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study
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The aim of this study was to compare the changes in the sagittal pharyngeal airway dimension (SPAD)
in adolescents with Class Il mandibular retrusion treated with Invisalign Mandibular Advancement
(IMA), prefabricated Myobrace (MB), and Twin block (TB). For this retrospective study, the pre-
treatment and post-treatment lateral cephalograms of 60 patients who underwent myofunctional
treatment, using either one of the tested appliances were gathered from the files of treated patients.
Changes in the SPAD were measured in each group, and comparisons were carried out between the
three study groups. Additionally, sagittal skeletal measurements were carried out. Comparisons of
the study variables at TO and T1 between the three groups were performed using one-way ANOVA,
while comparisons of the difference (T1-T0) were performed using Kruskal Wallis test. A significant
SPAD increase has been reported using the three tested appliances (p <0.05), with the least change
documented with MB use (p <0.05). Significant antero-posterior improvements have been found with
IMA, MB, and TB with an increase in the SNB®, and a decrease in ANB® and Wits appraisal (p <0.05).
Non-significant FMA® changes have been observed post-treatment in the three test groups (p>0.05).
The IMA, MB, and TB generated significant SPAD and sagittal changes, with both IMA and TB
surpassing MB in the airway area improvement post-treatment. Moreover, the three tested Class Il
functional appliances did not affect the vertical dimension.

Keywords Class II, Invisalign mandibular advancement, Myobrace, Twinblock, Myofunctional appliance,
Sagittal pharyngeal airway dimension

Abbreviations

SPAD  Sagittal pharyngeal airway dimension
IMA  Invisalign mandibular advancement
TB Twinblock

MB Myobrace

PFAs  Prefabricated functional appliances
SD Standard deviation

CVMI  Cervical vertebral maturational index
NPAA Nasopharyngeal airway area

OPAA  Oropharyngeal airway area

LPAA  Laryngopharyngeal airway area

H Harmonium
PNS Posterior nasal spine
FH Frankfurt Horizontal plane

C5AI  Antero-inferior point of the 5th cervical vertebra
FMA  Frankfurt-mandibular plane angle
ICC Intraclass correlation coefficient
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3D Three-dimensional
CBCT Cone-beam computed tomography
OSA  Obstructive sleep apnea

Skeletal Class IT malocclusion is regarded as one of the most prevailing dentofacial abnormalities, which has been
found to affect approximately one-third of the population'. It may be characterized by mandibular retrognathism,
maxillary prognathism, or a combination of both skeletal deviations®>.

As a potential consequence to mandibular retrognathia, the area between the cervical column and the man-
dibular corpus is diminished, and the tongue and soft palate are both posteriorly postured; thus, the airway
dimensions are eventually narrowed?. This in turn explains the reduced pharyngeal airway dimensions reported
in Angle Class II division 1 subjects™®. It has been documented that in cases of early skeletal Class II diagnosis,
the best treatment option is functional appliances, which promote forward mandibular growth and prevent
upper airway collapse during sleep’~1°.

The Twin Block (TB) appliance is one of the most used removable functional appliances conventionally
indicated for correcting a retrognathic mandible in Class II malocclusion''2. It consists of two overlapping
plates with inclined acrylic surfaces, that posture the lower jaw in a forward position on closure'®. TB has also
been reported to increase the pharyngeal airway dimensions through the forward movement of the mandible
and the hyoid bone”*">,

Myobrace (MB) is a preformed orthodontic device, designed for the treatment of malocclusions in patients
in the late mixed dentition (9-12 years). It attempts to retrain the tongue’s position and enhance the equilibrium
of the masticatory and facial muscles. MB pursues three goals, i.e.: mandibular development, dental alignment,
in addition to a myofunctional impact. It is constructed using an edge-to-edge incisal relation and consists of
a single block that touches both arches. The sole structural difference, in contrast to the other “Trainer System”
devices, is an internal additional hard nylon element, called “Inner-Core”, or “Dynamicore”™*®.

In 2017, Align Technology (San Jose, CA, USA) released the Invisalign® Mandibular Advancement (IMA)
appliance, which is a functional appliance that integrates both the notions of growth modification and active
tooth movement"’. IMA replicates the mechanism of action of functional appliances through the engagement of
inclined planes embedded into buccal precision wings, located between the first molars and premolars when the
subject is in occlusion. Align Technology with the IMA appliance, targeted growing patients with mild to severe
mandibular retrognathism, in the presence of a permanent or a stable late mixed dentition'’.

With the pharyngeal size considered a cardinal factor influencing the quality of sleep!’, the reduced size of
the nasopharynx has a negative impact on the pattern of breathing, whether oral or nasal'®. The competency of
the functional appliances in enlarging the airway dimensions has been widely investigated in the literature, with
arecent study reporting that both IMA and TB appliances have successfully improved the structural narrowness
of the upper airway'>'°. However, none of the previous studies have contemplated the possible differences in the
effects of IMA with MB and TB on the sagittal pharyngeal airway dimension (SPAD) in adolescents.

Thus, the aim of this study was to compare the changes in the SPAD of subjects with Class II mandibular
retrusion treated with IMA, MB, and TB appliances. Moreover, sagittal and vertical skeletal changes accompany-
ing each of the tested appliances were assessed. The null hypothesis was that there are no significant differences
between the three studied functional devices regarding their influence on the SPAD.

Methods

Patient selection

Approval was attained for this retrospective study by the Institutional Review Board of the Faculty of Dentistry,
Alexandria University, Alexandria, Egypt (IRB:00010556-IORG:0008839). Manuscript Ethics Committee num-
ber 0822-12/2023. Sixty pre- and post-treatment lateral cephalograms of subjects treated at the Orthodontic
Department, Alexandria University, Egypt and at Pebs Dental Practice, Brussels, Belgium until October 2023,
were checked for qualification by the principal investigator. All the investigative procedures were carried out in
agreement with the relevant guidelines and regulations, as stated in the Declaration of Helsinki. Oral approvals
and written informed consents were acquired from the patients and/or their legal guardian(s) for the use of their
records in this research.

The sample size was based on 95% confidence level to detect differences in airway measurements after treat-
ment with Invisalign mandibular advancement (IMA) and TwinBlock (TB) appliances. Yue et al.’® reported mean
(SD) change in oropharyngeal airway volume (mm?®) = 1691.89 (1574.67) and 2194.56 (1437.15), after treatment
with IMA and TB appliances, respectively. The calculated mean (SD) difference =502.67 (1505.91) and 95%
confidence interval = — 585.81, 1591.15. Myobrace is assumed to have a similar effect on airway measurements
as TB appliance?. The sample size was calculated to be 18 patients, increased to 20 to compensate for cases lost
to follow up. The total required sample size = number of groups x number per group =3 x 20 = 60 patients®'. The
employed software for sample size calculation was MedCalc Statistical Software version 19.0.5 (MedCalc Software
bvba, Ostend, Belgium; https://www.medcalc.org; 2019).

Inclusion criteria for patient enrolment included: (1) Age ranging from 9 to 12 years, (2) Initial overjet
between 5 and 8 mm, (3) skeletal Class II subjects with mandibular retrognathism (ANB° >4°, SNB° < 78°) that
have been treated with IMA, MB, or TB appliances, (4) visible profile enhancement on forward mandibular
posturing, (5) cervical vertebral maturational index (CVMI) stage 3, as dictated from lateral cephalograms?, (6)
availability of pre-treatment (T0) and post-treatment (T1) lateral cephalometric radiographs. In all the included
subjects, functional appliance treatment was concluded after achieving Class I molar relationship. As for the
exclusion criteria, they involved: (1) prior orthodontic treatment, (2) cleft lip and/or palate patients, (3) subjects
with craniofacial anomalies or diagnosed syndromes, (4) history of tonsillectomy or maxillofacial surgery.
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A consistent technique has been carried out while taking all the attained lateral cephalograms, where the
subjects stood in natural head position**?, as well as natural tongue posture with the teeth in centric occlusion.
Instructions were given to stand still, and not to move the head nor swallow in the course of the exposure. Lateral
cephalometric X-rays were compared between T0 and T1 for the assessment of SPAD, as well as the vertical and
sagittal skeletal alterations in all the intervention groups.

Grouping

The procured lateral cephalometric records were split into three groups based upon the Class II corrective
appliance used; Group A: Invisalign Mandibular Advancement (Align Technology, San Jose, CA, USA) (Fig. 1),
Group B: Myobrace (prefabricated functional appliance, Myofunctional Research Co., Australia) (Fig. 2), and
Group C: Twinblock (Fig. 3).

Appliances’ wear protocol

Regarding the TB group, patients were instructed to wear the appliance full time except during meals?*. In
the MB group, patients were instructed to wear the appliance for a minimum of 2 h/day, throughout the first
week after appliance delivery. By the second week, patients were instructed to use the device for at least eight
hours every night. Patients then wore their appliances for a minimum of 1-2 h per day and overnight starting
from the conclusion of the first 4 weeks of therapy and continuing throughout the treatment period, as per
the manufacturer’s instructions®’. For the IMA group, patients were required to wear their aligners for at least
22 h/day, which can be removed while eating. They were also notified to replace the aligners on a weekly basis
according to their planned set of aligners'’.

Figure 1. (A, B) Right and left views of the ClinCheck plan for the IMA. (C, D) Right and left intra-oral views
for the IMA appliance.

Figure 2. (A) Right, (B) frontal, and (C) left intra-oral views of the MB appliance.
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Figure 3. (A) Right, (B) frontal, and (C) left intra-oral views of the TB appliance.

For the three study groups, monthly follow-ups were scheduled until a Class I molar relationship has been
achieved. Since patient’s compliance was of prime importance during the treatment period, a follow-up chart
was prepared and monitored periodically?®. Moreover, overjet, overbite, and molar relations were recorded every
12th week. At the end of the treatment, for MB and TB groups, subjects were instructed to wear the appliance as
a retainer according to the operator’s preference?®*. Regarding the IMA group, they were given Vivera retainers
(Align technology, San Jose, CA, USA) after the final set of aligners.

Outcomes’ assessment

Sagittal pharyngeal airway dimension changes

Digital tracing was accomplished using Osirix open-source software for the obtained lateral cephalograms™®,
where a myriad of landmarks was identified. The sagittal pharyngeal airway space was separated into the Naso-
pharyngeal airway area (NPAA), the Oropharyngeal airway area (OPAA), and the Laryngopharyngeal airway
area (LPAA)*. A line extending from the Harmonium (H) to the posterior nasal spine (PNS) demarcated the
upper border of the NPAA. The lower extent of the NPAA was traced by drawing a line at the tip of the soft pal-
ate parallel to the Frankfurt Horizontal plane (FH), stretching out to the posterior pharyngeal wall. The OPAA
and LPAA were distinguished by a line drawn at the level of the tip of epiglottis, parallel to the FH plane to the
posterior wall of the pharynx. The lower border of the LPAA was marked by a line drawn parallel to FH plane,
passing through the antero-inferior most point (C5AI) of the fifth cervical vertebra. The area has been measured
using the same software in mm? (Fig. 4).

Sagittal and vertical skeletal changes

From the acquired pre- and post-treatment lateral cephalograms and with the same software being employed
(Osirix open-source software), distinct linear and angular measurements were performed, for appraisal of the
resultant changes in both sagittal and vertical planes (Table 1). For sagittal dimension assessment, SNA®, SNB°,
and ANB®, as well as Wits appraisal were measured. Regarding the vertical dimension, the Frankfurt-mandibular
plane angle (FMA®°) was measured for evaluation.

Blinding
The researcher was blinded while performing the measurements on the lateral cephalometric radiographs, and
the statistician was blinded throughout the data assessment process.

Figure 4. The implemented cephalometric sagittal pharyngeal airway area measurements (H: Harmonium).
(A) Nasopharyngeal airway area (NPAA), (B) Oropharyngeal airway area (OPAA), (C) Laryngopharyngeal
airway area (LPAA).
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Angle between the points Sella (S), Nasion (N) and A point, showing the anteroposterior position of the maxilla

SNA relative to the anterior cranial base

SNB® Angle between points Sella (S), Nasion (N), and B point, describing the anteroposterior position of the mandible
relative to the anterior cranial base

ANB® Angle between points A, Nasion (N) and B point, indicating the skeletal relationship between the maxilla and the

mandible

Wits appraisal (mm)

The linear distance between the perpendicular projections of points A and B over the functional occlusal plane

FMA®

Angle between the Mandibular plane and the Frankfort horizontal plane

Table 1. Skeletal measurements; SNA®, SNB°, ANB°, Wits appraisal, FMA®.

Statistical analysis

Descriptive statistics of all variables were calculated as means and standard deviation. Normality was tested using
descriptive statistics, normality tests, and plots (histograms, Q-Q plots, and boxplots). The study variables at TO
and T1 showed normal distribution, while the difference (T1-T0) showed non-normal distribution. Comparisons
of the study variables at TO and T1 between the three groups were performed using one-way ANOVA, while
comparisons of the difference (T1-T0) were performed using Kruskal Wallis test. Both tests were followed
by multiple pairwise comparisons using Bonferroni adjusted significance level (in case of significant results).
Comparisons of the study variables between T0 and T1 within each group were done using paired t-test. The
significance level was set at p value <0.05. Data were analysed using IBM SPSS for Windows (Version 26.0).

Ethics approval and consent to participate

All the research procedures were performed in accordance with the relevant guidelines and regulations, as
stated in the Declaration of Helsinki. The study was approved by the Institutional Review Board of the Faculty
of Dentistry, Alexandria University, Alexandria, Egypt (IRB:00010556-IORG:0008839). Manuscript Ethics
Committee number 0822-12/2023. Oral assents and written informed consents were obtained from the patients
and/or their legal guardians, respectively, prior to the onset of treatment.

Results

Non-significant differences have been reported between the enrolled participants in each of the three study
groups in their baseline data, in terms of age and gender (p>0.05), as depicted in Table 2. The means and standard
deviations for all the evaluated outcomes were calculated at the onset (T0) and at the end of treatment (T1), as
well as the differences between them (T1-TO), as displayed in Tables 3 and 4.

Intra-examiner and Inter-examiner reliability

One researcher performed all the measurements at the start. Two weeks later, the same and another calibrated
independent examiner repeated the whole measurements on 10 randomly selected x-rays, for analysis of intra
and inter-examiner reliability using Intraclass Correlation Coefficient (ICC)*2. The calculated ICC ranged from
0.82 to 0.96 indicating good to excellent agreement between examiners and across time.

Measurement of the Sagittal Pharyngeal airway dimension

Changes in the sagittal pharyngeal airway area at the three measured levels NPAA, OPAA, and LPAA are
presented in Table 3. A significant increase has been recorded using the IMA, MB, and the TB, between T0
and T1 at all the assessed SPAD levels (p <0.05). However, when the amount of change recorded at the NPAA,
OPAA, and the LPAA was compared between the three study groups, non-significant differences between the
IMA and the TB were found, in comparison to the significantly less post-treatment SPAD change elicited in the
MB group (p <0.05).

Sagittal and vertical skeletal measurements

Changes in both the sagittal and vertical skeletal dimensions in the three study groups, pre- and post-treatment,
are described in Table 4. Regarding the sagittal measurements, the IMA, MB, and TB evoked no significant
changes in the SNA® values between T0 and T1, with non-significant differences between them as well in com-
parison (p >0.05). For the SNB®, a significant increase has been observed between T0 and T1 in the IMA group

IMA (n=20) MB (n=20) TB (n=20) p value
Age* Mean (SD) 10.31 (1.16) 10.36 (1.04) 10.56 (1.15) 0.76
Male 9 (45%) 11 (55%) 10 (50%)
Gender: n (%)® 0.94
Female 11 (55%) 9 (45%) 10 (50%)

Table 2. Demographic characteristics of subjects in the three study groups. *One-way ANOVA was used.

®Chi-square test was used.
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IMA (n=20) MB (n=20) TB (n=20)
Mean (SD) p value 1
TO 366.70 (11.57) 372.60 (24.12) 368.20 (10.35) 0.51
NPAA T1 501.85(23.43) a 442.32 (20.09) b 496.53 (27.96) a <0.001*
Difference 135.15(19.92) a 69.73 (26.69) b 128.33 (33.58) a <0.001*
p value 2 <0.001* <0.001* <0.001*
TO 189.55 (33.14) 173.50 (40.58) 181.75 (33.15) 0.37
OPAA T1 332.60 (18.14) a 230.95 (57.96) b 301.05(17.04) a <0.001*
Difference 143.05 (33.49) a 57.45 (48.44) b 119.30 (32.71) a <0.001*
p value 2 <0.001* 0.001* <0.001*
TO 289.65 (33.55) 274.35 (28.43) 287.50 (41.93) 0.34
LPAA T1 347.25(29.95) a 309.25 (13.02) b 337.65 (54.00) a 0.005*
Difference 57.60 (19.12) a 34.90 (34.76) b 50.15 (25.75) a 0.03*
p value 2 <0.001* <0.001* <0.001*

Table 3. Comparisons of airway area measurements (mm?) between the three study groups. Significant values
are in [bold]. TO, pre-treatment; T1, post-treatment; SD, standard deviation. p value 1: Comparisons between
the two study groups using one-way ANOVA (for T0 and T1 comparisons), and Kruskal Wallis test (for
difference comparisons). p value 2: Comparisons between T0 and T1 within each group using paired t-test. a,
b: different letters denote statistically significant differences between groups using Bonferroni adjustment.

IMA (n=20) | MB (n=20) | TB (n=20)
Mean (SD) p value 1

TO 81.10 (1.36) 80.63 (3.05) 81.20 (1.35) 0.65
SNA® T1 80.91 (1.55) 80.40 (3.09) 81.01 (1.55) 0.64

Difference | —0.19 (0.44) | —0.23(0.70) | —0.19 (0.45) | 0.87

p value 2 0.07 0.16 0.07

TO 71.89 (3.92) 72.86 (3.53) 71.54(3.95) |0.53
SNB° T1 75.79 (3.25) 75.36 (3.81) 75.84(2.58) | 0.85

Difference | 3.90 (3.34) 250 (3.60) | 430 (3.32) | 0.68

p value 2 <0.001* 0.006* <0.001*

TO 8.21(2.47) 7.70 (1.91) 8.66 (2.63) 0.45
ANE® T1 522 (1.77) 4.96 (1.86) 5.08(2.01) |0.91

Difference | —3.00(1.08) |—-2.76(1.32) |—-3.59(1.01) |0.06

p value 2 <0.001* <0.001* <0.001*

TO 7.50 (2.05) 6.40 (1.36) 7.54 (2.08) 0.10

T1 5.21 (1.97) 441(1.67) | 4.99(1.80) |0.36
Witts appraisal (mm)

Difference | —2.30(0.64) |—1.99(1.45) |-2.56(0.71) |0.39

p value 2 <0.001* <0.001* <0.001*

TO 32.82(5.58) | 33.57 (3.67) |33.86(6.48) |0.82
EMA T1 33.83 (4.86) 32.80(2.85) |32.98(2.59) |0.40

Difference | 1.01 (7.78) -0.77 (4.18) | -1.55(6.12) |0.33

p value 2 0.57 0.42 0.27

Table 4. Comparisons of lateral cephalometric readings between the three study groups. Significant values are
in [bold]. TO, pre-treatment; T1, post-treatment; SD, standard deviation. p value 1: Comparisons between the
two study groups using one-way ANOVA (for T0 and T1 comparisons), and Kruskal Wallis test (for difference
comparisons). p value 2: Comparisons between T0 and T1 within each group using paired t-test.

(3.90°+ 3.34), the MB group (2.50° £ 3.60), and the TB group (4.30°+ 3.32). However, non-significant differences
were noted on comparison between all the examined appliances (p >0.05). ANB® values showed a significant
decrease between pre- and post-treatment with IMA, MB, and TB, with respective values of — 3.00°+ 1.08,
- 2.76°£1.32, and — 3.59°+ 1.01. Nevertheless, non-significant differences between the three test groups were
recorded on comparison (p>0.05). As for Wits appraisal, a similar pattern to that observed with ANB® has
been reported, with a statistically significant decrease being documented with all the tested Class II correctives
(- 2.30mm +0.64 with IMA, — 1.99 mm =+ 1.45 with MB, and - 2.56 mm +0.71 with TB), with non-significant
differences found between the three test groups (p >0.05).
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For the vertical dimension represented by the FMA® values, non-significant changes have been observed in
the three study groups between T0 and T1 (p>0.05), as well as in the comparisons conducted between all the
investigated appliances (p > 0.05).

Discussion

The present study was conducted to determine the sagittal pharyngeal airway changes concomitant with the use
of three Class II correction appliances aiming for mandibular advancement including IMA, MB, and TB. This
goes back to the fact that mandibular retrognathism has been proven to be a direct cause of posterior tongue
posturing, and the subsequent reduction in the pharyngeal airway capacity*. According to the recorded outcomes
in this study, the null hypothesis has been rejected, where significant differences between IMA, MB, and TB have
been documented regarding the changes in SPAD.

The age of the participants recruited for this study ranged from 9 to 12 years, given that prior research has
shown that the impact of functional appliances is optimal at this pre-pubertal stage of rapid growth?". This is in
agreement with the studies by Baccetti et al.*® and Singh et al.*, where it has been determined that CVMI stages
3 and 4 represent the ideal treatment timing in dentofacial orthopaedics.

No untreated control group has been incorporated in this retrospective investigation due to ethical concerns,
since following up a developing malocclusion without an interceptive corrective action may result in ethical
uncertainty. Consequently, no records for a control group were available in the department’s archives for
evaluation. Other retrospective studies that assessed airway changes without incorporating a control group
include that of Yue et al."’, in which the age range of the evaluated sample was relatively close to that included
in the current study records, therefore, precedence has been established.

Assessment of pre- and post-treatment SPAD changes was carried out using two-dimensional lateral
cephalograms, as they have been the tools of choice for airway assessment in several investigations*>*”8. Lateral
cephalograms were implemented because of their diminished radiation dose, their cost-effectiveness, in addition
to them being readily available as routine radiographs®'. On a different note, measurement of airway dimensions
on lateral cephalograms has been proven to be of high accuracy and reliability®®. Moreover, a significant
correlation has been reported between pharyngeal airway measurements conducted on lateral cephalometric
radiographs and those obtained through volumetric measurements performed on three-dimensional (3D) cone-
beam computed tomography (CBCT)*.

Several researchers have exclusively employed linear metrics in the evaluation of pharyngeal airway
parameters*. Nonetheless, Aboudara et al.** stated that sagittal airway area measurements were found to exhibit a
more significant correspondence to 3D volumetric changes in comparison to linear measurements. Accordingly,
sagittal pharyngeal airway area measurements were performed in the present study to compare the effectiveness
of IMA, MB, and TB in enhancing the airway dimensions. This has also been the measurement method of choice
for SPAD changes in other investigations®.

According to the outcomes of the present study, the three tested Class II correction functional appliances,
whether the IMA, the MB, or the TB evoked a significant SPAD increase at all the tested levels (NPAA, OPAA,
and LPAA) at T1 in comparison to T0. The assessment of airway area changes with IMA has only been studied by
Yue et al.'’, where comparative results to those reported here have been stated, except for a non-significant change
being reported at the nasopharyngeal level. They attributed their findings to the resultant forward mandibular
movement, which in consequence, elicits a forward pull on the tongue, hyoid bone, and soft tissues of the
oropharynx and laryngopharynx, thus expanding the airway area*’. The non-significant nasopharyngeal increase
was justified on their part by the fact that the nasopharynx is surrounded by hard tissue structures, making it
less susceptible to environmental changes.

The reported SPAD increase with both MB and TB is in accordance with previous research”?*-*7, which
pertains to their effectiveness in forward mandibular posturing and increasing mandibular length*, thereupon
resulting in an increase in the airway area. For example, Yavan et al.'® reported a significant amount of mandibular
protraction, together with an increase in the oropharyngeal airway with TB therapy. Moreover, MB has been
proven to be effective in the management of Obstructive Sleep Apnea (OSA) in children, through increasing the
oropharyngeal airway area*%. Nevertheless, contradictory findings have been found in the literature where a non-
significant influence on the airway dimension using both appliances has been documented?. This dissimilarity
could be referred to the variation in the measurement methods between different studies, which were sometimes
linear, and in others two or three-dimensional volumetric measurements. Thus, it is imperative to consider
the employed method of assessment when directly comparing research outcomes, in order to draw definitive
conclusions.

Upon comparing the amount of SPAD increase pre- and post-treatment between IMA, MB, and TB, non-
significant differences have been reported between both IMA and TB, with the two of them reporting significantly
superior results when compared to MB. The reported comparative outcomes achieved using IMA and TB, could
be explained by the documented ability of both appliances to encourage anterior and inferior displacement of
the hyoid bone, remarking their relative therapeutic effects, despite the reported diversity in controlling the
vertical dimension while advancing the mandible using each of them!®. Moreover, in accordance with our results,
Madian and Elfouly?® noted a more significant pharyngeal airway area increase with TB in comparison with
MB, and their findings were explained by the increased reciprocal force exerted backwards by the TB on the
macxilla. This might be added to the exceptional retention of the TB, and its preference by the patients as it does
not hinder speech and other daily activities***. Furthermore, Biiyiikbayraktar and Camci®® reported that the
TB was more patient-friendly in contrast to MB especially while sleeping, in addition to the superior retention
exhibited with the customized TB that allows precise anterior mandibular positioning, versus the ready-made
MB with its flexible material that makes it difficult for the patients to retain their forward mandibular posturing.
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These reported factors pertain to the superiority of TB in forward mandibular posturing, which in consequence
could result in significant airway enhancement as documented in the current study. It is noteworthy to add that
the much less wear time with MB, especially during the first month as recommended by the manufacturer?,
in contrast to the relatively longer wear time with both IMA and TB as mentioned earlier'*?>%, could also be a
contributing factor to the significantly less impact reported with MB in the present trial.

Regarding the sagittal skeletal changes, it is evident from the present results that all the tested mandibular
advancement appliances elicited a remarkable improvement in the sagittal skeletal relationships, given the
significant increase in the SNB®, as well as the significant reduction in both ANB® and Wits appraisal. The
reported enhancement of intermaxillary relationships using IMA, TB, as well as MB is in accordance with
former studies'*?**!, where an increase in the mandibular dimensions together with its advancement have been
documented, thus improving the sagittal relationships®’.

Comparisons between the IMA, TB, and MB with regards to the antero-posterior changes showed non-
significant differences between the three of them in the amount of SNB°, ANB®, and Wits appraisal at T1. This
is in accordance with Madian and Elfouly®®, who reported non-significant differences in the sagittal changes
observed with TB and MB post-treatment. Furthermore, comparative skeletal antero-posterior changes have
been noted in a recent study by Lombardo et al.'* using both IMA and TB. Their findings were attributed to the
similar mechanism of action of both appliances, where inclined planes are incorporated and consequently induce
a forced anterior mandibular positioning, while ensuing neuromuscular adaptation'.

For the vertical changes, IMA, MB, and TB did not bring about significant changes after treatment, or between
the studied groups. This finding has been formerly confirmed in the literature in several studies, whether with
TB versus MB?, or with IMA versus TB>. Contrastingly, it has been reported that IMA surpasses TB in terms of
vertical control, producing less clockwise mandibular rotation after advancement'. This goes back to the ability
of the IMA to intrude the anterior teeth together with mandibular advancement, thus establishing the desirable
occlusion without posterior teeth extrusion®.

The limitations of the present research encompass the absence of a long-term observation period following
the antero-posterior correction, given possible alterations that may occur in the SPAD, which in turn ascertains
the need for further prospective clinical trials investigating this area. Additionally, lacking a control group as
a benchmark for comparison could be considered a limiting factor. Furthermore, employing two-dimensional
lateral cephalometric radiographs is not contemplated as the prime assessment method, in contrast to the three-
dimensional methods which also permit volumetric airway evaluation.

Conclusions

Treatment of skeletal Class II malocclusions with mandibular deficiency using Invisalign Mandibular
Advancement (IMA), Myobrace (MB), and Twinblock (TB) functional appliances rendered the following
findings:

1. A significant increase in the sagittal pharyngeal airway dimension (SPAD) has been reported using IMA, MB,
and TB, with comparative effects using both IMA and TB, both of which were superior to those documented
with MB.

2. 'The three tested appliances elicited a significant improvement in the intermaxillary relationship, evident by
a significant increase in SNB®, together with a significant reduction in both ANB® and Wits appraisal, with
non-significant differences between the three groups.

3. IMA, MB, and TB did not induce significant changes in the vertical dimension following their use for
mandibular advancement.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author upon
reasonable request.
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