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ABSTRACT

Background: We investigated impact of vertebral axial rotation on neurovascular anatomy in adult spinal
deformity (ASD) patients and provided recommendations on the approach based on degree of axial rotation. In order to
isolate vertebral rotation (VR) impact from the superimposed degenerative cascade observed in adulthood, adolescent

idiopathic scoliosis (AIS) patients were analyzed.
Methods: Magnetic resonance imaging (MRI) scans (L1–S1) from 50 right-convex thoracic (left-convex lumbar)

AIS patients were analyzed. At each intervertebral level, VR, lumbar plexus depth (LPD), and vascular structure depth

(VSD) were evaluated. Paired t test analyses were used to describe anatomic differences between the concave and convex
aspect of our patients’ curves. Correlation analysis was used to investigate relationships with soft tissue modifications
and VR.

Results: Fifty AIS patients (17M, 33F) with mean thoracic Cobb of 50.68 6 17.08 and mean lumbar Cobb of 41.98

6 13.08 were included. Mean VR at each level was L1–2¼�6.68, L2–3¼�7.78, L3–4¼�6.58, L4–5¼�4.78, L5–S1¼�2.68

(negative value denotes clockwise rotation). We found significant differences (P , .05) between concave-convex (right-
left) LPD at each level (L1–2¼ 3.7 mm, L2–3¼ 5.1 mm, L3–4¼ 4.2 mm, L4–5¼ 2.2 mm, L5–S1¼ 2.2 mm). Vascular

structure depth was significantly different at L1–L2 (3.2 mm) and L5–S1 (3 mm). Significant correlation was found
between increasing VR and concave-convex LPD difference (r ¼ 0.68, P , .001).

Conclusions: This study demonstrates that displacement of the lumbar plexus is tied to the magnitude of VR in

patients with AIS. When approaching the lumbar spine, this displacement widens the safe surgical corridor on the
convex side and narrows the corridor on the concave side.

Level of Evidence: IV
Clinical Relevance: Preoperative review of MRI scans should occur to assess the patient’s safe surgical corridor

for lateral lumbar interbody fusion (LLIF). Adult spinal deformity surgeons who approach a degenerated spine in
patients with progressive AIS in adulthood must carefully plan for patient positioning, neurovascular anatomy, and
realignment objectives prior to the day of surgical intervention.

New Technology
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INTRODUCTION

The increase in the prevalence of adult spinal

deformity (ASD) in recent years is highly concern-

ing.1 Adult spinal deformity exhibits a variety of

clinical presentations, including de novo degenera-

tive scoliosis (DS), adolescent idiopathic scoliosis in

the adult (AAIS), iatrogenic sagittal deformity, and

secondary DS due to musculoskeletal or systemic

diseases. When approaching ASD patients, there are

no special considerations for DS versus AAIS in

preoperative planning. In fact, a recent study by

Guler et al. and the European Spine Study Group2

revealed that, in the absence of sagittal malalign-

ment, surgeons might misdiagnose DS for AAIS

when looking at the radiographs. Overall, ASD

affects a heterogeneous population of patients that

might require different treatment or surgical con-

siderations based on etiology.3,4

Minimally invasive surgery, most notably lateral

lumbar interbody fusion (LLIF), is being increas-

ingly recognized as a surgical option for spinal
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deformity patients.5,6 An increasingly utilized ap-
proach includes multilevel interbody devices using
the LLIF approach, followed by posterior osteoto-
mies and instrumentation, for coronal and sagittal
deformity correction in the lumbar spine. While
LLIF carries numerous advantages,7,8 there are
reports of vascular injuries as well as sensory and
motor neurological injuries.9–11 This is either due to
direct injury or retractor-related compression of the
nerve roots posteriorly and the vessels anteriorly.
Anatomical studies related to LLIF safety have thus
far been limited to subjects free of rotational
deformity.12 To date, the literature does not
mention the assessment and consideration of axial
plane deformity when using the LLIF technique. In
fact, AAIS and DS patients are approached in a
similar surgical and anatomical manner,13,14 when
perhaps certain differences should be considered.

In the era of personalized medicine, there is an
increased need for a more patient-specific approach
to managing the spine. While there is extensive
knowledge regarding the bony alignment of the
spine in both asymptomatic and deformed patients,
the literature lacks analysis of soft tissues, such as
muscle and neurovascular structures. In this study,
we aimed to investigate the impact of vertebral axial
rotation (VAR) on the neurovascular anatomy in
patients with spinal deformity. Adolescent idiopath-
ic scoliosis (AIS) patients were selected to isolate
vertebral rotation (VR) analysis without confound-
ing the findings with typical superimposed degener-
ative cascade observed in adulthood. The authors
hypothesized that lumbar VR progressively alters
the anatomy of the adjacent soft tissues. With the
data gathered, we also aimed to provide recommen-
dations on the approach based on the degree of
axial rotation observed.

MATERIALS AND METHODS

Study Design

This is a retrospective review of a prospectively
collected database. After International Review
Board (IRB) approval, patients were consecutively
enrolled at a single center between 2007 and 2013.
The criteria for inclusion were AIS patients with
right convex thoracic curve (Cobb angle .508, with
compensatory/structural left convex lumbar curve),
availability of magnetic resonance imaging (MRI)
of the lumbar spine between L1 and S1 vertebrae,
and 36-inch full-spine coronal and sagittal radio-

graphs. Patients were surgical candidates that
underwent MRI to rule out spinal cord pathology
prior to surgical intervention. The criteria for
exclusion were patients with abnormal neurological
findings on physical exam or MRI, history of
previous surgery, and/or poor resolution MRI
precluding measurement of the lumbar plexus. The
senior author is a paid presenter for DePuy, a
Johnson & Johnson company. The remaining
authors report no conflict of interest concerning
the materials or methods used in this study or the
findings specified in this paper. This study was
performed without external funding.

Data Collection

Demographic data included patients’ age and
gender. Radiographs were measured using a dedi-
cated, validated software.15 A single 1.5 Tesla MRI
scanner was used to acquire continuous axial T2
weighted images for all patients. Images were
appropriately angled to the disc spaces. Two
readers, a chief orthopaedic resident and a senior
musculoskeletal radiologist, independently analyzed
MRI scans using a picture archiving and commu-
nication system. The methodology of the measure-
ment is reliable based on the literature.12 The
intraclass correlation coefficients for interobserver
and intraobserver reliabilities were reported as 0.74
and 0.87, respectively.12

Magnetic Resonance Imaging Parameters

At each vertebral level, the anterior vertebral
body (AVB) line was defined as a horizontal line
tangential to the most anterior aspect of the
vertebral disc. Plumb lines were measured from the
AVB to each of the anatomical structures of interest.
Vascular structure depth (VSD) was defined as the
distance in millimeters from the AVB to the most
posterior edge of the great vessels. Lumbar plexus
depth (LPD) was defined as the distance in
millimeters from the AVB to the most anterior
fascicle (branch) of the lumbar plexus (Figure 1).

In a secondary analysis, the same parameters
were reevaluated using a methodology that con-
trolled for the VAR. In this method, corrected AVB
(CAVB) line was considered as the perpendicular to
the vertebral bisector (VB: a line bisects the
vertebral disc, spinal canal, and posterior elements
into symmetric halves). The VR was defined as the
angle between the AVB and the CAVB; it is also
defined in the literature as RAsag by Aaro and
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Dahlborn.16 Theoretically, measurements from this
secondary analysis should more closely resemble
intraoperative findings since a true lateral approach
to the vertebral disc is desired when using the LLIF
technique (Figures 2 and 3).

Statistical Methods

Descriptive analyses included means and stan-
dard deviations for all demographic, radiographic,
and MRI parameters. The Shapiro-Wilk test was
used to assess the normality of the data. Lumbar
plexus and VSDs were compared between lumbar
curve convexity (left) and concavity (right) using
student t test statistical analysis. Pearson correlation
was used to analyze linear relationships between
spinal deformity parameters and differences in LPD
and VS between right and left sides. The same
analyses were performed using measurements ob-
tained from the methodology that corrected for
VAR. Statistical analysis was performed using IBM
SPSS Statistics v. 20.0.0 (SPSS Inc., 2009, Chicago,
IL). The level of significance was set at P , .05.

RESULTS

Patient Population

Fifty patients met the inclusion/exclusion criteria.
The patient sample had a mean age of 18.4 6 8.9
years old, and 33/50 (66%) were females. Mean
thoracic coronal Cobb was 50.68 6 17.08 and mean
lumbar coronal Cobb was 41.98 6 13.08. Maximum
VR was reported at L2–L3 (�7.698 6 7.88); the
mean VRs at other levels are listed in Table 1.

Direct (Uncorrected) Analysis

Vascular structure depth was significantly more
posterior in the right side (concave side) at the levels
of L1–2 and L5–S1 (Table 2). Lumbar plexus depth

was significantly different between the convex and
concave side at each vertebral level. Specifically, at
the level of L2–3, the mean difference of LPD was
6.1 mm, with the right (concave) side being anterior,
ie, closer to the surgical corridor (Table 2).

Safe surgical corridors in convex and concave
sides are illustrated in Figure 4.

Corrected Axial Rotation Analysis (True Lateral
Approach)

Vascular structure depth was significantly more
posterior in the right side (concave side) at the levels
of L1–2, L2–3, and L4–5 (Table 3). Similarly, LPD
was significantly different between the convex and
concave sides at the levels of L1–2 and L4–5 (Table
3).

Safe surgical corridors in convex and concave
sides after correction of axial rotation are illustrated
in Figure 5.

Pearson correlation revealed a significant positive
correlation between magnitude of VR and differ-
ence in LPD between convex and concave sides (r¼
0.680, P , .001), but not with difference in VSD.

DISCUSSION

This study demonstrates that displacement of the
lumbar plexus is tied to the magnitude of VR in
patients with AIS. When approaching the lumbar

Figure 1. Illustration of magnetic resonance imaging parameters using direct

measurement of the most anterior aspect of the vertebral disc.
Figure 2. Illustration of magnetic resonance imaging parameters after

correcting for axial rotation by considering anterior vertebral body line as the

tangent to the vertebral bisector.

Table 1. Mean and standard deviations of vertebral rotation at each lumbar

level. Negative value denotes clockwise rotation.

Vertebral Level Mean Axial Rotation

L1–2 �6.68 6 9.78

L2–3 �7.78 6 7.88
L3–4 �6.58 6 6.38
L4–5 �4.78 6 5.18
L5–S1 �2.68 6 4.88

Anatomical Modifications during the Lateral Transpsoas Approach to the Lumbar Spine
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spine in this patient group, this displacement widens

the safe surgical corridor on the convex side and

narrows the corridor on the concave side. After

controlling for the VAR via a true lateral approach

to the vertebral level, the data revealed lessening of

these left- and right-sided differences. Interestingly,

the anatomy of the great vessels was less influenced

by the vertebral body rotation than the psoas/

lumbar plexus anatomy. However, the data showed

that, when controlling for axial rotation with a true

lateral approach, the vascular structures are en-

countered within the surgical corridor on the

concave side, reducing the safe passage to the

vertebral disc and potentially increasing the likeli-

hood for direct or retractor based vascular injury.

More importantly, the maximum displacement was

at the level of the maximum VR (L2–3, 11.9 mm

within the anterior vertebral line).

To our knowledge, this is the first study to

isolate and evaluate the impact of axial rotational

deformity on the position of neurovascular struc-

tures that may be endangered when performing the

LLIF approach. More rotation was associated with

greater disparity of the surgical safe corridors

between the curve concavity and the curve convex-

ity. Specifically, our data indicate that, for patients

with vertebral body rotation, the safe surgical

corridor for the transpsoas approach increases

when approaching from the curve convexity (Fig-

ure 6).

The literature suggests that the lateral approach

from the concave side provides more comfortable

Table 2. Details of the vascular structure and lumbar plexus depth differences between convex and concave sides at each vertebral level of the lumbar spine. Of

note, vascular structures are anterior to the vertebral body, and more depth means displacing posteriorly to the surgical corridor, whereas lumbar plexuses are

posterior to the vertebral body, and more depth means displacing further posteriorly from the surgical corridor.

Lumbar Level

Vascular Structure Depth, mm Lumbar Plexus Depth, mm

Left (Convex) Right (Concave) P Value Left (Convex) Right (Concave) P Value

L1–2 3.3 6.5 ,.001 31.1 26.8 ,.001
L2–3 4.4 6.3 .36 32.2 26.1 ,.001
L3–4 4.9 5.3 .39 30.3 26 ,.001
L4–5 3.7 4.6 .09 27.4 25.3 .01
L5–S1 9.7 6.7 ,.001 20.9 18.5 ,.001

Figure 3. Axial magnetic resonance imaging displaying parameters using

direct measurement of the most anterior aspect of the vertebral disc and after

correcting for axial rotation by considering anterior vertebral body line as the

tangent to the vertebral bisector.

Figure 4. Safe surgical corridors in convex and concave side of the lumbar

curve by level. In the literature, mean superior and inferior widths of the lumbar

vertebrae are reported between 33.5–34.9 mm by Gilad and Nissan.15
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access to several disc levels with minimal number

of incisions. In addition, this side carries less risk

of endplate violation, better annulus release, and

interbody placement.8 However, advantages to

utilizing the transpsoas approach from the curve

convexity include improved proximity of the spine

to the surgeon (as compared to access on the

curve concavity) and favorable wedging of the

vertebral disc.17 Several studies found that there

was a greater risk of neurovascular damage when

operating on patients’ right-concave side as

compared to patients’ left.12 Similarly, Anand et

al. stressed their preference for the convex side

when performing LLIF.18 The variation of these
reports highlights the importance of our study and
supports the idea that axial anatomy is a
significant player in determining which side of
the deformity is safer for surgical access. We
recommend careful review of preoperative com-
puted tomography (CT)/MRI scans prior to
surgery for assessing any potential patient-specific
anatomic variations, especially in the patients with
progressed AIS in adulthood.

The surgical safe zone has historically been
described as the anterior half of the vertebral disc
space in a true lateral projection. In a normal spine,
the lumbar plexus courses from the posterior edge of
the vertebral disc in the proximal lumbar spine to
the junction of the posterior middle-third of the disc
at L4–5.19 The great vessels remain anterior to the
vertebral body in the upper lumbar spine in most
cases. Moving distally, the vessels may displace
posteriorly to the anterior 25% of the vertebral
space.20 However, one size does not fit all. For the
first time, this study provided level specific surgical
safe corridor in each side of the lumbar curve
(Figures 4 and 5). Data on L5–S1 was included for
completeness sake, but it should be noted that this is
not a surgically accessible level for LLIF.

The lateral transpsoas approach to the lumbar
spine is a useful tool in the spine surgeon’s arsenal;
however, it is not acceptable to perform LLIF
without addressing patient specific deformity,
mainly the VAR. Different rotations lead to
different anatomy of the soft tissue surrounding
the lumbar spine. In clinical practice, each patient’s
fine-cut MRI scans should be carefully reviewed
preoperatively to assess their individual safe surgi-
cal corridor for the LLIF approach. When AIS
patients present with spinal deformity in adulthood,
degenerative cascade such as disc wedging and
olisthesis has already complicated the clinical and
radiographic presentation. To avoid these con-
founding factors, the authors investigated the

Table 3. Comparison between vascular structure and lumbar plexus depth between convex and concave sides of the lumbar curve after controlling for axial plane

rotation. Of note, vascular structures are anterior to the vertebral body, and more depth means displacing posteriorly to the surgical corridor, whereas lumbar plexuses

are posterior to the vertebral body, and more depth means displacing further posteriorly from the surgical corridor.

Lumbar Level

Vascular Structure Depth, mm Lumbar Plexus Depth, mm

Left (Convex) Right (Concave) P Value Left (Convex) Right (Concave) P Value

L1–2 4.1 11.4 ,.001 28.9 27.3 ,.001
L2–3 3.3 11.9 ,.001 29.4 28 .38
L3–4 4.1 8.3 .10 27.9 28.4 .28
L4–5 1.4 4.6 ,.001 24.2 26.9 ,.001
L5–S1 7.8 7.9 .48 18.5 19.5 .16

Figure 5. Safe surgical corridor in convex and concave side of the lumbar

curve by level following controlling for axial rotation. In the literature, mean

superior and inferior widths of the lumbar vertebrae are reported between 33.5–

34.9 mm by Gilad and Nissan.17

Anatomical Modifications during the Lateral Transpsoas Approach to the Lumbar Spine
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impact of spinal rotation on lumbar soft tissue
anatomy in adolescence. Adult spinal deformity
surgeons who approach a degenerated spine in
patients with AIS in adulthood must carefully plan
for patient positioning, neurovascular anatomy,
and realignment objectives prior to the day of
surgical intervention.

Limitations

The authors appreciate that this study had several
limitations. First, data concerning patient race and
ethnicity were not recorded. Second, the study was
based entirely on imaging data without clinical
correlation. The use of AIS patients rather than
ASD patients is another limitation of this study.
This may limit the ability to extrapolate these results
to a clinical setting involving ASD patients. Another
limitation that should be noted is the fact that only
AIS patients with main thoracic curves were
analyzed in this study. In clinical practice, the best
indication for LLIF is those patients with main
lumbar or thoracolumbar curves. An area of future
research can involve studying the lateral transpsoas
approach in patients with these curves. In addition,
investigating the impact of using our corridor on the
surgical outcomes of LLIF is of utmost importance.
Nevertheless, this study is the first step in investi-
gating modifications of the paraspinal soft tissues in
patients with spinal deformity. Further studies are
needed to investigate whether the rotatory sublux-
ation in DS has the same impact on the neurovas-
cular anatomy of the psoas/lumbar complex.21

CONCLUSION

The lateral transpsoas approach to the lumbar
spine is an increasingly popular minimally invasive
technique for treatment of spinal pathologies,
including spinal deformity. Our study indicates that

there is an anatomic advantage to approaching the

spine from the side of the curve convexity as

opposed to the curve concavity. Moreover, we

demonstrated that preoperative planning for LLIF

should be patient specific. Specifically, the VAR at

the level of interest should be assessed for possible

modification of the surrounding soft tissue anato-

my.

REFERENCES

1. Schwab FJ, Dubey A, Gamez L, et al. Adult scoliosis:

prevalence, SF-36, and nutritional parameters in an elderly

volunteer population. Spine (Phila Pa 1976). 2005;30(9):1082–

1085.

2. Guler UO, Yuksel S, Yakici S, et al.; European Spine

Study Group. Analysis of the reliability of surgeons’ ability to

differentiate between idiopathic and degenerative spinal defor-

mity in adults radiologically. What descriptive parameters help

them decide? Eur Spine J. 2016;25(8):2401–2407. https://doi.

org/10.1007/s00586-015-4366-3

3. Berjano P, Lamartina C. Classification of degenerative

segment disease in adults with deformity of the lumbar or

thoracolumbar spine. Eur Spine J. 2014;23(9):1815–1824.

https://doi.org/10.1007/s00586-014-3219-9
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