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Rapid maxillary expansion (RME) is the most
efficient procedure to resolve transverse maxillary
deficiency in adolescents. With increasing skeletal
maturity, heavy interdigitation of the suture makes the
separation of the two halves of the maxilla unfeasible
using conventional tooth-borne RME appliances.
Therefore, bone-borne RME appliances were originally
developed for patients in whom conventional RME was
contraindicated.1
Three-dimensional investigations demonstrated that
conventional RME induces a highly variable individual
response in skeletal structures.2 Although opening of
the midpalatal suture is the main goal of RME, the
expansion force acting on the palatal aspect of the
tooth crowns causes undesired dental effects, such as
buccal tipping,3–6 decrease in buccal bone thickness
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ABSTRACT
Objectives: To evaluate and compare the dental and skeletal changes with conventional and
miniscrew-supported maxillary expansion appliances in adolescents.
Materials and Methods: Forty patients were divided into two groups, with one group receiving a
tooth-borne expander and the other group receiving an expander supported by four miniscrews
(bone-borne). Multiplanar coronal and axial slices obtained from cone-beam computed tomography
images were used to measure the changes in transverse skeletal widths, buccal bone thickness,
tooth inclination, and root length. Paired t-tests and independent-sample t-tests were used to
compare the two expansion methods.
Results: Bone-borne expansion increased the maxillary suture opening more than 2.5 times than toothborne expansion both anteriorly and posteriorly. Between the maxillary first premolars, sutural
expansion accounted for 28% and 70% of the total transverse width increase in the tooth-borne and
bone-borne expander groups, respectively. Similarly, 26% and 68% of the total expansion was of
skeletal nature in the tooth-borne and bone-borne expander groups between the maxillary first molars.
The pattern of expansion was variable, with most of the patients in both groups demonstrating a
triangular-shaped sutural opening that was wider anteriorly. Subjects in the conventional group
experienced significantly more buccal bone reduction and greater buccal inclination of the teeth. No
significant differences were observed for root length measurements between the two groups.
Conclusion: Use of bone-borne expansion in the adolescent population increased the extent of
skeletal changes in the range of 1.5 to 2.8 times that of tooth-borne expansion and did not result in
any dental side effects. (Angle Orthod. 2018;88:702–709.)
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and marginal bone levels,4,7–9 and volume loss and
thinning of the anchor teeth.10,11 Changes related to the
buccal bone thickness7 and root morphology11,12 are
mostly reversible. However, these side effects may be
prevented from occurring in the first place by using
miniscrews as anchorage units in bone-borne RME
applications.
Bone-borne or miniscrew-supported maxillary expansion is still a relatively new introduction into
orthodontics. The variable nature of skeletal expansion
and the extent of undesired dental changes that occur
following the use of conventional appliances might be
the key factors to rationalize the use of miniscrewsupported maxillary expansion in adolescents. Although some studies13–16 have been previously published, prospective clinical studies using identical
samples are warranted to justify the common use of

bone-borne maxillary expansion in the adolescent
population.
This prospective randomized clinical trial was designed to investigate the differences between conventional and miniscrew-supported RME appliances in an
adolescent study sample. The null hypothesis was that
miniscrew-supported RME would not offer any significant advantage over traditional expansion appliances
in adolescents.
MATERIALS AND METHODS
The present study followed the two-arm, parallel,
randomized clinical trial design with a 1:1 allocation
ratio. Approval for the study was granted by the
Institutional Review Board of Ege University (11-10.1/
76). Transverse maxillary constriction was diagnosed
according to the intermaxillary width measured at the
Angle Orthodontist, Vol 88, No 6, 2018

Downloaded from http://meridian.allenpress.com/doi/pdf/10.2319/011518-42.1 by guest on 03 March 2021

Figure 1. Pre- (a) and postexpansion (b) occlusal photographs of a patient from the miniscrew-supported (bone-borne) RME group. Pre- (c) and
postexpansion (d) occlusal photographs of a patient from the conventional RME group.
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gingival border of the maxillary first molars at the
mesiolingual cusp.17 Inclusion criteria included individuals presenting with well-balanced facial ratios and
normal growth pattern who were planned to have an 8mm screw activation and had their first molars and
premolars completely erupted at pretreatment. Individuals who had craniofacial anomalies, compliance
problems, need for surgically assisted RME, and
previous orthodontic treatment history were excluded.
The sample size was determined by using the mean
skeletal expansion measured at the level of first molars
using a preliminary study. The effect size was
calculated with the G*Power 3.1 statistical program
(Heinrich Heine Universitat Dusseldorf Institute fur
Experimentelle Psychologie, Dusseldorf, Germany). It
was estimated that to detect significant differences (P
, .05, effect size d ¼ 0.94, and with 80% power)
between the two groups, 15 individuals would be
required in each group. Twenty individuals were
recruited for each group to ensure the power in case
of any dropouts.
Patients were randomly assigned to one of the two
treatment groups via a block randomization procedure
with a block size of four, using a computer-generated
list of random numbers. The allocation sequence was
concealed from the orthodontist, researchers, and the
Angle Orthodontist, Vol 88, No 6, 2018

Figure 3. The widest intercortical distance of the incisive foramen as
measured perpendicular to the intermaxillary suture (IFW). Intermaxillary suture width measured between the right and left cortical border
at the anteroposterior position of maxillary first premolars (SWP) and
first molars (SWM).

patients. When a patient was deemed as eligible for
enrollment, the patient was assigned to a treatment
group using opaque and sealed envelopes containing
the allocation number. The mean age and sex
distribution of the sample groups are presented in
Table 1. All individuals were treated by a single
practitioner (Dr Celenk-Koca). The primary outcome
of the study was the correction of crossbite with the
palatal cusp of the maxillary first molar touching the
buccal cusp tips of the mandibular first molar.
Conventional and study groups were treated with
Hyrax-type and miniscrew-supported RME devices,
respectively (Figure 1). Four miniscrews (1.8 mm 3 9
mm, Orlus, Ortholution Co, Seoul, Korea) were placed
Table 1. Sex and Age Distribution in the Study Groups

Age, y
Sex

Group 1
(Conventional RME)

Group 2
(Miniscrew-Supported RME)

13.84 6 1.36
12 female, 8 male

13.81 6 1.23
13 female, 7 male
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Figure 2. Nasal cavity width measurement performed on the nasal
floor between the maxillary first premolars (NCWP) and maxillary first
molars (NCWM).
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Figure 4. Buccal width measurements obtained at the level of the
maxillary first premolar bifurcation (PBW) and maxillary first molar
trifurcation (MBW). Buccolingual inclinations of the maxillary first
premolars (PBLI) and first molars (MBLI) measured using the
inclinations of the buccal and mesiobuccal roots, respectively, to
the horizontal plane projected from the nasal floor.

Table 2. Comparison of Total Maxillary Expansion Between the Groups
Variable

Expansion Group

Premolar width

Conventional
Bone-borne
Conventional
Bone-borne

Molar width

T1, mm (Mean 6 SD)
23.7
21.8
30.3
29.7

6
6
6
6

3.0
2.5
4.2
2.7

T2, mm (Mean 6 SD)
28.2
27.0
34.6
34.3

6
6
6
6

2.6
2.2
4.6
2.8

P (T1–T2)
,.001*
,.001*
,.001*
,.001*

D (Expansion), mm
(Mean 6 SD)
4.5
5.1
4.2
4.5

6
6
6
6

2.5
3.2
1.7
1.3

P
.51
.52

* P , .05.
Angle Orthodontist, Vol 88, No 6, 2018
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6–8 mm palatal to the gingival margin of the teeth with
a perpendicular insertion into the alveolar bone
between the roots using a contra-angle driver (Unitek
REF 504-315, 3M Unitek, Monrovia, Calif). Anterior
implants were placed bilaterally between the roots of
the first and second premolars, and posterior implants
were placed between the roots of the second
premolars and first molars. Using an indirect impression technique, extension arms of the Hyrax expansion
screws were fitted and laser welded on the copings in
the laboratory. During delivery, appliances were
inserted mechanically on the miniscrew heads and
friction retained. Appliances in both groups were
activated by two turns a day. The average activation
time was 19.7 6 3.8 days for the study sample. Since it
was impossible to blind the patient and orthodontist to
the treatment groups, the researcher who traced the
cone-beam computed tomography (CBCT) images and
the statistician who evaluated the data were blinded.
The CBCT images were acquired at pretreatment
(T1) and at 6 months (T2) following a passive retention
period using the same appliances. No fixed appliances
were used between T1 and T2. Images were captured
with exposure parameters of 70 kV, 10 mA, 32.5
seconds, 76-lm voxel size, and with volume dimensions of 8 cm 3 8 cm (CS 9000 3D, Carestream Health,
Inc, Rochester, NY). DICOM files were opened with
OsiriX Imaging Software version 6.5 (Pixmeo SARL,
Bernex, Switzerland). CBCT scans were reoriented as
perpendicular to the midpalatal suture (axial slice),
parallel to the palatal plane (ANS-PNS, sagittal slice),
and tangent to the nasal floor at its most inferior level
(coronal slice). Coronal slices were used to measure
the nasal cavity width at the base between the
maxillary first premolar and first molar roots (Figure
2). Axial slices were used to measure the incisive
foramen width at its widest sectional view and
intermaxillary suture width between the right and left
cortices at the anteroposterior positions of the maxillary
first premolars and first molars (Figure 3). In addition,
coronal slices were obtained by registering the multiplanar sections on the bifurcation and trifurcation of the
maxillary first premolars and maxillary first molars,
respectively. These slices were used to assess the
premolar and molar buccal width and premolar and
molar buccolingual inclination for the maxillary first
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Table 3. Comparison of Skeletal Differences Between Groups
Variable

Expansion Group

NCWP

Conventional
Bone-borne
Conventional
Bone-borne
Conventional
Bone-borne
Conventional
Bone-borne
Conventional
Bone-borne

NCWM
IFW
SWP
SWM

T1, mm (Mean 6 SD)
14.7
13.7
20.9
20.3
3.3
3.4
1.2
0.9
0.9
0.8

6
6
6
6
6
6
6
6
6
6

3.1
3.7
3.2
2.1
1.0
0.6
0.5
0.2
0.6
0.2

T2, mm (Mean 6 SD)
16.5
16.5
22.2
23.2
4.7
6.6
2.5
4.6
2.0
3.9

6
6
6
6
6
6
6
6
6
6

3.3
3.7
3.0
2.3
1.0
1.2
0.7
1.2
0.6
1.3

P (T1–T2)

D (Expansion), mm (Mean 6 SD)
1.8
2.8
1.2
2.9
1.4
3.2
1.3
3.6
1.1
3.1

,.001*
,.001*
,.001*
,.001*
,.001*
,.001*
,.001*
,.001*
,.001*
,.001*

6
6
6
6
6
6
6
6
6
6

1.7
1.8
1.1
1.7
0.8
0.9
0.7
1.2
0.4
1.3

P Value
.078
.001*
.000*
.000*
.000*

* P , .05.

Statistics version 25 (IBM Corp, Armonk, NY). According to the Shapiro-Wilk test, the data had normal
distribution (P . .05). Levene’s test verified that the
group variances were equal (P . .05). The changes in
each group were evaluated with paired t-tests. In
addition, the mean differences for each variable were
compared using an independent-sample t-test between the study groups. The level of significance was
set at P , .05.
RESULTS
The method error ranged from 0.1–0.4 mm and 0.28–
0.68 for the linear and angular measurements, respectively. Right- and left-side measurements of molars and
premolars did not show any significant difference and
were averaged for the rest of the statistical analysis.
Although the bone-borne RME group produced slightly
greater increases of 0.6 mm and 0.3 mm in both
interpremolar and intermolar dental widths, no significant differences were noted between the two groups
(Table 2).
Differences between the bone-borne RME and
conventional RME groups were significant for nasal
cavity width measured at the base between the
maxillary first molars (P , .05), incisive foramen width
(P , .05), and sutural width measured between the
maxillary first premolars and maxillary first molars (P ,
.05; Table 3). Between the maxillary first premolars, the
ratios of sutural expansion to the total increase in
maxillary width were 28% and 70% in the tooth-borne
and bone-borne expander groups, respectively. Similarly, 26% and 68% of the total expansion was of
skeletal nature in the tooth-borne and bone-borne
expander groups between the maxillary first molars.
Most of the patients in both groups demonstrated a
Table 4. Shape Evaluation of the Intermaxillary Suture Opening in
the Sample

Figure 5. Individual length measurements made for maxillary first
premolar buccal (PBRL) and lingual (PLRL), and maxillary first molar
mesial-buccal (MMBRL), distal-buccal (MDBRL), and palatal (MPRL)
roots from the cusp tip to the apex.
Angle Orthodontist, Vol 88, No 6, 2018

Shape

Wider Posteriorly

Parallel

Wider Anteriorly

Tooth-borne group
Bone-borne group

7 (35%)
6 (30%)

2 (10%)
5 (25%)

11 (55%)
9 (45%)
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premolar and molars (Figure 4). Buccal width measurements were made from the outermost point of the
bone to the roots at the level of furcation point.
Buccolingual inclination measures of the maxillary first
premolars and first molars were performed using the
inclinations of buccal and mesiobuccal roots, respectively, to a horizontal line parallel to the nasal floor.
The CBCT scans were sectioned to view the roots of
the maxillary first premolars and molars individually.
Root length measurements were made for maxillary
first premolar buccal and lingual and maxillary first
molar mesial-buccal, distal-buccal, and palatal roots
from the cusp tip to the apex (Figure 5). One
investigator (Dr Harris) was responsible for all the
measurements. The CBCT scans of 10 randomly
selected patients were reexamined at 4-week intervals
to calculate the error study using Dahlberg’s formula.
Statistical analysis was performed using IBM SPSS
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Table 5. Comparison of Buccal Bone Width Differences Between Groups
Variable
PBW
MBW

Expansion Group
Conventional
Bone-borne
Conventional
Bone-borne

T1, mm (Mean 6 SD)
0.9
0.9
1.2
1.0

6
6
6
6

T2, mm (Mean 6 SD)

0.5
0.5
0.7
0.6

0.6
0.8
1.0
0.9

6
6
6
6

P (T1–T2)

0.5
0.6
0.8
0.5

,.001*
.41
,.001*
.01*

D (Expansion), mm
(Mean 6 SD)
0.29
0.04
0.24
0.10

6
6
6
6

0.2
0.2
0.2
0.1

P Value
.003*
.046*

* P , .05.

DISCUSSION
In a group of adolescents, similar increases in
premolar and molar interdental widths were achieved
using tooth-borne and bone-borne RME appliances.
However, the nature of skeletal and dental changes
was notably different between the groups. Bone-borne
expanders significantly increased the skeletal separation of the midpalatal suture. Therefore, the null
hypothesis was rejected.
Significant differences were observed between the
two groups for all skeletal variables, except the nasal
cavity width measurement at the level of maxillary first
premolars. The conventional Hyrax group had a
greater width increase at the incisive foramen and a
smaller one at the level of the maxillary first molar,
confirming the commonly documented wedge-shaped

Table 6. Comparison of Buccolingual Inclination (Tipping) Changes Between Groups
Variable
PBLI
MBLI

Expansion Group
Conventional
Bone-borne
Conventional
Bone-borne

T1, 8 (Mean 6 SD)
92.2
91.4
98.8
100.0

6
6
6
6

5.8
4.9
5.0
5.0

T2, 8 (Mean 6 SD)
87.7
92.1
94.8
101.4

6
6
6
6

6.4
4.7
5.2
4.1

P (T1–T2)
,.001*
.25
,.001*
.01*

D (Tipping), 8 (Mean 6 SD)
-4.5
0.6
-3.9
1.3

6
6
6
6

3.0
2.4
3.4
2.1

P Value
.000*
.000*

* P , .05.
Angle Orthodontist, Vol 88, No 6, 2018
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opening of the suture.18 Conversely, the bone-borne
RME had the greatest gain in the premolar region and
very similar width increases in the incisive foramen and
molar suture, revealing a more parallel sutural opening.
However, most of the subjects in both groups had a
more triangular opening of the suture that was wider
anteriorly. This behavior of the suture was originally
noted in the classic work of Haas19 with expansion
forces being directed closer to the bone. The boneborne RME group in the current study produced more
skeletal separation, following suit to previously introduced miniscrew-supported RME appliances facilitating the direct transfer of expansion forces to the
palate.14,15,20,21 This is an ideal outcome because a true
increase in transverse width of the basal bone in cases
with maxillary transverse deficiency is essential to the
ideal finishing of the case. Heavy stainless-steel wires
used in the final stages of comprehensive orthodontic
treatment would introduce negative torque to the
posterior teeth, restoring the ideal buccolingual inclinations of the teeth and possibly decreasing the
amount of expansion previously gained by tipping of
the posterior teeth buccally.7
Decreased buccal bone and bony dehiscence are
commonly documented as a result of RME due to
osteoclastic resorption as teeth move through the
buccal plate.3,7,22,23 The current results indicated that
changes in the buccal bone occurred significantly less
frequently in the miniscrew-supported appliance group
than in the tooth-borne group. Considering the error
study, it could be concluded that the buccal bone
widths remained virtually stable in the bone-borne
group. As previous reports already hypothesized, the
differences between the two groups were most likely
due to the absence of direct force application to the
tooth crowns in the miniscrew-supported RME
group.20,21

triangular-shaped opening of the suture that was wider
anteriorly (Table 4).
Both study groups showed decreases in buccal bone
width at the level of maxillary first premolars and first
molars (Table 5). However, the bone-borne RME group
experienced significantly less buccal bone loss than
the conventional group for both the premolars and
molars (P , .05). Premolar root inclination measurements from the conventional RME group demonstrated
a mean buccal crown tipping of 4.58 (Table 6), whereas
the bone-borne RME group produced 0.68 of lingual
crown tipping. Molar root angulation changes revealed
3.98 buccal and 1.38 of lingual crown tipping in the
conventional and bone-borne RME groups, respectively. The differences between the two groups were
significant (P , .05). Premolar and molar root lengths
remained virtually stable for the duration of expansion
in both groups, and no significant differences were
observed between the two groups (Table 7).
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Table 7. Comparison of Root Length Differences Between Groups
Variable

Expansion Group

PBRL
PLRL
MMBRL
MDBRL
MPRL

Conventional
Bone-borne
Conventional
Bone-borne
Conventional
Bone-borne
Conventional
Bone-borne
Conventional
Bone-borne

T1, mm (Mean 6 SD)
20.8
20.1
19.8
19.4
19.0
19.0
18.7
19.2
20.8
21.0

6
6
6
6
6
6
6
6
6
6

2.1
1.6
1.7
1.6
1.6
1.6
1.4
1.9
1.4
2.0

T2, mm (Mean 6 SD)
20.7
20.1
19.7
19.3
18.8
18.9
18.5
18.9
20.6
20.8

6
6
6
6
6
6
6
6
6
6

2.1
1.7
1.7
1.7
1.6
1.6
1.4
1.7
1.5
1.9

P (T1–T2)
.5
.4
.2
.4
.01*
.03*
,.001*
,.001*
,.001*
,.001*

D (Root Length), mm (Mean 6 SD)
0.10
0.03
0.11
0.02
0.13
0.07
0.19
0.26
0.26
0.19

6
6
6
6
6
6
6
6
6
6

0.2
0.2
0.3
0.1
0.2
0.1
0.2
0.2
0.2
0.1

P Value
.45
.29
.28
.40
.34

* P , .05.

Angle Orthodontist, Vol 88, No 6, 2018

CONCLUSIONS
In an adolescent population:






The bone-borne expansion group had almost three
times greater expansion in the midpalatal suture than
did the tooth-borne group.
Bone-borne expansion resulted in uprighting of the
maxillary posterior teeth with significant benefit to the
buccal alveolar bone support.
No difference was observed in root length changes
between the bone-borne and tooth-borne expansion
groups.
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