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ABSTRACT
Context: Anterior craniocervical junction lesions have always been a challenge for neurosurgeons. Presenting with lower cranial nerve 
dysfunction and symptoms of brainstem compression, decompression is often required. While posterior approaches offer indirect ventral 
brainstem decompression, direct decompression via odontoidectomy is necessary when they fail. The transoral and endoscopic endonasal 
approaches have been explored but come with their own limitations and risks. A novel retropharyngeal approach to the cervical spine has 
shown promising results with reduced complications.

Aims: This study aims to explore the feasibility and potential advantages of the anterior retropharyngeal approach for accessing the odontoid 
process.

Methods and Surgical Technique: To investigate the anatomical aspects of the anterior retropharyngeal approach, a paramedian 
skin incision was performed below the submandibular gland on two cadaveric specimens. The subcutaneous tissue followed by the platysma is 
dissected, and the superficial fascial layer is opened. The plane between the vascular sheath laterally and the pharyngeal structures medially is 
entered below the branching point of the facial vein and internal jugular vein. After reaching the prevertebral plane, further dissection cranially 
is done in a blunt fashion below the superior pharyngeal nerve and artery. Various anatomical aspects were highlighted during this approach.

Results: The anterior, submandibular retropharyngeal approach to the cervical spine was performed successfully on two cadavers highlighting 
relevant anatomical structures, including the carotid artery and the glossopharyngeal, hypoglossal, and vagus nerves. This approach offered 
wide exposure, avoidance of oropharyngeal contamination, and potential benefit in repairing cerebrospinal fluid fistulas.

Conclusions: For accessing the craniocervical junction, the anterior retropharyngeal approach is a viable technique that offers many 
advantages. However, when employing this approach, surgeons must have adequate anatomical knowledge and technical proficiency to ensure 
better outcomes. Further studies are needed to enhance our anatomical variations understanding and reduce intraoperative risks.

Keywords: Basilar invagination, odontoidectomy, submandibular retropharyngeal, transcervical approach, ventral 
decompression

INTRODUCTION

For nearly a century, lesions in the anterior craniocervical 
junction have created a dilemma for neurosurgeons. Lower 
cranial nerve dysfunction and signs of brainstem or spinal 
cord compression are the usual clinical presentations 
of such lesions.[1] Anterior brainstem compression can 
be caused by various pathologies and conditions such 
as basilar invagination,[2] odontoid fracture nonunion,[3] 

rheumatic, infectious, and neoplastic processes.[4‑6] To 
avoid progressive myelopathy and relieve symptoms, such 
cases often necessitate direct decompression.[6,7] Indirect 
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ventral brainstem decompression can be done by posterior 
approaches such as posterior C1–C2 distraction and fixation 
by which neural decompression and atlantoaxial stability 
can be achieved in some circumstances without anterior 
access.[8] If posterior approaches fail, odontoidectomy is a 
well‑established and effective strategy for decompressing 
the anterior craniovertebral junction (CVJ).[9]

Several approaches have been studied to achieve the most 
effective decompression with minimal surgical morbidity. 
Traversing the oral cavity via the traditional transoral 
transpharyngeal approach is the most studied approach.[2,10‑16] 
This direct approach carries potential complications that 
are mostly related to the access route.[4,5,17,18] For example, 
tongue edema, splitting of the soft palate, the need for 
a nasogastric tube,[19] the need for tracheotomy,[20,21] 
velopharyngeal incontinence,[20,21] and nasal regurgitation 
due to late fibrotic soft palate contracture are all reported 
complications.[10] Likewise, this approach increases the risk of 
oral cavity bacterial contamination. Furthermore, undesirable 
cosmetic outcomes are expected in situations where the 
transmandibular route[9,22‑24] or LeFort osteotomies[25‑27] are 
used for wider exposure.

Another approach that gained popularity with increasing 
case reports in the literature, is the endoscopic endonasal 
odontoid decompression, which emerged as an extension of 
the endoscopic endonasal techniques usually used for the 
treatment of skull base pathologies.[28‑31] This approach carries 
the advantage of avoiding the need for a tracheostomy or 
a soft palate‑splitting incision. Moreover, it carries a lesser 
risk of bacterial contamination as the defect created by 
this approach is above the contact level of the soft palate 
with the posterior pharynx where bacteria are lesser in 
number and virulence than those in the oropharynx.[32] 
Additionally, it permits earlier postoperative feeding and 
early extubation.[33] On the other hand, some authors have 
documented an elevated risk of cerebrospinal fluid  (CSF) 
leak and meningitis related to the endoscopic endonasal 
approach.[34] Furthermore, Shriver et al. in their study found 
that the increased incidence of tracheostomy after the 
transoral route is the only complication that significantly 
differs between transoral and endonasal approaches.[35] 
Therefore, while both the transoral and endonasal approaches 
are effective, it is worth exploring less invasive methods with 
a potentially improved complication profile and cosmetic 
outcomes.

Another option to reach the odontoid process is through 
the direct lateral trans‑C1 approach, a variation of the 
established far lateral approach designed for addressing 

pathology ventrolateral to the brainstem and craniocervical 
junction. This adapted technique is typically used for lateral 
lesions without notable ventral or dorsal extension, serving 
as a viable option when the standard far lateral approach is 
deemed overly extensive.[36]

A novel approach has been increasingly adopted, in 
which a routine Smith‑Robinson approach to the cervical 
spine is utilized to establish a retropharyngeal tubular 
odontoidectomy. As shown in Figure  1, a beveled 
tubular retractor system is then used to access C2 and 
the odontoid process without the need for extensive 
retropharyngeal dissection. Many case series and cadaveric 
anatomical studies have consistently demonstrated the 
viability, efficacy, and benefits of this approach over 
alternative methods.[25,37‑42] This approach avoids incision 
of the pharyngeal mucosa and consequently its related 
complications. Additionally, spine surgeons are generally 
familiar with the anatomy and corridor of the anterior 
cervical spine approach. With that background, this article 
reviews pertinent anatomical aspects based on cadaveric 
dissections and aims to demonstrate the feasibility of 
odontoidectomy through a transcervical, retropharyngeal 
approach. Further important anatomic considerations are 
discussed based on the literature.

 METHODS AND SURGICAL TECHNIQUE

Following a paramedian skin incision just below the 
submandibular gland on two cadaveric specimens, the 
subcutaneous tissue followed by the platysma is dissected 
and the superficial fascial layer is opened. Figure 2 shows 
the anatomical structures of relevance. The plane between 
the vascular sheath laterally and the pharyngeal structures 
medially is entered below the branching point of the fascial 
vein and internal jugular vein. The superior pharyngeal 
artery and vein cross this plane. Attempts should be made 
to preserve these structures, which is typically possible. 
Once the prevertebral plane is reached, further dissection 

Figure 1: Three‑dimensional volume rendered model of a cervical spine 
specimen. (a and b) schematically shows the placement and orientation of 
the tubular retractor system to access C2 and the odontoid process
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cranially is done in a blunt fashion below the superior 
pharyngeal nerve and artery, as shown in Figure  3. The 
anterior surface of the odontoid is then exposed, as shown 
in Figure 4.

RESULTS

The anterior, submandibular retropharyngeal approach 
to the cervical spine was successfully completed in two 
cadavers. A cadaveric image and computed tomography (CT) 
reconstruction from one of the specimens dissected with a 
right‑sided approach is shown in Figure 5. In the other cadaver, a 
left‑sided approach was used, which is shown in Figures 6 and 7. 
A cadaveric cross section is shown in Figure 8, highlighting 
relevant anatomy in this region, including the carotid artery, as 
well as the glossopharyngeal, hypoglossal, and vagus nerves.

DISCUSSION

A variety of strategies have been used to approach ventral 
craniocervical junction lesions, and efforts have been made 
to improve the operative view and minimize the operative 
time and potential postoperative complications. This study 
adds to growing evidence demonstrating that anterior 
retropharyngeal approach to the upper cervical spine is a 
viable alternative to transoral surgery, enabling direct anterior 
access to C1 and C2. Additionally, this approach provides the 
flexibility for extension to the lower cervical spine.[25,37,39,43,44]

In 2005, Fong and DuPlessis et al. developed a retropharyngeal 
exposure technique for accessing the odontoid process 
similar to the approach used for anterior transarticular 
screws. While it avoids traversing the oral mucosa and 
benefits from the protective anatomy of the craniocervical 
junction, this approach carries the risk of stretch injury to 
the superior laryngeal nerve, hypoglossal nerve, and marginal 
branch of the mandibular nerve.[43] Therefore, understanding 
regional anatomy is crucial to optimizing the safety profile 
of the procedure.[45‑47]

Figure 2: Cadaver specimen, right‑sided submandibular approach to the high 
cervical spine. Bif Carotid bifurcation, CNXII ‑ Hypoglossal nerve, FV ‑ Facial 
vein, IJV  ‑  Internal jugular vein, Sub  ‑  Submandibular gland. White line 
indicates the level of the mandible

Figure 3: Cadaveric specimen left side. 1 ‑ Cervical fascia, 2 ‑ Vascular sheath 
blue arrow, 3 ‑ Superior thyroid artery, 4 ‑ Superior laryngeal nerve

Figure  4: Cadaveric specimen, right‑sided submandibular approach. 
C2 ‑ Inferior margin C2 vertebral body; LCl ‑ Longus colli left, LCr ‑ Longus 
colli right

Figure  5: Right submandibular approach,  (a) cadaveric specimen, 
(b) three‑dimensional reconstruction of corresponding computed 
tomography scan. C1 ‑ Anterior tubercle of C1, C2 ‑ Inferior margin of the 
C2 vertebral body, LCl ‑ Longus colli left, LCr ‑ Longus colli right, LMr ‑ Lateral 
mass of C2 right
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Park et  al. found that by opening the lower part of the 
submandibular gland capsule and dissecting below the gland 

through this opening, the facial nerve can be spared as it lies 
in a superior and more superficial position. They also found 
that injury to the hypoglossal nerve is another possible 
complication of this approach that leads to unilateral tongue 
palsy and deviation, but dissecting inferior to the digastric 
muscle can avoid excessive traction on this nerve.[48]

Deep to the loop of the superior thyroid artery, lies the 
proximal portions of the superior laryngeal nerve and 
its branches. Injury to this nerve leads to cricothyroid 
muscle palsy and sensory deficit in the laryngeal mucosal 
membrane. Although it may be challenging to diagnose 
unilateral nerve injuries, which are often asymptomatic, 
this problem may carry considerable importance for some 
patients. Another common problem often encountered 
in high cervical approaches is dysphagia, which is often 
transient but can persist for months.[48] In a review 
conducted by Natsis et al. about the origin of the superior 
thyroid artery, numerous anatomical variations were found, 
which make this artery a poor landmark for locating the 
superior laryngeal nerve.[49] An anatomical report done 
by Park et  al. concluded that wide dissection of the 
fascial planes may help decrease the injury risk as less 
force is required for retraction leading to a lower risk of 
stretch‑related injury.[48] Additionally, recurrent laryngeal 
nerve injury is more frequent in the lower cervical approach 
than in upper approach, as in the latter, the surgical corridor 
is above the thyroid cartilage.[50]

A study by Iwanaga et  al. in 2021  aimed to locate the 
pharyngeal branches by dissecting cranial nerves IX and X 
and the sympathetic trunk in the neck of 10 cadavers. The 
study revealed that the pharyngeal branches originating 
from the glossopharyngeal, vagus nerves, as well as the 
superior cervical ganglion, enter the posterior pharyngeal 
wall at the C2–C4 levels approximately 10  mm medial to 
the greater horn of the hyoid bone. It was observed that 
all pharyngeal branches were situated anterior to the alar 
fascia. Additionally, based on the anatomical findings, it was 
determined that the vagus nerve branches to the pharyngeal 
muscles entered at the C3/C4 vertebral levels. This anatomical 
knowledge may aid in reducing the occurrence of nerve injury 
following cervical spine surgery.[51]

Although arterial injury during anterior cervical approach is 
extremely rare,[52,53] it is crucial to preoperatively understand 
the possible arterial anatomical variations, as such injuries 
can lead to serious consequences. Bruneau et  al. studied 
the anatomy of 500 vertebral arteries  (VAs) on different 
imaging modalities. According to their anatomic report, 
failure to identify a tortuous course of the VA during an 

Figure 8: Axial cross section through cadaveric specimen. 1 ‑ Submandibular 
gland, 2  ‑  Digastric muscle, 3  ‑  Stylohyoid muscle, 4  ‑ Mandible, 
5  ‑  Hypoglossal nerve, 6  ‑  Internal jugular vein, 7  ‑  Carotid artery, 
8 ‑ Glossopharyngeal nerve, 9 ‑ Vagal nerve, 10 ‑ C2/3‑disc space

Figure 7: Left submandibular approach,  (a) cadaveric specimen through 
tubular retractor, (b) three‑dimensional reconstruction of corresponding 
computed tomography scan. C1  ‑ Anterior tubercle of C1, C2  ‑  Inferior 
margin of the C2 vertebral body, LCl ‑ Longus colli left, LCr ‑ Longus colli right
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Figure  6: Cadaveric specimen, left‑sided submandibular approach. 
IJV ‑ Internal jugular vein, SLA ‑ Superior laryngeal artery, SupL ‑ Superior 
laryngeal nerve
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anterior approach may result in unintentional damage.[45] 
Furthermore, an increased incidence of VA anomalies in both 
the extraosseous and intraosseous regions is seen in patients 
with osseous anomalies at the CVJ. To mitigate the risk of 
intraoperative VA injury, and understand the anomalous VA 
anatomy before surgery, a three‑dimensional CT angiography 
can be performed preoperatively.[47]

Ultimately, more studies are needed to enhance our 
understanding of anatomy. Future studies must focus on 
anatomical variation investigation to reduce intraoperative 
injury risk. By advancing our anatomical knowledge and 
implementing innovative surgical techniques, we can further 
refine approaches to the craniocervical junction and minimize 
potential complications.

CONCLUSIONS

The anterior retropharyngeal approach is a viable technique 
for reaching the craniocervical junction. This approach 
offers advantages such as wide exposure and avoidance of 
oropharyngeal contamination. It also provides a potentially 
safer environment for managing CSF fistulas. However, due to 
complex region anatomy, this approach requires a high level 
of technical skill and good understanding of the anatomical 
structures to ensure successful outcomes. Cadaveric 
dissection is a potentially useful exercise for surgeons who 
are unfamiliar with this approach to familiarize.

Acknowledgment
We extend our sincere appreciation to NuVasive, Inc. for their 
essential support and contribution to this study.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Zwagerman NT, Tormenti MJ, Tempel ZJ, Wang EW, Snyderman CH, 
Fernandez‑Miranda  JC, et  al. Endoscopic endonasal resection of 
the odontoid process: Clinical outcomes in 34 adults. J Neurosurg 
2018;128:923‑31.

2.	 Apuzzo ML, Weiss MH, Heiden  JS. Transoral exposure of the 
atlantoaxial region. Neurosurgery 1978;3:201‑7.

3.	 Rehman RU, Akhtar MS, Bibi A. Anterior transcervical release with 
posterior atlantoaxial fixation for neglected malunited type II odontoid 
fractures. Surg Neurol Int 2022;13:132.

4.	 Baird CJ, Conway JE, Sciubba DM, Prevedello DM, Quiñones‑Hinojosa A, 
Kassam AB. Radiographic and anatomic basis of endoscopic anterior 
craniocervical decompression: A comparison of endonasal, transoral, 
and transcervical approaches. Neurosurgery 2009;65:158‑63.

5.	 Crockard HA. Transoral surgery: Some lessons learned. Br J Neurosurg 
1995;9:283‑93.

6.	 Suchomel  P, Buchvald  P, Barsa  P, Lukas R, Soukup T. Pyogenic 
osteomyelitis of the odontoid process: Single stage decompression and 
fusion. Spine (Phila Pa 1976) 2003;28:E239‑44.

7.	 Menezes AH, VanGilder JC. Transoral‑transpharyngeal approach to the 
anterior craniocervical junction. Ten‑year experience with 72 patients. 
J Neurosurg 1988;69:895‑903.

8.	 Feng SP, Wang HW, Qiao GY, Yu XG. Indirect ventral brainstem 
decompression by posterior C1‑C2 distraction and fixation for basilar 
invagination. World Neurosurg 2022;163:e98‑105.

9.	 Arbit E, Patterson RH Jr. Combined transoral and median labiomandibular 
glossotomy approach to the upper cervical spine. Neurosurgery 
1981;8:672‑4.

10.	 Crockard HA, Pozo  JL, Ransford AO, Stevens  JM, Kendall  BE, 
Essigman WK. Transoral decompression and posterior fusion 
for rheumatoid atlanto‑axial subluxation. J  Bone Joint Surg Br 
1986;68:350‑6.

11.	 Di Lorenzo N. Craniocervical junction malformation treated by transoral 
approach. A survey of 25 cases with emphasis on postoperative instability 
and outcome. Acta Neurochir (Wien) 1992;118:112‑6.

12.	 Kingdom TT, Nockels RP, Kaplan MJ. Transoral‑transpharyngeal 
approach to the craniocervical junction. Otolaryngol Head Neck Surg 
1995;113:393‑400.

13.	 Menezes AH, VanGilder JC, Graf CJ, McDonnell DE. Craniocervical 
abnormalities. A  comprehensive surgical approach. J  Neurosurg 
1980;53:444‑55.

14.	 Salcman M, Jamaris  J, Leveque H, Ducker TB. Transoral cervical 
corpectomy with the aid of the microscope. Spine  (Phila Pa 1976) 
1979;4:209‑12.

15.	 Shaha AR, Johnson R, Miller J, Milhorat T. Transoral‑transpharyngeal 
approach to the upper cervical vertebrae. Am J Surg 1993;166:336‑40.

16.	 Zileli M, Cagli S. Combined anterior and posterior approach for managing 
basilar invagination associated with type I Chiari malformation. J Spinal 
Disord Tech 2002;15:284‑9.

17.	 Vishteh AG, Beals SP, Joganic EF, Reiff JL, Dickman CA, Sonntag VK, 
et al. Bilateral sagittal split mandibular osteotomies as an adjunct to the 
transoral approach to the anterior craniovertebral junction. Technical 
note. J Neurosurg 1999;90:267‑70.

18.	 Shousha M, Mosafer A, Boehm H. Infection rate after transoral approach 
for the upper cervical spine. Spine (Phila Pa 1976) 2014;39:1578‑83.

19.	 Ponce‑Gómez JA, Ortega‑Porcayo  LA, Soriano‑Barón HE, 
Sotomayor‑González A, Arriada‑Mendicoa N, Gómez‑Amador  JL, 
et al. Evolution from microscopic transoral to endoscopic endonasal 
odontoidectomy. Neurosurg Focus 2014;37:E15.

20.	 Gempt  J, Lehmberg  J, Grams AE, Berends L, Meyer B, Stoffel M. 
Endoscopic transnasal resection of the odontoid: Case series and clinical 
course. Eur Spine J 2011;20:661‑6.

21.	 Patel AJ, Boatey J, Muns J, Bollo RJ, Whitehead WE, Giannoni CM, 
et al. Endoscopic endonasal odontoidectomy in a child with chronic 
type 3 atlantoaxial rotatory fixation: Case report and literature review. 
Childs Nerv Syst 2012;28:1971‑5.

22.	 Delgado TE, Garrido E, Harwick RD. Labiomandibular, transoral 
approach to chordomas in the clivus and upper cervical spine. 
Neurosurgery 1981;8:675‑9.

23.	 Kanamori Y, Miyamoto K, Hosoe H, Fujitsuka H, Tatematsu N, 
Shimizu K. Transoral approach using the mandibular osteotomy 
for atlantoaxial vertical subluxation in juvenile rheumatoid arthritis 
associated with mandibular micrognathia. J  Spinal Disord Tech 
2003;16:221‑4.

24.	 Sciubba DM, Garonzik IM, Suk I, Gallia GL, Tufaro A, Wolinsky JP, 
et  al. Frameless stereotaxy in a transmandibular, circumglossal, 
retropharyngeal cervical decompression in a Klippel‑Feil patient: 
Technical note. Eur Spine J 2006;15:1286‑91.



Yakdan, et al.: Transcervical, retropharyngeal odontoidectomy

398 Journal of Craniovertebral Junction and Spine / Volume 14 / Issue 4 / October-December 2023

25.	 Wolinsky  JP, Sciubba  DM, Suk  I, Gokaslan  ZL. Endoscopic 
image‑guided odontoidectomy for decompression of basilar invagination 
via a standard anterior cervical approach. Technical note. J Neurosurg 
Spine 2007;6:184‑91.

26.	 Balasingam V, Anderson GJ, Gross ND, Cheng CM, Noguchi A, 
Dogan A, et al. Anatomical analysis of transoral surgical approaches to 
the clivus. J Neurosurg 2006;105:301‑8.

27.	 James D, Crockard HA. Surgical access to the base of skull and upper 
cervical spine by extended maxillotomy. Neurosurgery 1991;29:411‑6.

28.	 Wu  JC, Huang WC, Cheng H, Liang ML, Ho CY, Wong TT, et  al. 
Endoscopic transnasal transclival odontoidectomy: A new approach to 
decompression: Technical case report. Neurosurgery 2008;63:E92‑4.

29.	 Nayak  JV, Gardner  PA, Vescan AD, Carrau  RL, Kassam AB, 
Snyderman CH. Experience with the expanded endonasal approach for 
resection of the odontoid process in rheumatoid disease. Am J Rhinol 
2007;21:601‑6.

30.	 Magrini S, Pasquini E, Mazzatenta D, Mascari C, Galassi E, Frank G. 
Endoscopic endonasal odontoidectomy in a patient affected by Down 
syndrome: Technical case report. Neurosurgery 2008;63:E373‑4.

31.	 Laufer I, Greenfield JP, Anand VK, Härtl R, Schwartz TH. Endonasal 
endoscopic resection of the odontoid process in a nonachondroplastic 
dwarf with juvenile rheumatoid arthritis: Feasibility of the approach and 
utility of the intraoperative Iso‑C three‑dimensional navigation. Case 
report. J Neurosurg Spine 2008;8:376‑80.

32.	 Hull MW, Chow AW. Indigenous microflora and innate immunity of the 
head and neck. Infect Dis Clin North Am 2007;21:265‑82, v.

33.	 Goldschlager T, Härtl R, Greenfield JP, Anand VK, Schwartz TH. The 
endoscopic endonasal approach to the odontoid and its impact on early 
extubation and feeding. J Neurosurg 2015;122:511‑8.

34.	 Ivan ME, Iorgulescu JB, El-Sayed I, McDermott MW, Parsa AT, 
Pletcher SD, et al. Risk factors for postoperative cerebrospinal fluid 
leak and meningitis after expanded endoscopic endonasal surgery. J Clin 
Neurosci 2015;22:48-54.

35.	 Shriver MF, Kshettry VR, Sindwani R, Woodard T, Benzel EC, Recinos PF. 
Transoral and transnasal odontoidectomy complications: A systematic 
review and meta-analysis. Clin Neurol Neurosurg 2016;148:121-9.

36.	 Abdullah KG, Schlenk RS, Krishnaney A, Steinmetz MP, Benzel EC, 
Mroz TE. Direct lateral approach to pathology at the craniocervical 
junction: A technical note. Neurosurgery 2012;70:202‑8.

37.	 McGirt MJ, Attenello FJ, Sciubba DM, Gokaslan ZL, Wolinsky  JP. 
Endoscopic transcervical odontoidectomy for pediatric basilar 
invagination and cranial settling. Report of 4 cases. J Neurosurg Pediatr 
2008;1:337‑42.

38.	 Hsu W, Kosztowski  TA, Zaidi  HA, Gokaslan  ZL, Wolinsky  JP. 
Image‑guided, endoscopic, transcervical resection of cervical chordoma. 
J Neurosurg Spine 2010;12:431‑5.

39.	 Ohara Y, Nakajima Y, Kimura T, Kikuchi N, Sagiuchi T. Full‑Endoscopic 

transcervical ventral decompression for pathologies of craniovertebral 
junction: Case series. Neurospine 2020;17:S138‑44.

40.	 Ruetten S, Hahn P, Oezdemir S, Baraliakos X, Godolias G, Komp M. 
Full‑endoscopic uniportal retropharyngeal odontoidectomy for 
anterior craniocervical infection. Minim Invasive Ther Allied Technol 
2019;28:178‑85.

41.	 Ruetten S, Hahn P, Oezdemir S, Baraliakos X, Merk H, Godolias G, 
et  al. Full‑endoscopic uniportal odontoidectomy and decompression 
of the anterior cervicomedullary junction using the retropharyngeal 
approach. Spine (Phila Pa 1976) 2018;43:E911‑8.

42.	 Ye  J, Liu B, Li  J, Zheng G, Duan K, Gao L, et  al. Full‑endoscopic 
uniportal retropharyngeal odontoidectomy: A preliminary case report. 
Front Surg 2022;9:973064.

43.	 Fong S, DuPlessis SJ. Minimally invasive anterior approach to upper 
cervical spine: Surgical technique. J Spinal Disord Tech 2005;18:321‑5.

44.	 Dasenbrock HH, Clarke MJ, Bydon A, Sciubba DM, Witham TF, 
Gokaslan  ZL, et  al. Endoscopic image‑guided transcervical 
odontoidectomy: Outcomes of 15 patients with basilar invagination. 
Neurosurgery 2012;70:351‑9.

45.	 Bruneau M, Cornelius JF, Marneffe V, Triffaux M, George B. Anatomical 
variations of the V2 segment of the vertebral artery. Neurosurgery 
2006;59:S20‑4.

46.	 Ozgen S, Pait TG, Cağlar YS. The V2 segment of the vertebral artery 
and its branches. J Neurosurg Spine 2004;1:299‑305.

47.	 Yamazaki M, Koda M, Aramomi MA, Hashimoto M, Masaki Y, Okawa A. 
Anomalous vertebral artery at the extraosseous and intraosseous regions 
of the craniovertebral junction: Analysis by three‑dimensional computed 
tomography angiography. Spine (Phila Pa 1976) 2005;30:2452‑7.

48.	 Park  SH, Sung  JK, Lee  SH, Park  J, Hwang  JH, Hwang SK. High 
anterior cervical approach to the upper cervical spine. Surg Neurol 
2007;68:519‑24.

49.	 Natsis K, Raikos A, Foundos  I, Noussios G, Lazaridis N, Njau SN. 
Superior thyroid artery origin in Caucasian Greeks: A new classification 
proposal and review of the literature. Clin Anat 2011;24:699‑705.

50.	 Fouad W, Elzawawy E. An anatomical study of the different neurosurgical 
approaches of the cervical spinal cord. Alex J Med 2019;47:43‑51.

51.	 Iwanaga J, Yilmaz E, Loukas M, Xu L, Uz A, Walocha JA, et al. An 
anatomical study of the pharyngeal plexus: Application to avoiding 
postoperative dysphagia following anterior approaches to the cervical 
spine. Clin Anat 2022;35:264‑8.

52.	 Burke JP, Gerszten PC, Welch WC. Iatrogenic vertebral artery injury 
during anterior cervical spine surgery. Spine J 2005;5:508‑14.

53.	 Härtl R, Alimi M, Abdelatif Boukebir M, Berlin CD, Navarro‑Ramirez R, 
Arnold  PM, et  al. Carotid artery injury in anterior cervical spine 
surgery: Multicenter cohort study and literature review. Global Spine J 
2017;7:71S‑5S.


