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CBCT assessment of alveolar buccal bone level after RME

Valmy Pangrazio-Kulbersha; Brynn Jezdimirb; Mariana de Deus Haugheyc; Richard Kulbershd;
Paul Winee; Richard Kaczynskif

ABSTRACT
Objective: To evaluate the maxillary alveolar buccal bone levels after expansion with banded and
bonded expanders, using cone-beam computed tomography (CBCT).
Materials and Methods: The population sample consisted of 22 patients who required expansion
during their comprehensive treatment; 10 patients (five males and five females) with a mean age of
13.5 years (CVMS 3) had bonded hygienic expanders, and 12 (six males and six females) with a
mean age of 12.6 years (CVMS 3) had banded hyrax expanders. CBCT was taken both before (T1)
and 6 months after last activation (T2). Measurements were made for buccal bone thickness (BT),
buccal marginal bone level (MBL), and bone thickness level (BTL) at the right first molar (MRt), left
first molar (MLft), right first premolar (PMRt), and left first premolar (PMLft). A mixed-design analysis
of variance assessed differences between and within the groups. Post hoc t-tests were completed
on significant analysis of variance results to determine where differences occurred.
Results: Analysis of variance revealed no significant differences between or within the two groups.
BT significantly decreased horizontally following rapid maxillary expansion. The amount of bone
lost was 20.59 mm MRt, 20.72 mm PMRt, 20.50 mm MLft, and 20.57 mm PMLft (P , .003).
Conclusions: There was no significant difference between or within the two groups. Buccal bone
loss in the vertical dimension (MBL) only showed significance in the banded group for MRt

(0.63 mm) and PMLFt (0.37 mm) as evidenced by the paired t-test (P , .05). (Angle Orthod.
2013;83:110–116.)

KEY WORDS: Expansion; Buccal bone changes; Bonded expanders; Banded expanders; CBCT
measurements

INTRODUCTION

Maxillary palatal expansion is a common orthodontic
procedure used to correct posterior crossbites, increase
maxillary width, or enlarge arch perimeter. It was first

described by Angell in 1860 and then later in early
dental and orthodontic literature, from Black in 1893 to
Hawley in 1912.1 Rapid maxillary expansion (RME) is
accomplished by opening the skeletal sutures of the
maxilla rather than moving the teeth out of the bone.1–4

Not only is the maxillary palatal suture opened, but the
nasal, maxillary-zygomatic, and zygomatico-temporal
sutures are affected during RME, with the nasal suture
having the most cellular activity.5 Furthermore, RME is
an efficient method for correcting arch length discrep-
ancies caused by maxillary constriction.

The majority of the research conducted on RME
stability and side effects is limited to the analysis of
dental casts and two-dimensional radiographs (lateral
and anterior-posterior cephalograms).6–11 The use of 3-
dimensional imaging for orthodontic records yields
insight into the effects and stability of RME.12–14 Recent
research has begun to assess the skeletal effects of
the maxilla after RME with the use of cone-beam
technology.15–17 Additional studies evaluated the buc-
cal bone changes of the maxillary posterior teeth and
assessed the periodontal effects of different types of
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expanders.18,19 The purpose of this study was to
evaluate the maxillary alveolar buccal bone levels
after expansion with banded and bonded expanders,
using cone-beam computed tomography (CBCT).

MATERIALS AND METHODS

This prospective study evaluated 22 patients treated
with palatal expanders for the correction of maxillary
palatal constriction. The Power analysis indicated that
a sample size of 12 patients was needed to detect a
difference of 1 mm or less in response to an alpha of
.003 and a power of 80%. Approval of this study was
received from the University of Detroit Mercy Institu-
tional Review Board.

Ten patients (five males and five females) with a
mean age of 13.5 6 2.1 years had bonded hygienic
expanders, and 12 patients (six males and six females)
with a mean age of 12.5 6 1.6 years had banded hyrax
expanders (Figures 1 and 2). The mean cervical
vertebra maturation in both groups was stage 3.

The expanders were activated one turn a day for 4–
6 weeks, with total expansion ranging from 6 to 10 mm.
Patients with a dolichocephalic growth pattern re-
ceived bonded expanders, while patients with a
mesocephalic or brachycephalic growth pattern re-
ceived banded expanders. CBCT was taken both
before expansion (T1) and 6 months after the last
activation of the expander, which coincided with
appliance removal (T2). Measurements were made
for buccal bone thickness (BT), buccal marginal bone
level (MBL), and bone thickness level (BTL) at the right
and left first molars (MRt, MLft) and the right and left first
premolars (PMRt, PMLft). The second premolar was not
included due to consistent findings of less bone loss in
comparison to the adjacent teeth.16,18 All CBCT images
were acquired with the I-CAT imaging scanner
(Imaging Sciences International, Hatfield, Penn). The
radiologic parameters used were 120 kVp, 18.54 mAs,
8.9-second scan time, and 0.3-mm voxel size. Each
patient’s image data were stored as DICOM (digital
imaging and communications in medicine) data files
and were assessed using Dolphin3D (version 11.5;
Dolphin Imaging and Management Solutions, Chats-
worth, Calif).

The measurement techniques for BT, MBL, and BTL
were similar to those described by Rungcharassaeng
et al.18 MBL and BT were measured as follows: from an
axial cut of the T1 images at the root levels of the first
premolars and molars, an open polygon cut was made
buccal-lingual so it bisected the roots bilaterally. On
the coronal image derived from the open-polygon cut,
reference lines were constructed from the buccal cusp
tips to the buccal root tips bilaterally. Only the mesio-
buccal roots of the first molars (M) were evaluated due
to their greater prominence over the disto-buccal root.
A perpendicular line (PL1) to the reference line was
made at the most coronal point where the bone meets
tooth, and MBL was measured from the cusp tip to
PL1. A second perpendicular line (PL2) was made at
the level of buccal bone deflection. BTL was defined
as the distance from the cusp tip to the PL2 on the
reference line. On PL2, the BT was measured from the
root surface to the most buccal bone surface (Figure 3).
The procedures for T2 measurements were repeated;
however, the BT was additionally measured at the BTL
determined at T1 to maintain consistency of measure-
ment height.

Statistical Analysis

A mixed-model analysis of variance determined
differences of BT, MBL, and BTL, with time (T1 vs.
T2) as a repeated (or within subjects) effect and
expander group as an independent effect. The
significance level for each analysis of variance was

Figure 1. Bonded Expander.
Figure 2. Banded Expander.
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set at .003 in order to keep the experiment-wide a level
at .05. For those analysis of variance results that
achieved significance, post hoc t-tests identified
specific differences. Since the omnibus analysis of
variance tests were adjusted for experiment-wide a,
post-hoc tests were conducted with a P value of .05.
Intra-rater reliability was assessed by test-retest
reliability; measurements for 10 patients selected at
random were repeated 1 month after initial readings
were taken. Intra-rater reliability was high, ranging
from 0.87 to 0.99 for most measures, the only
exceptions being BT PMLft (r 5.76) and MBL for the
right molar (r 5 .81).

RESULTS

Comparison of Starting Sample

No statistically significant differences were found in
either the banded or bonded groups at T1 for the 16
measurements studied.

Comparison of Expansion Effects

Mixed design analyses of variance indicated no
significant interactions within the groups or between
the groups. However, both groups changed similarly,
and significantly, over time (Table 1).

Change in Buccal Bone

Buccal bone loss in the vertical dimension, as
depicted by the MBL, only showed significance in the
banded group for MRt (0.63 mm) and PMLft (0.37 mm)
according to the paired t-test (P , .05). However, a
tendency toward more vertical bone loss was observed

in the banded group. BTL did not change significantly
within and between groups over time for any of the
teeth measured.

Statistically significant loss of horizontal buccal bone
occurred at right and left first molars and premolars
when measured after expansion at BTL-T1. Between
T1 and T2, BT of MRt went from a mean value of
1.84 mm to 1.25 mm, for a horizontal buccal bone loss of
0.59 mm (F1,21 5 23.40, P 5 .000); BT of PMRt went
from a mean value of 1.67 mm to 0.95 mm, for a
horizontal buccal bone loss of 0.72 mm (F1,21 5 20.82, P
5 .000); BT of MLft went from a mean value of 1.67 mm
to 1.18 mm, for a horizontal buccal bone loss of 0.50 mm
(F1,21 5 16.77, P 5 .001); BT of PMLft went from a mean
value of 1.46 mm to 0.90 mm, for a horizontal buccal
bone loss of 0.57 mm (F1,21 5 16.77, P 5 .001)
(Table 2).

DISCUSSION

Horizontal buccal bone (BT) was lost in all the teeth
analyzed in both expansion groups. Over 0.50 mm of
BT loss occurred with both types of expanders. These
findings were similar to those of Garib et al.16 and
Rungcharassaeng et al.18 Garib et al.,16 using Hass
and four banded expander, found BT loss of 0.6 mm at
the first premolars and 0.7 mm at the first molars, while
Rungcharassaeng et al.18 found 1.14 mm at the first
premolar and 21.24 at the first molar. Garib et al.16,19

also showed a decrease in MBL. However, the present
study showed a significant vertical bone decrease only
in the banded group on the MRt and PMLft. A decrease
in vertical MBL is indicative of bone dehiscence.

Buccal tooth movement and bone dehiscence have
been linked in animal investigations, where buccal

Figure 3. Molar coronal measurements derived from open polygon cut. BT indicates bone thickness; BTL, bone thickness level; MBL, marginal

bone level; PL 1, perpendicular line 1; PL 2: perpendicular line 2.
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tooth movement with mild forces increased the
distance between the cementoenamel junction and
the alveolar crest.20–24 Vanardsdall,7 Watson,25 and
Greenbaum and Zarchrisson26 made clinical observa-
tions of attachment loss and gingival recession on the
buccal surface of maxillary posterior teeth following
expansion. Nonetheless, due to the lack of better
diagnostic instrumentation, they could only suggest
that RME could cause bone dehiscence.

The inconsistencies between our findings and those
of previous studies highlight the difficulty in determin-
ing dehiscence of the buccal plate covering maxillary
posterior teeth. The MBL at T2 may be similar to the
T1 level, suggesting no loss of bone in the vertical
dimension; however, fenestrations could be present at
a more apical level. Garib et al.16 analyzed the
maximum and minimum changes in MBL and deter-
mined that individual variations could be extensive,
ranging from 0 to 10.5 mm. They further concluded
that patients with initially thin bone plates had larger
reductions of alveolar crest levels after expansion.
Using the same sample as in the present study,
Pangrazio-Kulbersh et al.17 determined that molar
tipping was more significant in the banded group; this
could possibly explain the vertical decrease of buccal
bone in some teeth.

Periodontal stability of patients following expansion
is a major concern for clinicians. Therefore, determin-
ing clinical significance of buccal bone loss is
imperative. Our patients showed no signs of gingival
recessions after expansion and at the 6 month
retention period. It would be interesting to evaluate
this sample long term to determine the effect of BT and
vertical marginal bone reduction on the gingival levels.

Research by Steiner et al.21, Thilander et al.22, and
Wennstrom et al.23 revealed that loss of connective
tissue attachment and migration of junctional epithe-
lium did not follow the buccal alveolar crest unless
inflammation was present. Greenbaum and Zarchris-
son26 studied the long term periodontal effects in
younger patients receiving rapid (tissue-borne) or slow
(quad-helix) expansion. At 3 years posttreatment, they
compared the two expansion groups to a control group
and found, on average, good periodontal conditions in
all groups. Individual variations within the group were
evident; most patients with attachment loss at the first
molar were in the RME group.

Vanardsdall7 assessed the periodontal stability of
young patients receiving orthodontic treatment with
and without RME. After 8–10 years, gingival recession
was present in 20% of the expansion patients and only
in 6% of the nonexpansion patients. Recession has
many contributing and predisposing factors, such as
thin biotype, buccally positioned teeth, bone dehis-
cence, plaque-induced inflammation, and mechanical
trauma from tooth brushing.27–30 Periodontal concerns
are heightened when using RME in the late permanent
dentition. Buccal bone loss in the horizontal and
vertical dimensions is more likely to occur by buccal
translation of the posterior teeth within the alveolar
bone due to lack of sutural response. Therefore, early
treatment of transverse maxillary skeletal discrepancy
is essential to achieve an orthopedic effect.31,32

Three-dimensional CBCT imaging has improved the
ability to assess the buccal bone of the maxillary
posterior teeth. The accuracy of this method has been
validated by Ising et al.33 However, the measuring
technique is still limited to two-dimensional viewing of

Table 1. Overall Changes Within and Between the Banded and Bonded Hyrax Groups over Timea

Measurements

Interaction (Time 3 Group),

P value

Time (Within Groups),

P Value

Between Groups,

P Value

Right molar MBL .140 .007 .406

BTL .220 .763 .496

BT-T2 .800 .000* .503

BT-T1 .367 .000* .892

Right premolar MBL .433 .632 .693

BTL .544 .174 .622

BT-T2 .383 .000* .938

BT-T1 .194 .000* .658

Left molar MBL .264 .671 .521

BTL .482 .491 .893

BT-T2 .603 .010 .658

BT-T1 .732 .001* .822

Left premolar MBL .376 .935 .963

BTL .383 .335 .833

BT-T2 .733 .001* .236

BT-T1 .872 .002* .155

a MBL indicates marginal bone level; BTL, bone thickness level; BT, bone thickness; BT-T2, bone thickness 6 months after the last activation of

the expander; BT-T1, bone thickness before expansion.

* P value . .003; mixed-design analysis of variance.
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Table 2. Changes Between the Banded and Bonded Hyrax Groups over Timea

T1 SD T2 SD Mean Dif P

Right molar

MBL

Banded 8.04 0.75 8.67 0.89 0.63 .004*

Bonded 8.48 0.50 8.68 0.52 0.20 .391

BTL

Banded 10.20 0.84 10.38 1.14 0.18 .438

Bonded 10.71 1.04 10.41 0.99 20.30 .369

BT-T2

Banded 1.91 0.71 1.41 0.60 20.50 .000*

Bonded 1.76 0.30 1.21 0.81 20.55 .017

BT-T1

Banded 1.91 0.71 1.22 0.87 20.69 .002*

Bonded 1.76 0.30 1.29 0.72 20.47 .023

Right premolar

MBL

Banded 8.87 0.94 9.04 0.89 0.16 .525

Bonded 9.51 0.87 8.84 3.18 20.67 .543

BTL

Banded 10.90 0.97 10.36 0.93 20.54 .152

Bonded 11.62 1.24 10.25 3.82 21.37 .342

BT-T2

Banded 1.72 0.81 0.99 0.58 20.73 .002*

Bonded 1.62 0.52 1.13 0.72 20.49 .040*

BT-T1

Banded 1.72 0.81 0.80 0.62 20.92 .002*

Bonded 1.62 0.52 1.12 0.66 20.50 .048*

Left molar

MBL

Banded 8.01 0.73 8.31 0.75 0.30 .132

Bonded 8.20 0.64 7.54 2.69 20.66 .478

BTL

Banded 10.22 1.09 10.23 1.07 0.01 .975

Bonded 10.53 0.89 9.75 3.51 20.78 .522

BT-T2

Banded 1.67 0.74 1.14 0.48 20.53 .027*

Bonded 1.68 0.48 1.32 0.72 20.36 .161

BT-T1

Banded 1.67 0.74 1.13 0.50 20.53 .006*

Bonded 1.68 0.48 1.23 0.75 20.45 .038*

Left premolar

MBL

Banded 8.80 0.77 9.17 1.08 0.37 .020*

Bonded 9.23 0.69 8.79 3.16 20.44 .660

BTL

Banded 10.82 0.78 10.77 0.95 20.05 .879

Bonded 11.43 0.99 10.43 3.77 21.00 .389

BT-T2

Banded 1.35 0.56 0.89 0.39 20.46 .006*

Bonded 1.60 0.52 1.05 0.51 20.55 .049*

BT-T1

Banded 1.35 0.56 0.76 0.68 20.59 .024*

Bonded 1.60 0.52 1.06 0.48 20.54 .035*

a BT-T1 indicates bone thickness before expansion; SD, standard deviation; BT-T2 indicates bone thickness 6 months after the last activation

of the expander; MBL, marginal bone level; BTL, bone thickness level; BT, bone thickness.

* P value , .05; paired t-tests.

114 PANGRAZIO-KULBERSH, JEZDIMIR, HAUGHEY, KULBERSH, WINE, KACZYNSKI

Angle Orthodontist, Vol 83, No 1, 2013



data. An initial attempt to quantitatively and qualita-
tively assess the buccal plate in three dimensions led
us to realize that available software is incapable of
performing this assessment. The main difficulty is that
the nature of the buccal bone is relatively thin and less
dense than the surrounding structures. CBCT evalu-
ation of bone levels prior to maxillary expansion could
be helpful to determine those patients in whom RME
therapy should be chosen with caution to prevent
detrimental effects on the periodontal tissues.

CONCLUSIONS

N Banded and bonded hygienic expanders had similar
effects on the buccal bone of the maxillary posterior
teeth.

N Horizontal buccal bone (BT) was reduced on MRt,
MLft, PMRt, and PMLFt in both the banded and
bonded groups following RME.

N A tendency for vertical buccal bone loss (MBL) was
observed; however, statistical significance was found
only in the banded group on the MRt and PMLft

following RME.
N The CBCT is a reliable method for assessing

changes in the buccal bone following RME.
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