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Background: Assessing the 3-dimensional (3D) relationship between critical anatomical structures
and the surgical channel can help select percutaneous endoscopic lumbar discectomy (PELD)
approaches, especially at the L5/S1 level. However, previous evaluation methods for PELD were
mainly assessed using 2-dimensional (2D) medical images, making the understanding of the 3D
relationship of lumbosacral structures difficult. Artificial intelligence based on automated magnetic
resonance (MR) image segmentation has the benefit of 3D reconstruction of medical images.

Objectives: We developed and validated an artificial intelligence-based MR image segmentation
method for constructing a 3D model of lumbosacral structures for selecting the appropriate approach
of percutaneous endoscopic lumbar discectomy at the L5/S1 level.

Study Design: Three-dimensional reconstruction study using artificial intelligence based on MR
image segmentation.

Setting: Spine and radiology center of a university hospital.

Methods: Fifty MR data samples were used to develop an artificial intelligence algorithm for
automatic segmentation. Manual segmentation and labeling of vertebrae bone (L5 and S1 vertebrae
bone), disc, lumbosacral nerve, iliac bone, and skin at the L5/S1 level by 3 experts were used as ground
truth. Five-fold cross-validation was performed, and quantitative segmentation metrics were used to
evaluate the performance of artificial intelligence based on the MR image segmentation method. The
comparison analysis of quantitative measurements between the artificial intelligence-derived 3D (Al-
3D) models and the ground truth-derived 3D (GT-3D) models was used to validate the feasibility of
3D lumbosacral structures reconstruction and preoperative assessment of PELD approaches.

Results: Artificial intelligence-based automated MR image segmentation achieved high mean Dice
Scores of 0.921, 0.924, 0.885, 0.808, 0.886, and 0.816 for L5 vertebrae bone, S1 vertebrae bone,
disc, lumbosacral nerves, iliac bone, and skin, respectively. There were no significant differences
between Al-3D and GT-3D models in quantitative measurements. Comparative analysis of quantitative
measures showed a high correlation and consistency.

Limitations: Our method did not involve vessel segmentation in automated MR image segmentation.
Our study's sample size was small, and the findings need to be validated in a prospective study with
a large sample size.

Conclusion: We developed an artificial intelligence-based automated MR image segmentation
method, which effectively segmented lumbosacral structures (e.g., L5 vertebrae bone, S1 vertebrae
bone, disc, lumbosacral nerve, iliac bone, and skin) simultaneously on MR images, and could be used
to construct a 3D model of lumbosacral structures for choosing an appropriate approach of PELD at
the L5/S1 level.

Key words: 3D lumbosacral reconstruction, artificial intelligence, automated magnetic resonance
image segmentation, percutaneous endoscopic lumbar discectomy, preoperative assessment
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he percutaneous endoscopic lumbar discectomy

(PELD) procedure, which has 2 main approaches,

namely the transforaminal approach (TF-PELD)
and the interlaminar approach (IL-PELD), has become
increasingly popular as minimally invasive spinal surgery
(1-3). According to one recent meta-analysis, lumbar
disc herniation (LDH) might be better treated with IL-
PELD than TF-PELD owing to shorter operation time
and fewer fluoroscopies (4). TF-PELD, however, seems
to be a better choice for LDH patients, as it results in less
blood loss and a shorter incision, according to another
meta-analysis (5). At the L5/S1 level, PELD approaches
are primarily determined by the surgeon’s preferences
and clinical experience since neither approach has
strong evidence in support (4,5). Nevertheless, due to
the anatomical complexity of the TF-PELD approach
for L5/S1 LDH, even experienced surgeons might
require longer operation time to overcome bone
structure barriers (6,7). If the greater possibility of bony
structure obstruction and lumbosacral nerve injury is
pre-assessed for L5/S1 TF-PELD, IL-PELD or open lumbar
microdiscectomy is considered a better surgical option.
Furthermore, a complete understanding of the detailed
soft tissues, such as the dura mater, nerve, and skin,
remains reasonably necessary for avoiding nerve root
injury and dural tears for planning optimal surgical
trajectory for the L5/S1 TF-PELD (8,9). Therefore,
assessing the relationship between critical anatomical
structures and surgical channels would help select PELD
approaches at the L5/51 level.

Preoperative evaluation methods using medical
images have been widely used in research and clinical
settings (10,11) to determine the possibility of bony
structure obstruction and subsequently plan an opti-
mal surgical trajectory for L5/S1 TF-PELD. The existing
preoperative evaluation methods mainly rely on 2-di-
mensional (2D) medical images by x-ray (11) and Com-
puted tomography (CT) fluoroscopy (10). Nevertheless,
the single plane of 2D medical images is incapable of
directly and quickly identifying an accessible trajectory,
and sometimes, the single plane shows no accessible
pathway on all axial slices (12). Instead, 3-dimensional
(3D) lumbosacral reconstruction may benefit the viabil-
ity assessment of the L5/S1 TF-PELD. Recent studies have
used CT images to predict surgical difficulty for the L5/
S1 TF-PELD using 3D lumbosacral reconstruction (13).
3D lumbosacral reconstruction is effective in predict-
ing the viability of TF-PELD. However, CT fluoroscopy
possesses radiation properties, and 3D lumbosacral re-
construction’s accuracy could be affected by poor soft

tissue contrast. MR images, with superior soft-tissue

contrast, offer benefits for the 3D lumbosacral recon-

struction accuracy over x-ray and CT images. Despite
this, no study has investigated whether 3D lumbosacral
reconstruction would increase the effectiveness of L5/

S1 TF-PELD selection on MR images.

Artificial intelligence has recently been widely
adopted to segment targeted structures on medical
images (14-16). Some studies of automated magnetic
resonance image segmentation and 3D reconstructions
for spinal structures with artificial intelligence have
been published (17-19). Previous studies have neglected
the automatic segmentation and 3D reconstruction of
the iliac bone and skin (19,20), but the 3D reconstruc-
tion of these structures is crucial for the preoperative
evaluation of the L5/S1 TF-PELD. Thus, our study aimed
to assess:

1. Whether artificial intelligence was effective in
simultaneously achieving automated multi-class
MR image segmentation of spinal structures (ver-
tebrae bone, disc, lumbosacral nerves, iliac bone,
and skin).

2. Whether 3D lumbosacral reconstruction of auto-
mated multi-class MR image segmentation was
effective and reliable.

3.  Whether 3D lumbosacral reconstruction of MR im-
ages would benefit the L5/S1 TF-PELD selection.

METHODS

Participant Characteristics

Informed consent forms were signed by all partici-
pants before the start of the study, which was approved
by the Ethics Committee of our hospital (2020 K05-1).
3D T2-weighted sampling perfection with application-
optimized contrast with various flip-angle evolutions
(3D T2W-SPACE) sequences (21) scans were performed
for all participants at the L5/S1 level using a 3T MR unit
(Magnetom Verio; Siemens, Erlangen, Germany). Par-
ticipants had to meet the following inclusion criteria:
(1) over 18 years of age and (2) no contraindications to
undergo MR imaging. We excluded participants with
previous spinal surgery, congenital abnormalities, lum-
bar spondylolisthesis, instability, malformation, other
severe mental and physical diseases, active infection,
and pregnancy. Fifty participants between March and
July 2020 were finally included in the study. The age
of participants ranged from 23 to 84 years (mean, 43.7
years). Patients’ body mass index ranged from 17.72 to
33.03 kg/m? (mean, 24.00 kg/m?).
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Automatic Segmentation

Fifty MR data samples at the L5/S1 level were
used to develop an artificial intelligence algorithm
for automatic segmentation. Manual segmentation
and labeling of vertebrae bone (L5 and S1 vertebrae
bone), disc, lumbosacral nerve, iliac bone, and skin
by 3 experts were used as the ground truth in Mim-
ics 19.0 (Materialise, Leuven, Belgium) (Fig. 1A-1D). A
lumbosacral structures segmentation was meticulously
outlined by one expert, followed by an independent
review by 2 more experts. Each expert voted on any
areas that were disagreed upon. All MR datasets were
preprocessed using resampling, cropping, and padding
prior to training. An artificial intelligence algorithm,
3D U-net (22), was trained for automatic segmenta-
tion using Pytorch 1.5.1 (open-source, Facebook Arti-
ficial Intelligence Research). Fig. 1E shows a 3D U-net
composed of an encoder (left path) and a decoder
(right path). The input of the 3D U-net was an image
of 128x128x128 image with a channel. Eight channels
were present in the output: one for the background,
one for the L5 vertebrae bone, one for the disc, one for
the S1 vertebrae bone, one for the lumbosacral nerve,
one for the iliac bone, and one for the skin. The size
of convolutional kernels was 3x3x3 except for the last
convolutional layer, which used a 1x1x1 convolutional
kernel. Upsampling was achieved through trilinear in-
terpolation. Five-fold cross-validation and quantitative
metrics (including Dice score, precision, and recall) were
used to evaluate the segmentation accuracy of artificial
intelligence (14). Fifty MR data samples were divided
into 5 groups randomly, with each group containing 10
samples serving as the test set; 40 samples (the other 4
groups) were divided into training and validation sets.

3D Lumbosacral Reconstruction

After the automatic segmentation, 3D masks of
vertebrae bone (L5 and S1 vertebrae bone), discs, lum-
bosacral nerves, iliac bone, and skin were generated,
which were then imported into Mimics 19.0 for 3D
lumbosacral reconstruction. To validate the artificial
intelligence-derived 3D (AI-3D) models (Fig. 2), we
measured the shortest distance (Line A) between the
crossing point (point a) of the superior and inferior
articular process and the nerve root for all MR datasets
with 3-matic 11.0 software (Fig. 3), and then compared
it with that from the ground truth-derived 3D (GT-3D)
models (Fig. 2A) under the same viewing angle in the
3D view mode. As the diameter of a commonly used
working channel of TF-PELD was 8 mm, the crossing

point of the superior and inferior articular process
and the nerve root could be regarded as a key factor
affecting the selection of the L5/S1 TF-PELD. Line A of
Al-3D models and GT-3D models were measured inde-
pendently by 2 experts. After a month, one of the in-
dependent experts remeasured Line A for each model.

TF-PELD Assessment

A cylindrical region (diameter = 8 mm, length =
150 mm, based on the size of a commonly used work-
ing channel of TF-PELD) was established as the virtual
trajectory and was converted into the Standard Tem-
plate Library (STL) data format. The STL, as the working
channel of TF-PELD, was placed in the intervertebral fo-
ramen (IVF) to evaluate the difficulty degree of the L5/
S1 TF-PELD with all 3D models. The detailed process is
as follows: first, the target point (point b), as the center
point of the proximal surgical trajectory, was defined as
the cross-point of the medial line of the pedicle and the
midline disc (Fig. 4A). Then, point ¢ was defined as the
cross-point of the lateral line of the surgical trajectory
and iliac bone (Fig. 4B). Finally, STL was performed to
place on each IVF of 3D models (Fig. 4B) according to
the above 2 processes. If the STL-virtual trajectory did
not touch these spinal structures, including the inferior
articular process, transverse processes, and lumbosacral
nerves, the IVF of the 3D model would be classified as
Group A (Fig. 4C), for which selecting TF-PELD was ad-
vised; otherwise, these were classified as Group B, for
which, selecting IL-PELD or open lumbar microdiscec-
tomy was recommended.

To further validate the feasibility of TF-PELD assess-
ment in Group A, the trajectory angle values in axial
view and the entry point distance (Line B) measured
from the median line to the tentative skin entry point
(point d was defined as the cross-point of the midline
trajectory and skin) between Al-3D models and GT-3D
models were measured independently by two experts
(Fig. 4D). After a month, an independent expert re-
measured the trajectory abduction angle and the entry
point distance.

Statistical Analysis

SPSS Statistics version 26.0 was used for all sta-
tistical analyses (IBM Corporation, Armonk, NY). A
Wilcoxon signed-rank test and Pearson's correlation co-
efficient analysis were used to compare the associated
differences in quantitative measurements between
Al-3D models and GT-3D models without assuming an
underlying distribution. P < 0.05 denoted statistical
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significance. The intraobserver and interobserver reli-
abilities were assessed using the intraclass correlation

Artificial intelligence-based automated MR image
coefficient (ICC) (23).

segmentation achieved high mean Dice scores of 0.921,
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Fig. 1. 3D lumbosacral reconstruction based on magnetic resonance ( MR) image segmentation. Manual MR image
segmentations of targeted structures for building ground truth are shown in coronal (A), sagittal (B), transverse (B), and 3D
views (B); schematic drawing of the 3D U-net based on automated MR image segmentation (E).
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0.924, 0.885, 0.808, 0.886, and 0.816 for L5 vertebrae
bone, S1 vertebrae bone, disc, lumbosacral nerves, iliac
bone, and skin, respectively (Fig. 5A). The mean preci-
sion of artificial intelligence for the L5 vertebrae bone,
S1 vertebrae bone, disc, lumbosacral nerves, iliac bone,
and skin were 0.939, 0.928, 0.879, 0.830, 0.897 and 0.821,
respectively (Fig. 5B). The mean recall of artificial intel-
ligence for the L5 vertebrae bone, S1 vertebrae bone,
disc, lumbosacral nerves, iliac bone, and skin were 0.906,
0.923, 0.907, 0.800, 0.883 and 0.845, respectively (Fig. 5C).
As shown in Table 1, a detailed quantitative evaluation
of segmentation metrics was performed. The artificial
intelligence-based automated MR image segmentation

skin 8 —a

L5

Iliac Bone }<\ Iliac Bone / s1 \

Nerves

Fig. 2. 3D lumbosacral models were generated from
manual segmentation A) and automatic segmentation,
B) under the same viewing angle.

L5: 5th lumbar vertebra; S1: 1st sacral vertebra.

took 2.5 seconds per level, which was significantly less
than manual segmentation (8.5 hours).

For the 3D lumbosacral reconstruction, there were
no significant differences between Al-3D models and

Fig. 3. 3D lumbosacral models were generated from manual
segmentation. L5: 5th lumbar vertebra; S1: 1st sacral
vertebra; SAP: superior articular process; 1AP: inferior
articular process; a: the crossing point of the superior and
infertor articular process for 3D lumbosacral models; Line
A: the shortest distance between point a and the nerve root.

Iliac Bone

b

Iliac Bone

Disc Herniation

Disc Herniation

L3
gAg— IAP

NervegE \ \
g\,

STL

Fig. 4. Schematic diagram of the surgical
trajectory placement process in the 3D
models. A, the schematic diagram of
placing target point (point b); B and C, the
surgical trajectory placement and its three-
dimensional relationship with surrounding
spinal structures; D, the measuring method
of angle o. and Line B. L5: 5th lumbar
vertebra; S1: 1st sacral vertebra; SAP:
supertor articular process; 1AP: inferior
articular process; b: the cross-point of the
medial line of the pedicle and the midline
disc; c: the cross-point of the lateral line of
the surgical trajectory and iliac bone; d, the
cross-point of the midline surgical trajectory
and skin; STL: the Standard Template
Library of the surgical trajectory; o.: the
angle between the surgical trajectory and the
coronal plane on axial view; Line B: the
distance measured from the median line to
point d.

Iliac Bone

Iliac Bone
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GT-3D models in Line A (P = 0.262). The mean measure-
ments of Line A were 13.60 mm for GT-3D models and
13.47 mm for AI-3D models. Table 2 shows that ICC
values between 0.999 and 0.999 are reliable for test-
retests, and ICC values between 0.964 and 0.961 are
reliable for multiple measurements taken by different
observers.

According to the definition of Group A and Group
B, out of the 100 IVF from the 50 GT-3D models, 49
(49%) were classified as Group A and 51 (51%) were
classified as Group B, while from the 50 Al-3D models,
39 (39%) were classified as Group A and 61 (61%) were
classified as Group B, according to the structure barri-
ers (including the inferior articular process, transverse
processes and lumbosacral nerves) of the surgical
trajectory. Notably, 12 IVF (12/49) of Group A in the
GT-3D models were classified as Group B in the AI-3D
models, and 2 IVF (2/51) of Group B in the GT-3D mod-
els were classified as Group A in the Al-3D models. For
the TF-PELD assessment of Group A (37 IVF were both
classified into Group A between the GT-3D models and
Al-3D models), the mean of the trajectory angle values

was 40.65°and 40.33°, and the mean measurements of
Line B were 89.52 mm and 90.15 mm for GT-3D and
Al-3D models, respectively. There were no significant
differences in the trajectory abduction angle and Line
B between GT-3D and Al-3D models (P = 0.386 and P =
0.582, respectively). The trajectory abduction angle and
the Line B of Group A showed high intraobserver and
interobserver reliabilities (Table 3).

DiscussioN

3D anatomical models created from image seg-
mentation are becoming increasingly popular for inves-
tigating virtual operative procedures, such as in spinal
endoscopic surgery simulations (10,22,24). In 2016, a
study developed preoperative planning software based
on 3D lumbar models to identify the ideal surgical tra-
jectory of TF-PELD (25). In another study, 3D models
based on image segmentation were used to simulate
the trajectory of an L5/S1 TF-PELD to guide surgical de-
cision-making (10). The clinical feasibility of a 3D model
for the surgical trajectory simulation of TF-PELD has
been demonstrated (10, 13), but there remains room for

Precision

:TTVY t .
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Nerves skin  lliac Bone B s Disc s1

A L5 Disc s1
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Skin  lliac Bone C s Disc s1 Nerves skin  lliac Bone

Fig. 5. Artificial intelligence-based automated MR image segmentation achieved high mean dice score (A ), precision (B),
and recall (C) with 6 spinal structures including L5, Disc, S1, nerves, iliac bone and skin at the L5/S1 level.

Table 1. Resulis of automated MR image segmentation performances at the L5/S1 level.

Performances and Data Sets Lumbosacral Structures
L5 Disc S1 Nerves Iliac Bone Skin Mean
Dice 0.953 0.938 0.958 0.884 0.942 0.927 0.927
Training Set Precision 0.957 0.926 0.959 0.879 0.942 0.930 0.924
Recall 0.949 0.951 0.958 0.892 0.942 0.925 0.930
Dice 0.922 0.881 0.919 0.805 0.868 0.746 0.849
Validation Set Precision 0.936 0.900 0.926 0.833 0.901 0.727 0.865
Recall 0.909 0.877 0.917 0.786 0.850 0.821 0.849
Dice 0.921 0.885 0.924 0.808 0.886 0.816 0.864
Test Set Precision 0.939 0.879 0.928 0.830 0.897 0.821 0.875
Recall 0.906 0.907 0.923 0.800 0.883 0.845 0.866

Note.— Data are means of 5-fold cross-validation scores. L5 = 5th lumbar vertebra bone, S1 = 1st sacral vertebra, Nerves = lumbosacral nerves.
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improvement. Factors such as the type of images used
to construct a 3D model, the overall completeness of
the 3D model, and the accuracy and time of building a
3D model should be considered simultaneously.

3D models built in previous studies were mainly
reconstructed from CT images (10,13,24). It is well
known that CT scan possesses radiation and poor soft-
tissue contrast properties. Notably, the reconstruction
accuracy of the 3D model for soft tissues such as nerves
and discs may be affected due to the poor soft-tissue
contrast of the CT scan. In our study, the implemen-
tation of artificial intelligence based on automated
segmentation with high-spatial-resolution MR images
was conducted to address these limitations (radiation
and poor soft-tissue contrast properties) of 3D models
generating CT images. Image segmentation in this
study was studied using MR sequence 3D T2W-SPACE
(3D isotropic T2-weighted TSE sampling perfection
with optimized contrasts using different flip angle
evolution) (21,26). With the advantages of high-reso-
lution multiplanar reformatted images and thin slices
(26,27), MR data from the 3D T2W-SPACE sequence is
more effective for demonstrating associated soft tissue
structures, which has the benefit of improving the high
completeness of constructing a 3D lumbar model.

Previous studies on constructing a 3D lumbar
model focused on vertebrae bone segmentation (24)
and disc segmentation (18,20). However, the segmen-
tations of nerves (19,28), iliac bone (13), and skin were
seldom mentioned. The segmentation of vertebrae
bone and disc simultaneously on MR images has suc-
cessfully achieved 3D reconstruction of the lumbar
intervertebral foramen (18,20), however, this alone
does not reflect the distribution of nerves and cannot
accurately guide surgical treatment plans. The over-
all model completeness has the potential to provide
detailed information on 3D anatomical structures for
preoperative evaluation and surgical planning. The
artificial intelligence-based automated segmentation
developed in this study can effectively segment lumbo-
sacral structures (e.g., L5 vertebrae bone, S1 vertebrae
bone, discs, lumbosacral nerves, iliac crest, and skin)
simultaneously. In contrast to previous studies (19,20),
the automated segmentation of vertebrae bones, discs,
and lumbosacral nerves was successfully achieved in our
study, and the automatic segmentation of the iliac crest
and skin was also performed. It benefits generating an
accurate model of 3D anatomical construction to assess
the relationship between critical anatomical structures
and surgical channels of L5/S1 TF-PELD.

Table 2. Test-retest reliability and interobserver reliability of
Line A for all 3D models.

Intraclass Correlation Test-Retest | Interobserver
Coefficient Reliability Reliability
Ground Truth-Derived 3D

Models (GT-3D) 0.999 0.961
Artificial Intelligence-Derived 3D

Models (AL-3D) 0.999 0.964

Table 3. Test-retest reliability andinterobserver reliability of
angle oL and Line B for Group A.

Intraclass Correlation Test-Retest | Interobserver
Coefficient Reliability Reliability
Angle a

Ground Truth-Derived 3D

Models (GT-3D) 0.998 0.997
Artificial Intelligence-Derived

3D Models (AI-3D) 0999 0.998
Line B

Ground Truth-Derived 3D

Models (GT-3D) 0.999 0.999
Artificial Intelligence-Derived

3D Models (AI-3D) 0-999 0-999

The accuracy and time of building a 3D model
cannot be ignored. Automated segmentation and 3D
reconstruction of lumbosacral structures take only a
few seconds to complete by following our method.
The results showed high performance of automated
segmentation. We achieved automated segmentation
of the L5 vertebrae bone, S1 vertebrae bone, and disc
on MR images with Dice scores of 0.921, 0.924, and
0.885, respectively, higher than those reported by Pang
et al (14) (Dice scores of 0.896, 0.892, and 0.877 for
the L5 vertebrae bone, S1 vertebrae bone, and disc,
respectively).

Apart from the robust accuracy performances of
automated segmentation, the comparison results of
the shortest distance between point a and the nerve
root of Al-3D models and GT-3D models, as well as Line
A (P =0.262), further verified the validity of the model
built in this study. Previous studies proved that the
relationship between the superior articular process
and neural tissue is important in the surgical trajec-
tory simulation of TF-PELD (28,29). The measured pa-
rameter used in our study was different from those in
previous studies (28,29) but all of them represent the
relationship between the superior articular process
and neural tissue in the 3D model. The comparison
of Line A between AI-3D and GT-3D models further
revealed that the former generated by automated

www.painphysicianjournal.com

E251



Pain Physician: February 2024 27:E245-E254

segmentation and the latter by manual segmentation
was similar.

L5/S1 TF-PELD is a demanding procedure due to
the complexity of the lumbosacral anatomy. Ideally,
studies of surgical trajectory will need to consider and
account for the possibility of bony structure obstruc-
tion and avoid lumbosacral nerve injury (24). As a
result, three angles, including coronal, sagittal, and
horizontal plane, and the selection of skin entry point
for the trajectory are assessed before L5/S1 TF-PELD
(30). The angle between the axial projection of trajec-
tory and the coronal line is recommended as 30-40°on
the axial view (30), and the distance from the entry
point to the midline of the spinous process is 120-160
mm for L5/S1 TF-PELD (31,32). However, these mea-
sured parameters of the trajectory are provided as a
range, and the final surgical planning is determined
by patient-specific conditions (body size, sex, and 3D
anatomic features) and the surgeon’s experience.
In the analysis of our study, the trajectory measure-
ment results differed for different Group A cases. The
mean of the trajectory angle values in our study was
40.65°and 40.33°for GT-3D and AI-3D models, respec-
tively, similar to a previous study (30). Interestingly,
the mean measurements of Line B in our study were
89.52 mm and 90.15 mm for GT-3D and Al-3D models,
respectively, both less than 120 mm, as recommended
in 2 previous studies (31,32). The difference in Line
B could be explained by the measured data from 3D
models. This implies that our method can offer more
accurate surgical trajectory measurements. Moreover,
the comparison results of 3D trajectory measurements,
including the trajectory angle values in axial view and
the entry point distance, Line B (P = 0.386 and P =
0.582, respectively) in Group A, further demonstrated
that the AI-3D model generated by automated seg-
mentation may be the new method to help surgeons
select the best surgical plan.

Our study has some limitations. First, vessel seg-
mentation was not involved in automated magnetic
resonance image segmentation in our method. Aside
from nerve roots, there are vascular distributions in
the extraforaminal and intraforaminal areas (33,34).
Vessel segmentation should be explored in future
studies. Moreover, MR imaging has a longer scanning
time and higher economic cost but offers superior
soft-tissue contrast in comparison with CT scanning.
Finally, the sample size was small, and the findings
need to be confirmed in a prospective study with a
large sample size.

CONCLUSIONS

The artificial intelligence-based automated mag-
netic resonance image segmentation method devel-
oped in our study could effectively segment lumbosa-
cral structures (e.g., L5 vertebrae bone, S1 vertebrae
bone, disc, lumbosacral nerve, iliac bone, and skin)
simultaneously on MR images. As with the manual seg-
mentation method, a 3D lumbosacral reconstruction
based on automated MR image segmentation can be a
new method for selecting PELD approaches in different
cases by simulating the surgical trajectory.
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