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Upper Lumbar Pedicle Screw Insertion Using Three-Dimensional
Fluoroscopy Navigation: Assessment of Clinical Accuracy
Yoshihisa Sugimotoa＊, Yasuo Itoa, Masao Tomiokab, Tetsuya Shimokawaa,
Yasuyuki Shiozakia, Tetsuro Mazakia, and Masato Tanakac
a
b

‑

c

‑

‑

We used a navigation system to insert 128 pedicle screws into 69 vertebrae (L1 to L3) of 49 consecutive
patients. We assessed the pedicle isthmic width and the permission angle for pedicle screw insertion.
The permission angle is the angle deﬁned by the greatest medial and lateral trajectories allowable
when placing the screw through the center of the pedicle. The rate of narrow-width pedicles (isthmic
width less than 5mm) was 5 of 60 pedicles (8ｵ) at L1, 4 of 60 pedicles (7ｵ) at L2, and none (0ｵ) at L3,
L4 and L5. The rate of narrow-angle pedicles (a permission angle less than 15 degrees) was 21 of 60
pedicles (35ｵ) at L1, 7 of 60 (12ｵ) at L2, 3 of 60 (5ｵ) at L3, and none (0ｵ) at L4 and L5. Of 128
pedicle screws inserted into 69 vertebrae from L1 to L3, 125 (97.7ｵ) were classiﬁed as Grade 1 (no
pedicle perforation). In general, the upper lumbar vertebrae have more narrow-width and -angle
pedicles. However, we could reduce the rate of pedicle screw misplacement in upper lumbar vertebra
using a three-dimensional ﬂuoroscopy and navigation system.
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A

lthough pedicle screw ﬁxation is essential to the
reconstruction of spinal disorders, misplacement of these screws can cause neurologic and vascular injury. It is especially diﬃcult to achieve correct
screw placement in the upper lumbar vertebrae, due,
in part, to the narrowness of the upper lumbar pedicles [1, 2]. Rampersaud
. reported that the
pedicle screw misplacement rate was higher in the
upper than in the lower lumbar vertebrae [3]. Oﬁram
. showed that the upper lumbar spine had narrower pedicles than the lower thoracic spine, making
pedicle screw insertion in the upper lumbar vertebrae
more diﬃcult [4].
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Recently, several authors have reported on the
usefulness of spinal navigation systems [5‑8].
Navigation systems improve the accuracy of pedicle
screw insertion [5‑7], and they have made it possible
for intraoperative three-dimensional assessment (axial,
sagittal, and coronal) of pedicle screw trajectory.
Three-dimensional ﬂuoroscopy is the newest navigation system, and is superior to conventional CT-based
imaging because anatomic registration is not required
[6, 9, 10]. Furthermore, the intraoperative realtime position of the spine can be updated with this
system.
We hypothesized that upper lumbar pedicle screws
were easy to misplace due to the narrowness of pedicle, and that this navigation system would help us to
insert upper lumbar pedicle screws correctly. This
study had 2 objectives. First, we took anatomical
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measurements of the L1 to L5 pedicles and studied
the characteristics of the upper lumbar spine. Second,
we assessed the accuracy of upper lumbar (L1‑3)
pedicle screws that were placed using the threedimensional ﬂuoroscopy and navigation system.

Patients and Methods
We prospectively inserted 128 pedicle screws into
69 vertebrae (L1 to L3) of 49 consecutive patients
using a 3D ﬂuoroscopy navigation system. Screws
were placed into 32 pedicles at L1, 46 pedicles at L2,
and 50 pedicles at L3. There were 31 men and 18
women with an average age at examination of 54 years
(range 16 to 86 years). In this series, 28 patients had
spinal trauma, 19 had degenerative disorders, and 2
had metastatic bone tumors. Screws inserted into
vertebrae with burst fractures, pedicle fractures, and
tumor invasion were excluded. No patients in this
study had idiopathic scoliosis with vertebral rotation.
For anatomical evaluation, we chose 30 vertebrae each from L1 to L5 (total 150 vertebrae) in
good condition examined by ﬁne cut (1.25mm) CT. All
CT scans were made prior to pedicle screw insertion.
Patients less than 18 years old, those who had degenerative scoliosis or compression fracture secondary to
osteoporosis, and those in whom the pedicle view was
oblique were excluded. We measured the distance of
the short axis of the pedicle using coronal reconstructed CT. As Robertson
. point out in their

A
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report, conventional axial CT is not suitable for
evaluating pedicle diameter because the pedicle is
tilted, especially at L4 and L5 (Fig. 1) [11]. We did
not measure the pedicle transverse width, but, rather,
the isthmic width (Fig. 1) using coronal reconstructed
CT. We also assessed the permission angle for pedicle screw insertion (Fig. 2). This is the angle deﬁned
by the most medial insertion line or trajectory allowable when placing the screw through the center of the
pedicle and the most lateral insertion line or direction
allowable. The pedicle screw trajectory was chosen so
as not to perforate the pedicle and the lateral wall of
the vertebra. The most medial trajectory was chosen

Fig. 1
Anatomical measurement using coronal CT.
Black arrow, pedicle transverse width; White arrow, pedicle isthmic
width; Black dotted line, pedicle tilt angle.

C

Fig. 2
Pedicle screw permission angle.
The permission angle is the angle deﬁned by the most medial insertion line or trajectory allowable when placing the screw through the
center of the pedicle and the most lateral insertion line or direction allowable.
A, normal L1 vertebra; B, an L1 vertebra having a narrow pedicle and narrow permission angle; C, a C6 vertebra having a narrow pedicle
but relatively wide permission angle.
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Table 1

L1
L2
L3
L4
L5

Upper Lumbar Pedicle Screw Insertion
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Anatomical measurement of L1 to L5 pedicle
isthmic width (mm)

tilt angle (degree)

permission angle (degree)

narrow width (％)

narrow angle (％)

7 (3 to 11)
8 (4 to 14)
9 (6 to 14)
10 (8 to 14)
10 (7 to 15)

2 (− 6 to 10)
5 (− 6 to 24)
20 (− 2 to 47)
46 ( 13 to 67)
58 ( 44 to 83)

16 ( 8 to 22)
18 (11 to 28)
19 (13 to 23)
23 (18 to 28)
25 (19 to 23)

8
7
0
0
0

35
12
5
0
0

Data of isthmic width, tilt angle and permission angle was showed by average.
( ) indicates range.
Narrow width: mean pedicle isthmic diameter is less than 5 mm.
Narrow angle: mean pedicle permission angle is less than 15 degrees.

so as not to pass through the midline of the vertebral
body.
A narrow pedicle could make it very diﬃcult to
place a screw correctly without a navigation system.
In this study of L1 to L5 vertebrae, we deﬁned a
narrow pedicle as a) pedicle isthmic width less than
5mm, and/or b) a permission angle less than 15
degrees.
A
dynamic reference arc was attached to the spinous
process of interest. Three-dimensional ﬂuoroscopy
(Siremobile Iso-C3D, Siemens Medical, Erlangen,
Germany) then acquired multiple successive images as
it performed an automated 190°rotation around the
patient in 120 sec. During this period, the surgeon
can step away from the operating ﬁeld to reduce
radiation exposure. These images can be obtained
using a high-resolution technique (100 images in a
2-min cycle). After image acquisition, the Stealth
Station (Medtronic Surgical Navigation Technologies,
Louisville, CO, USA) generated axial, sagittal, and
coronal reconstructions of the imaged anatomy, and
screw trajectory planning proceeded in a manner similar to that used for standard CT-based image guidance.
We obtained a postoperative ﬁne-cut (1.25‑mm)
CT scan in all patients. After acquiring an axial
image, including the whole length of each screw, the
medial and lateral deviation of the screw was classiﬁed
into 3 grades: Grade 1, screw threads just barely cut
into the cortex; Grade 2, screw perforation of the
cortex by up to 2mm; and Grade 3, screw perforation
of the cortex by ＞ 2mm.

Results
Average pedicle isthmic width (Fig. 1) as measured
using coronal CT was 7mm (range 3 to 11) at L1,
8mm (range 4 to 14) at L2, 9mm (range 6 to 14) at
L3, 10mm (range 8 to 14mm) at L4, and 10mm
(range 7 to 15) at L5 (Table 1). Average pedicle tilt
angle as measured on the coronal CT (Fig. 1) was 2
degrees (range − 6 to 10 degrees) at L1, 5 degrees
(range − 6 to 24 degrees) at L2, 20 degrees (range
− 2 to 47 degrees) at L3, 46 degrees (range 13 to 67
degrees) at L4, and 58 degrees (range 44 to 83
degrees) at L5. The average permission angle (Fig.
2) was 16 degrees (range 8 to 22) at L1, 18 degrees
(range 11 to 28) at L2, 19 degrees (range 13 to 23)
at L3, 23 degrees (range 18 to 28) at L4, and 25
degrees (range 19 to 23) at L5.
The number of narrow-width pedicles (isthmic
width less than 5mm) was 5 of 60 pedicles (8ｵ) at
L1, 4 of 60 pedicles (7ｵ) at L2, and none (0ｵ) at
L3, L4 and L5. The number of narrow-angle pedicles
(permission angle less than 15 degrees) was 21 of 60
pedicles (35ｵ) at L1, 7 of 60 (12ｵ) at L2, 3 of 60
(5ｵ) at L3, and none (0ｵ) at L4 and L5. Eight of
the 9 narrow-width pedicles were also classiﬁed as
narrow-angle pedicles.
Of
128 pedicle screws inserted into 69 vertebrae from L1
to L3, 125 (97.7ｵ) were classiﬁed as Grade 1 (no
pedicle perforation), and 3 of 128 screws (2.3ｵ) were
classiﬁed as Grade 2 (Table 2). Complications such as
neurological injury and vascular injury were not
observed in any patients.

296

Sugimoto et al.

Table 2

Acta Med. Okayama Vol. 64, No. 5

Accuracy of pedicle screw insertion
L1

L2

L3

grade 1
grade 2
grade 3

31
1
0

45
1
0

49
1
0

total

32

46

50

Grade 1: screw threads just cut into the cortex
Grade 2: screw perforation of the cortex by up to 2 mm
Grade 3: screw perforation of the cortex by ＞ 2 mm

Discussion
The width of the upper lumbar pedicles is narrower
than those of the lower thoracic and lower lumbar
pedicles [1, 4, 11]. In this study, the average pedicle isthmic width measured on coronal CT was 7mm
at L1, 8mm at L2, 9mm at L3, 10mm at L4, and
10mm at L5. Furthermore, the number of narrow
pedicles (isthmic width less than 5mm) was 5 of 60
(8ｵ) at L1, 4 of 60 (7ｵ) at L2, and none (0ｵ) at
L3, L4 and L5. Because of the narrow width, the
pedicle screw misplacement rate is generally higher in
the upper lumbar than in the lower thoracic or lower
lumbar vertebrae [3, 4]. Rampersaud
. reported
that their pedicle screw misplacement rates when
using ﬂuoroscopic navigation were 29ｵ at L1, 19ｵ
at L2, 13ｵ at L3, 12ｵ at L4 and 4ｵ at L5 [3].
Our study demonstrated a small permission angle
for pedicle screw insertion in the upper lumbar pedicles. The average permission angle was 16 degrees at
L1, 18 degrees at L2, 19 degrees at L3, 23 degrees
at L4, and 25 degrees at L5 (Table 1). The number
of narrow pedicles (permission angle less than 15
degrees) was especially high in these upper lumbar
vertebrae: 21 of 60 pedicles (35ｵ) at L1, 7 of 60
(12ｵ) at L2, 3 of 60 (5ｵ) at L3, and none (0ｵ) at
L4 and L5. In the cervical spine, pedicles are narrow, but the permission angles are relatively large
(Fig. 2). However, small isthmic widths in the upper
lumbar pedicles corresponded to small permission
angles in this study, so we sometimes encountered
screw insertion diﬃculty in the upper lumbar pedicles
even when using the navigation system.
In this study, 128 pedicle screws were inserted
into 69 vertebrae from L1 to L3, of which 125 (97.7
ｵ) were classiﬁed as Grade 1 (no pedicle perforation). We considered clinically signiﬁcant screw

deviation in this study to be Grade 3, and since none
of our screws were misplaced to this degree, our
series had a misplacement rate of 0ｵ. Several
authors have reported that navigation systems reduce
pedicle screw perforation compared with the freehand
technique [5‑7]. We had a misplacement rate of 2.8
ｵ in cervical pedicle screw insertion using the IsoC3D navigation system using same criteria [8].
Kotani
. reported that the perforation rate of
pedicle screws placed in scoliosis patients was 11ｵ in
the freehand technique group and 1. 8ｵ in the
CT-based navigation system group (in that study,
exposure of one-fourth of the screw thread was deﬁned
as screw perforation) [11]. Rajasekaran
.
assessed 478 thoracic pedicle screws inserted in
patients with spinal deformity and showed that there
were 54 (23ｵ) pedicle breaches in the non-navigation
group compared to only 5 (2ｵ) in the navigation
group (Iso-C3D) [6].
Lumbar pedicle widths have generally been measured using axial CT [1, 3, 4]; however, there are
2 problems with this method. First, the transverse
width measured by axial CT is not always an accurate
pedicle isthmic width [11, 12]; L4 and L5 pedicles,
especially, have a large tilt in the coronal plane [11].
This study also showed that the average pedicle tilt
angle as measured in the coronal CT was 2 degrees at
L1, 5 degrees at L2, 20 degrees at L3, 46 degrees
at L4, and 58 degrees at L5. Therefore, the pedicle
isthmic width should not be measured by axial CT but
by coronal reconstructed CT [12]. Second, when we
measured pedicle width using conventional axial CT
during preoperative planning, we sometimes underestimated the pedicle width because an axial CT slice
can shift above or below the actual center of the
pedicle. One of the advantages of navigation-based
surgery is that we can choose an accurate pedicle
screw diameter and trajectory by voluntary slice using
3D data.
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