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Abstract

Purpose: The aim of this study was to compare the dental effects, impact on quality of life, and pain perception of
adolescents wearing Mini Hyrax and Hyrax expanders in rapid palatal expansion.

Methods: Thirty-four adolescents aged 11 to 16 years, with maxillary transverse deficiency (unilateral or bilateral
posterior crossbite), were randomly allocated into two groups, Mini Hyrax group and Hyrax group (1:1 ratio). Dental
effects were evaluated by digitally superimposed pretreatment and postretention three-dimensional intraoral scans
on the palatal rugaes using the software 3DSlicer. Impact on quality of life was assessed with the OHIP-14
questionnaire applied in the pretreatment, posttreatment and postretention. Visual analog scale was applied 24, 48,
and 72 h and 7 days after the first activation of the expander.

Results: Thirty of the 34 adolescents recruited completed the study. There were no statistically significant
differences in dentoalveolar effects between groups. OHIP-14 scores across time among Mini Hyrax wearers were
similar to those of the Hyrax wearers. The inter-group comparisons showed no difference between groups with
respect to the OHIP-14 scores in posttreatment and postretention (p > 0.05). There were no differences in pain
perception between groups. Considering intra-group comparison, the reduction in pain perception among
adolescents in the Mini Hyrax group was gradual. Among adolescents in the Hyrax group, a statistically significant
reduction between 48 and 72 h was observed.

Conclusion: There were no significant differences in dental effects, impact on quality of life and pain perception
between adolescents wearing Mini Hyrax and Hyrax expanders in rapid palatal expansion.
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Introduction

Maxillary constriction is the result of deficiency in the
growth of the maxilla in the transverse direction. The
most representative clinical finding of maxillary constric-
tion is a unilateral or bilateral posterior crossbite [1].
Among adolescents, the prevalence of this condition ranges
between 10% and 15% [2], with no differences regarding
individuals’ sex or ethnicity [3]. Orthopedic maxillary
expansion by means of the opening of the midpalatal suture
is the routine procedure for the correction of maxillary
constriction in growing patients [4, 5]. Haas-type and Hyrax
are the most widely used expansion devices for this purpose
[4]. Both expanders produce similar dentoskeletal ef-
fects [4, 6], but therapy with Hyrax causes less irritation
on the palate because it has no acrylic pad that injuries
the mucosa of the palatal vault during expansion mak-
ing oral hygiene easier [7]. Patients undergoing rapid
palatal expansion (RPE) with these bonded expanders
may experience limitations in chewing, swallowing and
speech [8-11].

In order to provide greater comfort and less impair-
ment of speech and oral hygiene practices, a 2-point
palatal expander using Hyrax jackscrew with two arms
(two mesial arms cut-off) and anchorage only in the first
permanent molars was introduced as an alternative to
Hyrax for the treatment of individuals in mixed denti-
tion and in the early phase of permanent dentition [12].
Though efficacious in promoting the expansion of the
upper arch and alveolar process as well as the opening
of the medial palatine suture [12, 13], this expander
showed less stable results at the initial phase of the
expansion treatment when compared with Hyrax [12].

A comparative study introduced another tooth-borne
expander; the two-arm Hyrax, with improvement of the
dental anchorage including anterior extension of the
arms bilaterally and contour of the palatal surfaces of
the premolars [14]. It has been demonstrated that the
two-arm Hyrax provokes less speech impairment than
the four-arm Hyrax during RPE [14]. Orthodontic sup-
pliers have provided a reduced volume jackscrew with
two arms which allows one to manufacture the 2-arm
tooth-borne expander with extended anchorage on the
premolars that could be recognized as the Mini Hyrax.

To date, no comparison of the dental effects of treat-
ment with Mini Hyrax and treatment with Hyrax and/or
Haas expanders has been found in the literature to an-
swer the question: does the absence of 2 anterior arms
in Mini Hyrax provoke different expansion in maxillary
arch than that obtained with 4 arms expanders? In
addition, the assessment of the impact on patients’ qual-
ity of life and the perception of pain during the wearing
of the expander devices have not been in the scope of
dental research as well. Therefore, the aim of this study
was to compare the dental effects of Mini Hyrax with
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those of Hyrax after RPE in adolescents in a randomized
controlled clinical trial that also assessed the impact of
treatment on individuals’ quality of life and their percep-
tion of pain. The null hypothesis was that there were no
differences regarding dental effects, impact on quality of
life, and pain perception between wearers of Mini Hyrax
and wearers of Hyrax.

Subjects and methods

Trial design and changes after trial commencement

This randomized controlled clinical trial with 2-parallel
arms followed the guidelines of Consolidated Standards
of Reporting Trials-2010 [15]. There was a change in the
methods after trial commencement to improve the way
how angular changes of teeth were measured, according
to the software used in this study.

Participants, eligibility criteria, and settings

This study was registered in the ClinicalTrials.gov
(NCT03846518) in December 2018, after recruitment of
participants was concluded. Approval of the Research
Ethics Committee of the Pontificia Universidade Catdlica
de Minas Gerais was obtained under protocol number:
84651618.0.0000.51370.

The recruitment of participants was conducted at
Department of Dentistry of the Pontificia Universidade
Catélica de Minas Gerais and at public schools close to
the university. The inclusion criteria were individuals in
permanent dentition with transverse maxillary deficiency
and uni- or bilateral crossbite. The correct diagnosis of
the transverse maxillary deficiency excluded cases with
only dental posterior crossbite (vestibular inclination of
the crowns of the mandibular posterior teeth and/or pal-
atal inclination of the crowns of the posterior maxillary
teeth). Restrictions on ethnicity or sagittal and vertical
malocclusion were not imposed in anyway. The follow-
ing exclusion criteria were applied: individuals who were
17 years or older, individuals with missing teeth (except
canines and upper second molars), dental caries, peri-
odontal disease, cleft lip and palate, syndromes, and
those reporting previous orthodontic treatment.

Interventions

In the experimental group, the mini expander jackscrew
(Dynaflex, Saint Ann, USA) was used and in the com-
parison group, the Hyrax jackscrew (Morelli, Sorocaba,
Brazil) was used. The expanders had bands placed on
the first molars. The expansion jackscrew size of the
Mini Hyrax was 8 mm and of the Hyrax was 9 mm. The
positioning of the expander jackscrew was standardized:
in the occlusal view, perpendicular to the median palatal
raphe, between the second premolars and the first mo-
lars; and in the vertical view, parallel to the occlusal
plane, 3 mm apically to the palatal gingival contour of
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the first permanent molars. After placement of the
device, the first and second premolars were bonded to
the expanders with composite resin (Fig. 1). The activa-
tion protocol was identical for both expanders: 2 turns
per day until the overcorrection of the crossbite was ob-
tained. Overcorrection was characterized by the contact
of the tips of the palatal cusps of the upper molars with
the tips of the buccal cusps of the lower molars. Then,
the device was maintained in position for 6 months.

Outcomes

In this study, the main outcome was the correction of
the transverse discrepancy, clinically characterized by
the posterior crossbite.

Dental effects (primary and secondary outcomes)

Intraoral scans were performed with the intraoral
scanner (TRIOS, 3Shape, Copenhagen, Denmark) in the
pre-treatment (T0) and posttreatment time, after the 6-
month retention period had been completed, until 4 h
after the removal of the expander (T2). Digital models in
stl file format were obtained. The primary outcome was
transverse linear measurement of the first molars. The
secondary outcomes were transverse linear measurement
of the first and second premolars; rotation of the first
and second premolars, and first molars; buccolingual
inclination of the first and second premolars, and first
molars.

Impact on quality of life (secondary outcome)

The short version of the Oral Health Impact Profile
(OHIP-14) questionnaire validated in the Brazilian
portuguese [16] was applied to participants in the pre-
treatment (T0), on the 14th day of the expander activation
(T1), and posttreatment (T2) when the 6-month retention
period had been completed. The OHIP-14 has 14 questions
distributed across seven domains: functional limitation,
physical discomfort, psychological discomfort, physical dis-
ability, psychological disability, social disability, and handi-
cap. The scores for each domain and the total score were
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evaluated. A higher score indicates a more negative percep-
tion of the individual with respect his/her quality of life.

Pain perception (secondary outcome)

Patients were asked about the highest pain level they
had experienced in 24 h, 48 h, 72 h, and 7 days, during
the period of activation of the expanders. The instru-
ment used for pain measurement was the visual analog
scale (VAS) of 100 mm in length printed on paper in
four units. Each participant was instructed to mark with
a pen the point that represented the intensity of pain felt
in each of the four times, with the extreme left end
representing “no pain” and the extreme right end repre-
senting “worst possible pain” [17]. The measurement of
the distance from the left end of the horizontal line to
the marking made by the participants was performed
with a digital caliper (Mitutoyo 500-196-30B, Kawasaki,
Japan).

Digital model measurement method

Model orientation

The pre-treatment digital models in the .stl file format
were oriented in the three planes of the space using the
“Transforms” tool of the 3D Slicer open source software
(version 4.8.0, available at www.slicer.org). Initially, these
models were positioned so that the mesiopalatal cusps of
the first molars, bilaterally, and the midpoint of the inci-
sal border of the upper right central incisor touched the
axial plane. In an occlusal view, the median palatal raphe
was positioned coincidentally to the sagittal plane with
the incisive papilla coinciding with the coronal plane.

Model approximation

The posttreatment models were approximated to the
oriented pre-treatment models also by the “Transforms”
tool. This approximation was necessary so that the soft-
ware’s algorithm could perform the three-dimensional
superimposition of the models.

Fig. 1 Expander appliances: A. Mini Hyrax; B. Hyrax
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Model superimposition

Seven landmarks on the palate were marked using the
“Surface Registration/Add and Move Landmarks” tool of
the 3D Slicer software. The selected points were: medial
edges of the second rugae, medial edges of the third
rugae, midpoint on the third rugae, located in the
median palatal raphe; and two points also located on the
median palatal raphe, 5 mm and 10 mm posterior to the
midpoint of the third rugae.

When a point is selected, the vertex of one of thou-
sands of triangles that form the surface mesh of the
digital model is marked. As the marking of the same
vertex on two models in two stages is unlikely [18], the
superimposition was carried out using the region of
interest (ROI). For each of the seven points above, an
ROI size of 15 was given, that is, the program included
15 layers of triangles around the vertex of the triangle
selected by the researcher. The superimposition of the
TO and T2 models was based on the total surface area
resulting from the sum of the ROIs of each of the points
(Figs. 2 and 3).

Three-dimensional quantitative measurements

Using the tool “Q3DC/Add and Move Landmarks” of
the 3D Slicer software, the following reference points
were marked in the pre-treatment and posttreatment
digital models: tip of the buccal and palatal cusps of the
first and second premolars, tip of the mesial cusps-
vestibular and mesio-palatal of the first molars, centroid
(midpoint of the meso-distal groove of the occlusal sur-
face) of the first and second premolars and centroid
(point of intersection of the vestibulo-occlusal groove
with the mesio-distal groove of the occlusal surface) of
the first molars (Fig. 2).

From these points, linear and angular measurements
were performed with the 3D Slicer software using the
tools “Q3DC/Calculate Distance Between Two Land-
marks” and “Q3DC/Calculate Angle Between Two Lines,
” respectively. Angles formed by the clockwise displace-
ment of lines in the considered plane (axial and coronal)
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had positive values; if counterclockwise, negative values
were provided.

For the transverse linear measurements of the first and
second premolars (secondary outcomes), and of the first
molars (primary outcome), the distance between the
centroid points for each pair of homologous teeth, both
at TO and T2 was considered. The angular measure-
ments performed by the 3D Slicer software can be
decomposed in the three planes of the space to deter-
mine the “Pitch,” “Roll,” and “Yaw.” In view of the objec-
tives of this research, the following angular measures
(secondary outcomes) were recorded:

a) Rotation of the first and second premolars: angle
formed in the axial plane between the lines resulting
from the connection of the tips of the buccal and palatal
cusps at TO and T2 (“Yaw”).

b) Rotation of the first molars: angle formed in the
axial plane between the lines resulting from the connec-
tion of the tips of the mesiobuccal and mesiopalatal
cusps in TO and T2 (“Yaw”).

¢) Buccolingual inclination of the first and second pre-
molars: angle formed in the coronal plane between the
lines resulting from the connection of the tips of the
buccal and palatal cusps in TO and T2 (“Roll”).

d) Buccolingual inclination of the first molars: angle
formed in the coronal plane between the lines resulting
from the connection of the tips of the mesio-buccal and
mesiopalatal cusps in TO and T2 (“Roll”).

Sample size calculation

The sample size was calculated prospectively prior to
trial onset. Considering the standard deviation of 0.9
mm [4], a test power of 80% and a significance level of
5% to demonstrate a difference of 1.0 mm in the inter-
molar distance between individuals treated with Mini
Hyrax and those treated with Hyrax, the minimum sam-
ple size was determined in 28 participants; 14 individuals
in each group. To compensate for possible losses, three
individuals were added to each group.

-

A B

ROl registration. € Landmarks used for dental measurements

Fig. 2 A Seven landmarks were used for landmark registration on the palatal rugae. B Region of interest around the seven landmarks used for

Cc
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A B

Fig. 3 Superimposition of the pre-treatment (gray) and posttreatment (red) digital models. A Anterior view. B Frontal view. C Lateral view

Cc

Randomization

Thirty-four individuals (17 adolescents in each group, 8
males and 9 females) participated. Before the beginning
of the screening of the participants, a stratified
randomization by sex was performed electronically gen-
erated by the program “Random Allocation Software”
[19]. The individuals were randomly distributed (ratio 1:
1) into the two groups. Allocation concealment of the
participants was guaranteed through the sequential
opening of opaque envelopes containing the name of the
expander that each participant would wear. These enve-
lopes were previously sealed and sequentially numbered
for each sex by a staff member who was unaware of the
study’s method.

Blinding

Blinding of the researchers who performed the treat-
ments was unfeasible, but blinding of the researcher
who had performed the measurements was guaranteed.
The researcher did not have access to any information
that allowed him to identify to which intervention group
the digital models, quality of life questionnaires, and vis-
ual analog scales belonged. The participants were not in-
formed about what type of expander they were wearing.

Statistical analyses

Descriptive statistics of participants’ age (mean and
standard deviation), sex, posterior crossbite, and angle
classification was conducted. The Kolmogorov-Smirnov
test was employed to assess the distribution of quantita-
tive data on the dental effects OHIP-14 scores and VAS.
For the dental effects and the OHIP-14 scores, the
results of the normality test were p > 0.05. Data
presented normal distribution and parametric tests were
used. For VAS, the results of the normality test were p <
0.05. Data presented non-normal distribution and non-
parametric tests were used. The Pearson’s chi-square
test and Fisher’s exact test were used for comparisons
between groups with respect to adolescents’ sex, poster-
ior crossbite, and angle classification. The Student ¢ test

(independent samples) was used for comparison between
groups with respect to adolescents’ age and number of
activations of the orthodontic device. The Student ¢ test
(independent samples) was employed to assess whether
any difference between groups regarding the dental out-
comes and OHIP-14 scores at baseline (T0) existed. In
addition, the chi-square test and the Student ¢ test were
deployed to compare excluded individuals and individ-
uals who participated in the entire trial regarding sex,
age, posterior crossbite, and angle classification as well
as transverse linear measurements and quality of life at
TO. The level of significance was set at p < 0.05.

The calculation of the error of the method was
performed for the measurements of transverse distances,
rotation, inclination, and vertical displacement. These
measures were evaluated in nine individuals twice with
an interval of 30 days between the first and the second
evaluation. The calculation of the systematic error of the
method was done by means of the intra-class correlation
coefficient (ICC). To calculate the random error, the
Dahlberg formula was used [20].

To calculate the differences between the Mini Hyrax
and Hyrax groups with respect to the linear and angular
measurements, the Student ¢ test (independent samples)
was used. Regression analysis assessing differences
between Mini-Hyrax and Hyrax groups with respect to
dental changes (T2-TO0), controlling for the dental mea-
sures at TO, participants’ age, and number of activations
of the appliance was also performed. Effect size and 95%
confidence intervals (CI) were provided. The effect size
was also calculated dividing the mean difference between
the Mini Hyrax and Hyrax groups by the pooled stand-
ard deviation. A value of 0.20 represented a small effect
size, 0.50 denoted a medium effect size and 0.80 indi-
cated a large effect size [21].

For intra-group comparisons of data of OHIP-14 at
different times (TO, T1 and T2), the ANOVA test for re-
peated measures was applied. The paired ¢ test was used
for comparisons of pairs (T0 X T1, TO X T2, T1 X T2)
in both groups. Bonferroni correction was applied. The
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level of significance was p < 0.016. Comparisons of
OHIP-14 scores at T1 and OHIP-14 scores at T2 be-
tween Mini Hyrax and Hyrax groups, controlling for the
OHIP-14 scores at TO were performed with a regression
analysis. In this final analysis, coefficients and 95% CI
were provided. The significance was set at p < 0.05.

For the results of VAS, the Wilcoxon test was applied
in the intra-group comparisons of times. In the inter-
group comparison between expander wearers, the
Mann-Whitney test was used instead. In the inter-group
comparison, the effect size was also calculated dividing
the mean difference between the Mini Hyrax and Hyrax
groups by the pooled standard deviation. A value of 0.20
represented a small effect size, 0.50 denoted a medium
effect size and 0.80 indicated a large effect size. Effect
size was provided along with 95% CI. The level of sig-
nificance was set at p < 0.05. All tests were run in SPSS
program, version 20.0 (SPSS Inc., Chicago, USA).

Results

A total of 1338 individuals from the Department of
Dentistry and 6 public schools in the same region underwent
intraoral clinical examination from April to November 2018.
Forty individuals met the inclusion criteria. Thirty-
four individuals, 16 boys and 18 girls, participated.
The age of individuals ranged from 11 to 16 years. Of
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the 34 individuals, 4 were excluded (Fig. 4). No differ-
ence between excluded individuals and individuals
who participated in the trial for sex (p = 0.348), age
(p = 0.06), posterior crossbite (p = 0.99), angle classi-
fication (p = 0.765), transverse linear molar measure-
ments at TO (p = 0.384), and the total score of
OHIP-14 at TO (p = 0.375) was observed. The treat-
ments were performed from February 2019 to Febru-
ary 2020, and outcome measurements were performed
from March 2019 to February 2020, when the reten-
tion period of the last participant had been finished.
Considering the variables sex, age, type of posterior
crossbite, angle classification, and dental outcomes, there
were no statistically significant differences between
groups in baseline. No difference between groups re-
garding number of activations of the orthodontic device
was observed as well (p > 0.05). Distribution of sex, type
of posterior crossbite, and angle classification is showed
in Table 1. Mean age of participants in the Mini Hyrax
group was 13.50 (+ 1.39) years and in the Hyrax group
was 13.83 (+ 1.26) years (p = 0.51). The mean number of
activations among Mini Hyrax wearers was 30.67 (+ 1.49)
and among Hyrax wearers was 31.27 (+ 2.86) (p = 0.48).
In the Mini Hyrax group, after the losses, eight males and
seven females remained in the study, and in the Hyrax
group, seven males and eight females remained (p = 0.99).

[ Enrollment ]

Assessed for eligibility (n=1,338)

Excluded (n=1,304)

| * Not meeting eligibility criteria (n=1,298)
"] # Randomization (n=6)

+ Other reasons (n=0)

| Random allocation (n=34) |

v

Received Mini Hyrax expander (n=17)

r Allocation S

Received Hyrax expander (n=17)

v Follow-Up v

Lost to follow-up (n=2)
+ Appliance break (n=1)
+ Lack of collaboration (n=1)

Intervention interrupted (n=0)

§

Y Analysis J 3

Lost to follow-up (n=1)
+ Appliance break (n=1)

Intervention interrupted (n=1)
+ Appliance remove request (n=1)

Analysed (n=15)
+ Excluded from analysis (n=0)

Fig. 4 CONSORT diagram showing patient flow during the trial

Analized (n=15)
+ Excluded from analysis (n=0)
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Table 1 Distribution of adolescents regarding sex, posterior
crosshite, and angle classification

Mini Hyrax Hyrax p value
N (%) N (%)
Sex
Male 8(533) 7 (46.7) 1.000°
Female 7 (46.7) 8 (53.3)
Posterior crossbite
Bilateral 5(333) 4(26.7) 0811°
Unilateral right side 6 (40.0) 5(333)
Unilateral left side 4(26.7) 6 (40.0)
Angle classification
Class | 5(333) 6 (400) 1.000°
Class |l 4 (26.7) 4 (26.7)
Class Ill 6 (40.0) 5(333)

?Pearson’s chi-square test
PFisher’s exact test

The values of transverse distances in the Mini Hyrax and
Hyrax group were, respectively, inter first premolars 34.35
(+ 2.46) mm and 33.85 (+ 2.0) mm (p = 0.58), inter sec-
onds premolars of 38.62 (+ 5.33) mm and 39.76 (+ 3.34)
mm (p = 0.48), and inter-first molars of 46.12 (+ 3.27) and
45.76 (£ 3.96) mm (p = 0.79).

The results of the ICC for the measurements of trans-
verse distances, rotation and inclination showed values
above 0.90 indicating the absence of systematic error of
the method. Only one measurement was 0.80. The cal-
culation showed a random error between 0.01 mm and
0.23 mm for transverse distances, between 0.02° and
3.1° for rotation measurements, between 0.23° and 1.77°
for measurements inclination.

The opening of the diastema between the maxillary
central incisors was observed in all 30 individuals during
the activation phase of the expanders, which represents
the clinical sign of split of the midpalatal suture. Both
expanders promoted a significant increase in transverse
distances between the first premolars, between the
second premolars and between the first upper molars
(Table 2). The angular differences in rotation and
buccal-lingual inclination were performed between pre-
treatment and posttreatment lines (based in reference
points) in the 3D Slicer program. Therefore, there were
no values recorded separately at TO and T2.

When the dental effects of the two expanders were
compared, it was impossible to observe differences be-
tween groups, except for the buccolingual inclination of
tooth 25 (p = 0.047). The effect of the expanders on
tooth rotation was low (maximum mean difference was
1.77°) and did not present a specific pattern, given the
size of the standard deviations. The first and second pre-
molars showed an increase in the buccal inclination
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approximately in 10°, while the molars had values close
to 2°. In the regression analysis assessing differences be-
tween Mini-Hyrax and Hyrax groups of the dental
changes (T2-TO0), controlling for the dental measure-
ments at TO, participants’ age, and number of activations
of the appliance, the results remained (Table 2).

The comparison between Mini Hyrax and Hyrax
groups with respect to the OHIP-14 scores at TO showed
a significant difference only in the psychological disabil-
ity domain (p = 0.012). For the other domains and the
OHIP-14 total score, no difference was observed (p >
0.05) (Table 3). The results of the intra-group compari-
sons for the seven domains and for the total OHIP-14
score are displayed in Table 4. The intra-group compari-
sons revealed that the OHIP-14 scores across time
among Mini Hyrax wearers were similar to those of the
Hyrax wearers. In both groups, the functional limitation
scores and the physical discomfort scores were signifi-
cantly higher in T1 than in TO, indicating a worsening of
these two domains within the 14 days after the place-
ment of expanders (p < 0.016). In both groups, the
handicap scores were significantly higher in TO than in
T2, indicating an improvement of this domain 6 months
after the placement of expanders (p < 0.016). In both
groups, the social disability scores and the total scores
were significantly higher in T1 than in T2, indicating an
improvement 6 months after the activation of the
expander (p < 0.016). The inter-group comparisons
demonstrated no difference between groups with respect
to the OHIP-14 scores at T1 and OHIP-14 scores at T2,
controlling for the scores at TO (p > 0.05).

The highest scores related to the perception of pain
during the activation phase of the devices were found in
24 h and from this point forward, there was a reduction
in scores up to 7 days for both expander wearers. The
pain reduction in the Mini Hyrax group was gradual
over the four times, while in the Hyrax group, there was
a significant reduction between 48 h and 72 h. Consider-
ing the inter-group comparison for each of the four ob-
servation times, no statistical difference was observed
(Table 5).

Harms

Gingival retraction, white spot lesion, and severe pain
were not identified in the participants. The side effect
observed was inflammation of the palatal marginal gin-
giva of the first premolars in four Hyrax wearers and
three Mini Hyrax wearers, due to the displacement of
the anterior portion of the devices against the gingiva.
This change was completely reversed after removing the
expanders. In 1 individual among the 15 wearing Hyrax
and in 1 among the 15 wearing Mini Hyrax, the prede-
termined transverse overcorrection was not obtained
due to the expansion limit of the jackscrews. These two



Page 8 of 13

G0'0 < d 'sdnoib usamiaq aduUIBYIP OU s310US(,

50'0 > d aduedyiubis Jo oA

"a>ueljdde ay3 Jo suoneade Jo Jaquinu pue be syuedidiied ‘0 e sanseaw [elusp dy3 4oy Buljjonuod ‘(01-z1) sabueyd [eausp ays Jo sdnoib xeikH pue xelAH-IUI USaMIBG SDUBIBYIP Buissasse sishjeue uoissaibay,
9pIs JY3| Y} UO Y193} JO UOIRUIPDUI [BIDNC pUE 3pIS IYOL Y} UO Y199} JO Uolieulpul [enbull saedipul UbIs 9A1Ile6aU YHIM UBSW :SIUSWINSEIW UOIIBUI[DU| ‘UOIIRI0I SSIMYD0|DIS31UNOD SaledIpul

ubis aAnebaU Y1IM SUBSW (SIUSWISINSEIW UONERIOY "S9a163p , ‘sI91aWijiw ww Quswade(dsip dsip ‘s|eAliul 92USPHUOD ) ‘UOHRIASP plepuels S 'S0°0 > d @duediiubis Jo [9Aa7 “(sajdwies juspuadapul) 1591 7 JUapnIS,

(2021) 22:30

Silveira et al. Progress in Orthodontics

687 0/(€91-EE€ —) ¥80 — L0"L-6€0 — LE0 70v0 Q€ 00l 067 641 (l5€) 6£¢ 5(06°€1) 090 (o) 9C uoneu|pu|
SLLO/WWT-=L¥€ —) TG0 — S£0-590 — S00 9/80 (86¢) ¢C0 (€0€) €51 (Shy) SL'L S(Ly0lL) 60T — (,) 91 uoneulpul
670°0/(700 — OIZF'S —) 89T — -100 120 L¥0°0 (ov'€) 0L (SL€) L¥6 (5e€) L 5(99l) 810 — (o) G¢ uoneulpy
686'0/(96C-76'C —) 200 £L0-€90 — L00 8780 (62€) LT0- (lr'e) €volL 6l%) 9 S6C°4) €0 (o) GL uoneulpu|
661°0/(rS1-£0L =) 9T — ELUL=£C0 — €70 8€C0 (68°9) €5C (L€9) ST6 609) 8L L1 5(91'8) 650 (o) ¥T Uoneulpul
€6’ 0/(0E =10 =) ¥1°0 8/'0—-¢90 — 800 [@424] (¢19) ov0- (ST9) LTLL (¥8'9) 1801 S6172) 6€0 (o) ¥1 uoneulPU|
/900/(91'0-89% —) 9TC — 90'L-7€0 — 9¢0 [44%0] (19°¢) s€°1 (€8°€) 890 — (55°€) £90 56001) 67 — (o) 9C uoneloy
[TV0/(S91-8/€ —) 90'L — SO'1-5€0 — Ge0 L7€0 (AN ree) oLl — (£50) L00 5(Cool) 67€ — (o) 9L uoneloy
061°0/(61'5-80'L —) S0°C 0'L-8€0 — [4%4] 08¢0 (Cty) €Sl — (L€€) 870 (LL9) sOL — S9g€l) S8'L — (o) 6T uoneloy
999°0/(9L¥-60€ —) €810 §80-550 — G0 890 Ly cso - (€0€) L1 (909) SO'L S(€ECEL) 1€9 — (o) GL uoneloy
€290/(09€-06S =) L'l — ¥60-9¥'0 — 4y Clso (@69 or'L (119 ¥80 — (86'S) €90 S60'L1) 8 (o) ¥'C UoneIoY
885°0/(#67-80'G —) 90'L — 6/0-190 — 600 €080 (re'S) 6¥°0 (0€9) £T0 (8%°S) 920 S(ceTl) 60°€ — (o) 71 uoneioy
06C0/(FC0-8£0 —) LT0O — LL'L=6C0 — 170 [240] (¢20) 0€0 (S20) €6'S (89°0) €79 5(1GS) S€0 (Ww) 9z-9| =duelsig
9£T0/(8C0-¥6'0 —) €€0 — Y0'1-9€0 — ¥€0 V€0 (98'0) 620 (10'1) 609 (¥90) 869 S6LU) Ll — (Ww) Gz=G| duesig
809°0/(¢50-£80 —) L1'0 — ¥£0-990 — ¥00 7160 (06°0) ¥00 611) 159 (¢£0) 559 5(§5°€) 050 (Ww) y¢—1 =duesig

(@s) uesyy (@s) uean «(as) uea

sdnoib (as) uespy 0l-zl 01 sdnoib

azis uaaM1aq oLzl dnoib-xesfH uaaM1aq
qeniea d/(ID %S56) JUSIdIY0D) (9%56) 1D P9y3 2onead duARYIg dnoub-xeikH [T sadualayig sjuaWIAINSeI

sdnoib om1 ay1 ussmiag (01—z1) Juswiesn buunp ssbueyd syl Jo uosedwod) g ajqelL



Silveira et al. Progress in Orthodontics (2021) 22:30

Table 3 Comparison of OHIP scores at TO between Mini Hyrax
wearers and Hyrax wearers

Mini Hyrax TO Hyrax TO p value®
Mean (SD) Mean (SD)
FL 0.73 (1.22) 0.73 (1.10) 1.000
FD 247 (1.80) 1.80 (1.14) 0.240
PD 387 (241) 2.53 (2.16) 0.123
FD 0.73 (1.16) 047 (0.74) 0461
PD 3.13(2.29) 1.27 (1.38) 0.012
SD 1.60 (1.84) 0.60 (1.12) 0.086
HC 0.80 (1.14) 040 (0.73) 0.265
SCO 13.33 (8.04) 7.80 (6.80) 0.051

TO: pretreatment

Student t test (independent samples)

SD standard deviation, FL functional limitation, FD physical discomfort, PD
psychological discomfort, FD physical disability, PD psychological disability, SD
social disability, HC handicaps, SCO total score

subjects were included in the sample and shortly after
the observation period, a second expansion was carried
out.

Discussion

According to systematic reviews published in recent
years, scientific evidence on RPE is basically limited to
the assessment of the effects of orthodontic expanders
on hard and soft tissues of the stomatognathic system
[22-25]. Researchers have not fully explored the impact
of these interventions on the quality of life of individuals
[11, 14]. Orthodontic interventions should be not only
efficacious in treating malocclusion, but they should also
cause minimal pain and minimal impact on patients'
quality of life [26].

The present study was not restricted to the evaluation
of the dental effects of Hyrax and Mini Hyrax. The
assessments of the impact on the quality of life and the
pain perception of patients contributed to reduce the
gap of knowledge on orthodontic devices used in RPE.
In addition, this is the first randomized controlled clin-
ical trial, in which the Mini Hyrax has been evaluated.

The wearing of both expanders increased the transverse
distances of premolars and molars, varying from 5.93 to
6.55 mm, similar to what has been reported elsewhere
[22-25]. The tooth rotation varied from - 1.05° to 1.77°,
without a specific direction for each type of expander and
without a statistically significant difference between them,
as reported in another study [27], in which tooth rotation
was minimal and did not provoke any relevant clinical
drawbacks. The effect on canines was not in the scope of
this investigation because maxillary constriction is very
much associated with lack of space in the maxilla arch
and impaction of upper canines is a common finding [28].

There was an increase in the buccal inclination of pre-
molars, from 9.25° to 12.17°, and of molars, from 1.53°
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to 2.79°. Herein, the magnitude of the increase in the
buccal inclination of premolars was greater than the
findings of the literature [4, 24, 29]. The difference
between premolars and molars is probably justified by
the greater proximity of the jackscrew to the molars'
center of resistance. The premise that the molars were
banded and the premolars were bonded may also have
influenced the results [4]. The only statistically signifi-
cant difference between individuals wearing Hyrax and
Mini Hyrax was for the upper left second premolar.
However, the mean difference was only 2.70°, with no
relevant clinical significance.

Several studies have used the palatal rugaes as refer-
ence structures in model superimpositions for assessing
changes in tooth position resulting from growth and
aging as well as orthodontic treatment [18, 30-34]. The
medial point of the third rugae and the medial of the
second rugae, in this order, have been determined as the
most stable points [30, 31, 33, 35]. However, there are
no definitely stable points in the oral cavity [33, 36, 37]
and the accuracy of point-based model superimposition
is lower than area-based landmark superimposition [18, 33].

The 3D Slicer software allows an operator to select an
area by means of the determination of reference points
and the size of the regions of interest (ROI), according
to the reliability of each region of the palate for the type
of tooth movement evaluated in the model superimpos-
ition. Thus, the medial end of the second and third ru-
gaes was selected. No point was marked on the first
rugae because changes in the position of the incisors
during RPE, such as incisor extrusion and palatal inclin-
ation [27] cause changes in this rugae [35, 38]. The two
most distal points located on the median palatal raphe
were included to increase the control of the “pitch”
[18, 34]. The ROI size of 15 was defined for all
points, determining the area of superimposition in the
middle of the palate to avoid lateral displacement
(“roll” control) of the pre- and posttreatment models
by the “best-fit.” This method has been adopted be-
cause the lateral inclination of the palatal vault
changes with expansion [30, 39].

Our trial demonstrated that the impact on quality of
life across time among Mini Hyrax wearers was very
much alike to that of the Hyrax wearers. The worsening
of function and discomfort 14 days after the bonding of
the expander may be explained by the placement of the
orthodontic device itself and the activation of screw and
forces applied for the expansion. The improvement in
handicap, social disability and the overall quality of life 6
months after treatment onset may be due to the recogni-
tion of the adolescent that he/she is on the way towards
malocclusion treatment and the wearing of an orthodontic
device is perceived as a normal circumstance over the
course of treatment. This information is useful to
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Table 5 Intragroup and intergroup comparison of the pain perception using the visual analogical scale (VAS)

Observational times Groups Effect size p value
(95% Cl)

Mini Hyrax Hyrax

Median Min-Max Mean Median Min-Max Mean
24 h 4530 0.00-96.80 3735A 3557 0.00-91.84 38.96 A 0.05 (— 4.00-4.10) 0.847
48 h 27.19 0.00-91.37 3546 A 27.72 0.00-8344 31.06 A 0.16 (- 0.54-0.86) 0.653
72 h 15.77 0.00-93.56 25.63 AB 944 0.00-75.78 2237 8B 0.12 (- 0.58-0.82) 0.967
7 days 822 0.00-71.59 1532 B 4.85 0.00-64.77 1621 B 0.04 (- 3.23-3.31) 0.844

Intergroup comparison (Mini Hyrax versus Hyrax): Mann-Whitney test. Level of significance p < 0.05
Intragroup comparison (between pairs of time): Wilcoxon test. Level of significance p < 0.05.
Same letters: not significative statistical difference. Different letters: significant statistical

Cl confidence interval

clinicians during the counseling of adolescents wear-
ing rapid maxillary expanders and their parents/
guardians [40].

The absence of differences in the impact on quality of
life between the wearers of both orthodontic expanders
(inter-group comparison) may be related to the vertical
position of the expander jackscrew. The small size of
Mini Hyrax, initially considered an advantage, may also
represent a limitation, if the jackscrew is placed too far
from the palatal vault, since there is less area of contact
between the device and the tongue.

The vertical position of the jackscrew can have influ-
ence on bone expansion and on the type of movement
of the anchored teeth [41, 42]. From an orthopedic point
of view, the ideal position of the jackscrew should be
slightly higher than the center of resistance of the mo-
lars, mitigating buccal dental inclination [41]. However,
in cases of more severe maxillary atresia, this ideal
jackscrew position could be a shortcoming when the
jackscrew is welded to the expander device. In our study,
the vertical position of the jackscrew was close to the
resistance center of the first molars.

The scores of pain perception of the wearers of Mini
Hyrax reduced from 24 h to 7 days during the activation
of the expander, with no significant statistical differences
between consecutive observation intervals. Indeed, the
reduction in pain perception between the observation
times was subtle and only between 24 h and 7 days, a
significant difference was observed. On the other hand,
pain perception among Hyrax wearers reduced signifi-
cantly between 48 h and 72 h during the activation of
the expander. This information may be helpful for the
clinician during the counseling of patients wearing Mini
Hyrax or Hyrax regarding pain and discomfort.

Limitations

In this study, assessment of bone maturation of partici-
pants was not carried out. It can be considered that this
confounding factor might have been evenly distributed
across the two groups due to the randomization;

however, as long as this parameter was not measured, its
possible influence on the outcomes cannot be ruled out
with certainty.

Another possible limitation is the use of the palate as
a reference for the digital model superimposition, since
the lowering of the palate during RPE has already been
reported [30, 39]. The use of computed tomography
would allow an operator to perform superimposition of
structures outside the oral cavity that do not change
with RPE. Assessments of the cranial base, for instance,
provide evaluations with greater precision. However,
ethical issues preclude this type of analysis.

Finally, the number of participants in our study was
determined by means of a sample size calculation and
the number of losses was minimal. However, we do
recognize that the present study may be underpowered
to identify large, moderate, or small effects regarding the
outcomes assessed herein.

Conclusions
The null hypothesis was accepted:

1. There were no significant differences regarding
dental effects during RPE between adolescents Mini
Hyrax wearers and Hyrax wearers.

2. There was no significant difference regarding the
impact of RPE on quality of life between adolescents
wearing Mini Hyrax and those wearing Hyrax.

3. There was no significant difference regarding pain
perception during RPE between adolescents wearing
Mini Hyrax and those wearing Hyrax.
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