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Abstract
Background: Occipital‑cervical fusion (OCF) has been used to treat instability of the 
occipito‑cervical junction and to provide biomechanical stability after decompressive 
surgery. The specific areas that require detailed morphologic knowledge to 
prevent technical failures are the thickness of the occipital bone and diameter of 
the C2 pedicle, as the occipital midline bone and the C2 pedicle have structurally 
the strongest bone to provide the biomechanical purchase for cranio‑cervical 
instrumentation. The aim of this study was to perform a quantitative morphometric 
analysis using computed tomography (CT) to determine the variability of the occipital 
bone thickness and C2 pedicle thickness to optimize screw placement for OCF in 
a South East Asian population.
Methods: Thirty patients undergoing cranio‑cervical junction instrumentation during 
the period 2008‑2010 were included. The thickness of  the occipital bone and  the 
length and diameter of the C2 pedicle were measured based on CT.
Results: The thickest point on the occipital bone was in the midline with a maximum 
thickness below the external occipital protuberance of 16.2 mm (±3.0 mm), which 
was thicker than in the Western population. The average C2 pedicle diameter was 
5.3 mm (±2.0 mm). This was smaller than Western population pedicle diameters. 
The average length of the both pedicles to the midpoint of the C2 vertebral body 
was 23.5 mm (±3.3 mm on the left and ±2.3 mm on the right).
Conclusions: The results of this first study in the South East Asian population 
should help guide and improve the safety in occipito‑cervical region instrumentation. 
Thus reducing the risk of technical failures and neuro‑vascular injury.
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INTRODUCTION

Occipital-cervical fusion (OCF) has been used to treat 
instability of the occipito-cervical junction and to provide 

biomechanical stability after decompressive surgery. The 
indications for OCF have included instability resulting 
from trauma, decompressive cranio-cervical junction 
surgery, infection, tumor, rheumatological disease, 
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degeneration, and congenital malformation. In a recent 
systematic review of the different methods available for 
performing OCF, Winegar et al.[10] found that 51% were 
treated with wiring/rod fixation, 24% with screw/plate 
constructs, 19% with posterior wiring/onlay grafting, 
and 6% were treated with screw/rod constructs. Their 
study also highlighted the high rates of instrumentation 
failure occurring in order of decreasing frequency for the 
wiring/onlay bone grafting (100%), screw/plates (27%), 
wiring/rod (14%), and screw/rod (8%) techniques. Given 
these rates of failure, it is critical that sufficient care 
and attention is paid to minimize technical failures 
irrespective of the method chosen for OCF.

When OCF is performed using screws, two specific areas 
require detailed morphologic anatomical knowledge to 
prevent technical failures. These are the thickness of 
the occipital bone and diameter of the C2 pedicle. In 
each case, understanding the variation in thickness and 
diameter of the bony anatomy would permit the selection 
of the most optimal screw. Inappropriate screw placement 
in the occipital region can potentially lead to construct 
weakness as well as other reported complications which 
include venous sinus penetration, injury to the underlying 
neural structures, cerebrospinal fluid leak, and death from 
acute epidural hematoma.[4,5]

Although a few previous studies have looked at occipital 
bone thickness, there have been no studies in the South 
East Asian population.[3,7,11] The aim of this study was 
to perform a quantitative morphometric analysis using 
computed tomography (CT) to determine the variability 
of the occipital bone thickness and C2 pedicle thickness 
to optimize screw placement for OCF in patients from 
this region.

MATERIALS AND METHODS

Subjects
Ethics approval was obtained from our Centralised 
Institutional Review Board (2013/1013/A). This 
was a a single surgeon surgical series by the senior 
author(TR). Thirty adult patients from a multi-ethnic 
South East Asian population undergoing OCF, 
cervical instrumentation, and cranial procedures at 
a single institution (Department of Neurosurgery, 
National Neuroscience Institute, Singapore General 
Hospital Campus, Singapore) during the period 
from 2008 to 2010 were included. Measurements 
of occipital bone thickness were performed in 
those 30 patients with a median age of 68.5 years  
(range: 44-79 years) for females and 50.5 years (range:  
16-70 years) for males. Measurement of the C2 pedicle 
was performed bilaterally in 29 patients with a median 
age of 57 years (range: 29-82 years) for 11 females and 
52 years (range: 16-74 years) for 18 males. A total of 
58 cervical (C2) pedicles were measured.

Imaging procedure
All patients had surgical procedures performed in an 
operating suite containing a 24-slice intraoperative  
CT scanner (Somatom Sensation Open, Siemens, Germany). 
Non-enhanced contiguous fine slice (1.5 mm) CT data 
were acquired intraoperatively for all patients with the 
patient lying in the prone position and the head fixed 
in a radiolucent Mayfield clamp if an OCF was being 
performed. The acquired imaging was then used to define 
the morphology of the occipital bone and cervical pedicles.

Measurements
CT measurements were performed on the bone 
windows with the dimensions as shown in Figure 1. The 
points selected for measurements were chosen as they 
conform to the most common location for the occipital 
plate screws as used for OCF. This midline keel and 
paramedian bone offers the best purchase for screws 
and is commonly utilized in most OCF instrumentation 
systems. The occipital bone thickness was measured 
relative to the midline, starting at a level 1 cm inferior to 
the external occipital protuberance (EOP). Three lateral 
measurements [Figure 1a] were made at 1 cm interval 
at either sides of the midline with intervals on the left 
being negative (−1, −2, and −3) and on the right being 
positive (1, 2, and 3). In the midline, occipital bone 
thickness was measured inferior to the EOP also at 1 cm 
intervals [Figure 1b].

The C2 pedicle parameters measured are illustrated 
in Figure 1c and d. The outer pedicle diameter was 
measured from the outer cortex at its narrowest point in 
the transverse plane at the pedicle isthmus [Figure 1c]. 
The pedicle length was measured in line with the axis 
of the C2 pedicle from the posterior surface to the 

Figure 1: Illustration showing the distances measured on CT bone 
window from the (a) occipital region and (b) C2 vertebra. In (a), the 
distance is measured at 1 cm intervals from the external occipital 
protuberance (EOP) in the midline and at 1 cm intervals lateral 
to the midline. In (b), the length of the pedicle (R1, L1) to the 
midpoint of the vertebral body bilaterally was measured, as well 
as the diameter of the pedicle (R2, L2)

b
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half-way point on the vertebral body [Figure 1d]. This 
length would correspond to the approximate length of  
C2 pedicle screws that are commonly used.

Statistical analysis
Data were entered into SPSS version 16.0 (SPSS Inc, 
Chicago, IL, USA) for  statistical analysis. The assumption 
of normality was tested using the Kolmogorov-Smirnov 
test. If this failed, the difference between groups was 
compared using the Mann–Whitney U test. To correct 
for multiple comparisons, the Bonferroni method was 
used. P < 0.05 was considered significant. All values are 
presented as mean (mm) ± standard deviation.

RESULTS

Occipital bone measurements
The results of measurements of occipital bone thickness 
are shown in Table 1. There were no statistically 
significant differences between genders for the values of 
bone thickness measured in Table 1 (P > 0.05).

There was a statistically significant difference 
between the overall thickness on the left side at 
2 cm (8.4 ± 2.3 mm) from the midline compared to the 
right (7.0 ± 2.0 mm) (P = 0.02), but there was no such 
difference for the lateral distances of 1 cm (11.2 ± 2.5 mm 
on the left side, 9.9 ± 2.7 mm on the right side) and 
3 cm (6.5 ± 1.6 mm on the left side, 5.6 ± 1.2 mm on the 
right side) from the midline (P > 0.05). Moving inferiorly 
down the midline from the EOP, the decreasing thickness 
of the occipital bone was significant (P < 0.01) with an 
estimated decrease of 0.3 mm for every centimeter below 
the EOP. The estimated distribution of occipital bone 
thickness in the different axes is illustrated in Figure 2.

C2 pedicle measurements
The measurements of the right and left C2 pedicles 
are shown in  Table 2. The combined mean diameter 
of both left and right pedicles was significantly 
larger for males (5.6 ± 1.7 mm) compared to 
females (4.8 ± 1.9 mm) (P = 0.03). Similarly, the combined 
mean length of the left and right pedicles was significantly 
longer for males compared to females (P < 0.01).

The effect of laterality was also assessed on pedicle 
diameters for the right side (5.2 ± 1.7 mm) and left 
side (5.3 ± 2.0 mm) and on pedicle lengths for the right 

side (23.5 ± 3.3 mm) and left side (23.5 ± 2.3 mm). 
This showed that there were no significant differences 
between right and left pedicle diameters and pedicle 
lengths (P > 0.05).

DISCUSSION

In this study of occipital bone thickness in a South 
East Asian population, we found that the thickest point 
was in the midline with a maximum thickness below 
the EOP of 16.2 mm (±3.0 mm). This maximum was 
thicker in our population compared to those in previous 
studies from Turkey and the USA where the thickness 
ranged from 8 to 11 mm [Table 3], suggestive of regional 
variability. At 2 cm below the EOP, which is relevant 
in the clinical context as this is a common location for 
screw placement, it was determined in our study that 
the average bone thickness was 10.8 mm (±3.3 mm). 

Table 1: Occipital bone thickness (mm) measured at fixed intervals lateral to the midline and inferior to the external 
occipital protuberance

Distance (cm) lateral to midline at 1 cm below EOP Distance (cm) inferior to EOP

−3 −2 −1 0 +1 +2 +3 2 3 4

Male 6.2±1.8 7.7±2.5 11.4±2.8 16.6±3.2 10.5±2.9 7.0±2.3 5.6±1.4 11.9±3.3 10.1±2.0 7.8±1.4
Female 6.7±1.6 9.1±2.0 11.0±2.3 15.9±2.9 9.5±2.5 7.0±1.8 5.7±1.1 9.9±3.2 8.4±2.5 6.9±2.0
Overall 6.5±1.6 8.4±2.3 11.2±2.5 16.2±3.0 9.9±2.7 7.0±2.0 5.6±1.2 10.8±3.3 9.2±2.4 7.3±1.8
+: Right side, −: Left side, EOP: External occipital protuberance

Table 2: C2 pedicle diameters and length

Pedicle diameter (mm) Pedicle length (mm)

Left Right Left Right

Male 5.4±1.8 5.7±1.7 24.7±2.8 24.2±2.5
Female 5.2±2.3 4.5±1.3 21.5±3.2 22.4±1.3
Overall 5.3±2.0 5.2±1.7 23.5±3.3 23.5±2.3
The length of the pedicle was measured to the midpoint (50%) of the vertebral body 
of C2

Figure 2:  Thickness of the occipital bone inferior to the external 
occipital protuberance (EOP) extrapolated from measurements 
performed
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Therefore, the most common length of screw for use in 
our patient population would be an 8-10 mm screw for 
that location. Similar to the Turkish and US studies, 
we also found that the thickness tapered rapidly away 
from the midline.[3,7,11] Interestingly, there was no gender 
difference in occipital bone thickness. Our result would, 
therefore, suggest that the most suitable location for 
unicortical screw insertion would be below the EOP in 
the midline. For the paramedian screws 2 cm from the 
midline, the overall bone thickness ranged from 7.0 to 
8.4 mm, and would correspond to the commonly used 
screw lengths of 6-8 mm. When the short paramedian 
screws are considered, there may be a risk of insufficient 
fixation and an alternate method of fixation should be 
considered such as a midline fixation or occipital buttons 
to avoid the increased risk of failure.

Unlike occipital bone thickness, there was a gender 
difference for the C2 pedicle screw diameters and lengths. 
The average C2 pedicle diameter (5.3 ± 2.0 mm) in our 
population was smaller than that reported in the Western 
population (5.6 ± 1.2 mm),[9] but was comparable 
to that from pooled results of the Asian population  
(5.2-5.4 mm).[6] A possible explanation of the difference 
in C2 morphology may be accounted for by the 
differences in average body height and weight between 
the South Asian and Western populations. In clinical 
practice, commercial instrumentation systems have 
screw diameters of 3.5 mm, and based on our findings, 
these can be used safely in our patients. The average C2 
pedicle length ranged from 21.4 to 24.7 mm, and would 
correspond to the commonly used screw length of 22-
24 mm.

The importance of these findings is that they would guide 
the appropriate selection of screws for placement in the 
South Asian population for which no data are currently 
available. Significant morbidity has been reported with 
inappropriate screw placement in the occipital region and 
includes construct weakness, venous sinus penetration 
leading to extradural hematomas, injury to the underlying 
neural structures, and cerebrospinal fluid leak.[4,5] Risks for 
C2 pedicle screws include construct weakness, perforation 
of the pedicle, and injury to the nerve root, spinal cord, 
and vertebral artery.[1,2,8]

CONCLUSION

This first study of occipital bone thickness in the 
South East Asian population reveals that occipital bone 
thickness is greater in this population  compared to  
the European or Western population. However, the C2 
pedicle diameter was found to be smaller in diameter 
than the Western population. These results should help 
to improve the safety of OCF and contribute toward 
reducing technical failures by assisting the surgeon in the 
optimal selection of screws for this procedure.
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