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Anteroinferior Psoas Technique for Oblique Lateral
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Objective: The aim of the present paper was to evaluate cases of lumbar degenerative diseases treated with oblique
lateral interbody fusion (OLIF) using a modified lateral approach (i.e. anteroinferior psoas exposure under direct vision)
and to analyze the effect and safety of this approach.

Methods: From June 2016 to April 2019, a total of 226 patients with an average age of 65.5 � 16.2 years (98 men
and 128 women) with degenerative lumbar diseases who underwent the AIP approach of OLIF were followed up and
analyzed retrospectively. Data concerning operative and clinical parameters were collected, including operative time,
intraoperative estimated blood loss, duration of postoperative hospital stay, and time to ambulation after surgery. For
the assessment of clinical outcomes, the visual analogue scale (VAS) score (for back pain) and the Oswestry disability
index (ODI) were calculated. Complications were also recorded as surgical exposure approach-related complications.
More than 6 months after surgery, 132 patients consented to having MRI examinations to evaluate the psoas muscle
atrophy when they were followed up.

Results: The mean operative time was 82.5 � 31.6 min. The mean operative time for each segment of OLIF was
43.3 � 15.5 min. The mean blood loss was 48.0 � 11.6 mL. The mean blood loss for each segment of OLIF was
25.3 � 10.1 mL. No patients needed blood transfusion intraoperatively or postoperatively. The mean hospital stay
was 4.1 � 2.1 days. All patients were followed up for 12–31 months (mean 18.2 months). Clinical assessment
showed that the VAS and ODI scores at 6 months after surgery were markedly lower than the preoperative scores
(P < 0.001) but did not differ from the scores at the final follow-up (P > 0.05). There was no significant difference in
percentage changes of the cross-sectional area of the lean psoas muscle and the T2 signal intensity ratio of gross
psoas to quadratus lumborum muscles between the left side (operative side) and the right side (nonoperative side)
(P > 0.05). A total of 11 surgical exposure approach-related complications were reported, with an incidence of 4.9%:
transient thigh pain/numbness, psoas weakness (2.2%), sympathetic chain injury (1.3%), cage subsidence (0.9%),
and segmental artery injury (0.4%). There was no permanent motor neurological deficit, and no injury of vascular, ure-
ter or peritoneal membranes.

Conclusion: The anteroinferior psoas approach for OLIF is safe and can preserve the psoas and lumbar plexus.
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Introduction

Lumbar interbody fusion (LIF) is a common and effective
procedure for the treatment of lumbar degenerative dis-

eases1,2. According to the direction of approach, LIF tech-
niques include posterior LIF (PLIF), transforaminal LIF
(TLIF), anterior LIF (ALIF), lateral LIF (LLIF), and oblique
lateral LIF (OLIF). Each technique has unique advantages
and disadvantages3. In 1932, Carpenter et al.4 first reported
the treatment of lumbar spondylolisthesis by ALIF approach.
This technique was then applied for lumbar instability, lum-
bar deformity, discogenic low back pain, and posterior lum-
bar revision surgery. Over the past 20 years, because of the
use of the retroperitoneal approach and small incision
devices or endoscopic systems, surgical trauma has been sig-
nificantly reduced; however, complications such as large ves-
sel injury and retrograde ejaculation using the ALIF
technique are still difficult to completely avoid3. In 1944,
Briggs et al.5 first reported the PLIF technique. With the
development of bone grafting materials, fusion devices, and
internal fixation, the technique was at one stage the most
widely used LIF technique in the world. However, with peo-
ple’s attention on the injury of posterior paraspinal muscles,
spinous processes, and the ligament complex, in 1982,
Harms and Rolinger proposed the TLIF technique6; decom-
pression and fusion were performed through removal of the
articular process, which not only reduced the traction of the
dura mater and the nerve root but also preserved the integ-
rity of the posterior complex. Especially in the past 20 years,
with the development of tubes, endoscopes, and imaging sys-
tems, TLIF technology has increasingly involved small inci-
sions and minimally invasive approaches, with less trauma
and faster postoperative recovery. However, any posterior
LIF technology cannot completely avoid damage to the lum-
bar posterior structures and disturbance of the spinal canal.
McAfee et al.7 (1998) and Ozgur et al. (2006)8 reported on
the minimally invasive LLIF via the psoas major muscle
approach, which avoids the disadvantages of posterior fusion
and reduces the risk of large blood vessel injury using ALIF;
however, the risk of psoas major muscle and lumbar plexus
nerve injury cannot be ignored9.

Through utilizing the anatomical space between the
aorta and psoas muscle to access the disc space, the OLIF
was the proposed solution to the approach-related disadvan-
tages of ALIF and LLIF10. First, compared with the posterior
lumbar surgeries, OLIF completely preserved the posterior
structures of the spine and avoided the occurrence of iatro-
genic back pain3. Fan et al.11 found that the minimally inva-
sive PLIF can significantly reduce the injury and atrophy of
paraspinal muscles and reduce the incidence of iatrogenic
back pain compared with the traditional posterior open sur-
gery. However, they also found that, even in the minimally
invasive approach group, the paraspinal multifidus still had a
little atrophy 1 year after the operation11. According to
Danneels et al. (2000)12, once the paraspinal muscles degen-
erate, the antagonistic balance between the original trunk
muscles is broken, resulting in a series of compensatory

changes, which can cause secondary damage to the lumbar
spine. Second, using OLIF, there is no need to open the spi-
nal canal, so there is no interference to the nerves and post-
operative neurologic complications are avoided; moreover, it
can remove more intervertebral disc tissues and expand the
fusion area, while the wide fusion cage can extend to the
dense epiphyseal ring around the vertebral body on both
sides, which increases the support strength of the fusion
cage. Because of the retention of the anterior and posterior
longitudinal ligaments, when the intervertebral space is dis-
tracted, it can obtain better reduction of spondylolisthesis
and effective indirect decompression of the vertebral canal3.
Compared with ALIF, OLIF not only avoids the retraction of
anterior blood vessels, and reduces the risk of vascular injury
and retrograde ejaculation, but also preserved the anterior
longitudinal ligament and anterior annulus fibrous structure.
In addition, the anterior tension band of the lumbar spine
can be preserved intact. Compared with LLIF, OLIF enters
through the front edge of the psoas muscle, avoiding direct
damage to the psoas muscle, and can reduce the risk of lum-
bar plexus injury13.

An anatomical study measured the OLIF access corri-
dor, which was defined at L2–5 as the left lateral border of
the aorta (or iliac artery) and the anterior medial border of
the psoas, with the results showing that the mean access cor-
ridor diameters in the static state were as follows: at L2–3,
18.60 mm; at L3–4, 19.25 mm; and at L4–5, 15.00 mm14. An
MRI study also showed that the oblique corridor measure-
ments to the L2–5 discs have the following mean distances:
L2–3 = 16.04 mm, L3–4 = 14.21 mm, and L4–5 = 10.28 mm15.
The diameter of the OLIF tube was 22 mm and the width of
the PEEK cage was at least 18 mm; both of the distances
were a little bigger than the anatomical access corridor.
There may be vessel variation, such as segmental arteries,
and ovarian/testicular veins may run close to the disc
space16. Therefore, it is still not safe to settle the surgical tube
system using just the physiological gap between major vessels
and the psoas. Davis et al.6 advised that psoas retraction can
provide a generous corridor to disc space.

Therefore, in this study, we presented a modified lat-
eral approach (i.e. anteroinferior psoas [AIP] exposure under
direct vision) for OLIF and performed a retrospective chart
review of patients treated with AIP OLIF at our hospital.
The purpose of this study was: (i) to introduce the AIP
approach; (ii) to evaluate the outcomes and complications of
patients who underwent this procedure at our institute; and
(iii) to discuss the advantages of this AIP approach com-
pared to previous anterior psoas approaches.

Materials and Methods

Inclusion and Exclusion Criteria
The inclusion criteria were: (i) patients with degenerative
diseases, lumbar spondylosis, spondylolisthesis, lumbar ste-
nosis, and scoliosis confirmed by anteroposterior, lateral,
oblique, and flexion–extension plain radiographs, CT scans,
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and MRI; (ii) patients who experienced failed conservative
treatment for at least 3 months; and (iii) patients who under-
went single or multilevel OLIF from L1–L5 with the AIP
approach. The exclusion criteria were: (i) patients with spinal
neoplasm, infection, and trauma; (ii) patients who had poste-
rior lumbar decompression or fusion procedures; and
(iii) patients with a follow-up period of less than 1 year.

Patient Information
A total of 382 consecutive patients who underwent the AIP
OLIF procedure between June 2016 and April 2019 were retro-
spectively reviewed at our institution between June 2016 and
April 2019. Based on the exclusion criteria, 56 patients were
excluded from the study, bringing the final number of patients
to 226 and the total number of operative levels to 431. Among
these 226 patients, 61 patients received a stand-alone procedure
without any additional internal fixation and 165 patients
received additional posterior pedicle screw fixation through the
Wiltse approach17. Patient characteristics, including age, gender,
diagnosis, and co-morbidities, were collected. All patients were
followed up (18.2 � 6.1 months, range: 12–31 months). More
than 6 months after surgery, 132 patients consented to having
MRI examinations. The mean period of MRI follow-up for
these 132 patients was 9.1 � 3.5 months. The patients’ demo-
graphic characteristics and procedure data are listed in Table 1.

Surgical Techniques

Anesthesia and Position
After general anesthesia, the patient was placed in the lateral
decubitus position on the right side. The hip was positioned
just below the table break and was gently flexed to relax the

psoas muscle and the femoral nerve. A pillow was placed in
between the knees and taping of the lower pelvis and upper-
most hip and femur was performed to stabilize the spine and
allow gentle traction of pelvis by bending the surgical bed.
Anterior–posterior fluoroscopy was used to ensure that there
was no rotation of the spine. The chest and hip were then
taped, and lateral fluoroscopy was performed to ensure the
central point of the target intervertebral disc space.

Approach and Exposure
A transverse skin incision is recommended that is approxi-
mately 4 cm in length from the midpoint of the target inter-
vertebral disc for a one-level procedure. For a two-level
procedure, the incision was on the middle part of the connec-
tive line between the two midpoints of adjacent disc spaces, and
still approximately 4 cm in length. For a three-level or four-level
procedure, we advise two independent 4-cm incisions. Three
muscular layers of the abdominal wall, the external oblique, the
internal oblique, and the transversalis, were bluntly split along
the direction of muscle fibers. Then the retroperitoneal space
was bluntly dissected, and the peritoneum was mobilized anteri-
orly using the retractors to expose the anterior border of the
psoas. The intervertebral disc was identified by retracting the
anterior border of the psoas posteriorly using Cobb dissector
under direct visualization and the psoas muscle was dissected
from the disc surface and retracted posteriorly (Fig. 1). The
guide pin, the probe, the sequential dilators, and the tube retrac-
tor were sequentially put on the surface of disc vertically, and
the retractor was fixed to the upper vertebral body with a
pin (Fig. 2).

Discectomy and Interbody Fusion
Discectomy was performed and a peek cage (Clydesdale Spi-
nal System; Medtronic Sofamor Danek, Minneapolis, MN,
USA) filled with artificial bone (Wright, Tennessee, USA)
was inserted vertically into the intervertebral space. After
anterior fusion, some patients were turned to the prone posi-
tion to undergo posterior pedicle screw instrumentation if
necessary.

Clinical Assessment
Data for operative and clinical parameters were collected:
operative time, intraoperative estimated blood loss, duration
of postoperative hospital stay, and time to ambulation after
surgery. Complications were also recorded as surgical expo-
sure approach-related complications.

Low Back Pain Evaluation
The degree of low back pain was evaluated using a visual
analogue scale (VAS) score. The degree of low back pain was
evaluated in all patients using a visual analogue graduated
scale. The score criteria were as follows: no pain: 0; mild
pain, tolerable, not affecting sleep: 1 to 3; moderate pain,
mildly affecting sleep, still tolerable: 4 to 6; severe pain,
unbearable pain, pain resulting in inability to sleep or waking
up from sleep: 7 to 10.

TABLE 1 Characteristics of the included patients

Characteristics

Age (y) 65.5 � 16.2
Gender (M/F) 98/128
Surgical diagnosis (n, %)
Degenerative disc disease 28 (12.4%)
Spondylolisthesis 56 (24.8%)
Spinal stenosis 99 (43.8%)
Degenerated scoliosis 43 (19.0%)

Fused segments (n, %)
1 95 (42.0%)
2 77 (34.1%)
3 34 (15.0%)
4 20 (8.8%)

Fused levels (n, %)
L1/L2 23 (5.3%)
L2/L3 72 (31.9%)
L3/L4 116 (26.9%)
L4/L5 220 (51.0%)

Hospital stay (d) 4.1 � 2.1
Time of last follow up (m) 18.2 � 6.1
Time for MRI postoperatively (m) 9.1 � 3.5

d, day; m, month; M/F, male/female; n, number; y, year.
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Assessment of Disability
The Oswestry disability index (ODI) is a principal outcome
measure designed to evaluate patient progress in routine clini-
cal practice. It is a self-administered questionnaire divided

into 10 sections: pain intensity, personal care, lifting, walking,
sitting, standing, sleeping, sex life, social life, and traveling.
Each section is scored on a scale from 0 to 5, with 5 rep-
resenting the greatest disability. The index is calculated by

Fig. 1 Illustration of anteroinferior psoas

exposure using special retractors. The left

retractor blocks the abdominal structures

without retraction; the right retractor rides

across the surface of the bulge disc. The

psoas muscle was dissected from the

disc surface and retracted posteriorly.

Fig. 2 Illustration of the tube retractor

placement. The tube was fixed at the left

side of the target disc and made the

psoas muscle retract posteriorly.
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dividing the total score by the total possible score and then
multiplying the results by 100. The intervals of 0%–20%,
21%–40%, 41%–60%, 61%–80%, and 81%–100% were consid-
ered mild dysfunction, moderate dysfunction, severe dysfunc-
tion, disability, and long-term bedridden, respectively.

MRI Evaluation of Psoas Muscle
MRI was performed on a 1.5 Tesla System (GE Signa Excite;
GE Healthcare, Milwaukee, Wisconsin) preoperatively and at
the follow-up more than 6 months postoperatively. All
images were obtained using a T2-weighted fast spin echo
pulse sequence, with matrix size 255 × 512, field of view
240 × 240 mm, band width 120 Hz/Px, and echo factor 15.
Slice thickness was 4 mm and the interslice gap was 1 mm.
Patients were placed supine with a pillow positioned under-
neath the knees, ensuring that they were lying symmetrically
with weight evenly distributed across both sides. The experi-
enced musculoskeletal radiologists used anatomic markers
and locating lines on sagittal plane scans to select the most
similar preoperative and follow-up axial images, at the same
spinal level, for comparison.

Measurements were taken with Image J 1.46 (National
Institutes of Health, http://rsbweb.nih.gov/ij/download.html)
with software for embedded region of interest and grayscale
histogram evaluation. To determine the lean psoas muscle
cross-sectional area (CSA), the region of interest (ROI) was
drawn around the psoas muscles bilaterally, taking care to
avoid nearby fat, bony structures, and other soft tissues. The
sum of CSA of bilateral lean psoas was calculated. To deter-
mine the mean signal intensity of psoas, the ROI was drawn
around the outer perimeter of the muscle unilaterally, to
include any areas of intramuscular fat. The mean signal
intensity of one piece of gross psoas muscle was determined
bilaterally on T2-weighted axial images. The intensity of this
signal was evaluated quantitatively using the grayscale histo-
gram software included in the Image J package, in which a
higher score means greater intensity. The mean signal inten-
sity of the quadratus lumborum muscle was also evaluated in
the same axial images from an approximate 30 mm2 circular
region of interest at the center of the muscle. The signal
intensity ratio of gross psoas to quadratus lumborum was
calculated.

Three experienced spine surgeons, blinded to the opera-
tive side, analyzed the selected axial scans on two occasions,
2 weeks apart, using the same protocol. Interobserver and
intraobserver repeatability were calculated using the intraclass
correlation coefficient (ICC) (3, 1) formula18. The ICC for
interobserver and intraobserver repeatability ranged from
0.86 to 0.95. Because these ICC indicated good intraobserver
and interobserver reliability, the mean of the readings
was used.

Statistical Analysis
The measurement data were expressed as mean � standard
deviation. Student’s t-test was used to evaluate the differ-
ences for VAS and ODI scores preoperatively and

postoperatively, and to compare postoperative PCSA and T2
ratio changes compared to preoperative measurements
between the operative side and nonoperative sides. All statis-
tical analyses were performed using SPSS 20.0 software.
P < 0.05 was considered significant.

Results

General Results
The mean operative time was 82.5 � 31.6 min (range,
30–390 min). The mean operative time for each segment of
OLIF was 43.3 � 15.5 min (range, 30–97.5 min). The mean
blood loss was 48.0 � 11.6 mL (range, 15–110 mL). The
mean blood loss for each segment of OLIF was 25.3
� 10.1 mL (range, 10–50 mL). No patients needed blood
transfusion intraoperatively or postoperatively. The mean
hospital stay was 4.1 � 2.1 days (range, 2–10 days).

Low Back Pain Evaluation
All patients were available for the 6-month postoperative
and final follow-up low back pain assessments using VAS
(Table 2). The VAS score was 6.5 � 1.6 preoperatively, 1.6
� 0.8 at 6 months postoperatively, and 1.3 � 0.6 at final
follow-up postoperatively. The VAS score at 6 months after
surgery was markedly lower than the preoperative score, with
a mean improvement of 75.4% (P < 0.001), but did not differ
from the score at the final follow-up (P > 0.05).

Disability Evaluation
The ODI score was 62.6 � 22.1 preoperatively, 13.9 � 5.3 at
6 months postoperatively, and 12.1 � 4.1 at final follow-up
postoperatively (Table 2). The ODI scores at 6 months after
surgery were markedly lower than the preoperative scores,
with a mean improvement of 77.8% (P < 0.001), but did not
differ from the score at the final follow-up (P > 0.05).

MRI Evaluation of Psoas Muscle (n = 132)
The CSA of lean psoas muscle at the operative level of the
left side was 637.8 � 331.6 mm2 preoperatively and 651.2
� 373.6 mm2 postoperatively; the percentage change was
2.10% � 3.12%. The CSA of lean psoas muscle at the opera-
tive level of the right side was 654.3 � 367.2 mm2 preopera-
tively and 670.1 � 352.9 mm2 postoperatively; the

TABLE 2 Patient clinical outcome data

Preoperative Postoperative 6 months Final follow-up

VAS 6.5 � 1.6 1.6 � 0.8* 1.3 � 0.6**

ODI 62.6 � 22.1 13.9 � 5.3* 12.1 � 4.1**

ODI, Oswestry disability index; VAS, visual analogue scale.; *Indicates the
comparison between preoperative and postoperative 6 months.
**Indicates the comparison between postoperative 6 months and final fol-
low up. *P < 0.001 and **P > 0.05.
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percentage change was 2.41% � 3.18%. Based on MRI, at the
follow-up, the CSA of lean psoas muscle at the operative
level had increased a little on both sides (Table 3, Fig. 3).
There was no significant difference in percentage changes
between the left side (operative side) and the right side
(nonoperative side) (P = 0.531). The T2 signal intensity ratio
of gross psoas to quadratus lumborum at the operative level
of the left side was 1.21 � 0.15 preoperatively and 1.23
� 0.11 postoperatively; the percentage change was 1.65%
� 3.01%. The T2 signal intensity ratio of gross psoas to
quadratus lumborum at the operative level of the right side
was 1.20 � 0.25 preoperatively and 1.22 � 0.13 postopera-
tively; the percentage change was 1.68% � 5.26%. The T2
signal intensity ratio of gross psoas to quadratus lumborum
had increased a little on both sides at the follow-up with
MRI (Table 3, Fig. 3). There was also no significant differ-
ence in percentage changes between the left side and right
side (P = 0.682).

Complications
Table 4 shows the reported surgical exposure approach-
related complications. A total of 11 complications were
reported, with an incidence of 4.9%: transient thigh pain/
numbness, psoas weakness (2.2%), sympathetic chain injury
(1.3%), cage subsidence (0.9%), and segmental artery injury
(0.4%). There was no permanent motor neurological deficit
and no injury of vascular, ureter or peritoneal membranes.

Discussion

Surgical Data and Clinical Outcome
In this study, we proposed a modified lateral approach: ante-
roinferior psoas (AIP) exposure under direct vision for OLIF.
The perioperative data, such as operative time, blood loss,
blood transfusion, and hospital stay, were similar to those of
previous studies10, 19. The clinical outcome, evaluated by
VAS and ODI score, showed good clinical effects of this AIP
OLIF procedure.

Surgical Technique
The small skin incision, deep surgical site, and adjacent ves-
sels, nerves, and ureter make it difficult to establish the work
channel, so the surgical exposure approach is the core proce-
dure for anterior or lateral lumbar spinal surgery. According

to a previous technical report10 and the surgical technique
handbook from Medtronic, the work channel was built by
using the finger or handheld retractors to protect the perito-
neal membrane and retract retroperitoneal fat, and the
probe, sequential dilators, and tube retractor were inserted
onto the surface of the target disc space. However, it is lim-
ited to retracting the anterior structures, such as the perito-
neal membrane and vessels, and anterior structure retraction
is not useful for exposing the target disc because the lateral
annulus fibrosus is usually totally covered by the psoas mus-
cle when the patient is in lateral decubitus position during
the operation. An anatomical study14 showed that mild psoas
retraction without significant tendon disruption can make
the corridor to the disc space obviously enlarged. In this
study, we applied the anteroinferior psoas approach under
direct vision to expose the surgical disc; we found that this
approach makes it easy to build the work channel.

Complications
A systematic review and meta-analysis20 including 20 studies
and 1874 patients for analysis of complications showed that
the incidence of surgical exposure-related complications was
27.1%, including transient thigh or groin numbness/pain
(8.7%), transient hip flexor weakness (5.7%), permanent
motor neurological deficit (1.0%), sympathetic plexus injury
(5.4%), major vascular injury (1.8%), peritoneal (bowel)
injury (1.9%), urological injury (1.1%), and hematoma
(1.5%). Our results showed that the incidence of exposure
approach-related complications was 4.9%, and there was no
injury of the ureter and peritoneal membranes. The direct
visual exposure and the psoas muscle retraction helped to
avoid injury to anterior structures.

Neurological injury to the lumbar plexus and psoas
muscle injury are the two greatest risks of LLIF; they have
the potential to result in sensory and motor deficits and hip
flexion weakness. OLIF is the proposed solution to the
approach-related disadvantages of LLIF. In this approach,
the anatomic space between the aorta and psoas muscle is
used to access the disc space. However, according to previous
studies, the OLIF procedure is still associated with a mild
rate of neurological injury and psoas muscle injury. In a
28-patient cohort, Fujibayashi et al.21 encountered transient
leg weakness in 7.1% and transient numbness in 21.4% of
patients. DiGiorgio et al.22 reported a 6.1% incidence of

TABLE 3 MRI evaluation of psoas muscle

Left side Right side

PPreoperative Follow-up Change (%) Preoperative Follow-up Change (%)

PCSA 637.8 � 331.6 651.2 � 373.6 2.10 � 3.12 654.3 � 367.2 670.1 � 352.9 2.41 � 3.18 0.531
T2 ratio 1.21 � 0.15 1.23 � 0.11 1.65 � 3.01 1.20 � 0.25 1.22 � 0.13 1.68 � 5.26 0.682

PCSA, cross-sectional area of lean psoas muscle; T2 ratio, T2-weighted signal intensity ratio of gross psoas to quadratus lumborum muscle.
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transient thigh numbness in their 49-patient cohort. In this
study, the incidence of transient thigh pain/numbness and
psoas weakness was 2.2%. The psoas muscle splitting and
retraction (i.e. the AIP exposure approach) can alleviate
muscle and nerve squeezing when the trials and implant are
placed orthogonally across the disc space. The MRI results in
this study showed that the psoas muscle has no injury or
atrophy change after surgery, which proved that the AIP
approach is helpful for muscle and nerve preservation.

Limitations
The current study has some limitations. First, it is a retro-
spective study from a single center, in which the results were
reviewed by the authors. Further multicenter and prospective

studies should be carried out. Second, it is a technical report
and case series; the advantages of the AIP approach really
need to be demonstrated in a comparison study. Finally, the
follow-up period was relatively short, and the sample size
was small. A longer follow-up period with a larger number
of cases is still necessary to evaluate the definitive effect of
the AIP approach for OLIF.

Conclusion
We presented a modified lateral approach (i.e. AIP exposure
under direct vision for OLIF), and the results showed that it
has low surgical exposure approach-related complications
and can preserve the psoas and the lumbar plexus. However,
further randomized controlled trial studies with large sample
sizes should be conducted.
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Segmental artery injury 1 (0.4%)
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