
Citation: Visocchi, M.; Benato, A.;

Davila, M.F.; Bayati, A.A.; Zeoli, F.;

Signorelli, F. A Three-Step

Submandibular Retropharyngeal

Approach to the Craniovertebral

Junction: Is Less Always More? J. Clin.

Med. 2024, 13, 3755. https://

doi.org/10.3390/jcm13133755

Academic Editor: Alan H Daniels

Received: 28 May 2024

Revised: 19 June 2024

Accepted: 24 June 2024

Published: 27 June 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

A Three-Step Submandibular Retropharyngeal Approach to the
Craniovertebral Junction: Is Less Always More?
Massimiliano Visocchi 1,2 , Alberto Benato 2,* , Mario Flavio Davila 3, Ali Abdelnabi Bayati 4, Fabio Zeoli 2

and Francesco Signorelli 2

1 Operative Unit and Academic Research Center on Surgical Approaches to the Craniovertebral Junction,
Università Cattolica del Sacro Cuore, 00168 Rome, Italy

2 Department of Neurosurgery, Fondazione Policlinico Universitario “A. Gemelli” IRCCS, 00168 Rome, Italy
3 Guatemalan Institute of Social Security, 01003 Ciudad de Guatemala, Guatemala
4 Shmaisani Hospital, Amman, Jordan
* Correspondence: benato.alberto@gmail.com

Abstract: Background: Accessing the craniovertebral junction poses unique challenges due to its
anatomical complexity and proximity to critical structures, such as the cord–brainstem junction, great
vessels of the neck, cranial nerves, oropharynx, and rhinopharynx. Among the approaches that have
been developed over the years, the submandibular retropharyngeal approach offers good antero-
lateral access without the need of transgressing mucosal layers. In its traditional form, however, this
approach involves multiple sequential steps and requires intricate dissection, extensive retraction,
and meticulous maneuvering, which can increase operative time and produce approach-related
morbidity. Methods: With this paper, we propose a simplified technique for a submandibular
retropharyngeal approach involving only three surgical steps. The advantages and limitations of this
technique are illustrated through three surgical cases of neoplastic and degenerative craniovertebral
junction pathologies. Results: In two out of the three cases, our technique allowed for a wide
exposure of the lesions that could be resected totally or sub-totally with good outcome. In one case
with involvement of the clivus and the occipital condyle, the exposure was inadequate; a biopsy
was obtained, and the lesion was subsequently resected via and endoscopic transmucosal approach.
Conclusions: Our technique represents a significant simplification of the traditional submandibular
retropharyngeal approach; with appropriate indication, it permits a fast, safe, and adequate exposure
of craniovertebral junction pathologies.

Keywords: craniovertebral junction; submandibular approach; chordoma; retropharyngeal;
endoscope-assisted surgery

1. Introduction

The submandibular retropharyngeal approach (SRA), also referred to as the antero-
lateral high cervical approach [1–5], exposes the area above the hyoid bone and medial
to the neurovascular bundle of the neck in the parapharyngeal space. This approach can
provide a wide anterior exposure of the craniovertebral junction (CVJ) without the need
to cut through mucosal layers; however, several risks are potentially associated with SRA,
such as injury to the hypoglossal and superior laryngeal nerves, as well as injury to the
marginal mandibular branch of the facial nerve either directly or secondarily to vigorous
retraction during surgery.

The traditional description of the approach by McAfee and colleagues [1] describes
several steps (namely, 11 steps), from patient positioning to final exposure of the prever-
tebral fascia with retraction of pharyngeal structures [6]. After the paper of De Bonis
et al., who proposed a four-step modification of the previous McAfee approach [6], we
propose a three-step SRA that allows for obtaining more straightforward access to CVJ
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pathologies, minimizing complications. Such an approach might replace the classic anterior
transmucosal approaches to avoid their dreaded complications [7].

2. Materials and Methods

We describe our surgical technique and illustrate its application in 3 cases of neoplastic
pathologies of the CVJ.

Our technique involves three steps:

Step 1: head positioning in the traditional way, as described in the literature (hyperextension
and contralateral rotation of 30◦).
Step 2: a horizontal incision of the skin and platysma is performed from the midline to
lateral aspect of the mandible, two fingers’ breadth below the bone (to avoid damage to the
submandibular gland and branches of the facial nerve) (Figure 1).
Step 3: direct exposure of the retropharyngeal space by finger dissection starting by pal-
pating the greater horn of the hyoid bone (infero-medially) and then following the natural
anatomical plane between the medial cervical compartment (bounded by the buccopharyn-
geal fascia and comprising the laryngeal and pharyngeal structures) and the carotid sheath.
The retropharyngeal space is composed of loose fibro-adipose tissue connecting the prever-
tebral fascia (posteriorly) to the pharyngeal muscles enveloped by the buccopharyngeal
fascia (anteriorly).
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Figure 1. (a–c) Drawings illustrating the skin incision, anatomical corridor, and obtainable exposure
of the traditional submandibular approach as described by Salle and colleagues [8].

The access to the prevertebral space in our approach is guided by two landmarks
(Figure 2):

(1) Superiorly, the inferior belly of the submandibular gland, which is identified but not
dissected or incised.

(2) Infero-medially, the greater horn of the hyoid bone, which represents the inferior
starting point for the oblique dissection along the parapharyngeal and retropharyn-
geal spaces.

The surgical corridor is identified with finger dissection between these surgical land-
marks in an ascending, lateral-to-medial direction. The retropharyngeal fibro-adipose
tissue and the longus colli muscles are then dissected to expose the spine; the gained
exposure is maintained with the use of Cloward’s self-retaining retractors. The lips of the
retractors are inserted under the longus colli muscles bilaterally. No vessels or nerves must
be identified or dissected, and no exposure or suspension of the submandibular gland is
necessary. A neurosurgical microscope or an endoscope with 0◦ and 30◦ optics can be used
to increase visualization.
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of the axis with homogeneous contrast enhancement (Figure 3). No other disease locations 

were apparent on whole-body imaging. Neurological examination was negative. 
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Figure 2. Three-dimensional anatomical renderings showing: (a) the landmarks for our approach
(white arrows), i.e., the submandibular gland (superiorly) and the greater horn of the hyoid bone
(inferiorly) and the direction of finger dissection (green arrow); (b) the obtained exposure of the CVJ,
ranging from the lower aspect of C1 to the full extent of C2. The reconstructions were obtained with
Essential Anatomy, copyright 3D4Medical, Elsevier.

3. Illustrative Cases
3.1. Case 1

This was a thirty-nine-year-old man with an osteolytic somatic lesion of C2, identified
with imaging studies performed for neck pain. MRI documented an osteolytic lesion of the
axis with homogeneous contrast enhancement (Figure 3). No other disease locations were
apparent on whole-body imaging. Neurological examination was negative.

After thorough discussion of the case, the patient underwent surgery in two steps.
The first step involved removal of the lesion, which was accessed via a retropharyngeal

approach as described above; we used intraoperative O-Arm navigation, which confirmed
that the lesion could be entirely accessed. Gross total removal was obtained, leaving
a shell of cortical odontoid bone. The second surgical step involved posterior C1–C2
instrumentation with C1 lateral mass screws and C2 laminar screws. Histopathology
characterized the lesion as chordoma.
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Figure 3. (a) Preoperative and post-operative CT and MRI images of patient 1, showing the T2-
hyperintense lesion involving the body of C2; complete resection was achieved with subsequent
C1–C2 posterior instrumentation with C1 lateral mass and C2 laminar screws. (b) Intraoperative
image of the anterior aspect of the lesion, replacing the body of C2. (c) Intraoperative photograph
showing the hollowed C2 body after resection of the lesion.

The postoperative course was uneventful, and the patient was mobilized on postop day
1. Follow-up MRI and CT scans documented gross-total removal with correct positioning
of the instrumentation (Figure 3). The patient therefore received proton beam therapy. At
his 2-year follow-up, the patient was in good clinical and neurological condition.

3.2. Case 2

This was an 81-year-old female patient with a history of progressive dysphonia over
2 years. Imaging documented a lesion with multiple exophytic degenerative bone products
involving both C1 and C2 on the left (Figure 4). The patient’s neurological examination was
significant for marked dysphonia and dysphagia. We discussed the case with the patient
and her family, who agreed with the surgical indication.
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Figure 4. Preoperative (a,b) and postoperative (c,d) CT scans of patient 2, documenting a hyperostotic
bone mass with three components involving C1 and the left C2 lateral mass. The component along
the midline was resected obtaining a satisfactory reduction in the compression on the posterior
pharyngeal wall.

Surgery was performed with O-Arm intraoperative navigation. The lesion was ac-
cessed via an ipsilateral (left) submandibular retropharyngeal approach as described above.
Exposure of the lesion was sufficient but not optimal. However, due to the age of the pa-
tient and her comorbidities, we did not pursue a complete removal; instead, we debulked
the lesion, obtaining a sufficient decompression (Figure 4). In the postoperative period,
the patient complained of swallowing difficulty due to swelling of the pharyngeal wall,
which improved rapidly. Laryngoscopic examination did not reveal any alteration in the
swallowing mechanisms, aside from a mild impairment in tongue motility. Preoperative
dysphonia progressively improved and completely recovered in two weeks. The patient
was discharged home with no new neurological deficits besides the mild impairment in
tongue motility. The patient died one year later due to unrelated causes.

3.3. Case 3

This case illustrates the limits of the submandibular retropharyngeal approach. The
patient was a 44-year-old man with a two-year history of progressive headache and ver-
tigo. Imaging studies showed an extradural, enhancing CVJ lesion infiltrating the inferior
clivus, occipital condyles, and anterior arch and articular masses of the atlas (Figure 5).
Neurological examination was normal. Since the patient had a history of Beçet disease (a
rare condition that produces an autoimmune inflammation of the oral mucosa, resulting in
multiple recurrent ulcers), both transnasal and transoral approaches were not considered as
a first option. The lesion was then accessed via a submandibular retropharyngeal route. The
exposure, however, appeared suboptimal, and we performed a biopsy. Histopathological
examination was consistent with chordoma. Therefore, the patient underwent a second
procedure in which removal of the lesion was obtained via a combined transnasal and
transoral endoscopic route [7,9]. A small lateral residue infiltrating the articular masses of
the atlas was left. The postoperative period was uneventful, and the patient was ambula-
tory on postoperative day one. No posterior fixation was performed due to refusal of the
patient, who agreed to wear a rigid collar.



J. Clin. Med. 2024, 13, 3755 6 of 11

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 6 of 11 
 

 

 
(a) 

 
(b) 

 
(c) 

Figure 5. (a) Preoperative images of patient 3, showing the lesion involving the inferior clivus, right 

occipital condyle, and atlas (arch and right articular mass). (b) MRI obtained after the first unsuc-

cessful attempt at resection via a submandibular approach, showing the biopsy tract (arrow). (c) 

Postoperative MRI after transoral–transnasal resection, showing near-total resection of the tumor 

with a small residue in the right lateral mass of the atlas (right image). 

4. Discussion 

4.1. History 

The history of the submandibular retropharyngeal approach can be traced back to 

1957, when Southwick and Robinson [10] described an extra-mucosal anterior approach 

(EMA) to the subaxial cervical region. In 1969, de Andrade and MacNab [10] developed a 

cranial variant of this approach, allowing for extension to the C1–C2 region. This tech-

nique was subsequently modified in 1987 by McAfee et al. [1], who added the resection of 

the submandibular (SM) gland and the transection of the intermediate tendon of the di-

gastric muscle to allow for a wider exposure and better mobilization of the hypoglossal 

nerve. Other authors have described the usefulness of the submandibular retropharyngeal 

Figure 5. (a) Preoperative images of patient 3, showing the lesion involving the inferior clivus,
right occipital condyle, and atlas (arch and right articular mass). (b) MRI obtained after the first
unsuccessful attempt at resection via a submandibular approach, showing the biopsy tract (arrow).
(c) Postoperative MRI after transoral–transnasal resection, showing near-total resection of the tumor
with a small residue in the right lateral mass of the atlas (right image).

4. Discussion
4.1. History

The history of the submandibular retropharyngeal approach can be traced back to
1957, when Southwick and Robinson [10] described an extra-mucosal anterior approach
(EMA) to the subaxial cervical region. In 1969, de Andrade and MacNab [10] developed a
cranial variant of this approach, allowing for extension to the C1–C2 region. This technique
was subsequently modified in 1987 by McAfee et al. [1], who added the resection of
the submandibular (SM) gland and the transection of the intermediate tendon of the
digastric muscle to allow for a wider exposure and better mobilization of the hypoglossal
nerve. Other authors have described the usefulness of the submandibular retropharyngeal
approach, providing wide exposure from the clivus to the upper cervical spine, as shown
in Figure 1 [1,3–5,8,11].
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Behari (et al.) presented his experience with this approach in five patients affected
by high cervical extradural cord compression who underwent decompression and fusion
following the traditional McAfee dissection steps. The authors reported some complica-
tions such as neurological deterioration in two patients and concluded that the approach
is extremely useful and safe in accessing anteriorly situated lesions at the C1–C3 level,
achieving a wide exposure and allowing for anterior fixation during the same surgical
procedure [12].

Park et al. adopted the approach in 15 patients that underwent decompression and
fusion on the upper cervical spine and concluded that the approach was feasible and
without severe morbidities [13].

More recently, in 2010, Traynelis and Fontes [14] reported their experience with this
approach, extending the exposure rostrally through careful soft tissue dissection and
mobilization of the superior thyroid artery, without resecting the submandibular gland or
transecting the digastric muscle.

A variant of the SMA was described by Ricciardi et al., who investigated on cadaveric
specimens the feasibility of a simultaneous anterior decompression and fixation of the
CVJ through a submandibular extramucosal route [15]. The authors concluded that this is
feasible and could result in a shorter duration of surgery, avoiding complications related
to both the transmucosal approach [16] and the prone position, although specific related
risks exist. Ultimately, De Bonis [6] described a simplified submandibular approach in four
steps, as compared to the more elaborate description by McAfee [1].

4.2. Surgical Procedure, Technical Nuances, and Potential Complications

In the SRA, the head is rotated about 30 degrees towards the contralateral side and
extended. This allows for further cranial exposure, as the inferior rim of the mandible and
mandibular angle naturally limit the access. According to the literature, the CVJ exposure
and the working angles were comparable with those measured in transmucosal approaches
(TMA), i.e., transoral and transnasal approaches (Figure 1) [12,13,16–20]. It has been pre-
viously reported that extramucosal approaches reduce the risk of dysphagia, dyslalia,
snoring, and other postsurgical conditions related to the upper respiratory and oropha-
ryngeal tracts [21]. However, as previously noted by several authors for the treatment
of parapharyngeal tumors, the SRA is not free of complications, such as dysphagia and
dysphonia due to due to hypoglossal nerve manipulation and/or damage to the superior
laryngeal nerve, drooling due to damage to the inferior marginal mandibular branch of the
facial nerve, and salivary fistula as a possible consequence of resection of the submandibu-
lar gland, which is advocated by some authors to increase exposure reaching up to the
clivus [22]. Many authors suggest dividing the digastric and stylohyoid muscles to allow
for greater mobilization of midline structures [11,21,23]; however, this has the potential
for injuring the hypoglossal nerve, which runs close to the digastric belly. Other authors
perform a complete dissection of this nerve to clearly identify and mobilize it [24–27];
nonetheless, nerve manipulation can lead to postoperative transient tongue weakness and
thus speech and swallowing problems. Some authors underline the need to identify the
thyrohyoid membrane together with the internal branch of SLN [24–26,28–30]; however,
this step could carry the potential for nerve injury [13]. Transient palsy of the mandibular
branch of the facial nerve has also been reported; some authors, therefore, advocate a lower
skin incision, further from the mandible, to protect this nerve branch.

For the above-mentioned reasons, the McAfee approach represents a viable and
strategic surgical approach, although complex and associated with potential significant
comorbidities. To overcome these drawbacks, the group of De Bonis [6] proposed a
simplification of the McAfee approach, with the rationale that the risks associated with the
meticulous dissection involved in the latter approach were not justified by a significant
increase in surgical exposure. The modified technique consists of four steps and involves
dissection between the supero-lateral border of the hyoid bone and the digastric muscle
tendon (Table 1).
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Table 1. Description of the “standard” technique and its subsequent simplifications.

Mcafee et al. [1] De Bonis et al. [6] Our Technique

1. Positioning
2. Skin incision
3. Submandibular gland
dissection
4. Facial artery ligation
5. Carotid artery identification
and superior thyroid artery
ligation
6. Digastric muscle
transection
7. Digastric muscle belly
dissection
8. Hypoglossal nerve
dissection and elevation
9. Hyoid bone lateral horn
dissection
10. Superior laryngeal nerve
dissection and retraction
11. Retropharyngeal space
exposure

1. Positioning
2. Incision of the superficial
layers
3. Dissection of the plane
between greater horn of the
hyoid bone and the tendon of
the digastric muscle
supero-laterally
4. Retropharyngeal space
exposure

1. Positioning
2. Incision of the superficial
layers
3. Blunt dissection of the
parapharyngeal space, using
the greater horn of the hyoid
bone and the submandibular
gland as landmarks that are
palpated but not dissected

This technique is illustrated in five surgical cases: two of them had a C2–C3 herniated
disk with myelopathy, the other two had unstable Hangman fractures, whereas one had
a C2–C3 osteophyte causing dysphagia. The authors explain how they were able to
adequately access all these pathologies without the need to identify and dissect the bellies
of the digastric muscle, hypoglossal nerve, etc., with no surgical complications.

4.3. Original Considerations and Simplification of the Approach

In our experience, dissection around the greater horn of the hyoid bone and digas-
tric tendon is not necessary and could lead to inadvertent exposure and damage to the
hypoglossal nerve. We have, therefore, developed a further simplification of the approach,
comprising only three steps.

Our technique does not involve dissection of the tendon of the digastric muscle. For
orientation, the greater horn of the hyoid bone is identified by palpation; this represents a
crucial landmark, together with the inferior belly of the submandibular gland (see Section 2).
We do not perform any dissection between the supero-lateral border of the hyoid bone and
the digastric tendon, thus minimizing complications related to inadvertent damage to the
hypoglossal nerve.

The main limitations of our technique are related to its simplicity. Since dissection of
the anatomical structures is kept at a minimum, the working corridor, although adequate to
access the antero-lateral portion of the CVJ, is not as comfortable as the one obtained with
the conventional SRA. Our approach offers excellent access to the body of C2, the odontoid
process, and the lower aspect of the anterior C1 arch, as illustrated in case 1 (midline C2
chordoma); it provides a sufficient access to paramedian pathology at the C1–C2 junction
(case 2, paramedian C1–C2 hyperostosis), while the exposure of pathology that is located
further cranially and laterally is suboptimal (case 3, C1 tumor with lateral extension). Of
note, as stated above, the technique previously reported by De Bonis [6] was used to access
pathology at the C2 and C3 levels.

To summarize, the optimal indication for our approach is represented by midline
lesions involving C2 body and odontoid process, such as tumors, anterior compressive
pathology (both of degenerative and malformative nature), and traumatic conditions.

For lesions that present an asymmetrical lateral extension, a contralateral approach
(i.e., from the side opposite to the major extension of the lesion) is indicated, allowing us
to reach up to the C1–C2 junction by working along the major axis of the pathology. For
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lesions located at the level of C1 or above, especially off the midline, the exposure provided
by our approach is suboptimal. We therefore stress the importance of accurate patient
selection to obtain the most out of this technique while benefiting from its simplicity and
lower complication risk.

From a technical perspective, a microscope can be use when working at the level of
C2 (Figure 6); endoscopic assistance with 0◦ and 30◦ optics is instead mandatory when
targeting C1. Even with the use of an endoscope, obtaining a proper access to C1 lesions
can be difficult, especially when they are located off the midline.
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Figure 6. (a) Photograph obtained during the operation on patient 1, showing the visual and working
angle. When targeting C2, it is possible to use a microscope. (b) For lesions located at C1 and
above, endoscopic assistance is mandatory, as shown in this photograph obtained during surgery on
patient 3.

5. Conclusions

The classic SRA is a demanding approach that requires detailed knowledge of sub-
mandibular region anatomy and ENT surgical support, and it carries a considerable risk
of complications. Consequently, the SRA is rarely performed. In this paper, we propose a
simplification of the traditional SRA, reducing the procedure to only three steps, allowing
for more straightforward exposure of the antero-lateral CVJ.

Our technique is based on the identification of a natural anatomical corridor between
two key landmarks, the inferior belly of the submandibular gland (superiorly) and the
greater horn of the hyoid bone (infero-medially). No dissection is required besides opening
the virtual space between the buccopharyngeal fascia and the carotid sheath. As shown
through our case presentations, the oblique surgical route offers an optimal exposure of
midline C2 pathology, with possible lateral and cranial extension to the contralateral C1–C2
junction. With endoscopic assistance, it is also possible to access C1 pathology, although
with suboptimal results.

We have illustrated the similarities and differences between the classic Southwick and
Robinson approach, its variations, and our modification of the SRA that makes it more
easily suitable for CVJ pathology up to the C1–C2 junction, offering an alternative to the
more commonly used anterior transmucosal approaches.

Author Contributions: Conceptualization, M.V. and F.S.; methodology, M.V., A.B. and F.S.; validation,
M.V. and F.S.; investigation, M.V.; data curation, M.V., A.B., M.F.D. and A.A.B.; writing—original
draft preparation, A.A.B., M.F.D. and A.B.; writing—review and editing, M.V., A.B., F.S. and F.Z.;
supervision, M.V.; project administration, M.V. and F.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.



J. Clin. Med. 2024, 13, 3755 10 of 11

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Due to the nature of the study, no approval by the institutional review board was
necessary. The institutional board code for retrospective studies is N◦ 3787.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: All the data generated in the present study have been included in this
paper after anonymization.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. McAfee, P.C.; Bohlman, H.H.; Riley, L.H.; Robinson, R.A.; Southwick, W.O.; Nachlas, N.E. The Anterior Retropharyngeal

Approach to the Upper Part of the Cervical Spine. J. Bone Jt. Surg. Am. 1987, 69, 1371–1383.
2. McDonnell, D.E. Anterolateral Cervical Approach to the Craniovertebral Junction. Neurosurg Oper Atlas 1991, 1, 147–164.
3. McDonnell, D.E.; Harrison, S.J. High Retropharyngeal Approach to the Craniovertebral Junction. In Perspectives in Neurological

Surgery; Thieme Medical Publishers: New York, NY, USA, 1996; pp. 121–141.
4. de Andrade, J.R.; Macnab, I. Anterior Occipito-Cervical Fusion Using an Extra-Pharyngeal Exposure. J. Bone Jt. Surg. Am. 1969,

51, 1621–1626. [CrossRef]
5. Vender, J.R.; Harrison, S.J.; McDonnell, D.E. Fusion and Instrumentation at C1-3 via the High Anterior Cervical Approach.

J. Neurosurg. 2000, 92, 24–29. [CrossRef]
6. De Bonis, P.; Musio, A.; Mantovani, G.; Pompucci, A.; Visani, J.; Lofrese, G.; Scerrati, A. Simplified Four-Step Retropharyngeal

Approach for the Upper Cervical Spine: Technical Note. Eur. Spine J. 2020, 29, 2752–2757. [CrossRef]
7. Visocchi, M.; Di Martino, A.; Maugeri, R.; González Valcárcel, I.; Grasso, V.; Paludetti, G. Videoassisted Anterior Surgical

Approaches to the Craniocervical Junction: Rationale and Clinical Results. Eur. Spine J. 2015, 24, 2713–2723. [CrossRef]
8. Salle, H.; Cavalcanti Mendes, G.d.A.; Gantois, C.; Lerat, J.; Aldahak, N.; Caire, F. Endoscopic Submandibular Retropharyngeal

Approach to the Craniocervical Junction and Clivus: An Anatomic Study. World Neurosurg. 2017, 106, 266–276. [CrossRef]
9. Visocchi, M.; Doglietto, F.; Della Pepa, G.M.; Esposito, G.; La Rocca, G.; Di Rocco, C.; Maira, G.; Fernandez, E. Endoscope-Assisted

Microsurgical Transoral Approach to the Anterior Craniovertebral Junction Compressive Pathologies. Eur. Spine J. 2011, 20,
1518–1525. [CrossRef]

10. Whitesides, T.E.; McDonald, A.P. Lateral Retropharyngeal Approach to the Upper Cervical Spine. Orthop. Clin. N. Am. 1978, 9,
1115–1127. [CrossRef]

11. Russo, A.; Albanese, E.; Quiroga, M.; Ulm, A.J. Submandibular Approach to the C2-3 Disc Level: Microsurgical Anatomy with
Clinical Application. J. Neurosurg. Spine 2009, 10, 380–389. [CrossRef]

12. Behari, S.; Banerji, D.; Trivedi, P.; Jain, V.K.; Chhabra, D.K. Anterior Retropharyngeal Approach to the Cervical Spine. Neurol.
India 2001, 49, 342–349.

13. Park, S.-H.; Sung, J.-K.; Lee, S.-H.; Park, J.; Hwang, J.-H.; Hwang, S.-K. High Anterior Cervical Approach to the Upper Cervical
Spine. Surg. Neurol. 2007, 68, 519–524. [CrossRef]

14. Traynelis, V.C.; Fontes, R.B.V. Anterior Fixation of the Axis. Oper. Neurosurg. 2010, 67, ons229–ons236. [CrossRef]
15. Ricciardi, L.; Sturiale, C.L.; Izzo, A.; Pucci, R.; Valentini, V.; Montano, N.; Polli, F.M.; Visocchi, M.; Vivas-Buitrago, T.; Chaichana,

K.L.; et al. Submandibular Approach for Single-Stage Craniovertebral Junction Ventral Decompression and Stabilization: A
Preliminary Cadaveric Study of Technical Feasibility. World Neurosurg. 2019, 127, 206–212. [CrossRef]

16. Visocchi, M. Transnasal and Transoral Approach to the Clivus and the Craniovertebral Junction. J. Neurosurg. Sci. 2019, 63,
498–500. [CrossRef]

17. Visocchi, M.; Signorelli, F.; Liao, C.; Rigante, M.; Paludetti, G.; Barbagallo, G.; Olivi, A. Endoscopic Endonasal Approach for
Craniovertebral Junction Pathologic Conditions: Myth and Truth in Clinical Series and Personal Experience. World Neurosurg.
2017, 101, 122–129. [CrossRef]

18. Skaf, G.S.; Sabbagh, A.S.; Hadi, U. The Advantages of Submandibular Gland Resection in Anterior Retropharyngeal Approach to
the Upper Cervical Spine. Eur. Spine J. 2007, 16, 469–477. [CrossRef]

19. Visocchi, M.; Pappalardo, G.; Pileggi, M.; Signorelli, F.; Paludetti, G.; La Rocca, G. Experimental Endoscopic Angular Domains of
Transnasal and Transoral Routes to the Craniovertebral Junction: Light and Shade. Spine 2016, 41, 669–677. [CrossRef]

20. Visocchi, M.; La Rocca, G.; Della Pepa, G.M.; Stigliano, E.; Costantini, A.; Di Nardo, F.; Maira, G. Anterior Video-Assisted
Approach to the Craniovertebral Junction: Transnasal or Transoral? A Cadaver Study. Acta Neurochir. 2014, 156, 285–292.
[CrossRef]

21. Jiang, T.; Yin, H.; Ren, X.-J.; Chu, T.-W.; Wang, W.-D.; Li, C.-Q. Anterior Reduction and Fusion for Treatment of Massive Tear Drop
Fracture of Axis Combining with Inferior Endplate Serious Traversed Lesion: A Retrospective Study. J. Orthop. Sci. 2017, 22,
816–821. [CrossRef]

22. Laus, M.; Pignatti, G.; Malaguti, M.C.; Alfonso, C.; Zappoli, F.A.; Giunti, A. Anterior Extraoral Surgery to the Upper Cervical
Spine. Spine 1996, 21, 1687–1693. [CrossRef]

https://doi.org/10.2106/00004623-196951080-00011
https://doi.org/10.3171/spi.2000.92.1.0024
https://doi.org/10.1007/s00586-020-06521-5
https://doi.org/10.1007/s00586-015-3873-6
https://doi.org/10.1016/j.wneu.2017.06.162
https://doi.org/10.1007/s00586-011-1769-7
https://doi.org/10.1016/S0030-5898(20)32219-7
https://doi.org/10.3171/2008.12.SPINE08281
https://doi.org/10.1016/j.surneu.2006.11.070
https://doi.org/10.1227/01.NEU.0000381666.38707.65
https://doi.org/10.1016/j.wneu.2019.04.038
https://doi.org/10.23736/S0390-5616.16.03114-3
https://doi.org/10.1016/j.wneu.2017.01.099
https://doi.org/10.1007/s00586-006-0228-3
https://doi.org/10.1097/BRS.0000000000001288
https://doi.org/10.1007/s00701-013-1910-y
https://doi.org/10.1016/j.jos.2017.06.007
https://doi.org/10.1097/00007632-199607150-00015


J. Clin. Med. 2024, 13, 3755 11 of 11

23. Hao, D.; He, B.; Zheng, Y.; Zhang, Z. Single-Stage Anterior Release and Sequential Posterior Fusion for Irreducible Atlantoaxial
Dislocation. Clin. Spine Surg. 2016, 29, E240–E245. [CrossRef]

24. Song, Y.; Tharin, S.; Divi, V.; Prolo, L.M.; Sirjani, D.B. Anterolateral Approach to the Upper Cervical Spine: Case Report and
Operative Technique. Head. Neck 2015, 37, E115–E119. [CrossRef]

25. Ito, K.; Nakamura, T.; Aoyama, T.; Horiuchi, T.; Hongo, K. A Case of Laterally Extended High-Positioned Chordoma Treated
Using the High Cervical Retropharyngeal Approach. World Neurosurg. 2017, 105, 1043.e15–1043.e19. [CrossRef]

26. Yang, J.-S.; Chu, L.; Xiao, F.-T.; Zhang, D.-J.; Wang, Y.; Chen, L.; Ke, Z.-Y.; Hao, D.-J.; Deng, Z.-L. Anterior Retropharyngeal
Approach to C1 for Percutaneous Vertebroplasty under C-Arm Fluoroscopy. Spine J. 2015, 15, 539–545. [CrossRef]

27. Singh, H.; Harrop, J.; Schiffmacher, P.; Rosen, M.; Evans, J. Ventral Surgical Approaches to Craniovertebral Junction Chordomas.
Neurosurgery 2010, 66, 96–103. [CrossRef]

28. Gao, P.; Ye, M.; Ma, Y.; Chen, Y.; Jian, F.; Zhang, H.; Ling, F. Anterior Retropharyngeal Approach for Ventral Perimedullary
Arteriovenous Fistula (PMAVF) in Upper Cervical Spine: Preliminary Report. Clin. Neurol. Neurosurg. 2013, 115, 210–214.
[CrossRef]

29. Qi, C.; Xi, Y.; Chunguang, Z.; Limin, L.; Yueming, S. Anterior Retropharyngeal Reduction and Sequential Posterior Fusion for
Atlantoaxial Rotatory Fixation With Locked C1-C2 Lateral Facet. Spine 2015, 40, E1121–E1127. [CrossRef]

30. Vender, R.J.; Rekito, A.; McDonnel, D. High Anterior Cervical, Retropharyngeal Approach to the Ventral Craniocervical Junction
and Upper Cervical Spine. Neurosurg Oper Atlas 2007, 16, 11–19.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/BSD.0b013e31826be885
https://doi.org/10.1002/hed.23951
https://doi.org/10.1016/j.wneu.2017.06.053
https://doi.org/10.1016/j.spinee.2014.12.014
https://doi.org/10.1227/01.NEU.0000365855.12257.D1
https://doi.org/10.1016/j.clineuro.2012.04.019
https://doi.org/10.1097/BRS.0000000000001018

	Introduction 
	Materials and Methods 
	Illustrative Cases 
	Case 1 
	Case 2 
	Case 3 

	Discussion 
	History 
	Surgical Procedure, Technical Nuances, and Potential Complications 
	Original Considerations and Simplification of the Approach 

	Conclusions 
	References

