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High-Resolution CT Findings in the Development of the
Sphenooccipital Synchondrosis

Kouichirou Okamoto, Jusuke Ito, Susumu Tokiguchi, and Tetsuya Furusawa

PURPOSE: To evaluate the development of the sphenooccipital synchondrosis as seen on high-
resolution thin-section CT scans. METHODS: We retrospectively reviewed the records of 253
patients, ages 1 to 77 years old, who had had thin-section CT examination of the skull base.
RESULTS: An ossification center appeared midline in the patients who were 8 to 13 years old. Six
of 12 girls showed additional symmetric ossification centers on either side of the midline; however,
this pattern was not seen in boys. No sphenooccipital synchondrosis persisted in any patient past
the age of 13 years. CONCLUSION: High-resolution CT scans of the skull base can show a pattern
of progressive ossification of the sphenooccipital synchondrosis, which can be readily recognized
and predicted.
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Growth of the cranial base after birth contin-
ues, especially at the sphenooccipital synchon-
drosis, until adolescence (1). The sphenooccip-
ital synchondrosis is one of cartilaginous joints
(1, 2), and it may be visible on lateral radio-
graphs of the skull base through the period of
adolescence (3). The synchondrosis ossifies
and closes about 1 to 2 years earlier in girls
(4–6). Some authors have described the histo-
logic and radiographic appearance of the sphe-
nooccipital synchondrosis (4–8). To evaluate
the development of the sphenooccipital syn-
chondrosis, we analyzed high-resolution thin-
section CT scans of this structure in 253 pa-
tients.

Materials and Methods
The sphenooccipital synchondrosis was studied retro-

spectively in 253 patients, ages 1 to 77 years old, who had
had thin-section CT examination for a variety of otologic
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disorders but who did not have systemic chondroosseous
disease. CT was performed with 1.5- to 2.5-mm section
thickness and the same section intervals parallel to the
orbitomeatal line. CT scans with identical window width
(4000 Hounsfield units [HU]) and window level (1200 HU)
were obtained for optimal evaluation of bony structures.

Three points were assessed on CT scans: (a) persis-
tency of the synchondrosis, (b) the location and time of
appearance of the ossification center in the synchondrosis,
and (c) the vestige of the synchondrosis after fusion of the
sphenoid and occipital bones.

Results

A midline ossification center within the sphe-
nooccipital synchondrosis was observed in 22
of 40 patients who were 8 to 13 years old. This
ossification center was in the upper half of the
synchondrosis in 10 patients, in the middle por-
tion of the synchondrosis in 7 patients, and cov-
ered almost the entire length of the synchondro-
sis in 4 patients. In the one remaining patient,
the upper half of the synchondrosis was closed,
and an ossification center was seen in the patent
lower half of the synchondrosis. This was the
only patient in whom partial closure of the syn-
chondrosis was seen. This particular ossifica-
tion center was always located in the midline,
and was as dense as cortical bone in 20 (91%)
of the 22 cases (Fig 1). Additional symmetric
ossification centers were observed on either
7



Fig 1. CT scan in a 9-year-old girl
shows the sphenooccipital synchondrosis
with an ossification center that is as dense
as the cortical bone and located on the
midline (arrow).

Fig 2. CT scan in another 9-year-old
girl shows the sphenooccipital synchon-
drosis with additional symmetric ossifica-
tion centers on either side of the midline.
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side of the midline center in 6 of 12 girls but
were not found in any of the boys (Fig 2). In
patients with an observed midline ossification
center, the hyaline cartilage of the synchondro-
sis was preserved as a hypodense zone around
the ossification center.
All 20 patients younger than 8 years old

showed a hypodense synchondrosis between
the sphenoid and occipital bones without the
presence of an ossification center (Fig 3). The
earliest complete closure of the synchondrosis
occurred in boys at the age of 13 and in girls at
the age of 12. The sphenooccipital synchondro-
sis was closed in all patients older than age 13.
In one girl, the sphenooccipital synchondrosis
had been observed as a hypodense zone with-
out an ossification center at the age of 12, and a
follow-up CT scan at the age of 14 showed only
a vestige of the synchondrosis as a white line.
After fusion of the sphenoid and occipital

bones, the sphenoid sinus was limited within the
sphenoid bone in 51 patients and extended into
the basilar part of the occipital bone in the re-
maining 144 patients. A vestige of the spheno-
occipital synchondrosis was observed as a
white line in 48 of 51 patients who had a limited
sphenoid sinus (Fig 4) and in 3 patients (wom-
en ages 21, 23, and 62 years old) in whom only
a small part of the sphenoid sinus extended into
the occipital bone partially beyond the vestige.
In these patients, the white line was not as dense
as in the cortical bone.
The vestige was not identified in three pa-

tients with a limited sphenoid sinus (a 55-year-
old man and two women ages 35 and 69 years
old, respectively) and in 141 patients with well-
developed sphenoid sinuses extending into the
occipital bone. The sphenooccipital synchon-
drosis or the boundary between the sphenoid
and occipital bones was no longer identifiable in
these patients. Markedly developed sphenoid
sinuses reaching to the clivus were seen in 47%
Fig 3. CT scan in a 7-year-old girl
shows the sphenooccipital synchondrosis
without an ossification center. The syn-
chondrosis is seen as a hypodense zone
between the sphenoid and occipital bones
(arrows).

Fig 4. CT scan in a 19-year-old man
shows that the sphenooccipital synchon-
drosis has closed completely and its ves-
tige appears as a white line (arrows).



Fig 5. CT scans of the sphenooccipital synchondrosis in a 10-year-old girl.
A, The ossification center appears midline in the upper portion of the synchondrosis.
B, On CT section 6 mm lower, there is no ossification center.
C, The ossification center, which is clearly seen on axial images, may be misinterpreted as superior closure (arrows) on this

reformatted midsagittal image. S indicates sphenoid sinus; T, sella turcica.
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of the patients in whom the sphenoid sinus ex-
tended into the occipital bone.

Discussion

The base of the infant skull contains many
synchondroses that are obliterated by matura-
tion (3). Growth of the skull base is responsible
for much of the cranial lengthening, mostly at
synchondroses between the sphenoid and oc-
cipital bones (1). Three prominent vertical
clefts cross the skull base in the sphenoid re-
gion: the frontosphenoid, the intersphenoid, and
the sphenooccipital synchondroses. The first
two usually close by age 2, but the sphenooc-
cipital synchondrosis may be visible on lateral
radiographs of the skull base through the period
of adolescence (3). On craniograms in infants,
the sphenooccipital synchondrosis should not
be mistaken for the other synchondroses or for
a persistent craniopharyngeal canal (9).
The sphenooccipital synchondrosis has been

studied histologically and radiographically (4–
8). In one anatomic study (5), closure of the
synchondrosis was noted to start at the internal
surface of the cranial base and was closed com-
pletely between the ages of 12 and 17 years.
However, superior closure of the synchondrosis
is commonly observed radiographically in
patients 9 to 18 years old (4, 7).
In our high-resolution CT study, an ossifica-

tion center was seen to develop initially within
the synchondrosis, and the ossification was
completed between the ages of 8 and 13 years
old. The time of closure observed in our study is
compatible with that described in a review by
Hoyte (6).
The ossification center has been described

histologically (5). A tiny ossification center can-
not be seen on a radiograph of the skull base.
On the other hand, a larger ossification center
within the synchondrosis may be mistaken for a
partially (usually superiorly) or totally closed
synchrondrosis (Fig 5).
After fusion of the sphenoid and occipital

bones is complete, the sphenoid sinuses may
extend into the basilar part of the occipital bone
in many patients. It is known that the primary
development of the sphenoid sinuses takes
place after puberty and that they may extend
into the basilar part of the occipital bone almost
as far as the foramen magnum (10, 11). In
these cases, the sphenooccipital synchondrosis
is no longer identifiable, even on CT scans. Al-
though a persistent sphenooccipital synchon-
drosis up to 20 years of age has been reported,
it was not seen in our study and is thought to be
rare (12). Therefore, if a transversely oriented
hypodense zone across the clivus is seen on CT
scans in patients with head trauma who are 13
years of age or older, it is more likely to rep-
resent a skull base fracture than persistent
synchondrosis.
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