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Abstract.
Introduction: Anatomical variability of cranial neurovascular 

structures presents significant challenges in surgical planning 
and diagnostic interpretation. Multislice Computed Tomography 
(MSCT) offers detailed imaging of these structures, facilitating 
accurate morphometric analysis and spatial understanding 
critical to clinical interventions.

Objective: To analyze the anatomical features and variations 
of the internal carotid arteries, optic and ophthalmic nerves, 
mandibular nerve, and extraocular (ophthalmic) artery based on 
high-resolution MSCT imaging data.

Materials and Methods: This retrospective study evaluated 
400 MSCT scans performed using a Toshiba Aquilion 64-slice 
scanner. Image analysis included multiplanar reconstructions 
and 3D modeling using RadiAnt DICOM Viewer. Measurements 
focused on ICA diameter and proximity to the sphenoid sinus, 
optic canal integrity, mandibular canal course and size, and 
traceability of the ophthalmic artery. Statistical analysis was 
performed using SPSS v26 with significance set at p<0.05.
Results:

1. ICA was adjacent to the sphenoid sinus in 97% of cases; 
dehiscence occurred in 11%.

2. Optic canal dehiscence was found in 13.5%, with average 
diameter of 3.7 ± 0.5 mm.

3. Mandibular canal showed 9% asymmetry; mean diameter 
was 2.9 ± 0.4 mm.

4. Ophthalmic artery was visualized in 78% of scans; mean 
diameter 1.5 ± 0.2 mm.

Significant interindividual variability was noted across all 
structures.

Conclusion: MSCT is an effective tool for evaluating cranial 
neurovascular anatomy. Frequent anatomical variations such as 
ICA dehiscence and mandibular canal asymmetry underscore 
the need for individualized imaging assessment in preoperative 
planning. The high resolution of MSCT allows reliable 
visualization of fine neurovascular details, enhancing safety in 
head and neck surgery.

Key words. MSCT, internal carotid artery, optic nerve, 
ophthalmic artery, mandibular nerve, anatomical variation.
Introduction.

The advancement of diagnostic imaging techniques, 
particularly Multislice Computed Tomography (MSCT), has 

revolutionized the anatomical study of cranial structures [1]. 
The ability to visualize and evaluate the individual anatomical 
variability of complex neurovascular formations such as the 
carotid arteries, ophthalmic and optic nerves, mandibular nerve, 
and extraocular arteries has deepened our understanding of 
normal and pathological anatomy [2]. These structures, located 
in regions of high surgical risk, require precise imaging for 
planning interventions and avoiding iatrogenic complications 
[3].

The internal carotid artery (ICA) plays a crucial role in 
cerebral perfusion and is intimately related to the sphenoid sinus 
and optic canal with ophthalmic artery inside, making it highly 
susceptible to surgical trauma during transnasal endoscopic 
procedures. Similarly, the optic nerve and its associated 
ophthalmic vasculature pass through narrow bony canals, often 
dehiscent or thinned, which may not be apparent without high-
resolution imaging [4,5]. The mandibular nerve, a branch of the 
trigeminal nerve (CN V3), passes through the foramen ovale 
and mandibular canal, and is significant in both maxillofacial 
surgery and dental procedures. Variations in its course or canal 
morphology, Variations in canal morphology, such as bifid or 
trifid canals, can lead to complications in anaesthesia or nerve 
injury during interventions [6].

In addition, the ophthalmic artery [5] branching from the ICA 
and supplying the orbit is a vital structure in orbital and skull 
base surgery. Its traceability and relation to adjacent structures 
can be accurately visualized on MSCT. Traditional anatomical 
studies often relied on cadaveric dissection, which, despite its 
value, is limited by specimen variability, postmortem changes, 
and inability to represent dynamic or living tissue density. 
MSCT, however, offers a reproducible, non-invasive, and 
quantitative modality capable of evaluating bone and vascular 
relationships in high detail [8].

The original MSCT-based morphometric dataset used in this 
study originates from a comprehensive anatomical evaluation of 
the paranasal sinuses and adjacent neurovascular structures [9]. 
This dataset was acquired under controlled imaging protocols 
and serves as a reliable foundation for in-depth analysis of 
key cranial structures, including the carotid arteries, optic and 
ophthalmic nerves, mandibular nerve, and extraocular artery 
[10,11]. Its application in this study supports the broader goal 
of correlating radiological findings with clinically significant 
anatomical variations, thereby enhancing surgical planning in 
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fields such as neurosurgery, otolaryngology, ophthalmology, 
and oral and maxillofacial surgery [12-14].

According to everything was mentioned above the aim of our 
work was to analyze and describe the anatomical features of the 
carotid arteries, ophthalmic and optic nerves, mandibular nerve, 
and extraocular arteries using original MSCT data obtained 
from a morphometric study of paranasal sinuses.
Materials and Methods.

The study was approved by the Bioethics Committee 
of Kharkiv National Medical University (Protocol No. 5, 
November 11, 2018). Written informed consent was obtained 
from all participants prior to inclusion in the study.

A total of 400 spiral computed tomography (SCT or MSCT) 
scans were examined in this retrospective morphometric 
study. The cohort included both male and female individuals 
of various age groups, without known craniofacial pathology. 
All examinations were performed without intravenous contrast 
administration. Visualization of the ophthalmic artery was 
assessed on high-resolution non-contrast MSCT using thin-
slice reconstructions (0.5–0.75 mm) and optimized bone and 
soft tissue window settings.

The imaging studies were performed using a Toshiba Aquilion 
64-slice MSCT scanner. Scanning parameters included axial 
thickness of 0.5–0.75 mm, with multiplanar reconstruction 
(MPR), maximum intensity projection (MIP), and volume 
rendering performed using RadiAnt DICOM Viewer. All 
measurements were made in DICOM format in standard bone 
and soft tissue windows. Three-dimensional reconstructions and 
image post-processing were conducted to assess topographic 
relationships and canal integrity.

Representative MSCT images were selected to illustrate 
key anatomical variations, including internal carotid artery 
dehiscence, optic canal bone defects, mandibular canal 
asymmetry, and ophthalmic artery course. Axial, coronal, and 
sagittal reconstructions were used to demonstrate these findings 
with corresponding measurement landmarks.

Data were evaluated using descriptive and comparative 
statistical methods. Mean values, standard deviations, frequency 
distributions, and cross-tabulations were calculated using SPSS 
v26 (IBM Corp., USA). Intergroup differences were analyzed 
using Student’s t-test or Mann–Whitney U test for non-parametric 
data. Chi-square tests were used for categorical variables. A p-value 
of <0.05 was considered statistically significant.

Specific anatomical features measured included:
1.	 Internal carotid artery (ICA): visualization of 

cavernous and petrous segments, diameter measurements, and 
positional relation to sphenoid sinus. Bony dehiscence was 
defined as complete absence of visible bone coverage (0 mm 
thickness) between the neurovascular structure and adjacent 
sinus cavity on at least two consecutive MSCT slices (see 
Figure 1).

2.	 Ophthalmic nerve and optic nerve: analysis of 
canal diameter, bony coverage, and proximity to ethmoid and 
sphenoid sinuses.

3.	 Mandibular nerve (V3): course through the foramen 
ovale and mandibular canal, including positional variants and 
symmetry (see Figure 2).

4.	 Extraocular artery (ophthalmic artery): traceability 
through the optic canal and ethmoidal foramina. 

Subgroup analysis was performed to evaluate potential sex-
related and age-related differences in morphometric parameters. 
Patients were stratified by sex and into age groups (<40 
years, 40–60 years, >60 years). Intergroup comparisons were 
conducted using Student’s t-test or Mann–Whitney U test 
depending on data distribution.
Results.

Internal Carotid Arteries (ICAs): In 97% of cases, the 
petrous segment of the ICA was visible through the bony 
coverage of the sphenoid sinus. Bony dehiscence was observed 
in 11% of scans, increasing the surgical risk during endoscopic 
sinus procedures. Representative MSCT images illustrating 
ICA dehiscence and variations in neurovascular anatomy are 
provided in Figures 1-3 to demonstrate the radiological criteria 
used for assessment.

Optic and Ophthalmic Nerves: The optic nerve canal showed 
thinning or partial dehiscence in 13.5% of cases, with bilateral 
presentation in 6.2%. The optic canal's average diameter was 

Figure 1. Representative coronal multislice computed tomography 
(MSCT) image (bone window) illustrating the anatomical relationship 
between the sphenoid sinus and the internal carotid artery at the skull 
base. The image demonstrates the approach used for evaluating bony 
coverage and spatial proximity between the artery and the sinus cavity.

Figure 2. Axial multislice computed tomography image at the level 
of the skull base demonstrating the cavernous segment of the internal 
carotid artery (ICA) in close proximity to the sphenoid sinus wall.
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Figure 3. Representative coronal multislice computed tomography (MSCT) image (bone window) demonstrating the anatomical region used 
for assessment of the mandibular nerve (V3) and mandibular canal morphology. The image illustrates the methodological approach applied for 
evaluating canal course, symmetry, and bony boundaries.

Figure 4. Frequencies of Dehiscence and Visualization.

Table 1. Anatomical Features of ICA based on MSCT Data.
Parameter Mean ± SD (mm)
ICA Diameter (petrous) 4.8 ± 0.6
ICA Proximity to Sphenoid Sinus Wall 1.4 ± 0.3
ICA Diameter (cavernous segment) 4.3 ± 0.4
Distance ICA to Optic Canal 2.1 ± 0.5

Table 2. Anatomical Features of Optic and Ophthalmic Nerves based on MSCT Data.
Parameter Mean ± SD (mm)
Optic Canal Diameter 3.7 ± 0.5
Length of Optic Canal 9.2 ± 1.3
Bony Thickness Over Optic Nerve 1.1 ± 0.4
Dehiscence of Optic Canal 13.5%

Table 3. Anatomical Features of Mandibular Nerve based on MSCT Data.

Parameter Mean ± SD (mm)
Foramen Ovale Diameter 5.1 ± 0.8
Mandibular Canal Diameter (midshaft) 2.9 ± 0.4
Distance Mandibular to Mental Foramen 30.2 ± 4.7
Cortical Bone Thickness (mandibular canal) 1.8 ± 0.5

Table 4. Anatomical Features of Extraocular Artery (Ophthalmic Artery) based on MSCT Data.
Parameter Mean ± SD (mm)
Ophthalmic Artery Diameter (proximal) 1.5 ± 0.2
Distance from ICA to Artery Entry in Optic Canal 1.9 ± 0.4
Visualization of Anterior Ethmoidal Branch 52%
Visualization of Posterior Ethmoidal Branch 33%



216

3.7 ± 0.5 mm. The bony separation between the optic nerve and 
adjacent ethmoid/sphenoid sinuses varied significantly.

The ophthalmic nerve was traced indirectly using anatomical 
corridors. Its emergence at the superior orbital fissure was 
identifiable in reconstructed views in 88% of scans.

Mandibular Nerve (V3): V3 passed through the foramen 
ovale in all cases. Asymmetry in mandibular canal course 
was present in 9% of scans. Variability in canal diameter was 
significant in relation to cranial index. The distance between the 
mandibular foramen and mental foramen was measured as an 
additional landmark.

Extraocular Artery (Ophthalmic Artery): The ophthalmic 
artery could be reliably traced in 78% of scans. It was most 
visible in younger patients with higher bone transparency. In 
65% of cases, it could be visualized entering the orbit via the 
optic canal. Anterior and posterior ethmoidal branches were 
identifiable in 52% and 33% of cases, respectively.

Comparative analysis revealed no statistically significant sex-

related differences in ICA diameter, optic canal diameter, or 
mandibular canal dimensions (p>0.05). Age-related analysis 
demonstrated a trend toward reduced bony thickness over the 
optic canal and decreased visualization rate of the ophthalmic 
artery in patients older than 60 years; however, these differences 
did not reach statistical significance.

These findings further confirm that patient-specific anatomical 
variations are common, especially in relation to skull base 
vascular and nerve structures. These parameters offer a reliable 
anatomical reference for surgical planning.
Discussion.

The variability observed in ICA proximity to the sphenoid 
sinus and the optic nerve's exposure has significant clinical 
relevance, especially in the context of endoscopic sinus surgery 
and skull base approaches [15,16]. Dehiscence of the optic canal 
poses a high risk of visual complications [17,18]. Similarly, 
understanding the mandibular nerve's variation is essential 

Figure 5. Features of Neurovascular Parameters.
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for planning dental implants or nerve blocks [19,20], and its 
relationships with paranasal sinuses [21]. 

Although sex- and age-related trends were observed, the 
absence of statistically significant differences suggests that 
individual anatomical variability outweighs demographic 
factors, reinforcing the necessity of patient-specific preoperative 
imaging.

Our findings are consistent with the results of Koç et al. [1], 
who also reported a high frequency of ICA protrusion into the 
sphenoid sinus wall and emphasized the surgical implications 
of such proximity. Similar rates of bony dehiscence (10–13%) 
of the optic canal were described by Mahmut Öksüzler, Fatma 
Yasemin Öksüzler, Sema Ozandaç Polat, Ayşe Gül Uygur et 
al. [21], highlighting the risk of visual injury during orbital 
and sinus surgeries. Our observed 13.5% incidence of optic 
canal dehiscence aligns closely with their data, reinforcing the 
importance of preoperative imaging.

In terms of mandibular nerve morphology, our results 
correspond with the CBCT-based study by Kim and Lee 
[3], which emphasized the significance of mandibular canal 
variations in clinical dentistry. Their mean canal diameter 
was comparable to our results (approximately 2.8–2.9 mm), 
supporting the reproducibility of these measurements across 
imaging modalities. Furthermore, our measurement of the 
distance from the mandibular foramen to the mental foramen 
(30.2 ± 4.7 mm) reflects values similar to those found in South 
Asian populations by Singh et al. [6], confirming ethnic and 
individual variation.

Ophthalmic artery imaging is relatively underrepresented 
in existing CT studies. However, our ability to visualize the 
artery in 78% of cases echoes findings by Cheng et al. [4], 
who reported a visibility rate of approximately 75% using 
CTA. The dimensions of the artery (mean 1.5 ± 0.2 mm) were 
also consistent with those described in anatomical reviews by 
Michalinos et al. [5]. The relatively high visualization rate of the 
ophthalmic artery on non-contrast MSCT may be attributed to 
thin-slice acquisition and high spatial resolution; nevertheless, 
contrast-enhanced CT angiography remains superior for detailed 
vascular assessment.

A distinguishing feature of our study is the use of a large, 
demographically diverse MSCT dataset, to provide detailed 
anatomical correlations. Compared to traditional cadaveric 
studies, such as those summarized by Hoving et al. [7], MSCT 
offers non-invasive insights with real-world spatial relevance. 
This strengthens the clinical applicability of our findings in 
surgical planning, especially for procedures involving the skull 
base, orbit, and mandibular regions [22-26].

Taken together, our results confirm and extend existing 
knowledge of cranial neurovascular anatomy [27,28]. They 
emphasize the necessity of personalized anatomical analysis, 
particularly in populations with high variability [29-31]. 
Our findings are also consistent with previous morphometric 
studies of maxillary sinus relationships and applied anatomical 
modeling approaches [32-33], further supporting the relevance 
of MSCT-based anatomical assessment in clinical and 
interdisciplinary contexts. The integration of morphometric 
datasets into structured analytical systems may further enhance 

clinical decision-making, as demonstrated in decision support 
modeling approaches [34]. Future research should focus 
on expanding MSCT-based morphometric databases with 
stratification by age and sex, as well as on the integration of 
advanced 3D reconstruction techniques to further improve 
preoperative risk assessment. Comparative studies using CT 
angiography and cone-beam CT may additionally clarify the 
limits of non-contrast MSCT in visualizing small-caliber 
neurovascular structures [35].
Conclusion.

1.	 MSCT is a highly effective modality for evaluating the 
anatomical variability of cranial neurovascular structures.

2.	 Dehiscence of the optic nerve and ICA were observed 
in over 10% of cases, necessitating caution in surgical 
interventions.

3.	 Significant interindividual variability exists in the 
course and diameter of the mandibular canal.

4.	 The ophthalmic artery can be visualized with sufficient 
clarity in most MSCT scans, aiding surgical navigation.

5.	 Incorporating 3D reconstruction and statistical 
morphometry improves diagnostic and anatomical accuracy.
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