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ABSTRACT 
Study design: Single-center retrospective study 

Objectives: This study is performed to determine the anatomic feasibility of the C1 

posterior arc screw and help select an optimal screw trajectory in treating patients 

with craniovertebral junction pathologies. 

Material and Methods: We reported a single-centre retrospective study. Forty 

patients (20 male and 20 female) who underwent cervical computed tomography (CT) 

were chosen from the hospital records. Based on CT images, we measured left 

laminar length (LLL), right laminar length (RLL), left laminar angle (LLA), right laminar 

angle (RLA), left laminar axial thickness (LLAT), right laminar axial thickness (RLAT), left 

laminar coronal thickness (LLCT), right laminar coronal thickness (RLCT), and 

craniocaudal angle (CCA) of the C1 posterior arc. 

Results: The mean values and standard deviations (SD) for nine parameters at the 

C1 posterior arc were determined. LLL, RLL, LLCT, and RLCT were statistically longer 

in men than women. RLAT was bigger in men but there was no statistical difference. 

RLA was statistically wider in women than men. LLA and CCA were wider in women 

but there was no statistical difference, LLAT was bigger in women but there was no 

statistical difference. There was no statistical difference in measurements by age. 

Conclusion:  The results of this study are important to avoid neurovascular injury 

and pedicle breakage because of choosing large screw while performing C1 laminar 

screw fixation. 

INTRODUCTION 

The first cervical vertebra is also referred to the atlas1. Posterior 

wiring2,3, transarticular screws4, and pedicle or lateral mass screws5 

methods largely used for C1 posterior fixation. Recently, the screw 

fixation has been preferred instead of wiring or hooks because of 

providing rapid stability and  great fusion rate6. However, screw fixation 

is associated with an increased risk of vertebral artery (VA),  spinal cord, 

and root  injury.  Missing to identify VA anomalies can cause iatrogenic  
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VA injury and cerebrovascular accidents in cervical 

spine surgery7. The most dangerous level is the C1-2 

level for a posterior approach and C7 for an anterior 

approach. Therefore, an excellent assessment for 

the variations in the course of the VA is vital for 

surgeons working from a posterior approach in the 

upper cervical spine8. In this study, we measured C1 

posterior arc parameters to create an alternative 

surgical way to lateral mass screws and pedicular 

screws. 

 

MATERIALS AND METHODS 

Fourty patients (20 male and 20 female) who 

underwent cervical computed tomography (CT) 

between 2017 and 2019 in our hospital were chosen 

from the hospital’s picture archiving and 

communication system (PACS). None of the patients 

included in the study had cervical spine or 

craniovertebral junction trauma. Siemens Somatom 

Perspective 128 slices CT was used to perform CT 

examinations and measurements on patients. CT 

scans were performed by the same team. Heads of 

all patients were fixed in the same position on 

computed tomography. We assessed axial, sagittal, 

and coronal CT cuts and measured nine parameters 

on the C1 posterior arc. Left and right laminar 

lengths (LLL, RLL) were calculated by measuring the 

line from posterior tubercle to transverse foramen 

(Figure 1). Left and right lamina angles (LLA, RLA), 

which also mean mediolateral angle, were calculated 

as the angle of the lamina with the line passing 

through the anterior and posterior tubercle (Figure 

2). Left and right axial laminar thicknesses (LLAT, 

RLAT) were measured from the middle of the lamina 

(Figure 3). Left and right coronal laminar thicknesses 

(LLCT, RLCT) were measured from the middle of the 

lamina (Figure 4). Craniocaudal angle (CCA) was 

measured as the angle of the lamina with the line 

that parallel to the earth (Figure 5). We investigated 

the difference between men and women and 

patients under fifty and patients over fifty years. Data 

were analyzed by SPSS (version 24.0, SPSS Inc.) and 

expressed as mean ± SD. Comparisons were made 

using the t-test. Differences among the groups were 

assessed using the independent samples test. A p 

value < 0.05 was considered statistically significant.  

 

 
Figure 1. Laminar length was defined as linear measurement from posterior tubercle to transverse foramen both right and left 

side. 

Figure 2. Laminar angles were defined as the angle of the lamina with the line passing through the anterior and posterior tubercle. 
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Figure 3. Axial laminar thickness was defined as the mediolateral diameter of the lamina at its middle point. 

 

Figure 4. Coronal laminar thickness was defined superior-inferior diameter of  the lamina. 
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Figure 5. Cranio-caudal angle (CCA) was measured as the angle of the lamina with the line that parallel to the earth. 

 
RESULTS 

A total of 40 patients and their lamina were analyzed. 

Measurements belong to men and women are 

presented in Table 1. There were 20 men and 20 

women in the study. The mean LLL was 

350,8500±26,12374 mm in male and 

315,0000±26,24380 mm in female. There was a 

statistical difference between male and female by 

LLL( p=.000). The average laminar length in right side 

(RLL) in men was significantly longer 

(342,0500±22,48854 mm) than that in women 

(314,5000±24,15411 mm) (p=0.001). RLA was 

statistically wider in women (48,2650±3,49666 mm) 

than men (40,5650±15,85308 mm). LLA was 

measured 45,1800±10,04084 mm in men and  

48,3200±2,94379 mm in women. These results 

revealed that no statistical significance was detected 

in the LLA along with men and women (p > 0.050). 

LLAT was measured 60,9000±9,74355 mm in men 

and  61,1000±10,70121 mm in women. There were 

no statistical differences between the groups. RLAT 

was measured 63,6000±10,89858 mm in men and  

61,2500±11,77363 mm in women. There were no 

statistical differences between the groups. RLCT 

were statistically longer in men (57,1000±11,87611 

mm) than women (44,9500±12,06768 mm). LLCT was 

measured 55,5500±10,56048 mm in men and  

46,0000±12,13520 mm in women. There were no 

statistical differences between the groups. The mean 

CCA was 10,0250±5,07459 mm in male and 

10,3700±5,19535 mm in female. There were no 

statistical differences between the groups.There 

were 25 patients  (62.5%) under 50 years and 15 

patients (37.5%) upper 50 years.  Measurements 

belong to age are presented in Table 2. There was no 

statistical difference in any measurements by age. 

 

DISCUSSION 

Craniovertebral junction (CVJ) is osteoligamentous 

membranous complex composed between brain 

and spinal cord. Layers of muscles, ligaments, and 

membranes promote bony complex of occiput, atlas, 

and axis from all around which helps in providing 

motion as well as stability to this field. CVJ can be 

affected by congenital, developmental, degenerative, 

traumatic, and neoplastic pathologies9, 10.  It is very 

hard to diagnose instability of the CVJ  and treat due 

to their complex anatomical composition and 

biomechanical characteristics. CVJ injuries may lead 

to sudden fatality or delayed impairment of 

neurological function11. Especially C1–2 fixation 

techniques have been improved to overcome those 

troubles. C1 lateral mass - C2 pedicle screw fixation 

using has been raised since it was presented in 1994 

by Goel and Laheri5 and modified in 2001 by Harms 

and Melcher6. The patients that have anomalies on 

the bone or VA anatomy are under injury risk while 

performing these techniques. The authors reported 

C1 posterior arch screw to reduce the risk of VA 

injury12. The coexistence of a small pedicle and high 

riding vertebral artery is a risk factor for vertebral 

artery injury13. Interlaminar screw placement is safe 

in patient that have unilateral vertebral artery 

occlusion, patients have large paravertebral venous 
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plexus, patients with fracture near lateral mass or 

pedicle screw placement site14, 15. Studying near the 

fracture site can cause much bleeding. While 

interlaminar screw placement, surgeons don’t study 

around large venous plexus. This situation provides 

to avoid much bleeding. Zarro et al compared the 

pullout strength of C1 lateral mass screw with 

unicortical C1 posterior arc screw. They found that 

unicortical C1 posterior arc screw is stronger than 

the C1 lateral mass screw in the axial direction16. Jin 

et al. showed that there is no statistical difference 

between unilateral C1 posterior arc screw- C2 

laminar screw combined with unilateral C1-2 

pedicular screw and whole pedicular screw insertion 

as performing acute stability in cadaver study17. As a 

result, the C1 interlaminar screw placement is safe 

salvage technique for craniovertebral junction 

stabilization and provides strong fusion. 

 

CONCLUSION 

The appropriate laminar screw sizes in the left side 

in men are 350 mm length, 60 mm axial thickness 

and 55 mm coronal thickness. The appropriate 

laminar screw trajectories in the left side in men 

angles were 45’ medio-lateral angle and 10’ 

craniocaudal angle. The appropriate laminar screw 

sizes in right side in men are 342 mm length, 40 mm 

axial thicknes and 57 mm coronal thickness. The 

appropriate laminar screw trajectories in the right 

side in men angles were 40’ mediolateral angle and 

10’ craniocaudal angle. The appropriate laminar 

screw sizes in left side in women are 315 mm lenght, 

61 mm axial thickness and 46 mm coronal thickness. 

The appropriate laminar screw trajectories in the left 

side in men angles were 48’ mediolateral angle and 

10’ craniocaudal angle. The appropriate laminar 

screw sizes in the right side in women are 314 mm 

length, 61 mm axial thickness and 44 mm coronal 

thickness. The appropriate laminar screw 

trajectories in the left side in men angles were 48’ 

mediolateral angle and 10’ craniocaudal angle. 
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