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Abstract
Background: The anterior transpedicle screw technique for L5 and S1 is crucial for proper anterior lumbar
interbody fusion. This study aimed to determine the projection, screw trajectory angle, and bone screw
passageway length (BSPL) of the anterior transpedicle screw in L5 and S1, as well as the screw’s
insertion regularity and the operating area that is safe for its insertion.
Methods: Forty patients with low back pain, all of whom had lumbar computed tomography scans
available, were included in a retrospective analysis. Radiographic parameters were measured, including
the distances from the projection to the upper endplate, lower endplate, and midline; the transverse and
sagittal screws’ angles; and the BSPL. Ten fresh adult cadaveric lumbosacral spine segments were
chosen to determine the safe anatomical area at which to operate. Finally, anterior transpedicle screws
were inserted in L5 and S1 to determine the regularity of anterior pedicle screw insertion.
Results: We measured the anterior projection parameters, including the distances to the upper endplate
(L5:12.5 ± 1.3 mm; S1: 4.54 ± 0.87 mm), lower endplate (L5: 17.3 ± 1.6 mm), and midline (L5: 6.6 ± 0.7
mm; S1: 6.6 ± 0.6 mm); the screw trajectory angle, including the transverse screw angle (L5: 25.3° ± 2.8°;
S1: 25.7° ± 2.6°), sagittal screw angle (L5: 17.1° ± 1.7°; S1: 22.4° ± 1.1°); and the BSPL (L5: 48.6 ± 3.5
mm; S1: 48.0 ± 3.5 mm). We then identified the safe operating area and the regularity of L5 and S1
anterior pedicle screw insertions.
Conclusions: We determined the projection, screw trajectory angle, and BSPL of anterior transpedicle
screws in L5 and S1, their insertion regularity, and the area in which the operation could be safely
performed.

Background
Lumbar interbody fusion is an effective treatment for spinal disease, including recurrent disc
degeneration, spondylolisthesis, degenerative disc disease, pseudarthrosis and spine deformity, spine
infection, and tumors [1, 2]. Compared with posterior lumbar interbody fusion, anterior lumbar interbody
fusion (ALIF) potentially permits more extensive disc removal, avoids scarring of the neural canal, and
preserves the posterior elements [3]. Because biomechanical studies and clinical experience suggest that
ALIF with posterior pedicle screw (PPS) augmentation (ALIF-PPS) may provide a superior construct, ALIFPPS is currently used most often. However, ALIF-PPS would increase the number of incision, the
operating time and blood loss. While stand-alone ALIF has potential benefit of shorter operating time, less
blood loss and avoiding of posterior muscle damage [4, 5].
Hence, numerous studies have designed and applied anterior lumbar internal fixation systems
for ALIF. Most of them were vertebral screw-plate fixation systems, whose stability and biomechanical
properties were worse than those of the pedicle screw fixation systems [3]. Compared with the vertebral
screw-plate fixation system, the pedicle screw fixation system is simple to use and provides good stability
for three-column spinal injuries. Thus, augmentation with an anterior pedicle screw (APS) would provide
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better stability for ALIF. Karim, who presented a technique that allows the ALIF procedure to be
augmented with APS (ALIF-APS) fixation, found that the stability of the AILF-APS technique is
comparable to that provided with ALIF-PPS [3]. Karim, however, did not provide the detailed procedure for
APS fixation, including the parameters about the projection, screw trajectory angle, and screw depth.
As two of the most frequently involved segments, L5 and S1 have complex anterior anatomy and unique
biomechanics, which pose a clinical challenge for anterior surgical treatment. Because of the complex
lumbosacral anatomical structure, various complications are associated with ALIF, including vascular
complications, bladder, nerve, ureter, and bowel injures, and abdominal wall problems [6]. With respect to
the complex anatomy of the anterior lumbosacral and related surrounding tissue, the concept of a clear
space zone (a triangular area on major blood vessels or nerve trunks) in front of the lumbosacral spine
emerged [7]. The detailed anatomical parameters of the clear space zone, however, remained unknown.
We therefore conducted this study to obtain radiographic measurements of the anterior transpedicle
screw in L5 and S1, which we expected to reveal (1) the position of the anterior pedicle screw projection;
(2) the screw’s trajectory angle, including the transverse screw and sagittal screw angles; (3) the bone
screw passageway length (BSPL); (4) the regularity of anterior pedicle screw insertion; and (5) anatomical
parameters of the safe operating area.

Methods
Specimens
Ten dry adult cadaveric lumbosacral spine segments were used in this study. Exclusion criteria for the
specimens included (1) presence of destructive pathology (tumor, infection, prior surgery, severe
degeneration) and (2) severe osteoporotic bone.
Pedicle guide needle placement
The Ebraheim method [8] was used to determine the pedicle axis and the anterior projection point of L5
and S1. Line X in the transverse plane and line Y in the sagittal plane were drawn on the specimens, as
described previously [8]. The two lines intersected on the anterior aspect. This crossing point was
determined to be the anterior pedicle axis projection point, which was marked. Guide needles (Kirschner
wire) were inserted from the anterior pedicle axis projection point along lines X and Y, according to its
sagittal and transverse angels.
Finally, there were 20 needles being inserted to guide the anterior
transpedicle screw in each segments (both side of ten cadavers). C-arm radiography was performed
when the front end of the guide needle was at each of four points—anterior projection point, middle of the
vertebrae, posterior edge of the vertebrae, the posterior projection point—to ensure accurate positioning of
the guide needle. The regularity of the four points, which also means the trajectory of pedicle guide
needle was recorded.
Parameter measurements
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Forty patients with low back pain were retrospectively included, each of whom had undergone lumbar CT
scanning. None of the patients had lumbar structural damage, malformations, a history of surgery, or
lumbosacral transitional vertebrae. Syngo 3D software (Siemens Medical Solutions USA, Inc., Malvern,
PA, USA) was used to perform radiographic measurements (Figure 1), including anatomic parameters of
anterior projection (distances to upper endplate, lower endplate, and midline), transverse screw angle,
sagittal screw angle, and BSPL. Anatomic parameter measurements were performed using calipers and a
standard ruler (precision of 1 mm) for linear measurements. The safe operating area was calculated in
cadavers. Anatomic parameters included the safe operating area (distance from the abdominal aortic
bifurcation to the L5 lower edge, distance from the common iliac vein confluence to the L5 lower edge,
horizontal distance from the inner edge of the common iliac vein to the L5 lower edge, distance between
S1 holes, L5/S1 vertebral height, and the area in which operating was safe; Figure 2).

Results
Anterior entry point, screw angle, and BSPL of L5 and S1
We measured the anterior projection parameters of L5, including the distance to the upper endplate (12.5
± 1.3 mm), the lower endplate (17.3 ± 1.6 mm), and the midline (6.6 ± 0.7 mm). We also measured the
screw trajectory angle, including the transverse screw angle (25.3° ± 2.8°) and sagittal screw angle (17.1°
± 1.7°), as well as the BSPL (48.6 ± 3.5 mm; Table 1).
Additionally, we determined the anterior projection parameters for S1, including the distance to the upper
endplate (4 mm) and the midline (6.6 ± 0.6 mm); the screw trajectory angle, including the transverse
screw angle (25.7°± 2.6°) and sagittal screw angle (22.4° ± 1.1°); and the BSPL (48.0 ± 3.5 mm; Table 1).
Regularity of anterior pedicle screw insertion
The regularity of L5 anterior pedicle screw insertion is shown in Figure 3 and that of S1 in Figure 4. When
the needle is on the anterior projection in the lateral view, it is on the midpoint between the spinous
process and the inner edge of the pedicle in the anteroposterior view. When it reaches the posterior
vertebral edge in the lateral view, it is on the inner edge of the pedicle in the anteroposterior view. When it
reaches the middle of the pedicle in the lateral view, it is on the middle of the pedicle in the
anteroposterior view. Finally, when the needle reaches the posterior projection in the lateral view, it is on
the outer edge of the pedicle in the anteroposterior view.
Safe operating area
Our study revealed the anatomical parameters of the safe operating area, including the distance from the
abdominal aortic bifurcation to the L5 lower edge (40.50 ± 9.40 mm), the distance from the common iliac
vein confluence to the L5 lower edge (27.80 ± 8.60 mm), and the horizontal distance from the inner edge
of the common iliac vein to the L5 lower edge (37.50 ± 1.30 mm). The study also determined the distance
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between S1 holes (29.30 ± 1.30 mm), the L5/S1 intervertebral height (17.20 ± 1.50 mm), and the safe
operating area (2058.20 ± 84.30 mm2).

Discussion
Since Boucher et al. initially reported use of the posterior transpedicular screw for lumbosacral fusion
fixation in 1959 [9], various pedicle screw fixation systems have been used in spinal surgical procedures.
They have provided superior postoperative spinal stability and promoted advances in spine surgery [10].
Various studies have researched detailed PPS procedures, including projection parameters, the trajectory
angle and depth of the screw [11, 12], and the regularity of pedicle screw insertion [12], each of which is
important if PPS is to be performed with high accuracy. Limited studies, however, have reported on the
details of procedures using the APS. As an effective means of pedicle screw fixation, APS not only
provides superior postoperative spinal stability for ALIF, but allows a shorter operating time, less blood
loss, and minimal posterior muscle damage [4, 5].
We conducted the present study to determine the anatomic and radiographic parameters of L5 and S1,
including projection, the screw’s trajectory angle, and the depth of the APS. We found limited information
in the literature on the location of the anterior projection, which is important for APS performance. Poor
placement of the projection may cause the guide needle to be misplaced and result in complications.
The anterior projection in our study was determined based on the method of Ebraheim [8]. The
parameters addressed to determine its location included the distance of the APS to the upper endplate,
lower endplate, and midline. The screw trajectory angle was also determined based on the method of
Ebraheim [8], and the transverse screw and sagittal screw angles were measured. The screw trajectory
angles for APS and PPS should be the same in the same patient. Ebraheim [8] reported that the
transverse angle of L5 was 40.6 ± 2.6 in men and 39.6 ± 3.2 in women, and the sagittal angle of L5 was
2.7 ± 1.1 in men and 2.6 ± 0.9 in women. To determine the screw trajectory depth, the length of the bone
screw passageway was measured. Ebraheim [8] reported that the pedicle length of L5 was 48.3 ± 2.3 mm
in men and 48.3 ± 2.4 mm in women. In the present study, anatomic measurements revealed that the
bone screw passageway length was 48.6 ± 3.5 mm for L5 and 48.0 ± 3.5 mm for S1.
The BSPL is defined by the length of the screw. Because the vertebra is formed as an irregular cylinder,
with the front of vertebral body exhibiting the most anterior border in the lateral view, the needle may
perforate the anterolateral cortex, although the lateral view suggests that the needle is still within the
vertebra [11]. Therefore, it is important to obtain the ideal needle depth/vertebral width ratio on the lateral
view. Weinstein et al. considered the suitable ratio to be 50%–80% [14]. Du et al. suggested that the ratio
should be 85%–90% in lumbar vertebrae [15], and Acikbas and Tuncer reported that the suitable ratio was
60% ± 9% in lumbar vertebrae [16]. Wang et al. found that the ratio was not the same on different lateral
projection angle views even if the real length of the needle in the vertebra remained unchanged [11]. They
suggested that the suitable ratio of the needle depth/vertebral width ratio on a standard lateral view
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varied from 71.53% ± 5.72% to 93.28% ± 3.72% and that the ratio for L5 was 88.20% ± 6.72%. More work
is obviously needed to establish a suitable ratio for the APS needle depth.
We also evaluated the regularity of APS insertion in this study, which was guided with high accuracy. A
previous study [12] reported that the regularity of PPS insertion was apparent when, progressively, the
needle reached the posterior projection in the lateral view, was on the outer edge of the pedicle on the
anteroposterior view, reached the middle of the pedicle (lateral view), was on the middle of the pedicle
(anteroposterior view), reached the posterior vertebral edge (lateral view), and was on the inner edge of
the pedicle (anteroposterior view). Wang et al. reported that the posterior projection of PPS was at the 9
o’clock to 11 o’clock position of the left pedicle and at the 1 o’clock to 3 o’clock position of the right
pedicle [11]. This regularity also could be applied to the APS when the needle reaches the posterior
projection.
Compared with PPS, APS had higher risk to damage lumbar vessels. There is great variability of vascular
anatomy in front of L5–S1 disc space. The left common iliac vein is at greater risk than the common iliac
arteries [3]. Ebraheim et al. found a triangular safety zone averaging 60 mm in width and 40 mm in height
between the left common iliac vein and the right common iliac artery in 40 human cadavers [17]. In our
study, we found that the distance from the abdominal aortic bifurcation to the L5 lower edge was 40.50 ±
9.40 mm, the distance from the common iliac vein confluence to the L5 lower edge was 27.80 ± 8.60 mm,
and the horizontal distance from the inner edge of the common iliac vein to the L5 lower edge was 37.50
± 1.30 mm, and the safe operating area was 2058.20 ± 84.30 mm2.
Lumbar fusion has been shown to accelerate adjacent segments degeneration (ASD). It was reported that
ALIF may have an advantage over PLIF in preventing the developing ASD [18]. Compared with PLIF, ALIF
reduced the damage to the integrity of the posterior complex, which may be helpful in preventing
accelerated adjacent segment degeneration after spinal fusion [19]. Although percutaneous PPS was
applied during ALIF procedure in these studies [20], we could believe that APS had comparable results to
PPS with the potential benefit of preventing accelerated ASD, and more studies should be performed on
this topic.

Conclusions
We successfully measured the projection, screw trajectory angle, and BSPL of the anterior transpedicle
screw in L5 and S1, proved its insertion regularity, and determined the safe operating area. These results
can guide APS insertion and improve its accuracy. We plan to use the APS in L5 and S1 based on these
results and will evaluate the accuracy of the positioning of the screw.

Abbreviations
ALIF anterior lumbar interbody fusion
APS

anterior pedicle screw
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BSPL bone screw passageway length
PLIF

posterior lumbar interbody fusion

PPS

posterior pedicle screw
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Tables
Table 1. Radiographic parameters of anterior entered point, screw angle and bone screw passageway length in
L5 and S1 (x ± s, n = 40)
L5

S1

Distance to upper endplate (mm)

12.5 ± 1.3

4.54 ± 0.87

Distance to lower endplate (mm)

17.3 ± 1.6

-

6.6 ± 0.7

6.6 ± 0.6

Transverse screw angle (°)

25.3 ± 2.8

25.7 ± 2.6

Sagittal screw angle (°)

17.1 ± 1.7

22.4 ± 1.1

Bone screw passageway length (mm)

48.6 ± 3.5

48.0 ± 3.5

Distance to midline (mm)

Figures
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Figure 1
Radiographic parameter measurements were performed, including: anatomic parameters of anterior
projection (the distances to upper endplate, lower endplate and midline), transverse screw angle, sagittal
screw angle and BSPL.
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Figure 2
The safe operating area. The red arrows represent arteries; the blue arrows represent veins; the green lines
represent the inner edge of internal iliac veins; the upper yellow line represents the lower endplate of L5;
the middle yellow line represents the upper endplate of S1; the lower yellow line represent the connecting
line between the both side sacral foramens of S1. The safe operating area is the within the area of the
green lines and the lower yellow line.
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Figure 3
The regularity of L5 anterior pedicle screw insertion. A2: anterior projection point in the lateral view; A3:
anterior projection point in the AP view; B2: middle of the vertebrae in the lateral view; B3: middle of the
vertebrae in the AP view; C2: posterior edge of the vertebrae in the lateral view; C3: posterior edge of the
vertebrae in the AP view; D2: posterior projection point in the lateral view; D3: posterior projection point in
the AP view.
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Figure 4
The regularity of S1 anterior pedicle screw insertion. A1: anterior projection point in the lateral view; A2:
anterior projection point in the AP view; B1: middle of the vertebrae in the lateral view; B2: middle of the
vertebrae in the AP view; C1: posterior edge of the vertebrae in the lateral view; C2: posterior edge of the
vertebrae in the AP view; D1: posterior projection point in the lateral view; D2: posterior projection point in
the AP view.
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