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Abstract: This study explores the anatomical relationship between iliac blood vessels and the lower
lumbar spine during supine and prone patient positions. The average height of participants was
174.02 cm £ 9.01, while the average weight was 80.38 kg + 13.48. Body mass index (BMI) analyses
showed differences (p = 0.002), with 34.7% classified as normal weight, 53.1% as overweight, and 12.2%
as moderately obese. The study examined the distances between iliac arteries and veins in relation
to intervertebral anterior and posterior disc contours. Patient positioning significantly affected
these measurements at both L4/L5 and L5/S1 levels. The findings highlight the critical influence of
body position on anatomical relationships in the context of lower lumbar spine surgery. The study
underscores the importance of preoperative awareness of vascular anatomy to prevent iatrogenic
lesions during spine surgery, contributing valuable insights for optimizing surgical approaches and
minimizing complications in spine surgery, particularly microdiscectomy.

Keywords: spine; anatomy; iliac blood vessels; disc herniation; retroperitoneal blood vessels;
clinical anatomy

1. Introduction

Understanding the precise anatomical relationship between the large retroperitoneal
blood vessels and lumbar spine structures is paramount for comprehending both normal
anatomy and pathological processes within the retroperitoneum and lumbar spine [1]. This
knowledge is particularly in regard to surgical planning, regardless of whether employing
a front or posterior approach [2]. Historically, anatomical studies in this domain were
confined to cadaveric research, providing a foundational understanding of the region’s
anatomy, with a focus on large blood vessels. However, this approach had limitations in
accounting for potential in vivo anatomical variations. The advent of modern diagnostic
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tools, particularly computed tomography (CT) and magnetic resonance imaging (MRI),
paved the way for in vivo research [3]. Subsequently, several morphometric studies have
been conducted which primarily explored anatomical variations and relationships between
retroperitoneal structures and the height of major blood vessel bifurcations [4]. The surge
in interest for detailed investigations of large retroperitoneal blood vessels stems from
the proliferation of surgical techniques employed in the lumbar spine and retroperitoneal
interventions. This surge is coupled with a heightened awareness of complications arising
from iatrogenic damage to critical retroperitoneal structures [5].

The spinal column encompasses 33 or 34 vertebrae, extending from the occipital
bone to the pelvis, with the lumbar segment crucial for weight-bearing and distributing
loads to the lower extremities [1,6]. This segment, composed of five robust vertebrae
interconnected by discs and ligaments, is clinically divided into upper (L1-L3) and lower
(L4-L5) segments, with the latter enduring greater loads and degenerative disc disease.
Lumbar vertebrae, among the largest and sturdiest, play a pivotal role in supporting the
body’s weight [1,7]. They possess distinct features (such as the vertebral body, laminae,
processes, and facets) contributing to their load-bearing capacity [8,9]. The intervertebral
disc, positioned between adjacent vertebrae, is vital for load distribution and compression
resistance. Comprising the nucleus pulposus, anulus fibrosus, and hyaline cartilage end
plates, its structure influences its function and susceptibility to degenerative changes [10].
Common iliac arteries, originating at the fourth lumbar vertebra, divide into internal and
external branches, exhibiting variability in bifurcation levels [11]. Their intimate association
with lumbar spine structures underscores their clinical significance, particularly in surgical
contexts. The common iliac vein, responsible for draining blood from the pelvis and lower
extremities, shows variability in its relationships with adjacent structures, emphasizing the
importance of understanding these variations for surgical planning and intervention.

This research aims to provide a comprehensive analysis of the anatomical intricacies of
iliac blood vessels in relation to lumbar intervertebral discs, shedding light on the clinical
implications for surgical interventions in this region.

2. Materials and Methods
2.1. Study Design and Participants

The study is prospective and non-randomized, involving 60 participants of various
genders and ages. Each participant provided informed consent prior to participating in the
study after receiving detailed information about the research. The research was conducted
with the approval of the Ethical Committee of the Cantonal Hospital Zenica.

The inclusion criteria for this study were as follows: (1) participants aged 18 years
or older, (2) participants who provided informed consent following detailed information
about the research, and (3) individuals with a diagnosis of chronic low back pain. Exclusion
criteria for the study encompassed: (1) patients with a history of abdominal or pelvic
surgeries, (2) any surgeries involving the lumbar spine and retroperitoneum, (3) patients
with confirmed inflammatory and expansive lesions in the retroperitoneum, (4) aortic
aneurysms and their terminal branches, (5) expansive lesions of the vertebrae, (6) massive
disc herniations, (7) spondylolisthesis, (8) scoliosis, (9) lumbar kyphosis, and (10) other
vertebral and spinal anomalies.

2.2. Methods

Following consent and the signing of the informed consent form, all patients had
their height-weight measured and their BMI (Body Mass Index) calculated. Patients were
classified based on BMI as follows: severely underweight (<16 kg/m?), underweight
(16.0-18.4 kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), mod-
erately obese (30.0-34.9 kg/m?), severely obese (35.0-39.9 kg/m?), and morbidly obese
(>40.0 kg/m?) [12]. All participants who were included in the study and provided in-
formed consent underwent magnetic resonance imaging (MRI) of the lumbosacral spine
using the standard study protocol (Siemens Magnetom Avanto 1.5 T, Erlangen, Germany).
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This protocol included T1 and T2 sequences in the axial, sagittal, and coronal planes. After
the standard MRI protocol was completed, patients were placed in the prone position
and an additional MRI was performed. This prone position MRI also included T1 and
T2 sequences in the axial, sagittal, and coronal planes. To mitigate artifacts caused by
respiratory movements of the chest, special pads were placed under the chest and hips of
each patient. This practice is typically employed during prone position imaging in surgical
procedures. The positioning of each individual patient in the machine, both in supine and
prone positions, was conducted by the researcher themselves.

Following the acquisition of MRI scans in both supine and prone positions, all im-
ages were transferred to the IMPAX system (Agfa Healthcare Impax 6.5.3.2525). This
system enables direct analysis and measurement of anatomical structures in all planes.
The analysis of each image was conducted by the researcher under the supervision of a
specialized radiologist.

The study focused solely on the relationship of the lower segment of the lumbosacral
spine (L4 /L5 and L5/51), specifically the anterior and posterior contours of the interver-
tebral disc at these levels, as well as the common iliac artery and common iliac vein on
both the right and left sides. The study involved a comprehensive analysis of various
morphometric parameters, including the ratio of the anterior contour of the fibrous ring to
the posterior wall of the common iliac arteries, the diameter of the posterior edge of the
fibrous ring to the iliac arteries and veins, and the ratio of the anterior edge of the fibrous
ring to the posterior wall of the common iliac veins (Figure 1). Additionally, the study
investigated alterations in the position and orientation of blood vessels in relation to the
structures of the lower spinal segments, considering changes in body position (supine and
prone) as well as factors such as height, weight, and BMIL

50.2 mm

40.3 mmi

Figure 1. Display of measured parameters in figure (a), where the distance between the common iliac
arteries (A) and veins (V) in relation to the observed part of the disc (anterior and posterior contour)
can be observed. Figure (b) represents the measurements taken from the posterior contour of the disc
to the common iliac artery and vein on the left side. D—disc (intervertebral).

Measurements were conducted on the distances between the right and left common
iliac arteries at the L4/L5 intervertebral level in both prone and supine positions (Figure 2a)
as well as the common iliac veins (Figure 2b).
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Figure 2. Depiction of measured parameters, focusing on the observed distances between common
iliac arteries (a) and veins (b).

In addition to the mentioned measurements, displacement of the common iliac vein
and artery was also measured in both prone and supine positions. This was accomplished
by drawing a vertical line in the described software on the midsagittal section, then subse-
quently measuring the distance from the medial contour of the blood vessel to the artificial
line, as illustrated in Figure 3.

O mm

131 mm

16.9 mm

Figure 3. Movement of the iliac blood vessels at the L4 /L5 intervertebral disc level relative to the
midsagittal plane.

2.3. Statistical Analysis

The statistical analysis was conducted using the SPSS software (ver. 27.0., Statistical
Package for the Social Sciences, IBM Inc., Armonk, NY, USA). Data were presented in the
form of means (M) and standard deviations (SD). For normally distributed parameters,
the t-student’s test was employed, while non-parametric tests, such as the chi-square
test for categorical variables and the Wilcoxon test for continuous variables, were used
for deviations from normal distribution. The Wilcoxon rank-sum test was utilized to
compare values with respect to position, while the ANOVA test was employed for normally
distributed variables. Statistical significance was set at <0.05.
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3. Results

The average height of the patients is 174.02 cm, with a standard deviation of 9.01.
Heights range from 155.0 to 194.0 cm (p = 0.282), indicating that there are no statistically
significant differences in height among the patients. The average weight of the patients is
80.38 kg, with a standard deviation of 13.48. Weights range from 57.0 to 118.0 kg (p = 0.430),
suggesting that there are no statistically significant differences in weight among the patients.
However, when considering BMI, an interesting observation emerges. The average BMI
is 26.53 kg/ m?, with a standard deviation of 3.20 (p = 0.002) (Table 1). In this patient
population, there were 17 individuals (34.7%) with a normal weight, 26 individuals (53.1%)
who were overweight, and six individuals (12.2%) classified as moderately obese based on
their BMI frequencies (Figure 4).

Table 1. Baseline characteristics of participants.

Variable No (%) or M £ SD (Min-Max) p
Male 27 (45%)

Sex Female 33 (55%) 0.439
Age (years) 56.07 £ 10.43 (30.0-73.0) 0.921
Height (cm) 174.02 4 9.01 (155.0-194.0) 0.282
Weight (kg) 80.38 £ 13.48 (57.0-118.0) 0.430

BMI (kg/m?) 26.53 £ 3.20 (19.3-31.7) 0.002

30

: P

20

-

10

s :

Normal weight Overweight Moderately obese

Figure 4. The distribution of patients based on BMI categories.

In the supine position at the L4/L5 level, RIA (A) had a mean measurement of
5.08 £ 3.60 mm (range: 0.5-15.5), whereas, in the prone position, it measured 6.75 £ 4.19
(range: 1.3-22.0), with a highly significant difference (p < 0.001). Similarly, LIA (A) showed
significant differences with a mean measurement of 2.72 & 2.56 mm (range: 0.6-14.1) in
the supine position and 4.23 £ 2.70 mm (range: 1.3-15.9) in the prone position at the
L4/L5 level (p < 0.001).

This trend continued with RIV (A) and LVI (A), emphasizing the critical impact of
patient positioning on these measurements in the context of the L4 /L5 level. Turning to
the posterior contours of intervertebral discs at the L4/L5 level, we observed analogous
significant differences between the supine and prone positions. Right and left common iliac
arteries (RIA and LIA) both displayed notable variances, as did the right and left common
iliac veins (RIV and LVI). For instance, the mean measurement of RIA (P) at the L4 /L5 level
was 47.18 £ 6.47 mm (range: 36.3-62.8) in the supine position and 49.24 & 6.73 mm (range:
39.1-70.2) in the prone position, with a highly significant difference (p < 0.001) (Figure 5).
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Figure 5. Differences in supine and prone positions of patients concerning the anterior (green)
and posterior (blue) contours of the intervertebral disc and iliac blood vessels at the L4 /L5 level:
(a) Differences in the distance of the right common iliac artery (RIA) from the anterior contour of
the disc in supine (S) and prone (P) positions; (b) Differences in the distance of the left common
iliac artery (LIA) from the anterior contour of the disc in supine S and P positions; (c) Differences
in the distance of the right common iliac artery (RIV) from the anterior contour of the disc in S and
P positions; (d) Differences in the distance of the left common iliac artery (LIV) from the anterior
contour of the disc in S and P positions; (e) Variations in the distance of the RIA from the posterior
contour of the disc in S and P positions; (f) Differences in the distance of the LIA from the posterior
contour of the disc in S and P positions; (g) Discrepancies in the distance of the RIV from the posterior
contour of the disc in S and P positions; (h) Differences in the distance of the LIV from the posterior
contour of the disc in S and P positions; *, statistically significant differences (p < 0.001).

For the anterior contours of intervertebral discs (A) at the L5/51 level, encompassing
RIA, LIA, RIV, and LV], the findings underscored substantial variations between the two
positions. In the supine position, RIA (A) displayed a mean measurement of 5.64 £ 3.10
(range: 0.6-13.9), while in the prone position it measured 7.77 £ 3.62 mm (range: 1.3-17.3),
revealing a highly significant difference (p < 0.001). Similarly, LIA (A) exhibited noteworthy
differences, with a mean measurement of 9.74 &+ 3.97 mm (range: 1.3-18.9) in the supine
position and 11.69 & 4.05 mm (range: 1.7-22.2) in the prone position, again demonstrating
a highly significant difference (p < 0.001).

When it comes to posterior contours of intervertebral discs (P) at the L5/51 level, the
study unveiled analogous significant differences between the supine and prone positions.
Both right and left common iliac arteries (RIA and LIA) exhibited remarkable variances, as
did the right and left common iliac veins (RIV and LVI). For instance, the mean measure-
ment of RIA (P) at the L5/S1 level was 45.20 £ 5.59 mm (range: 35.1-57.6) in the supine
position and 47.71 £ 6.19 mm (range: 35.4-59.2) in the prone position, signifying a highly
significant difference (p < 0.001) (Figure 6).
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Figure 6. Differences in supine and prone positions of patients in relation of anterior (green) and
posterior (blue) contour of intervertebral disc and iliac blood vessels on L5/S1 level: (a) Differences
in the distance of the right common iliac artery (RIA) from the anterior contour of the disc in supine
(S) and prone (P) positions; (b) Differences in the distance of the left common iliac artery (LIA) from
the anterior contour of the disc in supine S and P positions; (c) Differences in the distance of the right
common iliac artery (RIV) from the anterior contour of the disc in S and P positions; (d) Differences
in the distance of the left common iliac artery (LIV) from the anterior contour of the disc in S and P
positions; (e) Variations in the distance of the RIA from the posterior contour of the disc in S and P
positions; (f) Differences in the distance of the LIA from the posterior contour of the disc in S and P
positions; (g) Discrepancies in the distance of the RIV from the posterior contour of the disc in S and
P positions; (h) Differences in the distance of the LIV from the posterior contour of the disc in S and P
positions; *, statistically significant differences (p < 0.001).

Data provided in Figure 3 data reveal insights into the positional variations of iliac
blood vessels at the L5/51 level in both supine and prone positions. When it comes to RIA,
there is a noticeable increase from 17.51 £ 5.7 in the supine position to 19.64 £ 5.601 mm
in the prone position (p < 0.001) (Figure 7a). Similarly, LIA shows an elevation from
23.82 £ 8.35 to 25.97 £ 8.53 mm, emphasizing the impact of body positioning on these
vascular parameters (p < 0.001) (Figure 7b). Moreover, RIV exhibits an increase from
22.35 £ 5.195 mm in supine to 25.02 £ 5.363 mm in prone (p < 0.001) (Figure 7c), while the
LIV shows a rise from 14.68 + 8.942 mm to 16.43 £ 8.981 mm (p < 0.001) (Figure 7d). These
variations suggest a consistent trend of increased measurements in prone positions for
both arteries and veins. The differences in the right and left iliac arteries are notable, with
the supine mean at 43.97 & 10.3 mm and the prone mean at 47.21 £ 10.62 mm (p < 0.001),
indicating a significant change between the two positions.

In the prone position, the RIA exhibits a mean lateral movement of —2.13 £ 2.97 mm
(Figure 7a), while the LIA demonstrates a lateral movement of —1.725 +4.07 mm (Figure 7b).
Similarly, the RIV and LIV both manifest substantial lateral movements of —2.673 4 3.01
mm and —1.75 £ 2.92 mm, respectively (Figure 7c,d). Additionally, the distance between
the R and L iliac arteries widens by 3.235 &+ 4.39 mm (p < 0.001) in prone compared to
supine (Figure 8).
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Figure 7. Differences in positional alignment between supine and prone postures of patients at the
L5/51 level in relation to the midline and iliac blood vessels: (a) Differences in the distance from the
midline to the right common iliac artery (RIA) in supine (S) and prone (P) positions; (b) Differences in
the distance from the midline to the left common iliac artery (LIA) in S and P positions; (c) Differences
in the distance from the midline to the right common iliac vein (RIV) in S and P positions; (d)
Differences in the distance from the midline to the left common iliac vein (LIV) in S and P positions;
MD, mean difference; *, statistically significant differences (p < 0.001).
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0 50

Figure 8. Differences in supine and prone positions of patients in relation to anterior and posterior
contour of intervertebral disc and iliac blood vessels on L5/S1 level. RIA, right common iliac
artery; (A), anterior contour of intervertebral disc; (P), posterior contour of intervertebral disc; LIA,
left common iliac artery; RIV, right common iliac vein; LIV, left common iliac vein; *, statistically
significant differences (p < 0.001).

4. Discussion

Patients with both acute and chronic back pain in the lower part of their spine some-
times require spine surgeries, such as microdiscectomies, and these procedures are risky.
Therefore, the main goal of every operator is to avoid the development of any complications
afterwards and to improve the quality of life of the patient. However, one of these complica-
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tions could be the iatrogenic lesion of large blood vessels, such as the aorta or iliac arteries
and veins. The occurrence of vascular damage as a result of disc surgery was initially
documented in 1945 by Linton and White [13]. This occurs due to the complex anatomical
relationship of these blood vessels with the vertebral body of vertebrae in the lumbosacral
spine. The most frequent iatrogenic lesion occurs on the left common iliac artery due to its
close anatomical contact with the body of the L4-L5 intervertebral disc. There is a wide
palette of possible complications that have been noted by clinicians, such as injury to the
left iliac artery, which ranges from loss of sensation to fatal rhabdomyolysis [14].

The incidence of vascular injuries during spine surgery varies between 0 and 18.1%,
which is a very significant number. In addition, these complications have a large mortality
rate of around 50%, usually due to the onset of hemorrhagic shock as a serious and life-
threatening health condition [14,15]. Therefore, it is very important to initially mention
the location of the aortic bifurcation and the location of the origin of the common iliac
artery [16]. The research and discussion of every factor that has an impact on the decrease
in the incidence of complications after spine surgery is important. The positioning of
the patient during neurosurgical procedures has an important role in the avoidance of
complications during spine surgery [17-20].

There is a very small number of studies dealing with the analysis of the anatomical
relationship between the large blood vessels of the retroperitoneum and the structures of the
lower segment of the lumbar spine. Hence, the possibility of damaging these blood vessels
during surgical procedures, such as microdiscectomy, highlights the clinical importance of
this and similar studies. Interestingly, the position of the common iliac arteries and veins
is affected by the possible existence of congenital variations, which are noted in 0.4 to 4%
of cases [18]. These variations occur in various forms, such as duplication of individual
common iliac veins or the draining of one vein into the other. Other factors affect the
position of blood vessels regarding the lumbar spine, and one of them is the aging process
(namely, in older patients the iliac—caval junction moves distally [15]). The existence of
these variations is also important to know, as they significantly increase the possibility of
development of complications during surgery [21].

In everyday clinical practice, it is important to know the height of the bifurcation of the
aorta and iliac blood vessels before spine surgery in order to avoid possible complications. A
cadaveric study by Khamaronga et al. [14] showed that, in slightly more than 70% (70.12%)
of subjects, the aortic bifurcation was located at the level of the L4 vertebra, while in 12.30%
of subjects it was located at the level of the L4 intervertebral disc. At the level of the L5
vertebral body, aortic bifurcation was found in 17.6% of subjects. Another cadaveric study
showed similar results, namely the study by Appaji et al. [15], which indicated that the
most common site of aortic bifurcation was at the level of the L4 vertebra (55% of subjects).
According to this study, the second most common location of the aortic bifurcation was at
the level of the L3 vertebra (27.5%). Both mentioned studies showed that the localization of
the bifurcation changes with age [15,17]. Cadaveric studies have been replaced by in vivo
studies using radiographic methods, such as CT and MRI. Chithriki et al. [17] noted in their
study, by using a sagittal MRI image for analysis to determine the height of the bifurcation,
that 67% of subjects had an aortic bifurcation at the level of the L4 vertebra.

Several studies have shown very similar results when it comes to bifurcation of the
aorta, and the place of origin of the common iliac artery can be precisely determined [15,17].
However, a very small number of studies have determined the position of the iliac blood
vessels, and an even smaller number of studies analyzed the relationship and alterations
of their positions in relation to the different positions of the body during surgery, such
as pronation and supination. Vaccaro et al. [18] showed that common iliac vessels are
closer to the anterior aspect of the intervertebral disc. In addition, the study showed that
common iliac vessels are closer to the midline at L4-L5 as compared to L5-51. When
it comes to pronation, it was noted that prone positioning resulted in greater distances
between the intervertebral disc and iliac vessels both at L4-L5 and L5-51 by an average
of 3 mm. In this, a slight predominance of females (55%) was noticed, while the average
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age of the respondents was 56.07 £ 10.43 years. When looking at the BMI of the subjects,
26 subjects could be classified in the overweight group, 6 in the moderately obese group,
while 17 subjects belong to the normal weight group.

This study also noted a highly significant difference between RIA in the supine and
prone position, as well as LIA in the supine and prone position at the L4-L5 level. This
continued with RIV and LIV. Also, similar results were gathered with RIA and LIA in both
positions (p < 0.001), as well as RIV and LIV. Vaccaro et al. [18], in comparing supine and
prone positioning, found statistically significant differences only in relation to the left iliac
artery and anterior contour of the L4-L5 intervertebral disc. In their study, at L4-L5, the
right and left common iliac arteries were an average of 5.4 mm (slightly higher than our
5.08 mm) and 2.9 mm (slightly higher than our 2.72 mm), anterior to the anterior aspect of
the annulus at their closest point. A statistically significant difference with LIA (p = 0.004696)
was also found in the study of Beculi¢ et al. [22], supporting our results. The radiological
study by Behzadi et al. [23] also describes changes in the volume of the external iliac vein
when shifting from the supine to prone position. Studies relying on ultrasound monitoring
of pelvic blood vessels also support the idea that the patient’s position affects the diameter
of the blood vessels [24,25]. Fornek et al. [26] list gender and age as possible factors
influencing the diameter of pelvic blood vessels, while Behzadi et al. [23] also consider
ethnicity as a potential factor. In addition to morphometric changes, changes in patient
position are accompanied by hemodynamic alterations [27-29]. This result implicates that
the LIA is the most vulnerable for the artificial lesion, especially with microdiscectomy at
the L4-L5 level [17,18,21,22,30,31]. Clinically, the associated vascular injury can manifest
as a spectrum of severity, from massive hemorrhage to the development of arteriovenous
fistulas and pseudoaneurysms [32-35]. Therefore, the early management of such vascular
injuries may reduce mortality after spine surgery [34,36,37].

A few studies have analyzed the risk of iatrogenic lesion of retroperitoneal blood
vessels by measuring the depth of intervertebral space. In a study by Antar et al. [37], the
mean AP diameter at the level of L5-51 was 39.97 mm for males and 36.99 mm for females.
The safe zone was determined at the depth of 22 mm. Another study noted that the mean
value of the AP diameter of the intervertebral disc at the level of L5-51 was 43.8 mm in
males and 40.1 mm in females. The mean transverse diameter for males and females was
59 mm and 55.6 , respectively [38].

There is a small number of studies that investigated the relationship between retroperi-
toneal blood vessels and the lower segment of the lumbar spine. A study by Vaccaro
et al. [18] has shown the mean distance of RIA from the anterior contour of L4-L5 inter-
vertebral disc to be 5.1 mm and 3.5 mm for LIA. The distance for iliac veins is notably
smaller, such that the distance of RIV is 0.6 mm and 0.3 mm for LIV. This study showed
a statistically significant difference in the distance of RIA and LIA from the anterior and
posterior contours of intervertebral discs at the L5-51 level in the supine and prone position.
Significant differences between the supine and prone positions were shown for RIV and
LIV as well [18]. In the study by Ganesan [39], the average distance from the anterior L5-5S1
intervertebral disc for males was 7.2 mm and 9.6 mm for RIA and LIA respectively. For
females, the distance for RIA was 7.9 mm and 9.8 mm for LIA. This study did not show any
difference in relation to the patient positioning. The mean distance of arteries at the level
of L4-L5 was 4.3 mm in the supine and prone position [39]. A study by Marchi et al. [40]
showed the areolar space to be narrow in the supine position, especially in the lower lumbar
segment. The same study also indicated that the areolar space could be maximized in the
lateral patient position, while the average values of areolar space in relation to inferior vena
cava were larger in the superior lumbar segment.

By changing the position of the body, blood vessels move anteriorly, but this movement
is of no statistical significance [41,42]. The average distance of the right common iliac artery
from the anterior contour of the disc in pronation is 5.4 mm, the left iliac artery 2.9 mm,
while both veins are 0.8 mm apart. Another study showed statistically significant anterior
movements of LIA with the change in body position from supine to prone [22]. This
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study also showed that there is a significant difference in the relationship of LIA with
the anterior contour of the intervertebral disc in the supine and prone position, as the
distance of LIA changed by 2.13 mm at the level of L5-51 with the change from supine
to prone. Statistically significant movement was noted for RIV, as it measured 2.673 mm
at the level of L5-51. This movement was not bound by gender, height, nor BMI. There
was also no significant movement noted of LIV at the level of L5-51. However, there are
some statistically significant movements of retroperitoneal blood vessels in relation to the
posterior contour of the intervertebral disc at the level of L5-S1. RIA moves anteriorly by
2.04 mm, LIA by 1.273 mm, RIV by 1.69 mm, and LIV by 1.273 mm. By understanding these
relationships, the occurrence of artificial lesions in blood vessels during spinal surgical
procedures can be prevented [43]. To prevent potential damage to blood vessels, it is
recommended to mark surgical instruments with distance indicators from the instrument
tip to facilitate their visualization during disc surgery [44—46]. Furthermore, limiting
instrument penetration into the disc within the range of 25 to 30 mm is advised [47-49].
However, caution should be exercised in applying these recommendations to avoid a
potentially misleading sense of security [50]. Additionally, the depth of insertion along the
anterior—posterior axis can be influenced by the orientation of instrument insertion.

The study’s limitations include its small sample size and a monocentric design, raising
concerns about the generalizability of its findings beyond the specific study population
and setting.

5. Conclusions

In conclusion, there is a limited body of research on this subject, and there is a
scarcity of data regarding the optimal surgical approach to preventing iatrogenic injuries
to retroperitoneal blood vessels. Our study is among the few that have investigated the
association between retroperitoneal blood vessels and the lower lumbar spine. Our find-
ings highlight the significant influence of patient-specific positions in the relationship
between iliac blood vessels and lumbar intervertebral discs. Therefore, it is crucial to
educate operators about the positional changes of these large retroperitoneal blood vessels
in relation to the lumbar spine, as this knowledge can potentially enhance the outcomes of
microdiscectomy and other spinal surgeries.

Author Contributions: Conceptualization, H.B. and E.B.; Methodology, H.B. and E.B.; Validation,
H.B., E.B. and A.D.-K; Formal analysis, E.B. and E.S.; Investigation, H.B., A.C,AE.,FEA., AM. and
S.T-S.; Resources, HB., E.B.,, RP, A.C.,RS., A.E., FA. and AM.; Data curation, H.B., A.D.-K., S.T.-S.
and L.T.-L.; Writing—original draft preparation, H.B., B.]. and M.L-B.; Writing—review and editing,
H.B. and M.P; Visualization, H.B.; Supervision, H.B. and R.S.; Project administration, H.B., E.B., R.P.
and A.E. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Cantonal Hospital Zenica (protocol code
00-03-35-958-12/23 on 30 June 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data available on request due to restrictions of privacy.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Beculi¢, H. Degenerativne Bolesti Slabinske Ki¢me [ Degenerative Diseases of Lumbar Spine]; Agfa Print: Zenica, Bosnia and Herzegovina,
2022; Available online: https://www.researchgate.net/publication/364112270_Degenerativne_bolesti_slabinske_kicme (accessed
on 4 January 2024).

Kot, A ; Polak, J.; Klepinowski, T.; Fraczek, M.].; Krzyzewski, R.M.; Grochowska, A.; Popiela, T.J.; Kwinta, B.M. Morphometric
analysis of the lumbar vertebrae and intervertebral discs in relation to abdominal aorta: CT-based study. Surg. Radiol. Anat. 2022,
44,431-441. [CrossRef]


https://www.researchgate.net/publication/364112270_Degenerativne_bolesti_slabinske_kicme
https://doi.org/10.1007/s00276-021-02865-9

Anatomia 2024, 3 27

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hussain, S.; Mubeen, I.; Ullah, N.; Shah, S.; Khan, B.A.; Zahoor, M.; Ullah, R.; Khan, FA.; Sultan, M.A. Modern Diagnostic
Imaging Technique Applications and Risk Factors in the Medical Field: A Review. Biomed. Res. Int. 2022, 2022, 5164970. [CrossRef]
[PubMed]

Regev, G.J.; Chen, L.; Dhawan, M.; Lee, Y.P,; Garfin, S.R.; Kim, C.W. Morphometric analysis of the ventral nerve roots and
retroperitoneal vessels with respect to the minimally invasive lateral approach in normal and deformed spines. Spine 2009, 34,
1330-1335. [CrossRef] [PubMed]

Begagi¢, E.; Beculi¢, H.; Skomorac, R.; Pojski¢, M. Accessible Spinal Surgery: Transformation Through the Implementation
of Exoscopes As Substitutes for Conventional Microsurgery in Low- and Middle-Income Settings. Cureus 2023, 15, e45350.
[CrossRef] [PubMed]

Waxenbaum, J.A.; Reddy, V.; Williams, C.; Futterman, B. Anatomy, Back, Lumbar Vertebrae; StatPearls Publishing: Treasure Island,
FL, USA, 2023.

Sassack, B.; Carrier, ].D. Anatomy, Back, Lumbar Spine; StatPearls Publishing: Treasure Island, FL, USA, 2023.

Beculi¢, H.; Begagi¢, E.; Skomorac, R.; Jusi¢, A.; Efendi¢, A.; Selimovi¢, E.; Masovi¢, A.; Be¢uli¢, L. A correlation of demographic
characteristics, preoperative conservative therapy and timing with postoperative outcome in herniated disc-associated cauda
equina syndrome: Do they really matter? Med. Glas. 2023, 20, 269-275. [CrossRef]

DeSai, C.; Reddy, V.; Agarwal, A. Anatomy, Back, Vertebral Column; StatPearls Publishing: Treasure Island, FL, USA, 2023.
Skomorac, R.; Deli¢, J.; Be¢uli¢, H.; Jusi¢, A. Radiological evaluation of lumbosacral spine for post discectomy segmental instability.
Med. Glas. 2016, 13, 142-147. [CrossRef]

Skomorac, R.; Deli¢, J.; Jusi¢, A.; Beculi¢, H.; Bajtarevi¢, A.; Hadzi¢, E. Morphometric changes of the lumbar intervertebral space
following discectomy on one or two levels. Med. Glas. 2011, 8, 249-254.

Zierle-Ghosh, A ; Jan, A. Physiology, Body Mass Index; StatPearls Publishing: Treasure Island, FL, USA, 2023.

Skippage, P.; Raja, J.; McFarland, R.; Belli, A.M. Endovascular repair of iliac artery injury complicating lumbar disc surgery. Eur.
Spine J. 2008, 17 (Suppl. 2), S228-5231. [CrossRef]

Khamanarong, K.; Sae-Jung, S.; Supa-Adirek, C.; Teerakul, S.; Prachaney, P. Aortic bifurcation: A cadaveric study of its relationship
to the spine. J. Med. Assoc. Thai 2009, 92, 47-49.

Appaji, A.C.; Kulkarni, R.; Pai, S.B. Level of Bifurcation of Aorta and Iliocaval Confluence and Its Clinical Relevance. IOSR ].
Dent. Med. Sci. 2014, 13, 56—60. [CrossRef]

Deswal, A.; Tamang, B.K.; Bala, A. Study of aortic- common iliac bifurcation and its clinical significance. J. Clin. Diagn. Res. 2014,
8, Ac06—Ac08. [CrossRef] [PubMed]

Chithriki, M.; Jaibaji, M.; Steele, R.D. The anatomical relationship of the aortic bifurcation to the lumbar vertebrae: A MRI study.
Surg. Radiol. Anat. 2002, 24, 308-312. [CrossRef] [PubMed]

Vaccaro, A.R.; Kepler, C.K.; Rihn, J.A.; Suzuki, H.; Ratliff, ] K.; Harrop, ].S.; Morrison, W.B.; Limthongkul, W.; Albert, T.J.
Anatomical relationships of the anterior blood vessels to the lower lumbar intervertebral discs: Analysis based on magnetic
resonance imaging of patients in the prone position. J. Bone Jt. Surg. Am. 2012, 94, 1088-1094. [CrossRef] [PubMed]

Cunha, P.D.; Barbosa, T.P,; Correia, G.; Silva, R.; Cruz Oliveira, N.; Varanda, P.; Direito-Santos, B. The ideal patient positioning in
spine surgery: A preventive strategy. EFORT Open Rev. 2023, 8, 63-72. [CrossRef] [PubMed]

Garg, B.; Bansal, T.; Mehta, N.; Sharan, A.D. Patient Positioning in Spine Surgery: What Spine Surgeons Should Know? Asian
Spine J. 2023, 17, 770-781. [CrossRef] [PubMed]

Erkut, B.; Unli, Y.; Kaygin, M.A,; Colak, A.; Erdem, A.F. Iatrogenic vascular injury during to lumbar disc surgery. Acta Neurochir.
2007, 149, 511-515; discussion 516. [CrossRef] [PubMed]

Beculi¢, H.; Sladojevi¢, I; Jusi¢, A.; Skomorac, R.; Imamovi¢, M.; Efendi¢, A. Morphometric study of the anatomic relationship
between large retroperitoneal blood vessels and intervertebral discs of the distal segment of the lumbar spine: A clinical
significance. Med. Glas. 2019, 16, 1011-1019. [CrossRef]

Behzadi, A.H.; Khilnani, N.M.; Zhang, W.; Bares, A.J.; Boddu, S.R.; Min, R.J.; Prince, M.R. Pelvic cardiovascular magnetic
resonance venography: Venous changes with patient position and hydration status. J. Cardiovasc. Magn. Reson. 2019, 21, 3.
[CrossRef]

Kim, ].T.; Lee, N.J.; Na, H.S.; Jeon, Y.; Kim, H.S.; Kim, C.S.; Kim, S.D. Ultrasonographic investigation of the effect of inguinal
compression on the cross-sectional area of the femoral vein. Acad. Emerg. Med. 2008, 15, 101-103. [CrossRef]

Stone, M.B.; Price, D.D.; Anderson, B.S. Ultrasonographic investigation of the effect of reverse Trendelenburg on the cross-sectional
area of the femoral vein. J. Emerg. Med. 2006, 30, 211-213. [CrossRef]

Fronek, A.; Criqui, M.H.; Denenberg, J.; Langer, R.D. Common femoral vein dimensions and hemodynamics including Valsalva
response as a function of sex, age, and ethnicity in a population study. J. Vasc. Surg. 2001, 33, 1050-1056. [CrossRef]

Coxwell Matthewman, M.; Yanase, F.; Costa-Pinto, R.; Jones, D.; Karalapillai, D.; Modra, L.; Radford, S.; Ukor, L.E.,; Warrillow, S.;
Bellomo, R. Haemodynamic changes during prone versus supine position in patients with COVID-19 acute respiratory distress
syndrome. Aust. Crit. Care 2023, in press. [CrossRef]

Guérin, C.; Reignier, J.; Richard, J.C.; Beuret, P.; Gacouin, A.; Boulain, T.; Mercier, E.; Badet, M.; Mercat, A.; Baudin, O.; et al. Prone
positioning in severe acute respiratory distress syndrome. N. Engl. ]. Med. 2013, 368, 2159-2168. [CrossRef]


https://doi.org/10.1155/2022/5164970
https://www.ncbi.nlm.nih.gov/pubmed/35707373
https://doi.org/10.1097/BRS.0b013e3181a029e1
https://www.ncbi.nlm.nih.gov/pubmed/19455010
https://doi.org/10.7759/cureus.45350
https://www.ncbi.nlm.nih.gov/pubmed/37849576
https://doi.org/10.17392/1630-23
https://doi.org/10.17392/817-16
https://doi.org/10.1007/s00586-007-0470-3
https://doi.org/10.9790/0853-13725660
https://doi.org/10.7860/jcdr/2014/8767.4559
https://www.ncbi.nlm.nih.gov/pubmed/25177553
https://doi.org/10.1007/s00276-002-0036-3
https://www.ncbi.nlm.nih.gov/pubmed/12497222
https://doi.org/10.2106/JBJS.K.00671
https://www.ncbi.nlm.nih.gov/pubmed/22717827
https://doi.org/10.1530/EOR-22-0135
https://www.ncbi.nlm.nih.gov/pubmed/36805330
https://doi.org/10.31616/asj.2022.0320
https://www.ncbi.nlm.nih.gov/pubmed/37226380
https://doi.org/10.1007/s00701-007-1132-2
https://www.ncbi.nlm.nih.gov/pubmed/17387429
https://doi.org/10.17392/1011-19
https://doi.org/10.1186/s12968-018-0503-6
https://doi.org/10.1111/j.1553-2712.2007.00018.x
https://doi.org/10.1016/j.jemermed.2005.05.022
https://doi.org/10.1067/mva.2001.113496
https://doi.org/10.1016/j.aucc.2023.03.006
https://doi.org/10.1056/NEJMoa1214103

Anatomia 2024, 3 28

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

Weiss, T.T.; Cerda, F; Scott, J.B.; Kaur, R.; Sungurlu, S.; Mirza, S.H.; Alolaiwat, A.A.; Kaur, R.; Augustynovich, A.E.; Li, J. Prone
positioning for patients intubated for severe acute respiratory distress syndrome (ARDS) secondary to COVID-19: A retrospective
observational cohort study. Br. ]. Anaesth. 2021, 126, 48-55. [CrossRef]

Nair, M.N.; Ramakrishna, R.; Slimp, J.; Kinney, G.; Chesnut, R.M. Left iliac artery injury during anterior lumbar spine surgery
diagnosed by intraoperative neurophysiological monitoring. Eur. Spine J. 2010, 19 (Suppl. 2), S203-5205. [CrossRef] [PubMed]
Reilly, E.; Weger, N.; Stawicki, S. Vascular injury during spinal surgery. Int. ]. Acad. Med. 2017, 3 (Suppl. 1), S39-543. [CrossRef]
Goodkin, R.; Laska, L.L. Vascular and visceral injuries associated with lumbar disc surgery: Medicolegal implications. Surg.
Neurol. 1998, 49, 358-370; discussion 370-372. [CrossRef] [PubMed]

Sadhasivam, S.; Kaynar, A.M. Iatrogenic arteriovenous fistula during lumbar microdiscectomy. Anesth. Analg. 2004, 99, 1815-1817.
[CrossRef] [PubMed]

Papadoulas, S.; Konstantinou, D.; Kourea, H.P.; Kritikos, N.; Haftouras, N.; Tsolakis, J.A. Vascular injury complicating lumbar
disc surgery. A systematic review. Eur. |. Vasc. Endovasc. Surg. 2002, 24, 189-195. [CrossRef] [PubMed]

Yu, H.P; Hseu, S.S.; Sung, C.S.; Cheng, H.C.; Yien, H.W. Abdominal vascular injury during lumbar disc surgery. Zhonghua Yi Xue
Za Zhi 2001, 64, 649-654. [PubMed]

Quigley, T.M.; Stoney, R.J. Arteriovenous fistulas following lumbar laminectomy: The anatomy defined. J. Vasc. Surg. 1985, 2,
828-833. [CrossRef] [PubMed]

Antar, V.; Baran, O.; Kelten, B.; Atci, I.B; Yilmaz, H.; Katar, S.; Yilmaz, A. Morphometric Analysis of Lumbar Disc Space in
the Turkish Population and Safe Discectomy Distance in Lumbar Disc Surgery. Turk. Neurosurg. 2017, 27, 603-609. [CrossRef]
[PubMed]

Jaganjac, B.; Dzidié-Krivi¢, A.; Be¢uli¢, H.; gljivo, A.; Begagi¢, E.; Sigi¢, A. Magnetic resonance morphometry of the lumbar spinal
canal in Zenica—Doboj Canton in Bosnia and Herzegovina. Med. Glas. 2023, 20, 263-268. [CrossRef]

Ganesan, C.; Petrus, L.; Ross, I.B. Regarding the possibility of anterior vascular injury from the posterior approach to the lumbar
disc space: An anatomical study. Spine 2012, 37, E1371-E1375. [CrossRef] [PubMed]

Marchi, L.; Pimenta, L.; Oliveira, L.; Fortti, F.; Amaral, R.; Abdala, N. Distance between Great Vessels and the Lumbar Spine: MRI
Study for Anterior Longitudinal Ligament Release Through a Lateral Approach. J. Neurol. Surg. Cent. Eur. Neurosurg. 2017, 78,
144-153. [CrossRef]

Wildforster, U. Intraoperative complications in lumbar intervertebral disk operations. Cooperative study of the spinal study
group of the German Society of Neurosurgery. Neurochirurgia 1991, 34, 53-56. [CrossRef]

Dosoglu, M.; Is, M.; Pehlivan, M.; Yildiz, K.H. Nightmare of lumbar disc surgery: Iliac artery injury. Clin. Neurol. Neurosurg. 2006,
108, 174-177. [CrossRef]

Turgut, M.; Akhaddar, A.; Turgut, A.T.; Hall, W.A. Jatrogenic Vascular Injury Associated with Cervical Spine Surgery: A
Systematic Literature Review. World Neurosurg. 2022, 159, 83-106. [CrossRef]

Holscher, E.C. Vascular and visceral injuries during lumbar-disc surgery. J. Bone Joint Surg. Am. 1968, 50, 383-393. [CrossRef]
Nekhlopochyn, O.S.; Pylypenko, M.M.; Dubrov, S.O. Vascular injury during lumbar discectomy: Risk factors, diagnosis, methods
of surgical correction, features of anaesthetic management and intensive care. Ukr. Neurosurg. J. 2023, 29, 3-18. [CrossRef]
Keskin, M,; Serin, K.R.; Genc, FA.; Aksoy, M.; Yanar, F.; Kurtoglu, M. Iatrogenic major vascular injury during lumbar discectomy:
Report of three cases. Turk. Neurosurg. 2013, 23, 385-388. [CrossRef] [PubMed]

Anda, S.; Aakhus, S.; Skaanes, K.O.; Sande, E.; Schrader, H. Anterior perforations in lumbar discectomies. A report of four cases
of vascular complications and a CT study of the prevertebral lumbar anatomy. Spine 1991, 16, 54—60. [CrossRef] [PubMed]
Sagdic, K.; Ozer, Z.G.; Senkaya, I.; Tiire, M. Vascular injury during lumbar disc surgery. Report of two cases; a review of the
literature. Vasa 1996, 25, 378-381.

Mirza, A K.; Alvi, M.A.; Naylor, R.M.; Kerezoudis, P.; Krauss, W.E.; Clarke, M.].; Shepherd, D.L.; Nassr, A.; DeMartino, R.R,;
Bydon, M. Management of major vascular injury during pedicle screw instrumentation of thoracolumbar spine. Clin. Neurol.
Neurosurg. 2017, 163, 53-59. [CrossRef]

Kil, J.S.; Park, J.T. Simple New Screw Insertion Technique without Extraction for Broken Pedicle Screws. World Neurosurg. 2018,
113, 125-128. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.bja.2020.09.042
https://doi.org/10.1007/s00586-010-1372-3
https://www.ncbi.nlm.nih.gov/pubmed/20401621
https://doi.org/10.4103/IJAM.IJAM_97_16
https://doi.org/10.1016/S0090-3019(97)00372-8
https://www.ncbi.nlm.nih.gov/pubmed/9537654
https://doi.org/10.1213/01.ANE.0000137391.55836.56
https://www.ncbi.nlm.nih.gov/pubmed/15562078
https://doi.org/10.1053/ejvs.2002.1682
https://www.ncbi.nlm.nih.gov/pubmed/12217278
https://www.ncbi.nlm.nih.gov/pubmed/11853220
https://doi.org/10.1016/0741-5214(85)90130-2
https://www.ncbi.nlm.nih.gov/pubmed/4057440
https://doi.org/10.5137/1019-5149.JTN.16871-15.0
https://www.ncbi.nlm.nih.gov/pubmed/27593803
https://doi.org/10.17392/1575-23
https://doi.org/10.1097/BRS.0b013e318267fb36
https://www.ncbi.nlm.nih.gov/pubmed/22781009
https://doi.org/10.1055/s-0036-1592144
https://doi.org/10.1055/s-2008-1052055
https://doi.org/10.1016/j.clineuro.2004.11.019
https://doi.org/10.1016/j.wneu.2021.12.068
https://doi.org/10.2106/00004623-196850020-00017
https://doi.org/10.25305/unj.281502
https://doi.org/10.5137/1019-5149.JTN.4930-11.1
https://www.ncbi.nlm.nih.gov/pubmed/23756980
https://doi.org/10.1097/00007632-199101000-00011
https://www.ncbi.nlm.nih.gov/pubmed/2003238
https://doi.org/10.1016/j.clineuro.2017.10.011
https://doi.org/10.1016/j.wneu.2017.11.091
https://www.ncbi.nlm.nih.gov/pubmed/29180088

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Methods 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

