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Transverse effects on the nasomaxillary complex
one year after rapid maxillary expansion as the only
intervention: A controlled study
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The aim of this study was to assess by means of cone-beam computed tomography (CBCT) scans the transverse ef-
fects on the nasomaxillary complex in patients submitted to rapid maxillary expansion (RME) using Haas expander
in comparison to untreated individuals. This prospective controlled clinical study assessed 30 subjects (18 boys
and 12 girls) with mixed dentition and during pubertal growth. The treated group was submitted to RME with
Haas expander, retention for six months and a six-month follow-up after removal. The control group matched the
treated group in terms of age and sex distribution. CBCT scans were taken at treatment onset and one year after the
expander was activated. Maxillary first molars (U6) width, right and left U6 angulation, maxillary alveolar width,
maxillary basal width, palatal alveolar width, palatal base width, right and left alveolar angulation, palatal area, nasal
base width, nasal cavity width and inferior nasal cavity area on the posterior, middle and anterior coronal slices were

®11.5, except for the first two variables which were performed only on

measured with Dolphin Imaging Software
the posterior slice. All transverse dimensions increased significantly (P < 0.05) in the treated group in comparison
to the control, except for alveolar angulation and inferior nasal cavity area (P > 0.05). Results suggest that increase
of molar, maxillary, palatal and nasal transverse dimensions was stable in comparison to the control group one year

after treatment with RME.
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Transverse effects on the nasomaxillary complex one year after rapid maxillary expansion as the only intervention: A controlled study

INTRODUCTION

Rapid maxillary expansion (RME) is the gold
standard treatment for correction of maxillary trans-
verse deficiency in primary, mixed and early perma-
nent dentition.! No other nonsurgical orthodontic
intervention has greater impact on nasomaxillary
development than this therapy when it is performed
during the growth period. RME applies force on
teeth and alveolar processes by activating the expan-
sion screw and, as a result, promoting the opening of
the midpalatal suture and widening the maxilla and
its associated structures.? Stability of the new trans-
verse dimension is a fundamental part of this treat-
ment, as it renders the retention phase as important
as the active phase.

In general, clinical studies have assessed dental
and skeletal effects immediately after RME or im-
mediately after the retention period.>* However, the
amount of relapse following a period without any
retainer 1s still unclear. Cameron et al® reported sta-
bility of increased maxillary and nasal widths 5 years
after RME, comparing an experimental to a control
group. Nevertheless, patients were also submitted to
nonextraction edgewise treatment after the reten-
tion period of RME. It is not possible to assess the
effects of RME alone if fixed orthodontic treatment
1s implemented, as the latter might cause transver-
sal changes. Cone-beam computed tomography
(CBCT) scans not only provide three-dimensional
(3D) visualization of the craniofacial complex, but
also allow accurate and reliable measurements of the
changes promoted by RME, without image super-
imposition or distortion.®’

The aim of this study was to assess by means of
CBCT scans the transverse changes on the naso-
maxillary complex of patients in mixed dentition
submitted to RME with Haas expander. Their sta-
bility at one year after treatment was also assessed in
comparison to a matched untreated control group.

MATERIAL AND METHODS

This prospective controlled clinical study was ap-
proved by the Federal University of Rio de Janeiro
Institutional Review Board (0044.0.239.000-11). It
assessed 30 subjects (18 males and 12 females with
mean age of 9 years and 4 months for men and 9
years and 7 months for women), admitted in the
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Department of Orthodontics of the Federal Univer-
sity of Rio de Janeiro. An informed consent form
was signed by all parents and/or guardians. In se-
lecting the sample, the following inclusion criteria
were applied: Early mixed dentition; Class I or II
malocclusions; patients at a stage prior to the puber-
tal growth peak (the stages of skeletal maturity were
CS1, CS2 or CS3, as evaluated by the Cervical Ver-
tebral Maturation method);® no systemic diseases;
and healthy dentition. Subjects who needed RME
therapy were included in the treated group, as they
presented posterior transverse interarch discrepancy
measured as the difference between maxillary and
mandibular intermolar widths.” Maxillary skeletal
transverse deficiency (distance from the J point to
the facial frontal line < 12 mm)' was confirmed for
all subjects comprising the treated group.

The RME group comprised 15 children (8 boys
and 7 girls, with a mean age of 9.6 years ranging from
7 years and 8 months to 11 years and 6 months) con-
secutively submitted to RME therapy with a Haas
expander (Fig 1). The appliances were standardized
with 0.047-in diameter stainless steel wires (Rocky
Mountain Orthodontics, Denver, CO, USA) and
welded to first molar bands and to deciduous first
molars whenever possible. Otherwise, the appliance
was bonded and had 11-mm expansion screws (Mag-
num 600.303.30, Dentaurum, Ispringen, Germany)
attached by means of self-curing acrylic resin. All pa-
tients were treated by the same operator. Haas acti-
vation protocol was used for children under 14 years
old." At delivery, the expander was activated one
complete turn (0.8 mm). After initial activation, pa-
tient’s parents were instructed to activate the expan-
sion screw daily, one-quarter of turn in the morning
and in the evening until the required expansion was
achieved (according to the individual skeletal defi-
ciency). Progress was weekly monitored during the
active phase. Mean screw activation was 7 mm (mini-
mum of 5.6 mm and maximum of 9 mm). The screw
was then stabilized with 0.012-in double thread liga-
ture and kept in place passively for 6 months of reten-
tion when the expander was removed. Patients were
followed up for the next 6 months.

The control group comprised 15 children (10 boys
and 5 girls) aged from 7 years and 6 months to 11 years
and 4 months (with a mean age of 9.4 years). They met
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Figure 1 - Haas tissue-borne expander.

all inclusion criteria and required no orthodontic
treatment until the following year.

Oral hygiene instructions were given to all pa-
tients. After the 6-month retention period, all pa-
tients in need of orthodontic intervention were
eventually treated in the Undergraduate Clinics of
the Department of Orthodontics and Pediatric Den-
tistry at the Federal University of Rio de Janeiro.

CBCT scans were taken at onset(T,) and one year
after RME (T,). A similar interval between scans
(T,-T,) was designed for the control group (the mean
interval was one year and 3 months for the treat-
ed group and one year and 4 months for the control
group). All scans were taken using the same machine
(i-CAT; Imaging Sciences International, Hatfield, PA,
USA) and following a standard protocol (120 KVp,
5 mA, 16x22 cm FOV and 0.4 mm voxel). During
scanning, all patients were in maximal intercuspation.

Scanning data at T, and T, were exported into DI-
COM format and imported into the analysis software
(Dolphin 3D® software, version 11.5, Dolphin Imag-
ing, Chatsworth, CA, USA). After importing, each
3D-volumetric data set was standardized using refer-
ence planes.*'? The axial plane intersected the right
and left orbital points as well as the right porion; the
coronal plane intersected the left and right porion, per-
pendicularly to the chosen axial plane; and the sagittal
plane intersected the nasion point, perpendicularly to
the chosen axial and coronal planes (Fig 2). This pro-
cedure was necessary to replicate the positions of the
3D-volumetric data set in T and T,.
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All CBCT scans were performed and analyzed
by the same examiner in a properly darkened room.
The scans were randomly selected and the examiner
was blinded for both group and phase of assessment.

Transverse measurements were performed in
three (posterior, middle and anterior) coronal slices.
The posterior slice intersected the distal cusp of the
right maxillary first molar (U6), the middle slice
and anterior slices were located more anteriorly to
the posterior slice, 10 mm and 15 mm, respectively
(Fig 3). Maxillary first molars (U6) width, right and
left U6 angulation, maxillary alveolar width, maxil-
lary basal width, palatal alveolar width, palatal base
width, right and left alveolar angulation, palatal
area, nasal base width, nasal cavity width and infe-
rior nasal cavity area were obtained on the posterior,
middle and anterior slices, except for the first two
measurements which were performed on the pos-
terior slice, only. Measurements are described in
Table 1 and Figure 4.

A statistical software (SPSS, version 17.0, SPSS
Inc, Chicago, Ill) was used for statistical analysis
with P < 0.05. Intraclass correlation coefficient test
(ICC) was applied to assess intraexaminer agree-
ment (95% confidence interval) for all variables.
Sixteen CBCT images were randomly selected and
all measurements were repeated within a one-week
interval. Descriptive statistical analysis (means and
standard deviations) was carried out for all variables
at T, and T,. After assessing normal data distribu-
tion (Kolmogorov—Smirnov test), paired Student’s
t-test was used to identify statistically significant
changes in each group. Comparisons of changes
over time between treated and control groups were
performed by unpaired t -test. Since multiple tests
were carried out, Benjamini-Hochberg procedure
was applied to avoid type I error (false positive).

RESULTS

Assessment of intraexaminer agreement test re-
vealed an ICC value > 0.92 for all measurements,
thereby demonstrating reproducibility of the CBCT
analysis. Mean measurement differences were con-
sidered clinically insignificant as they were less than
0.4 mm, 5.3 mm? and 1.3°.

Table 2 shows means, standard deviation (SD),
results of paired Student’s t-test and unpaired t-test
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Figure 3 - A) 3D visualization of coronal slices used to obtain the transverse measurements. B) Posterior coronal slice; C) Middle coronal slice and D) Anterior
coronal slice.
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Figure 4 - Posterior coronal slices illustrating all measurements taken
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Table 1 - Measurements description.

Measurements Description

U6-U6é width * (mm)

RU6 angulation * (°)

LU6 angulation *(°)

Maxillary alveolar width (mm)

Maxillary basal width (mm)

Distance between the middle fossa of right and left maxillary first molars (Fig 4A).

Angle formed between the line intersecting the tip of distobuccal cusp, the palatal root of right maxillary first molar

and the sagittal line (Fig 4C).

Angle formed between the line intersecting the tip of distobuccal cusp, the palatal root of left maxillary first molar

and the sagittal line.

Linear distance between right and left lower and most medial points of the buccal alveolar process (Fig 4A).

Linear distance between right and left points in the buccal alveolar contours of the maxilla intersecting a parallel line

to the axial plane tangent to the lower contours of the nasal cavity (Fig 4A).

Palatal alveolar width (mm)
Palatal base width (mm)
Right alveolar angulation (°)
Left alveolar angulation (°)

Palatal area (mm2)

Linear distance between right and left lower and most medial points of palatal alveolar process (Fig 4B).
Linear distance between the most lateral points of the palatal base (Fig 4B).
Angle formed between a line tangent to right palatal alveolar process and the sagittal line.
Angle formed between a line tangent to the left palatal alveolar process and the sagittal line. (Fig 4C).

Palatal vault cross-sectional area limited by the palatal base, right and left palatal alveolar processes and the line

passing by the right and left lower points of the palatal alveolar process. The area was calculated automatically by

Nasal base width (mm)
Nasal cavity width (mm)

Inferior nasal cavity area (mm?)

the software (Fig 4D).

Linear distance between right and left most lateral points of the lower contour of the nasal cavity (Fig 4B).
Linear distance between the most lateral points on the nasal cavity measured parallel to the axial plane (Fig 4B).

Inferior nasal cavity cross-sectional area limited by the nasal base, the lateral walls of the nasal cavity and a line

passing by the upper limit of the lowest nasal concha (Fig 4D).

* Taken on the posterior coronal slice, only.

for all measurements performed on the posterior,
middle and anterior coronal slices for both groups.

Maxillary first molar width was statistically sig-
nificant greater (2.76 mm) one year after RME in
comparison to the control group, even though U6
tipping had decreased significantly (RU6, -5.09°
and LUS6, -3.69°).

Maxillary alveolar width, basal width, and pala-
tal alveolar width were significantly increased in the
treated group compared to the control group in all
coronal slices. Palatal base width was statistically
significant increased in the treated group compared
to the control group only in posterior slices. Alve-
olar angulations did not change significantly in ei-
ther group. Palatal area was significantly greater in
the treated group, only.
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Regarding nasal cavity width and base width, the
treated group presented a significant increase com-
pared to the control group in all coronal slices. How-
ever, there were no significant changes in the inferior
nasal cavity compared to the control group (P > 0.05).

DISCUSSION

This prospective controlled clinical study as-
sessed the transverse changes promoted by RME on
the nasomaxillary complex one year after treatment
with Haas expander. This expander was used pas-
sively for a 6-month period as retention. No subse-
quent orthodontic therapy using fixed or removable
appliances was performed.

One year after RME, intermolar width was
2.75 mm greater in comparison to the control group,

Dental Press J Orthod. 2014 Sept-Oct;19(5):79-7



original

Transverse effects on the nasomaxillary complex one year after rapid maxillary expansion as the only intervention: A controlled study

Table 2 - Mean, standard deviation (SD), paired Student's t-test (T, x T,) and unpaired t-test results (treated x control) for measurements performed on the poste-
rior, middle and anterior coronal slices.

Treated group Control group RHE
control
T, T,
Variables Mean + SD P-value Mean + SD P-value P-value
U6-U6 width (mm) P 4394+26  4671+26 276+11  0.000%** 4710 + 2.7 4711+ 27 001+12 0.974 0.000%**
RU6 angulation (degrees) P 3585+44 3076+64 -509+47  0.002** 3670 + 4.9 3544 + 37 -1.26 + 36 0.390 0.035*
LU6 angulation (degrees) P 3454 +46 3085466 -369+50 0.021* 3757433 36.54 + 46 -1.02 + 4.0 0.549 0.154
Maxillary alveolar width (mm) P 5428 +2.8 59.03 + 35 474+ 21 0.000*** 5815+ 23 5811+ 29 -003+14 0.953 0.000***
Maxillary alveolar width (mm) M 4935+24  5383+29 448 +14  0.000*** 5397+ 26 5357+ 33 -0.39+09 0.271 0.000%**
Maxillary alveolar width (mm) A 4452 +33 4906+ 28 453+27  0000*** 5054+ 3.2 50.16 + 2.7 -0.37 + 14 0.561 0.000%**
Maxillary basal width (mm) p 6037+29 6302+ 36 265+ 15  0.000*** 6229 +23 6353+ 2.7 124+09 0.000***  0.010*
Maxillary basal width (mm) M 5853+121 5791+106 -0.62+46 0.653 62.86 + 8.2 5961473 -325+22 0.000%** 0.077
Maxillary basal width (mm) A 4232+71 4350+ 64 118+29 0.164 4881+ 5.2 45.75 + 4.0 -3.06+24  0.000***  0.000***
Palatal alveolar width (mm) P 2997 +26 3388+ 30 391+12  0000***  3268+23 3326 +22 0.58 + 0.9 0.112 0.000%**
Palatal alveolar width (mm) M 2726+31 3050 + 3.8 324426  0000%** 2999 +23 2948 + 1.9 -050 + 14 0.392 0.000%**
Palatal alveolar width (mm) A 2369+24 2738+27 368+22 0000%**  2801+22 2702+22 -099+22 0.254 0.000***
Palatal base width (mm) P 2205+37 2716+ 27 510+ 39  0.000%** 2576 + 2.7 2711+ 24 135+27 0.215 0.011*
Palatal base width (mm) M 1633+29 1869 +43 2.36 + 31 0.020* 20.10 + 31 20.18 + 31 0.08 + 34 0.984 0.102
Palatal base width (mm) A 1497 + 2.3 1707 + 5.2 2.09 + 4.8 0.148 1761+ 26 1681+ 36 -0.80+37 0.571 0.106
R alveolar angulation (degrees) P 2051+ 6.5 19.37 + 45 -114 4+ 6.3 0.546 3580 +71.8 1771+ 57 -1809 + 724 0550 0441
L alveolar angulation (degrees) P 1744 + 37 1881+ 53 136 +59 0440 3412 + 58.0 1845+53 -15.67 + 58.1 0.545 0.328
R alveolar angulation (degrees) M 2825+62 2790+86 -035+82 0.870 2271+6.1 2457 +10.2 1.86 + 8.2 0.587 0.510
L alveolar angulation (degrees) M 2811+ 762 2586 + 6.7 -225+68 0.259 2525+56 2479 + 6.1 -045+ 4.2 0.804 0447
R alveolar angulation (degrees) A 2728 + 8.1 3155+ 92 426 + 101 0.156 2357 +53 2432+ 71 075+ 6.1 0.816 0.327
L alveolar angulation (degrees) A 2705+94 2756 + 96 051+92 0.859 2590 + 56 2689+ 54 098 +51 0.618 0.864
Palatal area (mm?) P 26645+ 375 32676 +51.3 60.31+240 0.000*** 28166 +475 31402 +548 3235+ 277 0.000*** 0.079
Palatal area (mm?) M 24463 +416 288.05+594 4342 +405 0002** 27768 + 465 28599 +443 830+ 36.2 0.561 0.035*
Palatal area (mm?) A 18234+ 469 209.66 +59.5 -17250+461  0.059 259.80 + 457 23099 + 251 -24865+455 0.062 0.000***
Nasal base width (mm) p 2110 +23  2392+28 281+19  0.000%** 2327 +21 2309 +16 -017 +15 0.799 0.000%**
Nasal base width (mm) M 1875 +24  2081+25 2.05+ 2.2 0.006** 20.16 + 24 1973 + 2.0 -043+12 0.392 0.003**
Nasal base width (mm) A 1529 +44  1787+28 2.57 +40 0.039* 1775+ 26 1786 + 3.3 011+22 0.930 0.080
Nasal cavity width (mm) P 2568 +36 2779+ 42 211+ 10 0.000%** 2641+ 3.0 2697 +29 0.55+ 0.7 0.047*  0.000%**
Nasal cavity width (mm) M 26.67+32 2828+ 34 160+ 18  0.000%** 2791+ 29 28.28 +2.8 037+ 05 0.070 0.003**
Nasal cavity width (mm) A 2471+ 37 2648 +28 177 + 26 0.030* 2603 +27 2546 + 2.7 -057 + 1.0 0.114 0.007**
Inferior nasal cavity area
(mm?) P 27078 +69.2 31488 +90.0 44.10 +406 0.002** 26484 +700 30231+786 3746 +273 0.000*** 0.622
Inferior nasal cavity area (mm?) M 39431+ 780 43563 + 880 4131+558  0.020* 42372+929 47549+1029 5176+ 325 0.000*** 0.571
Inferior nasal cavity area (mm?) A 37520 + 92.2 429.09 + 1074 53.89 + 90.9 0.055 42810 + 1248 42056 +1193 -753+1122 0909 0.153
P: posterior slice; M: middle slice; A: anterior slice.
*P < 0.05 ** P<0.01 ***P < 0.001
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even though tipping had decreased significantly
(RU6, -5.09° and LU6, -3.69°). Patients with simi-
lar skeletal maturation (stages CS1 - CS3) were as-
sessed by means of posteroanterior cephalograms and
revealed an increase of 2.7 mm in maxillary inter-
molar width, which was significantly greater in com-
parison to the control group 5 years after RME (Haas
expander) and nonextraction edgewise treatment."
Lima et al"* used dental casts to assess short (one year)
and long-term (5 years) effects of RME associated
with Haas appliance during mixed dentition. Results
revealed an average increase of 5.64 mm in maxillary
arch width one year after treatment, with a relapse of
1.13 mm 5 years after treatment. However, no control
group was considered. This greater increase observed
in that study may be attributed to differences in the
retention protocol. They used the expander passively
for an average period of 5 months and after its re-
moval, a retention plate was used for at least one year.
In the present study, no other retainer was used after
removing the expander (after 6 months for retention).
Therefore, longer retention periods should be con-
sidered if wider maxillary arch is required.

RME has been the treatment of choice for many
orthodontists aiming to correct skeletal maxillary
constriction in growing patients.* Maxillary alveolar
and basal width significantly increased in the treated
group in all coronal slices. The mean increase of al-
veolar width was greater than 4.0 mm for all slices
in the treated group. Palatal expansion resulted in
widening of the maxilla, both in the posterior and
anterior portions.

This fact may be confirmed by the significantly
greater palatal alveolar width changes found in the
treated group (P: 3.91 mm; M: 3.24 mm; A: 3.68 mm)
compared to the control group (P: 0.58 mm; M: 0.50
mm; A: -0.99 mm). Nevertheless, palatal base width
changes were significantly greater in the posterior
slice, only (5.0 mm). Pangrazio-Kulbersh et al”® also
analyzed CBCT scans and found an increase of 3.2
mm (P = 0.001) in posterior palatal alveolar width in
the group tooth-borne expander with bands, whereas
the group with bonded tooth-borne expander had an
increase of 1.78 mm (P = 0.001). Tipping was ob-
served in both groups. On the other hand, assess-
ment was performed immediately after the removal
of the expander (6-month retention period) and some
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relapse was expected. The greater increase observed
one year after RME may be explained by the tissue-
borne expander (Haas) used in our study.

Successful results might probably be attributed
to the choice of the expander. The Haas expander
screw 1s immersed in acrylic pads in contact with
the palate, providing not only more anchorage dur-
ing RME, but also more stability of the palatal al-
veolar process changes in the retention period. No
significant changes were found in alveolar angula-
tion, thereby suggesting that the RME protocol in-
duced normal development. Modifications in pala-
tal widths may be explained by changes in palatal
shape: from triangular to square.'

Muchitsch et al” quantified changes in the pala-
tal vault area 6 months after RME with bonded ex-
panders. Their study used digital dental casts. The
mean increase of permanent first molar, deciduous
second molar and deciduous canine cross-sectional
areas was 20.46 mm?, 21.39 mm?and 20.39 mm?, re-
spectively. No control group was considered. In our
study, palatal area changes in the treated group were
greater than in the control groups (27.96 mm?,
35.12 mm? and 76.15 mm? in posterior, middle and
anterior slices, respectively). Importantly, the pal-
atal cross sectional areas determine the amount of
space available for the tongue, and for this reason,
affect its physiological function. Ozbek et al™ ob-
served higher tongue posture after RME in children
with no respiratory disturbances and stated that this
spontaneous alteration in tongue posture may be re-
lated to stability of RME.

A recent systematic review assessing the long-term
effects of RME on the airway dimensions of growing
children found moderate evidence of stability of trans-
verse increase promoted by RME within 11 months
after treatment."” Two studies reported an average in-
crease in nasal cavity width of 2.2 mm and 4.16 mm
11 months® and 5 years® after RME. Both studies
were performed with posteroanterior cephalograms.
One year after RME, our study found an increase of
2.81 mm, 2.05 mm and 2.57 mm in nasal base width
(posterior, middle and anterior slices, respectively) and
of 2.11 mm, 1.60 mm and 1.77 mm in nasal cavity
width (posterior, middle and anterior slices, respective-
ly). These increases were significantly higher in com-
parison to the control group. In assessing the increase
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in the inferior nasal cavity area, no significant difterence
was observed between treated and control groups. The
only CBCT study?' included in this systematic review"
assessed changes in retropalatal and retroglossal airways
volume after RME. They found no significant differ-
ence between treated and control groups; however,
maxillary width increased significantly in the RME
group. The authors stated that a possible bias in this ret-
rospective study was the absence of control over tongue
position when the CBCT scans were taken. In addition,
the software used in this study was considered highly
reliable, but with poor accuracy.” Our findings suggest
that RME also expands the nasal cavity, in which case
widening remains stable one year after treatment.

The literature indicates that RME produces an av-
erage of 50% skeletal and 50% dentoalveolar changes.?
Our results showed that skeletal effects were greater
than dentoalveolar effects one year after treatment. All
patients were at prepubertal stages of skeletal matura-
tion.* RME treatment timing proves to highly influ-
ence treatment effects. When RME is performed in
prepubertal subjects, it produces more skeletal trans-
verse changes than in postpubertal subjects."

CBCT is a scanning technique that provides higher
resolution measurements of the transverse dimensions
of the skeletal structure. Nevertheless, the everyday use
of CBCT is not recommended in orthodontic practice,
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since conventional radiographs deliver lower radiation
doses to patients. Even so, some orthodontic patients re-
quire posteroanterior and lateral cephalograms, as well as
panoramic, periapical, occlusal or bitewing radiographs.
According to Gibbs,* the effective dose for a full-mouth
radiographic survey and the sum of the eftective doses for
these images are similar or even higher than that of the
CBCT. Thus, CBCTs may be the best choice in some
cases. When 3D imaging is required in orthodontic prac-
tice, CBCT should be preferred over multi-slice CT.?
This study used CBCT scans because 3D evaluation was
also performed, as stated previously.*!>2¢:7

Therefore, our study rejected the tested hypoth-
esis that there were no differences in the transverse
changes of the nasomaxillary complex comparing
patients submitted to RME and untreated subjects.
One year after RME, the maxillary, palatal and na-
sal transverse dimensions were significantly increased
when compared to the control group. Long-term
clinical response demonstrated the efticacy and stabil-
ity of the RME protocol used to achieve nasomaxil-
lary transversal increase.

CONCLUSIONS

RME significantly increased molar, maxillary, palatal
and nasal widths in comparison to the control group,
thereby demonstrating stability one year after treatment.

Dental Press J Orthod. 2014 Sept-Oct;19(5):79-7



Baratieri CL, Alves Jr M, Mattos CT, Lau GWT, Nojima LI, Souza MMG

REFERENCES

10.

11.

12.

13.

Silva Filho OG, Boas CV, Capelozza LFO. Rapid maxillary expansion in the
primary and mixed dentitions: a cephalometric evaluation. Am J Orthod
Dentofacial Orthop. 1991;100(2):171-9.

Zimring JF, Isaacson RJ. Forces produced by rapid maxillary expansion.
Angle Orthod. 1965;35:178-86.

Ballanti F, Lione R, Baccetti T, Franchi L, Cozza P. Treatment and
posttreatment skeletal effects of rapid maxillary expansion investigated
with low-dose computed tomography in growing subjects. Am J Orthod
Dentofacial Orthop. 2010;138(3):311-7.

Baratieri C, Nojima LI, Alves Jr M, Souza MMG, Nojima MG. Transverse
effects of rapid maxillary expansion in Class Il malocclusion patients:

a cone-beam computed tomography study. Dental Press J Orthod.
2010;15(5):89-97.

Cameron CG, Franchi L, Baccetti T, McNamara JA. Long-term effects of
rapid maxillary expansion: a posteroanterior cephalometric evaluation.
Am J Orthod Dentofacial Orthop. 2002;121(2):129-35; quiz 193.

Grauer D, Cevidanes LSH, Styner MA, Heulfe I, Harmon ET, Zhu H, et al.
Accuracy and landmark error calculation using Cone-Beam Computed
Tomography generated cephalograms. Angle Orthod. 2010;80(2):286-94
Oliveira AEF, Cevidanes LHS, Phillips C, Motta A, Burke B, Tyndall D.
Observer reliability of three-dimensional cephalometric landmark
identification on cone-beam computerized tomography. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2009;107:256-65.

Baccetti T, Franchi L, McNamara Jr JA. The cervical vertebral maturation
(CVM) method for the assessment of optimal treatment timing in
dentofacial orthopedics. Semin Orthod. 2005;11(3):119- 29.

Tollaro |, Baccetti T, Franchi L, Tanasescu CD. Role of posterior
transverse interarch discrepancy in Class Il, Division 1 malocclusion
during the mixed dentition phase. Am J Orthod Dentofacial Orthop.
1996;110(4):417-22.

Ricketts RM. Perspectives in the clinical application of cephalometrics.
Angle Orthod. 1981;51(2):115-50.

Haas AJ. Palatal expansion: just the beginning of dentofacial orthopedics.
Am J Orthod. 1970;57(3):219-55.

Baratieri C, Alves Jr M, Sant’Anna EF, Nojima MdCG, Nojima LI. 3D
Mandibular positioning after rapid maxillary expansion in Class Il
malocclusion. Braz Dent J. 2011;22(5):428-34.

Baccetti T, Franchi L, Cameron CG, McNamara JA. Treatment timing for
rapid maxillary expansion. Angle Orthod. 2001;71(5):343-50.

© 2014 Dental Press Journal of Orthodontics

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

87

Lima AL, Lima Filho RMA, Bolognese AM. Long-term clinical outcome

of rapid maxillary expansion as the only treatment performed in class |
malocclusion. Angle Orthod. 2005;75(3):416-20.

Pangrazio-Kulbersh V, Wine P, Haughey M, Pajtas B, Kaczynski R. Cone
beam computed tomography evaluation of changes in the naso-maxillary
complex associated with two types of maxillary expanders. Angle Orthod.
2012;82(3):448-57.

Derech CDA, Locks A, Bolognese AM. Palatal configuration in Class Il
Division 1 malocclusion: a longitudinal study. Am J Orthod Dentofacial
Orthop. 2010;137(5):658-64.

Muchitsch AP, Winsauer H, Wendl B, Pichelmayer M, Kuljuh E, Szalay AMM.
Remodelling of the palatal dome following rapid maxillary expansion (RME):
laser scan-quantifications during a low growth period. Orthod Craniofac
Res. 2012;15(1):30-8.

Ozbek MM, Memikoglu UTT, Altug-Atac AT, Lowe AA. Stability of maxillary
expansion and tongue posture. Angle Orthod. 2009;79(2):214-20.

Baratieri C, Alves Jr M, Souza MMG, Araujo MTS, Maia LC. Does rapid
maxillary expansion have long-term effects on airway dimensions and
breathing? Am J Orthod Dentofacial Orthop. 2011;140(2):146-56.
Compadretti GC, Tasca I, Bonetti GA. Nasal airway measurements in children
treated by rapid maxillary expansion. Am J Rhinol. 2006;20(4):385-93.
Zhao Y, Nguyen M, Gohl E, Mah JK, Sameshima G, Enciso R. Oropharyngeal
airway changes after rapid palatal expansion evaluated with cone-beam
computed tomography. Am J Orthod Dentofacial Orthop. 2010;137(4
Suppl):S71-8.

ELH, Palomo JM. Measuring the airway in 3 dimensions: a reliability and
accuracy study. Am J Orthod Dentofacial Orthop. 2010;137(4 Suppl):S50.
el-9; discussion S50-2.

Garret BJ, Caruso JM, Rungcharassaeng K, Farrage JR, Kim JS, Taylor GD.
Skeletal effects to the maxilla after rapid maxillary expansion assessed with
cone-beam computed tomography. Am J Orthod Dentofacial Orthop.
2008;134(1):8-9.

Gibbs SJ. Effective dose equivalent and effective dose: comparison for
common projections in oral and maxillofacial radiology. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2000;90(4):538-45.

Silva MAG, Wolf U, Heinicke F, Bumann A, Visser H, Hirsch E. Cone-

beam computed tomography for routine orthodontic treatment

planning: a radiation dose evaluation. Am J Orthod Dentofacial Orthop.
2008;133(5):640.e1-5.

Dental Press J Orthod. 2014 Sept-Oct;19(5):79-7



