
The Egyptian Journal of Radiology and Nuclear Medicine (2010) 41, 475–481
Egyptian Society of Radiology and Nuclear Medicine

The Egyptian Journal of Radiology andNuclearMedicine

www.elsevier.com/locate/ejrnm
www.sciencedirect.com
Morphological measurements of lumbar pedicles

in Egyptian population using computerized tomography

and cadaver direct caliber measurements
Mohamed A. Maaly a,*, Adel Saad b, Mohey E.E. Houlel c
a Radiology Department, Faculty of Medicine, Menofyia University, Egypt
b Neurosurgery Department, Faculty of Medicine, Zagazig University, Egypt
c Anatomy Department, Faculty of Medicine, Zagazig University, Egypt
Received 20 August 2010; accepted 5 October 2010

Available online 4 December 2010
*

M

+

E-

61

03

M

Pe

N

do
KEYWORDS

CT;

Lumbar pedicle;

Morphometry;

Measurements;

Pedicle screw
Corresponding author. Addr

edicine, Menofyia University

20 55 3971501; fax: +20 55

mail addresses: maalymrc200

@yahoo.com (A. Saad).

78-603X � 2010 Egyptian

edicine. Production and host

er review under responsibility

uclear Medicine.

i:10.1016/j.ejrnm.2010.10.002

Production and h
ess: Radi

-Shibin E

3975400;

2@yaho

Society

ing by El

of Egyp

osting by E
Abstract Introduction: Transpedicular spinal fixation has recently been the focus of increased

attention in several institutions throughout the world, but its safety and efficacy require a precise

knowledge of the lumbar pedicles and their relations with neural structures.

Objective: In this study, it was aimed at studying the morphometry of the lumbar pedicle in

Egyptian population for more safety and better efficacy during pedicle screw fixation and assess-

ment of the accuracy of CT pedicle measurements.

Patients and methods: Study of the lumbar pedicles was conducted using CT scanning for lumbar

blocks of five cadavers together with 75 cases of lumbar disc patients to clarify the lumbar pedicle

morphology in Egyptian population. Measurements of the axial length, the axial angle, the pedicle

breadth, and endosteal thickness were performed on CT images obtained at the middle of the cra-

nio-caudal axis of the pedicle of patients and cadavers. Moreover, these measurements were

reviewed by direct caliper measurements in these cadavers.
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Results: This study illustrated that the axial length of pedicles is around 5 cm at all lumbar levels

with negligible shortening at L4 and L5. The angels of inclination of the lumbar pedicle axis on the

midline are more obtuse than the known Western measurements and becoming more obtuse from

L1 to L5. The study clarified that the pedicle breadth becomes progressively thicker from L1

(6.6 mm) to L5 (18.5 mm) and the endosteal thickness follows the pedicle breadth becoming thicker

at L5 (8.3 mm) than at L1 (3.8 mm). We could not detect any statistically significant difference

between all the above-mentioned measurements when we compared the direct caliper measurements

of the cadavers with its CT measurements and with patients CT measurements. Wide range of mea-

surements of the lumbar pedicle for each particular level was noticed.

Conclusion: CT pedicle measurements are accurate indicators for the actual pedicle morphometry.

The Egyptian lumbar pedicles differ in some aspects from the pedicles of other populations. The

pedicle screw diameter, the screw length, and the angle of its insertion are better to be tailored

according to the CT pedicle measurements of each patient.

� 2010 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.

All rights reserved.
1. Introduction

To ensure precise screw positioning, it is essential that the

surgeon have an intimate knowledge of spinal anatomy and
be able to localize the bony and neural structures accurately.
This requires a melding of directly visualized anatomic

landmarks, proprioceptive feedback, and radiographically
acquired data. The pedicle, which is the junction between
the posterior and the anterior constructs of the spine, is a

key element for surgical management of lumbar spinal disor-
ders, because the use of pedicle screws has become the main
stream for lumbar fusion surgery. To date, many morpholog-
ical studies of the pedicle have been conducted to establish a

reference for the screw insertion using direct (1–5), radiolog-
ical (6–12), and both (13) measurements. Krag et al. (9) and
Zindrick et al. (12) conducted morphologic measurements of

the pedicle by Computed Tomography (CT) in Western
populations, and Chadha et al. (7) and Cheung et al. (8)
conducted similar measurements in Oriental populations.

Kenya et al. and Robertson and Stewart assessed these mea-
surements in various lumbar spine degenerative diseases
(11,14).

As the pedicle screw has been widely used in stabilization

of the spine, pedicle penetration, neurological irritation, and
cerebrospinal fluid leakage associated with the pedicle screw
misplacement frequently occur. The amount of information

on the anatomic morphology of the pedicle has increased
recently (3). Transpedicular screw fixation has many advanta-
ges over other spinal instrumentations (15). There is also

increasing use of pedicle screw fixation and derotation
maneuvers in the surgical management of scoliosis (16). The
small space between the pedicle and the dural sac is the

reason that pedicle fixation has the risk of laceration of the
dural sac (17). Esses et al. (18) reported twelve cases of cere-
brospinal fluid leakage in 169 cases of pedicular screw place-
ment. Most root sleeves are anchored inferiorly to the subject

pedicle (19). There is only a 1.4 mm space between the infe-
rior border of the pedicle and the nerve roots. Because the
site of dural emergence of each nerve root constitutes a point

of fixation, movement of the nerve roots is limited. In the
lumbar region, the distance between the vertebral rami and
the lateral border of the pedicle is 4.8 mm at L1 and 3.1 at

L5 (17).
2. Patients and methods

Morphometric study and measurement of the dimensions of

the pedicles of the lumbar spine was conducted using Com-
puted Tomography (CT) scanning for lumbar blocks of five
cadavers (10 pedicles for each level) together with 75 cases

(150 pedicles for each level) of lumbar disc patients to clarify
the lumbar pedicle morphology in Egyptian population. There
was one female between the cadavers, and there were 45 males

and 28 females with age ranging between 17 and 73 years and a
mean age of 38 years. Measurements were performed during
routine CT examination of the lumbar spine. Measurements
of the pedicle breadth (transverse pedicle diameter), the axial

length of the pedicle, the endosteal thickness and the axial an-
gle were performed on CT slices done at the middle of the cra-
nio-caudal axis of the pedicle of cadavers and patients. Direct

caliper measurements of the lumbar pedicles of the cadavers
were performed after axial sectioning of the lumbar vertebrae
at the middle of the pedicles. The pedicle breadth is the width

of the narrowest point of the pedicle (pedicle isthmus) in a line
perpendicular to the pedicular axis. The endosteal thickness is
the thickness of inter-cortical cancillous bone at the pedicle
isthmus. The axial length was the distance between the point

of entry of pedicular screw and the anterior border of the ver-
tebral body. The axial angle is the angle of inclination of the
pedicle axis on the midline. The measurements were performed

according to the method of Zindrick et al. (12).

2.1. Statistical analysis

Data were entered, checked and analyzed using EPI-INFO
version 6.04 (2004) software computer package. Data were ex-

pressed as mean ± Standard Deviation (SD). Student t -test
was used for comparison between means of two groups. p va-
lue <0.05 was considered statistically significant.

3. Results

Direct caliper measurements of the five cadavers lumbar pedi-

cles are illustrated in Table 1. It is evident from the table that
the length of pedicles is around 5 cm of all lumbar levels with
negligible shortening at L4 and L5. The angels of inclination of

the lumbar pedicle axis on the midline are more obtuse than



Table 1 Direct caliper measurements of cadavers lumbar pedicle.

Axial length Axial angle (�) Pedicle breadth Endosteal thickness

Mean ± SD (cm) Range (cm) Mean ± SD Range (�) Mean ± SD (mm) Range (mm) Mean ± SD (mm) Range (mm)

L1 5.1 ± 0.5 4.1–5.8 15� ± 2.9 9–18 6.6 ± 1.8 4.9–10.3 3.8 ± 1.1 3.2–5.7

L2 5.2 ± 0.52 3.8–6.2 18� ± 2.8 10–21 8.5 ± 1.4 5.4–10.6 4.4 ± 1.2 3.8–5.8

L3 5.2 ± 0.47 4.1–6.1 20� ± 3.7 14–25 9.8 ± 1.7 7.5–12.9 5.7 ± 1.3 4.7–5.3

L4 5 ± 0.51 3.5–6 25� ± 2.1 19–26 12.6 ± 1.7 9.1–16.6 6.2 ± 1.4 4.8–7.3

L5 4.9 ± 0.52 3.8–5.8 30� ± 3.7 25–36 18.5 ± 2.4 13.3–23.6 8.3 ± 1.5 6.9–11.6

When similar (in level and type) measurements in the above table were statistically tested with each other, no statistically significant differences

could be detected between any of the measurements (p value >0.05).
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the known Western measurements and becoming more obtuse

as we descend along the lumbar spine. The table also clarifies
that the pedicle breadth becomes progressively thicker from L1

(6.6 mm) to L5 (18.5 mm). The endosteal thickness follows the
pedicle breadth becoming thicker as we descend from L1

(3.8 mm) to L5 (8.3 mm). We could not detect any statistically
significant difference in all the above mentioned measurements
when we compared the direct caliper measurements of the

cadavers with its CT measurements (Table 2) and with patients
CT measurements (Table 3). When we reviewed the lumbar
pedicle measurements for each particular level we noticed that

there was a range of about 10� difference regarding the axial
angel, and a range of about 5 mm difference as regards pedicle
breadth. Moreover, a range of 2–3 mm difference regarding

endosteal thickness and a range of about 2 cm difference in re-
gard to the axial length for different persons were found.

Fig. 1 shows a cadaver work.
Fig. 2 shows lines of measurements.

Fig. 3 shows CT cadaver work.
Fig. 4 shows patients’ CT measurements.

4. Discussion

The biomechanical superiority of pedicle screws over other

methods of spinal fixation (20–22), along with increasing sur-
geon comfort with pedicle screw techniques, has driven the
popularity of this technique. However, anatomic variations

can make screw placement challenging, and retrospective stud-
ies have demonstrated that even in experienced hands, pedicle
wall violations can occur in up to 29% of cases (23,24).
Although neurological deficits related to screw misplacement

are less common, asymptomatic violations of the cortical bone
can result in a weakened biomechanical construct (25). The
key to a successful transpedicular procedure is that the small

pedicle, especially the deep isthmus section, be safely pene-
Table 2 CT measurements of cadavers lumbar pedicle.

Axial length Axial angle (�) Ped

Mean ± SD (cm) Range (cm) Mean ± SD Range (�) Me

L1 5.1 ± 0.49 4.3–5.8 15� ± 2.7 9–18 6.8

L2 5.2 ± 0.5 3.8–6.1 19� ± 2.5 10–21 8.8

L3 5.2 ± 0.47 4.2–6.1 20� ± 3.9 14–25 10.

L4 5.1 ± 0.53 3.9–5.9 24� ± 2.3 19–26 12.

L5 4.8 ± 0.51 3.8–5.7 30� ± 3.6 23–36 18.

When similar (in level and type) measurements in the above table were sta

could be detected between any of the measurements (p value >0.05).
trated; otherwise, severe complications, such as nerve, vascu-

lar, and visceral injuries, may occur. A penetration should
ideally be placed along the axis of the pedicle, incorporating
the largest available transverse and sagittal pedicle diameters
(26).

A precise knowledge of the lumbar pedicles and their rela-
tions with neural structures has important implications for
surgical interventions (27). Most surgeons use anatomic land-

marks, often in conjunction with fluoroscopy, to guide pedicle
screw placement in the lumbar spine (15,28,29). Despite mod-
ern techniques, the incidence of pedicle screw misplacement

in the lumbar spine remains significant (18,30,31). Neuronavi-
gation has been shown to improve accuracy of screw place-
ment. However, it adds to the time and resources needed for

surgery (32–34). There are many advantages to using CT to
investigate pedicle morphology. Computed tomographic mea-
surements of outer cortical diameter correlated well with actual
cortical measurements using calipers. The average difference

noted was 0.33 mm, with a range of 0.03–1.18 mm (25). This
is in accordance with our results in which we could not find
any statistically significant differences between CT measure-

ments and direct caliper measurements of cadavers’ lumber
pedicles. This study also illustrated that the Egyptian lumbar
pedicle is getting slightly shorter and significantly thicker from

L1 to L5. It is evident from our study that the length of pedicles
is around 5 cm of all lumbar levels with negligible shortening at
L4 and L5. This is in agreement with Li et al. who stated that
pedicle length decreased gradually from L1 to L5 and coincided

with weight increasing and weight bearing. The diameter of the
pedicle is smaller and pedicle length is longer in upper lumbar.
This means that the closer to upper lumbar, the less safe the

pedicle screw fixation. It is well known that pedicle chord length
is the most important reference in the length selective of the
pedicle screw. There was no relation between the pedicle chord

length and the segments. The pedicle chord lengths of male and
icle breadth Endosteal thickness

an ± SD (mm) Range (mm) Mean ± SD (mm) Range (mm)

± 1.9 4.7–10.8 3.7 ± 1.3 3.0–5.6

± 1.4 5.6–10.4 4.2 ± 1.1 3.7–5.7

1 ± 1.6 7.7–12.7 5.7 ± 1.5 4.5–5.2

9 ± 1.8 9.3–16.8 6.1 ± 1.6 4.6–7.2

9 ± 2.1 13.3–23.9 8.2 ± 1.4 6.5–10.9

tistically tested with each other, no statistically significant differences



Table 3 CT measurements of patients lumbar pedicle.

Axial length Axial angle Pedicle breadth Endosteal thickness

Mean ± SD (cm) Range (cm) Mean ± SD Range (�) Mean ± SD (mm) Range (mm) Mean ± SD (mm) Range (mm)

L1 5.2 ± 0.48 4.2–6.2 17� ± 3.9 8–20 7.7 ± 1.6 5.1–10.5 4.2 ± 1.3 3–5.8

L2 5.3 ± 0.51 4.4–6.3 19� ± 3.2 11–22 8.7 ± 1.4 5.7–10.6 4.3 ± 0.95 3.6–5.6

L3 5.1 ± 0.52 4–6.3 20� ± 3.9 14–24 10.6 ± 1.6 7.8–13.5 6 ± 1.4 4.9–5.1

L4 4.9 ± 0.5 3.8–6 24� ± 2.6 18–28 13.6 ± 1.9 9.2–16.2 6.1 ± 1.2 4.7–7.7

L5 4.8 ± 0.51 3.7–5.6 30� ± 3.5 23–37 18.3 ± 2.5 13.1–22.4 9 ± 1.6 7.2–11.1

When similar (in level and type) measurements in the above table were statistically tested with each other, no statistically significant differences

could be detected between any of the measurements (p value >0.05).

Fig. 1 (A) Lumbar vertebrae of the cadaver in block. (B–F) Lumbar vertebrae of the cadaver after axial sectioning in the middle of the

cranio-caudal axis of the pedicle.
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female patients were 55 and 50 mm, respectively. It is significant

to simplify the pedicle screw production, i.e. it is unnecessary to
make screws of different lengths. For reasons of safety, the ped-
icle screw length should be less than 45 and 50 mm in female
and male patients, respectively (35).
Cheung et al. (8) calculated the transverse diameter and ax-

ial angle of 100 Chinese patients with lumbar diseases. They
recognized no significant gender, left, right, or age related
differences, and described that the axial angles of the pedicle
from L1 to L4 were larger in Chinese than in Western (4,17)



a

b

c

d

e
f

Fig. 2 (b and c) The axial length. (e and f) The pedicle breadth. (a) The angle of the pedicle axis on the midline.

Fig. 3 (A) The lumbar block of the cadaver on the CT table. (B) Axial section of L5 of cadaver.
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Fig. 4 (A–E) Axial sections of patients’ lumbar vertebrae from L1 to L5 with lines of measurements and angles. (F) The three lines used

to measure the endosteal thickness. L2 line is the endosteal thickness. L1 and L3 are the bicortical bone thickness of the pedicle.
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populations. The axial angel in our population from L1 to L5 is

17�, 19�, 20�, 24�, and 30� which is larger than other popula-
tions (7–9,11,12,14). Kenya et al. studied the pedicle transverse
diameter, the axial length and the axial angel in Japanese
population and their measurements were the closest to the

Egyptian measurements (14).
In the present study the Egyptian pedicle breadth from L1

to L5 is 7.7, 8.7, 10.6, 13.6, and 18.3 mm, respectively. In a pre-

vious study on the morphological measurements of the pedicle,
by CT, Krag et al. (9) measured the pedicles of 91 vertebral
spines of 41 patients with lumbar diseases, and reported that

screws of 6–7 mm or even larger could fit in lower lumbar ped-
icles. Bernard and Seibert (6) measured the transverse diameter
of the pedicle from L2 to S1 in 154 patients with low back pain,

and reported that the transverse diameter of the pedicle from
L4 to S1 was almost always greater than 7 mm.

Li et al. (35) reported that pedicle penetration occurred
more often in lateral than in medial walls. The thickness of
the lateral wall was �1 mm (except L5, which was �1.5 mm).

These isthmus characteristics must be considered to reduce
the danger of pedicle penetration. The isthmus endosteal width
of male and female patients from L1 to L5 is 5.2, 6.0, 7.5, 7.5,
and 8.7 mm and 4.0, 4.1, 5.4, 5.7, and 7.1 mm, respectively.

According to the rule of isthmus endosteal width plus 1 mm,
the limitation of the diameter of pedicle screw in male and fe-
male patients should be 6.0, 7.0, 8.5, 8.5, and 9.5 mm and 5.0,

5.0, 6.5, 6.5, and 8.0 mm, respectively, from L1 to L5 (35). The
endosteal width in the Egyptian pedicles in this study from L1

to L5 is 4.2, 4.3, 6, 6.1, and 9 mm, respectively. It is a little pit

less than that of Chinese reported by Li et al. except for L5

(35). From these comparisons it is clear that despite pedicle
breadth of Egyptians being broader than that of Chinese and

western populations (7–9,11,12,14), their endosteal width is
less than that of Chinese, i.e. having thicker cortical bone.

When we reviewed the lumbar pedicle measurements for
each particular level we noticed that there was a range of about
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10� difference regarding the axial angle, and a range of about

5 mm difference as regards pedicle breadth. Moreover, a range
of 2–3 mm difference regarding endosteal thickness and a
range of about 2 cm difference in regard to the axial length
for different persons were found. This, in our opinion, infers

the need that the pedicle screw diameter, the screw length,
and the angle of its insertion are better to be tailored according
to the CT pedicle measurements of each patient.

5. Conclusion

CT pedicle measurements are accurate indicators for the actual
pedicle morphometry. The Egyptian lumbar pedicles differ in
some aspects from the pedicles of other populations being

more obtuse with the midline and are broader than that of
Chinese and western populations, but their endosteal width
is less than that of Chinese, i.e. having thicker cortical bone.

The pedicle screw diameter, the screw length, and the angle
of its insertion are better to be tailored according to the CT
pedicle measurements of each patient.
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