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Abstract: Background: Rapid maxillary expansion is a common therapy when a palatal transversal
discrepancy occurs. Different anchorage solutions have been proposed to obtain an effective skeletal
expansion, even for adult patients. The aim of the present research was to evaluate the dentoskeletal
effects of a hybrid expander and multi-bracket therapy, considering three groups of patients with
different cervical vertebral maturation (CVM) stages. Materials and Methods: The study evaluated
68 consecutively treated patients. The age of the patients varied from 7 to 27 years old (mean age
13.45). The sample was divided into the following three groups based on CVM stage at the start of
treatment: Group 1 (CS1-CS2) included 21 patients (mean age 10.21, SD 1.34), Group 2 (CS3-CS4)
included 28 patients (mean age 13.37, SD 1.37) and Group 3 (CS5-CS6) was composed of 19 patients
(mean age 17.14, SD 3.48). Each patient underwent orthodontic therapy where the first step was a
palatal expansion by means of a hybrid expander; afterwards, the therapy was completed with a
multi-bracket appliance. Expansion and torque values were observed at the end of treatment on
digital models. Results: Significant intragroup differences in transversal expansion were found
over time for all parameters in all groups. No significant differences were found among groups for
longitudinal changes. No significant differences were found among groups for longitudinal changes
of torque. Conclusions: The tooth-bone-borne maxillary expander and multi-bracket produced
a significant clinical expansion with negligible dental compensation. The effect of the maxillary
expansion and multi-bracket therapy showed no differences among the maturation groups in regard
to transversal diameter changes and torque values.

Keywords: maxillary expansion; hybrid expander; transversal expansion

1. Introduction

Transverse maxillary deficiency is a common orthodontic and orthopedic problem,
affecting patients with different characteristics [1-4], such as the posterior crossbite, either
mono-lateral or bilateral. The therapeutic effects include both dental and skeletal modifi-
cations [5-7], and these effects may vary considering the age of the patient [8-11] and the
therapy options.

The recent introduction of miniscrew-supported expanders has made alternatives
to the traditional tooth-borne device available. These alternatives include the hybrid
expander, including both dental and miniscrew support [12-14], and the bone-borne
expander without any dental support [15,16].

The use of miniscrew-supported expanders finds a rationale in those cases where the
obliteration of the palatal suture tends to be complete or, alternatively, when dental tipping
effects are undesired. In such cases, the use of dental-supported expanders would result in
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significant dental shifting [17]. Temporary anchorage devices inserted in the anterior palate
are extremely reliable, with a success rate of approximately 98% [18], and safe [19-21].

Recently published articles reported the potential of the hybrid expander in different
situations [22,23], but no studies have considered the effects of this approach at different
ages so far. The age at which the midpalatal suture ossifies and transverse palatal growth
ceases is extremely variable. Obliterations of the suture have been found in 16-year-old
females and 18-year-old males [24], but ossification has only been found in half of the
15- to 20-year-old population [25]. The earliest ossification of the midpalatal suture in a
21-year-old male has also been reported, whereas the oldest unossified midpalatal suture
was found in a 54-year-old patient. Ossification was observed in only 40 per cent of patients
aged between 23 and 30. It may be assumed that the obliteration of the midpalatal suture
in radiographs does not correlate with chronological age [26-28].

A palatine suture maturation staging method has been proposed to avoid the side
effects of rapid maxillary expansion failure [29], and correspondence with CVM stages has
been established as well [30].

The aim of the present research is to evaluate the dental-alveolar effects of a hybrid
expander and multi-bracket therapy in three groups of consecutively treated patients, di-
vided by CVM stages. The hypothesis is that different age and different skeletal maturation
stages can possibly alter the results of miniscrew-supported rapid maxillary expansion.

2. Materials and Methods

The present retrospective study was conducted on patients who were treated consec-
utively by the same operator. The collected data were anonymously recorded, and the
statistical analysis was conducted blindly (blindness was obtained by eliminating every
reference to the group from the elaboration file).

This study includes 116 initial patients, with ages ranging from 7 to 46 years (mean
age 14.51 years). The criteria adopted for the inclusion in the study were as follows: the
presence of maxillary transversal deficit; no previous orthodontic treatment; no orthog-
nathic surgery performed; no extractions; absence of agenesis, congenital pathologies and
cranio-maxillofacial malformations; use of a hybrid device for palatal expansion using
two miniscrews placed in the anterior area of the palate; and a complete set of pre- and
post-therapy models. Therapy was defined as treatment with maxillary expansion first and
subsequent multi-bracket therapy:.

Based on these criteria, 48 patients were excluded, and 68 were evaluated for the study.
The ages of the patients included in the study varied from 7 to 27 years old (mean age 13.45).
The sample was divided into three groups based on CVM stage at the start of treatment,
using the CVM method as an assessment of midpalatal suture maturation [24]. Group 1
(CS1-CS2) included 21 patients (mean age 10.21, SD 1.34), Group 2 (CS3-CS4) included
28 patients (mean age 13.37, SD 1.37) and Group 3 (CS5-CS6) was composed of 19 patients
(mean age 17.14, SD 3.48) (Figure 1).

TeleRx and STL models of dental arches were obtained for each patient, both at the
beginning and the end of the treatment.

Each patient underwent an orthodontic therapy where the first step was a palatal
expansion by means of a hybrid expander; afterwards, the therapy was completed with a
multi-bracket appliance (BioQuick, Forestadent, Germany).

The type of screw chosen for each device was Orthopal (8 mm length, 1.7 mm diameter).
The number of activations of the hybrid device varied from 1 to 3 activations per day.
Activation days varied from 7 to 23 days, until the operator was evaluated to have reached
a proper upper transversal dimension.

All the patients were treated with an MBT prescription bracket for the upper incisors
and standard Edgewise prescription for the posterior teeth.
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Inclusion criteria:

* Monolateral/bilateral 1 1 6
crossbite or trasverse
maxillary deficiency;

* No previous orthodontic l

treatments;
* No orthognathic surgery
performed;
* No congenital pathologies N= 68
or craniofacial
malformations Y=13.4+34
« Absence of agenesis; m= 29
* No extraction performed; f=39
« Use of an Hybrid

expander by the same
operator. / l \

Group 1 Group 2 Group 3

N=21 N=28 N=19
Y=10.21+1.34 Y=13.37 +1.36 Y=17.14 + 3.48
m=12 m=10 m=7

f=9 f=18 f=12

Figure 1. Study flow chart.

Expansion values were observed at the end of treatment on digital models.

The following dental elements of the upper jaw were considered in the evaluation
of the dental transversal variations: canine, premolars and first molar. Three points were
considered for each element:

e  Cusp: buccal cusp was considered. For the first molar, the point was placed on the
mesio-vestibular cusp.
Centroid: the center of the occlusal table.
Lingual point: the most palatal point at the level of the tooth collar.

The distance in millimeters (Figure 2) was calculated between the respective points on
the teeth of the contralateral arch on the 3D models, both pre- and post-treatment.

Figure 2. Centroid interdental distance, cusp interdental distance and lingual point interdental distance.

The measurements were performed by two operators. A sample of 10 patients was
examined to detect the accuracy of the measurements. Both operators evaluated the
cusp—cusp, centroid—centroid and lingual point-lingual point distances at the level of the
first upper molars. The obtained values were compared to each other, using Pearson’s cor-
relation index. A correlation index value equal to +1 indicates a perfect positive correlation.
A correlation index equal to 0.998 was obtained.

Dental torque values were observed at the end of treatment on digital models. The
torque value was obtained through the OnyxCeph software (https://onyxceph.eu/en/ Image
Instrument (accessed on 18 January 2024), Chemnitz, Germany) following these steps:

1. The crowns of the dental elements were selected with the ‘Segmentation” option.
2. When the crowns were selected, the following commands were entered: ‘Segment
crowns’ > ‘Separate crowns’ > ‘Complete separation’.


https://onyxceph.eu/en/
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3. Using the “Aligner’ option and selecting the ‘permanent teeth’ preference, the values
were obtained by the “Tooth movement’ command (Figure 3).
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Figure 3. Dental torque analysis trough segmentation.

According to Andrews’ definition, torque is the inclination of the crown, represented
by the angle between a vertical line perpendicular to the occlusal plane and a tangent
passing through the center of the crown on the buccal face (i.e., the facial axis point, or FA).
Graphic tests were carried out to ensure the reliability of the program used for this study.
The following operations were performed on a sample of 10 random patients:

4. The segmented STL models were opened in OnyxCeph (Image Instrument, Chemnitz,
Germany).

5. Using the ‘Segmentation” tool, the soft tissues and all the dental elements were
removed from the model except for element 11 and element 26.

6.  The file was uploaded to Paint (Microsoft, Redmond, WA, USA). The occlusal plane
and the vertical straight line perpendicular to the horizontal plane were drawn.

7. The plans were checked with the options ‘Show’ > ‘Scale” of Paint program (Microsoft,
Redmond, WA, USA).

8. The FA point, according to Andrews, was positioned in the center of the crown.

9.  The tangent was drawn at the center of the crown on the vestibular face.

10. The image was then added to an online program to calculate angles (https://www.
ginifab.com/feeds/angle_measurement/online_protractor.it-it.php, accessed on 1
June 2022), where it was possible to measure the angle between the vertical line and
the tangent to the center of the crown on the vestibular face.

Element 26 has been kept as a reference for the occlusal plane, while element 11 has
been measured.

An intraclass correlation test was performed between the values obtained using the
OnyxCeph software (https://onyxceph.eu/en/, accessed on 18 January 2024) and the
values obtained using the graphic method. The intraclass correlation coefficient (ICC)
obtained was 0.9134.

Sample Size

Nineteen patients achieved 80% power to detect a difference of 2.02 mm in terms of
intercuspal width at the first molar, with a significance level (alpha) of 0.05 using a two-sided
paired t-test and assuming a standard deviation of 2.9 mm (data on post-treatment, intercuspal
molar width were found in [1]; calculations were performed with the R v3.4.2 software).
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3. Results
Statistical Analysis

Data were checked for normality. Continuous variables are given as means =+ standard
deviations (SD) and medians with interquartile range, and categorical variables are shown
as the number or percentage of subjects.

The baseline differences among the groups were tested with one-way analysis of
variance with group as a factor, or with the Kruskal-Wallis test.

Intragroup differences over time were tested with a paired ¢-test or Wilcoxon’s signed-
rank test. One-way analysis of variance, or the Kruskal-Wallis test, was performed again to
investigate the association of differences over time with the groups. Post hoc comparisons
were carried out with the Bonferroni method.

Differences with a p-value < 0.05 were selected as significant. Data were acquired and
analyzed in the R v3.4.4 software [31].

Data from 68 patients were analyzed. The mean age was 13.4 years. The minimum
age was 7 years, and the maximum age was 27 years. The mean therapy duration was
16.5 months. The demographic and clinical characteristics of the groups are shown in
Table 1. No miniscrew failures were observed.

Table 1. Demographic and clinical characteristics of groups. M: male; F: female.

Group 1 (CS1-CS2) Group 2 (CS3-CS4) Group 3 (CS5-CS6)
N 21 28 19
Sex

M 12 10 7

F 9 18 12
Age (years) 10.21 +1.34 13.37 £ 1.36 17.14 + 348
Mean nominal expansion (mm) 713 £1.27 7.73 +1.84 8.04 +1.98
Mean activation time (days) 12.86 +2.29 13.93 +2.84 14.21 +2.53
Mean treatment duration (months) 21.96 £ 11.47 14.16 +5.12 14.11 +6.29
Mean time difference of superimposed 28.98 + 13.75 19.78 + 8.48 17.31 + 28.09

models (months)

The mean amount of activation of the expansion screw was 7.63 £ 1.74 mm (range,
3-13.8 mm), and the duration of the expansion ranged from 7 to 23 days.

The baseline parameter differences between groups are shown in Tables 2 and 3. No
significant differences were found at baseline, except for III cent and VI L (p = 0.015 and
0.031, respectively), and for the torque of 1.6 (p = 0.047).

Table 2. Baseline characteristics of transverse measurements in whole population (N = 68).
C: cuspid; Cent: centroid; L: lingual. Results are expressed as mean + standard deviation or median
[interquartile range]; p-value = one-way analysis of variance with group as factor, or Kruskal-Wallis
test p-value. Post hoc multiple comparisons report the Bonferroni method p-value.

Intergroup
Group 1 (CS1-CS2) Group 2 (CS3-CS4) Group 3 (CS5-CS6)
p-Value
N 21 28 19
III (mm)

C 31.34 £2.27 33.18 £2.78 32.20 £2.47 0.141

0.015

cent 28.16 = 1.84 30.16 4= 2.48 28.29 +1.71 Group 1 vs. Group 2:0.036

Group 1 vs. Group 3: 1.000
Group 2 vs. Group 3: 0.043
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Table 2. Cont.

Intergroup
Group 1 (CS1-CS2) Group 2 (CS3-CS4) Group 3 (CS5-CS6)
p-Value
L 25.32 +£2.32 25.82 £ 2.37 24.76 £ 2.04 0.298
V (mm)
C 44.77 +2.09 43.42 £+ 3.41 42.86 + 3.08 0.607
cent 39.18 £ 1.97 38.42 £ 3.09 37.73 £2.77 0.624
L 30.14 £+ 1.90 29.93 £+ 2.64 29.45 4+ 2.32 0.798
VI (mm)
C 46.99 [45.40, 50.28] 48.26 [47.47, 49.45] 48.74 [47.21, 50.87] 0.130
cent 42.61 £ 3.07 44.15 4+ 2.07 4421 4+ 2.34 0.063
0.031
L 30.57 £2.29 31.97 £1.90 32.16 £2.15 Group 1 vs. Group 2: 0.071
Group 1 vs. Group 3: 0.058
Group 2 vs. Group 3: 1.000
Table 3. Baseline characteristics of torque measurements in whole population (N = 68). Results are
expressed as mean =+ standard deviation or median [interquartile range]; p-value = one-way analysis
of variance with group as factor, or Kruskal-Wallis test p-value. Post hoc multiple comparisons report
the Bonferroni method p-value.
Intergroup
Group 1 (CS1-CS2) Group 2 (CS3-CS4) Group 3 (CS5-CS6)
p-Value
N 21 28 19
Torque (°)
0.047
1.6 —-11.99 £4.13 —12.35 £ 8.36 —16.63 £5.39 Group 1 vs. Group 2: 1.000
Group 1 vs. Group 3: 0.083
Group 2 vs. Group 3: 0.090
1.5 —9.56 £ 5.97 —10.24 £6.70 —11.19 £9.18 0.884
14 —15.40 [-17.00, —9.45] —11.05[-15.72, —8.03]  —18.60 [—22.40, —9.43] 0.073
1.3 3.48 +6.06 3.69 +7.18 1.94 £ 8.59 0.744
2.3 1.44 + 5.07 3.10 £ 6.69 212 £9.98 0.810
2.4 —15.94 + 4.07 —11.81 + 6.94 —14.99 £7.49 0.137
2.5 —7.50 £ 6.42 —7.69 £7.12 —9.09 £7.49 0.811
2.6 —11.82 +£7.25 —11.97 £ 7.56 —13.65 £ 5.45 0.648

In terms of transversal expansion, significant intragroup differences over time were
found for all parameters in all groups (Table 4).
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Table 4. Differences over time in expansion measurements (N = 68). Results are expressed as
mean =+ standard deviation or median [interquartile range]; intergroup p-value = one-way analysis of
variance with group as factor or Kruskal-Wallis test p-value. Intragroup T1-TO0 p-value = paired ¢-test
p-value, or Wilcoxon’s signed rank test p-value. III: canine; IV: first premolar; V: second premolar; VI

first molar.

Group 1 (CS1-CS2) Group 2 (CS3-CS4) Group 3 (CS5-CS6) Intergroup
T1-TO T1-TO T1-TO p-Value
N 21 28 19
III (mm)
C 3.31 +£294 1.61 4+ 2.02 224 +1.78
p-value 0.002 0.003 <0.001 0120
cent 3.13[2.56, 4.55] 1.32[0.48, 3.04] 2.17[1.36, 3.01]
p-value 0.001 <0.001 <0.001 0112
L 2.05 + 2.09 1.42 +1.48 2.35 4+ 1.33
p-value 0.004 0.001 <0.001 0276
IV (mm)
C 6.00 +2.28 4.75 + 2.67 5.48 + 1.69
p-value <0.001 <0.001 <0.001 0227
cent 5.30 [4.29, 6.29] 4.16 [3.02, 5.12] 4.90 [3.84, 6.08]
p-value <0.001 <0.001 <0.001 0122
L 3.93[2.81, 6.05] 3.52 [2.83, 4.50] 4.33[3.16, 5.39]
p-value <0.001 <0.001 <0.001 0557
V (mm)
C 6.30 + 1.37 543 +2.12 5.41 +2.49
p-value 0.015 <0.001 <0.001 0809
cent 542 + 1.54 4.73 +£2.01 4.72 +2.20
p-value 0.026 <0.001 <0.001 0855
L 458 +1.74 4.26 +1.68 423 +1.78
p-value 0.045 <0.001 <0.001 0947
VI (mm)
C 3.65 £ 2.15 3.67 £ 1.56 3.82 +£1.71
p-value <0.001 <0.001 <0.001 0950
cent 2.79 +1.87 2.81 + 148 3.02 + 1.76
p-value <0.001 <0.001 <0.001 0.859
L 3.46 [2.42, 4.56] 2.90 [2.28, 3.39] 3.25[1.95, 4.08]
p-value <0.001 <0.001 <0.001 0529

No significant differences were found among groups in regard to longitudinal changes.
Significant intragroup differences over time were found for the torque of 1.5 in Group
2 (p = 0.009) and Group 3 (p < 0.001), for the torque of 1.4 in Group 3 (p = 0.001), for the
torque of 2.4 in Group 1 (p = 0.006), Group 2 (p = 0.036) and Group 3 (p = 0.005) and for the
torque of 2.5 in Group 2 (p = 0.028, Table 5). No significant differences were found among

groups with regard to longitudinal changes of torque.
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Table 5. Differences over time in torque measurements (N = 68). Results are expressed as mean +
standard deviation or median [interquartile range]; intergroup p-value = one-way analysis of variance
with group as factor or Kruskal-Wallis test p-value. Intragroup T1-T0 p-value = paired t-test p-value,
or Wilcoxon’s signed rank test p-value.

Group 1 (CS1-CS2) Group 2 (CS3-CS4) Group 3 (CS5-CS6) Intergroup
T1-TO T1-TO T1-TO p-Value
N 21 28 19
Torque (°)

1.6 —0.60 + 4.76 —2.17 + 843 —0.62 +5.43

p-value 0.567 0.185 0.624 0642
15 8.04 + 7.21 4.25 +6.90 6.32 + 6.63

p-value 0.067 0.009 <0.001 0.434
14 4.00 [1.55, 11.35] 1.65 [—2.35, 8.35] 5.20 [2.10, 9.35]

p-value 0.083 0.161 0.001 0216
1.3 —0.40 [-1.12, 4.70] ~1.35[-7.98,2.52] —0.75[-3.85, 0.62]

p-value 1.000 0.284 0.338 0736
2.3 2.70 [—4.45, 5.60] —2.80 [—4.60, 1.40] —2.20 [~7.00, 3.00]

p-value 0.765 0.194 0.145 0.438
2.4 6.99 + 6.66 2.50 +5.99 5.45 +7.54

p-value 0.006 0.036 0.005 0119
25 1.30 + 2.05 4114819 2.09 +7.22

p-value 0.387 0.028 0.224 0643
2.6 —0.08 £7.77 ~1.72 + 6,51 ~1.42 + 646

p-value 0.965 0.173 0.35 069

4. Discussion

The objective of the present study was to evaluate the differences, if any, between the
different CVM-stage groups of patients who underwent the same therapeutical protocol,
including the use of a tooth-bone-borne maxillary expander and multi-bracket therapy.

4.1. Treatment Effects at Different CVM Stages

The recent appearance of miniscrew-supported palatal expanders, both tooth-bone-
borne (tooth and miniscrews) and bone-borne devices, has widened the opportunity to
correct transversal maxillary deficiency in adult patients. Previously published articles
suggested that the midpalatal suture interdigitation becomes closer with age and skeletal
maturity [32,33]. They report that routine clinical applications of tooth-borne expanders
are limited to younger and growing patients, with a different device design. The use
of skeletal anchorage with two or four miniscrews as points of resistance to the applied
expansion force allows a skeletal effect in adult patients as well, with minimum or negligible
dental compensation.

Studies conducted using CBCT to measure maxillary expansion in adult patients
produced different results, compared to tooth-borne palatal expanders with miniscrew-
supported devices. Molar-supporting expanders allow dentoalveolar expansion with
significant molar buccal inclination (3.65° Lin et al.) and maxillary bending of 3.65°,
resulting in a poor skeletal effect. Bone-borne devices showed limited dental and maxillary
bending, allowing a significant bone expansion at the sutural level [12,18]. These results
are similar to those found in the present study, where the expansion produced almost
no effect on the first molar torque values (values ranged between —0.08 to 2.15). More
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changes were found at the premolar level, with values as high as 8.05°, but even at this
level, no differences were found among the three groups. At the canine level, no significant
differences were found intergroup or over time, except for the right canine in Group 1,
which showed an approximately 9° change.

Effects of hybrid expanders on young and older patients were evaluated by Vassar
et al. in 2016, comparing CBCTs before and after appliance removal; the therapy proved
to be effective and gave positive skeletal effects with mild molar tipping, even though the
older subjects appeared to have more dental tipping [34]. The tooth-bone-borne appliance
could provide a more skeletally directed force vector and produce positive effects in
>16-year-old patients as well. In contrast with those results, the analysis between groups in
the present study showed no statistically significant differences at any level, considering
both the torque values and the transversal parameters. This outcome suggests that, even
in Group 3, an efficient maxillary expansion can be achieved. Note that no miniscrew
failures were registered in the whole sample. Even considering the mean values of the
transversal changes over time, a similar expansion was observed at the level of the first
molars, and a one-millimeter-higher value was observed in Group 1 (10-year-old patients)
compared to Group 3 patients (17 years) at the canine level. These differences to previously
published articles may be related to the use of digital models instead of CBCT analysis.
Interestingly, even the torque values of the first molars showed no differences over time
among groups. It was noticed that the torque values determine a transversal component
that can be trigonometrically derived.

Baccetti et al. compared CVM 1-3 and CVM 4-6 patients treated with a Haas expander
and multi-bracket therapy, and found that, in the long run, the group treated later had
no permanent increase in the skeletal width of the maxilla [8]. Thus, a significant part of
the expansion was a dentoalveolar effect. This result was different for the early treated
group, where, in the long run, the same therapy produced permanent increases in the
transverse dimensions, both dental and skeletal. These results are in contrast with the data
obtained in the present study, where no differences were reported among groups for any
of the evaluated parameters. The type of anchorage, dental or skeletal, using temporary
anchorage devices, could play a fundamental role in determining such differences.

A recently published clinical trial showed that examining the effect of the tooth-bone-
borne appliance on younger patients found no evident clinically significant differences be-
tween the tooth-borne appliance and tooth-bone-borne devices 1 year after expansion [35].

The overall approach regarding which anchorage is better when addressing a maxillary
expansion could be as follows. For mixed-dentition patients, a conventional tooth-borne
appliance led to optimum maxillary skeletal expansion. In permanent-dentition patients
less than 20 years old, tooth-bone-borne or bone-borne appliances guarantee an efficient
skeletal expansion with negligible dental effects and a high success rate.

4.2. Limits of the Study

To evaluate the therapy effects on the maxillary expansion, measurements were con-
ducted on digital models at different levels: canine, premolars and molars. A CBCT analysis
could be a more detailed instrument for detecting the maxillary skeletal effect properly.
Torque values were recorded before and after treatment to complete the data analysis on
dental movement and evaluate dental tipping after this therapy. No data can be extracted
for the expander effect only, since the whole therapy was considered.

Groups were established according to the CVM method [8]: CVM 1-2: Group 1, CVM
3—4: Group 2 and CVM 5-6: Group 3. Earlier CVM stages (CS1, CS2 and CS3) can be
used as reliable indicators for the absence of fusion of the midpalatal suture. However,
this approach could have some limits regarding the efficacy of identifying a partial or
total suture obliteration in post-pubertal patients (CS4 and CS5) for whom an individual
assessment of the midpalatal suture with CBCT would be a more reliable option. However,
the widespread use of CBCT before and after expansion is questionable.
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5. Conclusions
The results of the present study lead to the following conclusions:

e  The tooth-bone-borne maxillary expander produced a significant clinical expansion
with negligible dental compensation.

e  Dental compensation and torque values after expansion and multi-bracket therapy
were similar among the three maturation groups.

o  The effects of maxillary expansion and multi-bracket therapy showed no differences in
terms of transversal diameter changes and torque values among maturation groups.
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