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Introduction: The aim of this 2-arm parallel trial was to compare the dentoskeletal effects of the expander with
differential opening (EDO) and the Hyrax expander in the mixed dentition. Methods: Patients aged 7-11 years
with maxillary dental arch constriction and Class I or Class II sagittal relationships were randomly allocated into 2
study groups. The experimental group comprised 22 patients (10 males, 12 females) with a mean age of
8.46 years treated with the EDO. The comparison group was composed of 24 patients (6 males, 18 females),
mean age of 8.92 years treated with the conventional Hyrax expander. One complete turn per day for 6 days
was performed for the posterior screw of the EDO and for the Hyrax expander. The anterior screw of the
EDO was activated 1 complete turn per day for 10 days. The primary outcomes were the anterior opening of
the midpalatal suture, changes on the interincisal diastema width, maxillary dental arch widths, arch perimeter,
arch length, palatal depth, inclination of maxillary posterior teeth and on dental arch shape, and the amount of
differential expansion in the anterior region compared with the posterior region of the maxillary dental arch.
Computer-generated randomization was used. Allocation was concealed with sequentially, numbered,
sealed, and opaque envelopes. Blinding was applicable for outcome assessment only. Occlusal radiographs
of the maxilla were obtained at the end of the active expansion phase (T2). Intraoral photographs were
obtained immediately pre-expansion (T1) and at T2. Digital dental models were obtained at T1 and 6 months
after the active expansion period (T3). Intergroup comparisons of T1-T2 changes were performed using
multiple linear regression analysis (P \ 0.05). The independent variables were both treatment and the
starting forms. Bonferroni correction for multiple tests was applied. Results: The experimental group showed
a significantly greater opening of the anterior region of themidpalatal suture, a greater increase of the interincisal
diastema width, and greater increases of the intercanine distance and inter–first deciduous molar distance than
the Hyrax expander. The experimental group showed a significant differential expansion between the anterior
and posterior regions, whereas the Hyrax group produced a similar expansion in the canine and molar
regions. Serious harm was not observed. Conclusions: The EDO was capable of promoting greater orthopedic
and dental changes in the anterior region of the maxilla than the conventional Hyrax expander. Similarity be-
tween the 2 expanders was observed for changes in the posterior region width, arch perimeter, arch length,
palatal depth, and posterior teeth inclination. (Am J Orthod Dentofacial Orthop 2020;157:7-18)
Rapid maxillary expansion (RME) is the most
common orthopedic procedure used to treat
maxillary constriction and posterior crossbites.1
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maxillary widths and the arch perimeter with a
parallel-opening screw, centrally positioned in the pal-
ate.6-9 Alternatively, the fan-type expander concen-
trates changes in the anterior region of the dental
arch with negligible changes in the molar region.10,11

Approximately one third of patients with maxillary
constriction have a greater transversal deficiency in the in-
tercanine width than the intermolar width.12 In these
cases, conventional RME expanders would overexpand
the molar region to correct the intercanine width because
the screws have a parallel opening. This undesirable effect
could cause a significant decrease of the buccal alveolar
bone plate thickness with an increased risk of bone dehis-
cences and gingival recessions.13,14 Additionally, previous
studies on the long-term stability of conventional RME
showed greater relapse of the intercanine distance than
the interpremolar and intermolar distances.15,16

Recently, a novel orthopedic maxillary expander was
proposed aiming to promote greater expansion on the
anterior than on the posterior region.17 The expander
with differential opening (EDO) has 2 parallel-opening
screws, 1 anteriorly and the other posteriorly positioned
in the palate.17 Different amounts of activation in the
anterior and posterior expansion screws determine a
trapezoid-shaped opening of the appliance diverging
toward anterior.17 A recent study analyzed the dentoske-
letal effects of the EDO in patients with complete bilat-
eral cleft lip and palate (BCLP).18 Patients with BCLP do
not have midpalatal suture, and therefore the effects of
EDO might be different in noncleft individuals. No pre-
vious studies evaluated the dentoskeletal outcomes of
EDO in noncleft patients.
Specific objectives and hypotheses

The aim of this study was to compare the dentoske-
letal outcomes of the EDO and the conventional Hyrax
expander during the mixed dentition in noncleft individ-
uals. The null hypothesis was that there is no difference
for the dentoskeletal effects between the EDO and the
Hyrax expander.
MATERIAL AND METHODS

Trial design and any changes after trial
commencement

This single-center study was a randomized clinical
trial with 2-parallel arms. This randomized clinical
trial followed the Consolidated Standards of Report-
ing Trials' statement and guidelines,19 and no
changes in methods after trial commencement were
required.
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Participants, eligibility criteria, and settings

This study was ethically analyzed before trial
commencement by the Research Institutional Board of
the Bauru Dental School, University of S~ao Paulo, and
was approved under protocol number 1.292.365. Addi-
tionally, the protocol of this study was registered in
the ClinicalTrials.gov with the identifier NCT02810353.

Recruitment of patients occurred in the Clinic of Or-
thodontics, Bauru Dental School, University of S~ao
Paulo from May to November 2015. Eligibility criteria
included patients of both sexes in the mixed dentition,
with ages ranging from 7 to 11 years diagnosed with
maxillary constriction and Class I or Class II sagittal rela-
tionships. Exclusion criteria were the presence of cleft lip
and palate, craniofacial syndromes, carious lesions, and
history of previous orthodontic treatment.

Interventions

Patients who met the eligibility criteria during
recruitment were invited to participate in the study.
Written consent terms were obtained from the patients
and legal guardians. At this time, 1 researcher opened
an envelope that contained a card with the name of 1
of the 2 types of expanders. Therefore, patients were
randomly allocated into 1 of the 2 study groups. The
treatment of the patients from both groups was per-
formed by the same operator (ACMA).

The experimental group comprised patients treated
with the EDO (Fig 1, A-C). The EDO was composed of
2 11-mm prefabricated screws, 1 posteriorly positioned
on the palate at the level of the first permanent molars
and the other anteriorly positioned at the level of the first
deciduous molars (Great Lakes Orthodontics, Tona-
wanda, NY). Orthodontic bands were preferentially
adapted on the maxillary first permanent molars, and
clasps were bonded on the maxillary deciduous canines.
When the maxillary first permanent molars were partially
erupted, or the distal aspect of the crown was covered by
gingiva, the maxillary second deciduous molars were
banded, and a wire extension was soldered on the palatal
aspect of the first permanent molars. Both expander
screws were concurrently activated for 6 days, with an
activation protocol of half a turn in the morning and
half a turn in the evening. Afterward, only the anterior
screw was activated for an extra 4-day time with the
same protocol. After the active expansion period, the
expander was kept in the mouth as a retainer for
6 months. At the end of the retention phase, the ex-
panders were removed, and a removable retention plate
was installed.

The comparison group comprised patients who un-
derwent RME using the conventional Hyrax expander
Journal of Orthodontics and Dentofacial Orthopedics
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Fig 1. Expander with differential opening (A-C) and conventional Hyrax expander (D-F).

Fig 2. Dimension of midpalatal suture opening was
analyzed measuring the distance between prosthion
landmarks (Pr-Pr’) on the maxillary occlusal radiographs,
obtained at the end of the expansion active phase.
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(Fig 1, D-F). The Hyrax expander was composed of a 11-
mm screw centrally positioned on the palate. Similar to
the experimental group, either maxillary first permanent
molars or maxillary second deciduous molars were
banded, and circumferential clasps were bonded on
the maxillary deciduous canines. The screw was acti-
vated half a turn in the morning and half a turn in the
evening for 6 days. After the active expansion period,
the expander was kept in the oral cavity as a retainer
for 6 months. At the end of the retention phase, the
expander was removed, and a removable retention plate
was installed.

Maxillary occlusal radiographs were obtained at the
end of the expansion active phase (T2). The radiographic
images were taken according to the biosecurity and
radioprotection requirements, using the
Insight occlusal radiographic film (Kodak Company, Ro-
chester, NY) and a dental x-ray machine of 10 mA and
70 kV. The radiographic films were manually processed
in a darkroom, using the temperature or time technique.
Standardized frontal intraoral photographs were taken
orthostatically for each patient immediately pre-
expansion (T1) and at the end of the active expansion
phase (T2); for example, 6 or 10 days after the appli-
ance's installation. The photographs were taken at a dis-
tance of 30 cm from the patients using a Canon T1i
digital camera (Canon EOS Digital Rebel Inc, Tokyo,
Japan), 100-mm macro lens, circular flash, f 11, shutter
speed 1/125, and ISO 200. Standardized conventional
dental models were obtained for each patient immedi-
ately pre-expansion (T1) and 6 months after expansion
(T3). The maxillary dental arch models were digitized us-
ing a 3Shape R700 3D scanner (3Shape A/S,
American Journal of Orthodontics and Dentofacial Orthoped
Copenhagen, Denmark), and the obtained
3-dimensional images were saved in an .stl file format.

Outcomes (primary and secondary) and any
changes after trial commencement

The primary outcomes of this study were the dimen-
sion of anterior midpalatal suture opening (Pr-Pr'); the
changes in the interincisal diastema, maxillary dental
arch widths (c-c, d-d, e-e, and 6-6), arch perimeter
and length, palatal depth and inclination of posterior
teeth (Ic, Ie, and I6), dental arch shape, and the amount
of differential expansion in the anterior region compared
with the posterior region of the maxillary dental arch. No
outcome changes occurred after trial commencement.

The dimension of the anterior midpalatal suture
opening was digitally measured on the maxillary occlusal
ics January 2020 � Vol 157 � Issue 1



Fig 3. The interincisal diastema width was analyzed measuring the distance between the points
located at the confluence of the mesial aspect of the maxillary central incisors with the gingival papilla
on the intraoral frontal photographs obtained before (A) and after (B) the active phase of rapid maxillary
expansion. Interincisal diastema changewas considered the difference between the values obtained at
T2 and T1.
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radiographs using Dolphin Imaging software, version
11.0 (Dolphin Imaging and Management Solutions,
Chatsworth, Calif), as shown in Figure 2.

The width of the interincisal diastema was measured
using a modification of a method proposed in a previous
study.20 Initially, the mesiodistal width of the clinical
crown of the maxillary right central incisor of each pa-
tient was manually measured on the pre-expansion con-
ventional dental models using a caliper. Using a digital
millimetric ruler, the photograph was resized in Micro-
soft PowerPoint 2013 (Microsoft Corporation, Red-
mond, Wash) according to the actual size of the
measured tooth. The interincisal diastema was measured
using Dolphin Imaging software, as shown in Figure 3.

The measurements of maxillary dental arch widths,
arch perimeter and length, palatal depth, and inclination
of posterior teeth were performed on the pre- and post-
expansion digital dental models using the OrthoAnalyzer
3D software (3Shape A/S), as shown in Figures 4-6.

The dental arch shape was evaluated using the Geo-
magic Wrap 2015 software (Raindrop Geomagic Inc,
Morrisville, NC) and the Microsoft Excel 2013 (Microsoft
Corporation). In the Geomagic Wrap 2015 software, An-
drews' facial axis points21 were set on the maxillary
teeth. These points were decomposed in 3 cardinal direc-
tions generating values on the x-, y-, and z-axis. Consid-
ering the y-axis values referred to the depth dimension
(cervico-oclusal plane), only the x-axis values (trans-
versal plane) and the z-axis values (sagittal plane) were
tabulated. Microsoft Excel 2013 was used to graphically
determine the mean maxillary dental arch shape for both
study groups at T1 and T2, using the interpolar function.

Sample size calculation

A minimum difference of 2 mm in the intercanine
distance, a standard deviation of 1.65, an alpha error
of 5%, and a test power of 80% were considered for
January 2020 � Vol 157 � Issue 1 American
sample size calculation.11 Twenty participants were
required in each group.

Interim analyses and stopping guidelines

Not applicable.

Randomization (random number generation,
allocation concealment, implementation)

A simple electronically generated randomization was
performed before trial commencement using the
Random Allocation Software program.22 Randomization
ensured patients' allocation in both groups with a 1:1
ratio. Allocation concealment involved numbered,
sealed, and opaque envelopes prepared before trial
commencement. One envelope was sequentially opened
for each participant during recruitment. Each envelope
contained a card with the name of 1 expander. The ini-
tials of the name of the participant, the type of expander,
and the date of allocation were identified in the external
surface of the envelope. One operator was responsible
for the randomization process, allocation concealment,
and implementation.

Blinding

Double-blinding was not possible because the oper-
ator and patients were aware of the type of expander
that was being installed. However, blinding was accom-
plished during outcome assessment once the maxillary
occlusal radiographs, the photographs, and the digital
dental models were unidentified during analysis.

Error study

One operator (ACMA) performed all the measure-
ments and repeated them in 30% of the sample at least
1 month later. The intraexaminer error was assessed us-
ing the intraclass correlation coefficient.23
Journal of Orthodontics and Dentofacial Orthopedics



Fig 4. Maxillary arch widths (A) comprised the distances c-c (deciduous intercanine distance at the
level of the palatal gingival margin midpoint), d-d (inter–first deciduous molars distance at the level
of the palatal gingival margin midpoint), e-e (inter–second deciduous molars distance at the level of
the palatal gingival margin midpoint), and 6-6 (inter–first permanent molar distance at the level of
the palatal gingival margin midpoint). Arch perimeter (B) was the sum of P6-c (linear distance between
the mesial aspect of the right first permanent molar to the mesial aspect of the right deciduous canine),
Pc-1 (linear distance between the mesial aspect of the right deciduous canine to the most prominent
point of the mesial aspect of the left permanent central incisor), P1-c' (linear distance between the
most prominent point of the mesial aspect of the left permanent central incisor to the mesial aspect
of the left deciduous canine), andPc'-6' (linear distance between themesial aspect of the left deciduous
canine to the mesial aspect of the left first permanent molar).

Fig 5. Arch length (A) was measured perpendicularly in the horizontal plane from a line connecting the
mesial aspects of the first permanent molars to the point between the maxillary central incisors at the
level of the gingival papilla. Palatal depth (B) was measured from a line passing through the mesial
gingival papilla of the first permanent molars to the deepest point on the palate surface, perpendicularly
to the arch length.
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Statistical analysis (primary and secondary
outcomes, subgroup analyses)

Kolmogorov-Smirnov tests were used to verify
normal distribution of variables. Considering that the
variables showed normal distribution, parametric tests
were used. Intergroup comparisons for initial age were
performed with t tests. A chi-square test was used for
intergroup comparison regarding sex ratio. Intergroup
comparisons of T1-T2 changes were performed using
multiple linear regression analysis. The independent
American Journal of Orthodontics and Dentofacial Orthoped
variables were both treatment and the starting forms
to adjust the comparisons to possible differences at T1.
Results were regarded significant at P\0.05. Bonferroni
correction for multiple tests (tests performed on a set of
12 measurements) was applied. Differential expansion
assessment was performed, comparing the difference be-
tween c-c and 6-6 width change in both groups using t
tests. Associated 95% confidence intervals were calcu-
lated. All statistical tests were conducted with SPSS Sta-
tistics for Windows, version 25.0 (IBM, Armonk, NY).
ics January 2020 � Vol 157 � Issue 1



Fig 6. Tooth inclination was measured using as reference the occlusal plane passing through the me-
siobuccal cusp tips of the maxillary first permanent molars, bilaterally, and through a mesioincisal point
on the left central incisor. The tooth long axis was represented as an arrow in the virtual setup of the
OrthoAnalyzer software. On the buccal view of each tooth (A and C), this arrow was mesiodistally
manipulated to represent tooth angulation according to Andrews' facial axis point.21 On the distal
view of each tooth (B and D), the arrow was buccolingually manipulated to represent the crown tip, ac-
cording to Andrews. The angle between the arrow and the occlusal plane was automatically calculated
by the software. After expansion, increasing values of the angle meant tooth buccal inclinations of the
teeth, and decreasing values meant lingual tooth inclination.
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RESULTS

One hundred sixty-one participants were recruited
from May to November 2015; 105 patients (65.21%)
were excluded because they did not meet the eligibility
criteria. Fifty-six patients were randomized in a 1:1 ratio
to the study groups (experimental group, 28; compari-
son group, 28). The trial ended when the sample size al-
lowed a dropout rate of approximately 30%. Figure 7
shows the participants' flow chart with reasons of losses
and exclusions before and after randomization.

Baseline data

Baseline characteristics were similar in both groups
(Tables I and II).

Numbers analyzed for each outcome, estimation,
and precision, subgroup analyses

Five of 28 (17.86%) and 2 of 28 (7.14%) patients,
respectively, from the experimental and comparison
January 2020 � Vol 157 � Issue 1 American
groups were lost during the enrollment. Expanders
were installed in 23 patients of the experimental group
and 26 participants of the comparison group. One pa-
tient from the experimental group was excluded from
the sample because both EDO screws spontaneously
closed after the active phase because of unknown rea-
sons. Two participants from the comparison group
were excluded because of recurrent appliance breaks
and residence move. Considering the primary analysis
was carried out on a per-protocol basis, 22 patients of
the experimental group and 24 participants of the com-
parison group were properly analyzed in their original
assigned groups. All patients from both groups demon-
strated a midpalatal suture split.

Intraexaminer reliability was considered very good
because the intraclass correlation coefficient ranged
from 0.894 to 0.999.23

The EDO promoted significantly greater opening of
the anterior region of the midpalatal suture, greater in-
crease of the interincisal diastema width, and greater
Journal of Orthodontics and Dentofacial Orthopedics



Fig 7. Consolidated Standards of Reporting Trials diagram showing patient flow during the trial.

Table I. Intergroup comparisons for age and sex ratio
(t and chi-square tests)

Variable

Experimental group
(n 5 22)

Comparison group
(n 5 24)

PMean SD CI 95% Mean SD CI 95%
Initial
age (y)

8.46 1.40 1.08-2.00 8.92 1.21 0.94-1.70 0.238*

Sex
Male 10 6 0.458y

Female 12 18

CI, confidence interval.
*t tests; yChi-square test.
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increases of the intercanine and inter–first deciduous
molar distances than the Hyrax expander (Table III).
Furthermore, regression analysis showed that the
intergroup differences of variables at T1 were not rele-
vant on the RME outcomes (Table III).

The experimental group showed significant differen-
tial expansion of the maxillary dental arch as shown in
arch shape changes (Table IV; Fig 8).
American Journal of Orthodontics and Dentofacial Orthoped
Harms

No important harm was caused to the participants of
this study, such as moderate or severe pain, white spot
lesions, gingival recessions, bone dehiscences, or allergic
reactions. The benefits and collateral effects of differen-
tial and conventional RME were already known from
previous literature.24-26 Two of 22 patients in the EDO
group and 1 of 24 patients in the Hyrax group still
showed some interarch transversal discrepancy and
were assigned for a second expansion procedure after
the end of the evaluation period.

DISCUSSION

Main findings in the context of the existing evidence
and interpretation

A previous study found that approximately one third
of patients with maxillary arch constriction showed a
2.8 mm greater transversal deficiency in the anterior re-
gion than the posterior region.12 In this perspective,
ics January 2020 � Vol 157 � Issue 1



Table II. T1 and T2 variables in the sample groups

Variable

Experimental group (n 5 22) Comparison group (n 5 24)

T1 T2 T1 T2

Mean SD CI 95% Mean SD CI 95% Mean SD CI 95% Mean SD CI 95%
Interincisal diastema (mm) 0.75 0.94 0.72-1.35 4.86 2.27 1.74-3.24 0.69 0.78 0.60-1.10 3.23 0.93 0.72-1.32
c-c (mm) 24.45 1.90 1.43-2.81 30.75 2.24 1.64-3.09 25.50 2.44 1.82-3.72 29.03 2.50 1.86-3.80
d-d (mm) 26.40 1.89 1.45-2.70 32.48 2.38 1.83-3.40 27.34 2.37 1.83-3.40 31.11 2.49 1.92-3.57
e-e (mm) 29.96 2.23 1.71-3.19 35.06 2.36 1.82-3.38 31.81 2.30 1.78-3.26 35.17 2.22 1.72-3.15
6-6 (mm) 34.60 3.10 2.39-4.44 38.22 3.07 2.36-4.39 36.01 2.19 1.70-3.07 39.75 1.94 1.51-2.72
Arch perimeter (mm) 77.21 4.25 3.27-6.07 81.68 4.06 3.12-5.80 77.73 5.05 3.92-7.09 80.20 6.81 5.29-9.56
Arch length (mm) 28.40 2.12 1.63-3.03 27.58 2.28 1.76-3.27 28.50 2.12 1.65-2.98 27.71 2.06 1.60-2.89
Palatal depth (mm) 13.80 2.53 1.95-3.62 12.69 2.60 2.00-3.72 14.67 1.71 1.33-2.40 14.09 2.15 1.67-3.01
Ic (o) 74.99 7.34 5.94-9.62 77.47 6.70 5.41-8.59 77.25 8.85 5.09-7.89 79.32 5.29 7.20-11.50
Ie (o) 75.39 4.55 4.56-7.15 79.79 5.16 4.13-6.86 76.50 6.04 5.31-8.43 80.25 5.02 4.01-6.71
I6 (o) 77.03 6.52 5.51-8.46 81.59 5.26 4.33-6.68 79.37 5.78 4.81-7.24 82.22 5.08 4.23-6.37

CI, confidence interval; SD, standard deviation.
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some patients may need an individualized expansion
with different amounts of screw activations in the canine
andmolar regions.12 The EDO is a 2-screw expander that
aims to promote a distinct amount of expansion in the
anterior and posterior regions of the maxillary dental
arch.15 However, no previous clinical study had analyzed
the dentoskeletal effects of the EDO in noncleft
individuals.

An intergroup compatibility for initial age and sex
distribution was found (Table I). Despite the insignifi-
cant difference between groups regarding initial age,
the experimental group was slightly younger compared
with the comparison group (Table I). However, this slight
difference is not likely to have any clinical relevance.27

These results confirm the sample homogeneity, ensure
the effectiveness of randomization and allocation of
the patients, and decrease the risk of bias for the inter-
group comparisons.28 The 6-mm intermolar amount of
expansion was standardized in both groups to allow
intergroup comparison.

The EDO promoted a significant increase of the
anterior region of the midpalatal suture and the inter-
incisal diastema width of 5.38 mm and 4.11 mm,
respectively (Table III). These findings confirm the po-
tential for an orthopedic effect of the EDO. The inter-
group comparison showed that the EDO promoted a
greater orthopedic effect in the anterior region of the
maxilla than the conventional Hyrax expander (Table
III). These findings are probably associated with the
greater amount of activation of the anterior screw in
the EDO group. The greater the intercanine distance in-
crease, the greater will be the anterior palatal suture
split. The anterior screw of the EDO was opened
approximately 9 mm, causing a 60% orthopedic effect
on the anterior region of the midpalatal suture
(5.38 mm). The pattern of midpalatal suture opening
January 2020 � Vol 157 � Issue 1 American
observed for the EDO was similar to those described
in previous studies with conventional RME ex-
panders,9,29 showing a triangular shape, as shown in
Figure 1. Additionally, bone-tooth–borne expanders
seem to produce a similar orthopedic effect compared
with conventional Hyrax expanders.30

The experimental group showed significant increases
of the intermolar and intercanine arch widths of
3.61 mm and 6.30 mm, respectively, causing a mean in-
crease of 4.47 mm in arch perimeter (Table III). The inter-
canine distance changes were significantly greater than
the intermolar distance changes owing to the anteriorly
divergent opening of the EDO (Table III). A recent study
analyzed the dentoskeletal effects of the EDO in patients
with complete bilateral cleft lip and palate and found
significant increases of the intermolar and intercanine
arch widths of 5.57 mm and 7.68 mm, respectively,
causing a mean increase of 7.66 mm in arch perimeter.18

These increased values of the maxillary dental arch width
and perimeter changes compared with our study may be
associated with a greater amount of expansion in a more
severely constricted maxilla and with the smaller resis-
tance to expansion observed in patients with BCLP
because of the absence of the midpalatal suture.31,32

The Hyrax group showed significant increases of
intercanine and intermolar arch widths of 3.42 mm
and 3.74 mm, respectively, causing a mean increase of
2.46 mm in arch perimeter (Table III). In this group,
the intercanine distance change was similar to the inter-
molar distance change (Table IV). Similar results were
observed in a previous study.11 This similarity between
the amount of expansion in the anterior and posterior
regions might be explained by the parallel-opening
pattern of the conventional Hyrax screw.11,33 The
intergroup comparison showed that the EDO promoted
a greater amount of expansion in the canine region
Journal of Orthodontics and Dentofacial Orthopedics



Table III. Intergroup comparisons of interphase changes (linear regression analysis)

Variable

Experimental group Comparison group Estimate difference

PMean SD Mean SD Mean 95% CI
Midpalatal suture opening (mm) 5.49 2.06 3.18 1.03 2.31 1.28 to 3.34 \0.001*
Interincisal diastema (mm) 4.12 2.11 2.53 0.79 1.59 0.64 to 2.55 0.002*
c-c (mm) 6.30 2.18 3.43 1.17 2.60 1.38 to 3.81 \0.001*
d-d (mm) 6.08 2.48 3.77 1.14 2.06 0.90 to 3.23 0.001*
e-e (mm) 5.09 1.79 3.37 1.45 1.28 0.27 to 2.28 0.014
6-6 (mm) 3.62 1.59 3.75 1.13 –0.38 –1.18 to 0.43 0.348
Arch perimeter (mm) 4.47 3.63 2.47 3.49 1.97 –0.17 to 4.11 0.070
Arch length (mm) –0.82 1.38 –0.78 0.89 –0.05 –0.72 to 0.63 0.889
Palatal depth (mm) –1.12 1.18 –0.58 1.28 –0.58 –1.33 to 0.18 0.131
Ic (o) 1.87 6.84 2.18 8.13 –1.33 –5.11 to 2.45 0.479
Ie (o) 1.75 5.83 4.32 6.05 –2.51 –6.87 to 1.84 0.247
I6 (o) 3.01 5.39 2.28 3.98 1.47 –0.66 to 3.60 0.170

CI, confidence interval; SD, standard deviation.
*Statistically significant at P\ 0.004 with Bonferroni correction.
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than the Hyrax expander (Table IV). In contrast, the
amount of expansion in the molar region was similar
in both groups (Table III). These findings confirm the
capability of the EDO in promoting a true differential
expansion when additional activations are performed
in the anterior screw. One potential advantage of this
differential effect may be the long-term stability. Previ-
ous longitudinal RME studies showed that the relapse of
intercanine expansion is greater than intermolar expan-
sion.15,16 Therefore, a greater overcorrection in
intercanine distance would be advisable to
longitudinally improve the intercanine expansion net
gain.

No differences were observed between the EDO and
the Hyrax expander for arch length and palatal depth
changes. The arch length slightly decreased
(–0.78 mm) in the Hyrax group (Table III). This finding
is in accordance with previous studies6,34,35 that found
decreases in the arch length of 0.40-1.03 mm after
conventional RME. Decrease in the arch length may be
associated with the slight palatal inclination of the
maxillary central incisors during the interincisal
diastema closure at the postexpansion period.36 The
palatal depth slightly decreased 0.81 mm after RME
with the EDO (Table III). This finding is in accordance
to the findings of previous studies1,37 and is associated
with the lowering of the maxillary palatine process
consequent to the outward tilting of the maxillary
halves.36 The EDO and the conventional Hyrax expander
promoted significant and similar increases in buccal
inclination of the posterior teeth (Table III). Similar find-
ings were observed in previous studies in patients with18

and without8,38 oral clefts. Buccal inclination of the
anchorage teeth is expected because they received the
released force of the expanders.39
American Journal of Orthodontics and Dentofacial Orthoped
No important difficulties were reported by the par-
ents in performing the activations of the expander
screws. This may be associated with the fact that parents
and patients of both groups had watched videos, devel-
oped by the authors, demonstrating how to correctly
activate the expander screws. The videos can be elec-
tronically accessed in the YouTube platform using the
following links: https://www.youtube.com/watch?v5cTK_
bR9FQmY and https://www.youtube.com/watch?v5
chEDnQOJ7KU for the EDO and the conventional Hyrax
expanders, respectively. However, patient- and parent-
centered outcomes should be further investigated
considering the EDO has 2 screws to be activated.

Limitations

In the present study, only 1 operator was responsible
for randomization, allocation concealment, and imple-
mentation. This may be a methodological limitation
because these steps of a patient's selection should be
performed by independent persons, different from those
involved in carrying out the study itself.40 However, the
risk of bias selection was considered low because recruit-
ment and allocation of participants started at least
30 days after randomization. This period probably was
enough to perform a blind allocation, even when it
was performed by the same operator.

Another limitation of the present study was the vari-
ation in posterior anchorage teeth. In the experimental
group, 91% of the patients had the bands adapted on
the first permanent molars, whereas 9% of the patients
had the second deciduous molars banded. In the com-
parison group, these frequencies were 87.50% and
13.63%, respectively. This variation was due to the
fact that some patients still had the distal aspect of the
first permanent molars covered by gingiva, whereas
ics January 2020 � Vol 157 � Issue 1

https://www.youtube.com/watch?v=cTK_bR9FQmY
https://www.youtube.com/watch?v=cTK_bR9FQmY
https://www.youtube.com/watch?v=cTK_bR9FQmY
https://www.youtube.com/watch?v=cTK_bR9FQmY
https://www.youtube.com/watch?v=chEDnQOJ7KU
https://www.youtube.com/watch?v=chEDnQOJ7KU


Table IV. Intragroup and intergroup differential expansion comparisons (paired t and t tests)

Variable

c-c
6-6

Intragroup
comparison Dif

Intergroup
comparison

Change SD CI 95% Change SD CI 95% P Mean SD P

Experimental group 6.30 2.18 1.64-3.22 3.61 1.65 1.22-2.27 \0.001* 2.69 2.35 \0.001*
Comparison group 3.42 1.16 0.87-1.77 3.74 1.03 0.88-1.59 0.170 0.32 1.18

Dif, difference; CI, confidence interval; SD, standard deviation.
*Statistically significant at P\ 0.05.

Fig 8. Superimposition of the mean maxillary dental arch shape before and after differential (A) and
conventional (B) rapid maxillary expansions.
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other patients had advanced root resorption of the sec-
ond deciduous molars. This limitation should have influ-
enced the outcomes observed for molar buccal
inclination and could be avoided if fully-erupted first
permanent molars had been considered as an inclusion
criterion during patients' recruitment.

In the present study, the orthopedic effect of the EDO
and of the conventional Hyrax expanders was assessed
using maxillary occlusal radiographs obtained immedi-
ately after expansion (T2). Although these images pro-
vided information to analyze the amount of midpalatal
suture opening, they did not allow the analysis of the
stability of skeletal outcomes in the long term. Cone-
beam computed tomography obtained before and after
RME could have provided a more complete appraisal
of the skeletal changes. However, cone-beam computed
tomography would not provide additional clinical
benefit for the patients who underwent RME alone
and would expose those individuals to greater doses of
ionizing radiation, with the unnecessary risks.

Another consideration is that this was a single-center
study. A multicentric study would increase the sample in
a shorter period and would increase validation of results
because the dentoskeletal effects of EDO and Hyrax
expander would be analyzed in different populations.
January 2020 � Vol 157 � Issue 1 American
Future single-center and multicentric studies should
compare the long-term stability of the EDO and conven-
tional RME expanders. The dentoskeletal effects of the
EDO in the permanent dentition should also be evalu-
ated.

Generalizability

The generalizability of these results might be
limited to children in the mixed dentition without cleft
lip and palate because expansion effects differ accord-
ing to age and presence of oral cleft. Additionally,
these results cannot be generalized to different types
of expanders or to the same expanders with slow acti-
vation protocols.

CONCLUSIONS

(1) In the mixed dentition, the EDO produced greater
anterior split of the midpalatal suture and greater
increase in the intercanine distance than the Hyrax
expander.

(2) Similarity between the EDO and the Hyrax
expander was observed for intermolar expansion,
arch perimeter increases, and posterior teeth buccal
inclination.
Journal of Orthodontics and Dentofacial Orthopedics
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(3) The EDO may be indicated for patients with a need
for greater maxillary intercanine expansion than
intermolar expansion.
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