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Abstract
Introduction: Rapid maxillary expansion (RME) for the treatment of maxillary deficiency
and posterior crossbite may induce changes in the vertical dimension. Expanders with
occlusal splints have been developed to minimize unwanted vertical effects. Objective:
This preliminary study used cephalometric radiographs to evaluate the vertical effects of
RME using a Hyrax appliance in children with maxillary deficiency. Method: Twentysix patients (11 boys; mean age = 8 years and 5 months) with maxillary deficiency and
posterior crossbite were treated using a Hyrax appliance with an acrylic occlusal splint.
Radiographs and cephalometric studies were performed before the beginning of the treatment (T1) and after RME active time (T2), at a mean interval of 7 months. Results were
compared with normative values. Results and Conclusions: At the end of treatment, there
were no statistically significant changes, and measurements were similar to the normative
values. Data showed that there were no significant effects on vertical growth, which suggests that appliances with occlusal splints may be used to correct transverse deficiencies
regardless of the patient’s growth pattern.
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Introduction
Rapid maxillary expansion (RME) has been
used to correct cases of maxillary deficiency
and posterior crossbite in growing patients. The
incidence of this type of malocclusion among
children ranges from 7 to 23%, and RME has
become a usual procedure in orthodontics.
Conventional RME results in midpalatal suture opening,16,29 increase of basal bone width
and dental arch perimeter,1,13 and decrease of
airflow resistance.10,15,19 However, treatment of
transverse maxillary deficiencies using palatal
expanders may have unwanted effects on the
sagittal and vertical planes.5
Studies that evaluated radiographs and dental casts found that the maxilla moves forward
and downward,10,12,16,29 the maxillary molars extrude,4,11,26,27 the mandibular plane angle4,12,13,26,29
and, consequently, the total facial height increases.4,10,14,27 However, other studies demonstrated
that, although there were no statistical differences
regarding the forward movement of the maxilla,
the mandible and the palatal plane rotated clockwise.1,10,11,26 A systematic review of the long-term
effects of RME18 concluded that there were no
significant anteroposterior or vertical changes in
the maxilla or mandible.
Several methods have been developed for
RME,15,19,21,28 such as the bonded Hyrax developed by McNamara and Brudon19 (a Hyrax with
an acrylic splint bonded to the occlusal surface
of posterior teeth) to minimize the vertical effects of conventional expansion appliances.
The comparison of banded and bonded expanders revealed less forward and downward
movement of the maxilla when the bonded appliance was used, which suggests that it should
be used to minimize the unwanted vertical effects of RME.3,25 According to Garib et al,14 the
side effects of RME with no vertical control are
not significant in the long term, which do not
contraindicate this treatment for patients with
vertical growth pattern.
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Despite the several studies in this area1,3,
4,8,9,10,13,14,18,25,26,29
, there is still a controversy if
bonded expanders provide vertical control. The
aim of this preliminary study was to evaluate
the cephalometric vertical effects of RME with
a bonded Hyrax in children with transverse
maxillary deficiency. Results were compared
with normative follow-up values of dentofacial
growth and development in untreated children.
Material and Methods
Sample selection
Twenty-six children (11 boys), with mean age
of 8 years and 5 months (range = 6 years and
11 months to 10 years and 11 months) were included in this study. They all sought treatment
in the Department of Orthodontics of the Ribeirão Preto Dental School, São Paulo University
(FORP-USP). The inclusion criteria were good
general and oral health, no caries or periodontal
disease, erupted permanent maxillary and mandibular first molars, transverse maxillary deficiency and uni- or bilateral posterior crossbite. This
study was approved by the Ethics Committee of
the São Paulo University.
Occlusal radiographs were obtained to confirm the opening of the palatal suture after
expansion, and lateral cephalograms were obtained before and after treatment for the analysis of vertical effects.
Modified Hyrax appliance
A bonded Hyrax (a rapid palatal expander
with an acrylic occlusal splint) was used for
RME, similar to the one described by McNamara
and Brudon19 (Fig 1). The appliance was adjusted
to the patient’s mouth to obtain the highest possible number of occlusal contact points.
The enamel was etched with 37% phosphoric
acid gel (Unitek/3M, St. Paul, MN, USA) on the
buccal and lingual surfaces of the posterior teeth.
After that, a primer (Single Bond, Unitek/3M,
St. Paul, MN, USA) was used and light cured for
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FigurE 1 - Bonded Hyrax expander with acrylic occlusal splint used in
this study.

FigurE 2 - Cephalogram showing the landmarks, lines, planes and
cephalometric measurements used in this study.

15 seconds. A dual-cure resin cement (Rely X,
Unitek/3M, St. Paul, MN, USA) was then applied
on the internal surface of the acrylic splint and
immediately placed in the patient’s mouth. After
removing the excess, the resin was light-cured for
40 seconds, as recommended by the manufacturer.
Patients and parents received hygiene and
appliance activation instructions (2 turns per
day). The expansion phase was weekly monitored up to the point of crossbite overcorrection. The opening of midpalatal suture was
confirmed through occlusal radiographs. The
appliance was then fixed using acrylic resin and
remained as a retainer for 107 days.

between T1 to T2 was 7 months. All cephalograms
were traced by the same examiner. Based on conventional cephalometric analysis (Steiner, Downs,
Tweed, Ricketts, USP, Unicamp,) available in Radiocef software (Radio Memory, Belo Horizonte/
BH, Brazil), we developed our own analytical
method using 9 angles and 3 linear measurements
(Fig 2) to evaluate the vertical bone changes and
the facial height after the treatment.
Statistical analysis
To evaluate the error of method, 12 cephalograms were traced twice by the same examiner at
an interval of at least 3 hours. The Pearson (r) correlation test and a t-test for r were used to statistically compare the values. Results were described
and compared as means and standard deviations
using a paired t-test. Statistical significance was
tested at p≤ 0.05. To define whether treatment affected the vertical dimension in our experimental
group, the values obtained for this sample were
compared to a group of untreated patients.7,24

Cephalometric analysis
The cephalograms were obtained and scanned
by only one technician in the Laboratory of Dental
Radiographic Analysis and Control (LACIRO) of
FORP-USP at two time points: before treatment
(T1) and immediately after the removal of the expansion appliance (T2). The mean time interval
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Results
There was a high correlation (r ≥ 0.99) between repeated measurements to evaluate the
error of method, with a great significance for r
(p<0.001).
Comparison of angular and linear cephalometric measurements in the vertical plane
between T1 and T2 revealed that the changes
were not statistically significant (Table 1), and
that there was no change in vertical growth
pattern. Although there was no significance,
the greatest variation was found in the anterior
facial height (AFH), with the mean difference
between T1 and T2 of 0.5958 mm.
According to the Bolton’s7 dentofacial growth
and development standards, FMA and SN-GoGn
values for children of 8 years of age are 26.2º and
31.6º, respectively, with a small reduction of these
angles every year. The mandibular plane angle

(FMA) established by Ricketts24 is about 28º at 3
years of age, with a 1º reduction every 3 years up
to maturity. Therefore, at 8 years of age (a compatible phase with the mean initial age of this sample),
FMA should be about 26º. The mean FMA angle
in our sample was 26º at T1 and 26.2º at T2. Although there was an increase in the mean value
of SN-GoGn angle when compared to the Bolton
standards (37.06º at T1 and 36.80º at T2), there
were no significant changes in this angle. Taken all
together, the data suggested that there were no
changes in the vertical growth of the mandible.
Moreover, the linear values used in this sample (AFH, UpAFH and LoAFH) were greater
than the Bolton’s7 standards. However, they
were balanced between them, with a small but
not statistically significant increase between T1
and T2, which is in agreement with the variations described by that author.

tablE 1 - Descriptive statistics of cephalometric variables before and after treatment.
Measurements

Before treatment
(T1)

After treatment
(T2)

Difference
(T2-T1)

Paired t test

mean

SD

mean

SD

mean

SD

p values

SNOcl

20.0415

4.0931

20.1308

4.3207

0.0893

1.5746

0.775

SNGoMe

39.1738

5.2802

38.8958

5.2642

-0.2781

1.7458

0.424

GoGnOcl

17.0535

2.7608

16.7096

2.4922

-0.3439

1.7366

0.322

FMA

26.0965

4.4902

26.2550

4.5948

0.1585

1.4388

0.579

SNGn

69.0262

4.5551

68.7873

4.5124

-0.2389

1.1776

0.311

SNGoGn

37.0612

5.2509

36.8019

5.2126

-0.2593

1.7869

0.466

SNPP

6.8831

2.7199

6.7908

2.8008

-0.0923

1.7113

0.786

PPGoGn

30.1196

4.0914

30.0346

4.1125

-0.0850

2.1920

0.845

PPPoOr

4.1850

2.7565

3.8612

2.7186

-0.3238

1.4011

0.250

AFH

108.5315

4.8511

109.1273

5.1055

0.5958

1.8994

0.122

UpAFH

45.6777

2.8383

46.0577

3.0975

0.3800

1.2889

0.145

LoAFH

62.8527

3.7512

63.0704

3.9912

0.2177

1.5093

0.469
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Discussion
Different expanders with occlusal splints
have been proposed19,21,28 to avoid changes in
the vertical dimension when using banded appliances10,11,14,16,17,27,29 and the unfavorable effect
on patient’s facial height.3,11,19,25,28 The appliance described by McNamara and Brudon19 was
chosen for this study because it is widely used
in orthodontics, it is easy to manufacture and it
is more hygienic.
The cephalometric measurements used in
this study evaluated the vertical growth pattern of the patients. The focus was in the anterior facial height, and maxillary and occlusal
plane tipping, relatively to the cranial base and
the mandible, respectively. There was no control group in this study, and some of the results
were compared with normative follow-up values for growth without orthodontic treatment.
The lack of statistical significance in the
vertical measurements between T1 and T2
demonstrated the maintaining of the vertical
pattern in the evaluated group. These results
are in agreement with those reported by previous studies,3,19,23,25 which did not find any side
effects on the vertical plane when bonded expanders were used, one of the great advantages
of this type of treatment. These findings might
be associated with the fact that appliances
with an acrylic occlusal splint may prevent
alveolar growth, excessive eruption of anchorage teeth, tilting of the alveolar processes and,
consequently, buccal movement of maxillary
posterior teeth.3,19,21,25,28 In contrast, clockwise
mandibular rotation in response to RME was
seen in other studies3,6 using banded and bonded appliances. In both cases, the explanation
was in the buccal movement of the anchorage
teeth. Such mandibular rotation was not confirmed in this study, and may be assigned to
the skeletal resistance between the maxillary
segments that did not allow a symmetrical expansion of the maxilla.3,8
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It can be suggested that the decrease of
the palatal plane angle in relation to the cranial base (SN-PP) might be resulted from the
downward displacement of the posterior region
of the maxilla,3,10,25 rather than from the upward displacement of the anterior region. The
downward and forward maxillary movement
after RME, also reported by Haas,16 resulted
from the fact that this procedure is traumatic
and causes fractures along the maxillary tuberosity, which facilitated such movements.20
Although several studies found statistically
and clinically significant short-term changes in the
vertical dimension of patients with banded expansion appliances,10,11,14,16,17,27,29 we believe that these
changes are not significant in the long run, and
the procedure should not be contraindicated for
patients with a vertical growth pattern.14
The results of this study suggested that vertical changes after RME with occlusal splint also
have no statistical and clinical significance. As
the means found in this study were similar to
normative values,7,24 we believe that the bonded
Hyrax might be a good option for the correction
of transverse maxillary deficiency, regardless of
vertical dimension or facial pattern.
This is a preliminary study of the vertical
effects of palatal expansion using an expander with occlusal splints. As it is a longitudinal
study, other patients, as well as a control group,
are still being followed up. This sample selection was based only on maxillary transverse dimension and did not take into consideration aspects associated with growth pattern. Further
studies with a standardized sample should be
conducted to clarify the benefits of expansion
appliances with occlusal splints for patients
with a vertical growth pattern.
Conclusions
The results of this study and their comparison with normative dentofacial growth
and development values revealed that the
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of bonded Hyrax. Therefore, this type of appliance may be an alternative for the correction of posterior crossbite in individuals with
a vertical growth pattern.

changes in the vertical plane are not statistically significant, which suggests that the vertical growth of patients that undergo this type
of treatment does not change due to the use
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