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Background: Vascular injury to the lumbar segmental arteries is a devastating complication in minimally
invasive lumbar interbody fusion. Previous studies on the anatomy of the lumbar segmental arteries are
limited. This prospective cross-sectional study aims to quantitatively describe the brief trajectory of the
lumbar segmental arteries on the left side (SegAL) and to discuss its clinical significance.

Methods: One hundred and two asymptomatic volunteers were prospectively enrolled and underwent
computed tomography angiography (CTA). Anatomical parameters including the existence rate, relative
positions and directions of SegAL were measured. Mann-Whitney U tests were performed, and statistical
significance was set at P<0.05.

Results: A total of 404 lumbar SegAL were identified. The SegAL of L1, L2 and L3 were identified in
all subjects while the L4 SegAL were absent in 9 of 102 (8.8%) and the L5 SegAL were absent in 97 of 102
(95.1%) volunteers. In 25 of 97 (25.8%) volunteers without the L5 SegAL, the branches of the L4 SegAL
ran along the disks. Meanwhile, the branches of L3 intersecting over the intervertebral discs (IVD) were
found in 8 of 9 (88.9%) subjects without the L4 SegAL and in 4 of 93 (4.3%) subjects with L4 SegAL. The
branch angles between the L1, L2 SegAL and the aorta were significantly acute (P<0.05). The L3 SegAL
ran approximately vertically with the aorta while the branch angles of the L4 SegAL were significantly blunt
(P<0.05). according to the distances measured, on the anterior vertebral walls, the SegAL of L1 and L2
were significantly closer to the inferior vertebral walls than the SegAL of L3 and L4, while on the posterior
vertebral walls, the 13 and L4 SegAL were significantly closer to the inferior walls.

Conclusions: Arterial branches may course over the 13-4 and L4-5 IVD spaces and the branches over the
13-4 disks are more likely to be present when L4 segmental arteries are absent, thus posing potential risks of
arterial complications. Because of the SegAL adjacent to the disks, the risk of arterial injury may be higher
anteriorly at L1 and L2 and higher posteriorly at L3 and L4.

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2022;12(3):1977-1987 | https://dx.doi.org/10.21037/qims-21-867


https://crossmark.crossref.org/dialog/?doi=10.21037/qims-21-867

1978 Huang et al. Anatomical features of left-sided lumbar segmental arteries

Keywords: Lumbar segmental arteries; oblique lateral lumbar interbody fusion (OLIF); lateral lumbar interbody

fusion (LLIF)

Submitted Aug 31, 2021. Accepted for publication Nov 17, 2021.

doi: 10.21037/qims-21-867

View this article at: https://dx.doi.org/10.21037/qims-21-867

Introduction

The surgical approach of lumbar interbody fusion evolved
as the concept and instrument of minimally invasive
surgeries developed rapidly in recent years. Among
emerging methods, oblique lumbar interbody fusion (OLIF)
and lateral lumbar interbody fusion (LLIF) have been
widely performed, as they offer various advantages such
as shorter operative time, less blood loss and lower risk of
injury on related tissues (1,2).

Nevertheless, complications associated with OLIF/LLIF
should not be ignored (3-8). Among the complications
reported, vascular injury has been considered to be one of
the complications with considerable severity and danger
(3,4,8-10). Compared with the aorta, the segmental arteries
are more likely to be injured with an incidence of 0.3-5%
(5,7,10,11). Postoperative hematoma formation and
potential delayed bleeding would affect the clinical efficacy
and even be life-threatening (8,12). For surgeons, lack
of knowledge and protection of the vascular distribution
increases the risk of complications associated with the
arteries.

Lumbar segmental arteries originate from the aorta and
mainly distribute on the lateral surface of the vertebrae,
forming an extensive arterial network that feeds the nerve
root, vertebral body and associated muscles or extradural
structures (13). Previous studies have evaluated the
anatomical parameters of the lumbar segmental arteries
associated with OLIF/LLIF and have demonstrated the
potential risk of these procedures. Such studies mainly
focused on the segmental arteries on the left side (SegAL)
given that the OLIF surgeries are mainly performed
through the left approach (patients in the right decubitus
position) (14). Takata er /. (15) assessed the vascular
intervals of adjacent segmental arteries in patients with
scoliosis based on computed tomography angiography
(CTA), and found that female patients with a Cobb angle
>14.5° are at risk. However, the main focus of the study
was the medium frontal vertebral plane. Orita er al. (16)
researched the arterial distribution related to OLIF and
described the vascular distribution adjacent to the front
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lumbar vertebral walls based on magnetic resonance
imaging (MRI). However, one limitation of that study was
that the accuracy of MRI concerning vascular structures was
not satisfactory. Moreover, the study mainly researched the
lumbar SegAL close to the anterior walls. The trajectory of
the arteries lying on the left vertebral surface remains to be
studied.

"To address this gap, for more precise and comprehensive
trajectory of the segmental arteries lying on the left
vertebral surface, the current study used CTA and
quantitatively evaluated the anatomical parameters of the
SegAL through multiple planes, aiming to supplement
the existing information and provide a frame of reference
for surgeons during the preoperative and intraoperative
decisions.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/qims-21-867).

Methods
Study population

In this prospective cross-sectional radioanatomical study,
146 volunteers were recruited and 102 healthy volunteers
(51 males and 51 females) were enrolled in the final analysis
from November 2019 to April 2020 in Huashan Hospital,
Fudan University, Shanghai. The final sample size was
calculated based on the pre-experiment results involving the
CTA images of 24 subjects. The Eq. [1] below was applied
to estimate the required sample size (17):

2
H,c
n —( s J [1]
In this study, a was defined as 0.05 (u,=1.96). The
value of o refers to the estimated standard deviation and
a maximum standard deviation of 5.0 mm concerning the
measured distances was obtained during the pre-experiment.
The value of 0 represents the margin of error and the value

was set as 1.0 mm in the current study. According to the
equation, a final sample size above 96 would be required.
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Volunteers who consent to participate in the study
(n=146, 79 male and 67 female)

Y

Excluded subjects:
Age <18 (n=1)
Age >70 (n=3)

Volunteers aged between 18 and 70 (n=142)

Y

Excluded subjects according to medical history:

* Subjects with potential risk towards radiation exposure (n=6)

® Subjects who underwent a CT scan in the last two years (n=8)

® Subjects with a history of lumbar surgery (n=1)

Y * Subjects with a history of severe congenital lumbar deformity (n=1)

Volunteers received CTA scan (n=126)

Excluded subjects according to CTA images:

® Subjects with degenerative lumbar spine (n=17)

® Subjects with unclear CTA images (n=5)

v ® Subjects with unknown traumatic spinal change before CTA scan (n=2)

Eligible CTA images measured in the study
(n=102, 51 male and 51 female)

Figure 1 The flow diagram of the participants enrollment process. CTA, computed tomography angiography.

Considering the drop-out or exclusion situations, the
number of subjects recruited initially should be more than
120. Meanwhile, based on the sample size and the testing
speed during the pre-experiment, a study time span of six
months was determined regarding the cost of economical
and medical resources.

Figure 1 illustrates the including and excluding
procedures during the screening and analysis of this study.
The inclusion criterion were asymptomatic adults aged
between 18 and 70 who volunteer to participate in the study.
Initially, 146 (79 male, 67 female) subjects were recruited
for the study between November 2019 to April 2020 and
142 of them were between 18 and 70. Then subjects with
a history of lumbar surgery, congenital lumbar deformity,
or other medical history which could possibly disrupt the
distribution of the SegAL were excluded. The potential risk
caused by radiation exposure was estimated and subjects
who had undergone a CT scan in the last two years were
excluded either. Thus, 16 subjects were excluded and 126
volunteers remained at this stage and received CTA scan.
Subsequently, 19 subjects with radiological presentation of
spinal trauma or lumbar spine degeneration were excluded
to avoid the bias caused by potential confounders and
another 5 subjects were excluded because of unclear images.
At last, the CTA images of 102 subjects (51 male, 51 female)
were included in the final analysis. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013) (18). This study was approved by the institutional
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review board of our hospital (KY-2020-052). All volunteers
involved have signed an informed consent letter.

CTA scan and image processing

CTA was performed with a 64-slice spiral CT scanner
(Ingenuity TF CT, Philips, Amsterdam, Netherlands)
with a tube voltage of 120 kV, a current of 250 mA and an
acquisition matrix of 512x512 in Huashan Hospital. The
tube rotation speed was 1.33 revolution per seconds. The
volunteers were placed in a supine position. Lead aprons
were used to protect volunteers during the scans. The
slice thickness was 0.8 mm, with a slice gap was 0.8 mm.
The dose of the contrast was calculated with the protocol
of 1.5 mL/kg. The contrast agent (35 g/100 mL Iohexol
and 30 mL 0.9% normal saline) were injected by a high-
pressure injector at a speed of 4.5-5.5 mL/s. The trigger
value was set to 150 HU. Images were then processed
with Philip Intellispace Portal by applying multiple planar
reconstruction and maximum intensity projection when the
scans were completed.

Measurement and evaluation

As shown in Figure 2A4, four planes were defined as the
anterior, anterior one-fourth, middle, posterior vertebral
planes of the corresponding vertebrae. As Figure 2B
presents, for each vertebral body, the angles of the

Quant Imaging Med Surg 2022;12(3):1977-1987 | https://dx.doi.org/10.21037/qims-21-867



1980 Huang et al. Anatomical features of left-sided lumbar segmental arteries

Figure 2 Measurement methods on radiologic images. (A) For each vertebra ‘Li’, the planes passing through the anterior/posterior borders
as well as perpendicular to the sagittal plane were defined as the anterior/posterior vertebral plane (planes I and IV). The paralleled planes
passing the anterior one-fourth point and the midpoint of the sagittal axis of the vertebra (YiZi) were defined as the anterior one-fourth and
the middle vertebral plane (planes II and III), respectively. The vertebral heights (hi) were measured for analysis. (B) The Oi point is at the
start of the SegAL and Ai, Bi, Ci and Di are the points where the SegAL pass the anterior, one-fourth, middle, posterior planes of vertebrae.
£1 and £2 are angles between the arteries and the longitudinal axis of the aorta at Oi and Ai points. £3 and £4 are angles between the
arteries and the inferior vertebral walls at the Ci and D1 points. £3 and £4 with a direction towards the inferior vertebral walls were recorded
as negative numbers. Distances between the arteries and the superior/inferior walls were measured. If the AiFi, BiHi, CiKi and DiNi were
below the inferior vertebral border or the AiEi, BiGi, CiJi, DiMi were above the superior vertebral border, the distances were recorded as
negative numbers. (C) For each Li, the craniocaudal intervals AiA'i, BiB'i and CC'i were measured on the coronal slices at Ai, Bi and Ci

points respectively. SegAL, segmental arteries on the left side.
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Table 1 Demographics of asymptomatic volunteers

Number of subjects

Variables %)
Gender
Male 51 (50.0)
Female 51 (50.0)
Ethnicity (Chinese) 102 (100.0)
Age (mean + SD: 48.2+7.9 years old, range, 18-60)
18< age <20 1(1.0)
20< age <30 6 (5.9)
30< age <40 12 (11.8)
40< age <50 38 (37.3)
50< age <60 44 (43.1)
60< age <70 1(1.0
BMI (mean = SD: 21.8+2.1 kg/m’, range, 17.2-26.2)
BMI <18.5 6 (5.9)
18.5< BMI <23 72 (70.6)
23< BMI <25 22 (21.6)
BMI =25 2 (2.0
Occupation’
White-collar workers 35 (34.3)
Pink-collar workers 27 (26.5)
Blue-collar workers 20 (19.6)
Agribusiness and low-level workers 15 (14.7)
Other (students/unemployed workers) 5(4.9)
Smoking
Yes 36 (35.3)
No 66 (64.7)

T, white-collar workers include workers with slight manual

work such as managers, officers and professionals; pink-collar
workers refer to workers with mild to moderate manual work
such as service and sale workers; blue-collar workers include
mechanical operators and technicians with moderate-to-heavy
manual work; agribusiness and low-level workers refer to
agriculture workers and low-level laborers with heavy labor
work. BMI, body mass index; SD, standard deviation.
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corresponding SegAL through the anterior, middle and
posterior planes of the vertebrae were measured on sagittal
slices. Next, distances between the SegAL and the superior/
inferior borders of the vertebrae were measured on sagittal
slices as well. And the relative distances to the inferior
walls were calculated with the heights of the corresponding
vertebrae to decrease the influence of individual difference
caused by potential confounders such as the physique,
exercise or labor intensity (relative distances = the measured
distances/the heights of the corresponding vertebrae).
Intervals between adjacent SegAL were measured on
coronal slices (Figure 2C). All measurements were
performed by an orthopedic surgeon and a radiologist who
were blinded to the volunteers’ information.

Statistical analysis

Statistical analysis was performed using SPSS Statistics
version 21.0 (IBM Corp. Armonk, NY, USA). Continuous
variables were described as mean =+ standard deviation (SD).
Descriptive statistics were used to summarize the variations
in anatomical parameters. The Mann-Whitney tests were
applied to compare the distances or angles of the SegAL at
different levels. Statistical significance was set at P<0.05.

Results

The presence of the SegAL

As shown in Figure 1, 102 volunteers (51 males and 51
females) with an average age of 48.2+7.9 years (range,
19-60 years) and an average BMI of 21.8+2.1 kg/m’ (range,
17.2-26.2 kg/m’) were included in the analysis. The detailed
demographics of the volunteers are presented in Table 1.
The presence of SegAL of L1, L2 and L3 was confirmed in
all subjects, whereas the SegAL of 1.4 were found in 93 of
them (91.2%) and the SegAL of L5 were identified only in
5 volunteers (4.9%). However, as Figure 3 shows, in 25 of
97 (25.8%) volunteers, the branches of the L4 SegAL ran
along the disks. Meanwhile, the branches of L3 intersecting
over the intervertebral discs (IVD) were found in 8 of 9
(88.9%) subjects without L4 SegAL and in 4 of 93 (4.3%)
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Figure 3 The branches of L3 and L4 SegAL possibly run along the
posterolateral aspect of IVD. The branches of the L3 and L4 SegAL
could run along the intervertebral disk spaces in subjects without the
L4 or L5 SegAL. SegAL, segmental arteries on the left side.

subjects with L4 SegAL.

The directions of the SegAL

The angles of the SegAL were measured on sagittal
images, and the results of which are shown in 7able 2. The
branch angles between the L1, L2 SegAL and the aorta
were significantly acute (P<0.05). The L3 SegAL ran
approximately in an approximately vertical direction with
the aorta, while the branch angles of the L4 SegAL were
significantly blunt (P<0.05). On the anterior vertebral walls,
the SegAL of L1, L2 and L3 continued to move cranially.
In summary, Table 2 indicated that the SegAL of L1, L2
commonly move in a cranial direction while the L4 SegAL
generally move in a caudal direction.

The distances between the SegAL and the superior/inferior
vertebral walls

The distances between the SegAL and the inferior/superior
borders of the vertebrae were measured on the sagittal
slices, and the relative distances to the inferior or superior
walls were calculated (relative distances = the measured
distances/the heights of the corresponding vertebrae),
results of which are presented in Table 3 and Figure 4. On
the anterior walls, the relative distances between the SegAL

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Table 2 The directions of the SegAL through different planes

. O, (), A2,(), C(3),(), D(4),0),
Variables mean + SD mean +SD mean+SD mean + SD
L1 SegAL 32.9+38.5 30.1£17.2* 10.4+12.4* -36.8+23.3
L2 SegAL  40.0+41.1 36.0+18.4 4.5+16.4  -40.9+27.9

L3 SegAL 87.4+45.1* 41.2+29.0 -11.0£22.8 -37.7+24.5

L4 SegAL 134.6+£28.6™ 77.2+34.6 -32.3+22.9" -24.8+24"

*, P<0.05; **, P<0.01. ', for 21, statistical significance of was
found between: L1 vs. L3, L1 vs. L4, L2 vs. L3, L2 vs. L4, L3 vs.
L4. SegAL, segmental arteries on the left side; SD, standard
deviation. The points O, A, C and D were defined in detail as
Figure 2 presents.

and the inferior vertebral borders increased gradually from
0.10 in the L1 SegAL to 0.71 in the L4 SegAL. When
passing through the anterior one-fourth vertebral planes,
the SegAL of L1 and L2 were closer to the inferior border
of the relative vertebrae than the arteries of L3 and L4.
The SegAL of L1-4 was found to almost reach the central
regions of the vertebrae when coursing through the middle
vertebral planes. Contrary to the results of the anterior
planes, the relative distances between the SegAL and the
inferior vertebral borders on the posterior vertebral walls
decreased from 0.42 in L1 to 0.16 in L4.

The vascular intervals between adjacent SegAL

The coronal slices through the anterior walls, the anterior
one-fourth of the vertebrae and the middle vertebrae were
captured. On the above three planes, the craniocaudal
vascular intervals on the recorded slices are shown in Table 4.
The variation trends are shown in Figure 5. Two trends
could be found: (I) at the same interval, from the anterior
plane to the middle plane, the distances between adjacent
SegAL gradually increase; (II) for the same plane, from
L1 to L4, the distances between adjacent SegAL gradually
increase.

Discussion

In the current study, the SegAL of L1-3 were identified
in all subjects, while the presence of the L5 SegAL was
extremely low, with an existence rate of 4.9%. In addition,
the L4 SegAL was found in nine subjects. Nevertheless,
the L3-4 or L4-5 IVD spaces were not wholly free of
vascular structures in subjects without the L4 or L5 SegAL
because branches derived from the L3 SegAL were found
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Table 3 The distances and relative distances between the SegAL and inferior/superior vertebral walls (mm)'

Variables AF AE BH CK cJ DN DM
L1SegAL  2.3+4.0 21.2+4.4 10.12.1 13.5+2.2 11.8+1.8 12.6+1.5 9.6+2.0 15.6+2.4
(0.10£0.17")  (0.92+0.19%)  (0.43+0.08)  (0.59+0.10)  (0.51+0.06)  (0.54+0.06)  (0.42+0.1%) (0.68+0.1)
L2 SegAL  5.0+4.4 19.5+4.8 11.0+2.3 13.5+2.7 12.1+1.8 13.1+1.9 8.7+2.4 17.0+2.7
(0.21+0.18%  (0.81x0.20")  (0.46+0.10)  (0.56+0.11)  (0.50+0.07)  (0.54+0.08)  (0.36+0.10%)  (0.71+0.11)
L3SegAL  10.5+5.1 14.6+5.0 14.1+2.3 11.0+2.3 12.6+1.8 12.9+1.8 5.8+2.9 19.3+3.2
(0.42+0.20%)  (0.58+0.20%)  (0.56+0.09%)  (0.43+0.09")  (0.50+0.07)  (0.51+0.07)  (0.23+0.12)  (0.80+0.12%)
L4 SegAL  18.0+5.0 7.5+4.9 16.3+2.6 9.0+2.2 12.5+2.6 12.8+2.6 3.6+2.4 21.8+3.7
(0.71£0.19")  (0.29+0.19")  (0.64+0.09)  (0.35+0.08")  (0.49+0.10)  (0.50+0.10)  (0.16+0.10%)  (0.85+0.12%)

T, the values were presented in the form of mean + standard deviation, the values within the round brackets represents the relative
distances (relative distances = measured distances/the corresponding vertebral heights). The distances AF, AE, BH, BG, CK, CJ, DN and
DM were described specifically in Figure 2. *, P<0.05; **, P<0.01. SegAL, segmental arteries on the left side.
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Figure 4 Relative distances between the inferior vertebral borders
and the SegAL through different planes. The figure shows the
comparison between the distances of different levels and planes.
An increasing trend of the distances was found on the anterior
vertebral planes from L1 to L4 while a decreasing trend of the
distances was found on the posterior planes. The segmental arteries
from L1 to L4 were located near the center of the vertebrae.

SegAL, segmental arteries on the left side.

Table 4 The Intervals between adjacent SegAL (mm)
Variables AA' (mean + SD) BB' (mean + SD) CC' (mean + SD)

L1-2 27.5+3.3™ 31.8+2.9" 33.6+3.2™
L2-3 28.7+3.2" 33.0+2.9” 35.5+3.0"
L3-4 30.2+5.0™ 35.1+3.3™ 36.7+3.8"

*, P<0.05; **, P<0.01. SegAL, segmental arteries on the left side;
SD, standard deviation.
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Figure 5 Vascular intervals between the adjacent SegAL through
various planes. As the figure shows, for each vertebra, the average
intervals on the middle coronal planes were the largest while the
average intervals on the anterior coronal planes were the smallest.
In addition, for each plane, the average intervals between L3 and
L4 were the largest while average the intervals between L1 and L2

were the smallest. SegAL, segmental arteries on the left side.

to course over the L.3-4 disks in the eight of nine (88.9%)
subjects without L4 SegAL, and branches of the L4
SegAL were found to run across the L4-5 disks in 25 of 97
(25.8%) volunteers without the L5 SegAL (Figure 3). The
presence of the branches within the IVD space was more
frequent at the L4-5 disks than at the L3-4 disks, which
is consistent with a previous study of Nojiri ez a/. (19). As
shown in Figure 3, the current study clearly demonstrated
the existence of the branches within the posterolateral L3-4

Quant Imaging Med Surg 2022;12(3):1977-1987 | https://dx.doi.org/10.21037/qims-21-867



1984 Huang et al. Anatomical features of left-sided lumbar segmental arteries

Figure 6 Scheme of the trajectory and distribution frequency
of SegAL. (A) Scheme of the trajectory according to the average
distances and angles measured in the study. The dotted lines
represent the possible presence of arteries within the intervertebral
disc spaces. The scheme aims to show the various trajectories
between the SegAL of different lumbar levels and to illustrate
the general trajectory. (B) Scheme showing the frequency of the
vascular distribution. A darker color represents higher frequency
and risk of vascular injury. The scheme may help surgeons to

protect the SegAL. SegAL, segmental arteries on the left side.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

IVD and L4-5 IVD spaces and also discovered the branches
of the L3 SegAL coursing over the disks in subjects without
the L4 SegAL. Moreover, the existence rate of the branches
coursing over the L.3-4 disks was found to be higher in
subjects without the L4 SegAL than subjects with the L4
SegAL (88.9% versus 4.3%). As for the existence rate of the
L5 SegAL, the existence rate of L5 SegAL was obviously
lower than that of L1, L2 and L3 SegAL (15,20,21). The
absence of the L5 SegAL could be potentially associated
with disc degeneration, indicating the significance of
protecting the segmental arteries (20,22).

Admittedly, preoperative angiography is not routinely
performed for lateral interbody fusion. However,
insufficient attention has been paid to the vascular
distribution on the lateral surface of the lumbar vertebrae.
Limited knowledge concerning the arteries may increase the
risk of vascular injury. For instance, the SegAL adjacent to
the psoas could be injured during LLIF surgery if surgeons
overlook the arteries lying on the lateral vertebrae surface,
especially when the surgical field is not clear. According to
the current study and previous research, preoperative CTA
could be considered to decrease the potential risk of arterial
injury in (I) patients with a history of previous surgery or
radiotherapy to the abdomen or spine; (II) patients with a
history of malignancies; (III) patients with lumbar spinal
deformity due to structural damage, inflammation or other
reasons; (IV) elderly patients and (V) patients who would
undergo OLIF/LLIF surgery at L1-2 or L3-4 segments
(12,15,23). Surgeons might balance the radiation exposure
and the risk of arterial complications in different individuals.
Given that most lateral lumbar fusions are performed
without preoperative CTA, the statistically significant
anatomical findings of this study could provide information
concerning some typical variations and remind surgeons
of the potential risks of vascular injury. Figure 6 presents a
brief scheme of the trajectory and distribution frequency of
SegAL, which could be useful for spine surgeons.

The SegAL should be noted and protected by surgeons
during OLIF/LLIF surgery. Specifically, during the pin
fixation and exposure procedures, previous reports have
advised surgeons to insert needles into the junction of
the anterior third with the middle third of IVD space for
the OLIF surgery (24). However, the results of this study
indicate that surgeons should install the pins and expose
the surgical field more flexibly. For instance, according to
previous studies, some surgeons recommend to installing
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pins on the inferior half of the vertebrae during the OLIF
surgery. However, the current study revealed a lower risk
of vascular injury if the surgeons inserted the pins next
to the L2 superior endplates when handling the L1-2
IVD space, and next to L3 or L4 inferior endplates when
performing OLIF for L3-4 or L4-5 segments. For LLIF
surgery, the psoas should be dissected cautiously to protect
not only the nerve plexus but also the arteries. Similarly,
it is recommended that the pins be installed below the
horizontal middle line of L1-2 and L2-3 IVD and above
the middle line at 13-4 IVD. Surgeons were recommended
that the initial pin should be inserted using the index
finger as protection taking care not to leave any structures
under valves of the retractor to avoid vascular injuries (24).
Additionally, attention should be paid during retractor
installation due to possible existence of branches within the
L3-4 or L4-5 IVD spaces (Figure 3).

SegAL injury can also occur during disk resection
procedures. The SegAL of L1 and L2 could possibly reach
the bottom of the vertebrae or even run across the L1-2 or
L2-3 disks, and thus caution should be exhibited during the
resection of the anterior disks. Compared with the SegAL
of L1 and L2, the SegAL of L3 and L4 are at a higher risk
of vascular injury during the resection of the posterior part
of the L3-4 and L4-5 disks since the arteries possibly left
the posterior vertebral walls at comparatively low positions.
Meanwhile, the possible existence of the vascular branches
running along the disks was noteworthy during the
resection of the posterior part of the L3-4 and L4-5 disks,
especially in the subjects without the L4 or L5 SegAL. In
addition, the risks of vascular injury during the removal
procedure of anterior disks possibly exists because the L4
SegAL may run across the L3-4 IVD or located at the top
on the front walls of L4. Beckman ez /. (13) reported a
contralateral psoas hematoma caused by a segmental artery
injury during the release of the contralateral annulus.
Hence, balancing the risks and surgical efficacy based
on preoperative radiologic evaluation and intraoperative
checks were essential when applying surgical maneuvers. In
addition, the arteries discussed above could also be injured
by aggressive endplate preparation and cage insertion.
Executing orthogonal maneuvers (forming an orthogonal
angle with the instruments positioned perpendicularly to
the sagittal plane of the vertebral body) could help resolve
this issue (24). The planes researched in this study were all
perpendicular to the sagittal plane of the vertebrae, which
facilitates the understanding and application of orthogonal
maneuvers.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

The current study has some limitations. First, all
subjects were Chinese; thus, the analysis and results may
not be generalizable to other ethnic groups. Second, we
only included volunteers who were scanned in the supine
position, and hence a possibility of slight translocation of
the SegAL when patients were placed in the right decubitus
position cannot be discarded. Third, the discussion on the
L5 SegAL was insufficient because of the low presence of
the L5 SegAL. Finally, the conclusion of the study may not
be directly applicable to the management towards patients

with disrupted distribution of the SegAL.

Conclusions

The trajectories and anatomical parameters, such as the
relative positions and directions of the segmental arteries,
vary between different lumbar levels. The SegAL adjacent
to the inferior walls of the L1 and L2 vertebrae or to the
superior walls of the L4 vertebrae should be protected
during the operation. In addition, attention should be
paid during the procedure involving the posterior parts
of the L3-4 and L4-5 IVD spaces. Awareness of the need
to protect the segmental arteries and proper preoperative
radiologic evaluation could help avoid complications.
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