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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 (**/s2; 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 %/3, infratemporal fossae, only **/5, 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 *¥/3; (59.38%) individuals and superficial in **/s, (40.63%). Fifteen accessory
middle meningeal arteries were present in *#/3; (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 (8/1s) 53.33% and ("/1s) 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.



CHAPTER 1




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).



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.



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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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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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 (%/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.,



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



enter the middle cranial fossa via the foramen spinosum (Standring et al., 2016). Intracranially, the
branches of the MMA supplied the periosteum and the bones of the cranium (Standring et al., 2016).

Variations in the anatomy of the MMA have been previously documented in the literature. Maeda et al.
(2012), amongst other authors, have noticed variable origins of the MMA (Table 1). Along with its
various origins, the MMA can enter the cranium through other foramina besides the foramen spinosum.
The most common entry points into the cranium were the meningo-orbital foramen (Low, 1946) and
the superior orbital fissure (Royle and Motson, 1973). Anomalous origins of the MMA have been found
since 1946 (Low, 1946) and may be attributed to its complex embryological development (Bonasia et
al., 2020).

Table 1: Anomalous origins of the MMA discovered in previous literature

Low (1946) Third part of maxillary artery
Royle and Motson (1973) Lacrimal artery
Shah and Hurst (2007) Pontine artery
Kuruvilla et al. (2011) Posterior inferior cerebellar artery
Maeda et al. (2012) Superficial temporal artery

The accessory middle meningeal artery can branch from the maxillary or the MMA and ascend into the
cranium via the foramen ovale to supply intracranial structures, such as the dura of the temporal region
and the trigeminal ganglion, and extracranial structures, such as the lateral pterygoid, medial pterygoid,
and the tensor veli palatini muscles (Baumel and Beard, 1961; Dilenge and Géraud, 1975; Standring et
al., 2016). Within its course, the accessory middle meningeal artery was superficial to the inferior
alveolar and lingual nerves (Baumel and Beard. 1961). The accessory middle meningeal artery was
responsible for blood supply to meningiomas of the temporal fossa and the trigeminal ganglion (Dilenge
and Geéraud, 1975). Hence, knowledge of the course of the maxillary artery, the origin of the accessory
middle meningeal artery, and their incidence within a population are critical in intracranial tumour
resection and surgical procedures within the infratemporal fossa due to their close relationship to the

mandibular nerve.



Furthermore, Baumel and Beard (1961) stated that the accessory middle meningeal artery was present
in the majority of the population. Baumel and Beard (1961) described the accessory middle meningeal
artery as arising directly from the MMA or the first or second parts of the maxillary artery and observed
the accessory artery in 96.00% of their individuals. Additionally, multiple accessory middle meningeal
arteries may be present within an individual. Baumel and Beard (1961) recorded up to four accessory
middle meningeal arteries in one individual. The incidence of multiple middle meningeal arteries within
the infratemporal fossa should be considered when planning surgical interventions in the region of the

infratemporal fossa.

1.2.4 The relationship between the Auriculotemporal nerve and Middle meningeal artery

Although the ATN formed an interval for the passage of the MMA, the MMA does not always course
through it. The MMA may be situated deep or superficial to the roots of the ATN. Apart from the
standard buttonhole formation, other shapes of the ATN may be observed (Baumel et al., 1971: Dias et
al., 2015: Chanasong et al., 2020) (Table 2). The relationship between the ATN and MMA has,
therefore, been shown to be variable within population groups (Baumel et al., 1971; Dias et al.,
2015; Chanasong et al., 2020).

Table 2: Interval shapes of the ATN identified in various population groups.

Baumel et al. (1971) 85 V-shape American
Dias et al. (2015) 25 Triangle New Zealand
Chanasong et al. (2020) 73 V-shape Thai

Baumel et al. (1971) reported that in the two-root ATN, the roots forming the nerve originated from the
mandibular or the inferior alveolar nerves, enclosed the MMA in a V-shape and re-joined. Dias et al.
(2015) established that although a buttonhole may be present within the infratemporal fossa, the MMA
does not always pass through it. On two occasions, the root originating from the mandibular nerve in
the two-root ATN formed a buttonhole but did not enclose the MMA (Dias et al., 2015). Moreover, the
triangle shape encountered by Dias et al. (2015) can be concluded as the V-shape formation discovered
by several other authors (Baumel et al., 1971; Chanasong et al., 2020). Previous studies, therefore,
suggested that the MMA was not always enclosed within a buttonhole formed by the ATN as described



in standard anatomy texts but may be contained within a triangle- or a VV-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:

e To document and describe the relationship between the ATN and MMA in a cadaveric South
African population of KwaZulu-Natal via dissection;

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

e To note any variations observed in the ATN and MMA.

11



1.6 Research Questions

The following research questions were formulated for this dissertation:

e What is the anatomical relationship between the ATN and MMA?
e 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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CHAPTER 2

14




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

The interaction between the auriculotemporal nerve and the middle meningeal artery within the infratemporal
fossa is vital in the spread of perineural tumors. Knowledge of their morphological and morphometric variations
is critical to surgeons approaching the infratemporal fossa. There is a paucity of literature on the relationship
between the auriculotemporal nerve and middle meningeal artery in a South African population. Hence, the aim
of this study was to document the morphology and morphometry of the auriculotemporal nerve and its relationship
to the middle meningeal artery within a South African cohort. The infratemporal fossae of 32 cadaveric individuals
were dissected and the auriculotemporal nerves and middle meningeal arteries were analyzed, together with their
variations. Nine out of 32 individuals displayed one-root, 14/32 two-root, 7/32 three-root, and 2/32 four-root
auriculotemporal nerves. Eighteen auriculotemporal nerves originated from the mandibular nerve, while the rest
had at least one communication from the inferior alveolar nerve. The mean distance between the first and second
roots of the auriculotemporal nerve was 4.69mm. There were V-shaped formations found in 23 auriculotemporal
nerves. However, the middle meningeal artery only passed through 13/23 V-shapes. The maxillary artery was of
a deep course in relation to the lateral pterygoid muscle in 19/32 and superficial in 13/32 of the sample. The
accessory middle meningeal artery was present in 14/32 individuals, with one exhibiting a double accessory
middle meningeal artery. The accessory middle meningeal artery often arose from the middle meningeal artery
(46.67%). The results of this study show a high possibility of variations of the auriculotemporal nerve and middle
meningeal artery in the South African population. The variations and interactions should be considered during

surgical procedures.

3. KEYWORDS: Infratemporal fossa, Mandibular nerve, Maxillary artery, Meningeal arteries, Neoplasms
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4. MAIN BODY

INTRODUCTION

In 2020, the number of people diagnosed with salivary cancer increased globally by 53 584 (WHO, 2020). The
cumulative risk of cancer in South African males is 0.04% more than in females (WHO, 2020). However, half of
all parotid gland tumors in South African men are malignant (Van Lierop and Fagan, 2007). Although the
auriculotemporal nerve (ATN) is rarely involved in parotid gland cancer, a perineural tumor spread along the
ATN may extend cranially to the foramen ovale, where the mandibular branch of the trigeminal nerve (CNV3)
passes (Chan et al., 2013; Thompson et al., 2019). The progression of a tumor along the ATN can compromise
tissues in the infratemporal fossa (ITF), cause CNV3 palsy, and displace or obliterate vascular structures (Tiwari,
1998; Schmalfuss et al., 2002). The interaction of nerves and vessels is critical in the spread of perineural tumors,
and the close association between the ATN and the middle meningeal artery (MMA) may cause additional
complications (Schmalfuss et al., 2002). As a result, medical practitioners must understand the morphology of the
ATN and its relationship to the MMA, as well as the anatomy of the ITF, to appropriately identify the
neurovasculature and limit the risk of complications during ITF procedures. However, the relationship between

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

The auriculotemporal, inferior alveolar (IAN), and lingual nerves are the cutaneous branches of the posterior
division of the CNV; (Ellis and Lawson, 2013; Standring et al., 2016). The ATN has been reported to arise as two
roots within the ITF, forming a buttonhole to encircle the MMA before re-joining to form its main trunk (Ellis
and Lawson, 2013; Standring et al., 2016). Some aural structures, the temporomandibular joint (TMJ), the
posterior portion of the temple, and the parotid gland, are innervated by the ATN (Janis et al., 2010; Ellis and

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

The MMA is the maxillary artery’s largest branch and originates within the ITF as the third branch from the first
segment of the maxillary artery (Joo et al., 2013; Standring et al., 2016). The MMA coursed cranially through the
buttonhole of the ATN and entered the cranium via foramen spinosum, supplying the dura mater (Joo et al.,
2013; Standring et al., 2016). The ITF may contain an accessory middle meningeal artery (aMMA\), which arises
from either the MMA or the maxillary artery, depending on whether the maxillary artery runs superficial or deep
to the lateral pterygoid muscle (LPM) (Baumel and Beard, 1961; Joo et al., 2013; Standring et al., 2016; Bonasia

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

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

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

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

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

MATERIALS AND METHODS

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

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

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

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

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

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

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

expose the ITF and its contents.

Step 1.

Step 2.

Step 3.

Two horizontal incisions were made using a scalpel — one slightly above and parallel to the superior
border of the zygomatic arch and the other parallel to the inferior border of the mandible (Komarnitki et
al., 2015) (Fig. 1). Next, one vertical incision was made anterior to the tragus of the ear to connect the
horizontal incisions (Komarnitki et al., 2015) (Fig. 1). The skin was then reflected to reveal underlying
structures. The superficial fascia, adipose, parotid glands and ducts were removed, along with the

superficial temporal branch of the ATN.

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

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

Thereafter, using a bone saw, the zygomatic arch was cut at two places — anterior to the masseter muscle’s
origin and anterior to the articular tubercle of the TMJ — and removed (Komarnitki et al., 2015) (Fig. 2).
The point of insertion of the temporalis muscle at the coronoid process was severed and reflected

superiorly (Dias et al., 2015). A probe was then placed underneath the ramus of the mandible, at the
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Step 4.

Step 5.

Step 6.

mandibular notch, pointing anteroinferiorly to protect the underlying IAN, LN, and their vessels (Loukas
etal., 2019). The ramus of the mandible was first cut with a bone saw in two places — approximately 1cm
below the condylar process and 5 to 7.5cm below the condylar process (Loukas et al., 2019) (Fig. 2).
During the cutting process, careful attention was paid not to damage the ATN, which is located near the
neck of the mandible. When using the bone saw, small cuts were made first not to damage the underlying

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

Soft tissues and adipose were cleaned and removed from the exposed lateral and medial pterygoid
muscles (Loukas et al., 2019). Careful removal of the lateral pterygoid muscle using sharp dissection
occurred, with precise attention placed on the maxillary artery and underlying nerves. The maxillary

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

Tracing the IAN superiorly to the foramen ovale assisted in identifying the trunk of the CNV3 (Loukas
etal., 2019). The CNV3and its branches were cleaned in a cranial direction. The roots of the ATN were
cleaned and traced from the most inferior root to facilitate proper identification of the ATN’s variations.

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

The maxillary artery was identified, and the part from which the MMA originated was recorded.
Variations in the ATN’s roots and its relationship with the MMA were documented. Additionally, the
presence of aMMA was recorded. The distance between the roots of the ATN was measured three times
for accuracy using a digital vernier caliper and recorded. Other structures contained within the ATN roots
were identified and documented if any. The descriptions and data were entered into a Microsoft Excel
2016 spreadsheet for analysis. The exposed ITF of individuals were photographed to facilitate further

analyses of the ATN and MMA and their relationship.

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

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

significant with p-values less than 0.05.
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RESULTS

1. Demographics

The individuals used in the study were of South African White and African descent. The individuals’ ages
ranged from 47 to 91 years. Fifty percent of the individuals were males, while the other half were females

(Table 1).

2. Morphology of the ATN

The morphology of the ATN is shown in Table 2.

a. One-root ATN

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

IAN (Table 3).

b. Two-root ATN

Seven out of 14 two-root individuals displayed both roots originating from the CNV; (Table 3). The
remaining individuals showed the first root originating from the CNV; and the second from the IAN. All
individuals with a two-root ATN had a V-shape formation, but the MMA was only found to pass through

eight (Fig. 3).

C. Three-root ATN

Seven individuals had three-root ATN (Table 2). However, only three ATN were discovered with all
roots originating from CNV3. The first root of the remaining four ATN originated from CNV; and the
two inferior roots from the IAN (Table 3). All individuals had a V-shape formation, similar to the two-

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

d. Four-root ATN

Only two individuals displayed four-root ATN with their first root from the CNV3, and their third and
fourth roots originating from the IAN (Table 3). However, in one individual, the second root originated

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

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

Morphometry of the ATN
The average distances measured between the roots of the ATN are shown in Table 4. The mean length
measured between the first and second roots of the ATN was found to be the largest (4.69mm=5.24), while

the distance between the third and fourth roots was the smallest (2.67mmz+2.06).

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

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

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

In a two-root ATN, the second root of the ATN was superficial to both the MMA and maxillary artery.
Two ATN had their second roots deep to the maxillary artery and were, therefore, unrelated to the MMA.
The second root of one ATN, which originated from CNV3, split into a buttonhole. However, no vascular

structures passed through it.

The second root in a three-root ATN was superficial to the maxillary artery and anterior to the MMA.
Furthermore, the second root of the ATN in two individuals was closely related to the maxillary artery —
one was deep to the maxillary artery, and another was inferior. The third roots in four individuals were also
closely related to the maxillary artery — two were superficial, one was deep, and one inferior to the

maxillary artery.

Course of the maxillary artery

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

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

23



170

171
172
173

174

175
176
177
178
179
180
181

182

183

184

185

186

187

188
189
190
191
192
193
194
195
196
197

6. Presence of the aMMA

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

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

7. Origin of aMMA and its relationship to CNV3

In a rare case, it was discovered that one individual exhibited two aMMA. Hence, 15 aMMA was
encountered in this study. Seven aMMA originated directly from the MMA, while six arose from the
maxillary artery. The individual exhibiting double aMMA originated from both the MMA and maxillary
artery. The aMMA arising from the MMA passed superficial to CNV; in five individuals and deep in three.
The aMMA originating from the maxillary artery, coursed deep to CNV3 in four individuals. However,
one aMMA was deep to the AN and then crossed superficially to the LN. Another individual exhibited an

aMMA coursing superficially to the LN.

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

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

DISCUSSION

The ATN has been described to originate as two roots from the CNV3, forming a buttonhole to enclose the MMA
(Ellis and Lawson, 2013; Standring et al., 2016). However, many studies have discovered that the ATN can arise
from as few as one to as many as five roots (Komarnitki et al., 2012; Quadros et al., 2016). The two-root ATN is
the most prevalent in the American, Turkish, Polish, New Zealand, Indian, and Thai populations (Baumel et al.,
1971; Gulekon et al., 2005; Komarnitki et al., 2012; Dias et al., 2015; Quadros et al., 2016; Chanasong et al.,
2020). The two-root ATN was also the most common in the present study, which occurred in 43.75% of the South
African population. Furthermore, the ATN can originate in the IAN and the CNV3; (Komarnitki et al., 2012; Dias
etal., 2015; Chanasong et al., 2020). This study demonstrated that the ATN can arise from the CNV3 and the IAN,
with the first root originating from the former and the inferior roots from the latter. Quadros et al. (2016)

discovered that the IAN was a point of origin for all the ATN in the Indian population. In contrast, Komarnitki et
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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
ATN. In contrast, a one-root ATN in this study originated only from the IAN, which has not been previously
documented. The IAN's contribution to the ATN could explain unexpected ATN neuralgia when anesthesia is

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

The average distance measured between the ATN roots was 4.42mm in the present study. These findings
supported the results of Gulekon et al. (2005), who discovered a mean distance of 3.92mm. However, it is noted
that the distance between the inferior roots appears to be larger than the distance between the first and second

roots.

Previous research has described the ATN roots' relationship to the MMA as either superficial or deep to the artery
(Baumel et al., 1971; Gulekon et al., 2005; Dias et al., 2015; Quadros et al., 2016). On the other hand, the present
study included a description of the roots being anterior to the artery. The inferior roots in certain individuals were
discovered to emerge from the CNV3 and connected to the main trunk of the ATN anterior to the origin or course
of the MMA. Similarly, this study demonstrated that the superior or first roots are usually superficial to the MMA,
whereas inferior roots are deep. Concerning the relationship of the roots of the two-root ATN to the MMA, the
present study corroborated with Baumel et al. (1971) and Gulekon et al. (2005); the upper or first root is
superficial, while the lower or second root is deep to the MMA. The anatomical relationship of the three-root
ATN to the MMA in a South African population is similar to that of the American population: the superior two
roots are superficial to the MMA, and the inferior root is deep (Baumel et al., 1971). On the contrary, the first root
in the Turkish population was superficial to the MMA, while the lower two were deep (Gulekon et al., 2005).
Moreover, the Indian population showed one root being medial and two lateral to the MMA (Quadros et al., 2016).
As a result, there is a great deal of variation in the relationship between the ATN roots and the MMA.. Therefore,

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

In agreement with previous literary reports, the typical buttonhole formation was not discovered in the present
South African population (Baumel et al., 1971; Komarnitki et al., 2012; Dias et al., 2015). However, the inferior

root of a two-root ATN did form a buttonhole in this study, which is not the standard buttonhole formation around
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the MMA described in anatomical literature (Standring et al., 2016). The most common interval formed by the
roots of the ATN in this study was a V-shape, as noted in previous studies (Baumel et al., 1971; Komarnitki et al.,
2012; Dias et al., 2015). In contrast to previous studies, the V-shape was found in 22/32 of the selected sample,
but the MMA was only enclosed in 14 (63.64%). In the reports by Dias et al. (2015) and Chanasong et al. (2020),
the MMA was enclosed in 52.00% and 69.86% of the individuals, respectively. Furthermore, Baumel et al. (1971)
reported that the maxillary artery was closely related to the ATN in one individual. The maxillary artery was
discovered to be looping over the inferior root of the ATN, dragging it down (Baumel et al., 1971). Although the
current study found no such link between ATN and maxillary artery, it was noted that when the maxillary artery
is deep to the LPM, it frequently encounters the ATN. In 8.24% of the American population, the maxillary artery
was deep to the LPM (Baumel et al., 1971). In contrast to the American population, the deep course of the
maxillary artery was found in 59.38% of South Africans (Baumel et al., 1971). These findings support previous
research findings that the buttonhole is seldom present and that the MMA does not always pass through the ATN's
V-shape (Baumel et al., 1971; Komarnitki et al., 2012; Dias et al., 2015). Furthermore, the standard superficial
maxillary course is not typical in the South African population and may be found to course deep to the LPM,

within the ITF.

Although Baumel and Beard (1961) concluded that the aMMA is almost always present, it was found in only
43.75% of the individuals in the present study. Similarly, Chanasong et al. (2020) discovered aMMA in 21.91%
of their samples. The aMMA may also arise in equal parts from the MMA and the maxillary artery (Baumel and
Beard, 1961). However, Chanasong et al. (2020) discovered that the aMMA arose more frequently from the MMA
(75.00%). This study also found the aMMA frequently originated from the MMA (53.33%) in the South African
population. Baumel and Beard (1961), however, discovered that the aMMA originated from the MMA in 47.95%
of their sample. Moreover, Baumel and Beard (1961) proposed that the path of the maxillary artery in relation to
the LPM determines the origin of the aMMA. When the maxillary artery is superficial to the LPM, the aMMA
arises from the MMA. However, the aMMA arose from the maxillary artery when the maxillary artery courses

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

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

1961). However, the present study is the first to document this relationship since Baumel and Beard (1961).
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Baumel and Beard (1961) discovered that the aMMA is frequently deep to the CNV3. According to the findings
of the current study, when the aMMA originated from the maxillary artery, it was commonly deep to the CNVa.
In contrast, when the aMMA originated from the MMA, it was commonly superficial to the CNV3. However, on
one occasion, the aMMA from the maxillary artery coursed deep to the IAN before crossing superficially to the
LN. As a result, this study suggests that the relationship between the CNV; and the aMMA is influenced by the
vessel's origin. The presence of an aMMA within a population should be considered when performing MMA
embolization for the treatment of chronic subdural hematomas. Link et al. (2018) suggested that embolizing the
distal branches of the MMA could be effective in the treatment of chronic subdural hematomas. However, since
the aMMA supplies the trigeminal ganglion, embolization of the artery should be carefully and critically

considered to avoid injury to the CNV.

Due to the paucity of literature on the ATN and MMA, ethnic differences have not been previously established.
This study, therefore, adds to the existing literature by discovering the morphology of the ATN and MMA in a

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

CONCLUSION

This study examined the relationship between the MMA and the ATN in a South African population. The study’s
findings indicated variations in the morphology of the ATN and its relationship to the MMA, which are similar to
those highlighted in previous studies. The relationship between the ATN and MMA in the present study depicts
that although there are variations commonly present in samples, these variations are not concisely documented in
standard anatomical literature. Communication between the ATN and the IAN may explain the complications of
IAN nerve blocks. During a perineural tumor spread in the ITF, the contribution of the IAN to the ATN should
be considered. When performing endovascular MMA embolization, the incidence of an aMMA within a
population should be considered as this may cause complications. Furthermore, this study adds pivotal information
on the contents of the ITF in a South African population, which may help surgeons accurately identify

neurovasculature within the ITF.
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LIMITATIONS AND RECOMMENDATIONS

Due to the limited sample size, no significant differences could be found between the individuals' sexes, sides,
and ethnicities. However, the findings of this study may aid future research in discovering ethnic differences.
Hence, the recommendation made for future studies is to utilize a bigger sample size to determine if there are

significant differences in laterality, age, sex, and population groups.
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9. TABLES
Table 1 Ethnicity, sex, and age of the studied South African population (n=32)
Age (years)
Ethnicity Sex
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
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Table 2 Quantity and description of ATN, MMA, and aMMA discovered in the bilateral dissection of

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

Maxillary
Two- Three- Four- Maxillary
One-root Buttonhole  V-shape aMMA artery
root root root artery
ATN formations  formations  present superficial
ATN ATN ATN deep to
(%) (%) (%) (%) to LPM
(%) (%) (%) LPM (%)
(%)
9 14 7 2 1 22 14 19 13

(28.13%) (43.75%) (21.88%) (6.25%)  (3.13%)  (68.75%) (43.75%) (59.38%)  (40.63%)

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

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

Point of origin
CNV; IAN CNV3 IAN CNV3 IAN CNV3 IAN
of ATN roots

Origin of first

root

Origin of

second root

Origin of third

root

Origin of

fourth root

Total 8 1 21 7 13 8 3 5

412 ATN auriculotemporal nerve; CNV3 mandibular nerve; 1AN inferior alveolar nerve

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
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444 Table 4 Mean distances measured between the first and second, second and third, and third and fourth roots of
445 the ATN (mm)
446

Measurement (mm)

MeanSD

Distance between the first and second roots 4.69+45.24

Distance between the second and third roots 3.63+3.89

Distance between the third and fourth roots 2.67+2.06

47 ATN auriculotemporal nerve; SD standard deviation
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464

465
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466 Table 5 Relationship between roots of the one-, two-, three-, and four-root ATN and the MMA in

467 dissected infratemporal fossae
One-
root Two-root ATN Three-root ATN Four-root ATN
ATN Total
First First  Second First  Second Third First  Second Third Fourth
root root root root root root root root root root
Superficial to
9 13 1 6 2 - 2 - - - 33
MMA
Deep to
- 1 10 - 1 3 - 2 2 1 20
MMA
Anterior to
- - 1 1 1 1 - - - 1 5
MMA

468

469ATN auriculotemporal nerve; MMA middle meningeal artery

470

471

472

473

474

475

476

477

478

479

480

481

482
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10. FIGURE LEGENDS

Fig. 1 Skin incisions made on the cadaver using a scalpel. Red lines indicate the incisions made on the cadaver.
Line AB is the first horizontal incision parallel to the zygomatic arch. Line CD is the second horizontal incision
parallel to the inferior border of the mandible. Line BD is the vertical incision made anterior to the ear, connecting

the two horizontal incisions

Fig. 2 Cuts made on the zygomatic arch and mandibular ramus using a bone saw. Cuts made on the zygomatic
arch — anterior to the origin of the masseter muscle and anterior to the articular tubercle of the temporomandibular
joint (yellow dashed line). Cuts made on the mandibular ramus — approximately 1cm below the condylar process

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

Fig. 3 A two-root ATN and MMA within the ITF. The first root of the nerve joins with the second root, forming
a V shape (black dashed line). The MMA coursed through the V shape. 1 first root of ATN, 2 second root of ATN,
ATN auriculotemporal nerve, CNV3; mandibular nerve, MMA middle meningeal artery, LN lingual nerve, IAN

inferior alveolar nerve

Fig. 4 Schematic representation of the three-root ATN variant. The second root bifurcated — upper part joined first
root and lower part joined third root. MMA passed through V-shape created between the first and second roots.
Maxillary artery was deep to the LPM and coursed deep to the IAN and LN. Double aMMA was found in this
individual - one originated from the MMA and coursed superficially to the ATN and trifurcated, and another
originated from the maxillary artery, coursed deep to the IAN and crossed superficial to the LN. ATN
auriculotemporal nerve, MMA middle meningeal artery, MA maxillary artery, aMMA accessory middle meningeal

artery, CNV3; mandibular nerve, 1AN inferior alveolar nerve, LN lingual nerve
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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 ina Vv
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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3.7 Appendix B: College of Health Science Guidelines

GUIDELINES FOR PRESENTATION OF MASTERS AND PHD
DISSERTATIONS/THESES BY RESEARCH

1. Purpose

The purpose of this document is to provide guidance to students and supervisors on how to
prepare a dissertation/thesis for Masters by Research and PhD degrees using the manuscript or
publication format..

2. Introduction

These guidelines must be read together with the College of Health Sciences (CHS) Handbook as
well as the Jacobs documents on examination policies and procedures for PhD degrees. The rules
on thesis format are based on modification of point | of the definition of terms section in the
Jacobs document. In this section a thesis is defined as “the supervised research component of all
PhD degrees, whether by supervised research only, or coursework and research, or by papers
that are either published or in manuscript form (the supervised research component of the PhD
degree by paper(s) comprises the introduction, literature review, account of the methodology,
selection of manuscripts, and conclusion).” A dissertation is defined as “the supervised research
component of all Masters degrees, whether by supervised research only, or coursework and
research, or by papers that are either published or in manuscript form (the supervised research
component of the Masters degree by paper(s) comprises the introduction, literature review,
account of the methodology, selection of manuscripts, and conclusion).”

2.1 PhD thesis

In the CHS Handbook the rules for a PhD thesis are not in one place; they are stated in DR8 a i
& ii, DR9 c and CHS 16. DR8 a i & ii and direct that a thesis be presented in the standard format
together with one published paper or an unpublished manuscript that has been submitted to an
accredited journal, arising from the doctoral research. CHS16 (thesis by publications states that
the thesis may comprise of at least three published papers or in press in accredited journals; such
papers must have the student as the prime author. The same CHS16 provides for a thesis by
manuscripts that may have at least 3 papers with the student as the prime author that have not yet
been published but are in the form of manuscripts; at least two of such papers must constitute
original research. In both cases (thesis by publications and manuscripts), there must be
introductory and concluding integrative material sections.

The standard type thesis is being phased out in many African countries in favour of the other
options that originate from the Scandinavian countries. While this format ensures that all details
of the work done for the doctoral degree are captured and thoroughly interrogated, they often
remain as grey literature which is mainly useful to other students, usually within the same
university, although with digitization of theses, such work may become more accessible beyond
the source university. Apart from the risk of losing good work because of it not being on the
public domain, as students rarely publish such work after graduating, this approach denies the
college additional productivity units (PUs) emanating from publications.

The thesis by publication encourages students to publish key aspects of their doctoral research as
they will not graduate if the papers are not published or in press. This approach ensures that the
work of the student enters the public domain before the thesis is examined, providing the
examiner with some assurance of prior peer review. The thesis must constitute a full study of the
magnitude expected of a PhD with the papers providing a sound thread or storyline. Furthermore,
the college maximizes the students’ work as PUs are awarded for the papers as well as for
graduating. However, this approach may negatively affect throughput and frustrate students as
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they cannot graduate unless all the papers are published or in press, in addition to the synthesis
chapter demonstrating the story line of the thesis.

The option of a thesis by manuscripts ensures that students make efforts to start publishing. The
risk of not passing because of failure to publish all papers (as in the thesis by publication) does
not exist under this option. However, the PUs emanating from publications from the doctoral
work are not guaranteed as the submitted papers may eventually be rejected. Thus there is a
possibility of the doctoral work remaining on the university library shelves as is the case for the
standard thesis format. The standard thesis does have the advantage that more details of the
doctoral work are usually included.

In view of the above, the best option for the college is that of a thesis by publication. However,
in the interim, the attractive option is that of thesis by manuscripts, as it provides the possibility
of publication without putting the student at risk of delayed graduation when some of the
manuscripts are not published/accepted, which also disadvantages the college in terms of PU
earnings. The standard thesis option should ultimately be phased out for the stated reasons and
students are not encouraged to present their theses in that format. Consequently this document
does not describe the standard thesis.

2.2 MSc dissertation

The rules on presentation of MSc dissertations are presented in CR13 (course work), CHS 14
(course work) and MR9 (research) in the CHS Handbook. CR13 ¢ and MR9 c direct that a
dissertation “may comprise one or more papers of which the student is the prime author,
published or in press in peer-reviewed journals approved by the relevant college academic affairs
board or in manuscripts written in a paper format, accompanied by introductory and concluding
integrative material.” Such a dissertation should include a detailed description of the student’s
own distinct contribution to the papers. Both CHS14 and CR13 specify that reviews and other
types of papers in addition to original research paper/s may be included, provided they are on the
same topic.

3 Length of thesis and dissertation by word count

Table 1 provides a guide of the length of a thesis or dissertation by word count excluding
preliminary pages and annexes.

Table 1: Thesis length by word count

Sections
Minimum | Maximum | Minimum | Maximum
Introduction 2700 2700 2000 2000
Chapters 10000 25000 6000 11000
synthesis 2000 2000 1700 1700
bridging 300 300 300 300
Total 15000 30000 10000 15000
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4. Intention to submit

A written intention to submit a thesis or dissertation should be submitted to the appropriate
postgraduate office with endorsement of the supervisor at least three months before the actual
date of submission which should be before November if the student intends to graduate in the
following year. The actual submission will under normal circumstances require approval of the
supervisor.

5. Format for theses/dissertation

There is little variation in the actual format of the PhD thesis and Masters dissertation for the
various types described above. The box below summarise the outline of a thesis/dissertation for
the thesis by manuscripts and thesis by publications.

Box 1: Outline of thesis

Preliminary pages
i.  Title page
ii.  Preface and Declaration
iii.  Dedication
iv.  Acknowledgements
v. Table of contents
vi.  List of figures, tables and acronyms (separately presented)
vii.  Abstract

Main Text

1. Chapter 1: Introduction
Introduction including literature review
Research questions and/or objectives
Brief overview of general methodology including study design

2. Chapter 2
First manuscript/publication
3. Chapter 3

Second manuscript/publication

4. Chapter n
Final manuscript/publication

5. Chapter n+1: Synthesis
Synthesis
Conclusions
Recommendations

6. References Appendices

NB. Between the manuscripts or publications there must be a 1 page (maximum) bridging text
to demonstrate the link between them

6. Details for thesis/dissertation subheadings
This section summarizes what is expected under each subheading shown in Boxes 1 and
indicates where there might be variations between a Masters Dissertation and PhD Thesis.

3
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6.1 Title Page

The officially approved title that is concise (Fewest words that adequately describe the contents
of the thesis/dissertation — usually 15 or fewer words) is presented at the top. This should be
followed by the candidate’s name in a new line. At the bottom the thesis statement should be
presented. The thesis statement may be stated as "Submitted in fulfillment of the requirements for

the degree of in the School of , University of KwaZulu-Natal” for a PhD/Masters
by Research thesis. In the case of a Masters Dissertation it should be stated as “Submitted as the
dissertation component in partial fulfilment (% stated) for the degree of in the School of

, University of KwaZulu-Natal”. For both Masters and PhD the date of submission must
be stated.

6.2 Preface (Optional)
The preface merely states the reason (motivating factors) why the study was conducted without
getting into details of what was investigated.

6.3 Declaration

This must be structured as follows:

I, Dr/Mr , declare as follows:

1; That the work described in this thesis has not been submitted to UKZN or other tertiary

institution for purposes of obtaining an academic qualification, whether by myself or any other

party.
Where a colleague has indeed prepared a thesis based on related work essentially
derived from the same project, this must be stated here, accompanied by the name, the
degree for which submitted, the University, the year submitted (or in preparation) and a
concise description of the work covered by that thesis such that the examiner can be
assured that a single body of work is not being used to justify more than one degree.

2: That my contribution to the project was as follows:
This is followed by a concise description of the candidate’s personal involvement in and
contribution to the project, in sufficient detail that the examiner is in no doubt as to the
extent of their contribution.

3 That the contributions of others to the project were as follows:
This is followed by a list of all others who contributed intellectually to the project, each
accompanied by a concise description of their contribution. This does not include people
who ordinarily would be “acknowledged” as opposed to considered for authorship.

4. Signed Date

6.4 Dedication
This is an optional section. Should it be included it must be very brief merely indicating to whom
the work is dedicated. Avoid anything too flowery

6.5 Acknowledgements

This section acknowledges all individuals, groups of people or institutions that the candidate
feels indebted to for the support they rendered. The funding source for the work should also be
acknowledged.
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6.6 Table of contents

Table of contents must be inserted after the preliminary sections and must capture all major
sections of the thesis at the various levels (primary, secondary, tertiary subheadings). It should be
electronically generated and should be able to take the reader to specific headings in the thesis.

6.7 Lists of figures, tables and acronyms

These lists must be presented separately. All titles of figures presented in the thesis/dissertation
must be listed indicating on what page they appear. Similarly for tables the titles must be
presented indicating on what page they appear. In the case of acronyms, the acronym is stated
and all the words describing the acronym are presented. Only key acronyms should be stated. In
some cases they may not be listed as long as full text is presented whenever the acronym is used
for the first time.

6.8 Abstract

The abstract should summarize the thesis mainly stating the purpose of the study, highlights of
chapters and the new knowledge contributed by the thesis. The abstract must be approved by the
supervisor of the thesis and should not be more than 350 words in length.

6.9 Introduction

The introductory chapter for both types of thesis is similar. The section should include literature
review and have the following information. Headings are used as appropriate and need not
correspond exactly to the following.

i.  Background and the context of the study
ii.  Description of the core research problem and its significance
iii. A comprehensive, critical, coherent overview of the relevant literature leading to
clearly defined knowledge gaps
iv. A coherent problem statement highlighting the nature and magnitude of the problem,
the discrepancy, knowledge gaps therein and possible factors influencing the
problem.
v.  Clear and SMART research questions, objectives and hypothesis and/or theoretical
framework
vi. A conceptual framework (optional)
Vil. Description of the study area and general methodology (in a standard thesis this
should be a stand-alone section)
viii.  Layout of the thesis (thesis structure) indicating what chapters are presented in the
thesis and how they address the objectives.

6.10 Literature review
This section is subsumed in the introduction within the stipulated word count for a thesis or
dissertation.

6.11 Methodology
A standalone section is not needed as the methods are adequately described in each
manuscript/publication.

6.12 Data chapters/manuscripts/publications
The full published paper or manuscript submitted for publication should be presented as
published or submitted to the journal. The actual published paper should be scanned and inserted
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in the chapter. There should be a separator page between chapters that has text linking the
previous chapter to the next and providing details of the next manuscript/publication indicating
publication status.

6.13 General discussion/Synthesis chapter

This is a general discussion that demonstrates the logical thread that runs across the various
manuscripts/publications (synthesis). There should be no doubt that the manuscripts/publications
complement each other and address the original objectives stated in the general introduction of
the thesis. The general discussion/synthesis chapter should end with a conclusion and
recommendations where necessary.

6.14 References
Only references cited in the introduction and synthesis chapters should be listed as all other
references should be within the manuscripts presented under data chapters.

6.15 Annexes

All information (questionnaires, diagrams, ethics certificates, etc) considered important but not
essential for inclusion in the actual thesis is put in this section as reference material. In addition
papers that emanated from the work but not directly contributing to the thesis may be included.

7. Thesis formatting
For standardisation of thesis the following formatting specifications should be followed.

7.1 Font
Times New Roman 11pt should be used throughout the thesis. However, major headings may be
made bigger (12pt) but using the same font type

7.2 Paper size and margins

A4 (297 x 210 mm) should be used and in the final thesis both sides of the paper should be used.
However, the loose bound copy submitted for examination should be printed on only one side.
The recommended margins are 30mm for all the left, right, top and bottom margins.

7.3 Line spacing

The copy submitted for examination should have 1.5 line spacing but the final copy should have
single line spacing. Paragraphs should be separated by a blank line. Published or submitted
manuscripts should remain in their original format in all aspects as they are inserted in their
published format in appropriate places.

7.4 Headings

A consistent numbering system and captions should be maintained with first level being in CAPS
and centred, second level being normal bold font and third level being italics bold. If there is
need for 4™ level it should be normal italics.

7.7 Pagination

Page numbers should be centred at the bottom of the page. All preliminary pages should be
numbered in lower case Roman numerals and subsequent pages should be numbered as indicated
in the Box The title page should not be numbered.
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The body of the thesis (chapter 1 onwards) should be numbered consecutively with Arabic
numerals. The numbers should continue consecutively from the introduction through the through
the publications or submitted manuscripts and subsequent sections. The published papers will
therefore bear two numbers: a set specific to the manuscript (it is recommended to place these in
the upper right hand corner) or published paper, as well as the consecutive numbers belonging to
the thesis as a whole. Care must be taken to distinguish these in terms of position and font.

7.8 Referencing

Supervisors have the freedom to decide the type of citation of references but there must be
consistency. This is mainly applicable to the standard type of thesis. In the case of thesis by
manuscripts or publications, individual papers will maintain the reference system of the journal
but the supervisor can decide on the type of referencing for the introductory and synthesis
chapters.

8. Final thesis submission

The thesis should be submitted for examination in a loose bound form accompanied by a PDF
copy. After the examination process the final version PDF copy of the thesis must be submitted
to PG office for onward submission to the library. It is not a requirement to submit a copy fully
bound in leather cloth or similar material.
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3.8 Appendix C: Journal Submission

3.8.1 Proof of submission to the Journal of Anatomy

M Gma” Sherelle Moodley <sherelle.moodley@gmail.com>

Manuscript JANAT-2022-0344

1 message

Edward Fenton <onbehalfof@manuscriptcentral.com> Wed, Sep 14, 2022 at 11:47 AM
Reply-To: janat@dpag.ox.ac.uk

To: sherelle.moodley@gmail.com

Cc: janat@dpag.ox.ac.uk

14-Sep-2022
Dear Author,

Re The relationship between the auriculotemporal nerve and middle meningeal artery in a South African population
(Moodley, Sherelle; Ishwarkumar, Sundika; Pillay, Pamela)

Your manuscript has been successfully uploaded for submission to Journal of Anatomy. The manuscript has been
assigned the manuscript number JANAT-2022-0344.

As corresponding author you will receive future communications
via e-mail. Please make a note of the manuscript number and be
sure to include it in all future communications.

You can keep track of your manuscript by logging on periodically

to Journal of Anatomy Manuscript Central https://mc.manuscriptcentral.com/janat. Your user id is
sherelle.moodley@gmail.com and https://mc.manuscriptcentral.com/janat?URL_MASK=
ca4f7d20524443aa91662f7907e6d8bb

Please note that the single use link will expire on 17-Sep-2022 9:47:38 AM GMT / 17-Sep-2022 5:47:38 AM EDT.
If the single use link has expired, you can generate a single use password by entering your email address into the
Password Help function on your site log in page: https://mc.manuscriptcentral.com/janat

From your Author Centre you can view your online submission at any time by clicking on your manuscript title which is
hotlinked/underlined. My contact details, or the contact details of the Receiving Editor handling the manuscript, are
also available on this site.

Journal of Anatomy offers Open Research badges to qualifying authors. For more information please see the “Open
Research Initiatives” section of the author guidelines at (https://onlinelibrary.wiley.com/page/journal/14697580/
homepage/forauthors.html) . If you would like to apply for one or more of the badges, please complete the disclosure
form: (https://mc.manuscriptcentral.com/societyimages/janat/JAnat%200pen%20Science%20Badge%
20Disclosure%20Form.pdf). Please upload the form as “Open Research Disclosure Form” when submitting your final
manuscript. Contact the Editorial Office with questions at janat@dpag.ox.ac.uk.

| will try to handle your manuscript as rapidly as possible and | will be in touch again shortly.

Thank you for submitting your manuscript to Journal of Anatomy.

Journal of Anatomy Editorial Office

***This letter has been generated electronically***
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3.8.2 Journal of Anatomy’s author guidelines

Journal 6f ANato my

Articles submitted to Journal of Anatomy are done so on the following conditions: that the work described
has not been published previously (except in the form of an abstract or as part of a published lecture or
academic thesis), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was carried
out, and that, if accepted, it will not be published elsewhere including electronically in the same form, in
English or in any other language, without the written consent of the copyright-holder. There are no page
charges, and charges are not made for colour, if, in the Editors’ opinion it is essential. In all other cases
costs must be borne by the author. The Editors-in-Chief of Journal of Anatomy endorse the ARRIVE
guidelines for reporting experiments (https://www.nc3rs.org.uk/arrive-guidelines), and expect authors
to refer to these guidelines before submission of a manuscript. More information about reporting
guidelines can be found at: https://authorservices.wiley.com/ethics-guidelines/research-ethics-in-
journal-article.html.

NIH-funded authors and Journal of Anatomy

The NIH mandates grantees to deposit their peer-reviewed author manuscripts in PubMed Central, to be
made publicly available within 12 months of publication. The NIH mandate applies to all articles based on
research that has been wholly or partially funded by the NIH and that are accepted for publication on or
after April 7, 2008. In order to help authors comply with the NIH mandate, for papers accepted for
publication in Journal of Anatomy, Wiley will post the accepted manuscript (incorporating all amendments
made during peer review, but prior to the publisher's copy-editing and typesetting) of articles by NIH
grant-holders to PubMed Central at the point of acceptance by the journal. This version will then be made
publicly available in PubMed Central 12 months after publication. Following the deposit Wiley Blackwell
authors will receive further communications from the NIH with respect to the submission. For further
information, see here.

If authors wish to make their final published article openly accessible and without a 12 month embargo,
they can choose to publish via the OnlineOpen service. Wellcome and HHMI grantees can find out
further information here.

SUBMISSIONS

Pre-submission English-language editing Authors for whom English is a second language may choose to
have their manuscript professionally edited before submission to improve the English. A list of
independent suppliers of editing services can be found at
http://authorservices.wiley.com/bauthor/english_language.asp . All services are paid for and arranged by
the author, and use of one of these services does not guarantee acceptance or preference for publication.

TYPES OF MANUSCRIPTS
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The majority of manuscripts published in Journal of Anatomy are Original Articles. There are no limits
regarding the word count or number of display figures for Original Articles, but authors are encouraged
to write in a concise manner. Authors are discouraged from submitting papers longer than 70 manuscript
pages (including figures and tables). The Editors will also consider shorter manuscripts for publication as
Brief Communications. These papers are normally shorter than 15 manuscript pages and contain no
more than three display figures. In addition, the Editors will consider manuscripts reporting on
methodological developments, for publication as Methods papers (either as full length manuscripts or as
Brief Communications).

Review articles are normally commissioned by the Editors, but we welcome pre-submission enquiries
(prospective authors are encouraged to email a copy of the proposed title and abstract to

janat@dpag.ox.ac.uk). Similarly, Historical Perspective and Educational Perspective manuscripts are
normally commissioned by the Editors, but again we welcome pre-submission enquiries (prospective
authors are encouraged to email a copy of the proposed title and abstract to janat@dpag.ox.ac.uk).

For all manuscripts, during the online submission process, authors will be asked to choose a subject area
(these are only used to assist with the allocation of appropriate editors and reviewers) that best
represents their paper, from the following:

Cell biology and tissue architecture

Comparative functional morphology
Developmental biology

Evolutionary developmental biology

Evolutionary morphology

Integrative vertebrate paleontology
Methodological innovations in anatomical research
Musculoskeletal system

Neuroanatomy and neurodegeneration

Significant advances in anatomy education

There is an additional category, ‘Symposium papers’, but this should only be used where an author has
been specifically invited by one of the Editors in Chief or by a Guest Editor to submit a paper to a
forthcoming special symposium issue.

ONLINE MANUSCRIPT SUBMISSIONS

Submission of a manuscript to Journal of Anatomy implies that it reports unpublished work and that it is
not under consideration for publication elsewhere. If previously published tables, illustrations or more
than 200 words of text are to be included in the manuscript, then the copyright holder's permission must
be obtained. Copies of permission letters should be included with the manuscript.

Manuscripts should be submitted online at https://mc.manuscriptcentral.com/janat. Full upload
instructions and support are available online from the submission site via the Get Help Now button.

Manuscripts can be uploaded as a Word document (.doc or .docx), or as a Rich Text Format document
(.rtf). If submitting to Manuscript Central using LaTeX please upload a PDF file of the manuscript for the
reviewers. Note that upon acceptance we will require your TeX/LaTeX source files to edit and typeset the
article. Figures for review should be uploaded separately as GIF (.gif), JPEG (.jpg), TIFF (.tif), or EPS (.eps).
On acceptance, you will be required to provide HIGH RESOLUTION GRAPHICS FILES (note that GIF (.gif),
JPEG (.jpg), and PNG (.png) files are not acceptable for publication).

Please submit a covering letter addressed to the Editors when prompted online. The covering letter
should state the importance and anatomical relevance of the study. Authors will also be asked to provide
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the names of one or more preferred referees (who have no personal or professional connection with the
study or the authors), although the Editors are not obliged to use these.

REVIEW OF MANUSCRIPTS

Due to space restrictions and to the volume of high quality papers submitted, the Editors reserve the right
to return immediately those papers that are unlikely to be competitive for space in the journal and/or
those that do not conform to the general editorial philosophy and standards of Journal of Anatomy.
Wherever possible, such editorial decisions will be processed within a week of submission. Manuscripts
selected for external peer review will normally be reviewed within four weeks of submission.

The acceptance criteria for all papers are the quality and originality of the research and its significance to
journal readership. Please note, manuscripts are single-blind peer reviewed: the identity of the reviewer
is anonymous (unless the reviewer does not wish to be), but the author name and affiliation is on the
paper.

PRESENTATION
Text

Authors should refer to recently published manuscripts for an overall guide to Journal style (available at
http://onlinelibrary.wiley.com/journal/10.1111/(1SSN)1469-7580).

Text should be divided into the following sections and appear in the order:

(1) title page (with short running page heading, title, authors names and affiliations);

(2) abstract (no longer than 500 words, in a single paragraph, not divided into sections with headings);
(3) keywords;

(4) main body: introduction, methods, results, discussion (this may be combined with the results section)
and conclusions if desired;

(5) acknowledgements;

(6) author contributions (see below);

(7) references;

(8) supplementary material (if any);

(9) tables; and

(10) figure legends.

Please avoid the use of footnotes, and number the pages using the page numbering feature of the word
processing software.

Authorities for the Latin binomial of every organism are not used in the title or summary, and only on the
first mention in the main body of the text. Gene names and loci should be in italic text and protein names
should use in roman text.

Virus nomenclature (and acronyms) should follow the guidelines of the International Committee on the
Taxonomy of Viruses (ICTV). The current report is: van Regenmortel MHV, Fauquet CM, Bishop DHL (Eds)
(2001) Virus Taxonomy: Seventh Report of the International Committee on Taxonomy Viruses. San Diego:
Academic Press. Authors are also advised to check the ITCV website for the latest information.

Chemical nomenclature should follow the International Union of Pure and Applied Chemistry (IUPAC)
definitive rules for nomenclature.

Industrial products should be referred to by their common names (ISO Publications 1831, 2474, etc.). In
the absence of a common name, use the full name or a defined abbreviation, in preference to a trade
name. At first mention, trade names should be capitalised.
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Statistics: Calculations and the validity of deductions made from them should be checked and validated by
a statistician.

Symbols, units and abbreviations should be expressed as Systéme International (SI) units, as given in:
Baron DN (Ed) (1994) Units and Abbreviations: a guide for medical authors and editors. London: Royal
Society of Medicine Press. In exceptional circumstances, others may be used, provided they are
consistent. Apply to the Editorial Office for advice.

AUTHOR CONTRIBUTIONS

Journal of Anatomy recommends that authors submit a short description of all contributions to their
manuscript. Each author’s contribution should be described in brief, to appear immediately before the
references. Authorship credit might include contributions to concept/design, acquisition of data, data
analysis/interpretation, drafting of the manuscript, critical revision of the manuscript and approval of the
article. Contributors who do not qualify as authors can also be listed and their particular contribution
described. Further information on authorship and contributorship may be found here.

REFERENCES

References in the text should be inserted in parentheses in full for single and dual authored papers, but
using the first author and et al. for multiple authored papers. Reference to personal communications,
unedited and un-refereed work, and work that is unpublished should be minimal and should appear in
the text only. It is the author’s responsibility to obtain permission from colleagues to include their work as
a personal communication.

References in the list should follow the Harvard system. Over 6 authors will be abbreviated to 3 authors et
al. Refer to a recent copy of the journal for examples.

We recommend the use of a tool such as EndNote or Reference Manager for reference management and
formatting.

SUPPORTING INFORMATION

Supporting Information can be a useful way for an author to include important but ancillary information
with the online version of an article. Examples of Supporting Information include additional tables, data
sets, figures, movie files, audio clips, 3D structures, and other related nonessential multimedia files.
Supporting Information should be cited within the article text, and a descriptive legend should be
included. It is published as supplied by the author, and a proof is not made available prior to publication;
for these reasons, authors should provide any Supporting Information in the desired final format. For
further information on recommended file types and requirements for submission, please visit:

GRAPHICS

Numerical results should be presented either as tables or figures, but not both. The Journal welcomes
colour figures and plates, when information would be lost if reproduced in black and white.

Tables: Tables should be typed on separate pages, as an integral part the text file. They should have a
brief descriptive title and be self-explanatory. Units should appear in parentheses in the column
headings, not in the body of the table. Repeated words or numerals on successive lines should be written
in full. Footnotes should be minimal. When the precision of data is expressed as standard error (se) or
standard errors of differences (sed) the degrees of freedom (df) should be given.

Electronic Artwork: Journal of Anatomy only accepts submission of electronic artwork. The journal accepts
the following formats only: (1) GRAPHS, CHARTS and MAPS as Encapsulated Postscript Format (.eps). The
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best results are obtained with software applications that can output EPS format (Systat SigmaPlot; Adobe
Illustrator; CorelDraw; Deneba Canvas; Macromedia Freehand); and

(2) PHOTOGRAPHS in Tagged Image File Format (.tif). TIFF files should be supplied at a minimum
resolution of 300 dpi (dots per inch) at the final size at which they are to appear in the journal. TIFF and
EPS formats are the industry standard for archiving and print and online publication.

Detailed information on digital illustration standards is available at this webpage.

Please note that file formats other than EPS and TIF will be automatically rejected by the online
submission website.

Colour files should be in RGB format. Labelling should be in 10pt sans serif style font. Figure sections
should be designated with lower case letters. Magnification bars should be given on electron and light
micrographs.

Legends: Table and figure legends should be included within the text file and contain sufficient
information to be understood without reference to the text. Each should begin with a short title for the
figure. All symbols and abbreviations should be explained within the legend.

Illustrated abstract: Journal of Anatomy publishes graphical abstracts for each article, displayed online in
graphical form with a brief abstract. During submission, please nominate an existing image from within
the article for use as the illustrated abstract. Your short abstract should consist of 2-3 sentences (max 500
characters with spaces) summarising the key findings presented in the paper.

Cover images: Electronic artwork of high quality suitable for the cover of Journal of Anatomy are
welcomed. They should be sent to the Editorial Office (janat@dpag.ox.ac.uk) and be accompanied by a
relevant caption. It is preferred that images should be related to submitted papers. Contributors are
required to grant exclusive publishing rights to the Society. It is the Publisher's policy not to publish items
without signed copyright transfer agreement.

Resource Identification Initiative

The journal supports the Resource Identification Initiative, which aims to promote research resource
identification, discovery, and reuse. This initiative, led by the Neuroscience Information Framework
and the Oregon Health & Science University Library, provides unique identifiers for antibodies, model
organisms, cell lines, and tools including software and databases. These IDs, called Research Resource
Identifiers (RRIDs), are machine-readable and can be used to search for all papers where a particular
resource was used and to increase access to critical data to help researchers identify suitable reagents
and tools.

Authors are asked to use RRIDs to cite the resources used in their research where applicable in the text,
similar to a regular citation or Genbank Accession number. For antibodies, authors should include in the
citation the vendor, catalogue number, and RRID both in the text upon first mention in the Methods
section. For software tools and databases, please provide the name of the resource followed by the
resource website, if available, and the RRID. For model organisms, the RRID alone is sufficient.

Additionally, authors must include the RIIDs in the list of keywords associated with the manuscript.
To Obtain Research Resource Identifiers (RRIDs):

1) Use the Resource Identification Portal, created by the Resource Identification Initiative
Working Group.

2) Search for the research resource (please see the section titled “Search Features and Tips”
for more information).

3) Click on the “Cite This” button to obtain the citation and insert the citation into the
manuscript text.
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If there is a resource that is not found within the Portal, authors are asked to register the resource with
the appropriate resource authority. Information on how to do this is provided in the “Resource Citation
Guidelines” section of the Portal.

If any difficulties in obtaining identifiers arise, please contact rii-help@scicrunch.org for assistance.
Example Citations:

Antibodies: "Wnt3 was localized using a rabbit polyclonal antibody C64F2 against Wnt3 (Cell Signaling
Technology, Cat# 2721S, RRID: AB_2215411)"

Model Organisms: "Experiments were conducted in c. elegans strain SP304 (RRID:CGC_SP304)"

Cell lines: "Experiments were conducted in PC12 CLS cells (CLS Cat# 500311/p701_PC-12,
RRID:CVCL_0481)"

Tools, Software, and Databases: "Image analysis was conducted with CellProfiler Image Analysis Software,
V2.0 (http://www.cellprofiler.org, RRID:nif-0000-00280)"

PLAGIARISM

Authors must obtain permission to reproduce any copyright material, and include an acknowledgement
of the source in their Article. Authors should be aware that the unreferenced use of the published and
unpublished ideas, writing or illustrations of others, from whatever source (including research grant
applications), or submission of a complete paper under 'new' authorship in the same or a different
language, constitutes plagiarism.

CONDITIONS OF ACCEPTANCE

Manuscripts are accepted on the understanding that they will not be published elsewhere in any form,
without the prior consent of the Society. Your material will not be passed to the Publisher without receipt
of:

1. covering letter documenting any revisions required by the editor;

2. signed copyright transfer agreement;

3. completed accepted artwork checklist - documenting the graphic files supplied in accordance with
industry standards; and

4. EPS files output from vector based software/ 800dpi TIFF files. LOW RESOLUTION ARTWORK
SUBMITTED FOR REVIEW IS NOT SUITABLE FOR PRINT OR ONLINE PUBLICATION.

5. Any potential or perceived conflict of interest must be declared in the Acknowledgements section of the
manuscript. If no conflict exists, please add a sentence to this effect in the Acknowledgements section.

AFTER ACCEPTANCE

Authors will be required to assign copyright to the Anatomical Society. If your paper is accepted, the
author identified as the formal corresponding author for the paper will receive an email prompting them
to login into Author Services; where via the Wiley Author Licensing Service (WALS) they will be able to
complete the license agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement:

If the OnlineOpen option is not selected the corresponding author will be presented with the copyright
transfer agreement (CTA) to sign. The terms and conditions of the CTA can be previewed in the samples
associated with the Copyright FAQs below: CTA Terms and Conditions
http://authorservices.wiley.com/bauthor/faqs_copyright.asp

For authors choosing OnlineOpen:
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OnlineOpen is available to authors of articles who wish to make their article open access. With
OnlineOpen the author, their funding agency, or institution pays a fee to ensure that the article is made
available to non-subscribers upon publication via Wiley Online Library, as well as deposited in PubMed
Central and PMC mirror sites. In addition to publication online via Wiley Online Library, authors of
OnlineOpen articles are permitted to post the final, published PDF of their article on a website,
institutional repository, or other free public server, immediately on publication.

If you want your article to be open access please choose the appropriate licence agreement when you log
in to Wiley’s Author Services system. Click on ‘Make my article OnlineOpen’ and choose the appropriate
license by clicking on ‘Sign license agreement now’ when you log in to Wiley’s Author Services system.

For the full list of terms and conditions, see http://olabout.wiley.com/WileyCDA/Section/id-
406241.html.

If the OnlineOpen option is selected the corresponding author will have a choice of the following Creative
Commons License Open Access Agreements (OAA):

Creative Commons Attribution License OAA
Creative Commons Attribution Non-Commercial License OAA
Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs
hosted on Wiley Author Services http://authorservices.wiley.com/bauthor/faqs_copyright.asp and

If you select the OnlineOpen option and your research is funded by The Wellcome Trust and members of
the Research Councils UK (RCUK) or the Austrian Science Fund (FAF) you will be given the opportunity to
publish your article under a CC-BY license supporting you in complying with your Funder requirements.
For more information on this policy and the Journal’s compliant self-archiving policy please visit:
http://www.wiley.com/go/funderstatement.

ARTICLE TRACKING

Online production tracking is now available for your article through Wiley Blackwell Author Services.
Author Services enables authors to track their article — once it has been accepted — through the
production process to publication online and in print. Authors can check the status of their articles online
and choose to receive automated e-mails at key stages of production. The author will receive an e-mail
with a unique link that enables them to register and have their article automatically added to the system.
Please ensure that a complete e-mail address is provided when submitting the manuscript. Visit Wiley
Blackwell Author Services for more details on online production tracking and for a wealth of resources
including FAQs and tips on article preparation, submission and more.

PROOFS

Authors will receive an e-mail notification with a link and instructions for accessing HTML page proofs
online. Page proofs should be carefully proofread for any copyediting or typesetting errors. Online
guidelines are provided within the system. No special software is required, all common browsers are
supported. Authors should also make sure that any renumbered tables, figures, or references match text
citations and that figure legends correspond with text citations and actual figures. Proofs must be
returned within 48 hours of receipt of the email. Return of proofs via e-mail is possible in the event that
the online system cannot be used or accessed.

OFFPRINTS
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Free access to the final PDF offprint of your article will be available via author services only. Please
therefore sign up for author services if you would like to access your article PDF offprint and enjoy the
many other benefits the service offers. Additional paper offprints may be ordered online. Please click on
the following link fill in the necessary details and ensure that you type information in all of the required
fields: www.sheridan.com/wiley/eoc.

AUTHOR MATERIAL ARCHIVE POLICY

Please note that unless specifically requested, Wiley Blackwell Publishing will dispose of all hardcopy or
electronic material submitted two months after publication. If you require the return of any material
submitted, please inform the editorial office or production editor as soon as possible if you have not yet
done so.

PREPRINTS

This journal will consider for review articles previously available as preprints on non-commercial servers
such as ArXiv, bioRxiv, psyArXiv, SocArXiv, engrXiv, etc. Authors may also post the submitted version of
their manuscript to non-commercial servers at any time. Authors are requested to update any pre-
publication versions with a link to the final published article.

OPEN RESEARCH BADGE STATEMENT

Open Research initiatives. Recognizing the importance of research transparency and data sharing to
cumulative research, Journal of Anatomy encourages the following Open Research practices.

Sharing of data, materials, research instruments and their accessibility. Journal of Anatomy encourages
authors to share the data, materials, research instruments, and other artifacts supporting the results in
their study by archiving them in an appropriate public repository. Qualifying public, open-access
repositories are committed to preserving data, materials, and/or registered analysis plans and keeping
them publicly accessible via the web into perpetuity.

Examples include the Open Science Framework (OSF) and the various Dataverse networks. Hundreds of
other qualifying data/materials repositories are listed at the Registry of Research Data Repositories
(http://www.re3data.org). Personal websites and most departmental websites do not qualify as
repositories.

Open Research Badges. In partnership with the non-profit Center for Open Science (COS), Journal of
Anatomy offers all submitting authors access to the following three Open Research Badges— Open
Materials, Open Data, and Preregistered Research Designs. We also award all qualifying authors Open
Research Badges recognizing their contributions to the Open Research movement. The Open Research
practices and associated award badges, as implemented by the Center for Open Science and supported
by Journal of Anatomy, are the following:

The Open Materials Badge recognizes researchers who share their research instruments and materials in
a publicly-accessible format, providing sufficient information for researchers to reproduce procedures
and analyses of published research studies. For the field of Anatomy & Physiology research, authors are
strongly encouraged to utilize an appropriate open and free access depository, such as an institutional
one.

The Open Data Badge recognizes researchers who make their data publicly available, providing sufficient
description of the data to allow researchers to reproduce research findings of published research studies.
An example of a qualifying public, open-access database for data sharing is the Open Science Framework
repository. Numerous other data-sharing repositories are available through various Dataverse networks
(e.g., http://dataverse.org) and hundreds of other databases available through the Registry of Research
Data Repositories (http://www.re3data.org). There are, of course, circumstances in which it is not
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possible or advisable to share data publicly. For example, there are cases in which sharing participant
data could violate confidentiality. In these cases, the authors may provide an explanation of such
circumstances in the Alternative Note section of the disclosure form. The information the authors provide
will be included in the article’s Open Research note.

The Preregistered Badge recognizes researchers who preregister their research plans (research design
and data analysis plan) prior to engaging in research and who closely follow the preregistered design and
data analysis plan in reporting their research findings. The criteria for earning this badge thus include a
date-stamped registration of a study plan in such venues as the Open Science Framework (https://osf.io)
or Clinical Trials (https://clinicaltrials.gov) and a close correspondence between the preregistered and
the implemented data collection and analysis plans.

Authors will have an opportunity at the time of manuscript submission and at the time of acceptance to
inform themselves of this initiative and to determine whether they wish to participate. Applying and
qualifying for Open Research Badges is not a requirement for publishing with Journal of Anatomy, but
these badges are further incentive for authors to participate in the Open Research movement and thus to
increase the visibility and transparency of their research.

More information about the Open Research Badges is available from the Open Science Framework wiki.

DATA SHARING, ACCESSIBILITY AND CITATION

Journal of Anatomy recognizes the many benefits of archiving research data. Journal of Anatomy expects
that data supporting the results in the paper will be archived in an appropriate public repository. Authors
are required to provide a data availability statement to describe the availability, or the absence of shared
data. When data have been shared, authors are required to include in their data availability statement a
link to the repository they have used, and to cite the data they have shared. Whenever possible the
scripts and other artefacts used to generate the analyses presented in the paper should also be publicly
archived. If sharing data compromises ethical standards or legal requirements then authors are not
expected to share it. See the Standard Templates for Author Use section below to select an appropriate
data availability statement for your dataset.

Any fossil specimen that is described or illustrated in a manuscript intended for publication must be
formally accessioned into a permanent, accessible repository, where the specimen will be available for
study by the scientific community. Long-term loans from private individuals or private organizations to
repositories generally are not sufficient to ensure long-term access to fossils or reproducibility of results.

DATA PROTECTION

By submitting a manuscript to or reviewing for this publication, your name, email address, and affiliation,
and other contact details the publication might require, will be used for the regular operations of the
publication, including, when necessary, sharing with the publisher (Wiley) and partners for production
and publication. The publication and the publisher recognize the importance of protecting the personal
information collected from users in the operation of these services, and have practices in place to ensure
that steps are taken to maintain the security, integrity, and privacy of the personal data collected and
processed. You can learn more at https://authorservices.wiley.com/statements/data-protection-
policy.html.
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