
ORI GI NAL ARTICLE  

14

©Copyright 2021 by the Turkish Spine Society / The Journal of Turkish Spinal Surgery published by Galenos Publishing House.

J Turk Spinal Surg 2021;32(1):14-9

Ad dress for Cor res pon den ce: Murat Sayın, İzmir Private Health Hospital, Clinic of Neurosurgery, İzmir, Turkey
Phone: +90 505 253 13 10 E-mail: smsayin@gmail.com Received: 24.11.2020 Ac cep ted: 07.01.2021
ORCID ID: orcid.org/0000-0001-8745-2656

Objective: Transpedicular screw fixation for the subaxial cervical spine is considered to be more stable than other posterior fixation techniques 
despite its technical challenges. Thorough understanding of cervical pedicle anatomy and morphometric parameters is essential to avoid 
neurovascular injury during screw placement.
To evaluate subaxial cervical spine pedicle dimensions, screw starting points, and screw trajectories to provide data that might be representative 
of the entire Anatolian peninsula.
Materials and Methods: This retrospective study included 200 patients (2000 cervical pedicles). The distance from the junction of the lamina and 
spinous process to the entry point (DEP), pedicle width (PW), pedicle maximum axis length (PAL), pedicle transverse angle (PTA) in the axial plane, 
and pedicle height (PH) in the sagittal plane were measured from C3 to C7 on computed tomography (CT) by two blinded observers.
Results: The mean values for DEP, PW, PAL, PTA and PHA ranged between 22.92 mm-23.75 mm, 4.99 mm-6.26 mm, 28.24 mm-36.01 mm, 33.52°-
34.60° and 6.36 mm-7.03 mm, respectively. The PW significantly increased in the rostrocaudal direction. The PAL was significantly different 
between the right and left sides at C3 in male patients. The PTA was significantly different between the right and left sides at C3 in female 
patients. The PH was greater than the PW at all levels on both sides.
Conclusion: Although surgical planning should be carried out on a case-by-case basis, the findings of the present study might be helpful for 
Turkish spine surgeons in decision-making for the accurate placement of cervical pedicle screws.
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INTRODUCTION

Numerous cervical spinal disorders, such as infections, tumours, 
traumatic injuries, and degenerative diseases, may result in 
instability and require cervical spinal instrumentation. The 
armamentarium for posterior cervical spine fixation includes 
interspinous wiring, laminar hooks, and screw fixation with rods 
and/or plates(1). For the past two decades, lateral mass screw 
fixation has been the most preferred technique among spine 
surgeons as this technique is associated with lower complication 
risks and higher fusion rates(2). Transpedicular screw fixation 
for the subaxial cervical spine, initially reported by Abumi et 
al.(3) and Jeanneret et al.(4) in 1994, is considered to be more 
stable than other posterior fixation techniques. However, the 

approach is technically demanding. The diameter of the pedicle 
is narrow, and there is a potential risk for serious neurovascular 
complications, including injuries to the vertebral artery, nerve 
root, and spinal cord(3,5). Recently, spine surgeons are reporting a 
lower incidence rate of complications than initially considered, 
and are attempting to perform transpedicular screw fixation 
more frequently(6). Thorough understanding of cervical pedicle 
anatomy and morphometric parameters is essential to avoid 
neurovascular injury during screw placement.
Subaxial cervical spine morphometric values vary among 
different populations in the literature(5,7-15). To our knowledge, 
four morphometric studies with small sample sizes from 
Turkey have been reported in the English literature(7-9,11). As 
various ethnic groups are present and immigration to big cities 
and interethnic marriage are common, Anatolia has a highly 
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heterogeneous population. Thus, data obtained from a small 
group may not represent the entire Anatolian peninsula. The 
present study aimed to evaluate subaxial cervical spine pedicle 
dimensions, screw starting points, and screw trajectories, using 
computed tomography (CT), for providing data that might be 
representative of the entire Anatolian peninsula.

MATERIALS AND METHODS

This retrospective research, designed to investigate 
morphological properties of subaxial cervical spine in Anatolian 
population, included 200 consecutive patients (100 male and 
100 female; 2000 cervical pedicles) who underwent standard 
CT for various reasons at a tertiary academic care unit between 
2015 and 2017. The CT scans were obtained from radiology 
archive of the institution, and no clinical data of patients were 
retrieved. The informed consent for academic research had 
been taken. The inclusion criteria were fine quality images of 
subaxial cervical spine and age >18 years at the time of imaging. 
The exclusion criteria were evidence of any pathology related 
to a severely degenerative, congenital, traumatic, infectious, 
metabolic, or neoplastic spinal disease and prior cervical spine 
surgery since these conditions may have caused structural 
changes. The study population included patients who have 
origins in central, eastern and western Anatolian peninsula.
All cervical spine CT scans were performed using the Somatom 
Sensation 16 (Siemens Medical Solutions, Erlangen, Germany) 
tomography system. Axial images were taken in 2 mm slice 
thickness, and then sagittal reconstructions with 2 mm thickness 
were obtained. The distance from the junction of the lamina 
and spinous process to the entry point (DEP), pedicle width 
(PW), pedicle maximum axis length (PAL), pedicle transverse 
angle (PTA) in the axial plane, and pedicle height (PH) in the 
sagittal plane were measured for morphometric analysis of the 
subaxial cervical pedicles as was described in the literature(13) 
(Table 1) (Figure 1). All measurements were performed by two 
blinded observers on one occasion.

Statistical Analysis

The mean and standard deviation values of the parameters 
were calculated at each level without considering sex 
initially and then considering sex (male and female patients 

separately). Normal distributions of numerical variables were 
calculated using the Shapiro-Wilk normality test and Q-Q 
graphics. Differences in measurements between the right 
and left pedicles were evaluated using the paired t-test, and 
comparisons of the measurements at different cervical vertebra 
levels were performed using the one-way repeated-measures 
analysis of variance. The Bonferroni test was used as a Post-
hoc test. An independent samples t-test was used to determine 
sex differences with regard to IPD. All statistical analyses were 
performed using IBM SPSS Statistics software, version 22.0 
(IBM Corp., Armonk, NY, USA). A p-value <0.05 was considered 
statistically significant.

RESULTS

The study involved 200 Anatolian patients (100 of each sex) 
aged 18-78 years (mean 52 years). The mean age of the male 
patients was 47±20 years, and the mean age of the female 
patients was 56±18 years. Although the difference in age was 
statistically significant (p<0.05), no correction was performed as 
age is not considered to be related to the measured parameters.
The mean values of measured subaxial cervical pedicle 

Figure 1. Parameters measured on computed tomography. Distance 
from the junction of the lamina and spinous process to the entry 
point (DEP) (a). Pedicle width (PW) (b). Pedicle axis length (PAL) (c). 
Pedicle transverse angle (PTA) (d). Pedicle height (PH) (e)

Table 1. Parameters measured on computed tomography

Measurement Abbreviation Description
Distance from the junction of the lamina and 
spinous process to the entry point DEP Distance between the junction of the lamina and spinous process 

and the pedicle screw entry point 

Pedicle width PW Mediolateral diameter of the pedicle at its narrowest part 

Pedicle axis length PAL Distance between the posterior cortex of the lateral mass to the 
anterior wall of the vertebral body along the pedicle axis 

Pedicle transverse angle PTA Angle between the transverse pedicle axis and median sagittal 
axis of the vertebra 

Pedicle height PH Rostrocaudal diameter of the pedicle at its narrowest part 
DEP: Distance from the junction of the lamina and spinous process to the entry point, PW: Pedicle width, PAL: Pedicle maximum axis length, PTA: Pedicle 
transverse angle, PH: Pedicle height
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morphological parameters are summarized in Table 2 and 
Table 3. The overall mean DEP ranged from 22.92 mm to 23.75 
mm, and the minimum DEP was 19.94 mm. There were no 
significant differences between the right and left sides, except 
for C6. No statistical significance associated with gender was 
found for DEP. Post-hoc analysis revealed that the DEP was not 
significantly different between C3 and C5, C4 and C5, and C6, 
and C7 on the right side; and the DEP was significantly lower at 
C7 than at the other levels on the left side.
The overall mean PW ranged from 4.99 mm to 6.26 mm, and 
the minimum PW was 4.11 mm at C6. There was no significant 
difference between the right and left side, except for C3 in the 

whole study group and for C4 in male patients. When comparing 
male and female patients, the PW was found to be larger at C3 
and C4 but smaller at C5, C6, and C7 in male patients; however, 
the differences were found to be significant at C3, C4, and C6 
on the right and at C3 and C6 on the left side. Post-hoc analysis 
revealed that the PW significantly increased in the rostrocaudal 
direction, except between C4 and C5, on both sides.
The overall mean PAL ranged from 28.24 mm to 36.01 mm. 
There were no significant differences between the right and left 
sides for all vertebrae, except C3 in male patients. No significant 
differences were noted with regard to sex. Post-hoc analysis 
revealed that the PAL significantly increased from C3 to C7.

Table 2. The evaluated morphological parameters of pedicles in subaxial cervical spine

DEP (mm) PW (mm) PAL (mm) PTA (°) PH (mm)
(Mean ± standard deviation)

C3

Overall 23.70±1.39 5.00±0.15 28.28±1.13 33.90±1.33 7.02±0.21

Right 23.75±1.40 4.99±0.16 28.24±1.14 33.96±1.36 7.01±0.24

Left 23.65±1.38 5.02±0.15 28.33±1.12 33.84±1.31 7.03±0.17

C4

Overall 23.52±1.40 5.37±0.26 30.44±1.54 33.53±1.35 6.88±0.40

Right 23.48±1.43 5.36±0.24 30.42±1.55 33.52±1.34 6.87±0.41

Left 23.55±1.36 5.38±0.29 30.46±1.53 33.53±1.36 6.90±0.40

C5

Overall 23.47±1.46 5.31±0.58 32.11±0.62 33.71±1.39 6.68±0.45

Right 23.41±1.46 5.26±0.58 32.11±0.61 33.73±1.40 6.71±0.46

Left 23.53±1.45 5.36±0.58 32.11±0.63 33.69±1.38 6.66±0.44

C6

Overall 23.29±1.53 5.62±0.80 34.30±0.94 34.59±1.90 6.43±0.63

Right 22.94±1.57 5.65±0.81 34.33±1.00 34.57±1.92 6.36±0.67

Left 23.65±1.42 5.60±0.80 32.26±0.89 34.60±1.88 6.49±0.58

C7

Overall 22.96±1.62 6.23±0.86 36.00±0.93 34.02±2.46 6.65±0.61

Right 22.92±1.63 6.20±0.86 35.99±0.94 33.96±2.44 6.65±0.60

Left 23.00±1.62 6.26±0.80 36.01±0.93 34.08±2.49 6.65±0.61
DEP: Distance from the junction of the lamina and spinous process to the entry point, PW: Pedicle width, PAL: Pedicle maximum axis length,  
PTA: Pedicle transverse angle, PH: Pedicle height

Table 3. The summary of evaluated morphological parameters based on genders

DEP (mm) PW (mm) PAL (mm) PTA (°) PH (mm)
(Mean ± standard deviation)

C3
Male 23.77±1.38 5.08±0.14 28.29±1.13 33.83±1.39 7.03±0.21

Female 23.63±1.40 4.92±1.12 28.28±1.13 33.97±1.27 7.01±0.20

C4
Male 23.55±1.41 5.44±0.26 30.46±1.55 33.45±1.37 6.89±0.37

Female 23.49±1.38 5.29±0.25 30.42±1.54 33.60±1.33 6.88±0.43

C5
Male 23.55±1.45 5.30±0.50 32.08±0.59 33.76±1.39 6.68±0.44

Female 23.39±1.45 5.32±0.65 32.14±0.64 33.66±1.40 6.69±0.46

C6
Male 22.27±1.57 5.48±0.70 34.36±0.94 34.54±1.84 6.43±0.65

Female 23.32±1.51 5.77±0.87 32.23±0.94 34.63±1.96 6.43±0.61

C7
Male 23.02±1.60 6.19±0.89 36.04±0.96 34.02±2.50 6.60±0.59

Female 22.91±1.64 6.27±0.82 35.97±0.91 34.02±2.43 6.69±0.62
DEP: Distance from the junction of the lamina and spinous process to the entry point, PW: Pedicle width; PAL: Pedicle maximum axis length,  
PTA: Pedicle transverse angle, PH: Pedicle height
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The overall mean PTA ranged from 33.52° to 34.60°. There 
were no significant differences between the right and left sides 
for all vertebrae, except for C3 in female patients. Significant 
gender-specific differences were found at C3 on the right and 
C5 on the left. Post-hoc analysis revealed significant differences 
in the PTA between C6 and other vertebrae above. There were 
no significant differences with regard to C7. The values for C5 
and other vertebrae above were similar.
The overall mean PH ranged from 6.36 mm to 7.03 mm. The 
PH was greater than the PW at all levels on both sides. There 
were no significant differences between the right and left sides 
for all vertebrae, except C6 in male patients. Gender was not 
found to have a significant effect on PH. Post-hoc analysis 
revealed that the PH significantly decreased from C3 to C6 and 
then increased slightly from C6 to C7, but this change was not 
statistically significant.

DISCUSSION

Among the spinal segments, the cervical spine has the 
greatest range of motion, and this makes it more susceptible 
to degenerative or traumatic pathologies. Other issues, such 
as infections, tumours, and metabolic diseases, may also affect 
the cervical spine and may reduce stability; thus, cervical 
instrumentation with or without fusion may be unavoidable 
in the setting of instability under such circumstances. The 
most commonly used posterior instrumentation technique 
in current practice is lateral mass fixation(2). For the subaxial 
cervical spine, Abumi et al.(3) and Jeanneret et al.(4) described 
transpedicular screw fixation in 1994. Several biomechanical 
studies have demonstrated that cervical pedicle screw fixation 
is more stable than other posterior fixation methods, but its 
use is limited owing to the risk of serious injury to adjacent 
neurovascular structures(16).
Unlike the thoracic and lumbar vertebrae, the cervical 
vertebrae, with the exception of C7, have transverse foramina 
on the transverse process, allowing passage of the vertebral 
artery and vertebral veins. Owing to their small size and unique 
anatomical features, the most severe complications associated 
with transpedicular screw fixation are injuries to the vertebral 
arteries, spinal cord, and nerve roots. To avoid complications, 
detailed knowledge of pedicle anatomy, including the pedicle 
width, PH, and anteroposterior trajectory, is required during 
transpedicular screw fixation.
Several cadaveric and radiological studies on cervical spine 
morphology have been conducted(6,10,17). Although some 
similarities were noted, there were differences that may be 
attributed to the different study populations. Even ethnic 
problems can be seen now in any city, and one should not 
exclude this variable totally, Turkey includes several ethnic 
populations. Thus, it is difficult to generalize the findings of 
previous publications on the Turkish population with small 
sample sizes(7-9,11). We have performed this study on a larger 
group of individuals who have origins from the central to 
eastern and western Anatolian peninsula.

Right vs. Left and Male vs. Female

There is a limited amount of studies analysing the right and left 
sides in the literature. The pedicle-spinous process distance, 
PW, and PAL were shown to be statistically significant(8,14). In 
our study, every parameter showed differences between the 
right and left sides at least in one spinal segment, and the 
calculated amount of differences were highest at C3, followed 
by C6. Although there was no general pattern, the differences 
in results can be attributed to the following: 1) a larger sample 
size in this study than in previous studies, which may have 
resulted in small differences becoming apparent, 2) differences 
in demographics of the study population, and 3) differences in 
inter-rater reliability.
There have been reasonably consistent reports on differences 
according to gender. Although some researchers found out 
differences between sexes in the measurement of PW, PH, and 
PAL, there were also others reporting no differences(7,13,14). To our 
knowledge, only Uğur et al.’s(7) study demonstrated a statistically 
significant difference in the PTA between male and female 
patients(7). We found differences in the PW and DEP according 
to sex. However, contradictory to previous findings, there were 
no significant differences in the PH and PAL according to sex. 
Moreover, there were significant differences in the PTA at some 
levels between male and female patients, as reported by Uğur 
et al.(7). We do not believe that the absence of significance for 
the PH and PAL can be attributed to sample size, as the sample 
size was large enough to demonstrate differences. However, 
it might be associated with population characteristics, as 
the inter-rater reliability for the PAL has been shown to be 
intermediate to good and that for the PH has been shown to be 
good to very good(13,14).

DEP

We found a decreasing tendency from the caudal to rostral 
direction, similar to the finding in the study by Herrero et al.(13). 
However, statistical significance was only noted for C7 on the 
left side, DEP with the lowest value. There is no generally 
accepted entry point for cervical pedicle screw insertion in the 
literature. As considering the mean DEP ranged between 22.92-
23.75 mm and the smallest DEP was noted as 19.94 mm in the 
present study, pedicle screws at least 20mm lateral to spinous 
process-lamina junction could be safely placed in the Anatolian 
population.

PW

The smallest PW in our study was 4.11mm, which is greater 
than the width reported in previous studies, except the study 
by Herrero et al.(13). Additionally, the PW had an increasing 
tendency in the distal direction, although the change was not 
significant at each level. Jones et al.(5) found no difference in 
the pull-out strengths of 2.7-mm and 3.5-mm pedicle screws. 
Thus, a width of 4.11 mm is sufficient to safely insert a 2.7-mm 
pedicle screw. However, 2.7 mm pedicle screws are not widely 
available. Considering the majority of commercially available 
pedicle screws have the smallest width of 3.5 mm, they seem 
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to be safe at all levels. Moreover, considering the smallest PW 
being 4.11 mm in 2000 measurements, 4mm pedicle screws 
can be safely used as rescue screws.

PAL

We found a significant increase in the PAL from C3 to C7, which 
is not consistent with the results in other morphometric studies. 
Additionally, this finding is in contrast to the finding in the study 
by Herrero et al.(13). As the cohort sizes of our study and the study 
by Herrero et al.(13) were similar, the differences in PAL might be 
associated with population differences or inter-rater reliability, 
which has been reported to be moderate to good by Herrero 
et al.(13) and Westermann et al.(14), and good by Rao et al.(15). In 
accordance with the current study’s PAL values, it can be said 
that inserting longer screws with increasing dimensions of 2 
mm as progressing caudally through the cervical spine starting 
from C3 with an 18 mm screw could be performed securely in 
the Anatolian population.

PTA

The mean overall PTA ranged from 33.52° to 34.59°. The PTA 
at C6 was significantly higher than that at the above levels, 
but there was no significant difference with regard to C7. This 
finding is in contrast to the findings of studies that reported 
the smallest PTA at C7. Moreover, to our knowledge, the PTA 
range in our study is one of the smallest among similar 
studies(5,7,9,10,12,14,15). Similar findings were reported by Panjabi et 
al.(18). As such a low trajectory angle might result in perforation 
of the transverse foramina, we highly recommend preoperative 
evaluation of cervical pedicle trajectories individually.

PH

Although the PH had a decreasing tendency from the rostral to 
caudal direction, with the exception of C7, it was greater than 
the PW at all levels, which is consistent with previous findings. 
Thus, the screw diameter can be safely determined according 
to only the PW.

Study Limitations

This study has several limitations. First, single-centre nature of 
the study might not necessarily represent the whole Anatolia. 
However, the study was performed in a government-owned 
academic tertiary referral care centre with ease of access by 
the public. The hospital is located in İzmir, which aside from 
being 3rd largest city in Turkey, also has been the 3rd city that 
receives domestic immigration the most for the last decade(19). 
The location of the centre is close to where most of those 
immigrants settled, and the patient population mostly consists 
of those people. As the power analysis was resulted in over 90% 
for all evaluated parameters, the study population is considered 
as sufficient. Second, we included only a limited range of 
individuals and excluded the patients with the occurrence 
of any pathology related to any kind of spinal disease and 
prior cervical spine surgery. So, some modifications might be 
needed in terms of such circumstances. Third, a statistically 
significant difference was found between the mean ages of the 

genders; no correction was performed as age is not considered 
to be related to the measured parameters. Fourth, this was a 
radiomorphometric study, and clinical assessment was absent. 
And finally, all measurements were performed by two blinded 
observers in one occasion; no reliability analysis was performed. 
However, we believe that this study supplies useful information 
about radiomorphometric parameters for the Turkish spine 
surgeons in the accurate placement of cervical pedicle screw.

CONCLUSIONS

We performed a detailed CT-based morphometric analysis of 
the subaxial cervical spine in the Anatolian population. Based 
on these findings, pedicle screws with 3.5 mm width seems to 
be safe at all levels. A distance from 2 mm lateral to spinous 
process-lamina junction appears to be a valid screw entry point. 
Furthermore, it is not necessary to measure PH, and finally, 
the findings regarding the pedicle insertion angle should be 
taken cautiously until they are supported by further studies. As 
a consequence, although surgical planning should be carried 
out on a case-by-case basis, the findings of the present study 
might help Turkish spine surgeons in decision-making for the 
accurate placement of cervical pedicle screws.
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