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CBCT of skeletal changes following rapid maxillary expansion to increase
arch-length with a development-dependent bonded or banded appliance
Ryuzo Kanomia; Toru Deguchib; Eriko Kakunoa; Teruko Takano-Yamamotoc; W. Eugene Robertsd
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both skeletal and dental structures have been widely
investigated.2–9 RME is usually used to correct crossbite and to eliminate crowding by increasing the
maxillary arch circumference, and it may improve
nasal respiration.2,10–12 However, problems such as
dental and/or alveolar tipping, periodontal (gingival)
recession, dental extrusion, and anterior open-bite are
common concerns.13–15
Traditionally, the effects of RME are evaluated using
casts and/or two-dimensional (2D) radiographs, but
reproducibility of 2D radiographs is problematic, and
overlapping images are difficult to assess.16–18 Conebeam computed tomography (CBCT) provides more
accurate and reproducible imaging19,20 for assessing all
craniofacial skeletal structures, including the circummaxillary sutures.21–23
Common RME appliances are the bonded (McNamara type)24–27 and the tooth banded (Hyrax type).28
Analysis of both casts and cephalometrics have been
used to compare these two appliances.14,29,30 However,

INTRODUCTION
Since rapid maxillary expansion (RME) was first
introduced by Angell in 1860,1 the effects of RME on
Private practice, Himeji, Japan.
Associate Professor, Division of Orthodontics, Tohoku
University Graduate School of Dentistry, Sendai-City, Miyagi,
Japan.
c
Professor, Division of Orthodontics and Dentofacial Orthopedics, Tohoku University Graduate School of Dentistry, SendaiCity, Miyagi, Japan.
d
Professor Emeritus of Orthodontics, Adj. Professor Mechanical Engineering, Indiana University and Purdue University at
Indianapolis, Indianapolis, IN.
Corresponding author: W. Eugene Roberts, DDS, PhD,
Indiana University and Purdue University at Indianapolis, 1121
West Michigan Street, Indianapolis, IN 46202
(e-mail: werobert@iupui.edu)
a
b

Accepted: January 2013. Submitted: August 2012.
Published Online: March 14, 2013
G 2013 by The EH Angle Education and Research Foundation,
Inc.
DOI: 10.2319/082012-669.1

851

Angle Orthodontist, Vol 83, No 5, 2013

Downloaded from http://meridian.allenpress.com/doi/pdf/10.2319/082012-669.1 by guest on 14 August 2022

ABSTRACT
Objective: To assess the three-dimensional (3D) skeletal response to a standardized 5 mm of
rapid maxillary expansion (RME) in growing children (6–15 years) with maxillary width deficiency
and crowding.
Materials and Methods: A bonded appliance was used prior to the eruption of the maxillary first
premolars (Mx4s), and a banded appliance was used thereafter. A consecutive sample of 89
patients (29 boys and 60 girls) from a large pediatric dentistry and orthodontics practice was
divided into four groups: 1) 6–8 years old (n 5 26), 2) 9–11 years old with unerupted Mx4s (n 5 21),
3) 9–11 years with erupted Mx4s (n 5 23), and 4) 12–15 years (n 5 19). For all patients, the 3D
evaluation of dental and skeletal effects was performed with cone-beam computed tomography
(CBCT).
Results: For both appliances in all patients, CBCT confirmed a triangular pattern of expansion in
both the frontal and sagittal planes. Overall, both appliances produced significant maxillary
expansion (.80% of the 5-mm activation), but older children showed a progressively more dental
(less skeletal) response. Comparison of the two types of expanders in the crossover sample,
children aged 9–11 years, showed that the bonded RME produced the most efficient
skeletal expansion in the preadolescent sample. Increased maxillary width at the level of
the zygomaticomaxillary suture was the best indicator for development of maxillary arch
circumference.
Conclusion: Development-dependent appliances (bonded RPE before Mx4s erupt, and a banded
device thereafter) provided optimal RME treatment for all children from age 6–15 years. (Angle
Orthod. 2013;83:851–857.)
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no studies have controlled for developmental timing of
treatment to select the optimal appliance for each
patient. Reportedly, RME in younger patients results in
a greater orthopedic effect with less dental tipping,31,32
but there has been no direct comparison to older
patients treated with the same standardized activation.
There are no studies of consecutive patients sampled
throughout the usual period of conservative treatment,
which is from the early transitional to the early permanent dentition (age 6–15 years).
There are many 2D reports indicating a nonparallel,
triangular expansion pattern: greater expansion in
the anterior rather than the posterior dimension.19,20,33
However, there have been only a few studies that have
focused on the effects of RME on craniofacial sutures
by evaluating the frontal (coronal) dimension.34–37
Overall, the present literature review suggests the
bonded appliance is the optimal appliance before the
maxillary first premolars (Mx4s) erupt, and the banded
expander is more desirable thereafter. The aim of this
study is to quantitatively evaluate the efficiency of a
standardized activation (5 mm) in a consecutive series
of children (6–15 years) treated with a developmentappropriate appliance.

was a McNamara-type RME, and the banded
appliance was a Hyrax-type RME (Figure 1).
A consecutive sample of 89 patients (29 boys and
60 girls with a mean age of 10 years 2 months 6
2 years 0 months) was divided into four groups: 1)
6–8 years (n 5 26), 2) 9–11 years with insufficiently
erupted Mx4s (n 5 21), 3) 9–11 years with sufficiently
erupted Mx4s (n 5 23), and 4) 12–15 years (n 5 19).
The expansion screw was turned .025 mm twice a
day for 10 days or until 5 mm of activation was
achieved. The postactivation retention time was 5 to
6 months; bone formation in the expanded midpalatal
suture was confirmed with occlusal radiographs. A bihelix appliance was used for all patients to expand the
lower dental arch to maintain coordination of the
arches.
The Alphard-3030 (Asahi Roentgen Ind Co Ltd,
Kyoto, Japan) was used to obtain CBCT images
before (T1) and after the retention period when the
expander was removed (T2). The CT scans were
performed at 80 Kv and 2mA, with a scan time of
17 seconds and voxel dimensions of 0.39 3 0.39 3
0.39 mm. The data for each patient were evaluated
with stereotaxic three-dimensional (3D)-CT software
produced by Imagnosis (Orlando, Fla). Both right and
left inferior borders of the infraorbital foramina and the
midpoint between right and left superior borders of the
external auditory canals were used as reference points
(Figure 2A). The plane constructed by these three
reference points was used as a reference plane
(Figure 2B). The coronal plane was through the cusp
tip of the most anterior maxillary first molar, perpendicular to the FH and midsagittal planes. All measurements were performed by a single examiner (Dr
Kanomi). As shown in Figure 3, distances were
measured between the following bilateral structures:

MATERIALS AND METHODS
The consecutive sample was retrospectively
drawn from all children age 6–15 years presenting
for treatment at a large private practice providing
both pediatric dentistry and orthodontics services.
The study was approved by the institutional review
board of Tohoku University #12–21. In the practice
studied, patients 6–15 years of age with crowding
(#6 mm), associated with moderate maxillary
constriction, are usually treated with 5 mm of rapid
palatal expander (RPE). Inclusion criteria were:
mixed or early permanent dentition, symmetric
sagittal position of maxillary first molars, relatively
modest constricted maxilla, insufficient maxillary
arch circumference, and with or without cross-bite.
Exclusion criteria were age .15 years, periodontal
disease, previous orthodontic treatment, and congenital malformations. For all patients sampled, the
average ANB was 4.5u 6 1.9u, and the average FMA
was 29.7u 6 4.2u. Patients satisfying the inclusion
and exclusion criteria were assigned to one of four
RME treatment groups according to age and Mx4s
development. To manage crowding without extractions, a standardized 5 mm of RPE was delivered
with the development-appropriate (optimal) appliance. Thus, ‘‘optimal RME’’ was defined as a
bonded expander prior to the eruption of the Mx4s
and a banded one thereafter. The bonded appliance
Angle Orthodontist, Vol 83, No 5, 2013

a. Upper maxillary first molar: central fossae
b. Palatal alveolar bone crests: adjacent to the maxillary first molar
c. Greater palatine foramen: distance between the
foramina on a coronal slice
d. Nasal width: maximum dimension of the piriform
aperture on the coronal image
e. Inferior margin of the zygomaticomaxillary suture:
on the coronal image
f. Infraorbital foramens: on the axial image
g. Superior margin of the zygomaticomaxillary suture:
on the axial image
h. Anterior border of the frontozygomatic suture: on
the axial image
i. Lateral border of the frontomaxillary suture: on the
axial image
Intraexaminer reliability was within +5% for all
measurements as determined by data replications at
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least 2 weeks apart. Descriptive statistics including
means and standard deviations were calculated for
measurements for the changes from T1 to T2.
Differences between variables in T1 and T2, as well
as within groups, were assessed with the one-sample
t-test. Student’s and Welch’s t-tests were used to
compare between the different appliances. The level of
significance was P , .05, and the power analysis
exceeded 0.85. All statistical analysis was performed
using the computer software Microsoft Excel 2010
(Microsoft, Redmond, Wash).
RESULTS
Overall, the results were consistent with 1) a
triangular pattern of maxillary expansion in the frontal
and sagittal planes, 2) an inverse relationship between
age and the amount of skeletal expansion achieved,
and 3) the banded appliance producing more efficient
expansion in the 9- to 11-year-old patients. Both RME
appliances produced statistically significant (P , .05)
increases in all the landmarks measured, except for
the anterior border of the frontozygomatic suture and
the lateral border of the frontomaxillary suture. For
patients treated with a bonded RME (6–8 vs 9–
11 years), the younger patients experienced more
expansion of all landmarks, except for the greater
palatine foramen and the lateral border of the
frontomaxillary suture. For patients treated with the
bonded RME (9–11 vs 12–15 years), the older patients
exhibited less expansion of all landmarks except the
upper (Mx)6, greater palatine foramen, and both
margins of the zygomaticomaxillary suture. Comparison of the bonded (McNamara-type) and banded
(Hyrax-type) appliances in 9- to 11-year-old children
demonstrated that the banded appliance produced
significantly more expansion (greater interlandmark

dimension) at the palatal alveolar crest of Mx6, nasal
width, infraorbital foramina, and both borders of the
frontomaxillary suture (Table 1).
DISCUSSION
All measurements were made after 5–6 months of
postactivation retention to allow new bone to form and
consolidate in the midpalatal suture.5,19 For the
standardized 5-mm activation, the mean expansion
between the Mx6s was approximately 4.3 mm (86%)
for the bonded (McNamara-type) RME patients compared to 4.0 mm (80%) in the banded (Hyrax-type)
groups (Table 1). This relatively efficient RME may
reflect the concurrent expansion of the lower arch.38
The positioning of the upper molar cusp in the lower
molar fossa may have minimized relapse of maxillary
expansion.
This amount of expansion (Table 1) is similar to
previous CBCT reports of a 3.6-mm increase36 and
4.8 mm37 of intermolar width. The effect of RME is not
limited to the maxillary alveolar process but is also
seen on adjacent structures, including the cranial and
circummaxillary sutures.39 In the present study, RME
had significant effects at the level of the zygomaticomaxillary suture and nasal bone, but not in the
frontozygomatic and frontomaxillary sutures (triangular
expansion pattern). Finite element analysis of the
stress distribution with RME shows high tensile stress
at the zygomaticomaxillary suture, except along its
anteromedial surface.40 For this reason, the zygomaticomaxillary buttress is a primary osteotomy site in
surgical expansion.41,42 Bell and Epker43 confirmed this
surgical strategy based on skeletal resistance to
expansion within the zygomaticomaxillary sutures. In
the present study, significant expansion at the zygomaticomaxillary suture was seen in all groups, which
Angle Orthodontist, Vol 83, No 5, 2013
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Figure 1. Left: McNamara-type (bonded) appliance; right: Hyrax (banded) appliance.
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may be the best indication for effective skeletal expansion to increase the circumferential arch length of
the maxillary arch.
Overall, the expansion data (Table 1) are consistent
with the well-known triangular pattern.2,16 The maxillary
bones were displaced laterally, with the fulcrum
located close to the area of the frontomaxillary suture,
which tends to close slightly during maxillary expansion.2,34 Tipping movement is more likely to occur with
increased resistance to expansion at the zygomatic
buttress. This pattern of variable resistance results in a
triangularly shaped expansion, especially in older
patients. The present data (Table 1) are consistent
with more parallel expansion in patients ,8 years of
Angle Orthodontist, Vol 83, No 5, 2013

age for bonded-type expanders that incorporate acrylic
over the occlusal surface. These appliances are designed to provide more uniform expansion of the palate
and to inhibit alveolar tipping.5,44
Compared to the slight negative expansion (constriction) of the frontomaxillary suture, noted for all
groups in the present study (Table 1), Ghoneima
et al.39 reported a small but significant increase
(0.1 mm) in the width at the frontomaxillary suture with
a bonded RME in a group of children with mean age of
12 years (range 8–15 years). However, the magnitude
of the difference between the studies is small (,1 mm),
so it is relatively insignificant compared to the overall
triangular pattern of expansion noted in both studies.
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Figure 2. CBCT image shows the three reference planes: axial, sagittal, and frontal (coronal), which correspond to the reference box that defines
planes relative to superior (S), inferior (I), and lateral (L).
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Figure 3. Distance between bilateral landmarks: (a) maxillary first molar central pits, (b) palatal alveolar crests, (c) greater palatine foramena, (d)
nasal width, (e) inferior margin zygomaticomaxillary suture, (f) infraorbital foramena, (g) superior margin zygomaticomaxillary suture, (h) the
anterior border frontozygomatic suture, (i) and the lateral border frontomaxillary suture.
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Table 1. Comparison Between T1 and T2 Relative to Age and Appliancea
Type of RME
Age
Analyzed Area

6–8Y
Mean

9–11Y
SD

Banded RME (T1-T2), mm
Total

Mean

SD

Mean

4.56 A* 0.95
4.16 A 0.74
1.40 A 0.72
1.55 A 0.56

3.76
3.40
1.06
1.05

AB

1.20
0.71
0.58
0.50

4.25
3.87
1.27
1.36

A

1.55
1.01

A

1.08
0.77

0.53
0.58

AB
AB

0.61
0.58

1.17
0.91

A

A

1.11

A

0.64

0.62

AB

0.49

0.95

0.06

A

0.44 20.10

B

0.47

0.03

20.03

A

1.25 21.25

0.89

20.53

AB
A
AB

9–11Y

12–15Y

Total

SD

Mean

SD

Mean

SD

Mean

SD

1.17
0.88
0.68
0.64

4.24
4.20
1.13
1.53

A

1.03
0.79
0.47
0.71

3.97
3.70
0.93
1.07

A

0.73
0.68
0.62
0.67

4.02
3.96
1.05
1.28

A

1.10
0.77
0.54
0.76

1.16
0.95

0.91
1.39

A

0.43
0.40

AB

0.67
0.82

0.68
0.95

AC

AC

1.03
0.74

A

A

A

0.90
0.91

A

0.71

0.86

A

0.61

0.93

A

0.67

0.89

A

0.63

0.06

0.17

C

0.40 20.23

AB

0.29

0.01

AC

1.24 21.34

AB

1.02 20.95

A
A
A

A

1.28 20.58

AC
A
AC

AB
A
AB

A
A
A

0.42
A

1.19

a

T1 indicates before the retention period; T2, after the retention period when the expander was removed; RME, rapid maxillary expansion;
6–8Y, 6- to 8-year-old subjects; 9–11Y, 9- to 11-year-old subjects; 12–15Y, 12- to 15-year-old subjects; SD, standard deviation.
* Small capital letters indicate: A, significant difference compared with pretreatment; B, Significant difference between groups (age); C,
Significant difference compared to bonded RME.

Also, finite element analysis showed significantly lower
stress in the frontal bone compared to other craniofacial
regions.45 It is clear that the frontomaxillary suture
expands little if any with RME, which is consistent with
the triangular pattern of expansion with both banded
and bonded RME appliances.
RME is known to affect nasal aperture width,2,20
which is consistent with finite element modeling.40
Previous CBCT studies reported that RME produced
a 1.6-mm increase in the width of the nasal floor; this is
comparable to 1.3 - 1.4 mm of expansion for bonded
and banded RME, respectively (Table 1). In 9- to 11year-old patients, the banded appliance produced
,0.5 mm more nasal floor expansion than the bonded
appliance.
Sari et al.46 found no significant difference in the
amount of expansion between the mixed and permanent dentition using a bonded RME device. However,
that data is difficult to compare to the current results
because of the variable age of the patients and lack of
a standardized expansion protocol. The present study
demonstrated that the bonded appliance is superior for
younger children (,9 years) and that the banded RME
is more effective for older children, once the Mx4s
have erupted. In the Hyrax group (Table 1), more
expansion was seen in the 9- to 11-year-old group
(4.2 mm) compared to that in the 12- to 15-year-old
(3.7 mm) group at the palatal alveolar crest, nasal
width, and infraorbital foramina. The only direct
comparison between the appliances was for 9- to 11year-old patients. The banded appliance consistently
produced ,0.5 mm more dental and skeletal expansion. These small changes were significant but may
not be clinically relevant. Overall, the efficiency of
Angle Orthodontist, Vol 83, No 5, 2013

expansion was inversely related to age, as previously
reported.31
CONCLUSIONS
N RME is an effective treatment option for all growing
patients, but expansion efficiency (skeletal effect) is
inversely related to age.
N Zygomaticomaxillary sutural expansion appears to
be the best indicator for development of maxillary
arch circumference.
N CBCT is an important 3D diagnostic tool for managing crowding due to maxillary deficiencies.
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