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1 | INTRODUCTION

Transverse discrepancy between maxillary and mandibular arches

often produces posterior crossbite, representing one of the most
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Abstract

Objective: The aim of this study was to evaluate changes in shape of the palatal vault
after maxillary expansion with hyrax expander (HE) and leaf expander (LE), using 3D
Geometric Morphometric Analysis.

Setting and Sample Population: Overall, 250 patients (110M, 140F) with maxillary
transverse deficiency were selected for this study. In this study, 127 subjects were
treated with HE, 123 with LE.

Materials and Methods: Digital dental models were obtained pre-treatment (TO) and
after 12 months from the cementation of the device (T1) and processed by means of a
digital scanner. Linear and morphometric analyses were conducted to determine the
effects of each appliance on dental measurements and palatal shape, and a multiple
linear regression was performed to analyse the influence of anchorage and appliance
type on final shape.

Results: Morphometric analysis showed that there was a lowering of the palatal vault
in the HE group, while in the LE group it remained unchanged: the difference in palatal
shape at time TO and T1 was statistically significant in both treatments (HE vs. LE). In
the HE group, the change in shape also included the upper part of the palatal vault in
the vertical dimension, while in the LE group the change in shape interested mainly
palatal shelves and the lower portion of the palate.

Conclusions: Both LE and HE produce clinically significant changes in the morphology

of the palatal vault.

KEYWORDS
geometric morphometric analysis, malocclusion, orthodontics, palatal expansion, transverse
deficiency

frequent malocclusions in mixed dentition with a prevalence of
7%-23%.12
When it occurs unilaterally, posterior crossbite shows a functional

shift of the mandible towards the crossbite side, due to a maxillary
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constriction which leads to teeth interferences in maximum intercus-
pation: in this situation, molar relationship will be asymmetric, with a
Class Il on the crossbite side and a Class | or a Class Il on the opposite
side, and a consequent shift of the inferior midline to the side of the
crosshite.® Shift can lead to the development of craniofacial asym-
metries in adulthood if not treated early.*>

Systematic reviews have demonstrated that Rapid Maxillary
Expansion (RME) is a useful and consolidated technique to correct
maxillary transverse deficiency,”"6 because it eliminates occlusal in-
terferences and allows a harmonic growth of skeletal structures.®

Also, Slow Maxillary Expansion (SME) can be used in growing
patients.” While with RME there is an immediate midpalatal suture
separation, due to heavy and intermittent forces used for a short
time, SME is obtained by using lower forces for a longer time,® with
different slow protocols depending on the type of device used.

According to the literature, RME seems to represent the most
validated and consolidated treatment for posterior crossbite, be-
cause it not only maximizes skeletal effects’ but also it can have
many possible side effects like relapse of the expansion, tipping of
the molar axes, bone loss and root resorption.7’1o'12

On the contrary, SME has been revaluated because it produces
a graduate sutural separation, reducing post-expansion relapse and
allowing greater stability.*®

Similar to SME protocol, leaf expander is a new device character-
ized by a double nickel titanium leaf spring in addition to a midline
jackscrew: the screw is preactivated in laboratory and generate 3mm
of expansion, then the orthodontist can activate it by compressing
the leaf springs, generating a constant force (450 or 900g based on
the screw chosen and the clinician's decision) and avoiding patient's
compliance. Moreover, the pain perceived during the expansion
seems to be lower, because the design of the leaf screw allows a
slow and continuous activation, reducing the forces transmitted to
the sutural complex and the consequent inflammatory process.“’15
Previous studies have demonstrated that leaf expander creates less
discomfort for the patient and less pain during the first days of acti-
vation, and it allows also a better oral hygiene.14 Furthermore, many
recent studies have demonstrated that RME and leaf expander re-
sult in similar clinical outcomes.16718

Many previous studies have been carried on referring to linear
or angular measurements to investigate the effects of both RME

and SME on the maxillary complex,**’

20,21

using plaster and digital
models or radiographies like occlusal,?® laterolateral?? and pos-
teroanterior?®: all these data sets rely on the two dimensions of the
space and require research to analyse many measurements at the
same time to have a right interpretation of morphological changes.

Nowadays, the development of technology has introduced
new possibilities of analyses in the three spatial dimensions: digital
models and CBCT imaging?* permit to obtain three-dimensional im-
ages of craniofacial skeleton, allowing clinicians to evaluate better
orthodontic treatment using 3D geometric morphometric analysis
(GMA) 2526

This analysis allows one to directly visualize shape changes asim-
ages, with illustrations that regard morphological differences in their
anatomical context?: in this way, GMA can be considered a useful

tool also applied in orthodontics and to describe shape variation be-
tween individuals.

In most studies in the literature, changes in the dental arches and
skeletal expansion are analysed and a little relevance is given to 3D
changes in the palate with a morphological approach. Instead, it is
very important to evaluate the changes in palatal shape, especially
in relation to the functional aspect of the tongue and the functions
in which it is involved (swallowing, phonation, chewing, breathing).

Only a few studies have analysed morphological changes in the
maxilla after expansion?’ as assessed by GMA. 42>

The aim of this study was to evaluate changes of the shape of
the palatal vault after expansion comparing patients with intermax-
illary discrepancy treated with hyrax type expander (HE) with those
treated with leaf expander, using 3D morphometric analysis and
GMA approach in order to illustrate with a morphological method

the differences in palatal shape between the two devices.

2 | MATERIALS AND METHODS

This is a retrospective study, and it evaluates digital dental casts of
growing patients orthodontically treated before and after treatment.
The sample was collected using the database of the Department of
Orthodontics, University of Genoa and in collaboration with the
University of Milan and University of Brescia. The study was con-
ducted in agreement with the Helsinki declaration (version, 2008).
Ethics Committee University of Milan n. 51/21. The parents or the
legal guardians of each subject of the sample had to accept an in-
formed written consent before the beginning of dental treatment.
The study included 250 patients, both males (110) and females (140),

all with maxillary transverse deficiency, divided into two groups:

e HE group, consisting of 127 patients treated with hyrax type ex-
pander with rapid protocol;
e LE group, consisting of 123 patients treated with leaf expander.

There is no consensus in the literature on the methods for calcu-

1.28inare-

lating sample sizes for morphometric studies. Cardini et a
cent and voluminous study demonstrated the validity of calculating
average shapes even with small samples. Farnell?? has also empha-
sized the fundamental importance of having balanced groups when
using PCA analyses with multiple groups. Based on these consider-
ations and a previously published pilot study,* we believe that our
sample may be representative.

Sample was selected following some inclusion criteria:

e Early orintermediate mixed dentition - Stage 2 according to Bjork
classification with incisors fully erupted®°;

e First molars fully erupted, both primary and second deciduous
molars preserved;

e CSV1-3;

o Angle Class | or Il malocclusion (as defined by Proffit®?);

e Unilateral or bilateral posterior crosshite and maxillary constric-
tion (intermolar width <30 mm);
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e Crowding in the upper arch;

e No previous orthodontic treatments.

Subjects with craniofacial abnormalities, Angle Class Ill maloc-
clusion, TMJ disorders, previous extraction or surgical treatments,
untreated caries on second deciduous molars or incomplete or
wrong scan and documentation were excluded.

Both hyrax expander and leaf expander were anchored either on
the second deciduous molars (164) or on the first permanent molars
(86), with an anterior arm up to the canines and a screw of 6mm -
450g. Hyrax expander was activated twice a day, with 0.2 mm of ex-
pansion for each activation; leaf expander was instead preactivated
of 3mm in laboratory, then is activated with 10 turns after 10 weeks,
other 10 turns after 4weeks and other 10 turns after 4 weeks.>? At
the end of the activations, both the two devices were left in situ
and removed after a period of 9-11months, according to the clin-
ical needs. The expansion was clinically reached in all the subjects
treated, even if the specific amount of expansion in each single case
was not evaluated.

Digital dental models were obtained pre-treatment (TO) and after
12months from the cementation of the device (T1) and processed by
means of an intraoral scanner: 3Shape D250 (3Shape, Copenhagen,
Denmark); the appliances have been removed before running the
second scan.

The validity and precision of the scanner are both of +0.05mm.

2.1 | Linear analyses
The following distances were used for the linear analyses:

e Cuspids: linear distance between apexes of maxillary deciduous
cuspids.

e 1° bicuspids: linear distance between apexes of vestibular cusp of
permanent first bicuspids or mesio-vestibular cusp of first decid-
uous molars.

e 2° bicuspids: linear distance between apexes of vestibular cusp of
permanent second bicuspids or mesio-vestibular cusp of second
deciduous molars.

e Molar linear: distance between apexes of vestibular cusp of per-
manent first molar.

e Arch rise: trigonometric distance of the midpoint between the
two medial points of the central incisors and a straight line pass-
ing through the two mesial points of the first upper molars.

e Perimeter: sum of 5 linear distances: distal margin of first right
molar to distal margin of right cuspid, distal margin of right cuspid
to distal margin of right first incisor, distal margin of right first in-
cisor to distal margin of left first incisor, distal margin of left first
incisor to distal margin of left cuspid, distal margin of left cuspid

to distal margin of left first molar.

All analyses were conducted on the ‘differences’ at time T1 and
TO identified in each patient (delta=d). The differences between the

¥ —WILEYJ—?’

two devices were tested using Student's t-test on all identified mea-
surements. The differences introduced by each appliance in trans-
verse diameters were tested by comparing the effect on molars with
that on canines and second deciduous molars (Student's t-test).

To establish the influence of the type of anchorage, a multiple
linear regression was performed as follows:

d-molar = d-cuspid + AppType + Anchorage.

2.2 | Morphometric analysis

The analysis of the three-dimensional images of the palates was car-
ried out using Viewbox software (Dhal Software). Some landmarks
were inserted to define the perimeter of the palatal vault (12 land-
marks), the posterior perimeter (three landmarks) and the midline
(two landmarks). The surface of the palate was studied by applying
222 semilandmarks on the palatal vault. A total of 239 points were
analysed.

After performing the generalized procrustes superimposition
(GPS)®® with all subjects involved in the study, the mean of four sub-
groups was calculated: patients treated with hyrax expander (HE)
at time O (HE-TQ), patients treated with HE at time T1 (HE-T1), pa-
tients treated with leaf expander (LE) at time TO (LE-TO), and patients
treated with LE at time T1 (LE-T1).

A between-group principal component analysis (bg-PCA) was
performed to compare the four groups. Goodall's F-test was used to
test the difference between time TO and T1 in the two treatments.

A multiple linear regression was performed to analyse the influ-
ence of anchorage and appliance type on the final shape. As the de-
pendent variable, the coordinates of all palates at T1 were used after
a new GPS. As independent variables, the variables ‘anchorage and
type of treatment’ and the variables ‘sex and cuspidTO’ were added

as possible confounders. The regression thus resulted in:

T1-Coord = anchorage type + treatment type + sex + cuspidTO.

3 | RESULTS
3.1 | Linearanalyses

Table 1 shows the differences due to the two types of treatment.
The variables molar, premolar and canine diameter were compared
at TO and no significant differences were found. The only measure
found to be statistically different is the height of the palatal vault:
while in LE patients it remains unchanged, in HE patients there is a
lowering of the palatal vault.

With regard to the changes introduced by the individual devices
(Table 2) in the HE group, there were no differences between the ex-
pansion obtained on the molars and that obtained on the canines or
second deciduous molars. In the LE group, the expansion obtained on
molars is significantly greater than that obtained on second decidu-
ous molars, but not greater than that obtained on canines. However,
molars and canines are two anchor points of both the devices.
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TABLE 1 The differences between TO and T1 of linear distances
analysed. The two appliances have been compared with t-test. The
p-values of the tests are reported in this table.

Hyrax expander Leaf expander

Variables Mean SE Mean SE p-Value
Cuspids 4.09 0.22 4.06 0.25 .92

1° bicuspid 4.70 0.22 4.57 0.26 71

2° bicuspid 493 0.22 4.41 0.26 13
First molar 4.13 0.37 3.49 0.26 16
Arch rise -0.33 0.32 0.51 0.16 .02*
Perimeter 3.50 0.83 3.92 0.34 .64

*p<.05.

TABLE 2 Differences between molar expansions and other
linear measurements analysed. A t-test has been conducted to test
the significance of the differences. The p-values of the tests are
reported in this table.

Hyrax expander Leaf expander

Variables

compared to Mean Mean

‘molar’ difference p-Value difference p-Value

Cuspids 0.04 93 -0.61 .10

1° bicuspids -0.57 .18 -1.09 .01*

2° bicuspids -0.80 .07 -0.92 .01*
*p<.05.

The results of the multiple linear regression (Table 3) show that
for the same expansion (d-cuspid), neither the type of equipment nor
the type of anchorage changes the amount of expansion obtained

on the molars.

3.2 | Morphometric analysis

Figure 1 shows in comparison the mean shapes of the four groups
after superposition. Figure 2 shows the bg-PCA results. In the
HE group, the difference between time TO and T1 consists of a
change in shape described by both Principal Component 1 (PC1)
and Principal Component 2 (PC2). The differences described by
PC2 are not present in patients treated with the leaf expander;
instead, the differences described by PC1 are present, although in
smaller quantities compared to the hyrax expander. In particular,
PC1 describes changes in the lower portion of the palate and in
the palatal shelves in a transverse direction and in the anterior
portion of the palate in a sagittal direction. PC2 shows a change
in shape including mainly the upper part of the palatal vault and in
the vertical dimension.

The difference in shapes at time TO and T1 is statistically signifi-
cant for both treatments (Goodall's F-test less than 0.05).

Table 4 shows the results of the multiple linear model. Although
sex and cuspidTO were reported as possible confounders, sex was

TABLE 3 Results from multilinear regression. The dependent
variable is the degree of expansion at molars. Independent
variables were degree of expansion at cuspids, type of anchorage
and type of treatment.

Ind. variables Coef. SE F P> (F)
Cuspids 0.48 0.08 592 0.01
Anchorage 0.05 0.47 0.11 0.9
Treatment -0.65 0.44 0.14 0.14
Residuals 211 0.49

:tt" Yan
343
pov

3

oy

Leaf Expander

FIGURE 1 Comparison between the average forms of the four
groups after the procrustean superimposition: HE-TO in violet, HE-
T1 in yellow, LE-TO in blue and LE-T1 in pink.

not statistically significant. On the other hand, the relationships be-
tween anchorage type and shape at time T1 and the type of treat-

ment chosen were statistically significant.

4 | DISCUSSION

The correction of maxillary contraction has been reached in all pa-
tients both in the HE group and in the LE group, and the two treat-
ments seemed to be equally effective in the resolution of maxillary
transverse deficiency, as reported in the literature. In fact, the two
appliances do not show significant differences from a clinical point

1617 it we observe their effects on maxillary expansion, even

of view,
if they work differently: HE is characterized by a jack screw, the ac-
tivation of which generates an intermittent and heavy force neces-
sary to open the midpalatal suture, while LE has two or more leaf
springs in nickel titanium which return to their original form during
deactivation, producing a calibrate expansion of the upper arch and

generating light and constant forces.*?
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LEAF EXPANDER

Principal component 2

-0,04 -0,02 0,00 0,02 0,04 0,06
Principal component 1
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RAPID PALATAL EXPANDER

Principal component 2
L ]

-0,04
0,04 -0,02 0,00 0,02 0,04 0,06

Principal component 1

FIGURE 2 The PC1 describes changes in the lower portion of the palate and in the palatal shelves in the transverse sense and in the
anterior portion in the sagittal sense. The PC2 shows a change in shape that mainly affects the upper part of the palatal vault and the
vertical dimension. The red dots refer to the shape before treatment, the green dots refer to the shape after treatment.

TABLE 4 Results from the multiple linear regression. The
dependent variables are palatal vault shapes at T1. Anchorage is a
two-parameter factor (second deciduous molar or first permanent
molar). Sex is a two-parameter factor (male or female). Treatment
is a two-parameter factor (hyrax expander or leaf expander).
CuspidTO is a numerical continuous variable (Cuspids distance at
TO).

Ind. variables Mean squares F Pr(>F)
Anchorage 0.02 2.69 0.01
Sex 0.005 0.70 0.65
Treatment 0.105 13.97 <0.01
CuspidTO 0.04 3.30 0.01
Res. 0.0076

According to the previous study,?” this research demonstrates
that palatal form difference TO-T1 in both HE and LE groups is sta-
tistically significant (Goodall's F-test <0.05), so both the two appli-
ances are effective treatments for maxillary expansion,®* and both
modify palatal morphology (Figure 1).

The morphometric analysis has shown these results: in the HE
group, the change in shape is described by both Principal Component
1 (PC1) and Principal Component 2 (PC2), where PC1 describes
changes in the palatal shelves and in the lower portion of the pal-
ate in a transverse direction and in the anterior portion in a sagittal

direction, while PC2 describes mainly the vertical dimension of the
palatal vault (Figure 2).

Transversal changes are significant both in the HE group and in
the LE group, as indicated by PC1, while vertical changes are signifi-
cant only in the HE group (PC2).

With regard to the differences of linear analysis (intermolar dis-
tance, intercanine distance, inter-first and second deciduous molars
distance, perimeter of the arch and arch depth in the sagittal sense)
due to the two types of treatment, the only measure found to be
statistically different is the arch rise.

As many previous studies*?>% have already demonstrated, mor-
phometric analysis seems to be a useful research tool to evaluate fields
that normally can't be observed using linear traditional analysis: the
major effect of expansion treatment on the palate morphology deter-
mines a significant transversal expansion with a lowering of the palatal
vault, with a consequent increased functional space for the tongue.

Hyrax expander has more efficacy to determine a vertical re-
modelling of the palatal vault but there is no significant difference
on the amount of expansion reached: the protocols analysed have
produced the same mean amount of expansion on molars, deciduous
molars and canines.%¢

According to the literature, the two devices work in a superim-
posable way despite the difference in activation.'*”32 The clinical
differences in the results are minimal and it appears that the major
differences are not due to the activation protocol but to the anchor-
ing factor, which will be the subject of future investigation.
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The relationships between anchorage type and shape at time
T1 and the type of treatment chosen were statistically significant
(p<.01), while gender is not significant (p=.65).

This is confirmed by a precedent study37 that suggests that the
anchorage on second deciduous molars determines a more effective
skeletal expansion with less dentoalveolar compensation, producing
a greater effect on palatal vault than the anchorage on first molars,
both in the HE and in the LE group. Consequently, there is a major
and more stable expansion in the anterior zone of the palatal vault,
despite of an anchorage on first molars, in which the increased an-
gulation of the elements 1.6 and 2.6 shows a more dentoalveolar
compensation: this finding is supported by other studies that ex-

I°® and tooth-bone'® anchored devices, which

amined both denta
demonstrated more substantial expansion in the anterior area of the
palate and a distal rotation of the maxillary first molars, likely due to
the varied placement of the screw.?

With regard to the different types of anchorage, this study has
shown that no differences have been observed between the ex-
pansion obtained on the molars and that obtained on the canines,
both in the HE and LE groups. The expansion obtained with the an-
chorage on first molars seems to be apparently greater than that
obtained when the anchorage was on second deciduous molars, this
because there is more dental compensation due to dental displace-
ment following the hypothetical loss of anchorage; however, the an-
chorage on first molars determines less effect on the palatal vault,
as previously reported.

The multiple linear regression shows that neither the type of ap-
pliance nor the type of anchorage has changed the amount of expan-
sion obtained on the molars: using the anchorage as a confounder,
the two types of treatment are equally effective, and they have a
statistically significant influence on the final shape of the palate.

A linear analysis focused explicitly on the type of the anchorage
of the device used could be useful to better understand this topic
in future studies, and to visualize the differences in shape of palatal
vault after the two treatments. This represents one of the limits of
our study, in addition to its retrospective structure.

5 | CONCLUSIONS
The conclusions of this study can be described as follows:

e The difference in palatal shape at time TO and T1 is statistically
significant in both treatment (hyrax expander vs. leaf expander) ac-
cording to morphometric analysis: in the hyrax expander group, the
change in shape also include the upper part of the palatal vaultin the
vertical dimension, while in leaf expander group the change in shape
interests mainly palatal shelves and the lower portion of the palate.

e Appliances anchored on first molars determine less effect on the
palatal vault. The second deciduous molars have proven to be
a more effective anchorage in relation to changes in the palatal

vault.

e Both hyrax expander and leaf expander improve the morphology
of the palate, clinically resulting in an improvement in the func-

tional space for the tongue.

Based on the data presented, the choice of which type of appli-
ance is better to use is still linked to the orthodontist's experience,*?
depending on what goals the clinician wants to achieve, and it should
be evaluated on the single patient, in order to choose a device able
not only to reach a good expansion but also based on other import-
ant variables for the success of an effective, efficient and appro-
priate treatment: the need for patient or parents' compliance, the
discomfort perceived and the difficulties in maintaining a good oral
hygiene.
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