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ABSTRACT

The Maxillary Artery (MA) is known to vary in its relationship to lateral pterygoid muscle (LPM)
and its relationship to inferior alveolar nerve (IAN) and lingual nerve (LN). The variation poses
surgical challenges and complications in anesthetic injection. This cadaveric study sought to
describe the anatomy of the inferior alveolar nerve, lingual nerve and maxillary artery in
infratemporal fossa and its associated variations. Thirty hemi-sections from 15 male cadavers
were used. Dissection of the infratemporal fossae was done to expose the MA, LPM, IAN and LN.
The relationship of MA to LPM was noted, roots of IAN were noted and relationship of structures
were scrutinized. Pictures were taken for further analysis. Out of 30 hemi-sections, dissected
43.3% had a medial relationship to LPM while 56.7% of MA had a lateral relationship. Three
(20%) of the cadavers showed asymmetry whereby MA passed on the medial side of LPM on one
side while the other side it passed on the lateral aspect. Most of the hemi-sections (86.7%) had
IAN originating with one (1) root, 3 hemi-sections (10%) with two roots and one (3.3%) with
three roots. Only one hemi-section showed presence of a communicating branch between IAN
and LN. The variations in MA in this population displays patterns comparable to other populations.
There was high prevalence of MA passing lateral to LPM, which is consistent with studies done
elsewhere. There were variations of IAN originating with multiple roots and presence of

communicating branch between IAN and LN, which was consistent with case reports in literature.
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INTRODUCTION

The infratemporal fossa is an enclosed part of the parotid gland and pterygoid
anatomical area located on the lateral side of muscles. The neurovascular structures in the
the head. It is bounded medially by lateral fossa include maxillary artery, pterygoid
surface of the lateral pterygoid plate; laterally venous plexus, the mandibular nerve and its
by the ramus of the mandible; anteriorly by branches (inferior alveolar, lingual nerve,
posterior surface of makxillae; superiorly by auricular temporal), the otic ganglion and
infratemporal surface of the greater wing of chorda tympani nerve (Sinnatamby, 2006)

the sphenoid bone. The fossa contains deep
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The artery of the infratemporal fossa is the
maxillary artery, and its course and
branching pattern within the fossa has been
reported to be variable with regard to its
relation to the parotid gland and the lateral
pterygoid muscle. (Pretterlieber, et al.,
1991). The variations display population
differences (Sashi, et al., 1996; Fujimura, et
al., 2006).

Also prominent within the fossa are inferior
alveolar and lingual nerves, both sensory
branches from the posterior division of
mandibular nerve. The inferior alveolar nerve
enters the mandible through the mandibular
foramen, to give sensory supply to the lower
jaw. The reported variations of IAN were
variable number of roots and existence of a
connecting nerve branch that originate from
the auriculotemporal nerve to join IAN
(Bhardwaii, et al., 2016; Anil, et al., 2003).

The lingual nerve supplies general sensation
to the anterior two-thirds of the tongue. It is
joined by the chorda tympani nerve, a branch
of the facial nerve, responsible for the taste
sensation of the anterior two thirds of the
tongue and supply the submandibular plexus.
There are few variations that has been
reported, which include its relation to LTM
and the position where chorda tympani joins
the Lingual nerve (Mcmanus, 2012).

In clinical practice cases of incidental injury to
maxillary artery involving intra-arterial
injection of anesthetic have been reported
and documented in surgical procedure
involving the infratemporal fossa (Webber, et
al., 2001). The incidental injuries are
common during mandibular nerve block and
inferior alveolar nerve block with probability
of up to 20% of cases concerned

(Frangiskos, et al., 2003; Malamed, 2019).
Inferior alveolar nerve block is the technique
most frequently used for local anesthesia
when performing restorative and surgical
procedures in the mandible. Occasionally an
inferior alveolar nerve block can damage the
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inferior alveolar nerve, lingual nerve or both
(Pogrel & Thamby, 2000) through direct
needle insertion, chemical trauma or
hematoma (Harn & Durham, 1990).

The anatomical knowledge of the courses of
these neurovascular structures, and their
variations could improve our understanding
of surgical procedures and contribute to the
effectiveness of surgical interventions. The
infratemporal fossa is often the site of
pathology or surgical intervention especially
when removing infratemporal tumors and/or
jugular  tumors. Adequate anatomical
knowledge of this closed region is important
in the resultant combined approaches and
multidisciplinary  planning required for
management of cases in this region (Eravci,
et al., 2016). In this cadaveric study, we
sought to map out the course of the Maxillary
artery and relationship of the IAN, LN and
Maxillary artery to lateral pterygoid muscle
within infratemporal fossa among black
Zimbabweans

Maxillary Artery

The relationship of the MA to LPM can be
either superficial or deep to the muscle. In a
Caucasian population in Canada, it was found
that in the majority (68%), the MA was
superficial to the lower head of LPM. The
gender orientation was 71% in males and
65% in females. There were no variations
between right and left side noted in that
study (Hassain, et al., 2008). However, a
different study by Pretterlieber et al showed
an appreciable asymmetry within the same
population (Pretterlieber, et al., 1991).
Among the Turkish population, it was
reported that the MA is superficial to LPM in
57% and being deep in 43% of the cases
(Uysal, et al., 2011). These results are
consistent with those reported in New
Zealand (Dennison, et al., 2009).

Within the Asian population, the MA course
on the superficial side of LPM in 82% of the
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cases and being deep in only 18% of the
cases (Kim, et al., 2010). These finding are
consistent with the report by Sashi et al of a
study on Japanese population (Sashi, et al.,
1996). In another research among the
Japanese population, it was reported that in
3.6% of the cases the MA passes deep to the
LPM and in 96.4% of the cases passes
superficial to LPM (Otake, et al., 2011). In
2014, Verma and his team describe case
report where the MA was seen passing deep
to the LPM and crosses through the nerve
loop formed between two roots of the
auriculotemporal nerve and the posterior
division of the mandibular nerve. Such
tortuous course of MA may result in
entrapment of the artery, which causes
headache and associated irritations (Verma,
et al., 2014). Fujimura et al through their
study describes the racial variations. The MA
passed superficial to LPM in 9 to 55% in the
whites, 69% in blacks and 90% in Japanese
(Fujimura, et al., 2009). Laska et al also
reported various racial variations where MA
passed on the deep to LPM in 46% of white
individuals and 31% within African-

American population (Lasker, et al., 1951).

Inferior Alveolar Nerve

The Inferior alveolar nerve (IAN) is a branch
of the posterior division of the mandibular
nerve, which exit the infratemporal fossa
through mandibular foramen. It enters the
mandible through mandibular foramen and
supply sensory sensation to the lower jaw, it
gives motor supply to mylohyoid muscle and
the anterior belly of digastric muscle.
Variations in the course and origin of the IAN
was reported in @ number of the studies. Anil
et al reported that variations in the anatomy
of IAN was seen in 10% of the cases during

their study. The variations were existence of
a connecting nerve branch that originate
from the auriculotemporal nerve to join IAN.
The second part of MA passed between the
mandibular nerve, the root of IAN and the
connecting nerve branch, which formed a
loop. The maxillary artery seems to be
entrapped between nerve roots (Anil, et al.,
2003). In their study Bhardwaiji et al among
Indian population, they reported existence of
a rare communication between branches of
the posterior division of the mandibular
nerve. They also confirmed a case of IAN
originating by a single root but a
communicating branch was present between
the auriculotemporal nerve and IAN
(Bhardwaii, et al., 2016)

Lingual Nerve

The lingual nerve is a branch of the posterior
division of the mandibular nerve, which
supplies general sensory innervation (not the
gustative one) to the anterior two thirds of
the tongue. It is found in the infratemporal
fossa. Iwanaga in the study for IAN and LN
they reported that in all cases the LN was
anterior to TAN (Iwanaga et al 2018). It
important to establish the relationship
between the two nerves

The chorda tympani (a branch of the facial
nerve, CN VII) joins the LN at an acute angle
in the infratemporal fossa, carrying taste
fibers from the anterior two thirds of the
tongue and parasympathetic fibers to the
submandibular ganglion. Bhardwaj et al in
their study on nerves of the infratemporal
fossa reported that there are slight variations
of distances of fusion of chorda tympani
nerve to lingual nerve, which is not significant
(Bhardwaj et al 2016).

METHODOLOGY

A descriptive cross-sectional study on 15
Human adult black Zimbabweans cadavers at

University of Zimbabwe, Department of
Human Anatomy in Gross Anatomy
laboratory were used that met the inclusion
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criteria. This translated to 30 infratemporal
fossae through hemi-section dissections.

Material required 30 human cadaver
hemisections, common dissecting tools and
digital camera for photography. A
preauricular incision was made and skin
reflected. Parotid gland and masseter muscle
were removed completely and the
mandibular condyle and ramus were
exposed. The external carotid artery was
identified and followed to identify the origin
of maxillary artery. The zygomatic arch,
ramus of the mandible and the coronoid were
resected using oscillating saw. Temporalis
muscle was removed along with the cut on
coronoid process. The lateral pterygoid
muscle was exposed, and the maxillary artery
visualised and its relation to lateral pterygoid
muscle was noted.

The lateral pterygoid muscle was then

removed from the dissection field to visualize

underlying neurovascular structures. The two
branches of the posterior division of the
mandibular nerve (lingual and inferior
alveolar nerves), were identified and exposed
carefully. The possible communications
between the lingual and inferior alveolar were
checked for. Root(s) of the LN and IAN were
exposed and analysed.

The variable course of the maxillary artery
and its relation to nerves was observed.

All this information was recorded for each
cadaver that was dissected. A digital camera
was used to take pictures of the dissected
infratemporal fossa for further analysis. The
variations observed were classified in the
following categories a) relationship of MA and
LPM b) communication between the lingual
and inferior alveolar nerves, ¢) multiple roots
of the inferior alveolar nerves, d) the unusual
relationship of the maxillary artery and roots
of IAN.

|Figure 1: Neurovascular structures of a dissected infratemporal fossa
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The research was approved by Medical

of the University of Zimbabwe, College of

Research Council of Zimbabwe (MRCZ) & the Health Sciences in accordance with the Joint

Research Ethics Committee (JREC)

Law of Republic of Zimbabwe (JREC ref:120/19)

RESULTS

The Maxillary Artery (MA) originate directly
from external carotid artery in as a single
trunk Dbilaterally in all cadavers. The
relationship of MA to the LPM was described
as either lateral or medial to LPM (Moore, et
al., 2014). Out of 30 hemi-sections dissected

13 (43.3%) of the MA had a medial
relationship to LPM while 17 (56.7) had a
lateral relationship. On the right side, most of
the MA had a medial relationship to LPM.
The results are shown on table 1 below.

Table 1. Relationship of the maxillary artery to the lateral pterygoid (LPM)

Side Medial to LPM Lateral to LPM Total

Right 8 (53.3%) 7 (46.7%) 15 (100%)
Left 5(33.3%) 10 (66.7%) 15 (100%)
Total 13 (43.3%) 17 (56.7%) 30 (100%)

Out of 15 cadavers, three (20%) showed medial side of the LPM on one side while the

asymmetry whereby the MA passed on the

other side passed on the lateral side of LPM.

| Maxillary artery

Figure 2. A showing the maxillary artery passing medial to lateral pterygoid muscle and B passing on the lateral side of LPM

The alveolar nerve nerve is a branch of
posterior division of the the mandibular
nerve. It originate by either single root or
multiple roots which will join and form the

IAN (Bhardwaiji, et al., 2016). In this study
roots were classified as single, two and three
roots as shown on table 2 below.



Table 2. Number of roots of origin for inferior alveolar nerve
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IAN

Side root roots roots Total
Right (86.7%) (13.3%) 0 (100)
Left (86.7%) (6.7%) (6.6%) (100)
Total (86.7%) (10.0%) (3.3%) (100)
A IN | B

|Figure 3: A showing the IAN originating as a single root and B is a free hand sketch of A

A
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Figure 5: A showing the IAN originating as three roots that encircle the maxillary artery and B with the maxillary
artery removed
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Communicating branch

IAN

LN

Figure 6. A showing presence of a communicating branch between the IAN and LN. B is a free hand sketch

of A.

DISCUSSION

A communicating branch is a branch that
connects two nerves (branches of mandibular
nerve in this case). In this study, a
communicating branch was observed joining
IAN and LN. Out of 30 hemi-sections, only
one (3.3%) showed presence of a
communicating branch between IAN and LN
as shown on figure 6.

In this present research, out of 30
hemisections most of the MA passed lateral
to LPM. Seventeen (56.7%) of MA were
found to be lateral and 13 (43.3%) were
medial to LPM. The results are comparable to
Fijimura et al (69% in blacks) and Warui
(62% in Kenyans) (Fujimura, et al., 2006;
Warui, 2017). It was interesting to note that
on the right side most of the MA (53.3%)
were medial to LPM. There is need for further
investigation to ascertain this finding since it
was not reported in the literature. The overall
results show consistence and coherence with
other studies on different populations which
showed that MA passed lateral LPM in most
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of hemi-sections (Kim, et al., 2010) (Hassain,
et al., 2008).

The lateral relationship of MA has been
reported as 9-55% and 90% in Whites and
Japanese respectively (Fujimura, et al.,
2006). The MA passed medial to LPM in
43.3% in the current study, which is
comparable to a study by Lasker (31% in
Africans Americans), and Warui (38% in
Kenyans; Lasker, et al., 1951; Warui, 2017).
In majority of cadavers, there was symmetry
in the anatomical course of the MA on both
right and left sides of the head. Only three

(20%) cadavers showed asymmetry whereby
the MA passed on the medial side of the LPM
on one side while the other side passed on
the lateral aspect. The prevalence of
asymmetry in course of the left and right MA
has been reported to be 6.8% by Takarada
and 6.3% by Ikakura, which is not
consistence with the current study (Takarada
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T, 1958; Ikakura K, 1961). There is need for
a further research to ascertain this value in
this population.

In the present study, most of the IAN
originate as a single root from posterior
division of mandibular nerve. Twenty-six 26
(86.7%) of hemi-sections showed the IAN
originating as a single root. In three (10.0%)
hemi-sections, IAN originate as two roots
which later unite to form a single nerve. In
one section, the roots were clearly unequal
and they encircled the maxillary artery. In the
other one, the roots were almost equal and
the maxillary artery was not entrapped
between the roots. The IAN originating with
two roots with maxillary artery incorporated
between the roots was reported by Sharma
and Khan (Sharma, et al., 2011; Khan, et al.,
2010).

Only one (3.3%) hemi-section showed three
roots and the maxillary artery was encircled
or entrapped by these roots. The three roots
of IAN were once published by Quadro,
although his scenario was different, in his
report one branch was from lingual nerve and
the other two from auriculotemporal nerve
(Quadros, 2013). Entrapment of the MA
between roots of IAN may cause numbness
or headache and may interfere with injection
of local anaesthetics (Khan, et al., 2010).

Communicating branch is a small nerve that
joins two nerves; it can join IAN and
auriculotemporal, or LN and auriculotemporal
or IAN and LN (Potu, et al., 2009). In the
current study, one hemisection showed
presence of a communicating branch
between IAN and LN as shown on figure 6.
The IAN in this case was originating with a
single root and this is consistent with a study
by Bhardwaji (Bhardwaiji, et al., 2016) .
Communicating branches between branches
of the posterior division of the mandibular
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nerve were reported as isolated cases by
many authors, which include Bhardwaj and
Thotakura (Bhardwaiji, et al.,, 2016;
Thotakura, et al., 2013). Communicating
branches between nerves found in this study
are developmental in origin and thought to
maintain functional integrity through an
alternative route, such alternative route
complicate anaesthetic injection (Thotakura,
et al., 2013).

CONCLUSION

The variation of MA in this population
displayed pattern comparable to previous
studies in other populations. Overly there was
high prevalence of MA passing lateral LPM,
which was consistent with studies done
elsewhere. Incorporation of the maxillary
artery between roots of IAN maybe
associated with intravascular injection during
mandibular nerve block or any related
procedure therefore caution needs to be
exercised in procedures involving this region.
On the right side there was high prevalence
of MA passing medial LPM which is not
consistent with previous studies. There was
high prevalence of IAN originating with single
roots, followed by two roots and one case of
three roots. The MA being incorporated
between the roots of IAN was consistent with
case reports in literature. The presence of
communicating branch between branches of
the posterior division of the mandibular nerve
may be thought to provide functional
integrity through alternative route; such
route may complicate anaesthetic injection. A
prospective study with large sample needs to
be conducted to determine their prevalence.
Further investigation with large sample size
to determine if there is gender variation on
MA since there was no female cadaver in this
study.
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