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Objective: Spinal reconstruction after resection of invasive craniocervical junction malig-
nancies is fraught with technical and management considerations as well as a paucity of data 
in the existing literature. In this study, we describe our experience with craniocervical junc-
tion malignancies, especially the influence of radiation on the need for revision spinal in-
strumentation.
Methods: We performed a retrospective chart review of all patients who underwent occipi-
tocervical fixation between 2011 and 2019 at The University of Texas MD Anderson Cancer 
Center.
Results: Twenty-five patients had primary malignancies and 12 (30%) had metastatic tumors. 
Thirteen (33%) underwent a staged resection in multiple operations during their hospital 
stay. Tumor resection was performed in 19 patients (48%), while only stabilization was per-
formed in 21 patients (52%). Nine patients (23%) underwent expanded endoscopic tran-
sclival approaches for tumor resection, 10 patients (25%) an extreme lateral approach, and 
2 patients (5%) an anterior open approach. Eleven patients underwent early postoperative 
radiation therapy (within 3 months) and 8 underwent delayed radiation therapy (between 3 
months and 1 year in 7 patients). The revision rate was 8%, with a median time to revision 
surgery of 42 months. The administration and timing of adjuvant radiation therapy relative 
to surgery had no significant effect on the need for instrumentation revision on log-rank 
and Cox regression analyses (p < 0.05).
Conclusion: Revision surgery was needed infrequently in our patients. Postoperative radia-
tion therapy was not associated with hardware failure, indicating that the timing of radia-
tion therapy should be dictated by the diagnosis and can be initiated postoperatively with-
out delay.

Keywords: Craniocervical junction, Instrumentation, Cancer, Radiation

INTRODUCTION

The craniocervical junction (CCJ) is a complex anatomic re-
gion that encompasses the lower clivus, foramen magnum, oc-
cipital condyles, and vertebrae of the atlas and axis, with all of 
their associated ligaments and vascular and neural structures.1 
Primary or metastatic tumors that affect the CCJ can affect the 
stability of this region, resulting in pain, lower cranial nerve dys-
function, cerebral vascular insufficiency, and myelopathy. It is 

estimated that only 0.5% of all spinal metastases occur in the 
CCJ, with the most common histologies being breast, renal, lung, 
and prostate cancer.2 The most common primary tumors of the 
CCJ are chordomas, chondrosarcomas, giant cell tumors, and 
nasopharyngeal carcinomas.2

The surgical approach to tumor resection in the CCJ varies 
according to the underlying pathology, patients’ symptoms, and 
extent of the disease. Modern endoscopic techniques that are 
associated with improvements in intraoperative navigation are 
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frequently used to resect ventrally located tumors that extend 
from the level of the soft palate to the anterior arch of C1.3 A 
transoral extension allows an approach from the lower clivus to 
up to the C3–4 disc. The far lateral transcondylar approach, with 
or without mobilization of the vertebral artery, is used to resect 
dorsal and lateral lesions, as well as tumors located from the mid 
portion of the dens to the lower body of C2.4 These approaches 
are associated with significant disruption of the ligaments and 
bony structures, requiring CCJ fixation.

Craniocervical reconstruction is mandatory in the setting of 
the CCJ malignant disease and extensive adjuvant therapy often 
is required. Additionally, there are concerns regarding the im-
pact of adjuvant therapy on the achievement of mature arthrod-
esis, which drives the wide variability in the spectrum of recon-
struction strategies reported.5 It is also unclear whether radia-
tion therapy should be delayed to allow the development of ar-
throdesis, especially in slow-growing low-grade chondrosarco-
mas, where the time to the initiation of radiation therapy does 
not clearly impact long-term outcomes. In addition to possible 
hindrance of the fusion process, high dose radiation therapy re-
quired for local control of chordomas can induce muscle atro-
phy and subcutaneous scars as well as reducing the blood sup-
ply to discs and cartilage. These pathophysiological processes 
can accelerate degenerative changes within the radiation field. 
Additionally, there are few outcome data on whether the need 
for and timing of radiation therapy affect the need for revision 
spinal instrumentation in CCJ reconstruction patients.

In this study, we evaluated the effect of postoperative radia-
tion therapy on the durability of occipitocervical stabilization in 
a retrospective review of patients who underwent stabilization 
for malignant disease involving the CCJ at a large tertiary can-
cer center. We also describe our experience with CCJ maligna-
nices, especially the influence of radiation on the need for revi-
sion spinal instrumentation.

MATERIALS AND METHODS

1. Patient Selection
A retrospective review was performed with the following in-

clusion criteria: all patients who underwent occipitocervical 
stabilization at The University of Texas MD Anderson Cancer 
Center (Houston, TX, USA) for a CCJ malignancy between 2011 
and 2019 with a greater than 6-month follow-up. The study was 
approved by the Institutional Review Board (IRB) of The Uni-
versity of Texas MD Anderson Cancer Center (IRB No. PA17-
0906), in compliance with regulations set by our institution for 

the study of human subjects, and it met all Health Insurance 
Portability and Accountability Act standards. A waiver of in-
formed consent was granted. Patients were identified via a search 
of a prospectively collected departmental registry. Their clinical 
charts were reviewed to collect baseline characteristics, imaging 
and pathology findings, radiation treatments, and chemothera-
py regimens. Preoperative imaging (computed tomography [CT] 
and magnetic resonance imaging [MRI]) results were assessed 
to determine the extent of tumor invasion of the bony and liga-
mentous structures of the CCJ.

2. Decision Making and Surgical Technique
Decisions pertaining to tumor resection were made in a his-

tology-specific fashion in which radical resection was attempt-
ed for primary malignancies. In cases of metastatic disease, the 
decision to pursue resection versus limited debulking or stabili-
zation was tailored on the basis of the feasibility of adequate tu-
mor control with adjuvant conventional external-beam radia-
tion therapy or spinal stereotactic radiation surgery.6 The deci-
sion to perform occipitocervical fixation was based on the fol-
lowing factors: intractable neck pain, mechanical instability, and 
resection of critical bony and ligamentous structures because of 
tumor involvement or as part of the surgical approach. In trans-
condylar approaches (lateral open, ventral open, or endoscop-
ic), > 70% resection of a single condyle or > 50% of both con-
dyles were the thresholds for fusion. In staged surgical strategies 
in which the fusion was performed separately from the resec-
tion, patients were kept in a halo vest in the interim.

The occipitocervical fixation technique has been well descri
bed.5,6 The construct length was decided based on bone quality, 
osteoporosis, and additional sites of subaxial disease with the 
intent of performing the shortest segment fixation feasible. All 
spinal instrumentation was performed with a midline buttress 
plate on the occiput, pedicle, or pars screws at C2 and lateral 
mass screws in the subaxial spine. Arthrodesis was performed 
with decortication and the use of demineralized bone matrix 
and local autologous bone when available. Complex plastics 
closure with rotational flaps was performed in reoperative cases 
with previous irradiation or a need for extensive soft tissue dis-
section.

3. Outcome Analysis
The primary outcome was time to hardware revision, defined 

as the time from occipitocervical fixation to instrumentation 
failure requiring revision surgery, stratified by a binary measure 
of radiation therapy status (received/did not receive) as well as 
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a binary measure of radiation therapy timing (early > 3 months 
and delayed < 3 months). Reasons for delayed radiation thera-
py include worry of hurting the durability of spinal instrumen-
tation, wound complications such as dehiscence or infection, or 
lack of need due to complete tumor resection. Instrumentation 
failure was identified on the basis of imaging findings (CT or 
MRI) that demonstrated hardware failure and clinical notes 
that confirmed the need for revision surgery. We also analyzed 
the overall survival period of enrolled patients.

4. Statistical Analysis
The frequency distribution and summary statistics were cal-

culated for all variables. Kaplan-Meier estimates of the primary 
outcome were calculated, and survival curves, stratified by ra-

diation therapy status, were compared using the log-rank test at 
a maximum significance of p< 0.05. A Cox regression analysis 
was used to generate the hazard ratio between the radiation ther-
apy and no radiation therapy cohorts, and chi-square was used 
to evaluate the statistical significance of the model at a signifi-
cance level of p < 0.05. All statistical analysis were performed 
using IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY, USA).

RESULTS

1. Study Cohort and Descriptive Data
Forty patients who had undergone instrumented occipito-

cervical fusion at our institution were included. The baseline 
characteristics of the study cohort are shown in Table 1. Twen-
ty-five patients (63%) had primary malignancies, and 12 (30%) 
had metastatic tumors; the remaining 3 patients (8%) had os-
teoradionecrosis. Eighteen patients (45%) had undergone pre-
vious radiation therapy, 9 (23%) had undergone previous che-
motherapy, 11 (28%) had undergone previous surgery for the 
same lesion, and 2 (5%) had undergone previous spinal instru-
mentation. Median follow-up was 18.8 months.

The degrees of preoperative disease involvement of the bony 
and ligamentous structures of the CCJ are shown in Table 2. The 
most common bony site affected by tumor was the C1 lateral 

Table 1. Baseline characteristics of study cohort

Characteristic No. of patients (%)

Sex

   Male 22 (55)

   Female 18 (45)

Age range (yr)

   0–18 3 (8)

   18–35 6 (15)

   35–65 20 (50)

   > 65 11 (28)

Breakdown by histologic diagnosis 

Primary tumor

   Chordoma 16 (40)

   Giant cell tumor 2 (5)

   Pleomorphic sarcoma 3 (8)

   Medulloblastoma 1 (3)

   Neurofibromatosis 1 (3)

   Multiple myeloma 2 (5)

Metastatic tumor

   Colon cancer 2 (5)

   Renal cell carcinoma 5 (13)

   Breast cancer metastasis 4 (10)

   Thyroid cancer 1 (3)

   Osteoradionecrosis 3 (8)

Previous cancer-related treatments directed  
      at the craniocervical junction

   Radiation therapy 18 (45)

   Chemotherapy 9 (23)

   Surgery 11 (28)

   Spinal instrumentation 2 (5)

Table 2. Degree of bony and ligamentous involvement

Variable No. of patients (%)

Severity of bony involvement

Occipital condyles 21 (53)

   Unilateral 17 (43)

   Bilateral 4 (10)

C1 22 (55)

   Partial 22 (55)

   Complete 0 (0)

C2 21 (53)

   Dens 9 (23)

   Body 11 (28)

   Pars 1 (3)

Clivus 12 (30)

Ligamentous involvement

All ligaments 12 (30)

Apical 6 (15)

Transverse 14 (35)

Alar 11 (28)

None 8 (20)
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masses/anterior arch in 22 patients (55%), followed by the oc-
cipital condyles 21 (53%) and the C2 body/dens in 21 individu-
als (53%). Twelve patients (30%) had integrity of all CCJ liga-
ments compromised by the tumor invasion. Individual CCJ lig-
ament involvement occurred as follows: apical ligament, 6 (15%); 
transverse ligament, 14 (35%); alar ligament, 11 (28%), 8 (20%) 
had no significant ligamentous insufficiency suspected. Base-
line characteristics were not significantly different between the 
postoperative radiation and nonpostoperative radiation groups 

using binary logistic regression analysis, shown in Table 3.

2. Surgical Outcomes
Table 4 shows patients’ surgical details and postoperative data. 

Tumor resection was performed in 19 patients (48%), while sta-
bilization alone was performed in 21 (52%). Thirteen patients 
(33%) underwent a staged resection in multiple operations dur-
ing their hospital stay. Nine patients (23%) underwent an ex-
panded endoscopic transclival approach for tumor resection, 
10 (25%) an extreme lateral approach, and 2 (5%) an anterior 
open approach. Eleven patients (28%) had a halo vest placed 
between surgical stages. Thirty-two patients (80%) had 3 to 6 
levels fused. Seven patients (18%) had significant swallowing 
dysfunction requiring a percutaneous endoscopic gastrostomy 
(PEG) before surgery, while 5 (13%) had developed postopera-
tive dysphagia requiring placement of PEG tubes for postopera-
tive nutritional support. Twelve patients (30%) experienced a 
complication within 30 days after surgery. Postoperative radia-
tion therapy was given as early (within 3 months) after surgery 
to 19 patients (48%), and in delayed fashion (between 3 to 12 
months) in 8 patients. The most common radiation therapy 
modalities were proton therapy and stereotactic radiation ther-
apy, with average doses of 70 GyRBE (radiation biological equiv-
alents) and 27 Gy to the clinical target volume, respectively.

3. Primary Outcome Analysis
The median overall survival was 20.3 months. The revision 

rate was 8% (3 patients), with a median time to revision surgery 
of 42 months. Fig. 1 shows the Kaplan-Meier curve when using 

Table 3. Overview of surgical outcomes

Variable No. of patients (%)

Staged surgical resection 13 (33)

Surgical approach for resection

   Endoscopic endonasal 9 (23)

   Extreme lateral 10 (25)

   Anterior open 2 (5)

   No resection 21 (43)

   Halo vest placement 11 (28)

Levels fused with occipitocervical fixation

   Less than 3 levels 5 (13)

   3–6 Levels 32 (80)

   More than 7 levels 3 (8)

   PEG placement 12 (30)

   Tracheostomy placement 12 (30)

30-Day complications 

   Medical complications 5 (13)

   Swelling and emergent tracheostomy 2 (5)

   Wound dehiscence 2 (5)

   CSF leak 1 (3)

   Adjuvant radiation therapy 17 (38)

Time to initiation of radiation therapy

   0–3 Months 11 (25)

   > 3 Months–1 year 8 (18)

PEG, percutaneous endoscopic gastrostomy; CSF, cerebrospinal fluid.

Table 4. Association of baseline characteristics with postoper-
ative radiation using binary logistic regression

Variable Odds ratio p-value

Previous chemo 0.4 0.43

Previous radiation 0.23 0.29

Previous resection 5.1 0.23

Recurrent tumor 4.7 0.28

Metastasis 1.6 0.67

Fig. 1. Kaplan-Meier curve of overall need for revision sur-
gery in patients undergoing occipitocervical fixation for ma-
lignant disease.
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hardware failure and revision surgery as the primary outcome. 
The Kaplan-Meier analysis stratified by postoperative radiation 
therapy did not show statistically significant difference of sur-
vival rate (Fig. 2, p= 0.54). No statistically significant difference 
was found between the 2 cohorts (p= 0.54). Similarly, no statis-
tically significant difference was found (p= 0.55) in a Cox re-
gression analysis (Fig. 2). In the Kaplan-Meier analysis of revi-
sions surgery in the postoperative radiation therapy cohort, strati-
fied by the timing of adjuvant radiation therapy, no statistically 
significant difference of survival was noted between patients un-
dergoing early (less than 3 months postoperatively) versus de-
layed (greater than 3 months) adjuvant radiation therapy (Fig. 3).

We could not find a correlation between presence and timing 
of adjuvant radiation therapy influencing the occurrence of re-
vision surgery. The patient who received early radiation had a 
fall 5 years after surgery and developed traumatic disconnec-
tion of the spinal hardware. The patient who received delayed 
radiation experienced tumor recurrence 3 years after surgery 
leading to a pathologic fracture of C2 and bilateral rod break-
age. The patient who had undergone no postoperative radiation 
therapy experienced loosening of the lateral mass screws ap-
proximately 2 years after surgery.

DISCUSSION

CCJ malignancies pose unique surgical and management 
challenges. Given the unique biomechanical function of this re-
gion and the contributing bony and ligamentous structures, the 
indications for and technique of occipitocervical fixation re-
quire special consideration. A critical management decision is 

the need for and ideal timing of postoperative radiation therapy 
to minimize its negative impact on the wound healing and du-
rability of instrumented spinal stabilization. The results of our 
study indicate that in general, independent of the timing of ra-
diation therapy, revision surgery after occipitocervical instru-
mentation was extremely infrequent. The administration and 
timing of adjuvant radiation therapy did not significantly im-
pact instrumentation outcomes.

The stability of the CCJ stems from its cup-shaped configura-
tion and its ligamentous structures that connect the clivus, dens, 
and atlas. Instability can be induced by tumor invasion of these 
critical structures or the surgical approach employed. Table 2 
describes the severity of bony and ligamentous involvement in 
our patient cohort, which are key variables used to guide surgi-
cal planning. Any disruption involving the transverse ligament 
of the atlas, anterior arch of the atlas, or bilateral disruption of 
the alar ligaments was considered high risk for craniocervical 
instability and we performed occipitocervical fusion in these 
cases. The only cases that we did not consider high risk for in-
stability was resection of the lower clivus with isolated disrup-
tion of the apical ligament.

For example, the far lateral transcondylar approach has been 
shown to result in instability, with 50%–75% condylar resection, 
that is compounded by disruption of the posterior atlantooc-
cipital membrane, along with the alar ligaments.7,8 Beyond bony 
and ligamentous resection, the resection of the adjacent mus-
cular structures that are responsible for CCJ mobility and sta-
bility also contributes to postresection instability as a result of 
the extensive extracompartmental resection outside of the CCJ. 
These surgical considerations factor into determining the indi-

Fig. 2. Kaplan-Meier curve demonstrating impact of adjuvant 
radiation therapy on the need for revision surgery after occip-
itocervical fixation.
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Figure 3: Impact of Adjuvant Radiation Therapy Timing on Need for Revision Surgery 
after Occipitocervical Fixation

Fig. 3. Kaplan-Meier curve demonstrating impact of adjuvant 
radiation therapy timing on the need for revision surgery af-
ter occipitocervical fixation.
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cations for postoperative fixation. Champagne et al.9 recognized 
that there are indeterminate situations in the need for fixation; 
in an effort to avoid the consequences of instrumentation on 
radiation therapy fields, they reported a protocol in which in-
strumentation can be delayed until the need for fixation is clearly 
demonstrated on radiographic follow-up in patients with CCJ 
chordomas.

Spinal reconstruction in the setting of cancer surgery and the 
need for adjuvant therapy is fraught with the obstacles highlight-
ed above. Because of the rarity of malignancies in this CCJ, the 
data regarding reconstruction strategies across all spinal sites 
are limited to retrospective studies; the data regarding CCJ in-
strumented fixation are even more limited. To this effect, Glen-
nie et al.10 performed a systematic review to identify optimal 
strategies in the cancer setting. Regardless of the location along 
the spine, instrumentation revision rates of 7.7%–10% were re-
ported. Arthrodesis techniques included the use of vascularized 
autograft, morcelized allograft, and bone graft substitutes. The 
reported spectrum of techniques highlights the lack of a con-
sensus approach to fixation strategies after cancer ablative sur-
gery. Despite the unique challenges of the CCJ, our revision rate 
compares well to the results of Glennie et al.10 and supports the 
techniques used in our cohort.

Anterior reconstruction was not attempted in any of our cas-
es. We believe that modern spinal instrumentation is adequate 
for the stabilization of the CCJ junction, if there is at least 50% 
of one occipital condyle left. As most of our patients require im-
mediate postoperative radiation therapy or chemotherapy, we 
do not perform harvesting of iliac crest, as the viability of this 
autograft may be compromised by adjuvant therapy. As we ob-
served a low incidence of hardware failure, we prefer to have an 
iliac crest autograft available for eventual hardware revision, where 
radiation therapy will have less chance to negatively affect the 
newly implanted iliac crest graft. All hardware failures in our 
study occurred at the distal end of the construct or with rod 
breakage.

We did not observe the presence of a solid bony fusion that 
bridged the occipital bone to the subaxial spine in any of our 
patients. A longer follow-up period than 18.8 months is needed 
to clarify whether a lack of arthrodesis affects functional out-
comes. We did not observe increased hardware failure or wound-
related complications in patients treated with adjuvant radia-
tion therapy. We attribute the lack of wound-related complica-
tions to our frequent collaboration with plastic surgeons to per-
form muscle advancement flaps or complex free flap reconstruc-
tions in cases that were considered high risk, which included 

prior radiation therapy, prior extensive surgery, severe malnu-
trition, and skin-related trophic changes.

The patients in our series underwent occipitocervical instru-
mented fusion for the treatment of craniocervical instability 
due to malignant disease. Patients with primary tumors under-
went attempted maximal cytoreduction, which required a staged 
anterior and posterior approach. It is our practice to perform 
the anterior operation first, in which the patient’s head is posi-
tioned in extension and rotation. Upon the completion of this 
stage, we place the patient in a halo vest if there is disruption of 
the transverse and alar ligaments, resection of the anterior arch 
of C1 or odontoid process, or compromise of more than 50% of 
the occipital condyle. Upon completion of the posterior approach, 
spinal instrumentation is applied. We do not use cervical braces 
in the postoperative period. All 12 patients in our series with 
metastatic disease were treated with a single-stage posterior ap-
proach. In radiation-resistant histologies, the goal was tumor 
resection to allow adequate spinal cord decompression and de-
livery of tumoricidal doses of postoperative spinal stereotactic 
radiation therapy. In radiation-sensitive tumors, we performed 
posterior instrumented fusion and subsequent external-beam 
radiation therapy.

The incidence of dysphagia requiring PEG placement high-
lights the importance of achieving optimal craniocervical align-
ment. As expected with extensive CCJ malignancies, all patients 
in this cohort who required percutaneous gastrostomy had pre-
existing dysphagia due to tumor involvement of the lower cra-
nial nerves. However, swallowing difficulty as a result of subop-
timal alignment of the CCJ is well-documented in the medical 
literature, with rates of up to 24% in patients even without tu-
mor pathology.11 Several techniques have been reported that 
use preoperative radiographic parameters to assist in optimiz-
ing cervical alignment.12,13 Consistent with Bagley et al.14 we 
found that it is easier to achieve a functionally comfortable align-
ment in patients undergoing staged surgical strategies with postre-
section halo vests. The technique allows patients to report their 
comfort level and be evaluated by speech pathologists in the 
halo prior to being fused permanently into that position. As a 
result, in patients with lower cranial nerve deficits, optimal align-
ment can be used to maintain the ideal function of the muscles 
responsible for deglutition.

We recognize several limitations of this study, including its 
retrospective nature, the relatively short follow-up, the small 
sample size, the lack of standardization in postoperative radia-
tion therapy regimens, the different surgical approaches, the 
heterogeneous tumor histology, and the variability in the num-
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ber of levels instrumented. However, we believe that this series 
represents a real-world sample of rare cases that were managed 
in a tertiary cancer center. Our data suggest that radiation ther-
apy administered in a short interval following instrumented 
occipitocervical stabilization does not affect the durability of 
spinal reconstruction. Longer follow-up and additional studies 
are needed to clarify the durability of spinal constructs in the 
absence of documented solid arthrodesis between the occiput 
and the axial spine.

CONCLUSION

We report a retrospective series of CCJ malignancies treated 
with occipitocervical fixation; we found a low incidence of hard-
ware failure and need for revision surgery. Postoperative radia-
tion therapy did not impact long-term fixation outcomes, pro-
viding evidence that radiation therapy can be postoperatively 
administered without delay. 

NOTES

Conflict of Interest: The authors have nothing to disclose. 
Funding/Support: This study received no specific grant 

from any funding agency in the public, commercial, or not-for-
profit sectors.

Author Contribution: Conceptualization: MM, CT, SR; 
Data curation: MM, LR, FD, CT; Writing - original draft: MM; 
Writing - review & editing: CT, SR

ORCID
Shaan M. Raza: 0000-0003-2722-2781

REFERENCES

1.	Rhoton AL Jr. The foramen magnum. Neurosurgery 2000; 
47(3 Suppl):S155-93.

2.	O’Sullivan MD, Lyons F, Morris S, et al. Metastasis affecting 
craniocervical junction: current concepts and an update on 
surgical management. Global Spine J 2018;8:866-71.

3.	Baird CJ, Conway JE, Sciubba DM, et al. Radiographic and 
anatomic basis of endoscopic anterior craniocervical decom-
pression: a comparison of endonasal, transoral, and trans-
cervical approaches. Neurosurgery 2009;65(6 Suppl):158-63; 
discussion 63-4.

4.	Kawashima M, Tanriover N, Rhoton AL Jr, et al. Compari-
son of the far lateral and extreme lateral variants of the at-
lanto-occipital transarticular approach to anterior extradu-
ral lesions of the craniovertebral junction. Neurosurgery 
2003;53:662-74; discussion 674-5.

5.	Zuckerman SL, Kreines F, Powers A, et al. Stabilization of 
tumor-associated craniovertebral junction instability: indi-
cations, operative variables, and outcomes. Neurosurgery 
2017;81:251-8.

6.	Fourney DR, York JE, Cohen ZR, et al. Management of at-
lantoaxial metastases with posterior occipitocervical stabili-
zation. J Neurosur 2003;98(2 Suppl):165-70.

7.	Bejjani GK, Sekhar LN, Riedel CJ. Occipitocervical fusion 
following the extreme lateral transcondylar approach. Surg 
Neurol 2000;54:109-15; discussion 115-6.

8.	Vishteh AG, Crawford NR, Melton MS, et al. Stability of the 
craniovertebral junction after unilateral occipital condyle re-
section: a biomechanical study. J Neurosurg 1999;90(1 Sup-
pl):91-8.

9.	Champagne PO, Voormolen EH, Mammar H, et al. Delayed 
instrumentation following removal of cranio-vertebral junc-
tion chordomas: a technical note. J Neurol Surg B Skull Base 
2020;81:694-700.

10.	Glennie RA, Rampersaud YR, Boriani S, et al. A systematic 
review with consensus expert opinion of best reconstructive 
techniques after osseous en bloc spinal column tumor resec-
tion. Spine (Phila Pa 1976) 2016;41 Suppl 20:S205-11.

11.	Wang X, Chou D, Jian F. Influence of postoperative O-C2 
angle on the development of dysphagia after occipitocervi-
cal fusion surgery: results from a retrospective analysis and 
prospective validation. World Neurosurg 2018;116:e595-601.

12.	Kaneyama S, Sumi M, Takabatake M, et al. The prediction 
and prevention of dysphagia after occipitospinal fusion by 
use of the S-line (Swallowing Line). Spine (Phila Pa 1976) 
2017;42:718-25.

13.	Takami T, Ichinose T, Ishibashi K, et al. Importance of fixa-
tion angle in posterior instrumented occipitocervical fusion. 
Neurol Med Chir (Tokyo) 2008;48:279-82; discussion 282.

14.	Bagley CA, Witham TF, Pindrik JA, et al. Assuring optimal 
physiologic craniocervical alignment and avoidance of swal-
lowing-related complications after occipitocervical fusion 
by preoperative halo vest placement. J Spinal Disord Tech 
2009;22:170-6.


