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Abstract

The pharyngeal plexus is an essential anatomical structure, but the contributions from the glossopharyngeal and vagus
nerves and the superior cervical ganglion that give rise to the pharyngeal plexus are not fully understood. The pharyngeal
plexus is likely to be encountered during various anterior cervical surgical procedures of the neck such as anterior cervical
discectomy and fusion. Therefore, a detailed understanding of its anatomy is essential for the surgeon who operates in and
around this region. Although the pharyngeal plexus is an anatomical structure that is widely mentioned in literature and
anatomy books, detailed descriptions of its structural nuances are scarce; therefore, we provide a comprehensive review
that encompasses all the available data from this critical structure. We conducted a narrative review of the current literature
using databases like PubMed, Embase, Ovid, and Cochrane. Information was gathered regarding the pharyngeal plexus to
improve our understanding of its anatomy to elucidate its involvement in postoperative spine surgery complications such
as dysphagia. The neural contributions of the cranial nerves IX, X, and superior sympathetic ganglion intertwine to form
the pharyngeal plexus that can be injured during ACDF procedures. Factors like surgical retraction time, postoperative
hematoma, surgical hardware materials, and profiles and smoking are related to postoperative dysphagia onset. Thorough
anatomical knowledge and lateral approaches to ACDF are the best preventing measures.

Keywords Pharyngeal plexus - Glossopharyngeal nerve - Vagus nerve - Superior sympathetic ganglion - Anterior cervical
discectomy fusion
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General overview

The origin of the pharyngeal plexus (PP) is the junction of the
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contributions of cranial nerves (CNs) IX, X, and the superior
sympathetic ganglion on the posterior aspect of the middle
pharyngeal constrictor muscle [16]. Recent research has sug-
gested that its connections could be more complicated than
previous descriptions have indicated [29]. For example, sev-
eral other reports have shown that connections between the
lower cranial nerves, including the hypoglossal nerve (CN
XII) and nerve plexuses such as the carotid and intercarotid,
contribute to the structure and function of the PP.

Focused descriptions of this structure are limited and its
functional mechanisms are not yet entirely understood.
Therefore, the clinical and surgical implications of lesions in
the pharyngeal plexus have not been fully elucidated [9]. In
the present manuscript, we review each of the origins and the
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nerve plexus connections between cranial nerves that give rise
to the PP, intending to describe its surgical correlations.

Origins

As previously stated, the primary connections that give rise to
the PP are branches from the glossopharyngeal and vagus
nerves, and sympathetic trunk branches. In the next section,
we will review data on each apparent neural origin individu-
ally and then explain their interconnections within the PP and
its relationships in terms of their common nuclear and embry-
ological origin. The PP finds its origins in the ambiguous
nucleus within the medulla and is responsible for its innerva-
tion. The common nuclear origin with the vagus nerves ex-
plains how their functions are shared within the PP (Fig. 1).

Glossopharyngeal nerve

The glossopharyngeal nerve extra-axial segments originate
from the postolivary sulcus in the cephalic third of the medulla
oblongata, rostral to the apparent origin of the vagus and ac-
cessory nerves (Figs. 2 and 3) [2]. It then traverses the
cerebellomedullary cistern where it sends a branch, the tym-
panic nerve of Jacobson, to the middle ear. After the relatively
short course through the subarachnoid space, it enters the jug-
ular foramen through the pars nervosa. The glossopharyngeal
nerve ganglia (the superior and inferior petrosal ganglia) are
located within the jugular foramen. They are relevant to the PP
as they are the origin of the glossopharyngeal nerve’s contri-
bution to it, especially in the case of the inferior petrosal gan-
glion. Once the nerve is outside the skull, it forms approxi-
mately six branches, including the tympanic nerve, motor
branches for stylopharyngeus muscle, Hering’s nerve to the
carotid sinus [30], pharyngeal branches, and tonsillar and lin-
gual branches. It must be stressed that the pharyngeal branches
are the most important contributions of CN IX to the PP.

The nerve’s pharyngeal and tonsillar branches are respon-
sible for most of the general somatic afferent information to
the pharynx and oropharynx [2, 32]. However, it is notewor-
thy that the motor contribution of the glossopharyngeal nerve
is only exclusive to the innervation of the stylopharyngeus and
the lateral part of the superior pharyngeal constrictor muscles
[27]. The rest of the muscle innervation is shared with the
vagus nerve through the pharyngeal plexus.

Vagus nerve

The vagus nerve finds its apparent origins on the postolivary
sulcus between the glossopharyngeal nerve rostrally and the
accessory nerve caudally (Fig. 2). It accompanies the previ-
ously mentioned nerves into the cerebellomedullary cistern to
enter the jugular foramen but is separated from the
glossopharyngeal nerve as it pierces the foramen on its pars
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Fig. 1 Posterior view of the right pharyngeal plexus and associated
nerves, arteries, and muscles. Medially, the superior (SPC), middle
(MPC), and inferior (IPC) muscles are seen. Traveling from lateral to
medial, the stylopharyngeus muscle (SP) is seen. For reference, note the
hyoid bone (H) at the level of the C3 vertebra and the thyroid cartilage
(TC) at the level of C4 and C5 vertebrae. Over, primarily, the posterior
surface of the middle pharyngeal constrictor muscle, note the contribu-
tions to the pharyngeal plexus from the vagus (A), glossopharyngeal (B),
and sympathetic trunk (C). ICA, internal carotid artery; CCA, common
carotid artery; SCG, superior cervical ganglion; * = superior laryngeal
nerve; C1=Cl1 spinal nerve; C2=C2 spinal nerve, CN IX =
glossopharyngeal nerve; CN X =vagus nerve; CN XII = hypoglossal
nerve (after Henle)
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Fig. 2 Right anterolateral view of the origin of the glossopharyngeal and
vagus nerves from the brainstem and then their course distally toward the
pharyngeal plexus via the jugular foramen

vasculorum or posterior compartment along with CN XI.
Once in the foramen, the vagus nerve presents a ganglionic
chain that is represented proximally by the superior or jugular
ganglion intracranially and the inferior or nodose ganglion
extracranially. The latter ganglion is relevant to the origin of

Fig. 3 Schematic drawing of the
course and distribution of the
glossopharyngeal nerve. Note
here the pharyngeal branch
traveling toward the middle
pharyngeal constrictor muscle

CNIX

Pharyngeal branch

Carotid sinus branch

the PP as it provides the bed for the neuronal bodies of the
pharyngeal branch containing visceral afferents and special
sensory afferents [3].

The vagus nerve provides numerous branches along the
jugular fossa, neck, thorax, and abdomen. The vagal neck
contributions are closely related to the formation of the PP
(Fig. 1). Motor innervation by the vagus nerve accounts for
most of the pharyngeal muscles [17] including the soft pal-
ate and the pharynx, with a few exceptions such as
stylopharyngeus and tensor veli palatini muscles, which are
supplied by CN IX and V, respectively [3].

The vagus nerve branches in the neck, four of its most
essential divisions being the superior laryngeal nerve (Fig. 4)
(which subsequently divides into the internal and external
laryngeal nerves), the recurrent laryngeal nerves, the superi-
or cardiac branches, and the pharyngeal branches, are re-
leased afterward. These neck branches and their interconnec-
tions provide the vagus nerve’s contribution to the pharyn-
geal plexus when they join the pharyngeal branch from the
glossopharyngeal nerve and the sympathetic ganglia, as
discussed below.

Tonsillar branch

PAVD FISHER
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Fig. 4 Left lateral view of the superior laryngeal nerve, a branch of the
vagus nerve. Shown here are its two terminal branches, internal and
external. The external branch innervates the cricothyroid and inferior
pharyngeal constrictor muscles

Superior sympathetic ganglia

The superior cervical ganglion (Figs. 1 and 5) (SCG) lies
ventral to the transverse process of the second cervical verte-
bra. It is closely related to the internal carotid artery, internal
jugular vein, and the longus capitis muscle. It provides gray
rami to four cervical spinal segments, C1-C4, hence, the pro-
posed four fused segment sympathetic ganglia developmental

Superior cervical

e
ganglion )7

DD FISHER.

Fig. 5 Schematic drawing of the right lateral sympathetic trunk in the
neck and connections to adjacent cervical ventral rami
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origin for the SCG. It is responsible for autonomous neural
information for the head and neck, including vasomotor and
sudomotor nerves and sympathetic function in the pupil, eye-
lids, and orbitalis smooth muscle [38]. Branches from the
SCG are usually organized in three groups of bundles: the
lateral, medial, and anterior branches.

The lateral branches connect with the first four cervical
segments, the inferior vagal ganglion, and the inferior
glossopharyngeal ganglion via the jugular nerve. Also, they
innervate the jugular glomus and superior jugular bulb [38].

The medial branches can be classed as cardiac and
laryngopharyngeal. The cardiac division carries mainly effer-
ent information related to the lower cervical and upper thorac-
ic segments dedicated to autonomous cardiac input, the esoph-
agus, the superior laryngeal nerve, and the ascendant aortic
nerve plexus. The laryngopharyngeal bundles of the medial
branches contribute to the PP as they provide innervation to
the carotid body first and then migrate through the lateral
pharynx to join the pharyngeal branches of CN X and CN
IX to the PP. [38]

Interconnections among the lower cranial nerves

The anastomoses among cranial nerves are of several types:
lower CNs with themselves, lower with upper CNs, CNs with
cervical spinal segments, and through nerve plexuses [29].
The PP is one example of lower cranial nerve interconnection
with sympathetic innervation input. The intercarotid and ca-
rotid plexus sinuses are other well-described connections be-
tween the lower CNs that have spatial and functional relation-
ships with the PP; they have been proposed to be a lateral
extension of the PP [29].

There are two classes of connections between the vagus
and glossopharyngeal nerves [29]: direct communications
when the main trunks are involved and indirect links involv-
ing only branches. These communications occur intracrani-
ally and extracranially. Tubbs et al. proposed a two-type
classification for direct intracranial interactions between the
vagus and glossopharyngeal nerves [34] depending on the
angle taken by the interconnection (vertical or oblique).
Other examples of direct communications are between the
inferior or Andersch’s ganglion of CN IX and the jugular
ganglion of CN X, and the glossopharyngeo-pneumogastric
or van Haller’s ansa [5], formed between the contributions
from CN IX and the auricular branch of the vagus nerve
(Arnold’s nerve) [34].

These connections and those that give rise to the PP devel-
op because the lower cranial nerves have a common placode
origin related to the third and fourth pharyngeal arches, which
contain the glossopharyngeal-vagal or petrosal-nodose
placodes that then migrate ventrally and differentiate during
the developmental stage [33]. This migration is completed
effectively because of the interactions of the neural crest with
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the subsequent placodes in the aforementioned pharyngeal
arches. There is evidence that lesions of the neural crest or
disruption of the adjacent geniculate ectoderm result in the
absence of connections in the nodose and petrosal ganglia
and even lack of the ganglion itself [33, 41].

Pharyngeal innervation

The pharyngeal branches, described above, derived from the
glossopharyngeal nerve, vagus nerve, and the medial
branches of SCG, join in supplying the posterolateral wall
of the pharynx. They are closely related to the middle pha-
ryngeal constrictor (MPC), the superior pharyngeal constric-
tor (SPC), and the inferior constrictor (ICM) muscles (Fig. 6)
as the plexus reaches them in a dorsolateral, anteroposterior,
and lateromedial fashion [21, 27, 28]. The plexus is located in
the retropharyngeal space close to the longus capitis and colli
muscles, the prevertebral fascia, the vertebral bodies of the
second and third cervical vertebrae posteriorly, and the pos-
terior wall of the pharynx, and is closer to the superior and
middle constrictor anteriorly [18, 37].

Although a stronger relationship has been described with
the SPC, MPC, and the IPC, the PP also provides branches
that pierce the spaces between the pharyngeal constrictors to
innervate deeper structures within the pharynx [27]. Thus, the
PP can be studied on the basis of its branches and their origins,
which are predominantly CNs IX, CN X, or both. Also, pha-
ryngeal muscle innervations can be used as topographical
landmarks for understanding the different divisions that the
PP and the cranial nerves present in their innervation [27].

Predominant glossopharyngeal branches

The superior and more medial branches near the PP are pro-
vided principally by the glossopharyngeal nerve. These CN

Fig. 6 Posterior view of the
muscles of the pharyngeal wall.
Note that the right side has been
opened to show more anteriorly
related structures

Stylopharyngeus

Middle constrictor

IX contributions can be divided into those that pierce the
stylopharyngeus muscle and then innervate the most lateral
portion of the SPC, and those that travel between the superior
and middle pharyngeal constrictors and are responsible for the
somatic afferent information from pharyngeal mucosae. The
glossopharyngeal nerve crosses the pharyngeal branch of the
vagus nerve in 75% of cases to innervate the pharyngeal wall.
In the remaining cases, it runs parallel to them to form the PP
and reach their pharyngeal destination so they can function in
the initiation of swallowing [31, 36].

Pharyngeal plexus

Mixed predominance branches are at the junction of CNs X,
IX, and the SCG, and thus the PP itself. This first mixed origin
trunk innervates the central part of the SPC and then travels
between the SPC and the MPC to provide the nerve supply to
the salpingo- and palatopharyngeus muscles, reaching them
from their dorsal aspect. More caudally, the PP then innervates
the MPC itself and the IPC. Peng et al. reported that the main
branch of the PP is located within the inferior pharyngeal
constrictor and at the posterior side of the greater horn of the
hyoid [23]. Mu et al. in 2007 [20] proposed that the innerva-
tion of the pharyngeal constrictor (PC) muscles was differen-
tial. They showed that PCs had a slow inner layer innervated
by the pharyngeal branch of CN IX, and a fast outer layer
innervated by the pharyngeal branch of CN X [20].
Innervation of the cricopharyngeal muscle (CPM) has been
a source of controversy as it is the most prominent component
of the superior esophageal sphincter. Hence, its clinical rele-
vance is a significant issue for physicians and patients [11].
Uludag et al. in 2016 [35] reported that the PP contributes
functionally to motor innervation of the CPM in up to 100%
of cases; the recurrent laryngeal nerve has a motor contribu-
tion in 91% of cases, the external branch of the superior

Pharyngobasilar fascia

Eustachian tube

P

Soft palate

Inferior
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laryngeal nerve (EBSLN) in 76%, and both the RLN and the
EBSLN in 70% [35].

Predominant vagal branches

After its contribution to the PP, the vagus nerve gives two of
the most essential branches related to the neck and the thoracic
region. The superior laryngeal nerve (SLN) pierces the space
between the MPC and the IPC to divide into its external
branch, which is motor and innervates the cricothyroid muscle
(CTM), and its internal branch, which is sensory and provides
fibers to the pharynx [1]. Then it gives the recurrent laryngeal
nerve (RLN), which enters the larynx crossing below the IPC.
Sakamoto reported that communicating branches between the
laryngeal nerves and the PP sometimes provide twigs to the
constrictor from the dorsal surface and vary in their anastomo-
ses [28]. Variations in the muscle innervations between the
RLN and SLN are thought to explain the varied muscle inner-
vation of the PP [16].

Esophageal branches of the recurrent laryngeal
nerves

In a recent cadaveric study, ten fresh-frozen cadaveric human
specimens, meaning twenty sides, were observed. The esoph-
ageal branches were successfully identified in all sides. The
authors found that the length of those branches oscillated be-
tween 0.8 and 2.1 cm (mean 1.5 cm) and their diameter be-
tween 0.5 and 2 mm. Moreover, they were able to describe
that the esophageal twigs branched from the RLN between the
vertebral levels C6 and T1. The contributions of the RLN
were then divided among the tracheal and esophageal twigs
that could arise from a common trunk in up to 20% of the
cases. Both were lying in the ventral aspect of the designated
esophageal and tracheal structures [9]. Although those are
secondary projections from the PP, they carry neural

information necessary for swallowing and, in many cases,
are the explanation for post-operative dysphagia which will
be discussed below.

Muscle classification based on the innervation
of the PP and its branches

Based on the foregoing description of the PP, Sakamoto in
2009 proposed a four-group classification of pharyngeal
muscles depending on the portion of the PP that provides
their innervation (Table 1). It is noteworthy that we include
the superior esophageal sphincter, the mucosae, and the
vocal cords as essential structures innervated by the pha-
ryngeal nerves.

Functional and clinical overview

A structural understanding of the PP is only useful if we also
aim to understand its overall function. The functions of the PP
are prominent, and injury to it can lead to very disabling clin-
ical symptoms. The plexus is responsible for the innervation
for swallowing [4, 31], the sensory innervation of the pharyn-
geal mucosae, and the innervation of the superior esophageal
sphincter. We describe its contribution to the vocal cords
below.

Role of the PP in swallowing

Swallowing is a very complex and coordinated motor pro-
gram that depends on central and peripheral neural circuits
to allow voluntary and involuntary control. This network is
organized in a three-level functional system [10].

Like every executive system, it needs afferent peripheral
and central input fibers, an organizing level consistent of an
interneuronal network of premotor neurons (PMNs) that

Table 1 Classification of the

pharyngeal muscle structure Muscles Innervation
based on their innervation
Group | Stylopharyngeal Glossopharyngeal Nerve
muscleSPC-Lateral portion
Group 11 SPC-Central portion Pharyngeal plexus
Palatopharyngeal
muscleSalpingopharyngeal muscle
Group III MPC Pharyngeal plexus
Group IV IPC Pharyngeal plexus, EBSLN, and RLN
Others Cricopharyngeal muscle Pharyngeal plexus, EBSLN, and RLN

(superior esophageal sphincter)

Vocal cords

Classification of the pharyngeal muscles based on their innervation. Modified from Sakamoto 2009 [27]. SPC,
superior pharyngeal constrictor; MPC, middle pharyngeal constrictor; /PC, inferior pharyngeal constrictor;
EBSLN, external branch of the superior laryngeal nerve; RLN, recurrent laryngeal nerve
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Fig. 7 Left-sided two level
ACDF noting the superficial
dissection (left) and deeper dis-
section (right) with deep to the
carotid sheath and trachea/
esophagus noting the anterior
vertebral bodies and
arthroplasties. Pharyngeal plexus
branches would not be encoun-
tered on the left but would be en-
countered with a dissection such
as seen on the right image

configures the central pattern generator (CPG), and an efferent
level corresponding to the cranial motor nuclei that command
the output and execution of the function. Both afferent and
efferent fibers for swallowing are intertwined within the PP.
The central medullary nuclei in charge of the afferents and
efferents for swallowing are located within the vagal system,
which comprises the solitary tract nucleus (STN), ambiguous
nucleus, dorsal motor nucleus of the vagal nerve, and the
hypoglossal nucleus. Afferent fibers run along with the
glossopharyngeal and vagus nerves [19] to terminate in the
STN, which then communicates with the CPG [25] to provide
efferents through the motor nucleus of CNs V, VII, the ambig-
uous nucleus, and CN XII [31].

Several diseases can affect swallowing, either mechani-
cally or functionally. For example, activity in the fast outer
layer of the pharyngeal muscles is diminished in patients
with idiopathic Parkinson’s disease [20]. That means dys-
function of the PP in terms of innervation of the vagus
nerve. Tumors of the pulmonary apex can cause Pancoast
syndrome associated with Horner’s syndrome. A case re-
port presented in 2012 described dysphagia in a patient
with an apical pulmonary tumor compromising the sympa-
thetic trunk and ganglia, causing the presenting symptoms

f ‘\;“ !

Larynx

Anterior

Inferior —‘— Superior

Posterior

Fig. 8 Left cadaveric neck with the common carotid artery and its
branches painted red, and the surrounding nervous structures painted
yellow. The C3-C5 vertebral levels are labeled

[12]. Chen et al. reported a case of neurosarcoidosis that
resulted in pharyngeal dysfunction, represented by intrac-
table hiccoughs, an extremely rare manifestation [7].
Cervical ganglioneuromas have been reported to cause
dysphagia in the pediatric population. Such involvement can
be explained by compromising the origins of the PP [15]. The
cervical sympathetic trunk can be directly injured since this is
the origin of the tumor, and CNs IX and X can be compressed.

Surgical overview

Cervical neurosurgical procedures are not exempt from inju-
ries to the PP [9]. Anterior cervical discectomy with fusion
(ACDF) is a surgical treatment for cervical spondylotic dis-
case (CSD) that has shown success and benefits for patients,
exhibiting a mortality rate near 0.1% and morbidity rate of
19.3% depending on the clinical center (Fig. 7) [8, 13].
Despite the functional outcomes of the procedure in terms of
restoration of spine balance and foraminal space and relief of
symptoms, dysphagia is a frequent complication owing to
retropharyngeal injuries [8, 9, 26]. Dysphagia has been report-
ed in rates ranging from 0 to 51%, with differential rates be-
tween inpatients and outpatients. The risk of dysphagia among
outpatients was 113% higher than for inpatients. Although the
results of the meta-analysis were not statistically significant,
the findings were consistent among studies [9, 39].

Postoperative dysphagia

Surgical hardware or hematoma in the retropharyngeal space
after surgery has been proposed as the mechanism of PP inju-
ry. Also, the use of plates and materials such as titanium in-
strumentation increases the range of anterior longitudinal lig-
ament dissections and consequently increases the risk of dys-
phagia [9, 26]. Zhu et al. in 2019 compared the incidence of
complications of ACDF using self-locking cages vs. cages-
with-plate fixation. They found that the risk of dysphagia was
significantly higher with cages-with-plate fixation (6-7% vs.
13.2%). Also, they proposed that the mechanism for
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Fig. 9 Cadaveric dissections of
the left neck without (left) and
with (right) the common carotid
artery and its branches. Note the
pharyngeal branch of the vagus
nerve heading toward the posteri-
or pharynx to contribute to the
pharyngeal plexus along with a
branch derived from the superior
cervical ganglion

Superior

.

J0uUY
101123504

Inferior

postoperative dysphagia is explained by the time of the esoph-
ageal and pharyngeal retraction and even by the prominence
of the plates used [42]. Cases of retropharyngeal granulation,
Zenker’s diverticulum, and delayed recurrent laryngeal nerve
palsy following ACDF have been reported [8, 14, 40].
Branches of both the origins and outputs of PP can be
lesioned during anterior cervical procedures (Fig. 8). The
branches of the PP will undoubtedly be encountered during
such approaches and vary depending on the level (Fig. 9)
[1]. In a study published by Carucci et al. in 2015, the
authors proposed that, given the anatomy of the esophageal
branches from the RLN, dysphagia was more probable to
occur in the mid-cervical spine compared to the upper and
lower segments [6]. However, also noteworthy is the fact
that ACDF procedures are more commonly performed at
the lower cervical segments (C6-T1). Therefore, surgical
retraction and hardware placing are only some of the fac-
tors that could be responsible for neural irritation; other
causes such as hematomas, rare conditions like diffuse id-
iopathic skeletal hyperostosis (DISH), and osteophytes
should be counted as probable causes. Additionally,
smoking has been proven to be a risk factor for postoper-
ative dysphagia [22]. Patient-related factors such as age,
body mass index, sex, and number of levels have shown
little or no correlation in postoperative dysphagia onset [9].
Thorough knowledge and understanding of the pharyngeal
neural anatomy and a lateral ACDF approach are the most
important preventive measures to avoid postoperative palsy
due to unnecessary injury [9]. Some authors have proposed
that the inferior thyroid artery and Berry’s ligament are useful
surgical landmarks to identify the RLN intraoperatively to
avoid injury risks [24]. Other measures like the use of inflated
endotracheal cuff to maintain the tracheal structures in a
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central position after placement of cervical retractors have
been used to reduce RLN palsy. Steroid administration has
shown some improvements in prevertebral swelling reduction,
although the results are strongly debatable given the heterog-
enous dosage schemes and follow-up [9].

The PP can also be used as a therapeutic target for treating
various pathological states. Pharyngeal constrictor muscle
spasms can be treated by neurectomy. Peng et al. in 2000 [23]
reported a case series of patients treated with pharyngeal plexus
neurectomy, which was successful in 93.7%. Hence, the au-
thors proposed PP neurectomy as a replacement for pharyngeal
myotomy to improve voice rehabilitation in those patients.

Conclusions

The PP is a crucial structure responsible for a vast number of
vital tasks such as swallowing that importantly affect patient
functionality after neurosurgical spine procedures. This struc-
ture is likely to be encountered during various anterior cervical
surgical procedures of the neck such as anterior cervical
discectomy and fusion. Therefore, a detailed understanding
of'its anatomy and thorough surgical planning are vital factors
that the surgeon must take into account to minimize injury risk
and iatrogenic disability among spine surgery patients.
Having awareness of these branches, using minimal and only
short-term retraction, and limiting cautery use might all aid in
decreasing iatrogenic injury to this plexus.
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