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Cone beam computed tomography evaluation of changes in

the naso-maxillary complex associated with two types of maxillary expanders

Valmy Pangrazio-Kulbersha; Paul Wineb; Mariana Haugheyc; Brynn Pajtasd; Richard Kaczynskie

ABSTRACT
Objective: To test the hypothesis that there were no differences in the skeletal and dental effects
of banded vs bonded expanders when evaluated using cone beam computed tomography (CBCT).
Materials and Methods: The experimental sample consisted of 23 patients: 13 (seven male,
six female; mean age 5 12.6 61.8 years) and 10 (five male, five female; mean age 5 13.5 6

2.1 years) treated with banded and bonded maxillary expanders, respectively. CBCT images were
taken at T1 (pretreatment) and T2 (immediately after expansion) to evaluate the changes in the
naso-maxillary complex. Relationships between and within groups were assessed using analysis of
variance. If the results were significant, post hoc t-tests were used to determine where the
significant differences occurred.
Results: Regardless of the appliance, the maxilla was expanded equally at the level of the canines
and first and second premolars. At the level of the first molars, more dental tipping and alveolar
bending were evident in the banded expander group. Both appliances equally increased the
skeletal and soft tissue dimensions of the nasal cavity and maxillary sinus volume. The posterior
airway volume did not significantly change with either method of expansion.
Conclusions: The hypothesis was rejected. Both appliances expanded the maxilla similarly.
However, in the banded group, more dental tipping and alveolar bending occurred at the level of
the first molars. Maxillary expansion affected the palatal suture and demonstrated anterior and
posterior skeletal widening of the nasal cavity, with corresponding soft tissue changes and
increased airway volume. (Angle Orthod. 2012;82:448–457.)

KEY WORDS: Maxillary expansion; Maxillary sinus; Nasal changes; Cone beam computed
tomography; Bonded Hyrax; Banded Hyrax

INTRODUCTION

Rapid maxillary expansion (RME) has been common-
ly used to increase the transverse width of the maxillary

arch, to correct crossbites, to reduce dental crowding,
and to create broader smiles.1–7 Appliances used for
maxillary expansion have been shown to produce both
skeletal and dental effects.2–4,7–11 Skeletal effects include
maxillary sutural expansion, widening of the nasal
cavity, and reformation of the maxillary sinus.4,7,8

Since the time during which RMEs were popularized
by Haas,2–4 variations of the original design have been
created to treat transverse discrepancies. Two of the
most popular designs to date are the bonded and
banded rapid palatal expanders.12 Side effects of
maxillary expansion include downward displacement
of the maxilla, dental extrusion, lateral rotations of the
maxillary segment, opening of the bite, and gingival
recession.11,13

Dental tipping also occurs during maxillary expan-
sion, which leads to subsequent alveolar bone chang-
es.11 Nasal width increase has been reported as a side
effect of orthopedic expansion.4,10 Bonded expanders
have been used to counteract the negative side
effects of expansion, such as increased dental tipping
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and dentoalveolar bending.14–18 Banded expanders
are usually preferred because of their more hygienic
structure and in relation to patient comfort.19 More
recently, it has been suggested11 that expanders
anchored in bone with temporary anchorage devices

may improve skeletal expansion and reduce dental
tipping. However, this was not the case in the study of
Lagravere et al.,11 who found little difference in the
amount of dental tipping and skeletal expansion be-
tween the banded hyrax and bone-anchored expander.

Many studies have shown the effectiveness of
maxillary expansion on skeletal and dental structures.
Prior research8,20–23 utilized dental casts, two-
dimensional lateral and posteroanterior cephalograms,
and occlusal radiographs to assess the effect of palatal
expanders. Although these studies were able to
measure changes in the facial complex, a more
accurate evaluation of the dento-skeletal changes is
now available. Garrett et al.1 utilized cone beam
computed tomography (CBCT) to quantitatively eval-
uate the effects of two types of Hyrax expanders. In
the past, the effects of maxillary expansion on nasal
respiration were measured utilizing rhinometry and
linear measurements of the maxillary sinus on high-
radiation CT scans.20,21

With the utilization of CBCT technology it is possible
to measure the maxillary sinus volume and anterior
and posterior airway and to quantify craniofacial
structural changes in three dimensions with minimal
distortion and lower radiation doses than are required
for conventional CT scans.18,24–28

The purpose of this study was to assess three
dimensionally, with the aid of ICAT technology
(Imaging Sciences International, Hatfield, Pa), the
skeletal, dental, and volumetric changes of the
maxillary sinus that occur with the banded hyrax
expander vs the bonded hyrax expander.

MATERIALS AND METHODS

Sample Selection

The sample consisted of 23 prospectively treated
patients. Thirteen subjects, seven males and six

Figure 1. (a) Bonded expander. (b) Banded expander.

Figure 2. Sagittal, coronal, and axial slices superimposed on the furcation of the first molar.
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females with a mean age of 12.6 6 1.8 years, were
fitted with banded expanders, and 10 subjects, five
males and five females with a mean age of 13.5 6

2.1 years, were treated with bonded expanders. All
subjects had a cervical vertebra maturation at stage 3 or
below, indicating good growth potential (Figure 1a,b).
Subjects were randomly assigned to either group.
Criteria for enrollment in this study were constricted
maxillary arches with or without crossbites and full
permanent dentitions. Patients with any sign of fluid
accumulation in the maxillary sinus CBCT image were
excluded from this study. Each group had the same
expansion activation protocol and retention time. The
expansion time was 4–6 weeks, with 6–10 mm of
activation. The retention time was 6 months. To prevent
bias, the researcher who evaluated the CBCT had no
previous contact with any of the participating subjects.
In accordance with federal regulations, this study was

Figure 3. Linear measurements of the palatal maxillary width (PMW)

and the buccal maxillary width (BMW) at C, P1, P2, and M1.

Figure 4. Angular measurements of dental tipping. Angle 1: Buccal

CEJ of M1R-X-buccal CEJ of M1L (BCEJ-X). Angle 2: Buccal cusp

tip of M1R-X-palatal CEJ of M1L (Bcusp-X). Angle 3: Palatal CEJ of

M1R-X-palatal CEJ of M1L (PCEJ-X).

Figure 5. (a) Linear measurements of the posterior nasal width

(PNW) and nasal floor width (PNFW). (b) Linear measurements of

the anterior nasal width (ANW) and anterior nasal floor width

(ANFW). (c) Linear measurement of the soft tissue alar width.
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reviewed by the University of Detroit Mercy Institutional
Review Board, and patient consent was also received.

CBCT scans were taken at T1 (prior to placement of
appliance) and T2 (immediately after appliance re-
moval). DICOM images (Digital Imaging and Commu-
nications in Medicine) were assessed utilizing Dolphin
Imaging software version 11 (Patterson, Chatsworth,
Calif). Linear, angular, and volumetric data were
collected using the same software. All CBCT mea-
surements were standardized at the level of the
first molar furcation in a sagittal, coronal, and axial
dimension (Figure 2). Comparisons of data collected
between T1 and T2 were calculated as described in
the following sections.

Figure 6. Linear measurement of the maxillary width (MaxW).

Figure 7. (a) Volumetric measurement of the maxillary sinus (MSV). (b) Limits of the posterior airway.
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Palatal Maxillary Width/Buccal Maxillary
Width Changes

Palatal maxillary width (PMW) and buccal maxillary
width (BMW) were measured as the distance between
the buccal and palatal cortical plates of the maxillary
first molars (PMW/BMW, M1), second premolars
(PMW/BMW, P2), first premolars (PMW/BMW, P1),
and canines (PMW/BMW, C) (Figure 3).

Dental/Alveolar Tipping

The alveolar tipping was measured by the angles
formed by lines traced from the buccal and lingual
cemento-enamel junctions of the maxillary first molars
to the crista galli vertex (X) (Figure 4).

Posterior Nasal Width Changes

Posterior nasal width (PNW) was assessed from a
coronal cut of the CBCT image; the widest superior
transverse portion of the nasal aperture was estab-
lished as the PNW and the lowest as the posterior
nasal floor (PNF) (Figure 5a).

Anterior Nasal Width Changes

Anterior nasal width (ANW) was measured by
locating an axial slice that bisected the maxillary
canines. Horizontal measurement was taken from both

the deepest concavity of the lateral walls of the nasal
cavity and at the transitional concavity from the lateral
wall to the floor of nose. The anterior nasal floor width
is designated ‘‘ANF.’’ The soft tissue nasal expansion
was measured from the most lateral borders of the ala
(Figure 5b,c).

Maxillary Width Changes

The deepest point in the concavity of the posterior
maxilla was identified on the right and left sides. A line
connecting these two points measured maxillary width
(MaxW) (Figure 6).

Maxillary Sinus Volume

The maxillary sinus was divided in an axial, coronal,
and sagittal slice at the furcation of the first molar. The
maxillary sinus volume (MSV) was measured at its
greatest width in the coronal and sagittal slices. The
widest area of the sinus in the axial slice was
consistent with the first view of the body of the
mandible in multiple axial slices (Figure 7a).

Posterior Airway Analysis

The posterior airway was measured from the most
superior portion of the posterior nasal spine to the
epiglottis (Figure 7b). Posterior airway analysis is
designated ‘‘PAWA.’’

Table 1. Analysis of Variance (ANOVA) Comparing the Differences Between and Within Bonded and Banded Groupsa

Measurement

Interaction Over Time Within Group Change Between Group

Bonded vs Banded Over Time Differences

F P Value F P Value F P Value

PMW (canine), mm 0.66 .42 98.11 ,.001* 7.68 .01

PMW (P1), mm 1.14 .29 72.43 ,.001* 10.78 .004

PMW (P2), mm 2.95 .10 95.74 ,.001* 12.01 .002*

PMW (M1), mm 12.13 .002* 149.30 ,.001* 20.06 ,.001*

BMW (canine), mm 0.53 .47 57.65 ,.001* 17.66 ,.001*

BMW (P1), mm 1.06 .31 57.74 ,.001* 21.12 ,.001*

BMW (P2), mm 0.99 .33 85.04 ,.001* 19.55 ,.001*

BMW (M1), mm 6.54 .01 156.44 ,.001* 22.76 ,.001*

PNW, mm 3.58 .07 134.90 ,.001* 21.21 ,.001*

PNFW, mm 0.08 .77 80.62 ,.001* 19.36 ,.001*

ALAR, width mm 0.02 .87 15.30 ,.001* 0.86 .36

ANW, mm 0.83 .37 10.54 .004 0.02 .88

PNFW, mm 0.01 .91 16.74 ,.001* 0.04 .83

MaxW, mm 1.83 .19 104.64 ,.001* 22.89 ,.001*

PCEJ-X, u 11.76 .003* 137.87 ,.001* 0.59 .44

BCEJ-X, u 15.28 .001* 92.92 ,.001* 0.56 .46

BCusp-X, u 67.11 ,.001* 190.84 ,.001* 1.83 .19

MSV, mm3 1.48 .23 38.67 ,.001* 2.53 .12

PAWA, mm3 1.71 .20 1.80 .19 1.77 .19

a d 5 1.21. * P # .003. PMW indicates palatal maxillary width; BMW, buccal maxillary width; PNW, posterior nasal width; PNFW, posterior

nasal floor width; ANW, anterior nasal width; MaxW, maxillary width; PCEJ, palatal CEJ; BCEJ, buccal CEJ; BCusp, buccal cusp tip of M1R-X-

palatal CEJ; MSV, volumetric measurement of the maxillary sinus; and PAWA, posterior airway analysis.
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Statistical Analysis

Analysis of variance (ANOVA) was used to evaluate
the effects of the expansion devices. Fifteen different
variables were tested, setting the significance level for
each statistic at a 5 .05/18, or .003. When ANOVA
results were significant (P # .003), post hoc t-tests
were used to determine the individual differences. To
test for landmark accuracy location and measure-
ments, ICAT images were evaluated by one operator
at two different time intervals within 1 month on 10
randomly selected images. The Pearson’s R-test
demonstrated nearly 100% reliability (range 0.993–

1.000) for the individual measurements recorded with
a minimal margin of error.

RESULTS

Changes within and between the groups are listed
in Tables 1 through 3. At the level of the canine and
first and second premolars, the two groups showed
a significant increase in PMW, and there were no
statistically significant differences between the groups
(Figure 8). However, at the level of the first molars
(PMW, M1), there was a significant difference between
the two groups. The banded group had a mean PMW

Table 2. Linear, Angular, and Volumetric Measurements Within Groups Over Timea

Measurements Group

T1 T2
Mean

Difference

Paired

t-Value P-ValueMean SD Mean SD

PMW, canine, mm Banded 16.36 2.47 18.97 2.85 2.60 27.15 ,.001*

Bonded 13.78 2.27 15.99 1.98 2.21 27.74 ,.001*

PMW, P1, mm Banded 20.86 2.92 23.32 3.23 2.45 26.88 ,.001*

Bonded 17.67 1.57 19.57 1.83 1.91 25.37 ,.001*

PMW, P2, mm Banded 24.16 3.17 26.80 3.35 2.63 27.44 ,.001*

Bonded 20.50 2.20 22.35 2.03 1.85 27.57 ,.001*

PMW, M1, mm Banded 26.63 3.25 29.83 3.59 3.21 210.65 ,.001*

Bonded 22.03 1.73 23.81 1.95 1.78 27.11 ,.001*

BMW, canine, mm Banded 31.45 4.23 33.42 4.63 1.97 25.50 ,.001*

Bonded 24.98 2.67 26.61 2.76 1.63 26.00 ,.001*

BMW, P1, mm Banded 38.08 4.89 41.10 5.25 3.02 16.73 ,.001*

Bonded 30.64 2.13 32.94 2.45 2.31 17.59 ,.001*

BMW, P2, mm Banded 44.13 6.05 47.16 6.38 3.03 27.86 ,.001*

Bonded 35.32 2.03 37.76 2.61 2.44 25.37 ,.001*

BMW, M1, mm Banded 50.95 7.01 55.28 7.42 4.33 213.28 ,.001*

Bonded 40.39 1.66 43.25 2.88 2.86 25.70 ,.001*

PNW, mm Banded 27.36 3.73 29.65 4.12 2.29 29.12 ,.001*

Bonded 21.53 1.77 23.18 1.83 1.65 28.00 ,.001*

PNFW, mm Banded 23.46 3.19 25.61 3.31 2.15 26.88 ,.001*

Bonded 18.84 0.94 20.86 1.50 2.02 25.94 ,.001*

ALAR width, mm Banded 34.71 3.20 36.05 3.61 1.34 23.35 .006*

Bonded 36.00 2.84 37.24 2.95 1.24 22.29 .048*

ANW, mm Banded 22.80 1.81 23.60 2.22 0.80 21.58 .142

Bonded 22.59 1.41 24.03 1.60 1.44 23.23 .01*

ANFW, mm Banded 16.27 1.72 17.70 2.44 1.43 22.72 .02*

Bonded 16.48 1.84 17.84 2.13 1.36 23.39 .008*

MaxW, mm Banded 58.86 7.13 61.44 7.58 2.58 210.17 ,.001*

Bonded 47.68 1.65 49.66 2.41 1.98 25.09 ,.001*

MSV, mm3 Banded 21,769.38 6275.28 24,352.32 6664.68 2582.94 25.66 ,.001*

Bonded 27,674.75 10,404.67 29,412.09 9782.13 1737.34 23.30 ,.001*

PCEJ-X, u Banded 25.28 2.30 28.36 2.54 3.08 210.84 ,.001*

Bonded 25.21 2.46 26.90 2.39 1.69 26.05 ,.001*

BCEJ-X, u Banded 41.09 3.56 44.30 3.72 3.21 28.05 ,.001*

Bonded 40.95 3.20 42.31 3.00 1.36 29.40 ,.001*

BCusp-X, u Banded 37.31 3.13 41.30 3.19 3.99 214.90 ,.001*

Bonded 37.08 3.01 38.10 2.78 1.02 24.59 ,.001*

PAWA Banded 11,858.93 3988.74 19,277.53 17,421.86 7418.61 21.48 .16

Bonded 11,518.73 4742.75 11,423.56 2544.65 95.17 0.08 .93

a T1 indicates pretreatment; T2, immediately after treatment; SD, standard deviation; PMW palatal maxillary width; BMW, buccal maxillary

width; PNW, posterior nasal width; PNFW, posterior nasal floor width; ANW, anterior nasal width; ANFW, anterior nasal width changes; MaxW,

maxillary width; MSV, volumetric measurement of the maxillary sinus; PCEJ, palatal CEJ; BCEJ, buccal CEJ; BCusp, buccal cusp tip of M1R-X-

palatal CEJ; and PAWA, posterior airway analysis.

* P # .05.
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increase of 3.2 mm (P , .001), while the bonded group
increased only 1.78 mm (P , .001). BMW at the level of
the canine, first and second premolars, and first molars
increased similarly in both groups over time (Figure 9).
Significant tipping was observed with both types of
expanders. However, the tipping was more pronounced
in the banded expander group (P , .001). The two
groups showed significant and similar increases in
nasal (PNW, PNFW, ANW, ANFW) alar width (P ,

.001). The MSV of the two groups changed similarly
over time. The banded group had a mean volume
increase of 2582.94 mm3 (P , .001), or 11%. The
bonded group increased by 1737.34 mm3 (P , .001), or

6%. The posterior airway showed no statistical differ-
ence in volume within or between the two groups.

DISCUSSION

The results obtained from this three-dimensional
study were similar to those of previous research2,29–32

demonstrating sutural opening in a triangular pattern,
with the wide base at the anterior portion of the maxilla.
The decrease in opening of the posterior part of the
maxillary suture was attributed to the interlocking of the
pyramidal processes of the palatine bone along with
immobilization of the medial and lateral pterygoid plates

Table 3. Linear, Angular, and Volumetric Changes Between Groups Over Timea

Measurement Group

T1 T2

Mean

Mean

Difference t-Value P-Value Mean

Mean

Difference t-Value P-Value

PMW, canine, mm Banded 16.36 2.58 2.57 .01 18.97 2.98 2.81 .01

Bonded 13.78 15.99

PMW, P1, mm Banded 20.86 3.19 3.11 .005 23.32 3.75 3.27 .004

Bonded 17.67 19.57

PMW, P2, mm Banded 24.16 3.66 3.10 .005 26.80 4.45 3.69 .001*

Bonded 20.50 22.35

PMW, M1, mm Banded 26.63 4.73 4.03 .001* 29.83 6.02 4.76 ,.001*

Bonded 22.03 23.81

BMW, canine, mm Banded 31.45 6.47 4.21 ,.001* 33.42 6.81 4.10 .001*

Bonded 24.98 26.61

BMW, P1, mm Banded 38.08 7.44 4.47 ,.001* 41.10 8.16 4.53 ,.001*

Bonded 30.64 32.94

BMW, P2, mm Banded 44.13 8.81 4.39 ,.001* 47.16 9.40 4.36 ,.001*

Bonded 35.32 37.76

BMW, M1, mm Banded 50.95 10.56 4.64 ,.001* 55.28 12.03 4.83 ,.001*

Bonded 40.39 43.25

PNW, mm Banded 27.36 5.83 4.53 ,.001* 29.65 1.21 4.60 ,.001*

Bonded 21.53 23.18

PNFW, mm Banded 23.46 4.62 4.41 ,.001* 25.61 4.75 4.20 ,.001*

Bonded 18.84 20.86

ALAR width, mm Banded 34.71 21.28 20.98 .33 36.05 21.18 20.82 .41

Bonded 36.00 37.24

ANW, mm Banded 22.80 0.21 0.29 .76 23.60 20.50 .62

Bonded 22.59 24.03 20.42

ANFW, mm Banded 16.27 26.31 20.26 .79 17.70 20.13 .89

Bonded 22.59 17.84 20.13

MaxW, mm Banded 58.86 11.18 4.82 ,.001* 61.44 11.78 4.71 ,.001*

Bonded 47.68 49.66

PCEJ-X, u Banded 25.28 0.07 0.07 .94 28.36 1.73 1.40 .17

Bonded 25.21 26.90

BCEJ-X, u Banded 41.09 0.14 0.09 .92 44.30 1.99 1.38 .18

Bonded 40.95 42.31

BCusp-X, u Banded 37.31 0.23 0.18 .85 41.30 3.20 2.52 .02

Bonded 37.08 38.10

MSV, mm3 Banded 21,769.40 5905.37 21.69 .10 24,352.30 5059.77 21.47 .15

Bonded 27,674.80 29,412.10

PAWA, mm3 Banded 11,858.90 19,277.50

Bonded 11,518.70 340.20 0.18 .85 11,423.60 7853.97 1.41 .17

a T1 indicates pretreatment; T2, immediately after treatment; PMW palatal maxillary width; BMW, buccal maxillary width; PNW, posterior nasal width;

PNFW, posterior nasal floor width; ANW, anterior nasal width; ANFW, anterior nasal width changes; MaxW, maxillary width; PCEJ, palatal CEJ; BCEJ,

buccal CEJ; BCusp, buccal cusp tip of M1R-X-palatal CEJ; MSV, volumetric measurement of the maxillary sinus; and PAWA, posterior airway analysis.

* P # .003.
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of the sphenoid bone.1,30 As a result of a decrease in
posterior sutural opening, dental tipping and alveolar
bending occurred.14 Garrett et al.1 showed that alveolar
bending accounted for 13% of total maxillary expansion,
compared to 6% at the first premolar area.

Current literature indicates that expansion produces
an average of 50% skeletal and 50% dental move-
ments.1 In the present study, the banded expander
demonstrated an increase in alveolar bending and
dental tipping at the level of the first molar, more than in
the bonded expander (Figure 10). This effect, combined
with the lack of increase in maxillary width, attests to the
failure of posterior sutural opening. These results are
contrary to the findings of Asanza et al.,16 who showed
no difference in the two appliances except for better
vertical dimensional control with the bonded expander.
The disparity in findings may be related to the dif-
ferences in age and sample size of the two studies as
well as to the methods of landmark locations and
measurements in the two-dimensional study of Asanza
et al.16 vs this CBCT research.

Skeletal expansion is not just limited to the maxilla
during RME. Surrounding skeletal structures such as
the nasal aperture and maxillary sinus are modified
during maxillary expansion treatment. In this study, the
average nasal width change was slightly smaller than
the 3.15 mm change reported by Haas4 in a radio-
graphic study. Coincidentally, he also showed that in

chronic mouth breathers, increased nasal respiration
occurred concomitantly with widening of the maxilla and
the nose. In this study, the nasal width increases were
determined to be significant for the nasal floor, anterior/
posterior nasal aperture, and the soft tissue. The bony
nasal width increase was similar to the findings of
Garrett et al.,1 who determined expansion of the nasal
floor (NWL) to be 1.59 mm and that of the lateral wall
(NWH) 1.89 mm. No previous studies have related
anterior to posterior nasal bony changes, which is now
possible as a result of CBCT imaging.

Palatal expansion results in not only a posterior, but
also an anterior, widening of the nasal cavity. This
skeletal nasal widening could have a significant effect
on nasal respiration, nasal resistance, and soft tissue
nasal changes.10,33,34 In a systematic review of the
literature, Baratieri et al.35 reported moderate evidence
that changes in the airway after RME are moderately
stable in the long term. The changes in nasal floor and
maxillary width observed in this study are similar to
those of Berger et al.,10 who saw similar increases in
nasal floor width and maxillary width using exclusively
bonded expanders. The increase in soft tissue nasal
width is a significant finding in the present study. The
skeletal nasal width increases at a 1:1 ratio with the
soft tissue response. The increase in MSV found in this
investigation has not been previously reported. Garrett
et al.1 showed a decrease in linear dimension of the

Figure 8. Comparison of linear changes of the palatal maxillary width (PMW) between banded and bonded expanders.

Figure 9. Comparison of linear changes of the buccal maxillary width (BMW) between banded and bonded expanders.
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maxillary sinus due to an increased width of the nasal
cavity. The increase in MSV may be due to skeletal
reorganization postexpansion or to generalized
growth. This finding is significant since an increase
in MSV may lead to increased nasal respiration and
decreased nasal resistance. Further studies of the
maxillary sinus complex will be needed to confirm this
finding. No statistical difference was found within or
between the two groups when the posterior airway
volume was observed. Although statistically the
banded group showed a larger increase in volume,
the standard deviation is very large, resulting in no
statistical difference between the groups. Unfortuna-
tely, there are no data evaluating the relationship
between expansion and airway volume with which to
compare the results. There is also a lack of agreement
in the landmark limits for the posterior airway.33,34

Further studies are needed in this field.

CONCLUSIONS

N Both expanders increased the transverse dimension
of the skeletal and soft tissue nasomaxillary complex
equally. However, more dental tipping was observed
with the banded expander.

N Maxillary sinus volume increased between 6% and
11% after expansion. No statistical difference was
found in the posterior airway volume.

N CBCT can be used reliably to assess skeletal and
dental changes associated with RME.
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