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Background: Anterior occipital condyle screw (AOCS) could be a feasible alternative 
technique for occipitocervical fusion for reconstruction of craniovertebral junction. This 
study aimed to analyze the feasibility of AOCS.
Methods: The craniovertebral junction computed tomography (CT) scans of 40 adults were 
enrolled and imported into Mimics software. Then, the three-dimensional reconstruction 
digital model of craniovertebral junction was established to determine entry point, insertion 
angle, and screw’s trajectory. After AOCS insertion into ten human cadaver spine specimens, 
CT scans were performed to verify the location between screws and important structures.
Results: The optimal entry point was located caudally and medial to the ventral of occipital 
condyle. The optimal trajectory was in inclination angle (5.9°±3.4°) in the sagittal plane and 
divergence angle (26.7°±6.0°) in the axial plane with the screw length around 21.6±1.2mm. 
None of the screws invaded the hypoglossal canal and vertebral artery in any of the 
specimens.
Conclusion: AOCS fixation is a feasible, novel technique for anterior craniovertebral 
junction reconstruction, and it could be an effective alternative operation for anterior 
reconstruction with titanium mesh cage.
Keywords: anterior occipital condyle screw, craniovertebral reconstruction, optimal 
trajectory, cadaveric study

Background
The craniovertebral junction (CVJ) which connects the spine and skull base is 
a pivotal structure, because it is a complex combination — osseous and ligamen-
tous, with two functions both supporting a large degree of motion, and allowing 
biomechanical stability.1 However, there are some disorders that lead to death and 
disability in CVJ, such as rheumatoid arthritis, tuberculosis, deformity, trauma, 
infection, congenital malformation and tumors. These diseases result in cranial 
nerve dysfunction, limb paralysis, myelopathy and even death.2

Occipitocervical fixation and reconstruction should be performed when CVJ is 
rendered unstable or if there is spinal cord compression caused by those dangerous 
diseases.3 Usually, rod/wires, rod/screw and plate/screw fixation are widely used in 
posterior occipitocervical fusion, such as Luque rod with wires fixation,4 occipital 
squama plate fixation.5 Visocchi et al reported that out of 9 adult patients with 
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craniovertebral junction instability treated with posterior 
occipitocervical fusion, 8 patients had neurological 
improvement without complication,6 and similar 
articles reported that posterior occipitocervical fusion can 
achieve satisfaction and high bone fusion rate.7,8 Whereas, 
adverse events of posterior occipitocervical fusion were 
also reported including vascular injury, cerebrospinal fluid 
leakage, tectorial membrane injury even fixation 
failure.9,10

As for the anterior approach treatments of occipitocer-
vical fusion, the total en bloc spondylectomy using 
a combined approach11 and reconstruction using a clival 
plate with titanium mesh cage have been reported.12 

Although these two methods can guarantee immediate 
immobility and achieve satisfactory bone fusion, lots of 
complications were reported including new neurologic 
deficit, implant failure, cerebrospinal fluid leakage and 
cervical nerve root injury.13,14 And clival plate with tita-
nium mesh cage invaded the skull without long learning 
time and abundant exercises.15 So, optimal internal fixa-
tion which permits stronger support and safe insertion is 
needed.

As a result, the occipital condyle is a hot point and 
regarded as a feasible anchor point in craniovertebral 
junction reconstruction. Zhou et al reported a CT-based 
method for morphometric analysis of 27 fresh-frozen 
human cadaveric, and they concluded that the occipital 
condyle can safely hold a 3.5 mm diameter screw.16 

Tong et al reported that they used occipital condyle-C1 
complex screw in 8 patients with basilar invagination, 
and the screw was not misplaced or poorly positioned 
on the CT-scan and no neurovascular complications were 
detected during follow-up.17 Those studies indicated 
occipital condyle could be a feasible anatomical struc-
ture for occipitocervical fusion. Although posterior occi-
pital condylar screw fixation is regarded as a feasible 
technique for occipitocervical fusion, it is not available 
in cases of high-riding vertebral artery, narrow pedicle 
and previous cervical fusion.18 Transoral anterior occipi-
tal condylar screw fixation (AOCS) can be safely used in 
these situations. Moreover, AOCS can be combined with 
posterior occipitocervical fusion in order to permit 
strong support and maintain alignment.

In this study, we aimed to analyze the anatomical 
parameters and evaluate the optimal screw trajectory of 
AOCS with commercial 3D reconstruction software pack-
age and design a plate based on these parameters. Then, by 

using human cadaveric specimens, we tested the feasibility 
and accuracy of AOCS.

Methods
40 healthy adults had CT scans (Philips Medical Systems, 
Eindhoven, the Netherlands) of the craniovertebral junc-
tion from July 2017 to November 2018 which were 
enrolled in this study. Exclusion criteria were as follows: 
1) patients less than 25 years of age or older than 65 years 
of age, 2) surgical history of craniovertebral junction, 3) 
abnormalities including Klippel-Feil syndrome, atlas 
assimilation and basilar invagination, 4) patients with 
trauma, tumor, rheumatic arthritis. Then, their craniover-
tebral junction 3D models were generated based on CT 
data and the parameters of virtue screws inserted in the 
models were measured.

Then a plate for anterior occipital condyle screw fixa-
tion was designed, which was used to verify the feasibility 
and accuracy of specimen simulation. The flow diagram of 
this study was shown in Figure 1. All patients provided 
written informed consent to participate in our study. This 
study was approved by the Ethics Committee of The 
Affiliated Hospital of Medical School, Ningbo 
University. All patients provided informed consent, and 
this study was conducted in accordance with the 
Declaration of Helsinki.

Digital Measurement of AOCS in 
Volunteers’ 3D Models
A total of 40 suitable patients met the criteria after our 
analysis, with average age 35.4±7.6 years (22 males, 18 
females). Then all patients’ CT scans were converted to 
DICOM 3.0 format, and imported into commercial 3D 
reconstruction software package Mimics 19.0 
(Materialise, Leuven, Belgium). The 3D reconstruction 
model of skull base, occipital and atlas was generated 
(Figure 2).

After generating the 3D model, we inserted the anterior 
occipital condyle screw in these models. The optimal trajec-
tory should have the longest screw length of bicortical 
purchase and not invade the hypoglossal canal or vertebral 
artery. The insertion point was at the medial and caudal on 
the anterior occipital condyle, then one screw was inserted at 
this insertion point and the screw direction was pointed to 
transfigure site of occipital condyle and skull base 
(Figure 3). Then we imported the 3D model and screws 
into 3-matic (Materialise, Leuven, Belgium), and 
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Figure 1 This picture shos the flow of this study.

Figure 2 (A) Sagittal and (B) frontal views of 3D reconstruction model of skull base, atlas and vertebral artery.

Figure 3 The sagittal (A) and axial (B) views of anterior occipital condyle screw fixation, and hypoglossal canal which was not injured by screw.
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built horizontal plane (P1) and vertical plane (P2) of fora-
men magnum and the long axis of screws by Analyze Tool. 
The angle between screw and P1, P2 was inclination angle, 
and divergence angle respectively (Figure 4).

Cadaveric Specimen Verification of AOCS
The plate was designed based on the parameters of anterior 
occipital condyle screw and craniovertebral junction 
(Figure 5). Ten human cadaveric specimens were collected 
from our hospital. The age and cause of death were unknown. 

The specimens were confirmed by CT scans as normal cra-
niovertebral junction to exclude the existence of any defor-
mities, trauma, tuberculosis, tumors, and rheumatoid arthritis.

Measuring Parameters of AOCS in 3D 
Model of Specimens
Firstly, we generated 3D models of 10 specimens in Mimics 
19.0 based on CT scans, and placed plate model to the 
anterior of occipital and atlas. Secondly, screws were 
inserted according to the plate model. Finally, we imported 

Figure 4 (A) The 3D model of skull base, occipital condyle, AOCS, vertebral artery and atlas in 3-matic 19.0, (B) the measurement of divergence angle between AOCS and 
vertical plane (P2) of foramen magnum, (C) the measurement of inclination angle between AOCS and horizontal plane (P1) of foramen magnum, and there was no injury to 
hypoglossal canal or vertebral artery.

Figure 5 The front (A), top (B) and lateral (C) views of 3D reconstruction model of plate.
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3D models into 3-matic 19.0 and measured parameters of 
AOCS.

Measuring Parameters of AOCS in 
Specimens
After exposing the anterior occipital condyle and atlas, we 
firstly put-up plate to the craniovertebral junction and 
inserted screws assisted by plate. Secondly, we performed 
CT scans on those specimens to clarify whether there was 
any hypoglossal canal or vertebral artery injury. Finally, 
the parameters of AOCS in specimens and 3D models 
were measured and compared (Figure 6).

Statistical Analysis
All results were presented as Mean±Standard deviation. 
The left and right occipital condyle’s inclination angle, 
divergence angle and screw length of volunteers’ 3D mod-
els were analyzed by compared t-test in SPSS version 21.0 
(Chicago, IL). And the comparison of occipital condyle’s 
inclination angle, divergence angle and screw length 
between specimen’s model and specimens was conducted 
by compared t-test. P<0.05 was set as statistically signifi-
cant in this study.

Result
The Parameters of AOCS Measured in 
Volunteers’ 3D Models
All 3D models had screws successfully inserted without 
hypoglossal canal or vertebral artery injury, and the para-
meters of anterior occipital condyle screw were shown in 
Table 1. There was no significant difference between left 
and right site in the parameters of anterior occipital con-
dyle screw (P>0.05). The total inclination angle was 5.9° 

±3.4° (0.6°~11.9°) and divergence angle was 26.7°±6.0° 
(17.1°~37.7°), the screw length in all models was 21.6 
±1.2mm (19.1~25.0mm).

The Parameters Measured in Specimens’ 
Models and Specimens
Before inserting anterior occipital condyle screws in these 
ten cadaveric specimens, we performed CT scans and 
imported the data into Mimics 19.0 for 3D model genera-
tion. Then we inserted anterior occipital condyle screws in 
specimens’ 3D models and measured the parameters 
including inclination angle, divergence angle, and screw 
length. Next, anterior occipital condyle screws were 
inserted assisted by plate. The parameters of models and 
specimens were shown in Table 2. There was no signifi-
cant difference in inclination angle between specimen’s 
model (5.8°±0.5°) and specimen (5.7°±0.5°) (P=0.42). 

Figure 6 (A) This picture shows anterior occipital condyle screw and plate fixation in cadaveric specimen. Axial (B) and sagittal (C) views of the CT scan of anterior 
occipital condyle screw fixation in cadaveric specimen, and the hypoglossal canal was not injured by screw.

Table 1 The Parameters of Anterior Occipital Condyle Screw 
on the Volunteer’s 3D Model

Parameter Mean±SD Range P-value

Inclination angle,°

Left 6.1±3.5 0.6~11.9 0.21

Right 5.8±3.2 0.9~11.1
Total 5.9±3.4 0.6~11.9

Divergence angle,°
Left 26.7±6.1 17.2~37.7 0.48

Right 26.9±5.9 17.1~37.6
Total 26.7±6.0 17.1~37.7

Screw length, mm
Left 21.5±1.2 19.4~24.0 0.2

Right 21.7±1.3 19.1~25.0

Total 21.6±1.2 19.1~25.0
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Similarly, there was no statistically significant difference 
in divergence angle and screw length between specimen’s 
model and specimens (26.7°±5.4°, 21.6mm±0.7mm VS 
21.7°±1.0°, 20.3mm±6.0mm. P>0.05).

Discussion
In recent years, there has been an increase in the incidence 
rate of tumor, tuberculosis, and trauma in craniovertebral 
junction, many scholars have reported the risk of danger 
and challenge of these diseases.19,20 Posterior occipital 
cervical fusion is now widely used for craniovertebral 
junction reconstruction because of satisfactory clinical out-
come. Whereas posterior occipitocervical fusion may have 
some complications including nonunion and screw loosen-
ing, dural tears, infection, and failure to reduce neurologi-
cal pain.21 What is more, posterior occipital squama screw 
and plate fixation cannot be performed when inner occipi-
tal crest is located off the suboccipital midline ridge and 
abnormal.22 Although posterior occipital condyle screw is 
an alternative technique when skull base is abnormal or in 
case of previous skull base operation,23 many important 
anatomical structures such as vertebral artery, C2 nerve 
root and posterior cervical muscle will be damaged during 
exposure in posterior approach, which may result in neck 
pain.24,25 And posterior pedicle screws may be infeasible 
in some patients with anatomic variations such as narrow 
C2 isthmus and absence of bone structure.26,27 As for 
anterior occipitocervical fusion, en bloc resection is one 
method for upper cervical reconstruction which has been 
reported to have achieved desired clinical efficacy.14,28,29 

Similarly, clival screw and plate fixation was also reported 
as a feasible technique for craniovertebral reconstruction 
in anatomy.30 However, both these surgical methods have 
some disadvantages. There are some complications and 
risks of aforementioned methods including 1) the inner 
structure of clivus was the epencephalon and foramen 
magnum which contains medulla oblongata and it may 
be injured when inserting the clival screw. Invasion into 
cranial cavity is a fatal risk, 2) during the posterior 
approach exposure, the vertebral venous sinus and plexus 

around the upper cervical spine which may cause bleeding 
once injured.31

As a consequence, our group intended to design an 
alternative operation method, which can prevent the afore-
mentioned difficulties and complications. Bosco et al 
reported a morphometric evaluation and anatomical para-
meters of occipital condyle, and showed that average 
occipital condyle length, width, anterior height and poster-
ior height were 18.8±2.3 mm, 10.3±1.5 mm, 13.2±2.2 mm 
and 8.5±1.6 mm, respectively. Moreover, the occipital 
condyle can safely hold a screw without hypoglossal 
canal being invaded.32 Similarly, our group reported the 
same outcome in a CTA based study.33 As for cadaveric 
specimen evaluation, Yu et al reported that a total of 40 
4-mm posterior occipital condyle screws were successfully 
inserted into twenty (40 occipital condyles) cadaveric spe-
cimens, and no screw invaded the hypoglossal canal as 
verified by postoperative CT scan.34 According to these 
studies, occipital condyle could be a feasible bone struc-
ture for craniovertebral junction reconstruction in anterior 
approach, and AOCS has been shown to be a feasible and 
safe technique which can be used in narrow C2 isthmus 
and high-riding vertebral artery. However, vital surround-
ing structures need to be taken into account. The cephalad 
and medially of occipital condyle is hypoglossal canal 
which contains hypoglossal nerve and foramen 
magnum.35 So, in the sagittal plane, if the anterior occipi-
tal condyle screw is placed with a large inclination angle, 
it may invade the hypoglossal canal and damage hypoglos-
sal nerve, on the contrary, if the screw is inserted too 
caudally or medially, it may violate vertebral artery or 
foramen magnum which may cause injury to spinal cord 
and medulla oblongata.36,37

In this study, we enrolled 40 healthy adults’ craniover-
tebral junction CT data and generated 3D models using 
Mimics 19.0 software. This digital anatomy and cadaveric 
study of craniovertebral junction confirmed the anatomical 
feasibility of anterior occipital condyle screw and plate 
fixation and primarily verified the entry point and optimal 
trajectory of AOCS. According to our result, the optimal 
trajectory for AOCS insertion is an inclination angle of 
5.9°±3.4° on sagittal plane and divergence angle of 26.7° 
±6.0° on axial plane, and the average screw length was 
21.6±1.2 mm. Researchers reported that screw length 
longer than 18 mm can have enough pull-out strength.38 

As for simulation in cadaveric specimens, all AOCS were 
inserted assisted with plate successfully without hypoglos-
sal canal injury or broken cortex. Then CT scans were 

Table 2 The Comparison of Screw Parameters Between 
Specimen’s Model and Specimen

Parameters Model Specimen P-value

Inclination angle(°) 5.8±0.5 5.7±0.5 0.42

Divergence angle(°) 26.7±5.4 26.3±5.1 0.25

Screw length(mm) 21.6±0.7 21.7±1.0 0.75
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performed and 3D models generated using Mimics 19.0 
software. After that, parameters of anterior occipital con-
dyle screw were measured and compared between speci-
men’s models and specimens. There was no significant 
difference in inclination angle, divergence angle, and 
screw length between the two groups (P>0.05). This 
showed that the anterior occipital condyle screw can be 
safely placed assisted with plate, and using plate can 
enhance the accuracy and decrease the risk of vital sur-
rounding anatomical structure damage.

We should pay attention to the hypoglossal canal dur-
ing anterior occipital condyle screw fixation, because the 
hypoglossal canal which contains hypoglossal nerve and 
venous plexus passes from intracranial to the anteromedial 
upper part of occipital condyle, its location determines the 
safe area of screw placement. Usually, the hypoglossal 
canal is located in the anterior medial of occipital but 
some patients’ hypoglossal canal is located posterior and 
medial to occipital condyle. Therefore, we should analyze 
the CT scan of every single patient and justify the inclina-
tion angle when hypoglossal canal is located posterior and 
medial to occipital condyle.39 Moreover, intraoperative 
monitoring of hypoglossal nerve function can help anato-
mical localization of the hypoglossal triangle, and reflect 
whether there has been hypoglossal nerve injury during 
operation.40,41 Therefore, correct preoperative diagnosis 
and radiological outcome analysis should be performed 
before anterior occipital condyle screw fixation.

The primary indications for AOCS fixation are as fol-
lows: 1) anterior craniovertebral junction reconstruction 
and combined posterior approach occipitocervical fusion; 
2) upper cervical spine abnormalities such as narrow C2 
isthmus; 3) occipital condyle fracture; 4) patients who 
suffer from failure of posterior upper cervical spine fixa-
tion who cannot undergo a second operation. However, 
patients with occipital condyle or vertebral artery defor-
mity should be considered as contraindicated. The signifi-
cance of AOCS fixation was as follows: 1) a new insertion 
point in skull base; 2) a salvage technique when other 
occipitocervical fusion failed or is not available.

Limitations
This study has some limitations, first, the simple size of 
the volunteers was not ideal, but this was a study which 
aimed to propose a new technique and test the feasibility. 
Second, as a result of limited source of specimens, only 
ten cadaveric specimens were simulated for anterior occi-
pital screw fixation. Although all specimens were placed 

anterior occipital condyle screws safely, this technique still 
needs a lot of research for further proof. Finally, anterior 
occipital condyle screw plate fixation is feasible but 
whether it can achieve immediate stability and abundant 
support strength still needs biomechanical study and 
further clinical study.

Conclusion
In conclusion, AOCS fixation for craniovertebral junction 
reconstruction is a feasible and safe surgical technique, 
and it could be regarded as a salvage technique eventually. 
More importantly, insertion of anterior occipital condyle 
screw assisted with plate can improve accuracy and avoid 
risks.
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