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the alveolus: a retrospective cone beam
computed tomography study
Narayan H. Gandedkar1 and Eric Jein-Wein Liou2,3*

Abstract

Background: Rapid maxillary expansion reduced the expander’s anchor teeth buccal alveolar bone thickness.
However, the effects of alternate rapid maxillary expansions and constrictions (Alt-RAMEC) on the expander’s
anchor teeth alveolar thickness has not been assessed. The purpose of this retrospective study was to evaluate
the effects of Alt-RAMEC on the alveolus surrounding the anchor teeth of a double-hinged expander.

Methods: Twenty-six individuals, including 12 males (11.5 ± 1.00 years) and 14 females (11.5 ± 0.90 years), who
had double-hinged expander for 7 weeks of Alt-RAMEC and then 3 months of maxillary protraction, were
included. Their cone beam computed tomography (CBCT) images taken 3–6 months before treatment (T0)
and after 7 week of Alt-RAMEC (T1), were studied for the buccal alveolar bone thickness (BABT) and palatal
alveolar bone thickness (PABT) of the expander’s anchor teeth (first molars and first and second premolars)
in four axial sections. The intra-class correlation coefficient, Dahlberg’s formula, and paired t tests were used
to analyze the method errors, and the intra-group changes of the BABT and PABT at T0-T1 were analyzed by
paired t test (p < 0.05).

Results: The 7 weeks of Alt-RAMEC significantly reduced the BABT of the expander’s anterior anchor teeth (0.
54~ 70 mm, p < 0.05) and at the cervical region (0.14~ 0.25 mm, p < 0.05), but not at the apical region of the
expander’s posterior anchor teeth. The reduction of BABT by 7 weeks of Alt-RAMEC was within the scope of
the initial BABT. On the opposite, the Alt-RAMEC significantly (p < 0.05) increased the PABT in the anterior anchor teeth
and the cervical region of posterior anchor teeth.

Conclusions: A 7-week protocol of Alt-RAMEC with double-hinged expander for maxillary protraction might reduce the
buccal alveolar bone thickness of the expander’s anchor teeth, although the reduction is within the scope of
initial alveolar thickness of the expander’s anchor teeth.
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Background
The alternate rapid maxillary expansions and constrictions
(Alt-RAMEC) protocol was developed to elicit circumaxil-
lary suture disjunction and facilitate subsequent maxillary
protraction in growing skeletal class III individuals [1–3].
The rationale behind the protocol is to amplify the effects
of rapid maxillary expansion (RME) by increasing the fre-
quency of expansion through alternating rapid expansion
and constriction several times [4, 5]. The extent of circu-
maxillary suture disjunction with a 5-week Alt-RAMEC
protocol, demonstrated in a cat model, was significantly
greater (94.4% vs. 64.8%) than with a 1-week RME proto-
col [6]. The amount of maxillary protraction has been re-
ported to be 4–6 mm in 5 months under the Alt-RAMEC
protocol [1, 3], whereas it was 1.5–3.0 mm in 10 to
12 months under the RME protocol [7–11].
Because the expander is a tooth-borne device, the im-

mediate effects of the protocol on the dentoalveolar ap-
paratus of the anchor teeth cannot be underemphasized.
Researchers have reported buccal marginal bone loss and
cortical fenestration with the RME protocol [12]. Several
tomography studies have also reported the effects of RME
on the dentoalveolar apparatus [13–16]. The behavior of
the buccal and palatal alveolar bone with tooth- and
tissue-borne expanders under the RME protocol has been
studied, and significant reductions in the buccal alveolar
bone with bone dehiscence were noted, along with com-
pensatory increases in palatal alveolar bone thickness [17].
Studies have reported that the initial buccal alveolar bone
thickness (BABT) of maxillary anchor teeth is critical, and
BABT reduction following expansion is dependent on the
initial thickness with thinnest pre-expansion BABT ex-
periencing greatest reduction, especially buccal alveolus of
first premolars [15, 18]. We assume that Alt-RAMEC’s al-
ternating expansion and constriction protocol might also
lead to BABT reduction and may increase the palatal
alveolar bone thickness (PABT). However, no study has
been performed to verify this assumption and quantify
Alt-RAMEC’s effect on the maxillary anchor teeth alveo-
lus by comparing with pre-expansion alveolus thickness..
Hence, we conducted this retrospective study to test the
following hypotheses:

1) Alt-RAMEC decreases maxillary anchor teeth
buccal alveolar bone thickness in comparison to
initial alveolus thickness.

2) Alt-RAMEC increases maxillary anchor teeth
palatal alveolar bone thickness in comparison to
initial alveolus thickness.

Therefore, the purpose of this retrospective study was
to evaluate the effect of Alt-RAMEC on the alveolus sur-
rounding the anchor teeth of an expander and compare
with pre-expansion alveolus.

Methods
This project was approved (no.102-5509B) by the ethical
committee of the hospital, and informed consents were
obtained from the guardians of all patients. The sample
size was determined by setting an effect size 0.8, power
0.9, and significant level 0.01for a two-tailed same-sub-
jects paired t test. Twenty-six growing patients with
class III malocclusion (Table 1) who sought for maxillary
orthopedic protraction and orthodontic treatment were
included according to the following inclusion criteria:
maxillary hypoplasia with ANB ≤ 0°, SNA ≤ 78°, SNB ≥
82°, cervical vertebrae stage 2, and early permanent den-
tition. Patients with absence of maxillary posterior teeth,
metallic restorations on the maxillary posterior teeth,
previous periodontal disease, and previous orthodontic
treatment were excluded.
Each patient’s maxillary first molars and first premolars

were banded with a double-hinged expander (Bestdent,
Kaoshiung, Taiwan) (Fig. 1.). The anterior extension arms
of the expander were bonded to the palatal surface of the
central, lateral incisors and canines. The expander was
activated a day after the cementation. The activation
protocol included 7 weeks of Alt-RAMEC, commencing
with expansion in the first week, alternating to constric-
tion in the second week, and ending with expansion in the
seventh week. The daily expansion or constriction was
1.0 mm.
In this retrospective study, all patients had two sets of

cone beam computed tomography (CBCT) images taken
3 to 6 months before expansion (T0), and immediately
after 7 weeks of Alt-RAMEC (T1) without removing the
expander. A CBCT scanner (i-CAT, Imaging Sciences
International Inc., PA) was used at 120 kV and 3–8 mA,
with a scanning time of 10 s and a field of view of
16 cm × 22 cm, at a 12-bit gray scale. The data of each
patient were reconstructed with 0.25-mm voxel size and
converted into DICOM images. The data were trans-
ferred to a network computer workstation with the Sim-
plant Pro™ Imaging software program (Materialize, Glen
Burnie, MD), in which multiplanar axial images were
generated and assessed.

Measurement of alveolar bone thickness
All the patients’ CBCT images were oriented so that the
palatal plane (anterior nasal spine to posterior nasal
spine) in the sagittal sections and the infraorbital plane
(right infraorbital foramen to left infraorbital foramen)

Table 1 Descriptive statistics for the participants of this research
project

Sex n = 26 Age (Years) (Mean ± SD)

Males 12 11.5 ± 1.00

Females 14 11.5 ± 0.90
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in the coronal sections were parallel to the floor [19].
Four axial sections parallel to the palatal plane [12, 15,
16] were measured (Fig. 2).

� Axial section 1 (AS1): 1 mm cervical to the
furcation of right maxillary first molar.

� Axial section 2 (AS2): at the furcation of right
maxillary first molar.

� Axial section 3 (AS3): 1 mm apical to the furcation
of right maxillary first molar.

� Axial section 4 (AS4): 2 mm apical to the furcation
of right maxillary first molar.

The buccal alveolar bone thickness (BABT) of the
maxillary posterior teeth was measured from the exter-
nal border of the buccal cortical plate to the center of
the buccal aspect of the first and second premolar and
the mesiobuccal and distobuccal roots of the first
molar. The palatal alveolar bone thickness (PABT) was
measured from the external border of the palatal

cortical plate to the center of the palatal aspect of the
root of the first and second premolar and to the center
of the palatal root of the first molar. Buccally and palat-
ally displaced teeth with rotation were measured at the
nearest root distance to the external contour of the al-
veolar ridge.

Statistical analysis
All the measurements were performed by the same
examiner at the same scanner console and were repeated
after a month interval by the same examiner. The
intra-class correlation coefficient and simple linear scat-
ter plot were used to analyze the repeated measures, and
the Dahlberg’s formula (√(ΣD2/2 N) [20] was used for
the method errors. The reliability was tested by Cron-
bach’s alpha analysis. The right and left side BABT and
PABT of each section of each tooth were pooled respect-
ively, and a paired t test (p < 0.05) was used to evaluate
their changes at T0–T1.

Results
The ICC coefficient at a 95% confidence interval varied
from 0.992 to 0.996, and the simple linear scatter plot
indicated excellent agreement between the first and sec-
ond measurements (R2 linear = 0.999) (Fig. 3). The
method errors were 0.002 to 0.018 mm at the first mo-
lars, 0.012 to 0.017 mm at the second premolars, and
0.008 to 0.036 mm at the first premolars. Cronbach’s
alpha analysis for reliability revealed a value of 0.998.

BABT changes
The 7-week Alt-RAMEC significantly (p < 0.05) re-
duced the BABT with maximum reduction at all four
axial sections (AS1–4) at the first premolars (0.54 ~
0.70 mm, p < 0.05), and a lesser reduction at the sec-
ond premolars (AS1–4) (0.14 ~ 0.36 mm, p < 0.05),
and the cervical region (AS1 and 2) of first molars. A

Fig. 1 The double-hinged expander used in the study. It consists of
a jackscrew with two hinges of rotation and two anterior extension
arms (0.045 in. stainless steel wires)

Fig. 2 a. The four sections for the measurement of buccal alveolar bone thickness (BABT) and palatal alveolar bone thickness (PABT). b. The
measurements of BABT and PABT at the axial section at the furcation of right maxillary first molar
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non-significant reduction was noticed at the apical re-
gion (AS3 and 4) at the mesial (0.0 ~ 0.00 mm, p >
0.05) and distal roots (0.05 ~ 0.06 mm, p > 0.05) of
first molars. The BABT reduction by the 7-week
Alt-RAMEC was all within the scope of the initial
BABT (Table 2, Fig. 4).

PABT changes
The 7-week Alt-RAMEC significantly (p < 0.05) in-
creased the PABT at all four axial sections (AS1–4) at
the first premolars (0.31 ~ 0.41 mm, p < 0.05) and the
cervical region (AS1 and 2) of first molars (0.32 and
0.32 mm, p < 0.05). A non-significant difference was
noted at all fours sections of the second premolars and
at the apical region (AS3 and 4) of the first molars root
(Table 3).

Discussion
Previous CT studies of the effects of RME on palatal
and buccal alveoli evaluated only on one axial section
[12, 14–16], which might not sufficiently delineate the
effects of RME on the entire alveolar bone thickness.
This present study could be the first to investigate the
immediate effects of Alt-RAMEC on the alveolar bone
of the same patients by evaluating on four CBCT axial
sections. Our results revealed that the Alt-RAMEC re-
duced the BABT (0.54 ~ 0.70 mm) and thickened the

Fig. 3 The scatter plot indicates the agreement between the first and second measurements fitting to a 45-degree slope regression line
(R2 linear = 0.999)

Table 2 Intra-group comparison of buccal alveolar bone
thickness (BABT) measurements before expansion (T0) and after
7-week Alt-RAMEC (T1) with the paired t test (p < 0.05)

T0 (mm) T1 (mm) T0–T1 (mm)
p value

1st molar–mesial AS1 1.56 ± 0.09 1.31 ± 0.06 − 0.25 ± 0.14(0.000*)

AS2 1.50 ± 0.11 1.36 ± 0.12 − 0.14 ± 0.12(0.000*)

AS3 1.56 ± 0.09 1.54 ± 0.09 −0.01 ± 0.02(0.686)

AS4 1.56 ± 0.09 1.55 ± 0.09 −0.00 ± 0.02(0.954)

1st molar –distal AS1 2.56 ± 0.16 2.28 ± 0.16 −0.28 ± 0.04(0.000*)

AS2 2.53 ± 0.19 2.14 ± 0.10 −0.34 ± 0.04(0.000*)

AS3 2.54 ± 0.19 2.54 ± 0.19 −0.05 ± 0.10(0.896)

AS4 2.60 ± 0.19 2.54 ± 0.19 −0.06 ± 0.05(0.731)

2nd pre molar AS1 1.28 ± 0.06 1.14 ± 0.11 −0.14 ± 0.09(0.000*)

AS2 1.29 ± 0.05 1.08 ± 0.10 −0.20 ± 0.09(0.000*)

AS3 1.29 ± 0.05 1.08 ± 0.10 −0.21 ± 0.10(0.000*)

AS4 1.29 ± 0.05 0.93 ± 0.06 −0.36 ± 0.06(0.000*)

1st pre molar AS1 0.81 ± 0.10 0.26 ± 0.05 −0.54 ± 0.11(0.000*)

AS2 0.81 ± 0.10 0.25 ± 0.04 −0.56 ± 0.11(0.000*)

AS3 0.93 ± 0.06 0.23 ± 0.06 −0.70 ± 0.09(0.000*)

AS4 0.83 ± 0.11 0.25 ± 0.05 −0.57 ± 0.11(0.000*)

*Statistically significant (p < 0.05)
AS1, Axial section 1; AS2, Axial section 2; AS3, Axial section 3; AS4,
Axial section 4
‘-‘negative values indicate a decrease
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PABT (0.31 ~ 0.41 mm) at the anterior anchor teeth.
All the BABT reduction by the Alt-RAMEC was
within the scope of the initial BABT, which indicated
that the Alt-RAMEC did not cause root or bony dehis-
cence or compromise the periodontal support of all
the anchor teeth.
The first premolars had the greatest BABT reduction

by the Alt-RAMEC. This could be due to the double-
hinged expander which expands maxilla more at the an-
terior than posterior [5, 6], and the first premolars were
the anterior anchor teeth. The first premolars therefore
were expanded in a wider range and heavier force result-
ing in a more BABT reduction. The first premolars also
had the thinnest initial BABT, and a thinner initial
BABT has been revealed having more buccal bone re-
duction and deleterious post-expansion effects [15, 18].
The range of expansion and initial BABT of the anchor
teeth of a maxillary expander seems critical to the BABT
reduction no matter if it is RME or Alt-RAMEC. On the
other hand, the second premolars had the least and neg-
ligible BABT reduction because they were not banded or
bonded to the expander, and they were the indirect
anchor teeth.
Maxillary expansion results in either buccal crown

tipping of the anchor teeth of a hyrax expander [21, 22]
or bodily movement of the anchor teeth of a Hass type
expander with palatal acrylic pads [12, 17, 21, 22].

Fig. 4 The changes of alveolar bone thickness at the first molars (upper row), second premolars (middle row), first premolars (bottom row) before
expansion (T0), and 7-week Alt-RAMEC (T1). The first premolars (bottom row) had the greatest buccal alveolar bone thickness reduction at
7-week Alt-RAMEC

Table 3 Intra-group comparison of palatal alveolar bone
thickness (PABT) measurements before expansion (T0) and after
7-week Alt-RAMEC (T1) with the paired t test (p < 0.05)

T0 (mm) T1 (mm) T0–T1 (mm)
p value

1st molar –palatal AS1 1.96 ± 0.27 2.29 ± 0.24 0.32 ± 0.15(0.000*)

AS2 1.97 ± 0.27 2.30 ± 0.24 0.32 ± 0.14(0.000*)

AS3 1.99 ± 0.25 2.05 ± 0.21 0.06 ± 0.20(0.308)

AS4 1.99 ± 0.25 2.05 ± 0.21 0.06 ± 0.20(0.308)

2nd pre molar AS1 2.57 ± 0.23 2.57 ± 0.22 0.00 ± 0.05(0.943)

AS2 2.61 ± 0.24 2.61 ± 0.24 0.00 ± 0.04(0.988)

AS3 2.61 ± 0.24 2.60 ± 0.20 0.00 ± 0.08(0.889)

AS4 2.61 ± 0.24 2.62 ± 0.24 0.01 ± 0.08(0.923)

1st pre molar AS1 2.53 ± 0.25 2.91 ± 0.29 0.41 ± 0.28(0.000*)

AS2 2.58 ± 0.26 2.92 ± 0.29 0.34 ± 0.29(0.000*)

AS3 2.60 ± 0.28 2.93 ± 0.30 0.33 ± 0.30(0.001*)

AS4 2.63 ± 0.29 2.94 ± 0.32 0.31 ± 0.30 (0.001*)

*Statistically significant (p < 0.05)
AS1, Axial section1; AS2, Axial section 2; AS3, Axial section 3; AS4,
Axial section 4

Gandedkar and Liou Progress in Orthodontics  (2018) 19:40 Page 5 of 7



Interestingly, the double-hinged expander resulted in
buccal crown tipping of the posterior anchor teeth but
bodily movement of the anterior anchor teeth. Our re-
sults revealed that the BABT reduction and PABT thick-
ening were both more at the cervical (AS1 and 2) than
at the apical regions (AS3 and 4) of the posterior an-
chor teeth (fist molars), but they were similar at the
cervical and apical regions of the anterior anchor teeth
(first premolars).
In comparison to the 1-week RME protocols [15, 16,

18], the protocol of Alt-RAMEC had three more sets of
alternating rapid expansions and constrictions of max-
illa. And it is reasonable to assume that the Alt-RAMEC
has more impacts on the BABT reduction and PABT
thickening than RME and has more root and alveolar
bone dehiscence. However, the results of this study
showed that the BABT reduction and PABT thickening
were both within the scope of initial BABT and PABT.
The impacts of Alt-RAMEC were less than we expected.
This could be due to the alternating expansion and

constriction that is a reciprocal recovery period to each
other, which makes the impacts on alveolus less. For a
7-week Alt-RAMEC, the three constrictions recipro-
cally relieve the expansion force and alternate the buc-
cal alveolus from pressure to tension side and the
palatal alveolus from tension to pressure side. Similarly,
the four expansions reciprocally relieve the constriction
force and alternate the buccal alveolus from tension
back to pressure side and the palatal alveolus from
pressure back to tension side. At the same time, the
expansion and constriction force also reciprocally disar-
ticulates the circumaxillary sutures with less impact on
the sutures. It has been suggested that maxillary ortho-
pedic protraction is better before fusion of the circu-
maxillary sutures [2, 5, 23, 24].
There are certain limitations of this clinical study. Al-

though, the ICC was .992–.996 indicating high reliabil-
ity, however, the validity (reproducibility) of this study
would be more meaningful if the study’s measurement
was conducted by at least two individuals with an
inter-operator reliability testing. This study was a
case-series cohort study rather than a randomized clin-
ical trial. Our findings on BABT reduction and PABT
thickening were the immediate effects observed after
7 weeks of the Alt-RAMEC protocol without removal
of the expander. The consequence or recovery process
of the BABT reduction and PABT thickening by Alt-
RAMEC were not studied. It has been revealed that the
BABT reduction by RME was reversible and had no
evident deleterious effects and would recover after
6 months of retention period [12, 25].The current study
did not investigate the impacts of Alt-RAMEC on al-
veolar bone height of the anchor teeth of expander. It
has been revealed that RME seldom causes alveolar

bone apical displacement, especially when the process
is sterile and noninflammatory [14]. The overall im-
pacts of Alt-RAMEC on the alveolar bone still need
further studies.

Conclusions
A 7-week protocol of Alt-RAMEC with double-hinged
expander for maxillary protraction might reduce the
buccal alveolar bone thickness of the expander’s anchor
teeth, although the reduction is within the scope of ini-
tial alveolar thickness of the expander’s anchor teeth.
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