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Abstract
Introduction Enlarged parietal foramina are variable ossification defects in the parietal bones that present as symmetric
radiolucencies on skull radiographs. In contrast to the normal small parietal foramina, enlarged parietal foramina are a
hereditary condition and genes associated with it have been
identified.
Methods A literature review was performed to discuss the
many known findings related to enlarged parietal foramina.
Conclusions Even though they remain asymptomatic in the
majority of cases, they may be associated with other pathologies and occasionally become symptomatic. This article
provides a comprehensive review of the current knowledge
of enlarged parietal foramina.
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Introduction
Enlarged parietal foramina (EPF) are variable intramembranous ossification defects of the parietal bones and were first
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described in 1707, and received little attention until the
1940s [7, 14] (Figs. 1–3, 4, and 5). Alternate terms in the
literature referring to this condition are fenestrae parietales
symmetricae, foramina parietalia permagna, and giant parietal foramina [21]. Since its first description in the scientific
literature the understanding of this condition has evolved
substantially. In normal fetuses, the frontal, parietal, and
squamous parts of the temporal bones undergo intramembranous ossification, which is a direct ossification of the
vascularized membrane. These parts are usually ossified in
the fifth month of gestation. When there is insufficient
ossification around the parietal notch, they end up as large
permanent foramina [25]. EPF are foramina located in the
upper posterior angle of the parietal bone close to the
intersection of the sagittal and lamboid sutures and present
as symmetric, paired radiolucencies on skull radiographs
[25]. The diameter of EPF can range in size from a few
millimeters to several centimeters. A prevalence of 1:15,000
to 1:50,000 has been reported [14, 21, 25]. The condition is
distinguished from small parietal foramina, which are
approximately 1–2 mm in diameter, occur uni- or bilateral, and are variable in number. These are considered
normal common variants of the parietal bones, allow for
passage of emissary veins, and occur in about 60–70 %
of the population [17, 21] and are believed to have no
correlation with instances of small parietal foramina,
and in one study there has been evidence of individuals
with both small parietal foramina and enlarged at the
same time [4, 23]. The hereditary nature of EPF and
associated genes have been characterized [7]. In young
children, this condition may present as a persistently
enlarged posterior fontanelle caused by a single large
central parietal bone defect, termed cranium bifidum
[25]. During the first few years of life as calvarial
growth continues cranium bifidum tends to resolve into
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Figs. 1–3 Adult calvaria with
enlarged parietal foramina.
Note that this is a misnomer as
two of these specimens have
normal parietal foramina

MSX2 or ALX4 genes are associated with enlarged
parietal foramina and molecular genetic testing is clinically available [16, 25].

two distinct, large parietal foramina through an ossification of a midline bridge [13, 18]. Cranium bifidum is
also referred to as the Catlin mark [17]. Most EPF are
asymptomatic. However, craniofacial anomalies including cleft palate, myelomeningocele, and encephaloceles
are rarely associated [17, 21]. Meningeal, cortical, and
vascular malformations of the posterior fossa have also
been reported to accompany the ossification defects and
may predispose to epilepsy [25]. Individuals with EPF
have experienced symptoms of violent headaches, vomiting, and intense pain on application of mild pressure
to the unprotected cerebral cortex [14, 25]. Most people
with EPF have a positive family history as the condition
is inherited in an autosomal dominant fashion with high,
but incomplete penetrance [25]. Mutations of either

EPF and cranium bifidum may be diagnosed early in life
during gestation or later incidentally as an adult [15, 25].
The defects are often palpable on exam as a flattened
region or enlarged fontanelle posterior to the cranial
apex. Radiographically a plain posterior–anterior skull
film in an adult with EPF may coincidently demonstrate
oval or round openings in the calvaria that resemble a
“pair or spectacles”. On lateral view skull films they are

Fig. 4 Coronal head CT noting the bilateral enlarged parietal foramina
in a child with headache

Fig. 5 Sagittal image of the patient in Fig. 4 noting the calvarial defect

Diagnosis
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Fig. 6 MRI of a 16-year-old female patient presenting with seizures.
Note the vertically oriented persistent fetal vein

more difficult to visualize since the lucencies are superimposed with normal bone. Fetal ultrasound can also
detect EPF in a fetus at risk [25]. CT imaging with 3D
reconstructions can delineate the osseous defect and MR
imaging of the brain will demonstrate associated intracranial changes [25]. If EPF is associated with anomalies of
the cerebral vasculature, additional vascular imaging like
CT, MR, or digital subtraction angiography might be
warranted [21]. In young children, EPF may present as
a single aperture of the parietal bone, referred to as
cranium bifidum as mentioned above [7, 25]. EPF is
caused by a heterozygous mutation in the homeobox

Fig. 7 Axial MRI of the brain of the patient seen in Fig. 6. Note the
persistent vein at the arrow tip
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genes ALX4 and MSX2 located at 5q34–35 and 11p11,
respectively [6]. EPF associated with either ALX4 or
MSX2 mutations have a similar prevalence and are usually clinically indistinguishable [16]. Homeobox ALX4
and MSX2 genes encode a homeodomain, a protein
structural domain that binds DNA or RNA, in transcription factors involved in skeletal development. A possible
third locus on 4q21–q23 has also been reported in Chinese families [3]. Standard karyotyping and array comparative genomic hybridization are utilized to detect gross
structural changes of MSX2 on 5q35.2 [1] or large
deletions of ALX4 on 11p11.2 [26]. Molecular genetic
testing is performed using sequence analysis and deletion/duplication analysis looking for sequence variants or
whole gene/exon deletions, respectively [25]. On sequence analysis 6 ALX4 and 6 MSX2 mutations are
identified in about 85 % of familial, but only 16 % of
sporadic cases [16]. Except for multiple exostoses the
frequency of mutation detection is generally lower if
additional clinical abnormalities are present [25]. Prenatal
diagnosis and preimplantation genetic testing during pregnancy is recommended for families with a known genetic
defect associated with EPF at 18 to 20 weeks gestation
[25].

Differential diagnosis
The differential diagnosis of EPF and cranium bifidum
includes related disorders such as proximal 11 p deletion
syndrome aka Potocki–Shaffer syndrome, ALX4-related
frontonasal dysplasia, MSX2-related craniosynotosis, and
distal 5q deletions [1, 25]. Potocki–Shaffer Syndrome, a
contiguous gene deletion syndrome, is associated with loss
of genetic material from chromosomal region 11p11.2p12.
This syndrome’s abnormalities include intellectual disability, developmental delay, central nervous system abnormalities such as sensorineural hearing loss and visual problems,
autistic behaviors, skeletal and craniofacial abnormalities,
and abnormalities of the genitorurinary tract. The skeletal
and craniofacial abnormalities include multiple exostoses
and biparietal foramina [8, 12, 22]. The exostoses are associated with deletion of EXT2 and the biparietal foraminal
are associated with ALX4 gene located proximal to EXT2.
The genes related to the craniofacial abnormalities and
mental retardation have not been identified. In addition,
one familial case of Potocki–Shaffer Syndrome was unaffected by mental retardation [8]. ALX4-related frontonasal
dysplasia is subtype of frontonasal dysplasia (FND), or
median facial cleft and represents a failure to form the facial
prominences around the primitive mouth. The genetic
aspects of FND are not well defined. Aristaless-related
homeobox genes like ALX1, ALX3, and ALX4 are thought
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to play a role in the development of structures derived from
craniofacial mesenchyme, first branchial arch, and the limb bud
[24, 26]. Two Turkish families, with histories of consanguinity,
with a autosomal recessive inherited, homozygous nonsense
mutation of ALX4 were described to have total alopecia, a large
skull defect, coronal craniosynostosis, hypertelorism, agenesis
of the corpus callosum, and mental retardation [10]. ALX4related FND has also been associated with genital abnormalities [24]. Heterogeneous mutations in ALX4 were shown to
cause cranium bifidum, but associated with a less severe
phenotype compared to the autosomal recessive inheritance
[26]. MSX2-related craniosynostosis is rare and has been
found in a family with a single point mutation [5]. The same
condition has also been associated with MSX2 duplications.
Hypertelorism, growth and mental retardation, microcephaly,
dysmorphic facial features such as downslanting palpebral
fissures, prominent nasal bridge, strabismus, low set dysplastic ears, clinodactyly, brachydactyly, and heart defects are
common features of this disorder [9]. Children with deletions
of distal 5q can have defects of various systems from developmental delay to septal defects in the heart to cryptorchidism
as well as a parietal foramina [1]. There have also been reports
of scalp defects associated in one family with both enlarged
parietal foramina and aplasia cutis congenita [20]. Parietal
foramina can also appear as a feature of fetal methotrexate/
aminopterin syndrome. Pregnant women that were previously
exposed to folic acid antagonists in the first trimester as an
attempt at medical abortion are at risk. In such cases there are
wide spread deformities including syndactyly, hypodontia,
cleft palate, and growth retardation and EPF [1, 2].

Treatment
Treatment for enlarged parietal foramina is generally conservative, but persistent cranium bifidum may warrant operative
closure [25]. Associated seizures and headaches may be treated medically. Education of teachers and parents is advised to
allay anxiety related to the disease and to eliminate anxiety
about risk of penetrating injury to unprotected cerebrum [25].
Cranioplasty with autologous calvarial bone grafts or mesh
plating systems with hydroxyapatite or methylmethacrylate is
recommended for those at risk for injury, such as active young
children and those with seizure disorders [11, 19]. Imaging to
assess for accompanying venous anomalies is imperative prior
to any surgical intervention [5].

Prognosis
Most EPF are asymptomatic and benign, but suspected
associated abnormalities need to be considered [15]. Abnormal venous development including persistent falcine sinus
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with associated malformations of the straight sinus has been
reported [5] (Figs. 6 and 7). These venous abnormalities are
also encountered in atretic parietal encephaloceles raising
the possibility of a common developmental origin [5]. Abnormalities of brain gyri have also been described including
asymptomatic mesial occipital polymicrogyria [5, 21].
There is no described correlation between the size of the
defect and the likelihood of having an associated brain
abnormality [5]. A spontaneous decrease of the defect with
growth of the infant has been observed, but closure is
frequently incomplete [11].

Conclusions
The so-called enlarged parietal foramina is a misnomer as
many of these patients will also have normally sized parietal
foramina. Some patients may present with symptoms and
corrective surgery can be used. A strong genetic predisposition exists. These patients may have underlying venous
abnormalities.
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