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ABSTRACT 

 

Introduction: Within the infratemporal fossa, the auriculotemporal nerve arises as two roots from the 

mandibular division of the trigeminal nerve and forms a buttonhole through which the middle meningeal 

artery courses. Thereafter, the two roots of the auriculotemporal nerve re-join and proceeds to provide 

sensory innervation to multiple structures of the head. The middle meningeal artery branches from the 

maxillary artery and enters the cranium through foramen spinosum. Variations of the auriculotemporal 

nerve and the middle meningeal artery have been documented in several populations. However, there 

is a paucity of literature regarding the South African population group. The aim of this study was to 

document the relationship between the auriculotemporal nerve and the middle meningeal artery and 

their variations (if any) within a South African population. Materials and methods: Sixteen (n=32) 

adult cadavers were dissected to reveal the infratemporal fossae regions. The auriculotemporal nerve 

and middle meningeal arteries were observed, and the morphology and morphometry were documented. 

Results: The auriculotemporal nerve arose as one to four roots. The most common variation was the 

two-root auriculotemporal nerve (14/32; 43.75%). The inferior alveolar nerve was observed to contribute 

to the formation of the auriculotemporal nerve in the majority of the individuals. The roots of the 

auriculotemporal nerve were either anterior, deep, or superficial to the middle meningeal artery. 

Although the V-shapes were present in 23/32 infratemporal fossae, only 13/32 middle meningeal arteries 

passed through them. In the South African cohort, the maxillary artery was found to course deep to the 

lateral pterygoid muscle in 19/32 (59.38%) individuals and superficial in 13/32 (40.63%). Fifteen accessory 

middle meningeal arteries were present in 14/32 (43.75%) infratemporal fossae – one individual displayed 

a double accessory middle meningeal artery. The accessory middle meningeal artery originated from 

the middle meningeal artery or the maxillary artery in (8/15) 53.33% and (7/15) 46.67% of the individuals, 

respectively. Conclusion:  This study showed numerous anatomical variations of the neurovasculature 

within the infratemporal fossa. Furthermore, this study provides novel information about the 

auriculotemporal nerve and middle meningeal artery in a South African population, which has not been 

previously reported. The results may be beneficial to medical professionals during surgical 

interventions to the infratemporal fossa.
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1.1 Introduction 

1.1.1. Background 

 

The auriculotemporal nerve (ATN) originates as two roots from the mandibular nerve, forming a 

buttonhole around the middle meningeal artery (MMA) before merging to form the main trunk (Ellis 

and Lawson, 2013; Standring et al., 2016). The ATN is present within the infratemporal fossa, coursing 

posterior to the lateral pterygoid muscle and anterior to the tensor veli palatini muscle (Standring et al., 

2016). Although the relationship between the ATN and MMA in many population groups has been 

observed (Gulekon et al., 2005; Chan et al., 2013; Thotakura et al., 2013; Bhardwaj et al., 2014; Dias 

et al., 2015; Komarnitki et al., 2015), it is not documented in a South African cohort.  

 

Contrary to standard anatomical texts, variations in the morphology of the ATN have been described in 

several literary reports, showing that the nerve does not always originate as two roots (Baumel et al., 

1971; Gulekon et al., 2005; Dias et al., 2015; Komarnitki et al., 2015). The ATN has been discovered 

to arise from as many as five roots from the mandibular nerve, with some contribution from the inferior 

alveolar nerve (Kim et al., 2003; Gulekon et al., 2005; Chan et al., 2013; Thotakura et al., 

2013; Bhardwaj et al., 2014; Dias et al., 2015; Komarnitki et al., 2015). The presence of several nerve 

loops within the infratemporal fossa is not unexpected, considering that multiple roots may be forming 

the ATN (Soni et al., 2009).  

 

In addition, the relationship between the ATN and MMA depicted in several studies revealed that the 

roots of the ATN do not form a close interaction with the MMA (Gulekon et al., 2005; Chan et al., 

2013; Thotakura et al., 2013; Bhardwaj et al., 2014; Dias et al., 2015; Komarnitki et al., 2015). Several 

authors have discovered a variation in the shape formed by the ATN for the passage of the MMA, 

describing it as a V-shape interval (Baumel et al., 1971; Dias et al., 2015; Chanasong et al., 2020). 

Among other possible vascular structures that may be enclosed by the roots of the ATN besides the 

MMA, the maxillary artery is common (Baumel et al., 1971). Although several studies have reported 

variations in the anatomy of the ATN, the authors did not determine if laterality or ethnicity affects 

these variations.  

 

The complex anatomy of the infratemporal fossa contributes to difficulties in surgical procedures within 

this area (Joo et al., 2013). Due to the extensive neurovascular structures and borders of the 

infratemporal fossa, tumours and infections can originate in or progress to this area (Bozkurt et al., 

2019). Meningiomas developing within the cranium can progress into the infratemporal fossa through 

the foramen ovale, causing mandibular nerve entrapment (Hitotsumatsu and Rhoton, 2000). 
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Furthermore, entrapment of the mandibular nerve and trismus are common symptoms associated 

with the presence of abnormal masses in the infratemporal fossa (Piagkou et al., 2011b).  

 

Although the ATN is rarely involved in parotid gland cancer, a perineural tumour progressing along the 

ATN and extending cranially to the foramen ovale is possible (Chan et al., 2013; Thompson et al., 

2019). The proliferation of a tumour along the ATN can harm structures in the infratemporal fossa, 

cause mandibular nerve palsy, and displace or obliterate vascular structures (Tiwari, 1998; Schmalfuss 

et al., 2002). Additionally, pressure from vascular structures may cause trigeminal neuralgia due to the 

close relationship between the trigeminal neurovasculature (Somayaji et al., 2012). Owing to the high 

incidence of a perineural tumour spread and the resulting high mortality rate, knowledge of the anatomy 

of the ATN and its connection with other nerves is essential for surgeons in planning suitable modes of 

treatment for the tumour (Chan et al., 2013). Hence, the close contact between the roots of the ATN to 

the MMA may cause further complications as a tumour extending along the ATN may cause 

constriction of the MMA, affecting the areas supplied by the artery. 

 

Hearing loss, facial nerve paralysis, and temporomandibular joint dysfunction are results of surgical 

complications in the infratemporal fossa (Piagkou et al., 2011a). Owing to the potential for major 

surgical complications, variations of the neurovasculature in the infratemporal fossa can be of practical 

significance to surgeons and neurologists dealing with this complex area (Piagkou et al., 2011a). It is 

vital to be knowledgeable of the morphology of the ATN, its relationship with the MMA, and the 

anatomy of the infratemporal fossa to enable medical personnel to precisely identify the neurovascular 

structures and limit the risk of complications during procedures involving the infratemporal fossa.  
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1.2 Literature Review 

1.2.1 Anatomy of the infratemporal fossa 

 

The infratemporal fossa is defined by the lateral pterygoid plate, the zygomatic bone, and the posterior 

surface of the maxillary sinus, anteriorly; the ramus of the mandible, laterally; the styloid process and 

temporal bone, posteriorly; and the greater wing of the sphenoid bone and part of the temporal bone, 

superiorly (Joo et al., 2013; Fang et al., 2019). There is no inferior boundary forming the anatomical 

floor of the infratemporal fossa. Hence, this region is able to communicate with various adjacent 

anatomical spaces, such as the temporal fossa, superolateral; the orbit, superiorly; and the 

pterygopalatine fossa, medially (Standring et al., 2016). Contents of the infratemporal fossa includes 

essential head and neck muscles and neurovasculature, viz., the mandibular nerve and maxillary artery 

(Joo et al., 2013; Fang et al., 2019). The muscles within the infratemporal fossa includes the lateral and 

medial pterygoid muscles (Standring et al., 2016). The greater wing of the sphenoid bone contains the 

foramen ovale and foramen spinosum, which acts as passageways for the mandibular nerve and the 

MMA, respectively (Joo et al., 2013).  

 

The branches of the mandibular nerve are frequently entrapped in the fibres of the lateral pterygoid due 

to their close interaction with the muscle (Loughner et al., 1990; Piagkou et al., 2011b). Therefore, the 

complicated anatomy of the infratemporal fossa and the variability of containing structures in 

anatomical relation to each other contribute to the frequent nerve entrapment (Loughner et al., 

1990; Piagkou et al., 2011b). Due to the extensive neurovasculature within the infratemporal fossa, a 

detailed understanding of the relationship between the nerves and blood vessels is essential to 

anaesthetists to avoid any complications that may arise, such as a hematoma formation if a blood vessel 

is damaged during nerve blocks. Knowledge of the neurovasculature in the infratemporal fossa and 

possible morphological variations may provide insight into managing these structures during surgeries 

and reducing the risk of neuralgia and other critical symptoms (Fang et al., 2019). 

 

1.2.2 Anatomy of the Auriculotemporal nerve 

 

Although sensory nerve fibres make up most of the trigeminal nerve, the mandibular nerve is also 

responsible for the motor innervation of various muscles (Piagkou et al., 2011b). The three main 

branches of the trigeminal nerve are the ophthalmic, maxillary, and mandibular nerves, which exit the 

middle cranial fossa through the superior orbital fissure, foramen rotundum and foramen ovale, 

respectively (Romano et al., 2019). Thereafter, the largest branch of the trigeminal nerve – the 
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mandibular nerve – enters the infratemporal fossa and divides into a smaller anterior and a larger 

posterior division to provide the muscles of mastication with motor innervation and the lower lip, as 

well as the skin over the mandible, mandibular dentition, gingivae, and cheek with cutaneous 

innervation (Piagkou et al., 2011a; Standring et al., 2016). The ATN originated as one of the cutaneous 

branches of the posterior division of the mandibular nerve within the infratemporal fossa and has 

sensory, vasomotor and parasympathetic functions (Dias et al., 2015; Standring et al., 2016). The 

lingual and inferior alveolar nerves are other sensory nerves of the mandibular nerve (Romano et al., 

2019).   

 

Following its origin as two roots from the posterior division of the mandibular nerve, the ATN forms a 

buttonhole for the passage of the MMA before re-joining to form its main trunk, which then coursed 

between the sphenomandibular ligament and the neck of the mandible (Figure 1) (Dias et al., 2015). 

Thereafter, the ATN emerged onto the face, inferior to the mandibular condyle, and is located within 

the superior aspect of the parotid gland, to which it provides parasympathetic innervation (Janis et al., 

2010; Ellis and Lawson, 2013; Standring et al., 2016). The ATN proceeds to course superiorly, lying 

superficial to the zygomatic arch and posterior to the superficial temporal blood vessels (Standring et 

al., 2016). The ATN then terminates as its superficial temporal branches, which lay adjacent to the 

superficial temporal artery and vein (Standring et al., 2016). Cutaneous innervation is supplied to the 

tympanic membrane, temporomandibular joint, tragus, crus, the adjacent region of the helix and the 

posterior half of the temple by the main branches of the ATN, viz., the branches to the external acoustic 

meatus, articular, anterior auricular, and superficial temporal, respectively (Janis et al., 2010; Ellis and 

Lawson, 2013; Standring et al., 2016). 

  

Standard anatomical textbooks have stated that the two rooted ATN solely developed from the posterior 

division of the mandibular nerve; however, recent literature has suggested otherwise (Gulekon et al., 

2005; Chan et al., 2013; Thotakura et al., 2013; Bhardwaj et al., 2014; Dias et al., 2015; Komarnitki et 

al., 2015). Variations in the morphology of the ATN and its relationship to the MMA have been 

discovered to differ from standard anatomical texts, including the number of roots forming the ATN 

and the morphology of the roots (Baumel et al., 1971; Gulekon et al., 2005; Dias et al., 

2015; Komarnitki et al., 2015).  
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Although the ATN originated from as less as one to as many as five roots, the two-root model was the 

most common variation observed in multiple studies (Baumel et al., 1971; Gulekon et al., 2005; Dias 

et al., 2015; Komarnitki et al., 2015). Komarnitki et al. (2012), however, found that the one- and two-

root ATN models were equally displayed in five individuals (5/16). This suggests that the one-root ATN 

may also be a common variation in various populations. Furthermore, regardless of the number of 

primary roots, Komarnitki et al. (2015) suggested that the main trunk of the ATN was only created by 

one to three secondary roots. However, a thorough understanding of the origin of the primary roots of 

the ATN is essential in planning nerve blocks to the mandibular nerve and managing related symptoms.  

 

Studies have shown that the mandibular and the inferior alveolar nerves gave rise to the roots of the 

ATN – the superior root of the ATN from the former and the inferior root from the latter (Kim et al., 

2003; Gulekon et al., 2005; Chan et al., 2013; Thotakura et al., 2013; Bhardwaj et al., 2014; Dias et al., 

2015; Komarnitki et al., 2015). Consequently, this implied that the ATN does not solely originate from 

the mandibular nerve, as multiple studies discovered otherwise (Kim et al., 2003; Gulekon et al., 

2005; Chan et al., 2013; Thotakura et al., 2013; Bhardwaj et al., 2014; Dias et al., 2015; Komarnitki et 

al., 2015). This variation in the origin of the ATN could explain inferior alveolar nerve block 

complications and the consequential anaesthesia of the ATN (Kim et al., 2003; Gulekon et al., 

Figure 1: The mandibular nerve within the infratemporal fossa and the ATN, which formed a 

buttonhole (green circle) around the MMA (Adapted from Standring et al. (2016)). 
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2005; Chan et al., 2013; Thotakura et al., 2013; Bhardwaj et al., 2014; Dias et al., 2015; Komarnitki et 

al., 2015).  

 

Due to the close relationship between the mandibular nerve and the lateral pterygoid muscle, branches 

of the mandibular nerve and its resulting nerve loops are frequently entrapped within the lateral 

pterygoid muscle (Kalra et al., 2014). Therefore, a proper understanding of the ATN's complicated and 

abnormal nerve connections is critical for surgeons to undertake successful treatments (Thotakura et 

al., 2013). Although variations of the ATN have been previously studied in several population groups, 

there are no variations recorded in the South African population. Knowledge of the anatomy of the ATN 

and its variations is essential to surgeons in operations in the infratemporal fossa, the 

temporomandibular joint, parotidectomies, and nerve blocks. 

 

1.2.3 Anatomy of the maxillary and Middle meningeal arteries 

 

The maxillary artery is the largest branch of the external carotid artery, arising posterior to the 

mandibular neck and passing through the infratemporal fossa to terminate in the pterygopalatine fossa 

via the pterygomaxillary fissure (Joo et al., 2013). It is divided into three parts: first or mandibular, 

second or pterygoid, and third or pterygopalatine (Joo et al., 2013). Within the infratemporal fossa, the 

maxillary artery coursed superficial or deep to the lateral pterygoid muscle, influencing the origin of 

the accessory middle meningeal artery (Allen et al., 1973). In its superficial course, the first part of the 

maxillary artery passed deep to the ramus of the mandible and between the neck of the mandible and 

the sphenomandibular ligament (Standring et al., 2016). The maxillary artery lay in close proximity to 

the inferior alveolar nerve and coursed along the inferior border of the lateral pterygoid muscle in the 

infratemporal fossa (Standring et al., 2016). The deep auricular, anterior tympanic, middle meningeal, 

accessory middle meningeal, and inferior alveolar arteries are said to arise from the mandibular part of 

the maxillary artery (Joo et al., 2013; Standring et al., 2016). Thereafter, the second part of the maxillary 

artery coursed anteriorly in the infratemporal fossa and lies medial to the attachment of the temporalis 

muscle onto the coronoid process of the mandible. However, for the deep variation, the maxillary artery 

coursed between the lateral pterygoid muscle and the branches of the mandibular nerve (Standring et 

al., 2016). 

 

The MMA is generally the first branch of the maxillary artery and supplies the cerebral dura mater by 

entering the cranium through the foramen spinosum (Joo et al., 2013; Standring et al., 2016). After 

passing through the interval of the ATN, the MMA travels laterally to the tensor veli palatini muscle to 
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in standard anatomy texts but may be contained within a triangle- or a V-shaped interval (Baumel et al., 

1971; Dias et al., 2015; Chanasong et al., 2020).  

 

Although literary reports often suggested that the MMA is enclosed by the roots of the ATN, Dias et al. 

(2015) observed that the MMA coursed near the ATN rather than through the interval formed in two 

individuals. Furthermore, the MMA was found to pierce only the upper root of the ATN in a few cases 

(Baumel et al., 1971). The MMA was observed coursing deep to the roots of the ATN in many 

individuals (Dias et al., 2015) and corroborated the findings of Baumel et al. (1971). When the ATN 

originated from more than one root, several authors reported that all the roots may pass superficial to 

the MMA, deep to the MMA, or a combination of both (Baumel et al., 1971; Gulekon et al., 2005; Dias 

et al., 2015; Quadros et al., 2016). Knowledge of the anatomical association between the roots of the 

ATN to the MMA is essential in determining the relationship between the two neurovascular structures. 

 

Additionally, an ATN possessing multiple roots can form several loops with each other (Soni et al., 

2009; Nallagatla et al., 2015), increasing the risk of ATN entrapment and neuralgia (Piagkou et al., 

2011a). Bhardwaj et al. (2014) observed that the ATN, bilaterally in one of their cadavers, was formed 

by two roots – one from the mandibular nerve and one from the inferior alveolar nerve – which created 

a loop and did not contain any vascular structures. These further emphasised that the MMA may not be 

contained within the interval created by the ATN. Additional structures, such as the maxillary artery 

and connective tissue, may be present in the intervals created by the ATN (Baumel et al., 1971; Dias et 

al., 2015). The association of nerves and arteries is critical in the progression of perineural tumours, and 

the close association between the ATN and MMA may cause additional surgical complications 

(Schmalfuss et al., 2002). Therefore, medical practitioners should be aware of the varied morphology 

of the ATN and its relationship to the MMA so as to avoid further complications within the 

infratemporal fossa during surgical interventions (Komarnitki et al., 2015).  
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1.3 Problem Statement 

 

Knowledge of the ATN and MMA's relationship and their variations is vital in analyses of perineural 

tumour spreads (Schmalfuss et al., 2002), performing nerve blocks (Kim et al., 2003) and surgical 

procedures in the infratemporal fossa (Fang et al., 2019). Anatomical variations are influenced by 

geographic region and race (Alraddadi, 2021), and ten percent of surgical errors are caused by a lack of 

understanding of anatomical variations (Cahill and Leonard, 1999). Ethnicity and laterality may further 

affect the relationship between the ATN and the MMA and their variations. However, the ATN and 

MMA in a South African population have not been previously researched. Hence, the purpose of this 

dissertation was to examine the morphology and morphometry of the ATN and MMA in a South African 

population. Furthermore, this dissertation sought to analyse the effects of laterality and ethnicity on the 

morphology and morphometry of the ATN and MMA and their relationship.  

 

1.4 Aim 

 

To document the relationship between the ATN and MMA within the infratemporal fossa in a South 

African population of KwaZulu-Natal.  

 

 

1.5 Objectives 

 

The following research objectives were formulated for this dissertation: 

• To document and describe the relationship between the ATN and MMA in a cadaveric South 

African population of KwaZulu-Natal via dissection; 

• To analyse the effect of laterality on the morphometry and morphology of the ATN and MMA; 

and 

• To note any variations observed in the ATN and MMA.  
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1.6 Research Questions 

 

The following research questions were formulated for this dissertation: 

• What is the anatomical relationship between the ATN and MMA? 

• What variations of the ATN and MMA are present in a South African population? 

 

1.7 Materials and Methods 

 

Sixteen bilateral adult cadaveric South African individuals (n=32) were obtained from the Department 

of Clinical Anatomy, University of KwaZulu-Natal, and dissected for this study. Ethical approval for 

this study was obtained from the Biomedical Research Ethics Committee of the University of KwaZulu-

Natal (BREC/00002919/2021) (Appendix A).  

 

The cadavers’ age, sex and ethnicity were recorded. Of the individuals, 8 were males, and 8 were 

females. The ages of the cadavers ranged from 47 – 91. Regarding the cadavers’ ethnicity, 14 were 

South African White, and 2 were South African Black. The cadavers were dissected to expose the 

infratemporal fossae and analyse the ATN and MMA. The ramus of the mandible was dissected using 

a bone saw, and underlying muscles were removed to expose the infratemporal fossa. The morphometric 

and morphological observations were recorded. The distance between the roots of the ATN was 

measured using a digital vernier calliper (EIS Digital Vernier Caliper [0 – 150mm], accuracy ± 0.001in 

[0.02mm]). The morphology of the ATN (viz., number of roots forming the ATN, origin of the roots, 

communication between roots, and shape formation of the roots – buttonhole or V-shape), together with 

its relationship to the MMA, within the boundaries of the infratemporal fossa, was observed and 

recorded. The presence of an accessory middle meningeal artery was observed and documented, 

including its point of origin and relationship to the mandibular nerve.   
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1.8 Organisation of this Dissertation 

 

The dissertation has been prepared according to the University of KwaZulu-Natal’s College of Health 

Science guidelines (Appendix B), which stipulates a manuscript formatted dissertation. This study 

examined the anatomical morphology and morphometry of the ATN and its relationship to the MMA 

in an adult cadaveric South African cohort. Any variations present in the above-mentioned 

neurovasculature were also analysed. 

 

Chapter 1 

This chapter included a background, literature review, the aim and objectives of the dissertation, and a 

concise methodology. 

 

Chapter 2 

This manuscript investigated the relationship between the ATN and the MMA in 32 cadaveric South 

African samples. This study further analysed the variations in the anatomy of the ATN and MMA. The 

objective of this paper was to document the relationship between the ATN and the MMA and note any 

anatomical variations thereof. This manuscript was submitted to the Journal of Anatomy (manuscript 

number: JANAT-2022-0344) (Appendix C). 

 

Chapter 3 

This chapter included a synthesis and conclusion of the dissertation, as well as the references for 

chapters one and three.  
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Although variations of the ATN and the MMA have been previously recorded in various population 

groups, to the best of the authors’ knowledge, no studies have investigated the morphology and 

morphometry of the ATN and the relationship between the ATN and MMA in a South African sample. 

Hence, this manuscript, entitled “The relationship between the auriculotemporal nerve and middle 

meningeal artery in a South African population,” aimed at investigating the relationship between the 

ATN and MMA, the morphometry and morphology of the ATN, and any variations present in the South 

African population.  

 

This manuscript was submitted to the Journal of Anatomy in September 2022 (Manuscript number: 

JANAT-2022-0344) (Appendix C). The following manuscript followed the guidelines stipulated by the 

Journal of Anatomy (Appendix C). 
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2. ABSTRACT 11 

 12 

The interaction between the auriculotemporal nerve and the middle meningeal artery within the infratemporal 13 

fossa is vital in the spread of perineural tumors. Knowledge of their morphological and morphometric variations 14 

is critical to surgeons approaching the infratemporal fossa. There is a paucity of literature on the relationship 15 

between the auriculotemporal nerve and middle meningeal artery in a South African population. Hence, the aim 16 

of this study was to document the morphology and morphometry of the auriculotemporal nerve and its relationship 17 

to the middle meningeal artery within a South African cohort. The infratemporal fossae of 32 cadaveric individuals 18 

were dissected and the auriculotemporal nerves and middle meningeal arteries were analyzed, together with their 19 

variations. Nine out of 32 individuals displayed one-root, 14/32 two-root, 7/32 three-root, and 2/32 four-root 20 

auriculotemporal nerves. Eighteen auriculotemporal nerves originated from the mandibular nerve, while the rest 21 

had at least one communication from the inferior alveolar nerve. The mean distance between the first and second 22 

roots of the auriculotemporal nerve was 4.69mm. There were V-shaped formations found in 23 auriculotemporal 23 

nerves. However, the middle meningeal artery only passed through 13/23 V-shapes. The maxillary artery was of 24 

a deep course in relation to the lateral pterygoid muscle in 19/32 and superficial in 13/32 of the sample. The 25 

accessory middle meningeal artery was present in 14/32 individuals, with one exhibiting a double accessory 26 

middle meningeal artery. The accessory middle meningeal artery often arose from the middle meningeal artery 27 

(46.67%). The results of this study show a high possibility of variations of the auriculotemporal nerve and middle 28 

meningeal artery in the South African population. The variations and interactions should be considered during 29 

surgical procedures. 30 

 31 

3. KEYWORDS: Infratemporal fossa, Mandibular nerve, Maxillary artery, Meningeal arteries, Neoplasms 32 

  33 

 34 

 35 

 36 

 37 

 38 
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4. MAIN BODY 39 

INTRODUCTION 40 

 41 

In 2020, the number of people diagnosed with salivary cancer increased globally by 53 584 (WHO, 2020). The 42 

cumulative risk of cancer in South African males is 0.04% more than in females (WHO, 2020). However, half of 43 

all parotid gland tumors in South African men are malignant (Van Lierop and Fagan, 2007). Although the 44 

auriculotemporal nerve (ATN) is rarely involved in parotid gland cancer, a perineural tumor spread along the 45 

ATN may extend cranially to the foramen ovale, where the mandibular branch of the trigeminal nerve (CNV3) 46 

passes (Chan et al., 2013; Thompson et al., 2019). The progression of a tumor along the ATN can compromise 47 

tissues in the infratemporal fossa (ITF), cause CNV3 palsy, and displace or obliterate vascular structures (Tiwari, 48 

1998; Schmalfuss et al., 2002). The interaction of nerves and vessels is critical in the spread of perineural tumors, 49 

and the close association between the ATN and the middle meningeal artery (MMA) may cause additional 50 

complications (Schmalfuss et al., 2002). As a result, medical practitioners must understand the morphology of the 51 

ATN and its relationship to the MMA, as well as the anatomy of the ITF, to appropriately identify the 52 

neurovasculature and limit the risk of complications during ITF procedures. However, the relationship between 53 

the ATN and MMA has not been investigated in a South African population.  54 

The auriculotemporal, inferior alveolar (IAN), and lingual nerves are the cutaneous branches of the posterior 55 

division of the CNV3 (Ellis and Lawson, 2013; Standring et al., 2016). The ATN has been reported to arise as two 56 

roots within the ITF, forming a buttonhole to encircle the MMA before re-joining to form its main trunk (Ellis 57 

and Lawson, 2013; Standring et al., 2016). Some aural structures, the temporomandibular joint (TMJ), the 58 

posterior portion of the temple, and the parotid gland, are innervated by the ATN (Janis et al., 2010; Ellis and 59 

Lawson, 2013; Standring et al., 2016). 60 

The MMA is the maxillary artery’s largest branch and originates within the ITF as the third branch from the first 61 

segment of the maxillary artery (Joo et al., 2013; Standring et al., 2016). The MMA coursed cranially through the 62 

buttonhole of the ATN and entered the cranium via foramen spinosum, supplying the dura mater (Joo et al., 63 

2013; Standring et al., 2016). The ITF may contain an accessory middle meningeal artery (aMMA), which arises 64 

from either the MMA or the maxillary artery, depending on whether the maxillary artery runs superficial or deep 65 

to the lateral pterygoid muscle (LPM) (Baumel and Beard, 1961; Joo et al., 2013; Standring et al., 2016; Bonasia 66 

et al., 2020).  67 
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While standard anatomical texts stipulates the usual morphology of the ATN and its relationship to the MMA, 68 

many authors have discovered variations in this regard (Gulekon et al., 2005; Chan et al., 2013; Thotakura et al., 69 

2013; Bhardwaj et al., 2014; Dias et al., 2015; Komarnitki et al., 2015).  Hence, the present study aimed to 70 

document the morphological and morphometrical anatomy of the ATN, the relationship between the MMA and 71 

the ATN, as well as their variations (if any) in a South African sample. 72 

 73 

MATERIALS AND METHODS 74 

 75 

The study used 16 formalin-fixed South African cadavers dissected bilaterally (n=32) at the Department of 76 

Clinical Anatomy, University of KwaZulu-Natal. The authors hereby confirm that every effort was made to 77 

comply with all local and international ethical guidelines and laws concerning the use of human cadaveric donors 78 

in anatomical research. The Biomedical Research Ethics Committee at the University of KwaZulu-Natal granted 79 

ethical permission for this study (BREC/00002919/2021). The dissection procedures followed those of Dias et al. 80 

(2015), Komarnitki et al. (2015), and Loukas et al. (2019).  81 

The cadavers were placed in a supine position. The cadavers were dissected using sharp and blunt dissection to 82 

expose the ITF and its contents. 83 

Step 1.  Two horizontal incisions were made using a scalpel – one slightly above and parallel to the superior 84 

border of the zygomatic arch and the other parallel to the inferior border of the mandible (Komarnitki et 85 

al., 2015) (Fig. 1). Next, one vertical incision was made anterior to the tragus of the ear to connect the 86 

horizontal incisions (Komarnitki et al., 2015) (Fig. 1). The skin was then reflected to reveal underlying 87 

structures. The superficial fascia, adipose, parotid glands and ducts were removed, along with the 88 

superficial temporal branch of the ATN.  89 

Step 2. The zygomatic arch was cleaned and separated from the underlying temporalis muscle (Loukas et al., 90 

2019). The masseter was cleaned and reflected inferiorly, exposing the mandible. 91 

Step 3. Thereafter, using a bone saw, the zygomatic arch was cut at two places – anterior to the masseter muscle’s 92 

origin and anterior to the articular tubercle of the TMJ – and removed (Komarnitki et al., 2015) (Fig. 2). 93 

The point of insertion of the temporalis muscle at the coronoid process was severed and reflected 94 

superiorly (Dias et al., 2015). A probe was then placed underneath the ramus of the mandible, at the 95 
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mandibular notch, pointing anteroinferiorly to protect the underlying IAN, LN, and their vessels (Loukas 96 

et al., 2019). The ramus of the mandible was first cut with a bone saw in two places – approximately 1cm 97 

below the condylar process and 5 to 7.5cm below the condylar process (Loukas et al., 2019) (Fig. 2). 98 

During the cutting process, careful attention was paid not to damage the ATN, which is located near the 99 

neck of the mandible. When using the bone saw, small cuts were made first not to damage the underlying 100 

nerves. Then, using a chisel, the remaining bones were severed. 101 

Step 4. Soft tissues and adipose were cleaned and removed from the exposed lateral and medial pterygoid 102 

muscles (Loukas et al., 2019). Careful removal of the lateral pterygoid muscle using sharp dissection 103 

occurred, with precise attention placed on the maxillary artery and underlying nerves. The maxillary 104 

artery was reflected laterally as it obstructed proper visualization of the ATN and MMA.  105 

Step 5. Tracing the IAN superiorly to the foramen ovale assisted in identifying the trunk of the CNV3 (Loukas 106 

et al., 2019). The CNV3 and its branches were cleaned in a cranial direction. The roots of the ATN were 107 

cleaned and traced from the most inferior root to facilitate proper identification of the ATN’s variations. 108 

The MMA was also cleaned and traced from its origin to the foramen ovale. 109 

Step 6. The maxillary artery was identified, and the part from which the MMA originated was recorded. 110 

Variations in the ATN’s roots and its relationship with the MMA were documented. Additionally, the 111 

presence of aMMA was recorded. The distance between the roots of the ATN was measured three times 112 

for accuracy using a digital vernier caliper and recorded. Other structures contained within the ATN roots 113 

were identified and documented if any. The descriptions and data were entered into a Microsoft Excel 114 

2016 spreadsheet for analysis. The exposed ITF of individuals were photographed to facilitate further 115 

analyses of the ATN and MMA and their relationship. 116 

The data were statistically analyzed using the R Project for Statistical Computing software (version 3.6.3 of the 117 

R Core Team). Data were analyzed using descriptive statistics, and parameters were found to be statistically 118 

significant with p-values less than 0.05. 119 
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RESULTS 120 

1. Demographics 121 

The individuals used in the study were of South African White and African descent. The individuals’ ages 122 

ranged from 47 to 91 years. Fifty percent of the individuals were males, while the other half were females 123 

(Table 1). 124 

 125 

2. Morphology of the ATN 126 

The morphology of the ATN is shown in Table 2.  127 

a. One-root ATN 128 

Eight of the nine one-root ATN originated from the CNV3, while the remaining one originated from the 129 

IAN (Table 3).  130 

b. Two-root ATN 131 

Seven out of 14 two-root individuals displayed both roots originating from the CNV3 (Table 3). The 132 

remaining individuals showed the first root originating from the CNV3 and the second from the IAN. All 133 

individuals with a two-root ATN had a V-shape formation, but the MMA was only found to pass through 134 

eight (Fig. 3). 135 

c. Three-root ATN 136 

Seven individuals had three-root ATN (Table 2). However, only three ATN were discovered with all 137 

roots originating from CNV3. The first root of the remaining four ATN originated from CNV3 and the 138 

two inferior roots from the IAN (Table 3). All individuals had a V-shape formation, similar to the two-139 

root ATN. However, the MMA only passed through four V-shapes.  140 

d. Four-root ATN 141 

Only two individuals displayed four-root ATN with their first root from the CNV3, and their third and 142 

fourth roots originating from the IAN (Table 3). However, in one individual, the second root originated 143 

from the CNV3, while another originated from the IAN. Both ATN exhibited V-shaped formations, but 144 
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only one had the MMA passing through. The superior two roots joined together in the remaining 145 

individual, and the inferior two joined together, forming a V-shape through which the MMA passed. 146 

 147 

3. Morphometry of the ATN 148 

The average distances measured between the roots of the ATN are shown in Table 4. The mean length 149 

measured between the first and second roots of the ATN was found to be the largest (4.69mm±5.24), while 150 

the distance between the third and fourth roots was the smallest (2.67mm±2.06). 151 

 152 

4. Relationship between the ATN’s roots and the MMA or maxillary artery 153 

The observations of the relationship between the ATN and MMA are depicted in Table 5. However, it is 154 

noted that particular ATN were also related to the maxillary artery:  155 

In a two-root ATN, the second root of the ATN was superficial to both the MMA and maxillary artery. 156 

Two ATN had their second roots deep to the maxillary artery and were, therefore, unrelated to the MMA. 157 

The second root of one ATN, which originated from CNV3, split into a buttonhole. However, no vascular 158 

structures passed through it. 159 

The second root in a three-root ATN was superficial to the maxillary artery and anterior to the MMA. 160 

Furthermore, the second root of the ATN in two individuals was closely related to the maxillary artery – 161 

one was deep to the maxillary artery, and another was inferior. The third roots in four individuals were also 162 

closely related to the maxillary artery – two were superficial, one was deep, and one inferior to the 163 

maxillary artery. 164 

 165 

5. Course of the maxillary artery 166 

The maxillary artery often coursed deep to the LPM in the studied sample (Table 2). Of the 19 deep-167 

coursing arteries, the maxillary arteries coursed through a loop formed in the IAN in six individuals.  168 

 169 
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6. Presence of the aMMA 170 

The aMMA was present in 14 individuals (43.75%) (Table 2). A double aMMA was found in one 171 

individual, which coursed superiorly, superficial to the ATN, and trifurcated (Fig. 4). 172 

 173 

7. Origin of aMMA and its relationship to CNV3 174 

In a rare case, it was discovered that one individual exhibited two aMMA. Hence, 15 aMMA was 175 

encountered in this study. Seven aMMA originated directly from the MMA, while six arose from the 176 

maxillary artery. The individual exhibiting double aMMA originated from both the MMA and maxillary 177 

artery. The aMMA arising from the MMA passed superficial to CNV3 in five individuals and deep in three. 178 

The aMMA originating from the maxillary artery, coursed deep to CNV3 in four individuals. However, 179 

one aMMA was deep to the IAN and then crossed superficially to the LN. Another individual exhibited an 180 

aMMA coursing superficially to the LN. 181 

 182 

The results of each individual, including demographics, are available from the corresponding author upon request. 183 

No statistically significant differences were found regarding laterality, sex, and age. 184 

 185 

DISCUSSION 186 

 187 

The ATN has been described to originate as two roots from the CNV3, forming a buttonhole to enclose the MMA 188 

(Ellis and Lawson, 2013; Standring et al., 2016). However, many studies have discovered that the ATN can arise 189 

from as few as one to as many as five roots (Komarnitki et al., 2012; Quadros et al., 2016). The two-root ATN is 190 

the most prevalent in the American, Turkish, Polish, New Zealand, Indian, and Thai populations (Baumel et al., 191 

1971; Gulekon et al., 2005; Komarnitki et al., 2012; Dias et al., 2015; Quadros et al., 2016; Chanasong et al., 192 

2020). The two-root ATN was also the most common in the present study, which occurred in 43.75% of the South 193 

African population. Furthermore, the ATN can originate in the IAN and the CNV3 (Komarnitki et al., 2012; Dias 194 

et al., 2015; Chanasong et al., 2020). This study demonstrated that the ATN can arise from the CNV3 and the IAN, 195 

with the first root originating from the former and the inferior roots from the latter. Quadros et al. (2016) 196 

discovered that the IAN was a point of origin for all the ATN in the Indian population. In contrast, Komarnitki et 197 
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al. (2012), Dias et al. (2015), and Chanasong et al. (2020) found the IAN contributes to the main trunk of the 198 

ATN. In contrast, a one-root ATN in this study originated only from the IAN, which has not been previously 199 

documented. The IAN's contribution to the ATN could explain unexpected ATN neuralgia when anesthesia is 200 

administered to the IAN (Ngeow and Chai, 2009).  201 

 202 

The average distance measured between the ATN roots was 4.42mm in the present study. These findings 203 

supported the results of Gulekon et al. (2005), who discovered a mean distance of 3.92mm. However, it is noted 204 

that the distance between the inferior roots appears to be larger than the distance between the first and second 205 

roots. 206 

 207 

Previous research has described the ATN roots' relationship to the MMA as either superficial or deep to the artery 208 

(Baumel et al., 1971; Gulekon et al., 2005; Dias et al., 2015; Quadros et al., 2016). On the other hand, the present 209 

study included a description of the roots being anterior to the artery. The inferior roots in certain individuals were 210 

discovered to emerge from the CNV3 and connected to the main trunk of the ATN anterior to the origin or course 211 

of the MMA. Similarly, this study demonstrated that the superior or first roots are usually superficial to the MMA, 212 

whereas inferior roots are deep. Concerning the relationship of the roots of the two-root ATN to the MMA, the 213 

present study corroborated with Baumel et al. (1971) and Gulekon et al. (2005); the upper or first root is 214 

superficial, while the lower or second root is deep to the MMA. The anatomical relationship of the three-root 215 

ATN to the MMA in a South African population is similar to that of the American population: the superior two 216 

roots are superficial to the MMA, and the inferior root is deep (Baumel et al., 1971). On the contrary, the first root 217 

in the Turkish population was superficial to the MMA, while the lower two were deep (Gulekon et al., 2005). 218 

Moreover, the Indian population showed one root being medial and two lateral to the MMA (Quadros et al., 2016). 219 

As a result, there is a great deal of variation in the relationship between the ATN roots and the MMA. Therefore, 220 

medical professionals should be aware of these variations when performing surgeries in the ITF.  221 

 222 

In agreement with previous literary reports, the typical buttonhole formation was not discovered in the present 223 

South African population (Baumel et al., 1971; Komarnitki et al., 2012; Dias et al., 2015). However, the inferior 224 

root of a two-root ATN did form a buttonhole in this study, which is not the standard buttonhole formation around 225 
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the MMA described in anatomical literature (Standring et al., 2016). The most common interval formed by the 226 

roots of the ATN in this study was a V-shape, as noted in previous studies (Baumel et al., 1971; Komarnitki et al., 227 

2012; Dias et al., 2015). In contrast to previous studies, the V-shape was found in 22/32 of the selected sample, 228 

but the MMA was only enclosed in 14 (63.64%). In the reports by Dias et al. (2015) and Chanasong et al. (2020), 229 

the MMA was enclosed in 52.00% and 69.86% of the individuals, respectively. Furthermore, Baumel et al. (1971) 230 

reported that the maxillary artery was closely related to the ATN in one individual. The maxillary artery was 231 

discovered to be looping over the inferior root of the ATN, dragging it down (Baumel et al., 1971). Although the 232 

current study found no such link between ATN and maxillary artery, it was noted that when the maxillary artery 233 

is deep to the LPM, it frequently encounters the ATN. In 8.24% of the American population, the maxillary artery 234 

was deep to the LPM (Baumel et al., 1971). In contrast to the American population, the deep course of the 235 

maxillary artery was found in 59.38% of South Africans (Baumel et al., 1971). These findings support previous 236 

research findings that the buttonhole is seldom present and that the MMA does not always pass through the ATN's 237 

V-shape (Baumel et al., 1971; Komarnitki et al., 2012; Dias et al., 2015). Furthermore, the standard superficial 238 

maxillary course is not typical in the South African population and may be found to course deep to the LPM, 239 

within the ITF. 240 

 241 

Although Baumel and Beard (1961) concluded that the aMMA is almost always present, it was found in only 242 

43.75% of the individuals in the present study. Similarly, Chanasong et al. (2020) discovered aMMA in 21.91% 243 

of their samples. The aMMA may also arise in equal parts from the MMA and the maxillary artery (Baumel and 244 

Beard, 1961). However, Chanasong et al. (2020) discovered that the aMMA arose more frequently from the MMA 245 

(75.00%). This study also found the aMMA frequently originated from the MMA (53.33%) in the South African 246 

population. Baumel and Beard (1961), however, discovered that the aMMA originated from the MMA in 47.95% 247 

of their sample. Moreover, Baumel and Beard (1961) proposed that the path of the maxillary artery in relation to 248 

the LPM determines the origin of the aMMA. When the maxillary artery is superficial to the LPM, the aMMA 249 

arises from the MMA. However, the aMMA arose from the maxillary artery when the maxillary artery courses 250 

deep to the LPM (Baumel and Beard, 1961), which was demonstrated in the current study. 251 

 252 

Additionally, the relationship between the aMMA and CNV3 has been previously documented (Baumel and Beard, 253 

1961). However, the present study is the first to document this relationship since Baumel and Beard (1961). 254 
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Baumel and Beard (1961) discovered that the aMMA is frequently deep to the CNV3. According to the findings 255 

of the current study, when the aMMA originated from the maxillary artery, it was commonly deep to the CNV3. 256 

In contrast, when the aMMA originated from the MMA, it was commonly superficial to the CNV3. However, on 257 

one occasion, the aMMA from the maxillary artery coursed deep to the IAN before crossing superficially to the 258 

LN. As a result, this study suggests that the relationship between the CNV3 and the aMMA is influenced by the 259 

vessel's origin. The presence of an aMMA within a population should be considered when performing MMA 260 

embolization for the treatment of chronic subdural hematomas. Link et al. (2018) suggested that embolizing the 261 

distal branches of the MMA could be effective in the treatment of chronic subdural hematomas. However, since 262 

the aMMA supplies the trigeminal ganglion, embolization of the artery should be carefully and critically 263 

considered to avoid injury to the CNV.  264 

 265 

Due to the paucity of literature on the ATN and MMA, ethnic differences have not been previously established. 266 

This study, therefore, adds to the existing literature by discovering the morphology of the ATN and MMA in a 267 

South African population which may be useful for future studies examining population differences. 268 

 269 

CONCLUSION 270 

 271 

This study examined the relationship between the MMA and the ATN in a South African population. The study’s 272 

findings indicated variations in the morphology of the ATN and its relationship to the MMA, which are similar to 273 

those highlighted in previous studies. The relationship between the ATN and MMA in the present study depicts 274 

that although there are variations commonly present in samples, these variations are not concisely documented in 275 

standard anatomical literature. Communication between the ATN and the IAN may explain the complications of 276 

IAN nerve blocks. During a perineural tumor spread in the ITF, the contribution of the IAN to the ATN should 277 

be considered. When performing endovascular MMA embolization, the incidence of an aMMA within a 278 

population should be considered as this may cause complications. Furthermore, this study adds pivotal information 279 

on the contents of the ITF in a South African population, which may help surgeons accurately identify 280 

neurovasculature within the ITF. 281 
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LIMITATIONS AND RECOMMENDATIONS 282 

Due to the limited sample size, no significant differences could be found between the individuals' sexes, sides, 283 

and ethnicities. However, the findings of this study may aid future research in discovering ethnic differences. 284 

Hence, the recommendation made for future studies is to utilize a bigger sample size to determine if there are 285 

significant differences in laterality, age, sex, and population groups. 286 

 287 
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9. TABLES 368 

Table 1 Ethnicity, sex, and age of the studied South African population (n=32) 369 

Ethnicity Sex 

Age (years) 

Mean±SD 

White (%) African (%) Male (%) Female (%) 

72.4±11.9 

28 (87.50%) 4 (12.50%) 18 (50.00%) 18 (50.00%) 

SD standard deviation 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 
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Table 2 Quantity and description of ATN, MMA, and aMMA discovered in the bilateral dissection of 390 

infratemporal fossae in a South African population (n=32) 391 

One-root 

ATN 

(%) 

Two-

root 

ATN 

(%) 

Three-

root 

ATN 

(%) 

Four-

root 

ATN 

(%) 

Buttonhole 

formations 

(%) 

V-shape 

formations 

(%) 

aMMA 

present 

(%) 

Maxillary 

artery 

deep to 

LPM (%) 

Maxillary 

artery 

superficial 

to LPM 

(%) 

9 

(28.13%) 

14 

(43.75%) 

7 

(21.88%) 

2 

(6.25%) 

1 

 (3.13%) 

22 

(68.75%) 

14 

(43.75%) 

19 

(59.38%) 

13 

(40.63%) 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 

aMMA accessory middle meningeal artery; ATN auriculotemporal nerve; LPM lateral pterygoid muscle  
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Table 3 The origin of the roots from either the CNV3 or the IAN in the one-, two-, three-, and four-root ATN  411 

 One-root ATN Two-root ATN Three-root ATN Four-root ATN 

Point of origin 

of ATN roots 

CNV3 IAN CNV3 IAN CNV3 IAN CNV3 IAN 

Origin of first 

root 

8 1 14 - 7 - 2 - 

Origin of 

second root 

- - 7 7 3 4 1 1 

Origin of third 

root 

- - - - 3 4 - 2 

Origin of 

fourth root 

- - - - - - - 2 

Total 8 1 21 7 13 8 3 5 

  412 

 413 
 414 
 415 
 416 
 417 
 418 
 419 
 420 
 421 
 422 
 423 
 424 
 425 
 426 
 427 
 428 
 429 
 430 
 431 
 432 
 433 
 434 
 435 
 436 
 437 
 438 
 439 
 440 
 441 
 442 
 443 

ATN auriculotemporal nerve; CNV3 mandibular nerve; IAN inferior alveolar nerve 
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Table 4 Mean distances measured between the first and second, second and third, and third and fourth roots of 444 
the ATN (mm) 445 

 446 

 

Measurement (mm) 

Mean±SD 

Distance between the first and second roots 4.69±5.24 

Distance between the second and third roots 3.63±3.89 

Distance between the third and fourth roots 2.67±2.06 

  447 

 448 

 449 

 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 

 459 

 460 

 461 

 462 

 463 

 464 

 465 

ATN auriculotemporal nerve; SD standard deviation 
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Table 5 Relationship between roots of the one-, two-, three-, and four-root ATN and the MMA in 466 

dissected infratemporal fossae 467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 

 478 

 479 

 480 

 481 

 482 

 

One-

root 

ATN 

Two-root ATN Three-root ATN Four-root ATN 

Total 

 

First 

root 

First 

root 

Second 

root 

First 

root 

Second 

root 

Third 

root 

First 

root 

Second 

root 

Third 

root 

Fourth 

root 

Superficial to 

MMA 

9 13 1 6 2 - 2 - - - 33 

Deep to 

MMA 

- 1 10 - 1 3 - 2 2 1 20 

Anterior to 

MMA 

- - 1 1 1 1 - - - 1 5 

ATN auriculotemporal nerve; MMA middle meningeal artery 
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10. FIGURE LEGENDS 483 

 484 

Fig. 1 Skin incisions made on the cadaver using a scalpel. Red lines indicate the incisions made on the cadaver. 485 

Line AB is the first horizontal incision parallel to the zygomatic arch. Line CD is the second horizontal incision 486 

parallel to the inferior border of the mandible. Line BD is the vertical incision made anterior to the ear, connecting 487 

the two horizontal incisions 488 

 489 

Fig. 2 Cuts made on the zygomatic arch and mandibular ramus using a bone saw. Cuts made on the zygomatic 490 

arch – anterior to the origin of the masseter muscle and anterior to the articular tubercle of the temporomandibular 491 

joint (yellow dashed line). Cuts made on the mandibular ramus – approximately 1cm below the condylar process 492 

(blue dashed line) and 5 to 7.5cm below the condylar process (green dashed line) 493 

 494 

Fig. 3 A two-root ATN and MMA within the ITF. The first root of the nerve joins with the second root, forming 495 

a V shape (black dashed line). The MMA coursed through the V shape. 1 first root of ATN, 2 second root of ATN, 496 

ATN auriculotemporal nerve, CNV3 mandibular nerve, MMA middle meningeal artery, LN lingual nerve, IAN 497 

inferior alveolar nerve 498 

 499 

Fig. 4 Schematic representation of the three-root ATN variant. The second root bifurcated – upper part joined first 500 

root and lower part joined third root. MMA passed through V-shape created between the first and second roots. 501 

Maxillary artery was deep to the LPM and coursed deep to the IAN and LN. Double aMMA was found in this 502 

individual - one originated from the MMA and coursed superficially to the ATN and trifurcated, and another 503 

originated from the maxillary artery, coursed deep to the IAN and crossed superficial to the LN. ATN 504 

auriculotemporal nerve, MMA middle meningeal artery, MA maxillary artery, aMMA accessory middle meningeal 505 

artery, CNV3 mandibular nerve, IAN inferior alveolar nerve, LN lingual nerve 506 

 507 

 508 

 509 
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3.1  Synthesis 

 

This study investigated the relationship between the ATN and the MMA by documenting the 

morphology and morphometry of the ATN, the anatomy of the MMA, and their anatomical variations. 

The roots of the ATN were deep or superficial to the MMA or were shown to enclose the MMA in a V 

shape. The relationship between the ATN and adjacent vascular structures is crucial during surgery 

within the infratemporal fossa, such as the resection of a perineural tumour. 

 

The boundaries of the infratemporal fossa in the present study compared favourably with Joo et al. 

(2013). The anterior boundary was formed by the maxillary sinus, the posterior boundary by the 

temporal bone and constituting the styloid process, the lateral boundary by the ramus of the mandible, 

and the medial boundary by the lateral pterygoid plate of the sphenoid bone. The anatomical borders of 

the infratemporal fossa may provide a reference for the anatomical course of its neurovasculature and 

are crucial in performing surgeries within this region. 

 

Within the selected South African cohort, the morphology of the ATN was variable, viz., one to four 

roots, which corroborated with the findings described by Baumel et al. (1971), Gulekon et al. (2005), 

Dias et al. (2015) and Chanasong et al. (2020) in the American, Turkish, New Zealand and Thai 

populations, respectively. However, in the Polish and Indian populations, the ATN originated from as 

many as five roots (Komarnitki et al., 2012; Quadros et al., 2016). Hence, more than two roots forming 

the ATN may imply that there would also be several nerve loops within the infratemporal fossa as the 

roots join, which may pose additional complications during surgeries to the infratemporal fossa. 

 

The morphometric distance between roots of the ATN in the one-, two-, three-, and four-root variations 

depicted that the superior roots originated further away from each other than the inferior roots. This 

emphasised that the roots of the ATN do not originate close to each other or at the same point from the 

mandibular nerve. The distance between roots is imperative in determining the level of origin of the 

roots of the ATN (Baumel et al., 1971). It was noted in the present study that the ATN originated at 

different points on the mandibular nerve or inferior alveolar nerve and did not split to enclose the MMA. 

Baumel et al. (1971) found that the distance between the two roots of the ATN was 3.69mm, and 

Gulekon et al. (2005) also recorded an average distance of 4.12mm, while this study found the distance 

to be 4.69mm. These findings suggest that the roots of the ATN originate closer to each other in the 

South African and Turkish populations than in the American population, which further implies that the 

distance between roots may be influenced by ethnicity. 
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In corroboration with previous literary reports, the inferior alveolar nerve contributed to the formation 

of the ATN, whereby it was found that when the ATN was formed by more than one root, the inferior 

roots often arose from the inferior alveolar nerve (Komarnitki et al., 2012; Dias et al., 2015; Chanasong 

et al., 2020). The communication between the inferior alveolar nerve and the ATN may impact the 

effectiveness of anaesthesia or neuralgia of the inferior alveolar nerve and the distribution of the ATN 

(Bhardwaj et al., 2014). Additionally, nerves communicating with the ATN may provide additional or 

alternative pathways for the spread of malignant tumours since the ATN forms a pathway for perineural 

tumour spread (Schmalfuss et al., 2002). The involvement of other nerves further decreases the survival 

rate resulting from a tumour within the infratemporal fossa (Thompson et al., 2019). Therefore, the 

communication between the ATN and the inferior alveolar should be considered when assessing a 

perineural tumour, as an abnormal mass may affect areas innervated by the inferior alveolar nerve 

(Schmalfuss et al., 2002). 

 

The intervals created by the ATN are crucial in assessing its relationship to the MMA. Regarding 

morphological formations of ATN and its relationship with MMA, the common buttonhole formation 

was not encountered in this study; instead, the ATN had V-shape formations in the majority (68.75%) 

of the dissected individuals. Baumel et al. (1971) also discovered V-shape formations in 83.87% and 

Dias et al. (2015) in 52.00% of individuals. Furthermore, it was found that a small portion of MMA 

(n=13) passed through this formation which agreed with various authors that stated that the MMA does 

not commonly pass through an interval formed by the ATN (Baumel et al., 1971; Gulekon et al., 2005; 

Komarnitki et al., 2012). Compression of the MMA may result due to morphological formation of the 

ATN; therefore, knowledge of this anatomical position is vital for surgeons. 

 

Standard anatomical text described the maxillary artery as having three parts relating to the structures 

it courses near to in its superficial path (Standring et al., 2016). However, the three parts are not distinct 

in the deep course of the maxillary artery. The present study documented that the maxillary artery was 

frequently located deep to the lateral pterygoid muscle; however, further description of the deep course 

of the maxillary is necessary to identify its different parts correctly. Additionally, Standring et al. (2016) 

found that the maxillary artery passes through a loop created in the inferior alveolar nerve in four percent 

of the global population. However, the maxillary artery in the present study passed through a loop of 

the inferior alveolar nerve in six of the 19 (31.58%) deep-coursing maxillary arteries. Although the 

anatomy of the maxillary artery is typically described in its superficial course, a more detailed 

understanding of its deep course is necessary during surgeries within the infratemporal fossa to avoid 

unnecessary iatrogenic injuries (Fang et al., 2019).  
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The accessory middle meningeal artery was present in 43.75% of this select South African cohort, 

corroborating with the study by Chanasong et al. (2020). The variable incidence of the accessory middle 

meningeal artery in the American (96.00%) and the lower incidence in the South African (43.75%) and 

Thai (21.91%) populations suggested that ethnicity may influence the incidence of the accessory middle 

meningeal artery. Moreover, a double accessory middle meningeal artery was discovered in one South 

African individual, supporting the study by Baumel and Beard (1961), who discovered multiple 

accessory arteries in an individual. Knowledge of the incidence and occurrence of the accessory middle 

meningeal artery and multiple arteries in an individual may be crucial in surgeries of the infratemporal 

fossa and the spread of tumours along the ATN due to the close relationship between the nerves and 

vessels within the infratemporal fossa. The present study’s findings disagree with Uysal et al. (2011), 

who stated that the course of the maxillary artery in relation to the lateral pterygoid muscle does not 

influence the origin of the accessory middle meningeal artery. Therefore, the selected samples in this 

study confirmed that when the maxillary artery is deep to the lateral pterygoid muscle, the accessory 

middle meningeal artery originated from the maxillary artery. However, further investigation of the 

accessory middle meningeal arteries and multiple arteries present is required to accurately determine 

the incidence of this vascular structure within the infratemporal fossa and the relationship between the 

course of the maxillary artery and the point of origin of the accessory middle meningeal artery. 

 

3.2  Conclusion 

 

The present study's findings provided novel information regarding the morphology and morphometry 

of the ATN and MMA within a South African population, which has not been previously documented 

in previous literary reports. This study demonstrated that the morphology of the ATN and the incidence 

of the accessory middle meningeal artery may be affected by ethnicity. The findings of this study further 

revealed the importance of understanding the contents of the infratemporal fossa, as a tumour spread 

along the ATN may cause damage to the vasculature within this region. Additionally, the contribution 

of the inferior alveolar nerve to the ATN is pivotal in perineural tumour spreads along the ATN, as this 

may impede the function of the inferior alveolar nerve. Consequently, these anatomical findings may 

provide the basis for the anatomy of the ATN and its relationship to the MMA in South Africans and 

may further provide insight into variations present in the neurovasculature within the infratemporal 

fossa.  
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3.3  Recommendations 

 

Future studies should investigate the morphology of the ATN and MMA and their variations in other 

populations. Researchers should examine ethnic differences that may exist in the morphology of the 

ATN, the relationship between the ATN and MMA, and any variations. Possible morphological 

differences should also be explored between age groups, sexes, and laterality. Future studies may 

benefit from using a larger sample size than the present and previous studies. The sample size of the 

present study was smaller than that of previous studies due to the limitations of this study. However, 

the present study used the same sample size as Gulekon et al. (2005). Furthermore, the relationship 

between the ATN and MMA was mainly investigated in adult samples. Future research may provide 

additional insight into the relationship between the ATN and MMA and the presence of variations in 

foetal individuals. 

 

3.4  Limitations 

 

The ethnicities of the samples were not equally distributed in the present study. Twenty-eight 

individuals were of South African white descent, and the rest were South African black. In addition, the 

sample was of an older cohort. Moreover, differences in ethnicities, sexes, ages, and laterality could not 

be determined. The aforementioned factors could not be determined due to the limited sample size 

available at the department during the data collection period. Previous use of some cadaveric material 

resulted in damage to the infratemporal fossa region and, hence, could not be utilised in this study. 

Furthermore, due to the COVID-19 pandemic, the number of available cadavers to be prosected for 

research and teaching purposes has severely decreased, hence, the small sample size. Statistical analysis 

did not present significant differences in ethnicity, age, sex, or laterality due to the small sample size. 

However, the possibility of differences between these factors should not be entirely eliminated. Hence, 

studies with larger sample sizes are recommended.   
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