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Original Doctoral Research 
1. Anatomical variations of the jugular bulb and pneumatization patterns  
2. Retromandibular loop of the external carotid artery  
3. Anatomical variables of the superior thyroid artery  
4. Retropharyngeal course of the superior thyroid artery  
5. Anatomical diversity of the linguofacial trunk  
6. Vertical levels of occipital artery origin  
7. Aberrant courses of the occipital artery  
8. Maxillary artery with course through the temporalis muscle  
9. At-risk loops of the maxillary artery 

1 Jugular bulb anatomical variations and pneumatization patterns: a 
comprehensive CBCT analysis 

1.1 Background and Objectives 
The jugular bulb (JB) represents a critical anatomical structure in the cranial venous 

system, serving as the bridge between the sigmoid sinus and internal jugular vein within the 
jugular fossa. Located posterolaterally in the pars vascularis region of the jugular foramen, 
the JB maintains intimate relationships with cranial nerves IX, X, and XI, and connects to the 
cavernous sinus through the inferior petrosal sinus. While numerous studies have investigated 
temporal bone pneumatization patterns and anatomical variations of the JB and adjacent 
veins, research specifically employing cone beam computed tomography (CBCT) to 
comprehensively assess and classify pneumatization features around the JB and their impact 
on positioning has been remarkably limited. This study addresses this significant gap in the 
literature by pioneering the use of CBCT for in-depth examination of JB pneumatization 
patterns and establishing the first comprehensive classification system for these features. The 
primary objective was to assess the anatomical possibilities of the jugular bulb, with specific 
focus on developing a novel classification system for pneumatization patterns around the JB 
and evaluating their impact on the distance between the internal acoustic canal (IAC) and JB. 
Secondary objectives included documenting anatomical variations of the JB and establishing 
baseline measurements for clinical reference. 

1.2 Methods 
This retrospective study conducted detailed anatomical assessments and measurements 

on 50 anonymized adult CBCT scans, comprising 35 females and 15 males, equating to 100 
analyzable sides. All cases were originally explored for dental medical purposes. Scans were 
performed using a high-resolution iCat CBCT machine with parameters set to 0.250 
resolution, field of view of 130, and image matrix of 640×640. Uncompressed DICOM files 
were analyzed using Planmeca Romexis Viewer 3.5.0.R software, with multiplanar 
reconstructions emphasizing coronal and axial anatomical planes. To ensure accuracy and 
reliability, a combined third-reviewer evaluation method with Cohen's kappa analysis was 
employed. The Cohen's kappa threshold was set at 0.60 to capture substantial to almost 
perfect agreement between reviewers. This dual methodology strengthened both individual 
assessment accuracy and overall integrity of findings. Pneumatization within the 
perilabyrinthine area was systematically classified according to an adapted version of Allam 
et al.'s classification system, specifically modified for the region surrounding the JB. The 
evaluation examined the superior, inferior, lateral, and medial walls of the JB, identifying 



6 
 

eight distinctive types of pneumatization: No Pneumatization (NP), Posteromedial Tract 
(PMT), Deep Petrosal Cell (DPC), Infralabyrinthine Cell (ILC), Hypotympanic Cell (HTC), 
Hypotympanum (HT), Basi-occipital Cell (BOC), and Accessory Occipital Cell (AOC). 
Distance measurements focused on the space between the IAC and JB, evaluated both 
coronally and axially. The axial plane distance was classified into three categories: 0-2.5mm 
as neutral, 2.5-5mm as slightly anterior, and >5mm as anterior. Anatomical variations 
including hypoplasia, hyperplasia, dehiscence, and presence of JB diverticula were 
systematically documented. 

1.3 Results 
The IAC-JB distance measurements revealed symmetrical distribution with identical 

means of 7.97mm on both sides. Standard deviations were slightly different, with the right 
side showing 2.56mm and left side 2.50mm. The range extended from 3.16-13.3mm on the 
right and 2.9-13.6mm on the left. Two instances of high jugular bulbs were identified with 
negative IAC-JB distances (-1.75mm right, -1.25mm left). Axial plane positioning analysis 
revealed 26 neutral positions, 21 slightly anterior, and 3 distinctly anterior cases on the right 
side. The left side showed 30 neutral positions, 18 slightly anterior, and 2 anterior cases. The 
Cohen's Kappa test coefficient was 0.917, demonstrating almost perfect agreement between 
reviewers. Analysis of the lateral wall pneumatization showed predominant presence of Deep 
Petrosal Cells (DPCs) with 25 cases on the right and 23 on the left. No Pneumatization (NP) 
was more frequent on the left (11 cases) compared to the right (6 cases). Hypotympanic Cells 
(HTCs) were found in 9 cases on the right and 7 on the left, while Infralabyrinthine Cells 
(ILCs) appeared in 2 cases on the right and 6 on the left. Superior wall analysis revealed 
HTCs as the most frequent finding (23 occurrences right, 19 left), with significant NP 
presence (11 right, 9 left). The superior wall showed higher frequency of combined cell 
occurrences compared to other walls, with 7 cases of conjoined pneumatizations. Medial wall 
results showed NP in all 50 cases on the right and 49 on the left, with only one unique 
occurrence of AOC on the left. Inferior wall analysis highlighted symmetry in AOC 
distribution (6 cases each side) with predominant NP occurrence (42 right, 44 left). Statistical 
analysis using Games-Howell post-hoc tests revealed significant findings regarding 
pneumatization impact on IAC-JB distance. Cases with Hypotympanum (HT) on the lateral 
side showed statistically significant average increase of 4.67mm over those with NP 
(p=0.015). In the superior wall, HT demonstrated significant elevation in IAC-JB distance 
with mean difference of 5.765mm compared to DPC (p<0.001), while NP to DPC 
comparison showed mean decrease of 4.82mm (p=0.002). Examination revealed distinct 
anatomical variations: hypoplasia in 7 instances (7%), hyperplasia in 10 cases (10%), JB 
diverticula in 8 cases (8%), with 2 instances each of dehiscent JB (2%) and high JB (2%). 

2 The Retromandibular Loop of the External Carotid Artery 
2.1 Background and Objectives 

The external carotid artery (ECA) represents a major vascular structure of the head and 
neck region, serving as one of the terminal branches of the common carotid artery. While 
extensive research has focused on the anatomical variations of ECA branches, the 
morphological variations of the ECA's course itself, particularly in the retromandibular 
segment, have been largely overlooked in the literature. This study aimed to address this 
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knowledge gap by investigating the morphological possibilities and clinical significance of 
the retromandibular segment of the ECA.  

2.2 Methodology and Classification System 
This is a retrospective study analysing 60 computed tomography angiograms from adult 

patients (29 males and 31 females, ages 56-73, median 69 years). The study employed strict 
inclusion criteria, requiring patients over 18 years of age with adequate quality angiograms 
and no pathological processes distorting ECA anatomy. Exclusion criteria included 
atherosclerotic plaques and degraded or incomplete scans. I developed a novel classification 
system for retromandibular ECA morphology. Three distinct types were defined based on the 
relationship between the ECA and the anatomical plane of the mandibular ramus, as follows. 
Type 1 (Straight Course): The ECA maintains a straight course deep to the anatomical plane 
of the mandibular ramus, representing the classical anatomical description found in most 
textbooks. Type 2 (Extended Lateral Loop): The ECA forms a retromandibular loop directed 
laterally (LRLECA) that extends externally beyond the anatomical plane of the mandibular 
ramus. Type 3 (Posterior Marginal Loop): The LRLECA reaches just behind the posterior 
margin of the mandibular ramus without extending beyond the anatomical plane. 

2.3 Results and Statistical Analysis 
The study analysed 120 sides (bilateral assessment) and revealed significant variations 

from traditional anatomical descriptions. Contrary to classical teaching that depicts only the 
straight course (Type 1), this configuration was found in merely 43.33% of cases. 
Remarkably, 56.67% of cases demonstrated some form of retromandibular loop formation. 
The distribution showed Type 2 (extended lateral loop) in 18.33% of cases and Type 3 
(posterior marginal loop) in 38.33% of cases. Gender-specific analysis revealed statistically 
significant associations on the right side, where Type 1 was predominantly found in males, 
while Type 3 was significantly associated with females (Pearson Chi² = 10.9, p = 0.004). No 
significant associations were observed on the left side. Bilateral symmetry analysis 
demonstrated considerable variability: 33.33% of cases showed asymmetrical 
retromandibular ECA courses, 35% exhibited bilateral Type 1, 8.33% showed bilateral Type 
2, and 23.33% presented bilateral Type 3. Various combinations of asymmetrical patterns 
were also documented, highlighting the complexity of ECA morphological variations. 

3 Anatomical Variables of the Superior Thyroid Artery 
3.1 Background and Objectives 

The superior thyroid artery (STA) represents a critical vascular structure in head and 
neck anatomy, typically originating from the external carotid artery system and maintaining 
variable relationships with surrounding anatomical landmarks. While previous anatomical 
studies have extensively documented variations in the carotid origin of the STA, the variable 
topography related to the greater horn of the hyoid bone (GHHB) has been largely 
overlooked in contemporary literature. Understanding these topographical relationships 
carries significant implications for surgical planning, particularly in thyroid surgery, neck 
dissection procedures, and interventional radiology applications. This study aimed to 
systematically determine the topographic variants of the STA in relation to the GHHB and 
artery of origin, while establishing patterns of bilateral symmetry or asymmetry in these 
anatomical configurations. 
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3.2 Methods 
This retrospective anatomical study analyzed 85 archived computed tomography 

angiography cases from adult patients, comprising 53 males and 32 females with a mean age 
of 68±12 years. All scans were acquired between June and December 2024 at a tertiary 
academic medical centre, following standardized imaging protocols with careful patient 
positioning and image alignment. The origins of STAs were classified into three primary 
types based on carotid system origin: Type A (common carotid artery origin), Type B 
(carotid bifurcation origin), and Type C (external carotid artery origin). Vertical topographic 
relationships relative to the GHHB were systematically categorized as Type 1 (infrahyoid 
origin), Type 2 (hyoid level origin), and Type 3 (suprahyoid origin). Additional subtypes 
were established based on the arterial course relative to the GHHB: subtype "a" (lateral 
course), subtype "b" (medial course), and subtype "c" (posterior course). Unilateral 
combination types and bilateral associations were documented and analyzed using 
comprehensive statistical methods including regression analysis and ANOVA testing. 

3.3 Results 
Analysis of 170 carotid axes revealed distinct patterns in STA origins and topographic 

relationships. Carotid system origins demonstrated Type A (CCA) in 8.82% of cases, Type B 
(CB) in 28.82%, and Type C (ECA) in 60% of cases, with complete absence of the STA 
observed in 2.35% of specimens. Hyoid-related topographic analysis showed infrahyoid Type 
1 origins in 47.06% of cases, representing the most common configuration. Hyoid-level Type 
2 origins occurred in 25.89% of cases, distributed as Type 2a (20.59%), Type 2b (0.59%), 
and Type 2c (4.71%). Suprahyoid Type 3 origins were identified in 24.71% of cases, with 
Type 3a accounting for 21.18%, Type 3b showing 0% prevalence, and Type 3c occurring in 
3.53% of cases. 

Thirteen distinct unilateral combination types were identified, with the most prevalent 
being C1 (infrahyoid ECA origin, 27.71%), C3a (suprahyoid ECA origin with lateral course, 
17.47%), and B1 (infrahyoid CB origin, 15.66%). The study established thirty-seven different 
bilateral associations of unilateral combination types, revealing a predominance of 
asymmetrical patterns. Asymmetrical bilateral associations prevailed in 61.18% of cases 
compared to 38.82% showing symmetrical configurations. The most common bilateral 
associations were C1-C1 (bilateral infrahyoid ECA origins, 15.29%), C3a-C3a (bilateral 
suprahyoid ECA origins with lateral courses, 10.58%), and C1-B1 (asymmetric infrahyoid 
origins from ECA and CB respectively, 9.41%). 

Statistical analysis demonstrated that hyoid-related topographic types were significantly 
influenced by carotid origin patterns (p<0.05), while gender did not significantly impact the 
observed anatomical variations (p>0.05). One notable case revealed hyoid bone collapse over 
the thyroid cartilage, representing a rare anatomical variant with potential clinical 
implications. 
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4 Retropharyngeal course of the superior thyroid artery - a novel 
finding 

4.1 Background and Significance 

The superior thyroid artery (STA) represents the primary vascular supply to the thyroid 
gland and plays a crucial role in the vascularization of this vital anatomical region. In 
conventional anatomy, the STA originates from the external carotid artery (ECA) and follows 
a descending course on the inferior pharyngeal constrictor muscle to reach the thyroid lobe. 
According to previous studies, the STA may also originate from the common carotid artery or 
carotid bifurcation, but always with a predictable and well-defined anatomical course. The 
anatomical variability of the STA has been extensively studied in the specialized literature, 
documenting multiple types of origin and branching configurations. However, a 
retropharyngeal course of the STA has never been reported in medical literature, making this 
discovery an absolute first in the field of cervical vascular anatomy. The retropharyngeal 
space is classically considered a region that does not contain major arteries, with the notable 
exception being represented by deviated courses of the internal carotid artery in certain rare 
anatomical variants. 

4.2 Case Presentation 

This study presents the first documentation of a bilateral retropharyngeal course of the 
superior thyroid artery, discovered during retrospective analysis of angioCT data from a 56-
year-old adult male. The scan was adequate and no pathological processes were identified 
that could distort the cervical vascular anatomy, confirming that this variation represents an 
authentic congenital anatomical configuration. Both STAs initially coursed on the posterior 
walls of the pyriform recesses of the pharynx at the level of the C5-C6 cervical vertebrae, 
representing a completely novel and unprecedented anatomical configuration in the 
specialized literature. 

5 The Diversity of the Linguofacial Trunk 
5.1 Background and Objectives 

The external carotid artery (ECA) represents one of the most anatomically variable 
arterial systems in the human body, with significant implications for surgical planning and 
clinical practice. In typical anatomical configurations, the ECA gives rise to distinctive 
collateral branches in a predictable sequence: the superior thyroid artery (STA), lingual artery 
(LA), facial artery (FA), ascending pharyngeal artery (APA), occipital artery (OA), and 
posterior auricular artery (PAA). However, anatomical variations are common, with 
successive arteries frequently departing from the ECA as common trunks rather than 
individual vessels. These common trunk formations include several well-documented 
variants: thyrolinguofacial trunks, thyrolingual trunks, thyrolinguolaryngeal trunks, 
linguofacial trunks (LFT), and occipitoauricular trunks. Among these variations, the 
linguofacial trunk—representing a common origin of the lingual and facial arteries—has 
received considerable attention in anatomical literature, yet remains poorly characterized in 
terms of its morphological diversity and topographical relationships. 
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Knowledge of ECA branching pattern variations is essential for surgeons operating in the 
neck region, as surgical planning and execution depend entirely on understanding the 
anatomical pattern of vascular structures. The linguofacial trunk, while commonly reported as 
a unique anatomical variant, has typically been studied only in terms of its prevalence, with 
most authors simply documenting its presence without detailed morphological analysis. This 
approach fails to capture the individual anatomical possibilities and variations that 
characterize this important vascular structure. 

Previous studies have reported LFT prevalence ranging from 3.33% to 44.7%, with 
significant variation attributable to differences in study methodology, population 
characteristics, and classification criteria. However, the morphometric characteristics and 
detailed topographical relationships of the LFT have been rarely described in comprehensive 
detail. This gap in knowledge represents a significant limitation for surgical planning, as the 
morphology and topography of the LFT should be considered individually specific rather 
than conforming to a single anatomical pattern. 

The present study was therefore designed to address this knowledge gap by 
demonstrating, on a case-by-case basis, the individual anatomical possibilities of the 
linguofacial trunk. Our primary objectives included establishing the incidence of LFT in our 
study population, characterizing the heterogeneous morphological possibilities, and providing 
detailed topographical analysis that would be clinically relevant for surgical planning. 

5.2 Materials and Methods 

This retrospective anatomical study utilized 150 archived computed tomography 
angiography (angioCT) files obtained from clinical imaging databases. The selection process 
employed strict inclusion and exclusion criteria to ensure data quality and anatomical 
integrity. Inclusion criteria comprised subjects over 18 years of age, adequate scan quality 
suitable for detailed vascular analysis, and absence of pathological processes that might 
distort normal neck anatomy. Exclusion criteria included pathological processes affecting 
arterial anatomy, degraded image quality that precluded accurate measurement, and 
incomplete scan coverage of the relevant anatomical region. 

Following application of these criteria, 147 files were retained for analysis, representing 
86 male and 61 female subjects. This sample size provided adequate statistical power for 
analyzing anatomical variations while maintaining demographic diversity representative of 
the general population. 

Image analysis was performed using Horos 4.0.1 for Apple Silicon software, following 
established protocols from previous anatomical studies. Two independent observers 
documented anatomical variants to ensure reliability and minimize observer bias.  

Multiple variables of LFT anatomy were systematically tracked and classified. The 
vertical topography of LFT origin from the ECA was categorized into types 1-3: Type 1 
represented origins superior to the hyoid bone, with subclassifications including subtype 1a 
(inferior to gonial angle), subtype 1b (at gonial level), and subtype 1c (superior to gonial 
angle). Type 2 indicated LFT origin at the level of the hyoid bone, while Type 3 represented 
infrahyoid origins. 
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The initial course direction of the LFT was classified into three types: Type I (ascending 
course), Type II (descending course), and Type III (transverse course). Loop orientation 
analysis categorized the first loop of the LFT as superior (S), inferior (I), medial (M), anterior 
(A), posterior (P), or no loop (NL). The position of the LFT relative to the parent ECA was 
systematically documented as medial, anterior, or antero-medial. Finally, general LFT 
morphology was categorized as rectilinear (R), exhibiting general loops (L), or demonstrating 
arterial coiling (C). 

5.3 Results 

The analysis of 147 cases revealed linguofacial trunks in 34 subjects (23.12%), with a 
relatively balanced gender distribution of 16 males and 18 females. This prevalence falls 
within the upper range of previously reported values, suggesting potential population-specific 
variations or methodological differences in detection and classification. 

The bilateral presentation of LFTs occurred in 13 cases (38.24% of LFT cases), involving 
6 males and 7 females, indicating no significant gender predilection for bilateral occurrence. 
Unilateral left LFTs were identified in 13 cases (7 males, 6 females), representing 38.24% of 
LFT cases. Unilateral right LFTs occurred in 8 cases (3 males, 5 females), accounting for 
23.53% of LFT presentations. The slight predominance of left-sided occurrence aligns with 
some previous reports, though the clinical significance of this laterality preference remains 
unclear. 

A total of 47 individual LFTs were identified and subjected to detailed morphological 
analysis. The vertical topography analysis revealed significant variation in origin levels 
relative to anatomical landmarks. Type 1a origins (suprahyoid and infragonial) predominated, 
occurring in 28 LFTs (59.57%), establishing this as the most common topographical variant. 
Type 1b origins (suprahyoid and gonial) were found in 8 LFTs (17.02%), while type 2 origins 
(hyoid level) also occurred in 8 LFTs (17.02%). Type 1c origins (suprahyoid and 
supragonial) were identified in only 2 LFTs (4.25%), and type 3 origins (infrahyoid) 
represented the rarest variant with just 1 LFT (2.12%). 

Analysis of initial course direction demonstrated considerable diversity in LFT 
trajectories. Type I (ascending) courses were most frequent, occurring in 22 of 47 LFTs 
(46.8%). Type III (transverse) courses were identified in 13 LFTs (27.65%), while Type II 
(descending) courses occurred in 12 LFTs (25.53%). This distribution suggests that while 
ascending courses are most common, significant proportions of LFTs follow alternative 
trajectories that must be considered during surgical planning. 

Loop orientation analysis revealed that 23 of 47 LFTs (48.9%) demonstrated no initial 
loop, following relatively straight courses from their origins. Among those exhibiting loops, 
medial orientation was most common (9 LFTs), followed by equal frequencies of superior 
and inferior orientations (5 LFTs each). Anterior loops occurred in 4 LFTs, while posterior 
loops were rare (1 LFT). This diversity in loop patterns has significant implications for 
surgical access and vascular control procedures. 

The positional relationship between LFTs and their parent ECAs showed considerable 
variation. Antero-medial positioning was most frequent (22 of 47 LFTs), followed by anterior 
positioning (12 LFTs) and medial positioning (10 LFTs). Less common positions included 
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inferior (2 LFTs) and lateral (1 LFT) orientations. This positional diversity affects surgical 
exposure and the risk of inadvertent vascular injury during neck procedures. 

General morphological analysis demonstrated that 23 of 47 LFTs (48.9%) followed 
rectilinear courses, while 22 LFTs (46.8%) exhibited various loop configurations. Arterial 
coiling, representing the most complex morphological variant, occurred in only 2 cases 
(4.3%). The near-equal distribution between rectilinear and looped morphologies emphasizes 
the unpredictable nature of LFT anatomy. 

Detailed case-by-case analysis revealed numerous unique anatomical configurations that 
defy simple classification schemes. Notable examples included retropharyngeal LFT courses, 
complex interactions with ossified stylohyoid chains, and unusual relationships with 
surrounding anatomical structures. These individual variations underscore the importance of 
preoperative imaging analysis for surgical planning. 

6 Vertical Levels of the Occipital Artery Origin 
6.1 Background and Objectives 

The occipital artery (OA) represents a critical posterior branch of the external carotid artery 
(ECA) system with significant implications for neurosurgery, vascular surgery, and 
reconstructive procedures. Despite its clinical importance, anatomical literature provides 
inconsistent descriptions regarding the vertical level of OA origin, with various textbooks and 
atlases depicting different relationships to anatomical landmarks. Traditional anatomical 
teaching commonly references the OA origin to a single landmark, typically at the level of 
the facial artery or posterior belly of the digastric muscle. However, clinical observations 
suggest greater variability than previously recognized. This study hypothesized that the OA 
origin demonstrates significant vertical topographic variation relative to osseous landmarks, 
specifically the hyoid bone and gonial angle, necessitating systematic documentation for 
surgical planning and clinical applications. 

6.2 Materials and Methods 

A retrospective analysis was conducted using 100 randomly selected archived computed 
tomography angiograms from adult patients. Following application of strict inclusion criteria 
(age >18 years, adequate image quality, absence of pathological processes affecting carotid 
anatomy) and exclusion criteria (pathological arterial distortion, degraded scans), 90 cases 
were retained for analysis, comprising 53 males and 37 females. Bilateral evaluation yielded 
180 individual OA determinations. A novel six-type classification system was developed 
based on vertical topographic patterns relative to osseous landmarks: Type 1 (infrahyoid 
level), Type 2 (hyoid level at greater horn tip), Type 3 (infragonial level), Type 4 (gonial 
level at mandibular angle), Type 5 (supragonial level), and Type 6 (internal carotid artery 
origin). Statistical analysis employed Pearson Chi-square tests to evaluate bilateral symmetry 
patterns and gender associations, utilizing IBM SPSS software for comprehensive data 
analysis. 

6.3 Results 

The study revealed remarkable variability in OA origin patterns across the 180 arterial origins 
examined. Type 3 (infragonial) origin emerged as the most common variant, occurring in 
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40.56% of cases, followed by Type 4 (gonial) at 28.33% and Type 5 (supragonial) at 23.33%. 
Type 2 (hyoid level) accounted for 5.56% of cases, while both Type 1 (infrahyoid) and Type 
6 (ICA origin) represented rare variants at 1.11% each. Statistical analysis demonstrated 
significant bilateral association between left and right OA origins (Pearson Chi² = 59.18, p < 
0.001), indicating strong symmetrical tendencies. However, bilateral symmetry was observed 
in only 56.67% of cases, with 43.33% demonstrating asymmetrical patterns. Gender analysis 
revealed no statistically significant associations between sex and OA origin patterns on either 
side (p > 0.05). Notably, more than 50% of OA origins occurred at or above the gonial level 
(Types 4 and 5 combined), representing supradigastric locations that challenge traditional 
surgical approaches relying on infradigastric identification. 

7 Aberrant courses of the occipital artery: Novel anatomical 
variations with clinical implications 

7.1 Background and Objectives 

The occipital artery (OA) represents a major branch of the external carotid artery system, 
typically arising at the level of the posterior belly of the digastric muscle and following a 
predictable anatomical course deep to this muscle as it ascends toward the mastoid process 
and occipital region. Under normal circumstances, the OA crosses superficially over the 
internal jugular vein during its ascent, maintaining consistent topographical relationships that 
serve as reliable surgical landmarks. While previous anatomical studies have documented 
variations in the vertical level of origin from the external carotid artery, with approximately 
23% of cases demonstrating origins above the gonial angle, aberrant courses deviating from 
the standard trajectory have not been previously reported in the medical literature. The 
occipital artery's clinical significance extends beyond its role in scalp vascularization, as it 
serves as a crucial vessel for therapeutic embolization procedures, extra-to-intracranial 
bypass operations, and represents a potential site for vascular complications during neck 
surgery. Given the increasing complexity of head and neck surgical procedures and the 
growing utilization of endovascular interventions, comprehensive understanding of 
anatomical variations becomes paramount for preventing inadvertent complications and 
optimizing therapeutic outcomes. 

7.2 Methods 

This retrospective study involved systematic analysis of 150 archived computed 
tomography angiograms, from which four cases demonstrating previously unreported 
aberrant courses of the OA were identified and selected for detailed examination. The patient 
cohort comprised three female and one male individual, with ages ranging from 57 to 66 
years. All angiographic examinations were performed using a 32-slice multi-detector CT 
scanner with standardized protocols including 0.6mm collimation and 0.75mm reconstruction 
thickness with 50% overlap to ensure optimal spatial resolution for multiplanar maximum 
intensity projection reconstructions. The original clinical indications for these angiographic 
studies were unrelated to thyroid, neck, or cervical vascular pathology, most commonly 
involving evaluation or follow-up of cerebral vascular conditions. High-quality angiographic 
datasets provided complete opacification of carotid arteries and their branches with 
comprehensive coverage of the head and neck region. Importantly, none of the cases 
demonstrated pathological conditions that could potentially distort normal carotid anatomy. 
Image analysis was conducted using specialized software with both two-dimensional 
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reconstructions and three-dimensional volume renderings to ensure accurate anatomical 
assessment. Multiple experienced reviewers independently evaluated the angiographic 
findings, with discrepancies resolved through consensus review by the most senior 
investigator. 

7.3 Results 

Analysis revealed two distinct patterns of aberrant OA courses, each with unique 
anatomical characteristics and potential clinical implications. The first variant, observed in 
two female patients aged 57 and 61 years, demonstrated aberrant medial courses relative to 
the internal jugular vein rather than the typical superficial trajectory. In the initial case, the 
left internal jugular vein appeared compressed against the atlas transverse process and styloid 
process, with the left carotid bifurcation positioned 0.76cm below the greater hyoid horn. The 
OA originated from the posterior aspect of the external carotid artery at 1.75cm superior to 
the greater hyoid horn, ascended 3.23cm while crossing the internal carotid artery laterally, 
reached the styloid process, then turned posteriorly to cross medially relative to the internal 
jugular vein. At the level of the atlas transverse process, the internal jugular vein was flanked 
by the OA medially and the posterior auricular artery laterally. In the second case, despite 
absence of internal jugular vein compression, the OA demonstrated similar aberrant medial 
positioning, crossing over the internal carotid artery before continuing posterosuperiorly on 
the medial side of the internal jugular vein. 

The second variant type involved retromandibular courses deep within the parotid glands. 
In a 66-year-old male, bilateral aberrant retromandibular courses were identified, with both 
occipital arteries demonstrating lateral retromandibular loops originating from the external 
carotid arteries at the midheight of the mandibular ramus and coursing through superior loops 
deep to the parotid glands. The final case involved a 57-year-old female with unilateral right-
sided variation, where the external carotid artery entered the parotid space and divided into 
maxillary and superficial temporal arteries at 0.58cm above the gonial angle. Subsequently, 
the superficial temporal artery gave rise to a common occipitoauricular trunk measuring 
0.86cm in length, which reached the lateral aspect of the styloid process tip before dividing 
into the OA and posterior auricular artery. 

8 Maxillary Artery Traversing Through the Temporal Muscle 
8.1 Background and Rationale 

The maxillary artery (MA) is a terminal branch of the external carotid artery that typically 
courses through the infratemporal and pterygopalatine fossae. While anatomical variations in 
the relationship between the MA and lateral pterygoid muscle have been well-documented, 
with the artery described as passing either superficial (lateral) or deep (medial) to this muscle, 
variations involving the temporalis muscle (TM) have received limited attention in the 
literature. 

Previous dissection studies have sporadically reported the unusual course of the MA 
through the temporalis muscle, but these reports have been infrequent and inconsistent. A 
historical dissection study by Lurje identified this variant in only 4 out of 200 dissected sides 
(2% prevalence). However, this anatomical variant has not been systematically studied using 
modern imaging techniques, creating a significant gap in our understanding of its true 
prevalence and clinical implications. 
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8.2 Objectives 

The primary objective of this study was to determine the actual prevalence of the 
maxillary artery coursing through the temporalis muscle using computed tomography 
angiography (CTA). Secondary objectives included characterizing the anatomical features of 
this variant and discussing its clinical implications for surgical procedures involving either 
the temporalis muscle or maxillary artery. 

8.3 Methodology 

This retrospective observational study analyzed 170 archived computed tomography 
angiograms from patients aged 54-74 years (median: 68 years), comprising 95 males and 75 
females. All subjects provided informed consent, and the study received institutional 
approval. Inclusion criteria encompassed patients above 18 years of age with adequate 
angiogram quality and absence of pathological processes that could distort MA anatomy. 
Exclusion criteria included pathological processes affecting arterial anatomy and degraded or 
incomplete scans. 

8.4 Results 

The study revealed a significantly higher prevalence of the MA coursing through the 
temporalis muscle than previously reported. The variant was identified in 11 out of 170 cases 
(6.47% of patients), affecting 16 out of 340 sides examined (5.58% of sides). The higher per-
patient percentage reflects the bilateral presentation of this variant in 5 of the 11 affected 
cases. Male patients (n=7): 3 cases showed right-sided involvement, 1 case left-sided 
involvement, and 3 cases bilateral involvement. Female patients (n=4): 2 cases showed left-
sided involvement, and 2 cases showed bilateral involvement. In all identified cases, the MA 
was positioned superficial (lateral) to the lateral pterygoid muscle while traversing through 
the temporal muscle internal to the coronoid process. This consistent pattern suggests a 
specific developmental pathway for this anatomical variant. 

9 The Maxillary Artery Loops Dangerously Approaching the 
Mandible's Lingula and Inferior Orbital Fissure 

9.1 Introduction and Anatomical Background 

The maxillary artery (MA) represents one of the two terminal branches of the external 
carotid artery, alongside the superficial temporal artery. This vessel plays a crucial role in 
supplying blood to the deep facial structures, including the masticatory muscles, nasal cavity, 
maxillary sinus, and portions of the oral cavity. Under normal anatomical conditions, the MA 
follows a predictable antero-superior course through the infratemporal fossa, typically 
passing either lateral or medial to the inferior bundle of the lateral pterygoid muscle before 
reaching the pterygopalatine fossa. The standard anatomical pathway of the MA is well-
documented in medical literature, with the artery maintaining a relatively straight course with 
minimal tortuosity. However, anatomical variations in arterial pathways can occur, 
potentially creating significant clinical challenges for surgeons and dental practitioners. The 
proximity of the MA to critical anatomical landmarks, particularly the mandibular lingula 
(spine of Spix) and the mandibular foramen, makes understanding these variations essential 
for safe clinical practice. The mandibular lingula serves as a crucial anatomical landmark for 



16 
 

inferior alveolar nerve blocks, one of the most commonly performed regional anesthetic 
procedures in dentistry. Additionally, surgical procedures involving the mandibular ramus, 
including orthognathic surgeries and trauma repairs, rely on predictable vascular anatomy to 
minimize complications. When arterial variations occur, they can significantly increase the 
risk of hemorrhage during routine procedures. 

9.2 Case Presentation and Methodology 

This case report describes a rare anatomical variant documented through retrospective 
analysis of computed tomography angiography (CTA) in a 68-year-old male patient.  

The patient's CTA revealed extraordinary tortuosities of the left maxillary artery that 
deviated dramatically from normal anatomical patterns. The study methodology followed 
established ethical guidelines, with appropriate institutional approval and patient consent for 
research use of the anonymized imaging data. The analysis utilized specialized medical 
imaging software (Horos for iOS) to examine both two-dimensional planar reconstructions 
and three-dimensional volume renderings. 

The right-sided anatomy in the same patient demonstrated normal MA course, providing 
an internal control and highlighting the unilateral nature of this anatomical variation. This 
bilateral comparison enhanced the clinical significance of the findings and provided valuable 
insight into the rarity of such extreme arterial loops. 

9.3 Anatomical Findings and Measurements 

The left MA demonstrated two distinct and clinically significant loops that represented 
extreme deviations from normal anatomy. The first loop was characterized as a large inferior 
sagittal loop that descended into the pterygomandibular space and made direct contact with 
the inner cortical surface of the mandibular ramus. This inferior loop reached a remarkable 
1.66 cm below the mandibular notch, positioning it dangerously close to the mandibular 
foramen and directly against the mandibular lingula. Critical measurements revealed the 
loop's position at 0.58 cm internal to the sulcus colli and only 0.5 cm superior to the 
mandibular foramen. This positioning placed the artery in direct contact with the spine of 
Spix, creating a high-risk scenario for bleeding during inferior alveolar nerve blocks. The 
proximity to this critical landmark represents a significant departure from normal anatomy, 
where the MA typically maintains a safe distance from these structures. Following its inferior 
descent, the MA continued with an ascending segment that coursed superficial to the inferior 
head of the lateral pterygoid muscle. The vessel then curved medially between the two heads 
of this muscle to reach the pterygomaxillary suture, demonstrating the complex three-
dimensional pathway created by this anatomical variation. The second notable finding was a 
superior coronal loop that developed after the artery's passage through the pterygomaxillary 
region. This superior loop was applied directly against the posterior wall of the maxillary 
sinus and extended to reach the inferior orbital fissure. This positioning created additional 
surgical risks for procedures involving the posterior maxilla and orbital floor approaches. In 
contrast, the contralateral right MA demonstrated normal anatomy, coursing superficially to 
the lateral pterygoid muscle and maintaining a safe distance of 0.69 cm from the spine of 
Spix. This bilateral comparison emphasized the unilateral and extreme nature of the left-sided 
variation. 



17 
 

10 Key contributions and conclusions from anatomical studies 
10.1 Jugular bulb anatomical variations and pneumatization patterns 
10.1.1 Key contributions 

This study established the first comprehensive CBCT-based classification system for JB 
pneumatization patterns. It identified eight distinct types of pneumatization around the 
jugular bulb. It established statistical relationships between pneumatization patterns and IAC-
JB distance. Cohen's Kappa coefficient of 0.917 demonstrating almost perfect inter-observer 
agreement. 

10.1.2 Conclusions regarding the variables of the jugular bulb 
This study establishes the first comprehensive CBCT-based classification of JB 

pneumatization patterns, identifying eight distinct types with significant clinical implications. 
The finding that specific pneumatization patterns, particularly hypotympanic configurations, 
substantially alter IAC-JB spatial relationships provides crucial information for surgical 
planning. The novel classification system offers standardized terminology for describing 
these variations, facilitating improved communication between radiologists and surgeons. 
The documented prevalence of anatomical variations emphasizes the importance of 
individualized preoperative assessment rather than relying on standard anatomical 
assumptions. CBCT proves to be a valuable tool for detailed preoperative evaluation of JB 
anatomy, enabling identification of variations that could significantly impact surgical 
approach and outcomes. These findings advocate for routine preoperative imaging 
assessment of JB anatomy in patients undergoing lateral skull base surgery, with particular 
attention to pneumatization patterns that may alter standard anatomical relationships. The 
integration of this classification system into clinical practice promises to enhance surgical 
safety and outcomes in otolaryngology and neurotologic procedures. The establishment of 
this evidence-based classification system represents a significant advancement in 
understanding temporal bone anatomy around the jugular bulb, providing foundation for 
future research and clinical applications in skull base surgery. 

10.2 The retromandibular loop of the external carotid artery 
10.2.1 Key contributions 

This is the first systematic study of ECA retromandibular segment morphology using CT 
angiography. It resulted a novel three-type classification system for retromandibular ECA 
morphology that challenges the traditional anatomical teaching that describes only straight 
ECA courses. 

10.2.2 Conclusions 
This pioneering study revealed that retromandibular ECA loops represent a common 

anatomical variation that has been consistently overlooked in previous literature and clinical 
practice. With only 43.33% of cases showing the traditionally described straight course, the 
majority of patients exhibit some form of loop formation that could impact surgical 
procedures. The identification of three distinct morphological types, with significant gender 
associations on the right side, provides a framework for understanding and predicting ECA 
anatomical variations. The clinical implications are particularly relevant for head and neck 
surgeons performing parotid procedures, where unexpected vascular anatomy could lead to 
complications. It is strongly recommended preoperative imaging assessment on a case-by-
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case basis to identify retromandibular ECA variations before parotid surgery. This approach 
could enhance surgical safety, improve procedural planning, and potentially reduce 
complications associated with unexpected vascular anatomy. 

10.3 Anatomical variables of the superior thyroid artery 
10.3.1 Key contributions 

This research is a comprehensive analysis of 170 carotid axes documenting STA origins 
and topographic relationships. It established 13 distinct unilateral combination types and 37 
bilateral associations. The statistical analysis showed hyoid-related topographic types 
significantly influenced by carotid origin patterns.  

10.3.2 Conclusions 
This comprehensive study establishes that while the carotid origin of the STA follows 

relatively predictable patterns, the vertical topography and course relative to the GHHB 
demonstrate remarkable variability that is largely unpredictable. These findings have 
substantial implications for surgical practice, as the STA traditionally serves as an important 
landmark for identifying the external branch of the superior laryngeal nerve during thyroid 
surgery. The high prevalence of suprahyoid origins and aberrant courses may compromise the 
reliability of conventional anatomical landmarks during surgical procedures. The documented 
bilateral asymmetry patterns underscore the importance of individual preoperative imaging 
assessment rather than relying on assumed bilateral symmetry. The GHHB emerges as a 
potentially valuable anatomical reference point for STA identification and surgical planning. 
The rare but clinically significant absence of the STA (2.35%) necessitates awareness among 
surgeons performing thyroid and neck procedures. These findings advocate for routine 
preoperative angiographic evaluation in complex cervical surgical cases and highlight the 
need for individualized surgical approaches based on patient-specific anatomical variations. 
The establishment of this comprehensive classification system provides a foundation for 
future research and clinical applications in head and neck surgery, interventional radiology, 
and anatomical education. 

10.4 Retropharyngeal course of the superior thyroid artery 
10.4.1 Key contributions 

This is the first documentation ever of bilateral retropharyngeal course of the superior 
thyroid artery, the absolute first in cervical vascular anatomy literature. It challenges classical 
anatomical concepts about retropharyngeal space. 

10.4.2 Conclusions 
The retropharyngeal space, classically considered free of major arteries, can contain 

aberrant STA courses. Such an extraordinary variation carries profound clinical implications 
for hypopharynx, larynx, and anterior cervical surgery. This discovery necessitates revision 
of current anatomical concepts and emphasizes the importance of individual preoperative 
imaging evaluation. 

10.5 The diversity of the linguofacial trunk 
10.5.1 Key contributions 

The study of the linguofacial trunk anatomic variability is a comprehensive 
morphological analysis of 47 individual linguofacial trunks, a detailed case-by-case 
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documentation of anatomical possibilities. Six distinct categories of morphological analysis 
were established. 

10.5.2 Conclusions 

This comprehensive analysis of linguofacial trunk anatomy demonstrates that the 
morphology and topography of these vessels are individually specific and largely 
unpredictable. The significant diversity in origin levels, course directions, loop orientations, 
and positional relationships emphasizes the inadequacy of considering the LFT as a simple 
anatomical variant with predictable characteristics. 

The 23.12% prevalence of LFTs in our population, with 38.24% showing bilateral 
occurrence, indicates that these variations are sufficiently common to warrant routine 
consideration in surgical planning. The predominance of suprahyoid origins (80.9% of cases) 
provides some predictive value, but the wide distribution of other morphological 
characteristics prevents reliable anatomical assumptions. 

Future research should focus on developing standardized imaging protocols for LFT 
evaluation, establishing correlation between morphological variants and clinical outcomes, 
and investigating potential population-specific or genetic factors influencing LFT 
development. The integration of advanced imaging techniques with three-dimensional 
reconstruction may further enhance preoperative planning and reduce the risk of vascular 
complications. 

10.6 Vertical levels of the occipital artery origin 
10.6.1 Key contributions 

The OA study is an original systematic documentation of OA origin variations using 
osseous landmarks. Six distinct types of OA origin based on vertical topographic patterns 
were established.  

10.6.2 Conclusions 

This comprehensive analysis established that OA origin demonstrates significant 
vertical variability ranging from infrahyoid to supragonial levels, with individual anatomical 
patterns requiring careful documentation. The strong statistical evidence of bilateral 
symmetry, coupled with substantial asymmetrical cases, supports the recommendation for 
mandatory preoperative CT angiography in patients undergoing procedures involving the OA 
or upper cervical vascular anatomy. These findings challenge traditional anatomical teaching 
and advocate for individualized surgical planning based on patient-specific anatomical 
variations rather than assumed standard configurations. 

10.7 Aberrant courses of the occipital artery 
10.7.1 Key contributions 

These cases are the first reported cases of aberrant OA courses in medical literature. 
There were identified two distinct patterns: medial courses relative to internal jugular vein 
and retromandibular courses through parotid glands. These are novel anatomical variations 
with significant clinical relevance. 
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10.7.2 Conclusions 

This study documented the first reported cases of aberrant OA courses, identifying two 
distinct patterns with significant clinical relevance. Preoperative imaging assessment should 
specifically evaluate OA anatomy in patients undergoing parotid or carotid triangle surgery to 
identify these rare but potentially dangerous variations. Surgical teams should maintain 
heightened awareness of these anatomical possibilities to prevent inadvertent vascular 
complications and optimize patient safety outcomes. 

10.8 Maxillary artery traversing through the temporal muscle 
10.8.1 Key contributions 

This anatomical variant was found a significantly higher prevalence (6.47% of patients, 
5.58% of sides) than previously reported 2%. The bilateral evidence resulted in nearly half of 
affected cases. A consistent pattern was established: MA positioned lateral to lateral 
pterygoid muscle while traversing through the temporal muscle. 

10.8.2 Conclusions 
The MA traverses through the temporalis muscle more commonly than previously 

recognized. The bilateral assessment is important when the variant suspected or identified 
unilaterally. Preoperative CT angiography is recommended for surgical procedures involving 
either the temporalis muscle or the maxillary artery. Greater awareness is needed among 
surgeons performing infratemporal region procedures. 

10.9 The maxillary artery loops dangerously approaching the mandible's lingula 
10.9.1 Key contributions 

It was documented the extreme MA tortuosity with dual-loop configuration. This is an 
unprecedented anatomical variation: inferior loop contacting mandibular lingula, superior 
loop reaching inferior orbital fissure. Critical measurements were done: the MA loop was 
positioned only 0.5 cm superior to mandibular foramen. 

10.9.2 Conclusions 

This case report documented an extraordinary anatomical variation of the MA that creates 
significant clinical risks for routine dental and surgical procedures. The dual-loop 
configuration, with inferior extension to the mandibular lingula and superior extension to the 
inferior orbital fissure, represents a previously unreported pattern of arterial tortuosity that 
fundamentally alters the risk profile for procedures in these anatomical regions. 

10.10 Overall synthesis 
The PhD studies collectively demonstrate that anatomical variation in head and neck 

vasculature is far more common and clinically significant than traditionally recognized. The 
research challenges standard anatomical teaching and emphasizes the critical importance of: 
(1) individual preoperative assessment rather than relying on textbook anatomy; (2) advanced 
imaging techniques (CBCT, CT angiography) for surgical planning; (3) revision of 
anatomical education to incorporate extreme variability concepts; (4) development of 
standardized classification systems for better clinical communication; (5) enhanced surgical 
safety protocols accounting for anatomical unpredictability. 
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