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Dimensional changes in the palate associated with slow maxillary

expansion for early treatment of posterior crossbite

Abdulkadir Bukharia; David Kennedyb; Alan Hannamc; Jolanta Aleksejūnienėd; Edwin Yene

ABSTRACT
Objectives: To compare palatal symmetry, dimensions, and molar angulations following early
mixed-dentition slow maxillary expansion with parameters in normal controls.
Materials and Methods: A total of 30 patients treated with a Haas-type expander for unilateral
posterior crossbite with functional shift were compared with 30 controls matched for dental age,
gender, and molar relationship. Records were taken before (T1) and after expansion (T2). Palatal
width, surface area, volume, and molar angulations were measured on digitized models. Surface
area and volume were split in half then divided into anterior, middle, and posterior segments to
measure symmetry. Student’s t-test was used to assess group differences.
Results: Mean intercanine width increased 4.65 mm, and intermolar width increased 4.76 mm. The
treated mean surface area increased 127.05 mm2 compared with 10.35 mm2 in controls. The
treated palatal volume increased 927.55 mm3 compared with 159.89 mm3 for controls. At T1, the
controls showed significant differences in surface area and volume between the anterior palatal
segments. At T2, this difference occurred in surface area of middle palatal segments of the treated
sample. First permanent molars showed an increased buccal and distal inclination after treatment,
opposite to controls. The increase in buccal inclination was greater on the crossbite side.
Conclusions: The Haas-type expander results in similar expansion across the canines and first
molars. A palate that is symmetrical before expansion may become asymmetric after expansion but
only in the middle segment. Changes in individual molar angulation following palatal expansion can
be measured without radiation imaging. (Angle Orthod. 2018;88:390–396.)
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INTRODUCTION

Posterior crossbite from a transverse discrepancy
between arches occurs with a prevalence of 8% to
23%.1–3 It affects girls more often than boys and has
been attributed to digit habits.4 The majority of unilateral
crossbite cases show a functional shift of the lower jaw
toward the crossbite side (UPXB).3,5,6 Primary canine
interferences usually cause mandibular lateral forced
guidance into maximum intercuspation.1,7 The lower
midline shift to the crossbite side is associated with this
shift.8 Antero-posterior molar relationship asymmetry is
found with a Class II on the crossbite side and a Class I
on the noncrossbite molar.8

Posterior crossbites with functional shifts should be
treated once noticed.9 Untreated unfavorable changes
include temporomandibular joint, skeletal and dental
asymmetry.8,10,11 Early maxillary expansion treatment
allows the permanent teeth to erupt into normal
occlusion, eliminating interferences and providing
favorable dental and skeletal changes during
growth.3,12 Posterior crossbite correction by slow
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maxillary expansion (SME) in the mixed dentition has
shown an 84% stability in the permanent dentition.13

Previous studies of palatal volume and surface area
used rapid maxillary expansion (RME) during the
mixed and permanent dentitions,14–18 and some
mixed-dentition studies lacked controls.14,15 However,
only primary dentition studies evaluated palatal chang-
es after SME.19–21 Molar angle measurements on
models have been carried out using either the
intermolar angle or the buccal inclination of each
molar.16,22

The purpose of this study was to evaluate changes
in palatal dimensions, symmetry, and molar angula-
tions following SME during the early mixed dentition
when compared with untreated normal controls.

MATERIALS AND METHODS

This retrospective case-control study was approved
by the ethics board at the University of British
Columbia, Vancouver, Canada. A power calculation
indicated a sample of 25 patients was required for each
group. The calculation was based on a palatal volume
assumption of a mean difference of 339.52 mm3

(standard deviation ¼ 427.80) according to Primožič
et al.19 using a power of 80% and a ¼ 0.05.

The treatment sample consisted of 30 randomly
selected patients from a private orthodontic office
being treated for UPXB by a two-banded Haas-type
appliance. Records were taken at two time intervals:
T1 (before expansion) with a mean dental age of 8
years and T2 (after slow maxillary expansion and
retention) with a mean dental age of 9 years. The
untreated normal control sample consisted of 30
participants from a collection at the Oregon Health
and Sciences University. The untreated control and
treated samples were matched for gender, molar
relationship, and dental age (Table 1) using the
Demirjian and Goldstein method.23

Treatment sample inclusion criteria were UPXB,
mixed-dentition SME, and nonextraction. Exclusion
criteria were growth-modification appliances, ectopic
palatal lateral incisors, attrition affecting first molar
cusps, craniofacial anomalies, eruption of permanent

successors (canines and premolars) and poor-quality
models.

The expansion protocol was one quarter-turn every 2
days until overcorrection with the maxillary lingual
cusps contacting the mandibular buccal cusps. The
expander was left passively for retention for a minimum
of 6 months. The examiner was blinded for crossbite
and noncrossbite sides until all data were collected.

The maxillary models were digitally scanned and
then imported and analyzed in Rhino3d v5.0 (Robert
McNeel and Associates, Seattle, Wash). For each
model, landmarks were identified at the lingual gingival
margins of the greatest convexity: from the canines to
the first permanent molars, on the four first permanent
molar cusp tips, on the mid-distal surface of the incisive
papilla, and along the mid-palatal raphe (Figure 1).
Intercanine widths (ICWs) and intermolar widths
(IMWs) were measured between the canine and first
permanent molar landmarks (Figure 1). The palatal
surface area was defined with curves through the
lingual gingival margin points and on the palatal mesh
between homologous dental landmarks. The palatal
surface was created from this curve network and
divided into six segments. These were defined by the
locations of the first primary molar and second primary
molars on each side as well as the palatal midline,
together representing the anterior, middle, and poste-
rior palatal areas on both sides of the midline (Figure
2). These areas were used to assess palatal symme-
try. Palatal volume was derived from the region
enclosed by the palatal surface as well as a horizontal
plane through the points at the gingival margins of the
teeth. This volume was divided in the same manner as
the palatal surfaces (Figure 2). Each first molar’s
buccolingual and mesiodistal angulations were mea-

Table 1. Study Group Comparisonsa

Group N

Genderb Dental Agec

Male Female

T1,

Mean 6 SD

T2,

Mean 6 SD

Control sample 30 11 19 8.30 6 0.75 9.42 6 0.92

Treatment sample 30 11 19 8.36 6 0.70 9.47 6 0.94

Significance P ¼ 1.00 P ¼ .890 P ¼ .860

a T1 indicates before expansion; T2, after expansion; SD,
standard deviation.

b Gender: male vs female.
c Dental age as assessed by Demerjian.23

Figure 1. Landmark identification on the digitized models and width

measurements.
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sured first by constructing the normal to a rectilinear

planar surface fitted through its molar cusp tips, then by

measuring its three-dimensional relationship to the

normal of a best-fit horizontal plane through the points

defining the palatal gingival margins of the maxillary

teeth. Both normals were expressed relative to a

common origin at the center of each molar’s planar

surface, then projected onto lateral and frontal refer-

ence planes orthogonal to the horizontal plane. This

allowed measurement of the angular differences

between the molar and palatal normals (Figure 3).

Measurements for the 15 models were repeated 1

week apart to assess intraexaminer agreement. The

agreement was examined by an independent sample t-

test (P , .05) and intraclass correlation (P , .05). Data

distribution was assessed statistically for normality;

because the skewness and kurtosis values did not
exceed 61.96, parametric statistics were used there-
after. An independent sample t-test was used to
assess the differences between the treatment and
control groups; two-tailed dependent t-tests were used
to compare sides and differences within the groups
with a threshold for statistical significance of P , .05.

RESULTS

The results are summarized in Table 2. The range of
intraclass correlation coefficients showed good to
excellent intraexaminer agreement of 0.7 to 1.0.
Similarly, a t-test showed no significant differences
between the means of the first and second measure-
ments.

The control sample was decreased to 27 cases at T2
for the palatal surface area and volume measurements
due to one case with a large defect visible in the palate
and first premolar eruption in two other cases. For the
molar angle, one case was excluded because the first
permanent molars were still erupting at T1.

The mean pretreatment ICW was significantly less in
the treatment cases than in controls, whereas post-
expansion it became significantly greater. The mean
IMW in the treatment group at T1 was less than in
controls, but not statistically significantly different; at
T2, it became significantly greater.

The mean total surface area and volume in the
treatment group at T1 was smaller than the controls,
but not statistically significantly different. Postexpan-
sion of the surface area and volume became signif-
icantly larger in the treatment group than controls.

When the palatal surface areas and volumes on the
crossbite and noncrossbite sides (right and left sides
for controls) were compared, there were significant

Figure 2. Palatal surface area and volume divided into six parts.

Figure 3. Molar angulations in anteroposterior and transverse

planes.
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differences for the anterior segments in the control

group at T1 and the surface areas in the middle

segments for the treatment group at T2.

The mean bucco-lingual angle (BLA) on the cross-

bite and noncrossbite sides pretreatment were not

significantly different than the controls. After expan-

sion, the mean BLA on the crossbite side was

significantly larger than that in the controls, and the

noncrossbite side showed no difference. The mean

increase in the BLA from treatment on the crossbite

and noncrossbite sides were 4.418 and 2.868, respec-

tively, which was statistically significantly different. In

the control group from T1 to T2 there was a decrease

in BLA on both sides, neither statistically significant.

The mean mesio-distal angles (MDA) on each side

at T1 were similar between groups. After expansion,

the mean MDA on both sides were significantly larger

than the controls. The mean increase in MDA on the

crossbite side from T1 to T2 in the treatment group was

4.388 on average, whereas on the noncrossbite side it
changed by 4.518; both increases were significant. In
the control group, there was a nonsignificant decrease
in the MDA on both sides. When the BLA and MDA
were compared between the crossbite and noncross-
bite sides for both time intervals, the only significant
difference was observed in the BLA in the treatment
group at T2.

DISCUSSION

The findings revealed changes in palatal dimensions
and symmetry following early mixed-dentition SME
with a Haas-type appliance.

The pretreatment ICW was significantly less than the
control group. After expansion, the ICW increased by
4.65 mm, and this was significantly greater than
controls, similar to Wong et al.24 The mean ICW
increase was greater than that reported for other
mixed-dentition unilateral posterior crossbite SME

Table 2. Measurements Performeda

Variable

Treatment Group

(n ¼ 30) T2–T1

Control Group

(n ¼ 30b) T2–T1

Tx vs Control

(P Valued)

T1 T2

P Valuec

T1 T2

P Valuec T1 T2Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

Intercanine width (mm) 22.74 6 2.15 27.39 6 2.05 ,.001* 24.35 6 2.04 24.92 6 2.17 .294 .004* ,.001*

Intermolar width (mm) 30.32 6 2.80 35.08 6 3.03 ,.001* 30.75 6 2.20 31.22 6 2.40 .432 .510 ,.001*

Total surface area (mm2) 832.98 6 88.90 960.03 6 97.62 ,.001* 858.33 6 70.60 869.19 6 84.23 .602 .227 ,.001*

Surface area anterior halves (mm2)

Crossbite side 103.3 6 15.74 126.86 6 21.88 ,.001* 107.1 6 18.77* 107.5 6 20.05 .937 .400 .001*

Noncrossbite side 103.83 6 15.85 125.99 6 20.42 ,.001* 110.35 6 18.80* 109.17 6 20.42 .822 .152 .003*

Surface area middle halves (mm2)

Crossbite side 131.85 6 18.43 146.98 6 17.81* ,.001* 134.83 6 16.84 135.35 6 16.59 .907 .517 .013*

Noncrossbite side 129.09 6 17.22 143.46 6 17.66* .002* 135.40 6 17.8 136.23 6 16.52 .856 .168 .116

Surface area posterior halves (mm2)

Crossbite side 183.14 6 21.22 210.31 6 22.62 ,.001* 184.71 6 16.30 191.26 6 20.17 .187 .749 .001*

Noncrossbite side 180.67 6 21.23 205.94 6 18.38 ,.001* 186.78 6 17.00 189.46 6 20.74 .598 .224 .003*

Volume (mm3) 3654.25 6 726.32 4581.80 6 838.76 ,.001* 3922.20 6 605.20 4082.76 6 726.42 .372 .126 .019*

Volume anterior halves (mm3)

Crossbite side 299.00 6 95.00 414.60 6 117.63 ,.001* 326.50 6 108.27* 343.44 6 112.44 .566 .300 .023*

Noncrossbite side 298.88 6 85.55 414.99 6 124.25 ,.001* 337.15 6 110.41* 344.05 6 116.11 .819 .139 .030*

Volume middle halves (mm3)

Crossbite side 580.82 6 154.83 714.23 6 168.88 .002* 632.44 6 126.48 648.60 6 128.03 .634 .163 .102

Noncrossbite side 576.36 6 130.13 701.84 6 153.74 .001* 642.06 6 127.85 651.34 6 132.44 .789 .053 .188

Volume posterior halves (mm3)

Crossbite side 958.18 6 210.44 1191.28 6 237.81 ,.001* 983.99 6 145.01 1047.76 6 182.81 .154 .583 .013*

Noncrossbite side 940.59 6 179.54 1154.04 6 185.99 ,.001* 1000.01 6 146.13 1050.12 6 192.62 .278 .165 .044*

Molar angulation (8)

Bucco-lingual angle (8)

Crossbite side 12.66 6 5.77 17.08 6 6.79* .009* 12.76 6 3.77 12.04 6 4.13 .488 .942 .001*

Noncrossbite side 11.16 6 4.13 14.01 6 5.72* .031* 12.93 6 4.06 11.76 6 5.11 .338 .101 .117

Mesio-distal angle (8)

Crossbite side 4.03 6 4.05 8.40 6 5.51 .001* 4.31 6 3.31 2.90 6 3.13 .096 .766 ,.001*

Noncrossbite side 4.43 6 4.25 8.93 6 5.46 .001* 4.24 6 4.06 2.58 6 3.36 .066 .85 ,.001*

a T1 indicates before expansion; T2, after expansion; Tx, treatment; SD, standard deviation.
b Control sample had n¼ 27 at T2 for the surface area and volume measurements and n ¼ 29 for the molar angulation measurements.
c Paired sample t-test.
d Independent t-test.
* Significant differences, P , .05.
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and RME patients treated with the RME Hyrax
appliance, expansion plates, or a quadhelix.22,25–28

The current findings were similar to those reported for
a mixed-dentition acrylic splint RME.29 In general, the
ICW using SME is in accordance with previous studies
with RME.

The pre-expansion IMW was not significantly less
than the controls, whereas after expansion the IMW
was statistically greater. The postexpansion IMW was
slightly greater than other mixed-dentition SME using a
removable appliance or quadhelix.26,30 The IMW was
also greater than SME from quadhelix and expansion
plates in the older age groups.25 The ICW and IMW
increases from expansion were almost identical.

There were no significant differences in surface area
between the treatment and control groups pretreat-
ment. The postexpansion surface area was significant-
ly greater than the controls. The treatment group
showed smaller surface areas at both time intervals
when compared with other studies, likely due to a
different measurement method, appliances, and pa-
tient age.16,17 The surface area reported by Primožič et
al.20 was less than the current study at both intervals.
They also used an untreated control group, but at T2
the control group had slightly greater surface area than
the treatment group, contrary to the current study
observations. The appliance used, patient age, the
timing of records, and methodology all differed from the
current study.20 In another report by Primožič et al., the
surface area was slightly greater in the treatment group
than in the control group at T2.21

Palatal symmetry showed differences in the anterior
halves of the control group at T1 and the middle halves
of the treatment group postexpansion. Although
statistically significant, the differences may not be
clinically relevant as the mean difference was approx-
imately 3 mm2. Primožič et al. assessed symmetry by
measuring the percentage of overlap between the
original surface area and a mirror image of the original
surface area and reported symmetrical palates.20

The palatal volume before expansion was smaller,
but not significantly different from the control group.
After expansion, the volume was greater than the
control group, similar to Primožič et al.21 Palatal
volume for the treatment group was smaller than
reported by De Felippe et al.17 and Gohl et al.18 The
cause of these differences is likely similar to the
factors affecting surface area. This study is the first to
assess asymmetry by comparing the volumes of
homologous palatal segments. It found no differences
in the treatment group and a significant difference
only in the anterior region of the control group at T1.
This difference may be considered not clinically
significant as the mean difference was approximately
11 mm3.

In the current study, individual buccolingual and
mesiodistal molar angulations on the crossbite and
noncrossbite sides were measured directly on the
digitized models, which avoided use of Posteroanterior
head films or Cone Beam Computed Tomography
radiology. Although an independent reference such as
the cranial base would be ideal for measuring changes
in molar orientation, radiation hygiene suggests that it
would be unethical to take consecutive CBCT scans in
young children.31 Previously, molar buccolingual angu-
lation measurements on models have included either
the intermolar angle or the inclination of each molar
defined by two cusp tips.16,22 The intermolar angle
method, however, does not disclose any differences
between homologous molars, and the use of two cusps
as a reference line cannot reveal each molar’s three-
dimensional orientation. Both were possible in the
present study.

The crossbite side increased its BLA more than the
noncrossbite side. The significant increase in BLA for
the treated crossbite side may be attributed to the
elimination of the crossbite, freeing up potential
pretreatment dental compensation. The Haas group
in Oliveira et al.16 increased molar inclination from T1 to
T2 by approximately 78, which was greater than the
current study.16 Kılıç et al.32 found an increase of
approximately 78 for the acrylic-bonded group and 98

for the Hyrax group, which was greater than in this
study. This difference can be attributed to differences
in ages, appliances, activation rates, and methods
used.16,32

Sari et al.33 measured mixed-dentition increases in
intermolar angle of 5.58 per side, which is greater than
the current study. For the permanent dentition group,
the combined angle was 58 (2.58 for each molar) similar
to the current findings on the noncrossbite side, but
less than the crossbite side.33 Handelman et al.22 also
measured the intermolar angle and noted in children an
increase that was less than the current study; this is
possibly due to age differences, different activation
rates, and measurement methods. In early mixed-
dentition unilateral crossbite cases, Wong et al.24 found
a mean increase in the buccal angle of each molar
about 28, which was less than the current study. For the
controls in this study, there was a decrease in the
buccal angulation from T1 to T2, and this matches the
report of maxillary molars uprighting with age from
Marshall et al.34

No studies are available to compare the findings
related to MDA angles. The increase in MDA following
expansion was an unexpected finding, and the
mechanism is unknown.

The retrospective nature of this study could be
considered a limitation. A more reliable approach in the
future would be a random prospective design.
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CONCLUSIONS

Using SME with a Haas-type expander in the early
mixed dentition resulted in the following:

� Similar expansion was found across the canines and
molars.

� Pretreatment surface areas and volumes that were
smaller than the untreated controls became signifi-
cantly larger after expansion.

� Surface areas in the palate were bilaterally similar,
except for the central postexpansion region.

� Increased inclination was noted of the first permanent
molars buccally and distally, whereas the controls
showed a decrease in both inclinations.

� There was a greater mean increase in the buccal
inclination of the treated first permanent molar on the
crossbite side when compared with the noncrossbite
side.
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