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ABSTRACT

In children with suspected cranial pathologies, three-dimen-
sional (3D) computed tomography (CT) imaging is superior
to other modalities. It can help differentiate actual pathology
from normal or variant appearances. Sutures and fontanelles,
synostosis, abnormalities of head shape without craniosynos-
tosis, congenital calvarial defects, cranial fractures, bone tu-
mors, and postoperative cranial vault can be assessed easily
with 3D CT imaging. We aimed to discuss the common nor-
mal, variant, and pathological findings that 3D CT imaging
can aid to diagnose as well as explain the usefulness of 3D CT
imaging in the diagnosis of calvarial pathologies.
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n children with suspected cranial pathologies, three-dimensional
(3D) computed tomography (CT) is superior to other modalities.
Three-dimensional CT can help differentiate actual pathology
from normal or variant appearances. Sutures and fontanelles, syn-
ostosis, abnormalities of head shape without craniosynostosis, con-
genital calvarial defects, cranial fractures, bone tumors, and postop-
erative cranial vault can be assessed easily using 3D CT.
We aimed to discuss the common normal, variant, and pathologi-
cal findings that 3D CT can assist diagnosis of, as well as explain the
usefulness of 3D CT in the diagnosis of calvarial pathologies.

Multidetector CT scanning technique

All CT examinations were performed using a 64-slice CT scanner
(Aquillon 64, Toshiba Medical Systems, Tochigi, Japan). The scan-
ning parameters included 120 kV, 100-120 mA, section thickness of
0.5 mm, and reconstruction interval of 0.5 mm. The scan revolution
time was 0.5 s. Three-dimensional reconstructions were generated
on the CT scanner console and sent to a picture archiving and com-
munication system. For patients who required detailed evaluation,
3D volume-rendered (VR) and 3D maximum intensity projection
(MIP) images were evaluated in a workstation (Aquarius worksta-
tion, TeraRecon, San Mateo, California, USA).

Embryology and anatomy

The development of the skull is outlined in Fig. 1. Calvaria is a
Latin term that refers to the upper part of the head that surrounds
the brain and special sense organs. It is formed by pressure of the
growing cerebral and cerebellar hemispheres with the dura playing a
regulatory role in this process (1).

Membranous bones of the vault are separated by sutures that fa-
cilitate vaginal passage and allow uniform growth of the calvarium
by its fibrous connective tissue content. The growth of the skull is
perpendicular to the suture lines and parallel to a fused suture (Vir-
chow’s law). If there is premature fusion of a suture, the calvaria
show no growth perpendicular to the affected suture (1).

The anterior fontanelle is a space in the intersection of the sagit-
tal, coronal, and metopic sutures and closes typically by 12 months
of age. The posterior fontanelle is in the conjunction of the sag-



ittal and lambdoid sutures and clos-
es by about three months of age
(1-3). The closure of the sutures
and fontanelles are outlined in
Table. Fig. 2 shows the normal cal-
varial 3D anatomy.

Wormian bones (intrasutural bones)

Wormian bones are

(Fig. 3).

Table. Normal age of the fontanelle/suture closure

Fontanelle/suture

Age of the closure

Anterior fontanelle

Posterior fontanelle

Posterolateral fontanelle (mastoid)
Anterolateral fontanelle (sphenoidal)
Metopic suture

Sagittal suture

Coronal sutures

Lambdoid sutures

Squamosal sutures

15-18 months
3-6 months
2 years
3 months
9-11 months (may persist into adulthood)
3040 years
3040 years
3040 years
3040 years

SKULL ‘

Neurocranium

(surrounding mesenchyme)

Viscerocranium
(first three branchial arc)

Membranous cranium

Cartilaginous cranium

Facial skeleton
(facial bones)

(direct ossification of (endochondrial
mesenchyme) ossification)
\ \
Cranial vault Skull base

(frontal, parietal, squamous temporal,
interparietal occipital bones)

(basilar and lateral occipital,
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petrous part of the temporal bone)

Figure 1. Development of the skull.
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Wormian bones are usually consid-
ered as normal variants, but some-
times they are associated with clei-
docranial dysplasia, pycnodysostosis,
osteogenesis imperfecta, hypothy-
roidism, hypophosphatasia, acro-os-
teolysis, and Down’s syndrome (4).

A larger, single, centrally located
intrasutural bone at the junction of
the lambdoid and sagittal suture is
called os incae (interparietal bone)
(Fig. 4). It is formed in a persistent
mendosal suture (5).

Lacunar skull, increased convolution-
al markings, and copper beaten skull

Lacunar skull, increased convolu-
tional markings, and copper beaten
skull are confusing terms.

Lacunar skull is a dysplasia of the
membranous bone. The well-de-
fined lucent areas in the calvarium
represent nonossified fibrous bones,
which are bound by normally ossi-
fied bones (2). They are usually pres-
ent at birth and occur most promi-
nently in the parietal and occipital
bones. The inner table is more affect-
ed than the outer table. The lacunae
resolves spontaneously by the age of
six months and is not related to the
degree of hydrocephalus. Lacunar
skull is usually associated with Chiari
II malformation and less commonly
with encephalocele (2).

Convolutional markings are inner
table indentations that are caused

mendosal
sulu

Figure 2. a—c. Normal 3D calvarial anatomy from the lateral (a), front (b), and back (c) views. There is a linear fracture in the right parietal bone (c, double
arrows). F, frontal bone; O, occipital bone; P, parietal bone; Sp, sphenoid bone; Ts, temporal bone squamous portion.
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Figure 3. Wormian bones. There are many
accessory bones within the lambdoid suture and
posterior fontanelle (arrows).

N

Figure 5. a, b. Microcephaly. Axial multiplanar reconstruction (a) and 3D image (b) show that the
sutures are closed and overlapping (b, arrows) in a one-year-old patient due to severe hypoxic-
ischemic injury.

by the cerebral surface of the grow-
ing brain in infants. They occur
later than a lacunar skull, particu-
larly during periods of rapid brain
growth, between ages 2-3 and 5-7
years. They become less prominent
after eight years of age. Convolution-
al markings are now considered to
reflect normal brain growth. If they
become prominent and are evident
throughout the skull rather than the
posterior parts, they reflect a patho-
logic condition, the so called copper
beaten skull (6).

Copper beaten skull is an indicator
of chronic elevated intracranial pres-
sure resulting from craniosynosto-
sis, hydrocephalus, and intracranial
masses. Macrocrania, splitting of the

Figure 4. Os incae (interparietal bone). A large,
single intrasutural bone at the junction of the
lambdoid suture and sagittal suture (arrows) is seen.

sutures, skull demineralization, and
erosion or enlargement of the sella
turcica may be observed due to in-
creased intracranial pressure (6, 7).

Abnormalities in head size (macro-
cephaly and microcephaly)
Macrocephaly is a disorder charac-
terized by a head larger than two stan-
dard deviations from the normal dis-
tribution. There are three major causes
of macrocephaly: hydrocephalus (in-
creased cerebrospinal fluid), megal-
encephaly (enlargement of the brain
due to neurocutaneous syndromes or
metabolic diseases) or thickening of
the skull (anemia, rickets, hyperphos-
phatemia, osteopetrosis, osteogenesis
imperfecta, and cleidocranial dysosto-
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sis). It may be constitutional or due to
benign causes such as benign enlarge-
ment of the subarachnoid space. CT is
superior to skull radiography because
the former can differentiate these ma-
jor categories (8).

Microcephaly is a condition char-
acterized by a head less than two
standard deviations from the normal
distribution. The head size is smaller
in some ethnic groups, and the con-
dition can be familial. However, it is
important to diagnose microcephaly
and identify the cause. There are two
major causes of microcephaly: prima-
ry causes (chromosomal disorders,
neurulation defects such as anenceph-
aly and encephalocele, prosencephal-
ization defects such as agenesis corpus
callosum and holoprosencephaly, mi-
gration defects) and secondary causes
(intrauterine infection, toxins and
vascular occlusions, severe hypox-
ic-ischemic injury, and postnatal sys-
temic diseases) (2, 8). Due to the lack
of brain growth, the force keeping the
cranial bones separated does not ex-
ist, and there may be early closure of
the sutures or even overlapping of the
skull bones (Fig. 5).

Abnormalities in head shape

There may be abnormalities in the
shape of the neonatal calvaria due to
pressure on the head during child-
birth. This is called fetal or newborn
molding and usually disappears after
a few days. Faulty fetal packing indi-
cates concave depressions in the cal-
varia due to extrinsic pressure of the
limb or uterine leiomyoma (2).

Plagiocephaly without craniosyn-
ostosis (posterior deformational, po-
sitional plagiocephaly) is associated
with sleeping position (sleeping on
back), congenital torticollis, abnor-
mal vertebra and neurologic defi-
cits. There is ipsilateral frontal and
contralateral occipital bossing (par-
allelogram shape) and anterior dis-
placement of the ipsilateral ear (9).
Additionally, there is no significant
distortion of the anterior-posterior
axis of the skull base (Fig. 6) (10).
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Figure 6. a—c. Positional plagiocephaly. The vertex view (a) shows the parallelogram shape of the posterior calvaria with ipsilateral frontal bossing (arrow) and
contralateral occipital bossing (double arrows). The skull base view (b) in another patient shows a minimum shift in the midline lines (white, posterior fossa axis
line; black, anterior fossa axis line). The long axis of the left temporal bone (black lines) is more anterior than that of the right temporal bone, clinically reflecting
anterior displacement of the left ear. There is flattening of the posterior calvaria (b, ¢, white lines), ipsilateral frontal bossing (b, ¢, white arrows), contralateral
occipital bossing (b, ¢, double white arrows), and parietal bone fracture parallel to the plane of the imaging (c, black arrows) in the same patient. Convolutional

markings are observed as lucent areas in 3D volume-rendered images in the parietal and occipital bones.

Figure 7. Plagiocephaly and trapezoid shape on
vertex view due to single suture synostosis.

Figure 9. a, b. Scaphocephaly. Premature fusion of the anterior part of the sagittal suture (arrow)
and increased anterioposterior diameter of the skull. There are lucencies in the parietal and
occipital bones due to increased intracranial pressure.
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Figure 8. Plagiocephaly and copper beaten skull.
Premature fusion of the sagjttal suture (arrow) and
left coronal suture (double arrows). There are multiple
lucencies in the parietal and occipital bones due to
increased intracranial pressure, copper beaten skull.

Craniosynostosis

Premature fusion of the sutures is
commonly isolated and sporadic (non-
syndromic). Craniosynostosis may be
associated with some syndromes, in-
cluding Crouzon, Apert, Pfeiffer, and
Carpenter syndromes (1, 11).

Plagiocephaly refers to a skewed
or oblique head (1). Unilateral coro-
nal synostosis (anterior plagioceph-
aly) (Fig. 7), unilateral synostosis of
the lambdoid suture (posterior pla-
giocephaly) or asynchronous synos-
toses of multiple sutures (Fig. 8). A
radiologist should distinguish pos-
terior plagiocephaly, which requires
surgery, from positional plagioceph-
aly, which can be treated conserva-
tively (10, 11). Some important indi-
cators of plagiocephaly include the
following:

1) Lambdoid suture synostosis; 3D
VR images are useful for rapid assess-
ment of premature fusion. Three-di-
mensional MIP images, which can
be performed within seconds using
computer workstations, can be added
for further detailed evaluation (12).

2) Contralateral frontal and pari-
etal bossing (trapezoidal shape) and
posterior displacement of the ipsilat-
eral ear (9). In positional plagioceph-
aly, there is ipsilateral frontal and
contralateral occipital bossing with
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a parallelogram shape and anterior
displacement of the ipsilateral ear.

3) In the skull base view, the poste-
rior fossa axis line (central line from
the basion to opisthion) will be away
from the anterior fossa axis line
(central line bisecting the cribriform
plate) toward the site of the lamb-
doid fusion (9, 10). In positional pla-
giocephaly, the lines are continuous
with each other or have minimal de-
viation (2.3°£1.3°) (10).

Scaphocephaly (or dolichoceph-
aly) results from premature sagittal
synostosis. There is increased growth
following the direction of the sagit-
tal suture (Virchow’s law). This is the
most common form of isolated syn-
ostosis (Fig. 9) (11).

Trigonocephaly is a bulging of the
forehead due to fusion of the me-
topic suture before six months of age
(1). Metopic suture fuses from the
glabella to the anterior fontanelle.
Anterior fontanelle ossification, hy-
potelorism, narrowing of the ante-
rior cranial fossa and compensatory
increase of the middle cranial fossa
are observed (Fig. 10) (11).

Oxycephaly or brachycephaly re-
sults from bilateral premature fusion
of the coronal or lambdoid sutures.
There is a flat and high forehead due
to growth following the direction of
the coronal suture. The transverse
diameter of the skull is widened.
Superior displacement of the lesser
wing of the sphenoid bone causes
the characteristic “harlequin eye”
(1, 11). Brachycephaly is frequently
seen with syndromic synostosis (e.g.,
Apert, Crouzon, Pfeiffer, craniofron-
tonasal syndromes) (Fig. 11).

Congenital calvarial defects

Parietal foramina are paired
parasagittal defects that result from
delayed or incomplete ossification of
the parietal bones (2). They are gen-
erally isolated but may be part of a
syndrome. They are usually consid-
ered benign. Parietal foramina associ-
ated with an atretic cephalocele and
symmetrical parietal meningoceles with

Figure 10. a, b. Trigonocephaly. Three-dimensional (a) and axial multiplanar (b) images of
premature fusion of the metopic suture with hypotelorism, narrowing of the anterior cranial fossa,
and compensatory increase of the middle cranial fossa.

Figure 11. a, b. Craniofrontonasal syndrome and brachycephaly. Bilateral coronal synostosis with
a bony ridge (a, double arrows). The calvarium is shortened in the sagittal plane and broadened
in the transverse plane (b). Lateral displacement of the orbits and central defects between the

frontal bones (a, arrows).

abnormal venous anatomy have been
described (Fig. 12) (13).

Open sutures and anterior fonta-
nelle can be due to elevated intra-
cranial pressure (Fig. 13) or hypothy-
roidism and skeletal dysplasia—e.g.,
cleidocranial dysplasias, pycnodysos-
tosis, and osteogenesis imperfecta.

Large anterior fontanelle can be
associated with achondroplasia, con-
genital hypothyroidism, Down syn-
drome, rickets and increased intracra-
nial pressure. The anterior fontanelle
size is the average of the anteropos-
terior and transverse diameters. The
average size of the anterior fontanelle
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Figure 12. The parietal foramina is observed as
paired parasagittal defects in parietal bones.
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is 2.1 cm, and the median time of
closure is 13.8 months (Fig. 14) (14).

Calvarial bone fractures

Cranial fractures that are parallel
or nearly parallel to the section ori-
entation may be missed at interpre-
tation of CT. A pediatric calvarium
with multiple sutures and fontanelle
makes the diagnosis more difficult.
Three-dimensional VR and 3D MIP
images are useful in these patients,
and fractures and their extension
can be assessed easily (Fig. 15) (12).

Cephalohematoma is a subperios-
teal hematoma of the calvaria (2).
They do not cross the midline. They
generally resolve spontaneously and
may calcify peripherally (Fig. 16). If
they are not absorbed, they can os-
sify over the surface. Ossified ceph-
alohematoma is a rare entity that
requires surgical management and
that can mimic osteoma in 3D im-
ages.

Calvarial bone tumors
Three-dimensional CT may facili-
tate evaluation of lytic and sclerotic
bone tumors. Three-dimensional CT
is useful for preoperative and postop-
erative assessments of these patients.
Osteomas are the most common
primary benign tumors of the calvar-
ia. They are solid, nodular sclerotic
lesions, which usually arise from the
outer table (Fig. 17) (15).
Langerhans cell histiocytosis, epi-
dermoid and dermoid cysts, me-
ningioma, hemangioma, fibrous
dysplasia, and metastases are other
common lesions of the calvaria.

Postoperative cranium

Three-dimensional CT is valuable
for postoperative evaluation of sur-
gery for craniosynostosis (Fig. 18).
Burr holes, cranioectomy defects and
bone grafts may be evaluated using
3D VR images.

Conclusion

Three-dimensional images should
be included when reporting calvarial
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Figure 13. Large sutures and anterior fontanelle
due to hydrocephalus.

pathologies because 3D CT can aid
in differentiating between a normal
and an abnormal calvarium. It is par-
ticularly superior in the diagnosis of

Figure 14. A large anterior fontanelle in a two-
year-old male. Measurement of the fontanelle
size (a+b/2) is seen.

Figure 15. a, b. Bilateral parietal bone fractures (arrows) are seen in posterior view (a) and lateral

Figure 16. a, b. Cephalohematoma. Three-dimensional (a) and axial multiplanar (b) images show
peripherally calcified subperiosteal hematoma (b, double arrows).

craniosynostosis and fractures but
also provides additional information
regarding other pathologies.
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Figure 17. a, b. Osteoma. Three-dimensional (a) and axial multiplanar (b) images show a left
parietal osteoma (arrows).

Figure 18. a, b. Preoperative (a) and postoperative (b) images of a patient with anterior plagiocephaly
due to fusion of the right coronal suture (a, arrows). Note that there are preoperatively increased
convolutional markings in the parietal and occipital bones that result from increased cranial pressure.
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