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The external carotid artery normally divides into two terminal branches at the level of the neck of the mandible.
The terminal branches are usually the superficial temporal and maxillary arteries. The maxillary artery is
described to be in three parts in relation to the lateral pterygoid muscle as the mandibular (first), pterygoid
(second) and the pterygopalatine (third) parts. The second part passes behind the muscle. The branches that
arise from the first part of the maxillary artery are the deep auricular, anterior tympanic, the middle meningeal,
accessory meningeal and inferior alveolar arteries. The middle meningeal artery normally arises at the lower
border of lateral pterygoid muscle from the first part of maxillary artery. It then ascends upwards, passes
between the two roots of the auriculotemporal nerve and enters the foramen spinosum in the base of skull.
During routine dissection of a male cadaver in the department of anatomy while teaching medical students
variations were observed in the termination of the external carotid artery on the right side. The artery gave three
branches at the termination, superficial temporal, maxillary and between the two the middle meningeal artery
was seen arising close to the end of the external carotid artery. The middle meningeal artery did not pass
between the two roots of the auriculotemporal nerve.
The branches of first part of maxillary artery were variable. The deep auricular branch was absent and its
territory may have been supplied by the posterior auricular and anterior auricular arteries. The anterior
tympanic and accessory meningeal arteries arose from the middle meningeal artery. There were two inferior
alveolar arteries 1.5 cm apart arising from the first part of maxillary artery. The first artery went to the
mandibular canal along with the inferior alveolar nerve. The second artery accompanied  the lingual  nerve  to
the last molar tooth. Probably this artery may have been an additional supply to the gingiva around the last
molar tooth. The other variations that were noted were the absence of mylohyoid branch from the inferior
alveolar artery. To the best of our knowledge these variations in the arteries have not been previously reported.
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The middle meningeal artery develops from the
stapedial artery which arises from the dorsal
stem of the second arch artery. This connects

with the transient artery called the ventral
pharyngeal artery. The ventral pharyngeal artery
arises when the first and second arch arteries
begin to regress. It terminates by dividing into
mandibular and maxillary branches. A vessel
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from the dorsal stem of second arch artery
passes through the ring of stapes and anasto-
moses with the cranial end of ventral pharyn-
geal artery. The stapedial artery follows the
divisions of the fifth nerve and its three
corresponding branches are named mandibular,
maxillary and supraorbital. The first two
branches have a common stem. The external
carotid artery arises from the base of the third
arch. It incorporates the stem of the ventral
pharyngeal artery. The maxillary branch of
external carotid artery communicates with the
common trunk of origin of maxillary and
mandibular branches of  stapedial artery. The
proximal part of the common trunk forms the
stem of the middle meningeal artery. Therefore
the middle meningeal artery has its origin in the
stapedial artery originally. The proximal part of
supraorbital artery represents the distal part of
the middle meningeal artery. The maxillary
artery becomes the infraorbital vessel and the
mandibular branch forms the inferior alveolar
artery. When the definitive ophthalmic artery
differentiates as a branch of the terminal part
of the internal carotid artery it communicates
with the supraorbital branch of the stapedial
artery. The distal part of which becomes the
lacrimal artery. The dorsal stem of the second
arch artery remains as a carotico-tympanic
branch of the internal carotid artery.
In short the mandibular and maxillary branches
which form the maxillofacial division of stapedial
artery are taken in by the developing external
carotid artery and the maxillary artery is formed.
This also forms the part of middle meningeal
artery before it enters the cranial fossa.

MATERIALS AND METHODS

During routine dissection of an embalmed male
cadaver in the department of Anatomy P.E.S.
Medical College Kuppam, Andhra Pradesh, India,
used for conventional teaching purposes as per
the curriculum of first year medical students,
variations were found in the external carotid,
middle meningeal and the inferior alveolar
arteries. All the branches were traced to their
distal ends as much as possible and
photographed.

Fig. 1: Trifurcation of External Carotid Artery on Right Side.

Thus the proximal part of stapedial artery forms
the proximal part of middle meningeal artery.
The distal part of stapedial artery which is the
supraorbital division gives the intracranial
segment of middle meningeal artery.
The external carotid artery normally divides into
two terminal branches at the level of the neck
of the mandible. The terminal branches are
usually the superficial temporal and maxillary
arteries. The maxillary artery is described to be
in three parts in relation to the lateral  pterygoid
muscle as the mandibular (first), pterygoid
(second) and the pterygopalatine ( third) parts.
The second part passes behind the muscle.
Thebranches that arise from the first part of the
maxillary artery are the deep auricular, anterior
tympanic, the middle meningeal, accessory
meningeal and inferior alveolar arteries. The
middle meningeal artery normally arises at the
lower border of lateral pterygoid muscle from
the first part of maxillary artery. It then ascends
upwards, passes between the two roots of the
auriculotemporal nerve and enters the foramen
spinosum in the base of skull.

ECA- External Carotid Artery,
STA- Superficial temporal  artery,
MMA-Middle meningeal artery,
MA-Maxillary artery,
ATA-Anterior tympanic artery,
AMA-Acesssary meningeal artery,
IAA-1-Inferior alveolar artery-1,
IAA-2—Inferior alveolar artery-2.
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Fig. 2: Origin Of Double Inferior Alveolar Arteries.

ECA- External Carotid Artery,
STA- Superficial temporal  artery,
MMA-Middle meningeal artery,
MA-Maxillary artery,
IAA-1-Inferior alveolar artery-1,
IAA-2—Inferior alveolar artery-2.

DISCUSSION
The origin of middle meningeal artery at the
termination of the external carotid artery, close
to the origin of the superficial temporal and
maxillary arteries was observed. Developmen-
tally  the middle meningeal artery has two parts.
The proximal part is from the common stem of
maxillary and mandibular branches of the
stapedial artery. The distal is from the proximal
part of supraorbital branch of stapedial artery.
The stapedial artery is an artery of the second
branchial arch. The maxillary division of external
carotid which grows as a bud from the third arch,
incorporates the common stem of the maxillary
and mandibular branches to form the extracranial
stem of the middle meningeal artery [1]. In this
case it seems that the original stapedial artery
itself had three separate branches the
supraorbital,the maxillary and mandibular. Thus
the external carotid artery has directly
incorporated the supraorbital branch of the
stapedial artery to form the stem of the middle
meningeal artery. Thus the external carotid
artery has  trifurcated in this case [figure -1].
Da Silva[2] has described the probable
embryological mechanism of the origin of the
middle meningeal artery in their review article.
Da Silva et al in their study have said that
variations though common are not described in
textbooks and therefore the information related
to variations is inadequate. Their work aims to

provide knowledge concerning the morphoge-
nesis, variation, and clinical significances of the
MMA, and to help promote future studies in this
area. Da Silva et al concluded that these
variations are of clinical significance in fractures
of the squamous and petrous parts of the
temporal bones and in surgical interventions
involving the nerve of the pterygoid canal and
maxillary artery. The review shall be useful for
clinicians, surgeons and academics.
The MMA may take its origin as a branch of
persistent stapedial artery (PSA) [3]. The MMA
of stapedial origin is called the stapedial middle
meningeal artery (SMMA). The first case was
described by Hyrtl in 1836 as cited by Manjunath
K.Y [3].
The PSA is a branch of the intrapetrous portion
of the internal carotid artery, enters the tympanic
cavity through its floor and passes through the
obturator foramen of the stapes. Over the
promontory it is enclosed in a bony canal and
enters the facial canal. It emerges in to the
middle cranial fossa under the dura and gives
off the middle meningeal branch (Altman 1947).
Altmann F has also described anomalous
development of ascending pharyngeal artery
from internal carotid artery[4].
Mc LENNAN and a few more authors have
described the importance of the MMA arising
from the ophthalmic artery. All these have
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important implications for the endovascular
repair of lesions of the skull base.
Bilateral anomalous origin of the MMA has been
reported by Royle and Motson. They have
observed a very rare origin of MMA from the
lacrimal artery in their study. MMA has been
reported to take origin from the basilar artery.
The first case being that by Altman followed by
Seeger and Hemmer and also by Shah and Hurst.
MMA has been reported to have taken origin
from the lateral medullary segment of posterior
cerebral inferior artery by Tanohata et al. The
origin from stapedial artery, from the
intracavernosal or extra dural internal carotid
artery and also from ascending pharyngeal artery
have been reported.
Unilateral trifurcation of carotid artery has been
reported in a case by Afitap Anil,M.D et al[5]. It
has been described that the right ascending
pharyngeal artery arose from the carotid
bifurcation instead of the usual posterior aspect
of the artery. A branch from the trunk of the
ascending pharyngeal artery reached out to
supply related areas. The main part of the trunk
terminated as the superficial temporal artery.
Here it seems like a unilateral trifurcation of
carotid termination. Significantly the ascending
pharyngeal continued to terminate as the
superficial temporal artery. In the present case
the trifurcation was at the termination of
external carotid artery giving rise to middle
meningeal artery as the middle branch.
Sanjeev et al [6] have quoted Skinner in their
article on branching pattern of external carotid
artery  who said that the word carotid is derived
from the Greek word ‘Kapwrides’, meaning to
stupefy or throttle and kapos also means heavy
sleep. They have quoted references (Rufus and
Perrson) in which it has been said that deep
sleep and aphonia are produced by compression
of carotid arteries. The results of their study
showed that out of 37 head and neck specimens
one showed a variation in the terminal branches.
The external carotid artery terminated into
posterior auricular, superficial temporal and
maxillary arteries. The artery terminated at a
distance of 60mm from the origin on an average.
The study also gave the incidence of variations
in the origin of branches of the artery as also

some accessory branches. Their study has
reported accessory branches which arose directly
from the external carotid artery.  The accessory
branches were the superior laryngeal artery in
two cases, artery to sternocleidomastoid muscle
in two cases and artery to tonsil in one case.
Mamatha et al [7] have reported an anomalous
branching pattern of the external carotid artery
in which the external carotid artery gave a direct
branch to the submandibular salivary gland.
There was also a thyrolingual trunk, an auriculo-
occipital trunk and they observed an unusual
course of the facial artery. In the present case
we had a deep auricular branch arising from the
middle meningeal artery instead of the usual
maxillary artery.
Shetty et al [8] have observed the unusual
termination of external carotid artery at a level
lower than the normal below the angle of the
mandible. They observed that the occipital and
posterior auricular arteries shared a common
trunk.
T Ramesh rao [9] has observed that all branches
of the external carotid artery arose from a
common point just above its origin from the
common carotid artery and discussed the clinical
importance of the variation.
Gurbuz et al [10] have reported the trifurcation
of common carotid artery on the left side. The
terminal branches were the external carotid,
internal carotid and occipital arteries. They also
reported that the superior thyroid artery arose
from the common carotid artery instead of the
external carotid artery.
Regarding variation in the inferior alveolar
arteries Aamir et al has described a rare
variation in which the inferior alveolar artery had
arisen from the external carotid artery.[11] In
the present case report the inferior alveolar
arteries were double[figure-2] and such a
variation has not been reported earlier to the
best of our knowledge. The first inferior alveolar
artery entered the mandibular canal along with
inferior alveolar nerve. The second inferior
alveolar artery arose from the maxillary artery
1.5 cm distal to the first. It did not pass through
the mandibular canal but accompanied the
lingual nerve till the last lower molar tooth. The
clinical implication of the artery is the potential
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hazard during nerve block where it is vulnerable
to vascular trauma [12]. Poirot et al have said
that the artery is variable in the mandibular canal
than prior to the canal. In this case it is variant
prior to entering the canal [13]
CONCLUSION
The variations that have been noted in this case
hold paramount importance to the clinical
surgeons,  facio maxillary surgeons, and in
radiological procedures. The anatomy of
variations are useful to provide accurate
diagnosis and also to prevent errors, especially
in head and neck surgeries. The variation of the
external carotid artery described here has
importance for transcatheter embolization
procedures.

ABBREVIATIONS:
MMA- Middle Meningeal Artery
PSA- Persistent Stapedial Artery
SMMA- Stapedial Middle Meningeal Artery
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