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An anatomical assessment of the pedicles of 
C3-C7 vertebrae and its implication for tran-
spedicular screwing in the Ghanaian popula-

tion
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SUMMARY
The aim of this study was to assess the sub-ax-

ial cervical pedicle and document its anatomi-
cal dimensions within the Ghanaian population. 
This knowledge is essential in determining di-
mensions of the screws to be used and the ideal 
trajectory in placing the screw within the pedicle 
without incidence. It has been suggested that the 
cervical spine pedicles may vary in different pop-
ulations. It is important that each population have 
baseline measurements that will serve as a guide 
to surgeons. 

The study was conducted using 187 sub-axial 
cervical vertebrae that were harvested from 20 
cadavers. Vertebrae that had gross deformities, 
showed signs of degeneration or were damaged 
were excluded from the study. The measurements 
that were taken were the pedicle height, width, 
length and the posterior transverse angle. 

The pedicle width ranged from 3.01-8.62 mm, 
the height from 4.15-10.18 mm and the length 
from 1.88-6.51 mm. There was no significant dif-
ference in the means of all the linear parameters 
when comparisons were made between the left 
and right side.   A significant statistical difference 
in the mean pedicle width was however observed 

when comparisons were made between the differ-
ent levels of cervical vertebrae

From the findings of our study, it is recommend-
ed that each pedicle should be assessed preoper-
atively to ascertain its suitability for pedicle screw 
placement. On the bases of dimension alone, it ap-
pears that C7 pedicles may be the safest in which 
to place screws.
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INTRODUCTION
Compared to thoracic and lumbar transpedic-

ular screw placement, cervical transpedicular 
screwing is a relatively recent medical procedure. 
The idea of placing screws in the pedicles of cer-
vical vertebrae was not encouraged, as it was gen-
erally believed that the dimensions of the pedicles 
were small and the potential of damaging the ver-
tebral artery or/and spinal cord was too high a risk 
to take (Abumi et al., 1994; Herrero et al., 2016).

Abumi et al. (1994) were the first to report the 
placement of screws within the pedicles of the 
cervical spine as a means of stabilizing injured 
spines. Since then, the use of transpedicular 
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screwing has greatly increased. One of the reasons 
why the placement of transpedicular screws has 
gained popularity is because it has been found to 
be biomechanically stronger than the use of later-
al mass screws (Kotil et al., 2012; Tan et al., 2020).

Despite its growing popularity, the complication 
associated with cervical transpedicular screwing 
cannot be overlooked. The close proximity of the 
spinal cord, spinal nerve, and vertebral artery 
means that improper placement can result in 
life-threatening injury and can ultimately be fatal.

To avoid or minimize these complications, a de-
tailed anatomical understanding of the sub-axi-
al cervical pedicles, how they relate to the other 
parts of the vertebrae and surrounding structures 
cannot be overemphasized. This knowledge is es-
sential in determining dimensions of the screws 
to be used and the ideal trajectory in placing the 
screw within the pedicle without incidence. The 
combination of good anatomical knowledge of the 
cervical pedicles and preoperative planning as-
sisted by imaging have been found to reduce the 
incidence of the screw’s breaching of the cervical 
pedicle considerably (Tan et al., 2020; Ludwig et 
al.; 2000; Kotil et al., 2012).

It has been suggested that the cervical spine 
pedicles may vary in different populations (Her-
rero et al., 2016). It is important that each pop-
ulation have baseline measurements that will 
serve as a guide to surgeons, particularly in this 
instance where minimal adjustments in the screw 
trajectory may lead to catastrophic consequences.

The aim of this study was to assess the sub-axial 
cervical pedicle and document its anatomical di-
mensions within the Ghanaian population. 

MATERIALS AND METHODS
The study was conducted using 187 sub-axi-

al cervical vertebrae that were harvested from 
20 cadavers which had been donated to the De-
partment of Anatomy and Cell Biology, School 
of Medical Sciences, University of Cape Coast 
for dissection and research.  Vertebrae that had 
gross deformities, showed signs of degeneration 
or were damaged were excluded from the study. 
The ages of the specimens were unknown and the 
bones were not categorized according to gender.

The measurements that were taken were the 
pedicle height, width, length and the posterior 
transverse angle. These were defined as follows;

Pedicle width (PW): The distance between the 
medial and lateral border of the pedicle (Fig. 1).

Pedicle length (PL): The distance between the 
anterior limit of the superior articular facet and 
the posterior limit of the vertebral body (Fig. 1).

Pedicle height (PH): The vertical distance be-
tween the superior and inferior borders of the 
pedicle (Fig. 2).

Posterior Transverse Angle (PTA): the angle 
between the pedicle axis and the vertebral body 
midsagittal line in the transverse plane (Fig. 1).

All linear measurements of the pedicles were 
taken using a digital Vernier caliper at a precision 
of 0.01mm, with angles measured by means of a 
goniometer to 1º precision. 

The mean and standard deviation of all the var-
ious parameters were calculated. Difference in 
means for the left and right side of the vertebrae 
was carried out using a Student T-test, with a sta-
tistical significance at 0.05. 

Statistical significance of the difference in 
means at the various levels was determined by 
using One-way analysis of variance (ANOVA) test. 
A Least Significant Difference (LSD) Post Hoc 
(multiple comparison) test was run to identify the 
levels at which these statistically significant dif-
ference(s) in means occurred at a p-value of 0.05. 

Pearson correlation with a significant level of 
0.05 (2-tailed) was also done to determine if there 
was a correlation between the measured parame-
ters and the position they occupied on the cervi-
cal spine.  

RESULTS
In the present study, the pedicle width ranged 

from 3.01-8.62 mm, the height from 4.15-10.18 
mm and the length from 1.88-6.51 mm. The pedi-
cle with the smallest mean width was C3 vertebra, 
while C7 vertebrae was found to have the largest 
width (Table1). 

There was no significant difference in the 
means of all the linear parameters when compar-
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Fig. 2.- Picture showing pedicle height (hk). 

Fig. 1.- Picture showing the pedicle width (fg), pedicle length (de) and posterior transverse angle (bac).



An anatomical assessment of C3-C7 pedicles in Ghanaians 

38

isons were made between the left and right side.  
A significant statistical difference in the mean 
pedicle width was observed when comparisons 
were made between the different levels of cervi-
cal vertebrae (Table 2). This significant difference 
was however not observed in the pedicle length 
and height.  

The posterior transverse angle ranged from 32-
50º, the mean PTA was 43.0º ±4.08º, the mean 
PTA angel for the right sided pedicles was 42.88º 
while the mean angle for left sided pedicles was 
left 43.19. There was no statistically significant 
difference in the mean angles of right and left sid-
ed pedicles. The widest mean PTA was observed 
in the C7 vertebra while the least was found in the 
C3 vertebra (Table 4). When PTA was compared 
across spinal levels it was observed that there 
were significant differences between the PTA of 
C3 vertebrae and those of C6 and C7 (Table 5).

DISCUSSION 
The mean pedicle length was 4.41 mm. There 

was no significant difference in the mean pedicle 
length when multiple comparisons were carried 
out between the various levels of the cervical ver-
tebrae. No observable pattern of increasing or de-
creasing length was observed down the cervical 
spine. This was contrary to the findings of Kay-
alioglu et al. (2007), who described a decreasing 
pattern in the length of the pedicles as one moves 
down the spine. There was also no significant dif-
ference in the mean length of the pedicles when 
comparison was made between the various spi-
nal levels. This contradicts findings of Rao et al. 
(2008). They reported that pedicle length was sig-
nificantly smaller at C3 and C4 than it was at C5, 
C6, and C7. 

The width of the pedicles ranged between 3.01-
8.62 mm. The mean pedicle width of C7 was found 
to be the widest of the sub-axial cervical verte-
brae, while the pedicle width of C3 was found to 
be the least. This observation is similar to those of 
previous studies which utilized direct observation 
(Ludwig et al., 2000; Uğur et al., 2000) and CT im-
aging (Chazono et al., 2006; Rao et al., 2008; Her-
rero et al., 2016). Although the least and highest 
means were observed at C3 and C7 respectively, 

there was no observable increasing pattern in the 
mean width as one progressed down the cervical, 
contrary to what has been reported in previous 
studies (Uğur et al., 2000; Chazono et al., 2006; 
Kayalioglu et al., 2007; Rao et al., 2008; Banerjee et 
al., 2012; Herrero et al., 2016) Comparison on the 
mean pedicle width between the different cervical 
levels showed a statistically significant difference 
between the C7 pedicle width and those of the 
other four superior sub-axial cervical vertebrae. 
Other researchers have reported similar findings 
(Ludwig et al., 2000; Xing-Guo et al., 2007).

The height of the pedicles ranged from 4.15-
10.18 mm. The mean pedicle height was found 
to be highest in the C7 vertebrae and least in the 
C6 vertebrae. Previous findings from studies on 
the dimensions of pedicle height have been quite 
varied. While some researchers have observed 
the least mean pedicle height in the C3 vertebra 
(Uğur et al., 2000; Xing-Guo et al., 2007; Kayalio-
glu et al., 2007; Rao et al., 2008), others found the 
C3 pedicle height to be the largest (Bazaldúa et al., 
2011; Prabavathy et al., 2017). Some studies have 
reported a progressive decrease in pedicle height 
as one moves from C3 to C7 (Bazaldúa et al., 2011; 
Prabavathy et al., 2017); others have also report-
ed a reverse pattern (Rao et al., 2008). Neither 
increasing nor decreasing patterns of pedicle 
height were observed in this study. There was 
also no significant difference in the mean pedicle 
height when they were compared across the dif-
ferent levels.

The successful placement of cervical screws 
in any particular pedicle is partly dependent on 
the availability of adequate bone tissue; this is 
estimated partly by its dimensions. However, it 
is very much appreciated that the pedicle is not a 
regular cylindrical structure but exhibits a com-
plex three-dimensional architecture along its 
length (Shin et al., 2000, Panjabi et al., 2000). Its 
diameter prior to surgery is for the most part de-
termined by measuring its width and height using 
various imaging modalities. The diameters of cer-
vical pedicle screws most often used are 3.5, 4.0 
and 4.5 mm.  An outer pedicle diameter less than 
4 mm makes cervical placement screw insertion 
challenging (Tan et al., 2020). 

The mean pedicle height at all cervical levels 



Ato Ampomah Brown et al.

39

Table 1. Pedicle width, height and length

PW(Rt) PW(Lt) PW(Pool) PH(Rt) PH(Lt) PH(Pool) PL(Rt) PL(Lt ) PL(Pool)

C3 4.77±0.99 4.76±0.99 4.76±0.98 6.63±1.17 6.84±1.10 6.73±1.12 4.34±0.92 4.37±0.97 4.36±0.93

C4 5.12±0.91 5.15±0.81 5.13±0.85 6.88±1.24 6.98±1.00 6.93±1.11 4.23±0.89 4.19±0.90 4.21±0.85

C5 5.12±0.97 5.04±0.93 5.08±0.94 6.77±1.30 6.99±1.19 6.88±1.24 4.32±1.02 4.50±1.01 4.41±1.00

C6 5.09±1.17 5.25±0.92 5.17±1.04 6.65±1.33 6.64±1.40 6.60±1.35 4.50±0.76 4.54±0.72 4.57±0.70

C7 6.52±0.90 6.06±1.17 6.30±1.05 7.21±1.15 7.23±1.34 7.22±1.22 4.61±0.79 4.43±0.96 4.52±0.87

Table 2. Multiple comparison of mean pedicle width between the various spinal levels

Vertebrae Vertebrae Mean Difference P-value

C4 C3 .36719 .156

C5
C3 .31778 .212

C4 -.04941 .846

C6

C3 .31469 .223

C4 -.05250 .839

C5 -.00309 .990

C3 1.51939* .000

C4 1.15220* .000

C5 1.20161* .000

C6 1.20470* .000

*Significant at the level of 0.05

Table 3. Percentage distribution of pedicle width

Vertebrae 3 mm 4 mm 5 mm 6 mm 7 mm 8 mm

C3 25 41.66 22.22 8.33 2.78

C4 5.56 38.89 41.66 11.11 2.78

C5 8.33 41.68 30.56 16.67 2.78

C6 8.57 31.43 45.71 8.57 5.71

C7 0 6.90 37.93 27.59 20.69 6.90

Table 4. Posterior transverse angle at various spinal levels

C3 C4 C5 C5 C7

Mean±Std. 41.71º±4.36 42.42º±4.10 43.18º±3.86 43.84º±3.94 44.00º±3.87

Table 5. Multiple comparison of PTA between the various spinal level

Cervical Vertebrae Mean Difference p-value

C3

C4 0.71053 0.444

C5 -1.46447 0.111

C6 -2.13158* 0.022

C7 -2.28947* 0.019

C4

C5 0.75395 0.411

C6 -1.42105 0.127

C7 -1.57895 0.105

C5
C6 0.66711 0.467

C7 0.82500 0.390

C6 C7 0.15789 0.871

*Significance at the level of 0.05
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was > 6 mm, suggesting that in terms of height, 
most pedicles in the Ghanaian populace may 
safely accommodate the placement of screws. The 
challenge however appears to be with the pedicle 
width. In this study, the incidence of pedicles width 
was < 4 mm and was found to be 9.71% compared 
to the 1.7% reported by Rao et al. (2008). The inci-
dence at each spinal level was as follows: C3; 25%, 
C4; 5.56%, C5; 8.33% and C6; 8.57%; all pedicles 
at C7 had widths > 4 mm. These frequencies are 
much higher than those reported by Chazono et 
al. (2006), who found an incidence of 8.5% at C-3, 
7.9% at C-4, 1.6% at C-5, and 0% at C-6 and C-7.  
The findings suggest that the standard screws 
used for transpediclartranspedicular insertion 
may not be suitable for placement within the C3 
pedicles of a significant number of Ghanaians. 
Thus, a careful evaluation of the C3 pedicle for its 
suitability for the placement of cervical screws 
must be done preoperatively. Surgeons must also 
consider the use of smaller screws when placing 
cervical placement screws within the C3 pedicle. 
Based on the diameter of the pedicles alone, C7 
pedicles appear to be the safest within which cer-
vical screws may be placed. 

The PTA in the present study ranged between 
32º and 50º,  with a mean of 43.0º±4.08º. The 
mean PTA ranged from 37.1° to 45.4° (Nishinome 
et al., 2013). There was no statistically significant 
difference in the mean angles for the right and 
left side. The PTA was found to increase from C3 
to C7 in conformity with the notion that PTA gen-
erally increases from C3 to C7 (Tan et al., 2020). 
When the mean PTA of one level was compared 
to the others, it was observed that there were sig-
nificant differences between the PTA of C3 verte-
brae and those of C6 and C7. Other studies have 
also reported significant differences between the 
various vertebral levels (Rao et al., 2008; Nishi-
nome et al., 2013). Rao et al. (2008) observed that 
pedicle transverse angulation was significantly 
dependent on spinal level. Based on these obser-
vations, it appears that standardized angles have 
from little to no value for transpedicular screw 
placement. It is however recommended that PTA 
for each level must be assessed preoperatively us-
ing CT imaging in order to establish an ideal con-
vergence angle trajectory for the successful place-

ment of the screw. 

One limitation of this study was the inabili-
ty to segregate the data by sex and age.  There 
is some evidence in literature that points to the 
fact that pedicle dimensions and orientation are 
influenced by both factors. Future studies in the 
Ghanaian population must endeavor to segregate 
specimen by sex and gender. 

In conclusion, the information from this study 
will help to add to the body of knowledge already 
available and will give spinal surgeons in Ghana 
a good three-dimensional appreciation of pedicle 
anatomy to help mitigate the risk associated with 
pedicle screw insertion.  The findings of our study 
compared to other studies highlights the high de-
gree of variability in dimensions and angulation of 
the cervical pedicles across different populations.  
There may be many reasons for these differences, 
which may including genetics, nutrition and the 
presence of some endemic infectious diseases 
(Brown et al., 2020a; Brown et al., 2020b). From 
the findings of our study, it is recommended that 
each pedicle should be assessed preoperatively 
to ascertain its suitability for pedicle screw place-
ment. On the bases of dimension alone, it may 
appear that C7 pedicles are the safest in which to 
place screws, while C3 pedicle carry the most risk. 
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