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A B S T R A C T   

Background and aim: Direct posterior reduction and manipulation of the C1-2 joints, accompanied 
by placement of spacers, is the state-of-the-art technique for treating basilar invagination (BI) and 
atlantoaxial dislocation (AAD). The hindrance of occiput to reaching up to the true atlantoaxial 
facets (AAF) during the surgery remains challenging for cage placement. The aim of this study 
was to explore an objective and precise method of measuring the effect of the hindrance of 
occiput to reaching up to the true AAF and cage placement during surgery. 
Method: We collected the clinico-imaging data of 58 patients with BI and AAD (Group A) who 
underwent surgery in our hospital, and 78 control cohorts (Group B) were retrieved retrospec-
tively. We measured facet-occiput slope angle (FOSA) in midsagittal CT. Patients were positioned 
prone for surgery based on preoperative flexion O–C2a, and access to the true AAF was observed 
intraoperatively. The cut-off value of FOSA for the feasibility of cage placement in BI and AAD 
patients was appointed when access to the true AAF was impossible due to the hindrance of 
occiput during surgery. 
Results: The cut-off value of FOSA for the feasibility of cage placement was 34o with an area under 
the curve AUC of 0.800 (95 % CI: 0.672–0.928, P < 0.001) and the Youden index of 0.607. In 
patients with FOSA >34o, reaching up to the true AAF and 3D-printed cage placement was 
impossible. FOSA was negative in Group A and positive in Group B, significantly larger in females 
compared to males in both groups and significantly larger postoperatively in Group A. 
Conclusion: FOSA can objectively measure the feasibility of cage placement when the patient is 
positioned prone per preoperative flexion O–C2a. A FOSA >34o is contraindication for cage 
placement.  
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1. Introduction 

BI combined with AAD is a common congenital deformity of the craniocervical junction (CVJ) without known etiology [1]. Direct 
posterior reduction and manipulation of the C1-2 joints followed by fusion and fixed with spacers have substituted transoral decom-
pression with posterior fusion as the primary therapeutic strategy for BI and AAD [2–8]. Spacers utilization is essential if the posterior 
approach alone is used because AAD would reduce without spacers, but the vertical slippage and mobility would persist [9]. 

In severe cases, it is challenging to access the true AAF intraoperatively. Chandra et al. [10] divided the AAF into three categories 
based on sagittal inclination (SI), and in type III (SI > 160o), the spacer was placed in pseudo-joints instead of true AAF. Salunke et al. 
[11] proposed the idea of pseudofacets cage placement when hindrance of the visualization and reaching up to the true facets exists. 
The inclination orientation of AAF in the sagittal plane, its effect on atlantoaxial dislocation, and access to the true AAF have been well 
documented in previous studies [2,12,13]. However, we could not find any specific method in the literature that can predict the 
intraoperative hindrance of the occipital bone to access the true AAF and the feasibility of cage placement in patients having BI and 
AAD. The primary goal of this study was to propose a new angle, which is FOSA, that can predict the intraoperative access up to the 
true AAF and feasibility of cage placement. 

Fig. 1. Flow diagram of the study population.  
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2. Materials and methods 

2.1. Patients selection and study protocols 

Initially, clinical and radiological data of 76 patients (Group A) who presented with clinical manifestations of brainstem 
dysfunction and/or lower cranial neuropathies and with VD > 5 mm and ADI >3 mm on sagittal CT images and underwent surgery in 
our hospital were analyzed retrospectively between January 1, 2019, and July 30, 2022. The inclusion criteria were: Patients clinically 
and radiologically diagnosed with BI and AAD, with or without assimilation; had one or more BI and AAD phenotypic features; and had 
complete imaging and follow-up data. Eighteen cases were excluded due to incomplete imaging and/or follow-up data. Patients with 
any known genetic syndromes, tumors, the trauma of CVJ, severe osteoporosis, and congenital spinal dysplasia; young patients due to 
bone immaturity; segmentation abnormalities of CVJ; and incomplete imaging and follow-up data were exclusion criteria (Fig. 1). 
Finally, 58 patients (19 men and 39 women; mean age, 50.97 ± 13.56 years; range, 18–80 years) with complete imaging data were 
included in this study with a mean duration of 9 years from symptom onset to the clinic visit. 

We recruited 79 consecutive control subjects (Group B) (48 men and 31 women; mean age, 51.72 ± 10.91 years; range, 26–78 
years) who had an X-ray and CT of the cervical spine, including CVJ region for suspected spinal trauma, tumor, or stomatology 
problems. However, there was no evidence of radiographic abnormalities in any of these subjects. 

This study was approved by the ethics committee of the First Affiliated Hospital of Zhengzhou University, and informed consent 
was obtained from all the patients. 

Technical Description of the Surgical Technique: All the patients were placed in the prone position with flexed cervical spine based 
on the preoperative flexion O–C2a (Fig. 2A). After standard exposure, the occipital squama, upper cervical spinous process, laminae, 
and the atlantoaxial joint capsules were exposed with meticulous dissection and cranial retraction of the C2 root for intraarticular 
fusion. In all patients, lateral mass screws were used [14,15] except in cases in which the atlas posterior arch defect or abnormal course 
of the vertebral artery where an occipital plate was utilized. Pedicle screws [16] were favored for axis fixation as they provide greater 
fixation strength, but laminar screws [17] were chosen if the pedicle was too small to accommodate a screw, as determined from the 
preoperative CT scans. 

The AAF was opened and distracted with osteotomes, articular cartilages were removed, and a 3D-printed cage packed with 
morselized autologous bone was placed. The pre-bent titanium rods (3.5 mm) were placed between the C1–C2/occiput-C2 polyaxial 
screws tulips and fastened over the C2 screw head but loosely held in position over the C1/occiput screw head. The traction load was 
removed and brought the head to the neutral position with simultaneous down-pressing of the spinous process of the axis to move the 
odontoid process forward and downward, followed by locking the C1/occipital screw’s nut. Finally, posterior bony cortices were 
decorticated to prepare a fresh bone bed. A composite bone was grafted for posterior fusion. Intraoperative neuromonitoring was 
performed. The final construct was confirmed with fluoroscopy (Fig. 2B). 

2.2. Radiographic measurement 

Odontoid view (open mouth odontoid view), lateral static and dynamic radiographs, CT (1-mm section in neutral position with 
reconstruction), and MRI (plain and contrast views, 1.5T) of the cervical spine including CVJ region were performed preoperatively 
and soon after surgery in all patients. Magnetic resonance angiography (MRA) was only performed preoperatively. Roentgenographs 
and CT scans were obtained on the first follow-up visit (3 months postoperatively) to observe construct position and bone fusion rate 
between C1 and C2 or O–C2. 

An experienced radiologist with over 30 years of experience in neuroimaging and a professor of orthopedics and spine surgery with 

Fig. 2. A: Lateral C-Arm radiograph of the patient to confirm the flexion position in accordance with preoperative flexion O–C2a (<ABC). The 
radiograph is taken after the patient is positioned prone and before the opening up of the lateral atlantoaxial joint. Oc: occiput, C1: atlas vertebra, C2: 
axis vertebra, HP: hard palate; B: Intraoperative lateral C-Arm radiograph showing position of the cage and final construct. 
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more than 35 years of experience in this field performed the measurements, and the average was calculated. We measured FOSA, O–C2 
angle (O–C2a), atlantodental interval (ADI), cervicomedullary angle (CMA), and vertical distance (VD). 

FOSA is formed between the line drawn from the lateral atlantoaxial facet to the occiput and another line drawn parallel to the 
inferior facet of the atlas in the parasagittal CT view (Fig. 3A–D). The angle is drawn in reference to the midpoint of the lateral mass of 
the axis in the mid-coronal CT view, which is 14 mm on average from the long axis of the odontoid process [18,19]. The long axis of the 
odontoid process is the line joining the midpoints of the C2 and C3 uncinate processes to the tip of the odontoid process [20]. FOSA is 
positive if the occiput is located above the level of the lateral atlantoaxial facet in the sagittal view and negative when the occiput is 
located below the AAF level. O–C2a is subtended between McGregor’s line and the inferior endplate of C2 and measured on lateral 
X-ray (Fig. 3E and F) [21]. ADI is the shortest distance between the posterior point of the anterior C1 arch and the dens body junction in 

Fig. 3. A&B: Schematic representation of FOSA. In reference to the midpoint of the lateral mass of axis on mid-coronal CT view (green line A), which 
is 14 mm on average from the long axis of the odontoid process [18,19]A, on para-sagittal view B, line A(red) is drawn from the lateral atlantoaxial 
facet to the occiput, and line B(red) is drawn parallel to the inferior facet of atlas; the angle formed by line A and B on parasagittal view is FOSA. The 
long axis of the odontoid process is the line joining the midpoints of the C2 and C3 uncinate processes to the tip of the odontoid process [20]. In 
parasagittal view, line A is fixed while line B changes with the caudorostral position of the occiput relative to the lateral atlantoaxial articulation. If 
the occiput is located above the level of the lateral atlantoaxial facet on sagittal view, FOSA is positive, while FOSA is negative when the occiput is 
located below the joint level; C: positive FOSA as line B located below line A; D: Negative FOSA as line B located above line A. E: Sketch of O–C2 angle 
formed by McGregor line and base of C2 vertebra, Hp = Hard palate, Oc: occiput, F: O–C2a in cervical lateral static X-ray < ABC. 
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the sagittal CT scan [22]. In MRI view, CMA is formed between the line parallel to the anterior side of the medulla oblongata and the 
line parallel to the ventral side of the upper cervical spinal cord [23]. 

VD is measured between Chamberlain’s line and the odontoid tip in the midsagittal CT view. Negative VD denotes the odontoid tip 
rostral to Chamberlain’s line and positive verse versa. 

2.3. Statistical analysis 

All values were stated as mean ± standard deviation. We used the chi-square and independent-sample t-test to compare the cat-
egorical and continuous variables between the groups, Pre- and postoperative imaging parameters were compared using the paired- 
samples t-test. The intraclass correlation coefficient (ICC) was used to investigate the reproducibility of measures between the ex-
aminers. The correlation between two continuous values was examined using the Pearson correlation coefficient. The receiver 
operative curve (ROC) of FOSA was reconstructed, and the area under the curve (AUC) was calculated to identify the accuracy of this 
parameter in predicting the feasibility of cage placement. FOSA was considered of high accuracy if AUC is > 0.9, while 0.7 to 0.9 
indicates moderate accuracy [23]. The optimal cut-off value of FOSA for predicting the feasibility of cage placement was determined 
by the ROC curve using the Youden index (J) [24,25]. We used a multiple regression analysis to examine the association of FOSA with 
either OC2a or CMA, with FOSA as the dependent variable. The independent variables were age, sex, OC2a, and CMA. The value was 
taken as statistically significant when a two-tailed a < 0.05. 

3. Results 

3.1. Patient characteristics 

In Group A, the interval of symptoms was from 7 months to 19 years (mean ± SD, 9.62 ± 5.83 years). Progressive quadriparesis 
(89.66 %) was the leading complaint, followed by head and neck pain (67.24 %) and unsteady gait (51.72 %). Among the associated 
pathologies, vertebral artery anomalies were the foremost accompanied pathology (55.17 %), followed by K–F syndrome (53.45 %) 
and O–C1 assimilation (51.72 %). The sex difference between the two groups was statistically significant (P = 0.002) (Table 1). The 
number of females was higher than males in the patients’ group and vice versa in the control cohort. 

3.2. Clinical outcomes 

There were no postoperative neurological deterioration or swallowing difficulties. Fifty-three (91.38 %) patients improved clini-
cally, and 4 (6.9 %) had stable symptoms. One patient (1.72 %) in the transoral procedure had postoperative wound and upper 
respiratory tract infections and died in the intensive care unit (ICU). There was no cerebrospinal fluid (CSF) leakage, cage subsidence, 
or displacement in any patients. Two patients of the posterior fusion procedure had surgical site infections and healed after antibiotics 
infusion and dressing. 

3.3. Radiological analyses 

FOSA was positive in Group B (100 %), while in Group A, it was negative 62.1 % and 75.9 % on the right and left sides, respectively. 
The O–C2a-NP, O–C2a-Hp, and CMA showed significantly smaller values in Group A than in Group B (P < 0.05) (Table 2). Females 
showed a larger mean value of FOSA in both groups (both sides, P < 0.0) (Table 3). In Group A, O–C2a-NP showed a significantly larger 
mean value in males than in females (P < 0.05), but this difference was insignificant in Group B (P = 0.426). Compared to the pre-
operative period, the mean value of negative FOSA significantly decreased on both sides (P < 0.001), and the mean value of CMA 
significantly increased after surgery (P < 0.001) (Table 4). 

The ROC showed that FOSA had moderate accuracy in predicting cage placement feasibility with an AUC of 0.800 (95 % CI: 
0.672–0.928, P < 0.001). The optimal cut-off point was 34o, with 85 % sensitivity and 75.7 % specificity (Fig. 4). The Youden index 

Table 1 
Demographic data of study population (both groups).  

Characteristics Group-A (58) Group-B (79) χ2/t-Value P-value 

N (%) N (%) 

Sex 
Male 19(32.8 %) 48(60.8 %) 10.494 0.002a 

Female 39(67.2 %) 31 (39.2 %) 
Age(years) Mean ± SD 50.91 ± 13.69 51.72 ± 10.91 − 0.384 0.702þ 

Diabetes 10(16.95 %) 12(15.00 %) 0.097 0.756a 

Hypertension 8(13.56 %) 10(12.5 %) 0.034 0.854a 

Active smoker 20(33.90) 37(46.25 %) 2.142 0.143a  

a Chi-square test. 
þ independent sample t-tes. 
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was = 0.607. Patients with a FOSA of ≤34o were feasible for cage placement. The true AAF was neither visualized nor accessible for 
cage placement intraoperatively in patients with FOSA >34o. 

The preoperative FOSA showed a significant positive correlation with VD (r = 0.346, P = 0.008) and a significant negative cor-
relation with CAM (r = − 0.362, P = 0.005) and age (r = − 0.265, P = 0.002) (Table 5; Fig. 5A–D) and in Group A. The interobserver ICC 
indicated high interobserver reliability for all angles (Table 6). 

Results of multiple linear regression analyses using CMA, O–C2a-NP, O–C2a-Hp, age, and sex as dependent variables are shown in 
Table 7. 

4. Discussion 

Proper patient positioning is crucial during posterior spine surgery, and the most commonly used position is prone. In addition to 
other complications related to the prone position [26–28], reaching up to the true AAF in patients with BI and AAD remains chal-
lenging for surgeons. In severe cases, reaching up to the true AAF for cage placement during surgery is impossible. We postulate that 
this is caused by two factors: the craniocaudal orientation of AAF in the sagittal plane, which does not change with the head’s 
movement, and the occipital bone’s position in relation to AAF that changes with the movement of the head during prone position. 

We used FOSA to objectively measure the occipital bone’s relationship with the AAF in the para-sagittal plane. Theoretically, in the 
prone position of normal people, entrance to the AAF would be impossible when the head is hyperextended as the occipital bone moves 
caudally and obscures the entrance to the AAF. However, in patients with BI and AAD, the C1-2 facets orient craniocaudally (post-
eroanterior) in the sagittal plane [9], and the atlas is located more caudally concerning the axis in the coronal view (odontoid tele-
scoping into an atlas). Thus, even in the neutral position, the occipital bone may block entrance to the AAF in a small fraction of 
patients with BI and AAD. 

Theoretically, reaching up to the true AAF should be impossible in all negative FOSA cases. However, this is not the case in reality 
for two reasons. Firstly, the surgeon does not operate precisely at 90o to the horizontal plane (FOSA is measured in the horizontal 
plane) but stands slightly caudally to the AAF joint level and reaches up the joint obliquely (caudocranially). Secondly, the patient’s 

Table 2 
Preoperative parameters compared between patients and control cohort.  

Parameters Group-A Group-B t-Value P-Value 

Mean ± SD Mean ± SD 

FOSA –R(o) − 19.25 ± 17.32(+2.69 to − 73.01) 20.52 ± 6.05(5.76–33.04) − 0.535 0.594 
FOSA -L(o) − 17.42 ± 11.14(+2.74 to − 50.60) 18.71 ± 7.14(5.58–39.15) − 0.775 0.44 
ADI (mm) 5.48 ± 2.50 (0.63–12) 1.33 ± 0.57(0.30–3.18) 12.413 <0.001 
O–C2a-Np(o) 10.15 ± 5.61(2.29–28.07) 18.89 ± 7.36 (2.14–36.49) − 7.827 <0.001 
O–C2a-HP(o) 8.91 ± 5.22(0.84–25.24) 11.64 ± 6.67 (1.68–26.55) − 2.117 0.037 
VD (mm) − 11.41 ± 3.37(-5.05 to − 22.15) 2.92 ± 2.03(0.00–7.78) 17.056 <0.001 
CMA(o) 131.58 ± 9.30(118.84–150.40) 153.37 ± 19.72(136.35–174.29) − 7.740 <0.001 

FOSA-R: facet-occiput slope angle on right side; FOSA-L: facet-occiput slope angle on left side; O–C2a-Np:O–C2 angle in neutral position; O–C2a-HP: 
O–C2 angle in hyperflexion position; VD: vertical distance; CMA: cervicomedullary angle. 

Table 3 
Preoperative parameters compared between males and females in both groups.  

Parameters Group-A Group-B 

Male Female t-Value P-Value Male Female t-Value P-Value 

Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

FOSA- R(o) − 18.35 ± 9.23 − 21.54 ± 14.26 1.562 0.021 19.27 ± 6.11 22.45 ± 5.51 2.351 0.021 
FOSA- L(o) − 16.45 ± 7.86 − 19.80 ± 9.81 2.203 0.029 17.02 ± 6.45 21.32 ± 7.46 2.718 0.008 
O–C2a-Np(o) 17.20 ± 8.22 13.42 ± 7.26 − 2.831 0.005 19.43 ± 7.64 18.07 ± 6.94 − 0.801 0.426 
O–C2a-HP(o) 11.02 ± 6.03 9.49 ± 6.08 − 1.159 0.250 11.68 ± 7.11 11.59 ± 6.24 − 0.039 0.969 

FOSA-R: facet occiput slope angle on right side; FOSA-L: facet occiput slope angle on left side; O–C2a-Np: O–C2 angle in neutral position; O–C2a-HP: 
O–C2 angle in hyperflexion position. 

Table 4 
Patients parameters compared between pre- and postoperative periods (only patients).  

Parameters Preoperative Postoperative t-Value P-Value 

FOSA-R − 19.25 ± 17.32 − 14.84 ± 13.87 3.417 <0.001 
FOSA-L − 17.42 ± 11.14 − 14.09 ± 10.54 4.051 <0.001 
O–C2a 10.38 ± 5.50 9.95 ± 6.39 0.312 0.757 
CMA 131.58 ± 9.30 149.09 ± 5.15 − 15.613 <0.001 

FOSA-R: facet occiput slope angle on right side; FOSA-L: facet occiput slope angle on left side, CMA: cervicomedullary angle. 
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upper cervical spine was positioned flexed prone "military tuck" based on the preoperative flexion O–C2a. The inclination orientation of 
FOSA changes with the position of the head and, compared to the neutral position, is more positive in flexion and negative in extension 
positions. Therefore, negative FOSA change to positive and reaching up to the true AAF was feasible. However, in patients with a 
negative FOSA of mathematically greater than 34o on preoperative para-sagittal CT, reaching up to the true AAF was impossible 
intraoperatively even though the patient was positioned with flexed head based on the preoperative flexion O–C2a. 

Although the specificity of FOSA was poor, this value predicts the definite feasibility of cage placement intraoperatively, at least 
theoretically. This value was calculated using an ROC, and for angles mathematically bigger than 34◦, reaching up to the true AAF was 
impossible intraoperatively. 

During prone positioning of patients, a hyperflexed upper cervical spine will cause spinal cord compression. In contrast, over-
extension of the head during a prone position will cause a false larger negative FOSA. We used preoperative flexion O–C2a as a 
reference, intending to decrease position-related complications in the setting of the posterior approach. Preoperative flexion radio-
graphs are taken when the patients are awake. The patients were educated to flex their heads and reach their chin to the chest while 
taking radiographs. However, the patients could not flex their heads beyond the limits where protruding and unstable odontoid causes 
compression of the spinal cord and elicits neurological symptoms. Thus, preoperative flexion O–C2a predicts the safe zone for every 
individual patient and avoids further spinal cord compression that would otherwise be caused by the overflexion of the upper cervical 
spine while positioning the patient for the surgery in an attempt to reach up to the true AAF. 

It is vital to restore the proper occipitocervical relationship when performing occipitocervical fusion to prevent postoperative 
complications [29–34]. The most functional posture for the cranium on the cervical vertebra is occipitocervical "neutral" [35]. The 
O–C2a is a reliable method to determine neutral occipitocervical alignment intraoperatively [30,32,34,36] with good interobserver 
reliability [33], correlation with surgical outcomes [29–31,35–37], and easily measured intraoperatively [31]. 

Both OC2a and FOSA showed a correlation with BI. The positive O–C2a in the neutral position decreased with the severity of BI, 
while negative FOSA increased. However, Pearson’s correlation and linear regression did not show a significant correlation or asso-
ciation between the O–C2a and FOSA. These two angles are measured in two different planes with various characteristics. The O–C2a is 
not affected by the morphological variations of AAF and occiput, while FOSA is affected, which could be the possible cause of the 
absence of correlation between FOSA and O–C2a. Therefore, we could not utilize preoperative flexion O–C2a to predict the feasibility of 

Fig. 4. Receiver operating characteristic (ROC) curve of facet-occiput slope angle (FOSA) for predicting the occurrence of cage feasibility. The area 
under curve (AUC) is 0.800 (95 % CI: 0.672–0.928, P < 0.001). The optimal cut-off point was 34o, with 85 % sensitivity and 75.7 % specificity. 

Table 5 
Correlation between FOSA and various parameters (only preoperative).  

Parameters FOSA 

r-value P-value 

VD (mm) 0.346 0.008 
ADI (mm) 0.051 0.703 
O–C2a-NP(o) − 0.088 0.518 
O–C2a-HP(o) − 0.105 0.492 
CMA(o) − 0.362 0.005 
Age (year) − 0.265 0.002 
Sex − 0.17 0.047 

VD: vertical distance; ADI: atlantodental interval; O–C2a-Np:O–C2 angle in neutral 
position; O–C2a-HP:O–C2 angle in hyperflexion position; CMA: cervicomedullary 
angle. 
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cage placement directly. 
AAD is associated with variable patient age at presentation [2]. FOSA showed a significant negative association with age and CMA 

in our patients. Younger patients with smaller CMA showed larger FOSA. 
The more oblique the inferior facet of the atlas, the larger the negative FOSA; the right inferior articular facet of the atlas was more 

oblique than the left one, according to a morphometric analysis of the atlantoaxial assimilated vertebral specimen [38]. Therefore, the 
mean value of negative FOSA was larger on the right side than on the left. 

Postoperative FOSA was significantly smaller than preoperative, and on both sides, the two sides of AAF were levered and brought 
to horizontal balance in the coronal plane after the surgery. The mean value of FOSA was significantly larger in females than in males in 
both groups (P < 0.05), and the number of female patients was significantly higher than the males. 

The limitations of this study are: 1. We only studied patients of our hospital (single-centered), 2. Patients’ number is not high, 3. The 

Fig. 5. A: Scatter diagram showing statistically significant association of age and FOSA; B: Scatter diagram showing statistically significant asso-
ciation of cervicomedullary angle and FOSA; C: Scatter diagram showing no statistically significant association of O–C2a-Np angle and FOSA; D: 
Scatter diagram showing no statistically significant association of O–C2a-Hp and FOSA. 

Table 6 
Interobserver interclass correlation coefficient of all parameters.  

Parameters ICC 95 % CI P-Value 

R-FOSA-Preop(o) 0.973 0.962–0.981 <0.001 
L-FOSA-Preop(o) 0.928 0.899–0.948 <0.001 
R-FOSA-Postop(o) 0.989 0.976–0.994 <0.001 
L-FOSA-Postop(o) 0.977 0.953–0.989 <0.001 
O–C2a-NP-Preop(o) 0.977 0.968–0.984 <0.001 
O–C2a-NP-Postop(o) 0.978 0.956–0.989 <0.001 
O–C2a-HP-Preop(o) 0.928 0.867–0.961 <0.001 

R-FOSA-Preop: preoperative facet occiput slope angle right side; L-FOSA-Preop: preoperative facet occiput slope angle left side; 
R-FOSA-Postop = postoperative facet-occiput slope angle right side; L-FOSA-Postop: postoperative facet-occiput-slope angle 
left side; O–C2a-Np: O–C2 angle in neutral position; O–C2a-HP: O–C2 angle in hyperflexion position; Preop: preoperative; 
Postop: postoperative; ICC: interclass coefficient. 

M. Alizada et al.                                                                                                                                                                                                       



Heliyon 9 (2023) e21200

9

three-dimensional cage cannot used in severe osteoporotic patients and children with immature bone growth, 4. Short follow-up time. 
A larger multi-institutional study should be conducted to predict the feasibility of placement based on preoperative FOSA more 
accurately. 

5. Conclusion 

Direct posterior reduction and manipulation of the C1-2 joints accompanied by placement of spacers is the state-of-the-art technique 
for treating BI and AAD. The hindrance of occiput to reaching up to the true AAF during operation is crucial for cage placement. FOSA 
can objectively measure the feasibility of intraoperative cage placement when the patient is positioned prone per preoperative flexion 
O–C2a. A FOSA >34o is contraindication for cage placement. 
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Abbreviations 

3D Three dimensional 
AAD Atlantoaxial dislocation 
AAF Atlantoaxial facets 
ADI Atlantodental interval 
AUC Area under the curve 
BI Basilar Invagination 
CMA Cervicomedullary angle 
CSF Cerebrospinal fluid 
CT Computed tomography 
CVJ Craniocervical junction 
FOSA Facet-occiput slope angle 

Table 7 
Association of age or CMA with FOSA from the multiple regression analysis (only preoperative).   

B 95 % Confidence interval β P 

Lower limit Upper limit 

CMA(o) − 0.518 − 0.875 − 0.161 − 0.362 0.005 
O–C2a-Np (o) − 0.199 − 0.893 0.496 − 0.084 0.566 
O–C2a-Hp (o) − 0.054 − 0.825 0.717 − 0.021 0.887 
Age (year) − 0.315 − 0.600 − 0.029 − 0.324 0.032 
Sex − 6.113 − 14.265 2.039 − 0.217 0.137 

all coefficients were adjusted for age, and sex; R2: 0.237; B, unstandardized regression coefficient; β, standardized regression coefficient; OC2a-Np: 
O–C2 angle in neutral position; OC2a-Hp:O–C2 angle in hyperflexion position; CMA: cervicomedullary angle. 
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ICC Intraclass correlation coefficient 
ICU Intensive care unit 
MRA Magnetic resonance angiography 
MRI Magnetic resonance image 
O–C2a Occipital C2 angle 
ROC Receiver operative curve 
SI Sagittal inclination 
VD Vertical distance 
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