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Abstract: Th e objective of the study was to create a printable 3D model of the sellar region of the sphenoid 
bone for demonstrating anatomical variant of the  osseous bridging between anterior and posterior 
clinoid processes. Th ree-dimensional reconstruction of the middle cranial fossa along with 3D printed 
model, allow for accurate depicting position of the interclinoid bridge with reference to other basicranial 
structures.
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Introduction

Anatomy and variation of the  osseous surrounding of the  pituitary gland and 
neurovascular structures passing through the  sphenoid bone remain in close relation 
with their function and clinical meaning. Besides constant anatomical structures of this 
cranial region, occasionally appears bony trabeculas resulted from ossifi cation of 
the  dural bands stretched between anterior, middle and posterior clinoid processes 
of the sphenoid bone [1, 2]. Th ese inconstant bony bridges are termed as: interclinoid 
bridge (between anterior and posterior clinoid processes) and carotico-clinoid 
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bridge (between the  anterior and the  middle clinoid processes). Ossification 
of the  interclinoid ligament can compress the  oculomotor nerve, and ossifi ed 
caroticoclinoid ligament may infl uence on the  blood fl ow in the  internal carotid 
artery [3–5].

Th e complete or incomplete osseous bridges in the sellar region occur unilaterally 
or bilaterally with variable incidence which depends on human population. For 
example, in Turkish population the  incidence of interclinoid osseous bridge was 
found as 8.18%. In turn, in the  same population the  total incidence of the  ossifi ed 
caroticoclinoid ligament has been estimated as 36.97% [6]. In other human populations 
incidence of the  interclinoid bridges ranges from 1% to 9% [7–9], whereas in Greek 
individuals, occurrence of the  caroticoclinoid bridge reached 60.2% [10]. Hence, 
craniofacial defects can rise frequency of the of sella turcica bridges, which increases 
their risk of interfering with the neurovascular structures [11, 12].

Th e anatomical variants of sellar bridges seems to be relevant for 3D modeling 
because of their potential clinical signifi cance related with pathologies of the  sella 
turcica and paraclinoid region, which require surgical management aimed on 
treatment of the  paraclinoid aneurysms or removal of tumors located in this 
cranial region [13–15]. Both virtual and physical 3D models can help plan surgical 
procedures in such a way which would minimize risk or avoid complications during 
operation. 3D models can accurately highlight topographical features and individual 
anatomy of the osseous structures which have to be resected during operation, such 
as clinoidectomy. Th ereby, the  aim of this study was to create virtual and printable 
3D model of the sellar region for demonstrating its anatomy and variability related to 
clinical implications.

Materials and Methods

Th ree-dimensional reconstruction of the  sellar region was based on X-ray CT data 
of the  human skull of an adult individual housed in the  Department of Anatomy of 
the  Jagiellonian University, Medical College. Both the  facial and cranial bones show 
normal anatomy; however, on the  intracranial surface of the  sphenoid bone, an 
inconstant bony bridge connecting the  anterior and posterior clinoid processes of 
the  sphenoid bone was observed. Supplementary information about the  investigated 
case can be found in the previously published report [16].

Computed tomography of the  investigated skull was performed by Siemens 
Sensation 10 CT scanner according to the  following protocol: head (Iner EarUHR), 
slice thickness 0.6 mm, voxel dimensions 336 × 512 × 512, kVP 120. 

To obtain a  three-dimensional representation of the  cross section images of 
the sellar region two diff erent techniques were used: volume and surface renderings. 
For volumetric and multiplanar reconstructions of the cranial base showing location 
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of the  interclinoid bridge was applied VolView open source soft ware dedicated for 
medical data visualization (https://www.kitware.com/volview). 

Length of the  interclinoid bridge and distances to the  selected structures of 
the  sphenoid bone were measured on the  volumetric reconstruction of the  cranial 
base using RadiAnt DICOM Viewer soft ware (https://www.radiantviewer.com/pl/).

Further, CT data were converted to geometrical primitives (triangles) which 
approximated the  surface of the  rendered objects. Created mesh of triangles served 
to build printable 3D model of the  sellar region. For this purpose, we used free 
medical software — the  InVesalius, which generated virtual reconstructions of 
the cranial base from two-dimensional images acquired by the computed tomography 
(http://www.cti.gov.br/invesalius). 

Results

Multiplanar and volumetric reconstructions of the  sellar region revealed anatomical 
details of the  sphenoid bone (not described in this report because of their common 
appearance depicted in the  atlases of human anatomy), and the  inconstant bony 
bridge that was stretched between the  anterior and posterior clinoid processes of 
the  left  side of the  skull (Fig. 1). Distances of the  interclinoid bridge to the  selected 
left -sided structures of the sphenoid bone are presented in Fig. 2.

Fig. 1. Volumetric (superior view) and multiplanar reconstructions demonstrating appearance and 
position of the interclinoid bridge (indicated by the cross-line) in the cranial cavity viewed in the coronal, 
axial and sagittal planes.
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Fig. 2. Measurements of the  sellar region (ACP — anterior clinoid process, PCP — posterior clinoid 
process, OG — optic groove, DS — dorsum sellae), and distances of the  interclinoid bridge to the optic 
canal (OC), foramen rotundum (FR), foramen ovale (FO), and the petrous apex (PA) of the left  side. 

Created 3D mesh model of the sellar region disclosed morphological appearance 
of the interclinoid bridge and its location towards other bony structures of the middle 
cranial fossa as it was presented in volumetric reconstruction (Fig. 3). A  signifi cant 

Fig. 3. 3D mesh model of the middle cranial fossa showing sellar region in the superior aspect. On the left  
side the arrow indicates complete interclinoid bridge; ACP — anterior clinoid process, PCP — posterior 
clinoid process. LW — lesser wing of sphenoid bone, GW — greater wing of sphenoid bone, PS — planum 
sphenoidale, ST — sellae turcica, DS — dorsum sellae, CL — clivus, LPA — left  petrous apex.
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benefi t of the  created 3D mesh model was the  possibility of visual exploration of 
anatomical relationship in close-up views and at different angles without loss of 
visual information, contrary to the  volumetric reconstruction. With increase of 
magnifi cation, the  volumetric model becomes blurred and more diffi  cult to view. 
Th us, we could also observe anatomy and arrangement of the  osseous structures 
from above, medial and lateral aspects focused on the  fusion patterns between 
clinoid processes (Fig. 4A). Close-up observation of the  interclinoid bridge revealed 
the presence of a short bony trabecula supporting the middle part of the  interclinoid 
bridge. Th is pillar limited posteriorly the passage for the  left  internal carotid artery, 
thus a part of the carotid sulcus was converted into a foramen (Fig. 4B).

Fig. 4. 3D mesh model of the sellar region. A close-up of the interclinoid bridge (indicated by arrow in A) 
seen in the latero-superior (A) and lateral (B) projections. Also visible osseous pillar (indicated by arrow 
in B) supporting the middle part of the  interclinoid bridge. Th is pillar limits posteriorly the passage for 
the left  internal carotid artery, thus the carotid sulcus was converted into the foramen (marked by asterix) 
located underneath the  left  anterior clinoid process; ACP — anterior clinoid process, PCP  —  posterior 
clinoid process, ICB — interclinoid bridge, CC — carotid canal.
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3D model of the  sellar region gave opportunity to perform measurements 
of the  interclinoid bridge and related bony structures. We found the  length of 
the  interclinoid bridge to be 4.8 mm, however end-to-end measuring points located 
on the  anterior and the  posterior clinoid processes were set with approximation 
because their tips were joined by the  continuous osseous bar. In such a  case, we 
demarcated the measuring points on the clinoid processes of the left  side according to 
corresponding tips of the clinoid processes of the right side. Th e height of the pillar 
supporting the  interclinoid bridge was measured as 1.8 mm, whereas diameters of 
the foramen transmitting the carotid artery were measured as 4.9 × 5.0 mm.

Discussion

Th e sella turcica region and related neurovascular structures have been extensively 
examined because of their clinical importance. Clinical anatomy of this cranial region 
plays a crucial role for planning surgical treatment of the pituitary tumors and other 
lesions which may affl  ict the  middle cranial fossa. Th erefore, pathological features of 
the  sellar and parasellar regions were the  scope of diff erent investigating techniques 
comprising imaging based on computed tomography, magnetic resonance and 
endoscopic observation [17, 18]. Morphological variability of the sellar region may be 
caused by age-related changes (normal physiological processes), or by developmental 
disturbances related with craniofacial deviations or pituitary fossa pathologies [11, 19]. 
Numerous anatomical variants of the sphenoid bone, as well as incidence of inconstant 
bony bridges, resulted from ossifi cation of the  dura matter bands were previously 
described in literature [2–7, 20–22]. As mentioned in the  introduction complete or 
incomplete, unilateral or bilateral bridging between anterior and posterior clinoid 
processes has been observed with variable frequencies. However, their presence can 
be disadvantageous for surgical procedures using the  transsphenoidal approach to 
the cranial cavity [23]. Th erefore, sphenoid region of the human skull requires building 
of three-dimensional models for better visualization of its anatomy, simulation of 
preoperative planning and demonstrating dysmorphologies of the  cranial bones. 
Th is is mainly caused by anatomical complexity related with occurrence of various 
inconstant bony structures within the sellar region.

Recent advances in 3D printing technologies have given strong support for 
demonstrating anatomical structures in details. Rapid manufacturing of replicas, 
encourages more precise surgical strategies on the physical 3D models, and to transfer 
these skills into real life skull base surgery.

In this case, creation of anatomical models becomes relatively quick and 
inexpensive [24–25]. This is particularly beneficial for demonstrating various 
dismorphologies or congenital anomalies which need surgical intervention [26–27]. 
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Th e current study presented a case of anatomical variation which can be materialized 
as a 3D model by 3D printing and used for demonstrating clinical aspects related to 
sphenoid bone morphology. Th e 3D virtual models of anatomical variants can provide 
researchers unlimited possibilities of conducting comparative studies and facilitate 
insight into specimens which have been presented previously only on photographs. 
Accessibility to the virtual anatomical collections give opportunity not only to observe 
anatomical features from diff erent angles (rotate the  model), but also interactively 
enlarge the  specimen which enhances visual inspection of morphological details. 
Regarding above-mentioned aspects, creation and propagation of virtual datasets via 
the web can deliver valuable information about variation of the anatomical structures 
in relatively short time, and discuss them on the internet forum.

Conclusions

Created 3D model of the middle cranial fossa showed anatomical variant of the bony 
bridging found unilaterally in the  sellar region between the  anterior and posterior 
clinoid processes. Th e  virtual model can be displayed on the  computer screen in 
close-up for demonstrating anatomical details of the sellar region, either materialized 
by 3D printing for simulating surgical approaches to the paraclinoid region regarding 
inconstant bony bridge. 
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