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Abstract

Objective: The aim of this randomized controlled trial (RCT) was to evaluate the
spontaneous distorotation of upper first permanent molars and the transverse den-
toalveolar changes on digital casts in growing patients following maxillary expansion
treatment using either the Leaf Expander® or the rapid maxillary expander (RME),
both anchored to the deciduous second molar.

Trial Design and Setting: This study was a two-arm, parallel-assignment, RCT with a
dual-centre design conducted at two teaching hospitals in Italy.

Participants: Inclusion criteria included maxillary transverse deficiency, prepubertal
development stage (cervical vertebra maturation stage [CVMS] 1-2) and early mixed
dentition with fully erupted upper first permanent molars. Exclusion criteria were
systemic diseases or syndromes, CVMS 3-6, agenesis of upper second premolars,
unavailability of the second deciduous molar for anchorage and Class Ill malocclusion.
Randomization: Patients were randomly assigned to the Leaf Expander® or RME
group using a computer-generated randomization list created by a central randomiza-
tion centre. Randomization was conducted immediately before the start of treatment.
Intervention: The intervention involved treatment with either the Leaf Expander®
or the RME. Both devices were anchored to the second deciduous molars. Following
randomization, patients were further categorized based on the presence of no cross-
bite, unilateral crossbite or bilateral crossbite.

Main Outcome Measure: The primary outcome measure was the distorotation of the
upper first molar (U6). Secondary outcomes included measurements of interdental
linear dimensions, specifically upper inter-canine width (53-63), upper inter-molar
width (MV16-MV26) and upper inter-deciduous second molar width (55-65).
Blinding: The examiner analysing the digital casts was blinded to the treatment

groups to prevent detection bias and ensure objective assessment. However, due to
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the nature of the intervention, blinding was not feasible for the patients and clinicians
involved in administering the treatment.

Results: A total of 150 patients were enrolled and randomly assigned to two groups:
75 to the Leaf Expander® group and 75 to the RME group. Recruitment started in
November 2021 and was completed in November 2022. At the time of analysis, the
trial was complete with no ongoing follow-ups. ANOVA tests revealed no significant
differences between the three subgroups (no-cross, unilateral-cross and bilateral-
cross) within both the Leaf Expander® and RME groups at TO. The Leaf Expander®
demonstrated significantly greater distorotation in the unilateral crossbite sub-
group compared to the RME (p=.014). In terms of total molar distorotation, the Leaf
Expander® appliance showed a significantly greater effect (12.66°) compared with
conventional RME (7.83°). Linear regression analysis demonstrated a significant cor-
relation between the extent of expansion and the degree of molar rotation.
Conclusions: Maxillary expansion resulted in significant spontaneous molar distoro-
tation when the appliance was bonded to the second deciduous molars. The Leaf
Expander® exhibited significantly greater molar distorotation compared with con-

ventional RME. The degree of molar distorotation was correlated with the extent of

KEYWORDS

maxillary deficiency

1 | INTRODUCTION

The transverse deficiency of the upper jaw represents one of the
most frequently encountered issues in orthodontics. This results in
a malocclusion that can be clinically accompanied with a mono- or
bilateral crossbite.

Literature have suggested that this condition occurs in 8%-20%
of children.?®

The aetiology of the transverse skeletal deficiency of the maxilla
can be attributed to primary maxillary hypoplasia, where reduced
dimensions are linked to hereditary-constitutional factors, or sec-
ondary, when caused by detrimental habits such as non-nutritive
thumb sucking, excessive use of dummies and baby bottles, nasal
respiratory insufficiency, oral breathing or low tongue posture.*

The likelihood of spontaneous self-correction of the defect fol-
lowing cessation of etiological factors, such as certain bad habits, is
low (0% to 9%).>%

Palatal expansion is facilitated during childhood while the mid-
palatal suture remains fibrous and poorly interdigitated, up until the
complete ossification of circummaxillary sutures.””?

Literature describes different appliances capable of expanding
the upper jaw and various expansion protocols. The primary distinc-
tion is made between removable and fixed appliances.10

Based on the activation protocol, slow, semi-rapid and rapid ex-
pansion are distinguished according to the speed of expansion.!

expansion obtained on the second deciduous molar.
Trial Registration: The trial was registered at ClinicalTrials.gov (ID: NCT05135962).

leaf expander, maxillary expansion, molar rotation, rapid maxillary expansion, transverse

The Leaf Expander is a nickel-titanium device designed to apply
uniform, gradual and continuous force. Its primary benefits include
straightforward activation and independence from patient coopera-
tion, thus eliminating compliance issues.'?*® Additionally, compared
to conventional RME, the Leaf Expander typically results in lower
levels of pain during the initial days following its application.'*

Regarding the spontaneous distorotation of first permanent mo-
lars following different modalities of maxillary expansion, the liter-
ature is currently notably lacking. The only study available to date
is conducted by Cerruto et al.,*> demonstrating that, following an
interceptive phase of RME, there is a spontaneous distorotation of
upper first permanent molars. Additionally, spontaneous distorota-
tion of first permanent molars seems to be particularly higher when
deciduous second molars are used as anchorage.

This clinical result can translate into a significant increase in upper
arch length, a potential improvement in Class Il malocclusion.**”

To date, no clinical study has been conducted to evaluate the
spontaneous distorotation of first permanent molars following rapid
and slow maxillary expansion. Understanding the differences in the
outcomes of these two treatment methods is crucial for optimizing
orthodontic interventions in growing patients. The Leaf Expander®
and rapid maxillary expander (RME) are commonly used devices, yet
their comparative effects on molar distorotation remain unclear.
Although there is some literature on their impact on dentoalveolar
changes, the specific aspect of spontaneous molar distorotation
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FIGURE 1 (A) Leaf expander cemented
on the second deciduous molars; (B) Rapid
maxillary expander (RME) cemented on
the second deciduous molars.

has not been thoroughly investigated. Therefore, the objective of
this research was to conduct a randomized clinical study using sec-
ondary data analysis from a two-centre randomized controlled trial,
specifically evaluating the spontaneous distorotation of first perma-
nent molars and the associated dentoalveolar changes after palatal
expansion with the Leaf Expander and RME. This study aims to fill
the gap in the literature and provide evidence-based guidance for
clinicians. The study's primary endpoint was to test the null hypoth-
esis HO, which posits that there are no significant differences in first
upper molar distorotation measurements following treatment with

the Leaf Expander compared to the RME.

2 | MATERIALS AND METHODS
2.1 | Trial design and study registration

The present study is a randomized controlled trial (RCT) with a two-
arm parallel assignment and a dual-centre design. The protocol fol-
lowed guidance from the CONSsolidated Standards of Reporting Trials
(CONSORT) Guidelines.*® The study was conducted at the Department
of *Hidden* (centre 1#) and at the Orthodontics Department
**Hidden**(centre 2#). The study was registered before its initiation
on ClinicalTrials.gov with the following identifier: **Hidden**.

The study received approval from the Ethics Committee of the
of the **Hidden**. All procedures performed in this RCT involving
human participants were in accordance with the ethical standards
of the institutional and/or research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

2.2 | Participants and study settings

In this study, patients referred to the coordinating centre 1 and to
the centre 2 were recruited from November 2021 and November
2022.

The inclusion criteria were as follow:

e Caucasian origin,
e prepubertal developmental stage (cervical vertebral maturation
stage [CVMS] 1 or 2),%

@ wiLey- L

e Mixed dentition with well-preserved deciduous second molars

to use as anchorage. The second deciduous molar was consid-
ered available as anchoring tooth when the relative upper sec-
ond premolar cusps was positioned apically to half pulp chamber
(HPC) line of the ipsilateral upper first permanent molars on pre-
treatment panoramic radiographs,20

o Fully erupted permanent upper first molars,

e Posterior transverse discrepancy of at least 3mm. It was calcu-
lated on the digital dental models, by calculating the difference
between maxillary intermolar width (distance between central
fossae of permanent maxillary first molars right and left) and
mandibular intermolar width (distance between distobuccal cusp
tips of permanent mandibular first molars right and left).?* This
may encompass patients with crossbite (unilateral or bilateral) or

without crossbite.
The exclusion criteria adopted were:

e Presence of multiple and/or advanced caries,

e Presence of supernumerary teeth,

e Previous orthopaedic/orthodontic treatment,

e Pubertal or postpubertal stage of development (CVMS 3-6),

e Agenesis of upper second premolars,

e Patients with documented pathologies (congenital deformities
or acquired pathologies) such us cleft lip and/or palate and cra-
niofacial syndromes or patients with Obstructive Sleep Apnea
Syndromes (OSAS).

e Patients older than 12years,

e Patients presenting skeletal class Ill malocclusion.

All parents of the patients provided informed consent prior to
the commencement of the trial.

2.3 | Intervention

Subjects assigned to the RME group underwent maxillary expansion
using a RME (Figure 1A). The RME was fixed to the upper second
deciduous molars using bands and includes a midline 12-mm self-
locking screw (Leone, Sesto Fiorentino, Italy).

The expansion protocol was one quarter-turn twice a day
(0.45mm activation per day) until overcorrection.
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At the time of appliance delivery, written and verbal oral hy-
giene instructions were given, including cleaning methods. Also,
written informed consent was obtained from each patient or the
parents.

Subjects in the Leaf expander group underwent maxillary ex-
pansion using the Leaf Expander® (Leone, Sesto Fiorentino, Italy),
a device fixed to the upper second deciduous molars using bands
(Figure 1B). This expander features a double nickel-titanium leaf
spring design, activated by turning a central chrome-cobalt steel
screw, compressing two or more nickel-titanium leaf springs.

The activation protocol involved selecting the maximum expan-
sion quantity (in mm) based on the patient's transverse discrepancy
(6 or 9-mm screw), utilizing a force of 900g. Each activation of the
central screw produced 0.1 mm of expansion, requiring 10 activa-
tions for 1 mm.

The procedure for maxillary expansion utilizing the Leaf Expander
entailed an initial pre-activation of the device to attain a 3/4.5mm
expansion, typically accomplished within a span of 2-3months.
Subsequently, clinicians proceeded to reactivate the device during
in-office appointments by manipulating the leaf springs, implement-
ing 10/15 quarter turns to the screw monthly until the desired ex-
pansion was reached.

In each protocol, maxillary expansion was conducted until
achieving dental overcorrection, characterized by the lingual cusps
of the upper first permanent molars occluding onto the buccal cusps
of the lower first permanent molars, as delineated by Caprioglio
etal.??

Both Leaf Exanders and RME were left passively for retention for
a minimum of 6 months.

Following a 12-month duration, both the Leaf expanders and the
RME devices were removed, and during this interval, none of the
patients underwent supplementary orthodontic interventions.

Each expander exhibited a 0.9 mm stainless steel wire framework
lingually to the maxillary deciduous canines, lacking posterior exten-
sion to the maxillary permanent first molars.

Two clinicians treated the patients in centre #1 and in the centre
#2. The clinical experience was similar for all clinicians (5-10years of

experience in orthodontics).

(A)

2.4 | Outcomes

The stereolithographic (.STL) files obtained from the same extraoral
scanner were imported into the reverse modelling software package
Mimics Materialize® 26.0 (Materialize, Leuven, Belgium) to perform
all measurements by two operators (A.A. and A.B.). Each study cast
scan was manually pre-processed to remove unwanted data arte-
facts from the analysis. The digital models were analysed using pro-
tocols previously described in literature for defining landmarks and
measures 121523

In the digital model of the upper dental arch, specific landmarks

have been defined as follows (Figure 2A):

e R1 and R2: Two points, one anterior and one posterior, situated
at the level of the median palatal raphe. The initial landmark pin-
pointed the location on the median palatal raphe adjacent to the
second ruga (point R1). Subsequently, the second landmark (point
R2) was positioned on the median palatal raphe, 1 cm distal to the
first point.

e 53 and 63: Tips of the deciduous right and left canine teeth.

e 55 and 65: Mesio-vestibular cusps of the deciduous right and left

second molars.

At the level of the permanent first molars on the right (16) and
left (26), the following points have been defined:

e DV16 and DV26: Disto-vestibular cusps.
e MV16 and MV26 Mesio-vestibular cusp.
e MP16 and MP26: Mesio-palatal cusps.

The primary outcome was to evaluate on the upper first molar
(U6) distorotation defined as the angle between the line passing
through the distobuccal-mesiopalatal cusps and the MPP.

To assess the extent of distorotation of the permanent first mo-
lars, the following planes have been identified (Figure 2B):

e MPP (mid palatal plane): Median palatal plane passing through R1

and R2, perpendicular to the base plane of the digital model.?

(B)

FIGURE 2 (A) The median palatal plane (MPP) was delineated by connecting two landmarks identified along the median palatal
raphe, illustrated in green. The initial landmark pinpointed the location on the median palatal raphe adjacent to the second ruga (point
R1). Subsequently, the second landmark (point R2) was positioned on the median palatal raphe, 1 cm distal to the first point. P16 plane
passing through DV16 and MP16, and P26 plane passing through DV26 and MP26.; (B) MPP, P16 and P26 plans for the evaluation of the

distorotation of the first permanent molars in three-dimensional view.
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e P16: Plane passing through DV16 and MP16.
e P26: Plane passing through DV26 and MP26.

Angular measurements, denoted as D16 and D26, were then re-
corded, representing the angles formed by the intersection of the
MPP with the planes P16 and P26, respectively.

The secondary outcome was to evaluate the inter-dental linear

measurements, defined as follow:

e Upper inter-canine width (53-63): measured at the cusp level
as the distance between the cusp tips of right and left maxillary
canines;

e Upper inter-molar width (MV16-MV26): measured at cusp level
as the distance between the mesiobuccal cusp tips of right and
left maxillary first molars;

e Upper inter-deciduous second molar width (55-65): measured at
the cusp level as the distance between the cusp tips of right and
left maxillary deciduous second molars;

e The two observers (A.A. and A.B.) carried out all measurements

three times.

2.5 | Sample size

The G*Power free software (version 3.1.9.4, Franz Faul, Universitat
Kiel, Kiel, Germany) was initially used to obtain data for the power
analysis calculation. Prior to the commencement of the current
study, a sample size calculation was performed with the aim of de-
termining the number of patients required to detect statistically sig-
nificant differences between the two treatment modalities.

In this study, the sample size was determined based on the upper
first molar distorotation as the primary outcome variable.

As there were no existing data in the scientific literature, the
mean and standard deviation of a preliminary sample of 15 patients
(RME 8=7.56°, RME 6=4.84; Leaf §=11.06° Leaf §=5.27) were
considered, with a a two-tailed significance level of 5% and target
power of 80% and 20% beta error level. The analysis indicated that
a minimum of 68 patients, 34 patients in each group, were required
considering a 10% withdrawal rate from the study. The sample an-
alysed was part of another randomized clinical study, the sample
calculation reporting that the sample is sufficient to detect the dif-
ference in the distortion of the first permanent molars (secondary

data analysis).

2.6 | Randomization and allocation concealment

Patients who fulfilled the eligibility criteria were enrolled and ran-
domly allocated into the two groups using the Microsoft Excel
(Microsoft, Redmond, WA, USA) random number generator. Block
and stratified randomization techniques were employed to allocate
an equivalent number of patients to each treatment group across
the two centres.

¥ —WlLEYJ—5

The allocation sequence was safeguarded from bias using an
opaque and sealed envelope, each sequentially numbered for the
respective centres. These envelopes remained unopened until the

operators were ready to prepare the expander for cementation.

2.7 | Blinding

The orthodontists who performed the treatment were not aware of
the randomization procedure, and therefore into which group the
patients had been assigned, but due to clear differences in the de-
sign of the appliance, it was not possible to keep him blinded even
during the treatment period. The measurements calculated on the
digital models were performed by two operators (A.A. and A.B.) who
was not aware of the treatment performed by the various patients
as the operators did not know to which group the patients had been
assigned.

2.8 | Statistical analysis

The statistical analysis of the collected data was performed using
SPSS for Windows software (version 23.0; SPSS, Chicago, IL).
Descriptive statistics were employed to analyse the data. The
Shapiro-Wilk test was utilized to assess normal distribution of the
data. Since the data demonstrated a normal distribution, statistical
analysis was conducted using parametric tests. A baseline compari-
son between the two groups, Leaf Expander and RME, was executed
via independent samples T-test to ascertain the homogeneity of the
two groups.

The net difference between TO and T1 were compared among
the three different subgroups (No-cross, Unilateral-Cross, Bilateral-
Cross) through one-way analysis of variance (ANOVA) test.
Subsequent pairwise comparisons were conducted using Tukey post
hoc test with Bonferroni correction.

Independent samples T-tests were utilized to compare the net
differences obtained through Leaf Expander and RME for each vari-
able in the three subgroups.

Furthermore, the total amount of rotation (D16+D26)
achieved by the two devices was compared using an independent
samples T-test between Leaf Expander and RME, considering the
sum of distorotation of 16 and 26. The test was also conducted
by comparing the rotation occurred on all analysed molars, thus
doubling the sample size and enhancing the statistical significance
of the test.

Finally, a linear regression model was employed to evaluate
the correlation between deciduous maxillary expansion mag-
nitude (55-65) and amount of permanent molar distorotation
(D16 + D26).

All measurements were performed by the same operators (A.A.
and A.B.). Method error assessment was conducted by repeating
measurements of 20 randomly selected cases by the first operator
and a second operator after a 15-day interval. Intra-class correlation
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coefficient (ICC) test was adopted to assess intra-operator and inter-
operator reliability. Dhalberg's formula was also calculated to assess
the random error.?*

The significance level for both ANOVA and T-tests was set at

0.05.

3 | RESULTS

A total of 150 patients were enrolled in the trial and randomly as-
signed to undergo maxillary expansion using two types of screws.
Seventy five patients were assigned to the Leaf expander group
(Leaf Group) and 75 patients were assigned to the conventional RME
(Figure 3).

The two groups were then subdivided into the following sub-
groups: subjects without crossbite (No-Cross), subjects with unilat-
eral crossbite (Unilateral-Cross) and subjects with bilateral crossbite
(Bilateral-Cross) with the aim to evaluate the influence of the poste-
rior crossbhite on the upper first molar distorotation.

The Leaf Expander group consisted of 32 males and 43 females
aged between 6 and 10years (mean age: 7.84+0.5). The composi-
tion was as follows: 31 subjects with no crossbite, 27 presenting
unilateral crossbite (16 left and 11 right) and 17 bilateral crossbite.

Evaluated for eligibility(n=150 )

The RME group consisted of 35 males and 40 females aged be-
tween 6 and 10years (mean age: 7.68 +0.92). The composition was
as follows: 30 subjects with no crossbite, 30 presenting unilateral
crossbite (16 left and 14 right) and 15 bilateral crossbite.

Recruitment and treatment of patients and the relative follow-up
occurred at Orthodontic Department of the two University involved,
between November 2021 and November 2023.

All patients adhered to their randomly assigned treatments.

There were no dropouts during the trial, and the protocol re-
mained unaltered (see Figure 3).

The intra-observer and inter-observer reproducibility ICC (av-
erage+SD, range) demonstrated excellent results for all variable:
0.987 +0.018, 0.937-0.995 and 0.968+0.017, 0.931-0.984 respec-
tively. Moreover, according to Dahlberg's formula, the random error
for linear measurements was about 0.13mm and 0.23° for angular
measurements.

The Shapiro-Wilk test demonstrated that the collected data ex-
hibited a normal distribution. Table 1 highlighted that there were no
statistically significant differences among the three subgroups at TO
between the Leaf Expander and RME, exhibiting a similar position at
time TO of the variables considered in this study.

The mean treatment duration in the LE group was 8 + 3months. in
the RPE group, the mean active treatment duration was 10 + 2 days,

-
g Excluded (n=0 )
€ _| - Not meeting inclusion criteria(n=0)
% - Declined to partecipate (n=0)
E - Otherreason (n=0 )
w
Randomized (n= 150)
g Allocated to intervention Leaf Expander (n=75) Allocated to intervention RME (n= 75 )
"g - Received allocated intervention (n=75) - Received allocated intervention (n=75 )
8 - Did not receive allocated intervention (n=0) - Did not receive allocated intervention (n=0)
<
g' Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
0
S Discontinued intervention (give reasons) (n=0 ) Discontinued intervention (give reasons) (n=0 )
o
©
w
2 Analyzed (n=75 ) Analyzed (n=75)
% Excluded from analysis 8give reasons (n= 0) Excluded from analysis 8give reasons (n= 0)
c .
< FIGURE 3 Consort flow diagram. Da:
Schulz et al. [25].
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TABLE 2 Comparison of the changes between the three subgroups after RME and Leaf expander by means of One-way analysis of

ABATE ET AL.

v

variance (ANOVA) test and Tukeys post-hoc with Bonferroni's correction.

Leaf expander T1-TO changes

RME T1-TO changes

No Cross (n=31) Unilateral (n=27) Bilateral (n=17) No Cross (n=30) Unilateral (n=30) Bilateral (n=15)
T1--TO T1-TO
Variables T1-TO Mean+SD  T1-TO Mean+SD Mean +SD T1-TO Mean+SD T1-TO Mean+SD Mean +SD
53-63 (mm) 5.36+2.01 5.20+1.61 5.68+1.60 4.02+2.01 3.42+1.43 4.71+1.33
55-65 (mm) 5.52+1,39 541+199 716+1.17 4.47+1.57 4.22+1.54 5.23+1.37
16-26 (mm) 3.42+1.16 4.60+1.43 5.44+1.68 4.13+1.77 4.26+1.86 4.64+1.33
D16 (°) -6,24+3,52 -6.91+3.89° -6.97+3.75 -4.17 +2.84 -3.63+2.54% 4.50+2.45°
D26 (°) -590+3,26 -6.68+5.11° -5.10+2.94 -4.08+2.10 -4.35+3.01° 271+1.8°
One-way analysis of variance (ANOVA)
53-63 55-65 16-26 D16 D26

RME

ANOVA test .026 .046 NS NS NS

p value

No versus Unilat 0.154 0.531 0.773 0.955 0.418

No versus Bilat 0.036 0.043 0.242 0.740 0.083

Unilat versus Bilat 0.002 0.015 0.386 0.789 0.287
Leaf expander

ANOVA test NS .001 .001 NS NS

p value

No versus Unilat 0.790 0.810 0.001 0.457 0.573

No versus Bilat 0.328 0.001 0.001 0.885 0.376

Unilat versus Bilat 0.483 0.001 0.099 0.602 0.210

Note: Bold—significant difference between groups (p value<.05).
Cross bite side for Unilateral patients.
PNo cross bite side for Unilateral patients.

treated with both the Leaf Expander and RME when anchored to the
deciduous second molars. In addition, the study confirmed the abil-
ity of both treatments to modify the interdental width of the upper
arch.

Maxillary expansion represents the treatment of choice for ad-
dressing transverse maxillary deficiency, solving unilateral or bilat-
eral crossbite and increasing the total length of the upper arch.26-28
However, its effect on the distorotation of the upper first permanent
molars remain unclear.

The aim of this two-centre randomized clinical trial (RCT) was
to assess and compare the spontaneous upper first molar distorota-
tion and the dento-alveolar effects produced by the Leaf Expander®
with those of RME, on digital dental casts. Notably, this study stands
as the first RCT to take into consideration this parameter after maxil-
lary expansion comparing the effect produced by the Leaf expander
and the RME.

In the present study, it was observed that following maxillary
expansion with anchorage on the deciduous second molars, there
is a spontaneous distorotation of the first permanent molars. This
finding is consistent with data reported in the only RCT published in
literature that evaluate the effect of RME on the upper first molar

distorotation.!® The authors highlighted that the first maxillary mo-
lars distorotated significantly more when deciduous teeth were used
as anchorage instead of the first permanent molars. This phenome-
non could be attributed to the triangular opening of the mid-palatal
suture resulting from the positioning of the centre of resistance of

2930 which would result

the maxilla in relation to the screw position,
in spontaneous distorotation of the permanent molars. Furthermore,
the upper first molars are free to move and to adapt to the new oc-
clusal situation as they are not banded.

In this study, deciduous teeth were utilized as anchoring teeth,

7,26,31,32 who

following the recommendation of different authors,
highlighted how the utilization of deciduous teeth as anchorage can
mitigate potential periodontal and endodontic damage associated
with RME on permanent anchoring teeth.

In this study, no statistically significant difference between the
two groups was found at baseline (TO) for the variables suggesting a
reduction in biases when comparing the two cohorts.

Concerning the subgroups analysis with ANOVA test, the re-
sults showed that no significant difference was found for distorota-
tion among the subgroups that utilized the same device. Analysing
the dento-alveolar variables a greater expansion in subjects
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The reason why the Leaf Expander® induces greater disto-
rotation of the first permanent molars is due to the protocol of
device activation, which involves the use of light and continuous
forces, on the contrary RME is based on heavy and intermittent
forces. In fact, the linear regression model revealed a highly sig-
nificant correlation in the Leaf Expander® group between the
amount of distorotation on the first permanent molar and the
expansion achieved on the deciduous second molars. It appears
that the upper first molars, influenced by the transseptal fibres,
follow the movement of the deciduous second molars, as already
reported in the literature,® promoting both transverse expansion
and simultaneously causing rotation in a mesiodistal direction.
This change may be attributed to the stretching of the transseptal
fibres positioned between the deciduous second molar and the
first permanent molar, which are mesial to the latter and its corre-
sponding centre of resistance, resulting in spontaneous movement
of distorotation.

Indeed, this spontaneous effect may potentially occur during
conventional RME as well, but to a lesser extent. This is because the
hyalinization process of the periodontal ligament, induced by the use
of heavy forces, considerably reduces the movement of deciduous
teeth.®® In fact, it is known that in this expansion protocol, distoro-
tation is primarily due to the triangular opening of the mid-palatal
suture.r® Conversely, the light and continuous forces generated by
the Leaf Expander® would induce slightly less skeletal expansion, as
highlighted in the literature,>%3 but a greater dentoalveolar effect,
especially at the level of the anchoring deciduous teeth, as demon-
strated in the present study. This would justify a greater stretching
of the fibres and the consequent spontaneous movement of the per-
manent molars. In a study by Tenshin et al.,*” the mechanisms of
remodelling of the transseptal fibres during tooth movement and re-
tention period were analysed. It was demonstrated that the remod-
elling mechanism of the transseptal fibres depends on the degree of
force applied to the tooth. Likely, the light and continuous forces of
the Leaf Expander® allow the transseptal fibres to adapt more eas-
ily to the new position of the teeth after maxillary expansion com-
pared to the heavy forces of rapid expansion. Further studies will
be needed to investigate the biological and biomechanical principles

underlying this type of movement.

4.1 | Strengths and limitations of the study

In terms of strengths, the study design featured innovation by being
conducted in two different centres, thereby enhancing the gener-
alizability of the findings. Furthermore, the research demonstrated
a high level of reliability for each dentoalveolar variable, with both
intra-observer and inter-observer reliability exceeding 0.90, and a
standard error that can be considered negligible. Additionally, to the
best of our knowledge, only one randomized clinical trial (RCT) has
evaluated these parameters following maxillary expansion, and none

have incorporated the Leaf Expander® device into their protocol.

A major strength of this study is the adherence to an Intention
to Treat (ITT) protocol design. This approach ensures that all partic-
ipants who were initially randomized were included in the analysis,
preserving the integrity of the randomization process. Notably, the
zero drop-out rate further underscores the robustness of the study's
findings.

Based on the results from two different clinical centres, our find-
ings are likely to be generalizable to a broader population. However,
additional research involving a larger number of institutions and var-
ied patient populations would further support the generalizability
of these findings. Moreover, increasing the number of subjects in-
volved would also be beneficial.

Among the limitations of this study, we can mention the ab-
sence of follow-up observations after removing the appliance.
Nonetheless, the authors have planned to collect follow-up data at
least 1year after expander removal in order to evaluate the stability
of the results.

5 | CONCLUSION

The results of this study indicate that both treatments are effective
in modifying the upper dental arch dimensions in growing patients.
This randomized controlled trial assessed the spontaneous distoro-
tation achieved after expansion performed with the Leaf Expander®
compared to that achieved with Rapid Maxillary Expander. Taken to-

gether, the results of this study demonstrate the following:

e A significant increase in maxillary dental arch transverse dimen-
sions was observed in both groups, with no statistically significant
differences between them.

e Maxillary expansion achieved with both RME and Leaf Expander®
induces spontaneous molar distorotation when the appliance is
anchored to the deciduous teeth.

e The Leaf Expander® group showed a significantly greater amount
of upper first molar distorotation compared to the RME group,

particularly in cases of posterior cross-bite.

In light of the discussions, this study reinforces the importance
of anchoring expansion devices, when possible, to the deciduous
second molars. Based on these findings, we can speculate that the
application of light and continuous forces, as provided by the Leaf
Expander®, may contribute to more effective molar distorotation,
which in some cases can aid in achieving the goals of orthodontic

treatment in growing patients.
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