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Rapid Maxillary Expansion Affects the
Spheno-occipital Synchondrosis in Youngsters

A Study with Low-Dose Computed Tomography

Rosalia Leonardia; Alice Cutrerab; Ersilia Barbatoc

ABSTRACT
Objective: To test the null hypothesis that the spheno-occipital synchondrosis does not show
bony displacement in response to rapid maxillary expansion (RME) therapy in youngsters.
Materials and Methods: A total of 16 computed tomography (CT) records were taken from 8
growing patients (2 males and 6 females), before (T0) and after (T1) treatment with RME. All
patients had been diagnosed originally with transverse maxillary deficiency. The mean chrono-
logical age of the patients was 9.8 � 1.8 years (range, 8 to 11.4 years). High-resolution multislice
multidetector CT was used to study quantitatively the extent of the opening of the spheno-occipital
synchondrosis following RME. A low-dose CT scan protocol was used (80 kV, 10 mA) and the
data file of each patient was transferred to a workstation where the anteroposterior width of the
spheno-occipital synchondrosis was measured on axial images.
Results: Before treatment with RME (T0), the anteroposterior mean width of the spheno-occipital
synchondrosis was 1.73 � 0.46 mm immediately after the active phase of expansion (T1), and
the width of the synchondrosis increased to 2.30 � 0.47. This difference was statistically signifi-
cant according to the Wilcoxon signed rank test (P � .05).
Conclusion: Rapid maxillary expansion leads to a small immediate widening of the spheno-
occipital synchondrosis in youngsters. (Angle Orthod. 2010;80:106–110.)

KEY WORDS: Computed tomography; Rapid maxillary expansion; Spheno-occipital synchondro-
sis

INTRODUCTION

Rapid maxillary expansion (RME) is used frequently
to correct maxillary posterior crossbite, to expand arch
perimeters, and to alleviate dental crowding.1 Patients
with Class III malocclusion often are treated with RME
because of an insufficient maxillary arch width.2–4

Although the RME force is concentrated on widen-
ing the maxilla, concomitant changes occur in circu-
maxillary sutures. Moreover, it has been claimed that
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the transverse forces generated during rapid maxillary
expansion are transmitted, via the pterygomaxillary
connection, to the unpaired sphenoid bone of the cra-
nial base, where they lead to stress. The extent and
effects of this have not yet been studied extensively,
nor have they been well determined.5

Studies on the effects of RME on the spheno-occip-
ital synchondrosis have dealt most often with experi-
mental models based on finite element analyses
(FEM).5–11 Just two studies, one on an animal model12

and the other on human subjects using a bone scin-
tigraphic method, have demonstrated an opening of
the spheno-occipital synchondrosis and a significant
increase in metabolic activity in the area of the
spheno-occipital synchondrosis following the applica-
tion of RME.13 Findings from these studies pointed out
the involvement of the spheno-occipital synchondrosis
following RME application. This notion, together with
rising evidence that chondrocyte proliferation is mod-
ulated by mechanical stress, questions the solely ge-
netic control of cranial base cartilage (CBC) growth. In
fact, it has been speculated that the growth of CBC
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Table 1. Recordings for Each Patienta

SOS T0 SOS T1

Suture Opening
at First Molar

Level N-S-Ba^
S-Ba,
mm

0.214 0.271 1.95 138 42
0.240 0.299 1.88 135 46
0.134 0.184 1.74 128 50
0.120 0.187 2.05 131 48
0.119 0.181 1.80 124 42
0.211 0.272 2.01 132 46
0.184 0.250 1.89 127 41
0.168 0.197 1.76 135 44

a The anteroposterior width of the spheno-occipital synchondrosis
(SOS), measured in millimeters before rapid palatal expansion (time
T0) and at the end of the active expansion phase (T1). Midpalatal
suture opening, in millimeters, at the level of the first maxillary mo-
lars, as recorded on frontal slices by computed tomography (CT).
Cranial base measurements are recorded in lateral cephalometric
x-rays. The nasion-sella-basion angle (N-S-Na^) and the distance in
millimeters (sella-basion [S-Ba]) are provided.

also depends upon gradual enlargement of the grow-
ing brain, implying that chondral growth is encouraged
by the continuous presence of tensile forces.3,14

In orthodontics, the cranial base (CB) has received
attention because of the fact that its growth influences
the maxillary-mandibular complex. Some authors in
fact consider the cranial base as a guide rail15 for de-
velopment of the maxilla, midface, and lower facial
complex. Among the synchondroses, the spheno-oc-
cipital synchondrosis (SOS) has received greater at-
tention because it may be visible on lateral radio-
graphs of the skull base through the period of adoles-
cence. The intersphenoidal synchondrosis, on the oth-
er hand, is ossified immediately after birth, and the
ethmoidal synchondrosis generally ossifies at the age
of 7.16

Thanks to low-dose computed tomography (CT), it
is now possible to acquire accurate radiographic im-
ages that allow clinicians and researchers to quanti-
tatively evaluate bone changes with minimal distortion
and lower radiation dosage.1 Accordingly, the aims of
this investigation were to test the hypothesis that
spheno-occipital synchondrosis shows bony displace-
ment in response to RME therapy and to study quan-
titatively the extent of spheno-occipital synchondrosis
opening following RME by high-resolution multislice
multidetector CT.

MATERIALS AND METHODS

The material for this prospective study consisted of
lateral cephalometric radiographs and CT records tak-
en from 8 growing patients (2 males and 6 females)
treated with RME at the Department of Orthodontics,
Faculty of Dentistry, Catania University, Italy. All pa-
tients had a bilateral posterior crossbite, transverse
maxillary deficiency, a deep palatal vault, and dental
crowding at the start of treatment. The mean chrono-
logical age of patients was 9.8 � 1.8 years (range, 8
to 11.4 years).

Patient exclusion criteria included age younger than
8 or older than 11.4 years, absence of maxillary pos-
terior permanent teeth, presence of metal restorations
on the maxillary teeth, previous periodontal disease,
and previous orthodontic treatment. All procedures
were explained to the patients and their parents, and
written consent was obtained from the parents. The
study was approved by the ethical committee of Ca-
tania University, Italy.

An analysis of the lateral radiographs was per-
formed, and cranial base measurements of the nasion-
sella-basion angle (N-S-Na^) and the distance in mil-
limeters of the sella-basion (S-Ba) were recorded ac-
cording to the parameters suggested in the literature15

(Table 1).

Each patient was treated with a Hyrax palatal ex-
pander, and the activation protocol included three
turns per day of the screw (0.25 mm per turn), for an
average of 18 days, in all subjects. Expansion was
considered adequate when the occlusal aspect of the
maxillary lingual cusp of the permanent first molar con-
tacted the occlusal aspect of the mandibular facial
cusp of the permanent first molar. The appliance was
left in place for approximately 6 months after active
expansion.

Multislice CT scans were taken before rapid palatal
expansion (time T0) and at the end of the active ex-
pansion phase (T1), without removing the expander.
CT scans were carried out by a trained radiographer
at the same scanner console to evaluate the buccal
bone of the maxillary posterior teeth.17 A low-dose CT
scan protocol was used. This was similar to protocols
already described in the literature,18 but a lower kV and
mA were used.

Briefly, patients were examined with a multidetector
helical CT scanner (Lightspeed Ultra; GE Medical Sys-
tems, Giles, UK). Scanning parameters were 80 kV,
10 mA (low dose), 0.625-mm collimation, pitch 1, and
gantry tilt 0 degrees. Multiplanar reformation and 3D
post processing were performed on a workstation (Ad-
vantage Windows 4.1; GE Medical Systems). The pa-
tients were scanned in supine position, with chin and
shoulder rests, and with the head positioned with
Camper’s plane perpendicular to the ground.17

Data on each patient were reconstructed with 0.5-
mm slice thickness and were saved as DICOM (digital
imaging and communications in medicine) files. Data
then were transferred to a workstation (Mac Pro Quad
2.66GHz, APPLE; One Infinite Loop, Cupertino, Calif)
and were measured by the computerized method. The
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Figure 1. The anteroposterior width of the spheno-occipital synchondrosis measured on axial image in millimeters before rapid palatal expansion
(time T0) and at the end of the active expansion phase (T1). The site of measurement appears in red.

OsiriX Medical Imaging software program (Open
Source; OsiriX Medical Imaging Software, www.
osirix-viewer.com) and Mimics, a 3D image processing
and editing program based on scanner data software
(Materialise NV Technologielaan, Leuven, Belgium),
were used for this.

The anteroposterior width of the spheno-occipital
synchondrosis was measured on axial images almost
parallel to the orbitomeatal line, which was identified
by lateral CT scans passing through the lower third of
the synchondrosis.19 This finally allowed us to visualize
the axial slice. The widest measurement of the antero-
posterior dimension of the synchondrosis on the mid-
sagittal plane was recorded for each image.

Dimensional changes occurring in the midpalatal su-
ture at the first molar level following RME also were
evaluated. This sutural opening could be measured
only on posttreatment scans. Before expansion, the
suture could be defined anatomically, although no
space between sutural surfaces could be measured.
Frontal slices at the level of the first maxillary molars,
showing their entire palatal root and crown, and mid-
palatal sutures were used to assess these changes.
Measurements were carried out at the medial limit of
the palatine processes, left and right respectively.20

Linear measurements were made to the nearest 0.01
mm.

Statistical Analysis

All measurements were made twice with a 2-week
interval by the same calibrated examiner.

Paired t-tests, at a significance level of 5%, were
employed to evaluate the systematic error. Random

error was calculated as previously described.21 No
systematic error was detected between duplicate mea-
surements of the conventional variables. Differences
between duplicate measurements ranged from 0.3 to
0.5 mm. The coefficient of reliability ranged from
95.6% to 97.3%. The random error (the square root of
half of the variance of the difference between duplicate
measurements) ranged from 0.11 to 0.19.

Descriptive statistics, including means and standard
deviations, were calculated separately for each period.
Means and standard deviations were calculated for
each parameter. T0 and T1 data were compared by
using the Wilcoxon signed rank test, with a probability
level of .05 considered statistically significant. Data
were analyzed using the Statistical Package for the
Social Sciences (SPSS) for Windows, version 16.0
(SPSS Inc, Chicago, Ill).

RESULTS

Before treatment with RME (T0), the mean antero-
posterior width of the spheno-occipital synchondrosis
was 1.73 � 0.46 mm. Immediately after the active
phase of expansion (T1), the width of the synchondro-
sis increased (Figure 1) in every patient, with a mean
of 2.30 � 0.47. This indicates a difference of 0.57 mm
between T0 and T1. When changes between T0 and
T1 were evaluated by using the Wilcoxon signed rank
test, differences were found to be statistically signifi-
cant (P � .05).

The average sutural opening at the molar level
showed an average measurement of 1.885 �
0.114mm (minimum, 1.74; maximum, 2.05).

The cranial base–related findings are given in Table
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1. Both N-S-Ba^ (mean, 131.25 � 4.713 degrees) and
S-Ba distance (mean, 44.875 � 3.182 mm) were with-
in normal values.

DISCUSSION

Chondral growth of the cranial base, like that of the
epiphyseal plates, relies on differentiation, prolifera-
tion, and maturation of chondrocytes, in addition to
concurrent synthesis of extracellular matrices. The
spheno-occipital synchondrosis is of particular impor-
tance, because of its late ossification in adolescent hu-
mans. The growth of the cranial base cartilage is con-
sidered controlled by predetermined cycles of mitosis
and apoptosis, both of which are genetically coded in
chondrocytes, even though a contribution from me-
chanical stimuli has been argued recently.

Closure of spheno-occipital synchondrosis has been
studied morphologically, histologically, radiographical-
ly,22–24 and by high-resolution CT.19 Findings from
some of these studies agree that the synchondrosis
was completely ossified by the age of 16 to 17 years
in girls, and about 2 years later in boys.22,23 Other au-
thors believe that no spheno-occipital synchondrosis
persisted in any patient past the age of 13 years.
Moreover, the initial ossification center within the syn-
chondrosis is observed more frequently within the up-
per half and the middle portion of the synchondro-
sis.19,24

Findings from the study presented here demonstrate
that the spheno-occipital synchondrosis is involved
during RME therapy; for the first time in humans, it is
known to widen in response to midpalatal suture ex-
pansion. Naturally, because a pattern of progressive
ossification of the spheno-occipital synchondrosis has
been identified, our findings cannot be true for adults.

Our results confirm most of the findings reported
previously in the literature, which highlighted possible
involvement of the spheno-occipital synchondrosis
during RME therapy. Gardner and Kronman12 de-
scribed these effects on the cranial base in rhesus
monkeys.12 The AA reported an even 1.5-mm opening
of the spheno-occipital synchondrosis in one animal
during RME. According to bone scintigraphic rec-
ords,13 a significant increase in metabolic activity was
noted in the area of the spheno-occipital synchondro-
sis, following nonsurgical RME in young adult females.

As far as the FEM studies are concerned, even
though their limitations include not taking into account
interindividual and intraindividual variation in bone tis-
sue,8 the results of most of the investigations,6–8,25 ex-
cept for one,5 revealed an increase in stress levels at
the skull base, at a degree ranging from relatively high
to very high depending on the elements and their
shape as used in the FEM analysis. This involvement

finds its logical basis in the cumulative forces26 of 100
N or more that can be achieved on repeated activation
of the central expansion screw, which leads to stress
on neighboring skull bones. In detail, the fixed ptery-
gomaxillary connection, where spontaneous opening
is not to be expected during a rapid palatal suture ex-
pansion,27 allows the transmission of stress onto the
skull base.

Involvement of the spheno-occipital synchondrosis
has some important clinical and research implications,
which could explain the beneficial effects of RME in
favor of Class III corrections in young patients. Among
these, the opening of the synchondrosis could account
for the forward and downward displacement of the
maxilla. It has been claimed by some but not all28 au-
thors that when the midpalatal suture opens, the max-
illa always moves downward and forward, because of
the disposition of the maxillocranial sutures. Palatal
expansion causes disruption of these sutures, and an
effect similar to immediate growth is manifested in
downward and forward displacement of the maxilla.

On the other hand, stress on the synchondrosis
could trigger biomolecular events, which, in turn, could
lead to enhanced endochondral ossification.29 Recent-
ly, it has been demonstrated in several organ cultures
modeling the spheno-occipital synchondrosis14,29–31

that tensile stress increases growth at this site. In fact,
following the application of mechanical stress, chon-
drocyte proliferation and chondrocyte maturation are
enhanced,14,31 and thickening of the hypertrophic zone
occurs.30 Analysis of these data suggests that geneti-
cally coded chondral growth is upregulated by me-
chanical signals.14 Thus enhancement of growth at the
synchondrosis level seems to be expected following
the application of a force.

However, one should bear in mind that these find-
ings represent short-term observations,28 requiring crit-
ical analysis of longitudinal studies. In this respect, CT
diagnostic imaging studies are strongly encouraged
because, contrary to FEM, it would be possible to
demonstrate whether or not these effects on the
spheno-occipital synchondrosis are long-lasting
changes or are limited to the end of the active phase.
Moreover, a comparison between subjects with a
shortening of CB, who are supposed to have less
growth potential at the SOS, compared with subjects
with a normal CB is needed to evaluate whether such
mechanical force is able in same way to affect the
SOS. Future studies are required on a long-term basis.

CONCLUSION

• Rapid maxillary expansion leads to widening of the
spheno-occipital synchondrosis on a short-term ba-
sis.
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