate plates
increases patient’s cooperation, as opposed to a single
monobloc appliance, which involves both dental arches.
Consequently, TB had a widespread distribution [Graber,
1984].
Recently a mandibular advancement device (MA) was
implemented by Align Technology™ (San José, CA, USA)
on clear aligners, for the treatment of skeletal Class II in
growing patients (Fig. 1). Similarly to the principle applied
in TB, MA is composed by two pairs of lateral inclined planes
(precision wings), positioned buccally in the posterior area
of aligners, which come into contact each time the patient
closes his mouth determining a mandibular forward position.
To date, the scientific literature does not present studies
evaluating the skeletal effects caused by the use of the MA
proposed with clear aligners. Thus, the current retrospective
study aimed to analyse the dentoskeletal changes resulting
from treatment with MA in the treatment of skeletal Class
II subjects. The null hypothesis is that there is no difference
in the outcomes measurements between subjects treated
with MA versus TB.
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Subjects and methods
In the present retrospective study, pre- and post-treatment
lateral skull radiographs from patients treated with MA
versus TB at the dental clinic of the University of L’Aquila
(Italy) were traced. Eligibility criteria included pre-treatment
SNB<78 and ANB>4; no history of orthodontic treatment;
and vertebral maturation stage (CVM) CS3. Radiographs
from patients with craniofacial anomalies or who underwent
extraction treatments, were excluded. Totally, 20 pairs of
radiographs were examined, 10 of patients treated with MA
(Invisalign, Align Technology, San Josè, CA, USA) and 10
radiographs—used as controls—from patients treated with
TB appliance. All the radiographs were traced by one expert
operator, blind to the groups. The sample size was
determined on the basis of preliminary estimated variations
of the primary outcome (ANB) between T0 and T1, showing
that a minimum of 5 subjects was required in order to
achieve a sample power of 95% with an alpha of 0.05. The
post-hoc analysis showed an actual sample power higher
than 99%.
A preliminary method error study was performed to
exclude intra-operator differences; thus, eight randomly
selected tracings were repeated after two weeks, and IntraClass Correlation (ICC) coefficient was used to calculate
intra-rater agreement bet ween the t wo set s of
measurements. Demographic data of the participants are
described in Table 1. The cephalometric variables are
described in Table 2.

Results
Comparison of the two treatments over time revealed a
difference in the mean overjet between the two groups
before treatment, as TB patients showed 7.3±1.4 mm and
MA patients showed 4.3±1.3 mm.
Cephalometric variables are reported in Table 3.
The TB treatment resulted in statistically significant changes
of the parameters SNA (p = 0.001), SNB (p = 0.022), ANB
(p < 0.001), overjet (p = 0.001), and U1^ANSPNS (p = 0.005).

A

B

C

D
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Numerosity in Twin Block
the whole
group
sample
(n=20)
10
5
10
5
10±1.03
10 ±1.05

MA group

Difference

Males a
5
n.s.
Females a
5
n.s.
Age
10 ±1.05 n.s.
(Mean ± DS) b
a: c2 test
b Mann-Whitney test
n.s. no statistically significant difference between groups

TABLE 1 Demographic characteristics of the participants in the two groups.
Variable

Definition

SNA (degree)

The SNA angle indicates the position of the jaw
on the sagittal plane, towards the anterior base
of the skull.
SNB (degree)
The SNB angle indicates the position of the jaw
on the sagittal plane, towards the anterior base
of the skull.
ANB (degree)
The ANB angle highlights the gap between the
mandibular bone base and the maxillary bone
base on the sagittal plane.
Go-Me
Angle between mandibular plane and the plane
passing through anterior and posterior nasal
^ANSPNS
(degree)
spine
Ar-Go ^ Go-Me Gonial angle between the plane passing through
(degree)
Articulare and Gonion and the plane passing
through Gonion and Menton.
FMA (degree)
Angle between Frankfurt plane and mandibular
plane
U1 ^ ANSPNS
Angle between the long axis of the upper central
(degree)
incisor and the plane passing through anterior
and posterior nasal spine
L1 ^ GoMe
(degree)

Angle between the long axis of the lower central
incisor and the mandibular plane

TABLE 2 Cephalometric analysis.
FIG. 1 The MA system for clear
aligners.
A: vestibular view without MA
wings.
B: vestibular view with MA
wings.
C: occlusal view of the upper
dental arch.
D: occlusal view of the lower
dental arch.
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TB group

MA group
(⊗)
pre vs post
p value

Mean ± SD

Mean ± SD
Pre

Post

(⊗)
pre vs post
p value

TB vs MA
Interaction
time#treatment
comparison
(p value)

Pre

Post

SNA (°)

85.2 ± 4.87

82.2 ± 3.29

(-3) 0.001*

79.5 ±1.5

79.7 ±1.9

(0.2) 0.791

<0.001§

SNB (°)

76.7 ± 4.6

79.9 ± 1.7

(3.2) 0.022*

73.8 ±2.1

78.2 ±2.6

(4.4) 0.002*

0.340

ANB (°)

8.5 ± 3.8

2.9 ± 0.9

(-5.6) <0.001*

5.7 ±1.9

2.3 ±0.8

(-3.4) 0.002*

<0.001§

Overjet (mm)

(pre/post difference: -3.3 mm) p=0.001*

(pre/post difference: -1.4 mm) p=0.118

0.001§

Overbite (mm)

(pre/post difference: -0.1 mm) p=0.949

(pre/post difference: -3.15mm) p=0.049*

0.140

Go-Me ^ ANSPNS (°)

25.1 ±4.3

26.9 ± 4.7

(1.8) 0.370

25.3 ±4.2

(1) 0.610

0.580

Ar-Go ^ Go-Me (°)

123.6 ± 7.1

127.9 ± 5.3

(4.3)0.567

136.9 ±31.8 126.6 ±4.0

(-10.3)0.175

0.330

FMA (°)

24.8 ± 5.4

26.2 ± 3.4

(l.4)0.530

29.3 ± 4.9

(-4.9)0.030

0.080

U1 ^ ANSPNS (°)

119 ± 2.3

109 ± 9.3

(10)0.005

111.2 ±10.0 109.9 ±6.8

(1.3) 0.679

0.010§

L1 ^ GoMe (°)

93.6 ± 4.7

92.1 ±4.3

(-1.5)0.580

95.7 ±7.8

(2.4)0.380

0.580

26.3 ±4.4
24.4 ±5.7
98.1 ±6.8

* using two-way ANOVA for repeated measurements
§ p <0.05 interaction time # treatment; the significance indicates that the two treatments have a different response over time

TABLE 3 Descriptive statistic and between-groups differences.
The treatment with MA caused significant changes in SNB
(p = 0.002), ANB (p = 0.002), overbite (p = 0.049) and FMA
(p = 0.030).
The comparison between the two treatments over time
revealed a different response for SNA (p <0.001), ANB (p
<0.001), overjet (p = 0.001) and U1^ANSPNS (p = 0.010).

Discussion
The present retrospective study aimed to investigate the
efficacy of two appliances for the treatment of skeletal Class
II due to mandibular retrusion. In order to compare the two
devices, predetermined pre- and post-treatment parameters
measured on the lateral skull radiograph were compared.
Both therapies allowed to improve the harmony of the face
with a reduction in convexity, caused by the mandibular
retrusion.
Both devices, TM and MA, are based on the same
mechanism of the inclined planes that force the jaw to an
advanced forced position, with subsequent neuromuscular
adaptation and a new spatial position [Oda et al., 2016].
Therefore, the forced forward position of the mandible
induces a series of changes, that contribute to the correction
of the mandibular retrusion, and a general change in the
cranio-cervical posture of Class II malocclusion [Tecco et al.,
2005].
In the present sample, the SNB angle increase revealed a
statistically significant mandibular advancement both with
TB (from 76.7±4.6 to 79.9±1.7; p=0.022) and with MA (from
73.8±2.1 to 78.2±2.6; p=0.002), suggesting the efficacy of
both devices. The results obtained with TB show the same
trend of those reported in previous studies in the literature
[Baysal and Uysal, 2014; Burhan and Nawaya, 2015; O’Brien
et al., 2003; Nelson, Harkness and Herbison, 1993;
Santamaría-Villegas et al., 2017; Tepedino et al., 2018], i.e.
TB causes an increase of mandibular dimensions, through
mandibular advancement, achieved by the inclination of
about 70° in the upper and lower plates.
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For both appliances, early detection is fundamental to
intercept malocclusions timely [Grippaudo et al., 2013; Giuca
et al., 2015]. The right time to start an interceptive therapy
is during the peak of jaw growth, which roughly coincides
with the peak of pubertal skeletal growth, when there is
the maximum rate of condylar development [Nota et al.,
2018; Caruso et al., 2017]. In addition, this pubertal peak
also coincides with the maximum growth of the individual.
In the present study, proper timing was identified by
assessment of the stage of maturation of the cervical
vertebrae (the CVM method), and coincides with the CS3
stage [Franchi, Baccetti and McNamara, 2000].
From our results, some differences between the two
groups were observed for the maxillary position. While with
MA, there was no variation of SNA angle (from 79.5±1.5 to
79.5±1.9; p = 0.791), the TB showed a significant reduction
of the same parameter from 85.2±4.87 to 82.2±3.29
(p=0.001). This SNA angle reduction observed in the TB
group could be associated with retroinclination of the upper
incisors, which could potentially induce bone remodeling
around the incisor’s roots, and the A point. As seen, the
U1^ANSPNS angle showed a statistically significant reduction
from T0 to T1 only in the TB group. Regarding the incisors
position, also Illing et al. [1998] reported a statistically
significant retraction of upper incisors, and a moderate
proinclination of the lower incisors (that cannot be confirmed
in the present sample) as a consequence of TB treatment.
Differently, it seems that clear aligners have a
biomechanical action to control the incisors inclination, that
could be attributed to its structure, that surrounds the tooth
crown surface, differently from functional appliances as TB.
In this, clear aligners seem to overcome one of the most
commonly recognised limits of Class II functional appliances,
since reduction of inclination of the upper incisor determines
a dental change that helps to achieve the final occlusion,
reducing the potential skeletal mandibular advancement,
and modifying the kinesiographic pattern of occlusion
[Monaco et al., 2013].
By examining the two groups, both devices yielded a
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decrease in the ANB angle, which was significantly higher
(p<0.001) in the TB group (from 8.5±3.8 to 2.9±0.9)
compared with the MA group (from 5.7±1.9 to 2.3±0.8).
This could be related to both the reduction of SNA in the
TB group, and to the difference of mean ANB at T0 between
the two groups. The present result seems to confirm the
clinical efficacy of both devices in correcting skeletal Class
II. In addition, the overjet decreased in both groups due to
the mandibular advancement and, in the case of TB, the
retroclination of the upper incisors. Anyway, as for the ANB
angle, this could be related with the higher overjet at T0
and with the retroclination of upper incisors observed after
treatment, in the TB group.
The control of the upper incisor inclination, observed in
the MA group, could be crucial in cases of Class II, Division
2, where a normal overjet should be obtained in order to
allow the mandible to be correctly advanced, free to express
its growth potential. Another clinical application of MA
could be in cases of adolescent patients with a recent
condyle-disc incoordination of the TMJ, for which a treatment
with anterior repositioning of the jaw proved to be more
efficient than a stabilising splint to reduce joint pain and
noise [Tecco et al., 2004], because in these cases the MA
allows to correct teeth alignment and mandibular condyle
position. In addition, MA seems useful in cases of special
needs patients, for whom conventional orthopaedic
appliances might not be indicated [Giuca et al., 2016].
A clinically significant control of upper incisor inclination
by clear aligners has already been demonstrated in literature
during upper molars distalisation [Caruso, Nota, Ehsani, et
al., 2019]; this control seems clinically comparable to that
obtained with the Herbst appliance with miniscrews as
anchorages for incisor teeth [Manni et al., 2019], although
it is known that the application of a miniscrew in a growing
patient can cause problems with primary stability [Silvestrini
Biavati et al., 2011]. Therefore, the advantage of the aligners
in controlling the frontal group and its protrusion seems
evident in these cases.
In the present sample, both appliances showed a good
control of the position of the lower incisors. This finding
suggests that there was no lower dentoalveolar compensation
in the skeletal correction of the Class II.
Considering that the goal of the orthopaedic treatment
is to maximise the skeletal effects and reduce the dental
ones, it should be noted that with TB, in addition to a skeletal
effect, a dental compensation was also obtained due to the
retroinclination of the upper frontal group that significantly
decreases the advancement potential of the jaw. On the
contrary, with MA it was observed a reduced impact on the
torque of the upper frontal group, and this should allow an
optimisation of the skeletal effect.
Over time, the aligners have proven to be more and more
versatile for orthodontic treatments. At first used mainly in
the adult population, both to preserve aesthetics and to
facilitate better oral hygiene [Mummolo et al., 2019] — for
example in smoking patients where there is a greater risk
of periodontal diseases [Giuca et al., 2014] — their use has
recently spread to children, both for resolution of dental
problems, such as an anterior crossbite [Meuli et al., 2018]
and, with the MA device, in Class II orthopaedic-functional
treatment of mandibular retrusion.
As for the vertical skeletal effects, the two appliances did
not induce any significant change either in the inclination
of the palatal plane to the Frankfort horizontal plane, or in
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the inclination of the mandibular plane to the palatal one,
as also confirmed in literature for TB [Pavoni et al., 2018].
Conversely, Illing et al. [1998] observed a small reduction in
the Go-Me^ANSPNS with the use of the TB appliance.
The present results are limited by the small number of
patients, the absence of a comparison with an untreated
control group, the presence of differences in the dentoskeletal
features of the two groups before orthodontic treatment
and the retrospective design. For this reason, further studies
with a longitudinal randomised design on a larger sample,
and comparing data also with fixed functional appliances
are encouraged, although, in general, the removable
appliances are preferred for the patient’s comfort and the
better oral hygiene [Mummolo et al., 2013].
Anyway, to the authors’ best knowledge, this is the first
study that analyses the efficacy of clear aligners MA device.

Conclusions
The present data have demonstrated the efficacy of both
TB and MA devices in the management of skeletal Class II
malocclusions due to mandibular retrusion. The results show
an increase in the SNB angle and a reduction in the ANB
angle, between the pre- and post-treatment phase,
highlighting an improvement in the sagittal relationships
between the upper and lower bases. MA seems to allow a
better control of the upper frontal teeth position.
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