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Reconsideration of the transoral odontoidectomy in complex craniovertebral junction patients with irreducible anterior compression
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Abstract
Background
Although the single-stage posterior realignment craniovertebral junction (CVJ) surgery could treat most of the basilar invagination (BI) and atlantoaxial dislocation (AAD), there are still some cases with incomplete decompression of the spinal cord, which remains a technique challenging situation.

Methods
Eleven patients were included with remained myelopathic symptoms after posterior correction due to incomplete decompression of the spinal cord. Transoral odontoidectomy assisted by image-guided navigation and intraoperative CT was performed. Clinical assessment and image measurements were performed preoperatively and at the most recent follow-up.

Results
Eleven patients were followed up for an average of 47 months. Symptoms were alleviated in 10 of 11 patients (90.9%). One patient died of an unknown reason 1 week after the transoral approach. The clinical and radiological parameters pre- and postoperatively were reported.

Conclusion
Transoral odontoidectomy as a salvage surgery is safe and effective for properly selected BI and AAD patients after inadequate indirect decompression from posterior distraction and fixation. Image-guided navigation and intraoperative CT can provide precise information and accurate localization during operation, thus enabling complete resection of the odontoid process and decompression of the spinal cord.
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Background
Basilar invagination (BI) is the most common congenital malformation of the craniovertebral junction (CVJ), and it is characterized by protrusion of the odontoid process into the foramen magnum leading to ventral compression of the spinal cord [1–5]. BI is often associated with atlantoaxial dislocation (AAD), atlas assimilation, Chiari malformation, and other congenital anomalies [6, 7]. For the treatment of BI, direct transoral decompression followed by posterior instrumentation had traditionally been a standard treatment for decades [3, 4, 8–11]. Over the past decade, however, single-stage posterior realignment CVJ surgery to treat BI with AAD has been widely accepted as first-line treatment for this pathological entity, usually obviating the need for a transoral odontoidectomy. Good clinical and radiological outcomes have been reported in most patients with posterior-only treatment [4, 12–14]. However, a small proportion of patients continue to have persistent myelopathy because of incomplete decompression of the spinal cord after the index surgery. A second-stage transoral odontoidectomy to completely decompress the spinal cord is a salvage procedure [13]. Considering the complex bony abnormal configuration and the low overall incidence of this entity, transoral odontoidectomy is still technically demanding [8, 11, 15, 16].
In this article, we describe our experience in the treatment of 11 patients with BI and AAD who had undergone incomplete decompression of spinal cord or continued neurological deterioration following posterior distraction and fixation.
Methods
This retrospective study was conducted under the approval of the ethics committee board of our hospital. Informed consent was obtained from each patient.
Patient population and exclusion criteria
This retrospective analysis included BI and AAD patients who were managed at the Department of Neurological Surgery, Xuanwu Hospital, between December 2011 and March 2018. Out of the 135 treated patients, there were 11 patients with AAD and BI who had continued to have myelopathic symptoms after posterior fixation and distraction. Patients were excluded if they had any of the following: (1) rheumatoid arthritis, (2) OS odontoideum, (3) trauma at the CVJ, (4) infection, (5) osteoporosis, or (6) tumor.
Clinical and radiographic assessment
There were 3 males and 8 females with a mean age of 42.7 years (range from 27 to 66). The demographic and clinical information is shown in Table 1. All 11 patients were treated by transoral odontoidectomy with image-guided navigation (Brainlab AG, Munich, Germany) and intraoperative CT (O-arm, Medtronic Memphis, TN, USA). Residual myelopathy due to incomplete spinal cord decompression or progressive neurological deterioration following the primary procedure was the main reason for secondary surgery. After the index surgery, radiographic imaging with CT and MRI confirmed incomplete or no reduction of the dontoid process, with persistent odontoid impingement on the spinal cord, and thus, a salvage anterior transoral odontoidectomy was performed in these patients. Pre- and postoperative Japanese Orthopedic Association (JOA) scores were collected to evaluate the clinical status before and after the surgery. Pre- and postoperative cervicomedullary angles (CMA) were measured to evaluate spinal cord decompression [17]. CMA was measured as the angle between the ventral part of the upper cervical spinal cord and the ventral part of the medulla oblongata on the sagittal MRI.
Table 1Clinical features, demographic data and the pre- and postoperative JOA scale, CMA, operation time and blood loss


	Pt
	Sex
	Age (y/o)
	Diagnosis
	Duration from first operation (y)
	Follow-up (m)
	JOA (pre)
	JOA (post)
	CMA (pre)
	CMA (post)
	Op time (min)
	Blood loss (ml)

	1
	F
	62
	BI/AAD
	5
	76
	7
	11
	120
	127
	170
	50

	2
	F
	47
	BI/AAD, Chiari malformation, syringomyelia
	2.5
	47
	8
	13
	109
	125
	200
	50

	3
	F
	66
	BI/AAD, syringomyelia
	14
	26
	6
	11
	114
	126
	198
	100

	4
	M
	31
	BI/AAD, Chiari malformation
	1
	20
	8
	10
	131
	135
	160
	100

	5
	F
	38
	BI/AAD
	0.25
	81
	6
	10
	103
	117
	80
	200

	6
	F
	27
	BI/AAD, Klippel-Feil syndrome
	5
	47
	6
	11
	95
	109
	209
	20

	7
	M
	31
	BI/AAD, syringomyelia
	3
	18
	8
	14
	127
	132
	200
	50

	8
	F
	39
	BI/AAD, syringomyelia
	8
	76
	7
	10
	130
	142
	165
	50

	9
	F
	45
	BI/AAD, os odontoidem
	0.3
	59
	7
	13
	145
	149
	185
	150

	10
	M
	39
	BI/AAD
	1.5
	4
	6
	10
	114
	125
	160
	65

	11
	F
	45
	BI/AAD
	2
	8
	8
	12
	124
	133
	188
	106




Statistical analysis
SPSS 19.0 statistic software (SPSS Inc., Chicago, Illinois, USA) was used for all statistical analyses in this study. Descriptive data are represented as means ± standard deviation. Clinical and radiological data pre-, postoperative were compared using the paired t test. A p value of less than .05 was considered to be statistically significant.
Surgical procedure
Before the transoral approach, preoperative CT images were obtained to register the navigation system.
After general anesthesia via endotracheal intubation, the patient was placed in a supine position with the neck slightly extended to gain a better exposure of the odontoid process. The head was fixed with the Mayfield fixation pins, and the table was positioned to maintain the face in a horizontal position (Fig. 1). The reference frame for the navigation system was firmly fixed on the Mayfield clamp. Preoperative CT scans of the craniovertebral junction were registered for navigation. Surface contour registration was then done by a cloud of paired points by using the navigation probe and the infrared optical tracking system. The navigation accuracy was confirmed to be within 1 mm by anatomical marks. After removing the reference frame, the face, nasal cavity, and oral cavity were prepped with 0.5 % iodine. The Davis mouth gag was placed, and bilateral catheters were used to retract uvula to expose the posterior oropharyngeal wall. Using frameless navigation, the midline of the atlas and the base of the odontoid process were identified. The mucosa of the oropharyngeal wall was opened in the midline from the anterior arch of the atlas down to the vertebral body of the axis. The longus capitis and the longus colli muscles were dissected subperiosteally from the midline on both sides to the medial edges of atlantoaxial joints. Under the guidance of navigation, important landmarks were identified, such as the tip and the lateral edge of the odontoid process, and this helped to determine the extent of bony resection (Fig. 2). All patients underwent microscopic transoral odontoidectomy assisted by navigation. The odontoid process and part of C2 vertebral bodies were drilled away in order to completely remove all bony compression of the spinal cord (Fig. 3). The tip of the odontoid process was often scarred to the dura, and the ligaments and scar tissue were dissected off with blunt dissection and with Kerrison rongeurs. An intraoperative CT scan was performed to confirm the extent of bony resection. After confirmation of adequate decompression, the surgical wound was closed in layers. A nasogastric tube was kept in place for 1 week after the operation. Tracheal intubation was removed on postoperative day 1. The patient was begun on a diet on postoperative day 5. Postoperative CT and MRI scans were obtained to assess the adequacy of CVJ decompression and to assess the fixation of the occipitocervical junction 1 week later.
[image: ../images/41016_2020_210_Fig1_HTML.png]
Fig. 1Patient position and navigation assembly. The red arrow indicates reference frame

[image: ../images/41016_2020_210_Fig2_HTML.png]
Fig. 2The incision on the posterior pharyngeal wall, anatomical landmarks, and the resection range of the odontoid process were determined according to the navigation. a Facial surface registration. b, c, d Axial, sagittal, coronal CT navigation image indicating the midpoint of anterior C1 arch lower margin
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Fig. 3a The Davis mouth gag was placed and bilateral catheters were ligated to expose the posterior pharyngeal wall. b Using a diamond microdrill to remove the C2 vertebral body. c Gently removing the residual bony strip with a Kerrison to expose the dura mater. d The dura mater was clearly exposed and the odontoid process was completely resected


Results
Eleven patients had undergone the aforementioned procedure from December 2011 to March 2018. All patients were diagnosed with BI and AAD, six patients were associated with syringomyelia, and 4 had Chiari malformation. All patients had undergone a primary posterior distraction and fixation to decompress the spinal cord by distracting the odontoid process from the cranium. One patient had already undergone a prior anterior transoral decompression and posterior instrumentation at another hospital. Due to incomplete decompression or progressive neurological deterioration, all patients underwent a microscopic transoral odontoidectomy.
The mean time from the primary posterior surgery to transoral odontoidectomy was 3.8 years, ranging from 3 months to 8 years. The most common complaint of these patients was a progressive weakness of the upper and lower extremities (10 patients, 90.9%). Paresthesia occurred in 9 patients (81.8%), and neck pain occurred in 8 patients (72.7%).
The mean follow-up time was 47 months, ranging from 4 to 81 months. Nine patients had significant symptom relief, and 1 patient remained stable. No neurological deterioration after surgery was observed. The mean operative time was 174.1 min, and the mean blood loss was 85.5 ml. The mean JOA score improved from 7.0 ± 0.9 to 11.4 ± 1.4 postoperatively (p < 0.01). The mean CMA improved from 119.3° ± 14.2°to 129.1° ± 11.1° (p < 0.01) (Table 1). One patient had pharyngeal mucosa dehiscence which required repair. No wound infection or cerebral spinal fluid leakage occurred.
After the transoral odontoidectomy, CT and MRI images taken 1 week postoperatively confirmed complete odontoidectomy in 8 patients (Fig. 4), but incomplete odontoidectomy in 3 cases. A second revisional transoral odontoidectomy was performed in 2 cases, and one patient refused a second transoral odontoidectomy. One patient died of unknown causes 7 days after the surgery while asleep. The patient who died was a 31-year-old male, who underwent posterior AAD reduction and fixation 1 year prior. The symptoms did not abate after the posterior operation. The patient then underwent transoral odontoidectomy, and he recovered without incident after the surgery. His neurological symptoms improved and his vital signs were normal. The patient died of sudden death during sleep 1 week after the surgery.
[image: ../images/41016_2020_210_Fig4_HTML.png]
Fig. 4a Sagittal CT image and b sagittal MRI before the first posterior operation, suggesting that the patient had BI and AAD. The spinal cord was compressed from the ventral aspect. c, d Indicating that after posterior distraction and fixation, AAD reduction was not satisfactory, the occipital foramen is enlarged and bone graft fusion is solid. e, f Three months after the operation, CT images suggesting that the odontoid process was fully resected, part of C2 vertebral body was simultaneously resected, and the foramen magnum was further enlarged. g Sagittal MRI revealing decompression of the spinal cord


Discussion
The congenital or developmental bony anomalies at the CVJ are complex and primarily consist of AAD and BI [1, 18, 19]. These abnormalities may cause compression of the spinal cord or medulla, leading to myelopathy, intractable neck pain, and increased risk of worsening neurologic function due to trauma [18, 20]. The main aims of surgical treatments are relieving the cervicomedullary compression, restoring the stability of the CVJ, and restoring normal cerebrospinal fluid flow [18, 21].
Treatment of AAD with BI is still challenging because of abnormal osseous anatomy, and deformities of the facet joint make the reduction of AAD difficult with cervical traction, even under general anesthesia [20, 21]. After the introduction of the posterior distraction and fixation technique, the surgical treatment algorithm had changed from anterior transoral odontoidectomy followed by posterior instrumentation to posterior surgery only [1, 4, 13, 20, 22]. With intraoperative manipulation, spinal cord compression from the odontoid process could be alleviated by the reduction and distraction of the odontoid away from the brainstem and spinal cord. However, there were still cases with persistent neurological symptoms even after posterior reduction and indirect decompression. Possible reasons for inadequate decompression are as follows: (1) the complex bony abnormality hinders reduction of AAD or/ and BI, (2) severe obliquity of facet joint makes the placement of intrafacet spacer difficult or impossible, or (3) abnormal bony auto-fusion secondary to arthritis makes reduction impossible [6, 9, 20, 22]. Under such circumstances, a second stage transoral odontoidectomy could be considered for patients with residual medulla and cervical spinal cord compression.
The anterior approach through the posterior pharyngeal wall is the anatomically shortest path to the ventral aspect of the craniocervical junction [8, 10, 21]. The transoral odontoidectomy was once considered to be the gold standard for decompression at the craniovertebral junction, and this approach has its obvious advantages, such as providing direct access to the craniovertebral junction and avoiding critical anatomic structures ( e.g., Eustachian tube, internal carotid artery, and pterygoid nerve). In the past few decades, transoral odontoidectomy has proven to be a safe and effective surgical technique with low mortality in patients with irreducible AAD associated with Chiari malformation, displaced odontoid fractures, or BI [21]. In congenital anomalies, extremely abnormal osseous anatomy can make it difficult to confirm the midline of the odontoid process which could lead to incomplete odontoidectomy [22]. In BI/AAD patients, local distorted osseous anatomy could also lead to disorientation and asymmetrical odontoid drilling during the transoral procedure. Several studies have reported the use of navigation in the upper cervical spine to overcome this situation, showing good results and safety [23–25]. However, in our series, 3 patients (3/11) had incomplete odontoidectomy even with the help of navigation. Asymmetrical bony drilling toward the dural sac or oblique drilling of the odontoid process may lead to an erroneous estimation of the completeness of the odontoidectomy. In order to address this problem, the intraoperative CT can be a very useful tool to precisely identify the position of the odontoid.
The endoscopic transnasal odontoidectomy, however, only requires an incision in the upper part of the pharynx, and the risk of infection may be less compared with the transoral approach. However, the endoscopic transnasal approach has obvious limitations. The range of exposure to the surgical target area is less, and the surgical instruments can only reach the upper edge of the axis, whereas C3 can be reached through the transoral approach (Fig. 5) [23–25]. Moreover, the surgical window of the transnasal approach is longer and narrower, thus making it more difficult in the manipulation of surgical instruments and demanding more skills from the surgeon [26]. Also, suturing the nasopharynx incision through nasal approach can be more difficult [27, 28]. In addition, if a cerebrospinal fluid leak occurs during surgery, the primary closure is very challenging or even impossible.
[image: ../images/41016_2020_210_Fig5_HTML.png]
Fig. 5Showing the surgical corridor and the extent of exposure of three classic odontoid resection approaches in a patient with BI and AAD. a Transnasal, b transoral, and c transcervical


With regard to the CMA, Wang et al. reported the range of CMA in normal patients ranging from 139.0° to 175.5°, with an average of 158.5° [17]. The CMA is considered to be an effective index to assess the grade of anterior spinal cord compression. In CVJ malformation, especially BI/AAD, the CMA is usually lower than normal [5, 14]. In our series, the mean pre-operative CMA was 119.3° ± 14.2°, the medulla and the spinal cord were severely compressed. After odontoidectomy, the CMA improved to 129.1° ± 11.1° (p < 0.01). Because of the alleviation of ventral bony compression and the reduction of medullary-spinal cord kinking, the patient’s neurological symptoms also improved after surgery.
We previously reported a series of 135 AAD patients with a 3-year follow-up, and we proposed a treatment algorithm [13]. For both reducible and irreducible dislocation patients, direct posterior reduction and fixation procedure would first be attempted. For patients who had no effective decompression after attempted posterior reduction because of anatomic constraints, a postoperative MRI showed that there was still anterior spinal cord compression, and the patient’s clinical symptoms still persisted, a transoral odontoidectomy should be performed.
The application of navigation has been useful in both cranial and spinal surgeries because it provides three-dimensional spatial orientation during surgery [28–30]. When dealing with BI and AAD with abnormal anatomy, navigation affords higher precision and accuracy to help with the odontoidectomy. Navigation also decreases the need for intraoperative fluoroscopy, hence decreases the amount of radiation exposure both to the patient and to the operating room staff.
This study had several shortcomings and limitations such as lacking control group, having a relatively small sample size, and single-institution data. Due to the clinical complexity of this pathology, the heterogeneity of this patients population is relatively large, and the treatment options are also relatively complex. In many cases, the initial posterior surgery was performed at different hospitals, and some patients even have undergone multiple surgeries. Although these are limiting factors, this disease entity tends to be rare, especially in patients who have failed posterior distraction and stabilization.
One patient died suddenly of unknown causes 7 days after the surgery while asleep. We speculated that the patient may die of pulmonary embolism or respiratory failure, which could be caused by long-term compression of the medulla oblongata.
Conclusion
Transoral odontoidectomy as salvage surgery is indicated in some selected patients with BI and AAD after posterior reduction and fixation failure. Transoral odontoidectomy is a relatively safe, technique-demanding, and effective salvage surgery in patients with inadequate posterior reduction and lack of improvement in clinical symptoms, which has a potential risk to damage the spinal cord and respiration center. Navigation assisted by intraoperative CT scan can safely guide the surgical procedure in the modern era, especially for irregular bony anatomy which is common in complex congenital CVJ malformation.
Acknowledgements
Professor Dean Chou of University California San Francisco has offered great help in manuscript editing.

Authors’ contributions
All the listed authors have participated actively in the study. Professor FZJ is responsible for the design and coordination of this retrospective research. Doctor XWW and LBM are responsible for writing and data interpretation. The other doctors (ZLL, ZC, and HW) are responsible for data collection. All author(s) read and approved the final manuscript.

Funding
This work was supported by a grant of the Beijing Board of Science and Technology (Z191199996619048).

Availability of data and materials
All the data and materials of this series are available in the Neurosurgical Datasets of Xuanwu Hospital.

Ethics approval and consent to participate
The manuscript was conducted under the approval of the ethics committee board of Xuanwu Hospital (Number of committee’s reference: [2016]007).

Consent for publication
Not applicable.

Competing interests
Nothing to declare.


References
	1.
Lan S, Xu J, Wu Z, Xia H, Ma X, Zhang K, et al. Atlantoaxial joint distraction for the treatment of basilar invagination: clinical outcomes and radiographic evaluation. World Neurosurgery 2018;111:e135-e141. https://​doi.​org/​10.​1016/​j.​wneu.​2017.​12.​013.

	2.
Ottenhausen M, Alalade AF, Rumalla K, Nair P, Baaj A, Hartl R, et al. Quality of life after combined endonasal endoscopic odontoidectomy and posterior suboccipital decompression and fusion. World Neurosurgery. 2018;116:e571–6. https://​doi.​org/​10.​1016/​j.​wneu.​2018.​05.​041.CrossrefPubMed

	3.
Chang PY, Yen YS, Wu JC, Chang HK, Ly F, Tu TH, et al. The importance of atlantoaxial fixation after odontoidectomy. J Neurosurg Spine. 2016;24(2):300–8. https://​doi.​org/​10.​3171/​2015.​5.​SPINE141249.CrossrefPubMed

	4.
Yin Y-H, Tong H-Y, Qiao G-Y, Yu X-G. Posterior reduction of fixed atlantoaxial dislocation and basilar invagination by atlantoaxial facet joint release and fixation: a modified technique with 174 cases. Neurosurgery. 2016;78(3):391–400. https://​doi.​org/​10.​1227/​NEU.​0000000000001026​.CrossrefPubMed

	5.
Xia H, Yin QS, Ai FZ, Ma XY, Wang JH, Wu ZH, et al. Treatment of basilar invagination with atlantoaxial dislocation: atlantoaxial joint distraction and fixation with transoral atlantoaxial reduction plate (TARP) without odontoidectomy. Eur Spine J. 2014;23(8):1648–55. https://​doi.​org/​10.​1007/​s00586-014-3378-8.CrossrefPubMed

	6.
Iacoangeli M, Nasi D, Colasanti R, Pan B, Re M, Rienzo A, et al. Endoscopic endonasal odontoidectomy with anterior C1 arch preservation in rheumatoid arthritis: long-term follow-up and further technical improvement by anterior endoscopic C1-C2 screw fixation and fusion. World Neurosurgery. 2017;107:820–9. https://​doi.​org/​10.​1016/​j.​wneu.​2017.​08.​063.CrossrefPubMed

	7.
Fujii T, Platt A, Zada G. Endoscopic endonasal approaches to the craniovertebral junction: a systematic review of the literature. J Neurol Surg B. 2015;76(6):480–8. https://​doi.​org/​10.​1055/​s-0035-1554904.Crossref

	8.
Tun K, Kaptanoglu E, Cemil B, Karahan ST, Esmer AF, Elhan A. A neurosurgical view of anatomical evaluation of anterior C1-C2 for safer transoral odontoidectomy. Eur Spine J. 2008;17(6):853–6. https://​doi.​org/​10.​1007/​s00586-008-0647-4.CrossrefPubMedPubMedCentral

	9.
Lee JYK, Lega B, Bhowmick D, Newman JG, O’Malley BW, Weinstein GS, et al. Da Vinci robot-assisted transoral odontoidectomy for basilar invagination. ORL J Otorhinolaryngol Relat Spec. 2010;72(2):91–5. https://​doi.​org/​10.​1159/​000278256.CrossrefPubMed

	10.
Zhang QH, Feng K, Bo Y, Guo HC, Li MC, Ge C, et al. Transoral endoscopic odontoidectomy to decompress the cervicomedullary junction. Spine. 2013;38(14):E901–6. https://​doi.​org/​10.​1097/​BRS.​0b013e3182941735​.Crossref

	11.
Joaquim AF, Tedeschi H, Chandra PS. Controversies in the surgical management of congenital craniocervical junction disorders-a critical review. Neurol India. 2018;66(4):1003–15. https://​doi.​org/​10.​4103/​0028-3886.​237025.CrossrefPubMed

	12.
Cacciola F, Boszczyk B, Perrini P, Gallina P, Lorenzo ND. Realignment of basilar invagination by C1-C2 joint distraction: a modified approach to a paradigm shift. Acta Neurochir Suppl. 2019;125:273–7. https://​doi.​org/​10.​1007/​978-3-319-62515-7_​39.CrossrefPubMed

	13.
Guan J, Chen Z, Wu H, Yao QY, Wang Q, Zhang C, et al. Effectiveness of posterior reduction and fixation in atlantoaxial dislocation: a retrospective cohort study of 135 patients with a treatment algorithm proposal. Eur Spine J. 2019;28(5):1053–63. https://​doi.​org/​10.​1007/​s00586-018-05869-z.CrossrefPubMed

	14.
Jian F-Z, Chen Z, Wrede KH, Samii M, Ling F. Direct posterior reduction and fixation for the treatment of basilar invagination with atlantoaxial dislocation. Neurosurgery. 2010;66(4):678–87. https://​doi.​org/​10.​1227/​01.​NEU.​0000367632.​45384.​5A.CrossrefPubMed

	15.
La Corte E, Aldana PR. Endoscopic approach to the upper cervical spine and clivus: an anatomical study of the upper limits of the transoral corridor. Acta Neurochir. 2017;159(4):633–9. https://​doi.​org/​10.​1007/​s00701-017-3103-6.CrossrefPubMed

	16.
Cirpan S, Sayhan S, Yonguc GN, Eyuboglu C, Guvencer M, Naderi S. Surgical anatomy of neurovascular structures related to ventral C1-2 complex: an anatomical study. Surg Radiol Anat. 2018;40(5):581–6. https://​doi.​org/​10.​1007/​s00276-017-1961-5.CrossrefPubMed

	17.
Wang S, Wang C, Passias PG, Li G, Yan M, Zhou H. Interobserver and intraobserver reliability of the cervicomedullary angle in a normal adult population. Eur Spine J. 2009;18(9):1349–54. https://​doi.​org/​10.​1007/​s00586-009-1112-8.CrossrefPubMedPubMedCentral

	18.
Pinter NK, McVige J, Mechtler L. Basilar invagination, basilar impression, and platybasia: clinical and imaging aspects. Curr Pain Headache Rep. 2016;20(8):49. https://​doi.​org/​10.​1007/​s11916-016-0580-x.CrossrefPubMed

	19.
Wang Q, Mao K, Wang C, Mei W. Transoral atlantoaxial release and posterior reduction by occipitocervical plate fixation for the treatment of basilar invagination with irreducible atlantoaxial dislocation. J Neurol Surg A Cent Eur Neurosurg. 2017;78(4):313–20. https://​doi.​org/​10.​1055/​s-0036-1592199.CrossrefPubMed

	20.
Salunke P, Sahoo SK, Sood S, Mukherjee KK, Gupta SK. Focusing on the delayed complications of fusing occipital squama to cervical spine for stabilization of congenital atlantoaxial dislocation and basilar invagination. Clin Neurol Neurosurg. 2016;145:19–27. https://​doi.​org/​10.​1016/​j.​clineuro.​2016.​04.​001.CrossrefPubMed

	21.
Mummaneni PV, Haid RW. Transoral odontoidectomy. Neurosurgery. 2005;56(5):1045–50.PubMed

	22.
Srivastava SK, Aggarwal RA, Nemade PS, Bhosale SK. Single-stage anterior release and posterior instrumented fusion for irreducible atlantoaxial dislocation with basilar invagination. Spine J. 2016;16(1):1–9. https://​doi.​org/​10.​1016/​j.​spinee.​2015.​09.​037.CrossrefPubMed

	23.
La Corte E, Aldana PR, Ferroli P, Greenfield JP, Hartl R, Anand VK, et al. The rhinopalatine line as a reliable predictor of the inferior extent of endonasal odontoidectomies. Neurosurg Focus. 2015;38(4):E16. https://​doi.​org/​10.​3171/​2015.​1.​FOCUS14777.CrossrefPubMed

	24.
Tanriverdi O, Tugcu B, Gunaldi O, Baydin SS, Demirgil BT, Sam B, et al. The selective odontoidectomy: endoscopic endonasal approach to the craniocervical junction. Journal of Craniofacial Surgery. 2014;25(4):1482–7. https://​doi.​org/​10.​1097/​SCS.​0000000000000788​.CrossrefPubMed

	25.
Rossini Z, Milani D, Nicolosi F, Costa F, Lasio GB, D’Angelo VA, et al. Endoscopic transseptal approach with posterior nasal spine removal: a wide surgical corridor to the craniovertebral junction and odontoid: technical note and case series. World Neurosurgery. 2018;110:373–85. https://​doi.​org/​10.​1016/​j.​wneu.​2017.​11.​153.CrossrefPubMed

	26.
Youssef CA, Smotherman CR, Kraemer DF, Aldana PR. Predicting the limits of the endoscopic endonasal approach in children: a radiological anatomical study. J Neurosurg Pediatr. 2016;17(4):510–5. https://​doi.​org/​10.​3171/​2015.​6.​PEDS14695.CrossrefPubMed

	27.
Tang D, Roxbury C, D'Anza B, Kshettry V, Woodard T, Recinos P, et al. Technical notes on the endoscopic endonasal approach to the craniovertebral junction for odontoidectomy. Am J Rhinol Allergy. 2018;32(2):85–6. https://​doi.​org/​10.​1177/​1945892418762659​.CrossrefPubMed

	28.
Singh H, Rote S, Jada A, Bander ED, Almodovar-Mercado GJ, Essayed WI, et al. Endoscopic endonasal odontoid resection with real-time intraoperative image-guided computed tomography: report of 4 cases. J Neurosurg. 2018;128(5):1486–91. https://​doi.​org/​10.​3171/​2017.​1.​JNS162601.CrossrefPubMed

	29.
Mazerand E, Karmani N, Le Fournier L, Laccourreye L, Fournier HD. Image-guided transoral approach in severe craniovertebral junction malformations at the golden age of endoscopy: regarding 2 cases. Neurochirurgie. 2016;62(5):271–6. https://​doi.​org/​10.​1016/​j.​neuchi.​2016.​06.​005.CrossrefPubMed

	30.
Li L, Wang P, Chen L, Ma X, Bu B, Yu X. Individualized treatment of craniovertebral junction malformation guided by intraoperative computed tomography. J Spinal Disord Tech. 2012;25(2):77–84. https://​doi.​org/​10.​1097/​BSD.​0b013e31820f8afb​.CrossrefPubMed





OEBPS/images/41016_2020_210_Fig3_HTML.png





OEBPS/navigation.xhtml

    
      Contents


      
        		Reconsideration of the transoral odontoidectomy in complex craniovertebral junction patients with irreducible anterior compression


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/41016_2020_210_Fig1_HTML.png





OEBPS/css/envelope.png





OEBPS/images/41016_2020_210_Fig5_HTML.png
i Ueliniliony53555
Jsyngo CT 41987, F,






OEBPS/images/41016_2020_210_Fig2_HTML.png
Overview
® w7 cT)
2017-03-14, 1§25

.

>

ICT)
2017-03-14, 19:25

Axial
® w7 cm)
20170314, 19

Q| =

Coronal
® w71y
2017-03-14 19 25

i o

.
——






OEBPS/images/41016_2020_210_Fig4_HTML.png
Body.
/39.38 0.984;:1 AVERAGE

SI 3™

N

Spin '
Tilt 1’ \
5\






OEBPS/css/sidebar.gif





