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Three-dimensional densitometric analysis of maxillary sutural
changes induced by rapid maxillary expansion

R Lione1, L Franchi*,2, E Fanucci3, G Laganà1 and P Cozza1
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Objective: This prospective study evaluated the density of the midpalatal and transverse
sutures as assessed by low-dose CT before rapid maxillary expansion (T0), at the end of
active expansion (T1) and after a retention period of 6 months (T2).
Methods: The study sample comprised 17 pre-pubertal subjects (mean age 11.2 years) with
constricted maxillary arches. Total amount of expansion was 7 mm in all subjects. Multislice
low-dose CT scans were taken at T0, T1 and T2. On the axial CT scanned images six regions
of interest (ROIs) were placed along the midpalatal and transverse sutures and two in
maxillary and palatal bony areas. Density was measured in Hounsfield units. Mann–Whitney
U test and Friedman analysis of variance with post hoc tests were used (p, 0.05).
Results: The three ROIs in the midpalatal suture showed a significant decrease in density
from T0 to T1, a significant increase from T1 to T2 and a lack of statistically significant
differences from T0 to T2. Both ROIs located in the transverse suture showed a significant
decrease in density from T0 to T1, followed by a non-significant increase in density from T1
to T2.
Conclusions: At the end of the active phase of expansion a significant reduction in density
along the midpalatal and transverse sutures was observed in all subjects. The sutural density
of the midpalatal suture at T2 indicated reorganization of the midpalatal suture while the
density along the transverse suture increased without reaching the pre-treatment values, possibly
due to different morphology between midpalatal and transverse sutures.
Dentomaxillofacial Radiology (2013) 42, 71798010. doi: 10.1259/dmfr/71798010

Cite this article as: Lione R, Franchi L, Fanucci E, Laganà G, Cozza P. Three-dimensional
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Introduction

Numerous investigations on rapid maxillary expansion
(RME) have been undertaken in the last 150 years. At
present, it is widely accepted that RME causes an opening
of the midpalatal suture through the use of forces of large
magnitude, and it produces observable changes in the
maxillofacial skeleton.1–8 Experimental studies on animals
revealed that skeletal remodelling associated with RME
was not strictly limited to the midpalatal suture. These
histological studies showed that following expansion an

increased cellular activity could also be observed in
the maxillary, sphenoid and nasal sutures.2,9–12

Renewed interest in the skeletal and sutural effects
of RME derived from the introduction of three-
dimensional (3D) radiographic techniques such as CT
and cone beam CT (CBCT).13–17 By using this advanced
technology it is possible to analyse in detail sutural areas
involved by orthopaedic expansion in human subjects.
Moreover, CT is employed to verify the relative amount
and location of remodelling in the bony and sutural
structures after therapy. In 1982 Timms used CT to
study basal bone changes for the first time.18 More
recently, other authors13–17,19–25 have used this method of
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investigation to evaluate skeletal, dental and peri-
odontal effects of RME. An interesting radiographic
technique has been developed in order to quantify the
density of the bony and sutural structures using CT
scans.26,27

The effects of orthopaedic treatment on sutures neigh-
bouring the midpalatal suture have not been investigated
yet, since most studies that employed 3D radiographic
techniques focused on skeletal and dental effects in the
transverse dimension. The transverse suture of the palate,
for instance, has not been evaluated with regard to its
possible structural changes following RME. This in-
formation could be valuable clinically with respect to the
influence of the sutural conditions of the transverse suture
of the palate on the effects of maxillary protraction
devices (face mask) in combination with RME.

The aim of this prospective study was to investigate
the changes in density of both the midpalatal and trans-
verse sutures immediately after RME and at a post-
retention observation. This study was carried out by using
CT with a low-dose protocol that allows for a quantitative
evaluation of bone density using Hounsfield units in se-
lected regions of interest (ROIs).

Subjects and methods

The prospective study sample comprised 17 Caucasian
subjects (7 males and 10 females) with a mean age of
11.2 years (range 8–14 years) who sought orthodontic
treatment at the Department of Orthodontics of the
University of Rome “Tor Vergata”. Criteria for enrol-
ment of the subjects in the study were as follows: con-
stricted maxillary arches, possible presence of uni- or
bilateral posterior crossbite, variable degree of crowd-
ing, and one or both maxillary canines presenting with
intraosseous displacement as assessed by panoramic
radiographs and stages in cervical vertebral maturation
as assessed on lateral cephalograms ranging from CS1
to CS3 (pre-pubertal).28 This project was approved by
the Ethical Committee of the University of Rome “Tor
Vergata”, and informed consent was obtained from the
parents of the patients.

Each patient underwent a standardized protocol with
RME in the form of the butterfly palatal expander,
which followed the basic design of Haas.29 The expan-
sion screw was activated at 2 turns per day (0.25mm for
each turn) for 14 days, thus reaching the total amount of
screw expansion of 7mm in all subjects. Then, the screw
was tied off with a ligature wire, and the expander was
kept in place as a passive retainer for 6 months.

Multislice low-dose CT scans were taken before rapid
palatal expansion (T0), at the end of the active expansion
phase (T1) and after a retention period of 6 months (T2).
The scanner used (Light-Speed 16; General Electric
Medical Systems, Milwaukee, WI) is equipped with
16 detector rows and has a minimal rotation time of
0.5 s. The scanning technique consisted in a preliminary
scout view performed in the anteroposterior (AP) and

laterolateral (LL) projections, with the following acqui-
sition parameters: 80 kV, 10mA. The subsequent scans
were taken with a 1.25mm slice thickness, 0.6 mm in-
terval, 11.25mm table speed/rotation, 100mA, 13.7 cm
field of view, 5123 512 matrix and 0° gantry angle, spiral
mode, dose efficacy of 69.83 Sv, mean scan time of 9.04 s.
In the low-dose CT scan protocol of 80 kV, a mean dose–
length product of 43.1mGy cm, CT dose index of 6.29
mGy and a total scan time of 19 s were obtained. Data
acquisition, planning of examinations and printing of
axial images and standardized multiplanar reconstruc-
tions were performed by a technologist on a workstation
(Advantage Workstation; GE Healthcare, Milwaukee,
WI). The radiologists had immediate access to visuali-
zation and further multiplanar and 3D reformatting on
the workstation. Standardized axial CT images parallel
to the palatal plane and passing through trifurcation of
the right upper first molar were acquired and enlarged by
33magnification factor with the specific software for the
Light-Speed 16. On the enlarged images at three obser-
vation times (Figures 1–3) ROIs that extended to an area
of 1mm2 were placed by a single trained operator for the
calculation of values of density in Hounsfield units at T0,
T1 and T2. The operator was blinded to the case being
measured. The ROIs in the palatal region were defined as
follows (Figure 1):

Midpalatal suture anterior (MpS ant): values of
density measured in the ROI located along the
midpalatal suture 5 mm in front of the centre of the
nasopalatine duct.
Midpalatal suture middle (MpS mid): values of density
measured in the ROI located along the midpalatal
suture 5mm posterior to the centre of the nasopalatine
duct.
Midpalatal suture posterior (MpS post): values of
density measured in the ROI located along the mid-
palatal suture at the level of the second premolars.

Figure 1 Axial scans taken before rapid maxillary expansion, with all
the eight regions of interest where density was recorded. 2D, two
dimensional
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Midpalatal/transverse suture (MpS/TS): values of
density measured in the ROI located at the intersection
between the midpalatal and the transverse sutures.
Transverse suture left (TS left): values of density
measured in the ROI located in the transverse suture
3 mm laterally to the MpS/TS ROI (on the left side).
Transverse suture right (TS right): values of density
measured in the ROI located in the transverse suture
3 mm laterally to the MpS/TS ROI (on the right side).
Maxillary bone (MB): values of density measured in
the ROI located on the maxillary bone 3 mm laterally
(on the left side) to the MpS mid ROI at T0.
Palatine bone (PB): values of density measured in the
ROI located on the palatine bone 3mm posterior to
the TS left ROI at T0.

The last two values were used as reference values to
compare the densities of the midpalatal and transverse
sutures with the density of the bony palate.

Error of the method
A single operator (RL) performed all measurements at
the same scanner console, and repeated all measure-
ments after a period of 1 month. Systematic and ran-
dom errors on the 8 measures repeated on the 17
subjects at all observations periods were calculated with
paired t-tests and Dahlberg’s formula, respectively.30

No systematic errors for any of the eight density
measures at the different observation periods were
detected (p. 0.05). Random errors ranged from 15
HU for the density at the MpS mid ROI at T1 to 42
HU for the density at the MpS/TS ROI at T0.

Statistical analysis
Mann–Whitney U test was used to compare the density
between the MpS mid ROI and the MB ROI, and
between the TS left ROI and the PB ROI at T0. The
differences in density at T0, T1 and T2 for the six sutural
ROIs were analysed by means of analysis of variance on
ranks (Kruskal–Wallis test) followed by Tukey’s post hoc
tests. The changes in density from T0 through T2 were
contrasted by means of Friedman repeated measures
analysis of variance on ranks followed by Tukey’s post
hoc tests. All statistical computations were performed
with SigmaStat® v. 3.5 statistical software (Systat Soft-
ware Inc., Point Richmond, CA). The level of signifi-
cance was set at p , 0.05.

The power of the study was calculated on the basis of
a minimum sample size of the 17 subjects with an effect
size equal to 1. The power was 0.81 at an alpha level of
0.05.

Results

The values of density in the MpS mid ROI and the
TS left ROI at T0 (741.7 6 167.1 HU and 867.0 6
229.1 HU, respectively) were significantly smaller than
those in the MB ROI and the PB ROI at T0 (1102.8 6
160.9HU and 1137.5 6 155.0HU, respectively). There-
fore, sutural density was significantly smaller than bone
density at T0, thus indicating that the radiographic
technique was sensitive in detecting sutural vs bony
structures. The density in the MpS ant ROI was signifi-
cantly smaller than all the other sutural ROIs at T0, with
the exception of the MpS mid ROI (Table 1 and
Figure 2). At T1 the ROIs in the midpalatal suture and at
the intersection between the midpalatal and transverse
sutures showed significantly smaller densities than the
ROIs in the transverse suture (TS left and TS right). No
significant differences in density were found between
the ROIs in the midpalatal and in the transverse sutures
at T2.

The three ROIs in the midpalatal suture showed a
significant decrease in density from T0 to T1, a significant

Figure 2 Axial scans taken at the end of active phase, with three
regions of interest on the transverse suture

Figure 3 Axial scans taken after a 6 month retention period, with
three regions of interest on transverse suture
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increase from T1 to T2, and lack of statistically signifi-
cant differences from T0 to T2. The MpS/TS ROI also
exhibited a significant decrease in density from T0 to T1
followed by a significant increase from T1 to T2. In this
ROI, however, the density at T2 was significantly smaller
than the density at T0. Both ROIs located in the trans-
verse suture showed a significant decrease in density from
T0 to T1, and this was followed by a non-significant
increase in density from T1 to T2. The values of densities
at T2, therefore, were significantly smaller than those at
T0 at both the TS left and TS right ROIs.

Figure 4 summarises the means and standard devia-
tions for the six regions of interest located along sutures.

Discussion

The aim of the present prospective study was the
evaluation of the effects of an orthopaedic treatment
such as RME on midpalatal suture and transverse suture
at the end of active phase (T1) and after a 6 month
retention period (T2) by using a 3D densitometric low-
dose CT protocol in pre-pubertal patients. All subjects of
the sample examined in the current study needed 3D
radiographic investigation to visualize the exact position
of displaced canines within the maxillary arch. A low-
dose spiral protocol was used, obtained by reducing the
potential to the lowest possible level of 80 kV. Image
quality with the lower potential remains acceptable for
both quantitative measurements and the evaluation of
bone quality. The dose value obtained was significantly
lower than the minimum values reported in the literature,
which contains numerous studies on dosimetry in dento-
maxillofacial radiology, often with comparisons between
conventional CT, CBCT and orthophantomography.31,32

Even when compared with the doses reported for CBCT,
with the obvious approximations linked to the different
dosimetric techniques, our results were comparable, and
the absorbed dose measured in our study was even lower
in some anatomical sites.31–33
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Figure 4 Histograms representing the means and standard deviations
for the six regions of interest at the three observation periods. Ant,
anterior; MpS, midpalatal suture; post, posterior; T0, before rapid
maxillary expansion; T1, at the end of active expansion; T2, after
a retention period; TS, transverse suture

3D densitometric analysis of RME
R Lione et al 4 of 6

Dentomaxillofac Radiol, 42, 20120054



Densitometric analysis showed that before treatment
(T0) the density of both the midpalatal and transverse
sutures was much smaller than the density registered in
the maxillary and palatal bone. This result is in agreement
with the observations on human autopsy material by
Melsen in 1975, who found that in the pre-pubertal stages
of postnatal development the maxillary sutures are wide,
filled with connective tissue, and have high cellular
activity.4 The midpalatal sagittal suture before treatment
showed a gradient of increasing density from anterior to
posterior (MpS ant, 563.3HU;MpSmid, 741.7HU;MpS
post, 832.6HU). This is due to the anatomical structure of
the suture, which is wider anteriorly than posteriorly.23

Moreover, the smaller density inMpSAnt isduealso to the
presence of the nasopalatine duct.
After the active expansion phase (T1) a reduction in

density of 70–80% was observed along the antero-
posterior extension of the midpalatal suture (MpS
ant, 163.0 HU; MpS mid, 222.8 HU; MpS ROI post,
162.6 HU). The orthopaedic forces of RME determined
lateral displacement of the two hemi-maxillae and a
drastic reduction in density.2,6

After the 6 month retention period (T2), the mid-
palatal suture appeared reorganized with density values
similar to pre-treatment data following bone deposition
along the midpalatal suture in both the anterior and
posterior parts of the maxilla. The reorganization and
the increased mineralization of the suture after treatment
and retention would seem to produce the favourable
response of reducing the amount of skeletal relapse.2,7,8

The transverse suture showed homogeneous density
values before treatment (T0) (Mps/TS, 918.3 HU; TS
left, 870.0HU; TS right, 905.8 HU). At T0 the density of
the transverse suture was greater than that of the mid-
palatal suture. This can be explained by the different an-
atomical characteristics, type of development and function
between the two sutures.5 Melsen reported that both the
midpalatal and transverse sutures change their morphol-
ogy during postnatal growth, and they show fundamental
morphological differences after puberty.4 In the infantile
period the midpalatal suture is broad and Y shaped; it
becomes more sinuous in the juvenile period, while during
adolescence it is characterized by interdigitation. The
transverse suture at birth is broad and slightly sinuous
too; however, before puberty it develops into a typical
squamous suture in which the palatine part overlaps the
maxillary part.4 At the end of the active phase of palatal
expansion (T1) a statistically significant reduction in
density along the transverse suture was observed. This
reduction in density is a consequence of the opening of the
midpalatal suture after RME, as pointed out previously in
experimental animals and more recently by using CBCT
in the study of Leonardi et al.9–12,22 Many investigations
regarding RME performed prior to maxillary protraction
in patients with Class III malocclusions, thus enhancing
the orthopaedic effect of the facial mask, are present in the
literature.34,35 However the benefits of RME before
maxillary protraction are controversial. Some authors35,36

reported greater forward and downward movement of the

maxilla in patients treated with RME and facial mask
while other studies37,38 showed no statistically significant
differences between groups treated with facial mask with
or without RME in any measured cephalometric variable.
Moreover, Liou and Tsai hypothesized that, through
a repetitive weekly protocol of alternate RME and con-
strictions, the maxilla could be protracted more effectively
than with a single course of RME with stable results at
2 year follow-up.39

By using a 3D X-ray technique the present study
demonstrated in a notably large group of pre-pubertal
subjects not only the opening of midpalatal suture, but
also an effective response to orthopaedic expansion of one
of circumaxillary sutures such as the transverse suture.
These findings agree with the results of Leonardi et al22,
who showed a significant bony displacement by circum-
axillary suture opening and a greater influence of RME
on sutures that articulate directly with the maxilla when
compared with those located further away. Thus the
anteroposterior protraction of maxilla with devices such
as the facial mask will be more effective at an early age
when sutures offer less resistance, and the intervention
will be more efficient after a phase of RME when the
density of the sutures involved in maxillary protraction is
significantly smaller than the pre-treatment value.5,40

After a 6 month retention period (T2) an increase in
density along the transverse suture was found. However,
the values of density at T2 were significantly smaller than
the pre-treatment values at T0, possibly due to the dif-
ferent morphology of midpalatal and transverse sutures
described in the histological investigations of Melsen4,5

and to the type of retention. The expander kept in place
as a passive retainer avoided the skeletal relapse on the
horizontal plane, maintaining the two halves of the
maxilla separately, while there was no direct control on
the transverse suture.

Conclusions

In pre-pubertal subjects both the midpalatal and trans-
verse sutures are clearly evident on low-dose CT scans,
and they present with lower values of density than the
maxillary and palatine bones.

At the end of the active phase of expansion a signifi-
cant reduction in density along the midpalatal and
transverse sutures was observed in all subjects. RME is
an orthopaedic procedure that opens the midpalatal
suture with a direct effect also on other circumaxillary
sutures such as the transverse suture.

6 months of retention with the RME as a passive
retainer allowed the recovery of midpalatal suture that
showed post-treatment values in density similar to pre-
treatment values.

At the end of the 6 month retention period the density
along transverse suture increased without reaching the
pre-treatment values, possibly due to different morphol-
ogy between midpalatal and transverse sutures, and to
the type of retention.
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