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Introduction
Basilar invagination (BI) is a multifactorial abnormality of the craniovertebral 
junction. The embryological complexity of the occipital and cervical spine, 
combined with diverse etiological factors, indicates a great challenge to un-
derstand the various mechanisms involved in BI development. 
Objective
To present the morphology of the occipital bone in a skull with BI type 
B.
Methods
This is a brief description of the anatomy of the occipital bone in the type 
B BI through macerated skulls. Two right hemicraniums (1 with BI and 1 
control) of adults (age unknown) and a skull base of a fetus with 20 weeks 
were used. Parts of the occipital bone were marked to illustrate the more 
hypoplastic components in BI. 
Results
The occipital bone shows four main bony components: basioccipital (lower 
clivus), right and left exoccipital (lateral and condylar parts), and the supra-
occipital part of the occipital squama. The BI type B presented severe hypo-
plasia of the basioccipital and exoccipitals, which make the appearance of 
the foramen magnum more inclined. The petrous parts (petromastoid) of the 
temporal bone followed the process of occipital invagination.
Conclusion
The occipital bone showed a complex hypoplasia in the anterior and lateral 
region of the foramen magnum, with an evident tendency to clivus shortening 
and hypoplastic occipital condyle.
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Introduction

I n the last 3 decades, radiological and neurosurgical literature have 

evolved strongly in the BI understanding (1,2). In several cases, 

the radiological morphological presentations of occipital dysplasia 

and cervical spine point to a vast diversity of anatomical alterations 

in this group of patients (1,2).

The BI is a complex craniovertebral junction abnormality that 

can compress the brainstem and spinal cord (1). The neurological 

manifestations are diverse, including headaches, motor and senso-

ry disturbances, and autonomic dysfunctions (2). Syringomyelia 

may occur due to obstruction of cerebrospinal fluid circulation (2).  
Atlantoaxial instabilities represent type A BI, while abnormalities 

associated with cranial base dysplasia are classified as type B BI (3). 
A posterior cranial fossa volume reduction is frequently observed in

type B BI due to hypoplasia of the clivus and areas adjacent to the 

foramen magnum (4).

The present paper aimed to present the morphology of the occipital 

bone in a skull with BI type B.

Methods

This paper describes the anatomical division of the occipital bone by 

presenting images of a fetal skull of 20 weeks (Figure 1) and two right 

hemicraniums (1 with BI and 1 control) of adults (age unknown) (Fig-

ure 2). Parts of the occipital bone were marked to illustrate the more 

hypoplastic components in BI. Thus, revisiting the classical anatomy 

of the occipital bone can provide a broader view of BI.

Figure. 1 Internal view of the cranial base of a 20-week-old fetus showing the complex bony framework. The gaps between the bones are filled with synchon-

droses, which are the predominant type of growth at the cranial base. a: basilar part of the sphenoid; b: basioccipital; c: exoccipital; d: supraoccipital, which 

contains a large area of the cerebellar fossae; e: petrous part of the temporal bone.
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Results

A 20-week-old fetal skull base shows an occipital bone divided into 

4 major components (Figure 1). In type B BI, the lower part of the 

clivus (basioccipital) and the lateral parts of the foramen magnum 

and the occipital condyles (exoccipitals) were the components 

affected by hypoplasia (Figure 2).

In this context, type B BI is an occipital abnormality with a 

complex morphological presentation. The subjective analysis of 

this BI indicated that the cranial base has associated alterations, 

with emphasis on the elevation of the petrous part of the temporal 

bone and a flattened posterior cranial fossa.

Discussion

This article presents the anatomy of type B BI in a right hemicranium 

compared to an occipital bone with preserved growth. To support the 

anatomical description of this comparison, a 20-week-old fetal skull 

was also used, showing the anatomical division of the occipital bone. 

Around the seventh and eighth weeks of embryonic development, 

the primitive cartilaginous plates of the occipital bone emerge the 

basioccipital, exo-occipitals, and supraoccipital (5). In newborns, 

these parts remain articulated with each other, as well as with the 

temporal and sphenoid bones, through synchondroses (6). The 

fusion of these synchondroses represents a clinical enigma due to 

the temporal variability of their closure (6). The spheno-occipital, 

anterior intraoccipital, and posterior intraoccipital synchondroses 

completely close around the ages of 17, 10, and 4 years, respectively 

(6). The closure of the petro-occipital synchondrosis is not always 

completed by the age of 18 (6). This data illustrates a complex 

temporal dynamic of cranial base growth, which may also be 

influenced by the timing of the closure of the calvarial sutures, such 
as the coronal, sagittal, lambdoid, and squamous sutures.

Historically, there has been an association between type B BI 

and brachycephaly (7–9). This suggests a potential link between 

developmental disorders of the cranial base and conformational 

adaptations of the calvariae bones (10,11). The bone hypoplasia 

observed in type B BI suggests that this condition develops due 

to restricted growth of the cranial base. In "syndromic" genetic 

conditions - such as osteogenesis imperfecta and achondroplasia - 

this can be observed (12,13). Furthermore, craniosynostoses also 

indicate that the skull exhibits dynamic adaptive growth in response 

to vectorial growth restrictions (14).

Classical studies from the 18th and 19th centuries referred to basilar 

invagination as a depression of the cranial base caused by the weight of 

the head on the cervical spine (8–13). Considering that the occipital bone 

is a mosaic of bony plates joined by cartilages, Ackermann (8) observed 

in autopsies of children with rickets that the cranial base appeared to have 

"sunk" at the mobile cartilaginous points around the foramen magnum.

Figure 2. Sagittal view of the hemicrania of two adults, one with satisfactory growth of the cranial base (upper skull) and the other with type B basilar invagi-

nation (lower skull); A: basilar part of the sphenoid; B: basioccipital; C: petrous part of the temporal bone; D: exoccipital; E: supraoccipital. Notably, observe 

the influence of basioccipital and exoccipital hypoplasia on the inclination of the foramen magnum. Additionally, the petrous part of the temporal bone appears 
to follow the invagination, and the sphenoidal sinus is flattened.
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Finally, literature still does not present a consensus on the 

development of the anatomical phenomenon of type B BI. Most 

studies are retrospective and observational, which is a limiting 

factor for the formulation of accurate hypotheses. Although this 

disease has a diverse etiology (12–14), the bone growth disorders 

appear to be a common outcome, with varying degrees of occipital 

hypoplasia that also seem to influence the anatomy of the cranial 
base as a whole (15).

Conclusion

Type B BI is a complex abnormality that affects several regions 
of the occipital bone, especially the clivus and the lateral parts 

of the occipital bone. The three-dimensional complexity of this 

bone dysplasia seen in anatomical skulls may provide insights to 

understanding of occipital invagination by imaging exams.
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