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Abstract: Lumbar interbody fusion procedures have seen a significant evolution over the years,
with various approaches being developed to address spinal pathologies and instability, including
posterior lumbar interbody fusion (PLIF), transforaminal lumbar interbody fusion (TLIF), anterior
lumbar interbody fusion (ALIF), and lateral lumbar interbody fusion (LLIF). LLIF, a pivotal technique
in the field, initially emerged as extreme/direct lateral interbody fusion (XLIF/DLIF) before the
development of oblique lumbar interbody fusion (OLIF). To ensure comprehensive circumferential
stability, LLIF procedures are often combined with posterior stabilization (PS) using pedicle screws.
However, achieving this required repositioning of the patient during the surgical procedure. The
advent of single-position surgery (SPS) has revolutionized the procedure by eliminating the need for
patient repositioning. With SPS, LLIF along with PS can be performed either in the lateral or prone
position, resulting in significantly reduced operative time. Ongoing research endeavors are dedicated
to further enhancing LLIF procedures making them even safer and easier. Notably, the integration
of robotic technology into SPS has emerged as a game-changer, simplifying surgical processes and
positioning itself as a vital asset for the future of spinal fusion surgery. This literature review aims to
provide a succinct summary of the evolutionary trajectory of lumbar interbody fusion techniques,
with a specific emphasis on its recent advancements.
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1. Evolution of Lumbar Interbody Fusion

Spinal fusion dates back to early 20th century, when Hibbs and Albee used fragments
from the spinous process, laminae, and tibia as bone grafts to achieve posterior fusion of the
spine, primarily in patients with tuberculosis [1,2]. Over time, fusion techniques evolved,
and lumbar interbody fusion (LIF), which involves the insertion of a cage along with bone
graft into the intervertebral space, became popular as a procedure offering both stability and
fusion [3,4]. Early LIF procedures that were developed include PLIF by Cloward in 1943 [5],
ALIF by Lane and Moore in 1948 [6], and TLIF by Harms and Rolinger in 1982 [7]. Brief
descriptions of each of these procedures, as well as their advantages and disadvantages, are
compiled in Table 1, as shown below. As highlighted, the LIF procedures are associated with
certain advantages and disadvantages specific to each procedure. Posterior approaches,
such as PLIF and TLIF, may affect posterior structures and the paraspinal musculature, and
may cause retraction injury of the nerve roots and thecal sac [8–10]. While ALIF manages
to avoid damaging the posterior structures, it may potentially damage intra-abdominal,
intraperitoneal, and vascular structures [11–15]. Hence, there was a need for an alternative
safer approach that reduces the risk of these complications.
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Table 1. Lumbar interbody fusion techniques: PLIF, TLIF, and ALIF [16–21].

Procedure Description Advantages Disadvantages

PLIF Posterior midline incision in
prone position; requires
laminectomy and retraction of
thecal sac and nerve roots to reach
the intervertebral disc space

■ Favors adequate visualization of the
thecal sac and nerve roots

■ Allows direct decompression of the
spinal canal and nerve roots

■ Risk of damage to thecal sac and
nerve roots during retraction

■ Paraspinal scarring
■ Limited coronal correction
■ Allows insertion of only

smaller cages

TLIF Posterior incision with a more
lateral trajectory; requires
facetectomy to allow visualization
of nerve roots and
perform discectomy

■ Limited retraction of nerve roots
■ Preservation of posterior

midline structures
■ Can be performed as a minimally

invasive procedure

ALIF Longitudinal midline or
paramedian incision to access
retroperitoneal space in
supine position

■ Spares paraspinal musculature
■ Preservation of posterior elements
■ Allows for direct implantation of a

wide-bodied cage
■ Optimal restoration of lordosis

■ High risk of injury to visceral and
vascular structures due to
mobilization of great vessels

■ Sympathetic hypogastric
plexus injury

2. A Safer Approach
2.1. The Extreme Lateral Interbody Fusion (XLIF) or Direct Lateral Interbody Fusion (DLIF)

Extreme lateral interbody fusion (XLIF), also known as direct lateral interbody fusion
(DLIF), was developed by Pimenta in 2001 [22,23]. Instead of approaching the intervertebral
disc anteriorly or posteriorly as in ALIF and PLIF, respectively, XLIF/DLIF accesses the
intervertebral disc through a lateral retroperitoneal trans-psoas approach [24]. Ozgur et al.,
in 2006, further popularized the technique, especially the specialized retractors that can
be utilized and the steps involved in the procedure [24,25], describing its suitability for
accessing levels T12 to L5 [16]. While the indications for XLIF are mostly similar to those for
any interbody fusion, such as spondylosis, spondylolisthesis, and degenerative scoliosis,
there are certain contraindications to consider, including retroperitoneal scarring, abscesses,
and abnormal vascular anatomy, such as aortic aneurysms [11,26].

2.2. The Procedure of XLIF/DLIF

The patient is generally placed in a right lateral decubitus position with the left side
up. Strapping of the pelvis and chest wall is carried out to prevent changes in position, and
adequate cushioning is provided at bony prominences. The operating table may be flexed to
increase the distance between the iliac crest and rib cage. For a single-level exposure, a small
incision is made on the lateral side over the affected disc space, utilizing X-ray guidance. A
dilator is inserted through the incision, guided by the surgeon’s finger, to reach the psoas
muscle while ensuring the protection of the peritoneum and abdominal contents. The psoas
muscle is carefully parted between the middle and anterior third using blunt dissection,
keeping the nerves posteriorly and great vessels anteriorly. The dilator is advanced through
the psoas muscle, monitoring electromyography (EMG) responses to ensure safe passage
protecting the lumbar plexus. Further dilators are inserted to gradually spread the psoas
muscle until the retractor can be placed. After X-ray confirmation of retractor placement on
the desired level, the retractor blades are expanded to adequately expose the disc space.
Under direct vision, the disc is thoroughly removed, leaving the posterior annulus intact. A
wide-bodied cage containing a bone graft is implanted supporting the lateral margins of the
epiphyseal ring, restoring disc height and correcting imbalances [25,27–29]. Our procedure
for XLIF is as originally described and can be found in the publication by Berjano et al.
2015 [30]. The procedure can be performed as a standalone technique or combined with
lateral or posterior stabilization depending on the indication, the necessity for direct
decompression, and the surgeon’s preference [31–33]. While X-ray guidance throughout
the procedure is traditionally reliant on C-Arm or O-Arm, recent advancements have
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streamlined the integration of computer-assisted navigation, incorporating a navigated
cobb, dilators, trails, and cage [34].

2.3. Benefits of XLIF over Other LIF Procedures

By utilizing the lateral retroperitoneal trans-psoas approach, XLIF avoids the risks of
damaging the paraspinal muscles and the bony posterior elements as compared to PLIF
and TLIF [35]. Unlike ALIF, XLIF does not require great vessel mobilization, and peritoneal
structures are less likely to be injured [36]. In addition, preservation of the anterior and
posterior longitudinal ligaments ensures stability of the treated levels [37]. Over the
years, numerous studies have highlighted the effectiveness of XLIF in improving pain and
disability scores, such as the Visual Analog Scale (VAS) and the Oswestry Disability Index
(ODI), in addition to providing fusion and stability [29,37–39]. Studies conducted between
2015 and 2023, comparing XLIF with other LIF procedures, such as PLIF, TLIF, and ALIF,
reveal several advantages of XLIF. These advantages include a lower risk of nerve damage,
increased stability with greater segmental lordosis change, and reduced risks of subsidence.
Additionally, XLIF has been associated with shorter hospital stays and lower estimated
blood loss when compared to other LIF procedures. These findings are summarized in
Table 2.

Table 2. Studies analyzing XLIF versus other LIF procedures (PLIF, TLIF, and ALIF).

Study Patients Results Conclusions

Saadeh et al. (2019) [40] 40
(20 XLIF, 20 TLIF)

Segmental lordosis change:
XLIF: 4.9◦
TLIF: 2.6◦

XLIF achieved greater segmental lordosis
correction as compared to TLIF

Jain et al. (2018) [41] 33
(17 XLIF, 16 TLIF)

Blood loss:
XLIF: 36 ± 16 mL
TLIF: 700 ± 767 mL
Length of hospital stay:
XLIF: 2.6 ± 2.9 days
TLIF: 3.3 ± 0.9 days

The XLIF group experienced decreased
blood loss and shorter hospital stays
compared to the TLIF group

Xu, Bach, and Uribe. (2018) [42] 24
(16 XLIF, 8 ALIF)

Blood loss:
XLIF: 60.6 mL
ALIF: 106.3 mL

The XLIF group experienced decreased
blood loss compared to the ALIF group

Ye, Hu, Zhang, and Xu. (2019) [43] 2625
(1081 XLIF, 241 ALIF, 1303
PLIF/TLIF)

Length of hospital stay:
XLIF: 3.77 days
PLIF/TLIF: 4.04 days
ALIF: 4.31 days

The XLIF group had a shorter hospital
stay in comparison to the PLIF/TLIF and
ALIF groups

Hrabek et al. (2015) [44] 431
(101 XLIF, 330 ALIF)

Sympathectomy risk percentages:
XLIF: 4%
ALIF: 15%

XLIF has a lower sympathectomy risk
than ALIF

Sembrano et al. (2016) [45] 55
(29 MIS XLIF, 26 MIS TLIF)

Surgical duration:
MIS XLIF: 171 min
MIS TLIF: 186 min
Blood loss < 100 mL:
MIS XLIF: 79%
MIS TLIF: 27%

The XLIF group had notably less blood
loss in comparison to the MIS TLIF group

Isaacs, Sembrano, Tohmeh, and
Group. (2016) [46]

55 (29 XLIF, 26 MIS TLIF) Average disc height change
(24-month assessment):
XLIF: −0.9
MIS TLIF: −1.7
Graft subsidence percentage
(24-month assessment):
XLIF 3%
MIS TLIF 10%

XLIF demonstrates reduced subsidence
and less resultant disc height loss
compared to the MIS TLIF group at 24
months post-surgery

Lu and Lu. (2019) [47] Finite element analysis
(computerized models)

Stress peaks in endplate and
cancellous bone, respectively:
TLIF: 24.94–60.03 MPa,
0.72–1.96 MPa;
XLIF: 17.01–35.32 MPa,
0.56–1.12 MPa

XLIF exhibits fewer stress peaks in the
cortical endplate and cancellous bone in
comparison to TLIF, which helps lower
the risk of subsidence while preserving
disc height and segmental angle

Zhang, Bai, Dokos, Cheung, and
Diwan. (2019) [48]

Finite element analysis
(computerized models)

Maximum stress and strain
presented at the rods and facet
joint, respectively, while utilizing
an XLIF cage was less compared to
when utilizing a TLIF cage

XLIF induces lower stress and strain on
the fixed segments compared to TLIF and,
hence, achieves greater stability
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Table 2. Cont.

Study Patients Results Conclusions

Ohba, Ebata, and Haro. (2017) [49] 102
(46 XLIF, 56 PLIF)

Blood loss:
XLIF: 51 ± 41 mL
PLIF: 206 ± 191 mL

The XLIF group had notably less
intraoperative blood loss in comparison
to the PLIF group

Goodnough et al. (2019) [50] 75
(21 XLIF, 54 ALIF)

Blood loss:
XLIF: 50–100 mL
ALIF: 150–400 mL

The XLIF group had notably less
intraoperative blood loss in comparison
to the ALIF group

Sembrano, Yson, Horazdovsky,
Santos, and Polly, Jr. (2015) [51]

85
(35 XLIF, 50 TLIF)

Mean operative level segmental
lordosis:
XLIF: 3.2 ± 3.6◦
TLIF: 1.9 ± 3.9◦
Overall lumbar lordosis change:
XLIF: 2.5 ± 4.1◦
TLIF: 2.1 ± 6.0◦

XLIF provided better segmental lordosis
in comparison to TLIF

Yingsakmongkol et al. (2022) [52] 60
(30 XLIF, 30 MIS TLIF)

Estimated blood loss:
MIS TLIF: 200.33 ± 59.22 mL
XLIF: 49.17 ± 32.91 mL
Duration of hospital stay:
MIS TLIF: 4.33 ± 0.61 days
XLIF: 3.6 ± 0.62 days
Operative time:
MIS TLIF: 2.82 ± 0.47 h
XLIF: 2.4 ± 0.81 h

The XLIF group exhibited decreased
blood loss, as well as shorter
postoperative hospital stays and
operating times, when compared to TLIF

Kono, Gen, Sakuma, and Koshika.
(2018) [53]

40
(20 XLIF, 20 TLIF)

Estimated blood loss:
XLIF: 36.1 ± 15.3 mL
TLIF: 225.7 ± 215.9 mL
Change in disc height (12-month
assessment in comparison to
pre-op status):
XLIF: 1.8 ± 1.9 mm
TLIF: 0.7 ± 1.4 mm

The XLIF group had significantly lower
blood loss compared to the TLIF group,
and the post-procedure disc height
remained well-maintained at the
12-month assessment

Cage subsidence is a common complication following LIF procedures, where the
implanted cage sinks into the adjacent endplates, potentially compromising fusion [54]. If
severe, it may also cause neural foraminal narrowing leading to nerve root compression,
exacerbating pain and function [55,56]. While low bone mineral density and inappropriate
cage positioning play crucial roles as risk factors in contributing to this problem, the
intrinsic differences in cages used in PLIF or TLIF procedures also contribute significantly
to a higher risk of cage subsidence compared to XLIF/OLIF cages [4,57].

Cages commonly used in TLIF and PLIF are the banana and bullet cages, respectively.
These cages are smaller in size and, hence, the surface area that is in contact with the
endplates is significantly less when compared to XLIF cages. There is also a reported
increase in the risk of posterior cage migration when using smaller cages [58–60]. Given the
smaller surface area in contact with the vertebral endplate, pressure dynamics lead to an
increased force directly affecting the unsupported areas of the endplates, reducing overall
stability [61]. Furthermore, the reduced stability could also be attributed to the resection
of the posterior elements, especially the facet joints, ligamentum flavum, and posterior
longitudinal ligament.

On the other hand, while performing XLIF/DLIF, a wider (up to 26 mm) and longer
(up to 60 mm) cage can be utilized, thereby improving endplate coverage and reducing
subsidence risk [59,62,63]. This also allows sufficient distraction of the disc space and
generates tension in the conserved ligaments, further enhancing stability. In a study
conducted by Pimenta to elucidate the biomechanical stability of wide-bodied interbody
cages inserted via lateral approaches compared to the smaller cages used in TLIF, it was
demonstrated that the 26 mm wide bodied XLIF cage provided greater stability compared
to the 11 mm wide TLIF cage [64]. In addition, our previous biomechanical analysis
indicated that wide-bodied cages required three times the force of bullet cages for a 5 mm
subsidence to occur, and constructs with wide bodied cages were 3.6 times stiffer than TLIF
constructs [65].
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2.4. Limitations of Trans-Psoas Approach

Despite its advantages, XLIF does also have its own limitations. Its main drawback is
that it is commonly associated with postoperative hip flexion weakness (psoas weakness)
due to the blunt dissection of the psoas muscle [66–72]. Most of these cases are transient
and usually resolve within 2 weeks [73,74]. Despite neuromonitoring, the lumbar plexus
may also be damaged, leading to lower limb weakness and paresthesia [75,76]. The lumbar
plexus tends to adopt a more anterior location at lower spinal levels; hence, it is more
prone to injury. Nevertheless, new research has shown that manipulating the entry site
and psoas muscle traction direction may help reduce the risk of lumbar plexus injury [77].
Similarly, towards L4/L5 levels, the iliac vessels assume a more lateral course and, hence,
may be damaged during XLIF surgery [78–80]. Moreover, XLIF is generally performed
for L2–L5 levels, while it is contraindicated for the L5–S1 level. This is due to the risk of
iliac vessels mobilization and the presence of the iliac crest restricting lateral access and
interrupting cage insertion [81].

3. The Oblique Lumbar Interbody Fusion (OLIF)

Oblique lumbar interbody fusion (OLIF), also known as the anterior to psoas (ATP)
approach for interbody fusion, is a procedure which was first adopted by Meyer in 1997,
and the term was officially coined by Silvestre et al. in 2012. Subsequently, Hynes further
developed and popularized the technique [82]. This approach typically involves minimally
invasive access into the disc space via the anatomical corridor between the psoas muscle
and the great vessels (aorta and inferior vena cava) and is suitable for performing fusion of
levels L2–L5 [83]. In addition, Hynes also developed the concept of OLIF L5–S1, which is
essentially an anterior approach performed in a lateral decubitus position when the L5–S1
region needs to be accessed [82]. A visual representation comparing the OLIF approach
with various other lumbar interbody fusion techniques is provided in the graphic below
(Figure 1).
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Figure 1. Graphic illustration of the OLIF approach in comparison to various other lumbar interbody
fusion approaches. ALIF: anterior lumbar interbody fusion; OLIF: oblique lumbar interbody fusion;
DLIF: direct lateral interbody fusion; XLIF: extreme lateral interbody fusion; TLIF: transforaminal
lumbar interbody fusion; PLIF: posterior lumbar interbody fusion. Reproduced from Tan et al.
2023 [84].

3.1. The Procedure of OLIF L2-L5 [82]

For OLIF L2–L5, similar to XLIF, the patient should be positioned in a right lateral
decubitus position on a radiolucent table to expose the spine from the left side, as the
working passage between the psoas muscle and the IVC is narrower on the right side [85,86].
Once positioned, the legs are slightly flexed. A line is drawn across the desired disc level
from the anterior to the posterior. This determines the incision, which is typically made
approximately 3–5 cm anterior to the midpoint of the line (Figure 2a). The fascia of the
external oblique muscle is first encountered and incised using electrocautery, followed by
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gentle finger dissection of the external oblique, the internal oblique, and the transversalis
muscles (Figure 2c–e). While working on the transversalis fascia, the finger’s force is
directed obliquely and posteriorly to prevent entry into the peritoneal cavity. Once the
retroperitoneal fat plane is reached, the space should be developed both cephalad and
caudal to the desired disc level (Figure 2f), followed by anterior retraction of the peritoneal
sac and posterior retraction of the anterior belly of psoas muscle to establish the working
corridor (Figure 2g). After retraction of the psoas muscle, the disc space is visualized and a
guide wire is inserted, followed by a series of dilations to create space pushing aside the
surrounding tissues (Figure 2h,i). Subsequently, a retractor is positioned over the dilators
and can be anchored to the vertebral body using a pin. The retractor blades are oriented
such that it allows for an orthogonal maneuver (rotating the instruments in a manner
that they are obliquely inserted but become direct lateral as they go deeper) during disc
removal, sequential trialling, and final placement of the interbody cage. Annulotomy and
discectomy is performed under X-ray guidance (Figure 2j,k). After completing the disc
preparation, a contralateral annular release is performed using a blunt-tipped shaver or
cobb elevator, as carried out during XLIF (Figure 2l). Sequential trials distract the disc space
and allow indirect decompression. Finally, a wide-bodied interbody cage is placed within
the disc space (Figure 2m). The procedure may be accompanied by lateral or posterior
stabilization, contingent upon the indication, the requirement for direct decompression,
and the surgeon’s preference [87,88].
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Figure 2. Surgical steps of OLIF. (a) While the patient is in a right lateral decubitus position, the
surgical disc levels are marked (lines drawn across each disc level from anterior to posterior) under
X-ray guidance. The red dotted line (3–5 centimeters anterior to the mid-disc) represents the incision
site for OLIF, as performed for this patient, in relation to the yellow dotted line connecting the mid
points of the disc levels, which represent the incision site for XLIF. (b) Surgeon standing on the
abdominal aspect. (c) After incision of skin and subcutaneous tissue, the external oblique fascia is first
encountered (arrows). (d) Following dissection of the external oblique, the internal oblique muscle is
carefully split (arrow). (e) The transversalis fascia beneath the internal oblique muscle is exposed
(arrows) (f) Blunt dissection of the transversalis fascia reveals the retroperitoneal fat (arrows). (g) By
finger dissection, a plane is developed pushing the retroperitoneal fat anteriorly to reach the psoas
muscle (arrows). (h) Placement of a guide wire into the disc space. (i) Application of the dilators
and specialized retractor assembly. Preparation of the disc space using (j) curette, (k) disc punch,
and (l) contralateral annular release using Cobb. (m) Placement of cages filled with bone graft under
X-ray guidance.

3.2. The Procedure of OLIF L5-S1 [82]

Surface marking is carried out with the help of X-ray guidance. A line is drawn across
the L5-S1 disc level from the posterior to anterior and is extended onto the abdominal
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area. Subsequently, a second line is drawn from the center of the L5-S1 disc, projecting
perpendicular to the floor onto the abdomen’s surface. Finally, approximately two finger-
breadths anterior to the anterior superior iliac spine (ASIS), a third line is drawn connecting
the first and second lines where the incision is made. The anatomical advantages of
positioning the patient laterally enable abdominal contents to naturally fall away from the
spine, resulting in a reduction in the need for peritoneal retraction. Dissection is performed
as described for OLIF L2–L5. The common iliac artery pulse can be felt on the anterior
border of the psoas, and the common iliac vein is medial to the artery. The adventitial layer
containing the superior hypogastric plexus and sympathetic chain within is to be released
by blunt dissection. After successfully releasing the adventitial layer, the left common iliac
vein can be gently retracted laterally if needed. Basically, this approach accesses the L5-S1
disc in the classic supine ALIF interval below the bifurcation. However, here, a flexible
semi-constrained retractor facilitates minimal tissue pressure and a minimally invasive
approach. Discectomy and interbody cage placement are performed in a manner similar
to ALIF.

3.3. Advantages of OLIF over XLIF

There are several factors that make OLIF more convenient compared to XLIF. Firstly,
the surgical oblique approach enables direct and extensive visualization of crucial structures,
such as the ureters, major blood vessels, and most of the psoas muscle, while XLIF provides
only limited visualization [89]. It also allows for the visualization of the anterior disc
margin, facilitating easier estimation of cage location and, hence, better anterior placement
of cages [90]. The biggest advantage OLIF has over XLIF is that no dissection of the psoas
is involved [91–93]. This facilitates limited EMG neuromonitoring of the psoas during
the procedure [89,94]. However, some patients will still experience hip flexion weakness
due to prolonged psoas retraction. Some nerve branches supplying the psoas traverse the
intervertebral disc obliquely prior to ramification within the muscle and are, therefore,
vulnerable to injury when muscle fibers of the superficial layer of psoas are pulled away
from vertebral bodies [95–97]. Nonetheless, since most of the psoas muscle fibers are
still preserved in OLIF, it is less associated with hip flexion weakness, with only up to
1.2–13.9% of patients experiencing postoperative hip flexion weakness as compared to
4.9–31.4% in XLIF [95,96,98–104]. As the lumbar plexus is also avoided, there is a reduced
likelihood of lower limb sensory and motor weakness following OLIF as compared to
XLIF. Various studies attribute the better postoperative VAS (Visual Analog Scale) and ODI
(Oswestry Disability Index) scores following OLIF to the reduced incidence of psoas muscle
injury [102].

3.4. Surgical Outcomes following OLIF

OLIF has been shown to be able to achieve similar surgical outcomes as compared to
XLIF by the principle of indirect decompression [52,102,105,106]. There was no significant
difference between the fusion rates of OLIF and XLIF [107]. OLIF achieved a similar
restoration of disc height as XLIF, which has been determined to be the most significant
factor in lumbar lordosis recovery. Some papers even suggested that OLIF leads to a
greater increase in posterior disc space as compared to XLIF, along with reduced cage
shift rates [102,108]. OLIF has also been shown to be effective in achieving greater sagittal
deformity correction and lower risk of motor deficits compared to XLIF [109]. On its own,
OLIF was demonstrated to be effective in elderly patients above 65 years old, in terms of
clinical outcomes and patient satisfaction rates [110].

Similar to XLIF, OLIF is known to restore sagittal profiles and satisfies Schwab’s
criteria for proper global alignment [111]. Proper global alignment has been linked to
improved quality of life for adult patients with spinal deformities, especially spondylolis-
thesis [104,112–117]. Ko et al. measured the sagittal disc angle (SDA), coronal disc angle
(CDA), mean disc height (MDH), and intervertebral foramen height (FH) directly after the
XLIF and OLIF surgery, and one year postoperatively. OLIF had a significantly greater
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increase in sagittal disc angle on both occasions, while there were no significant differences
between OLIF and XLIF for the other three parameters [118]. The table below highlights
results from recent research comparing OLIF and XLIF (Table 3).

Table 3. Recent research on the comparison of OLIF and XLIF.

Study Patients Results Conclusions

Li, Zhang, and Shen. (2019) [102] 2605
(1043 OLIF, 1562 XLIF)

Transient psoas weakness:
OLIF: 8.8%
XLIF: 21.2%

The OLIF group experienced less transient
psoas weakness than the XLIF group

Walker et al. (2019) [103] 6481
(1874 OLIF, 4607 XLIF)

Transient psoas weakness:
OLIF: 5.7%
XLIF: 19.7%

Emami et al. (2023) [119] 1010
(408 OLIF, 602 XLIF)

Rate of neuropraxia:
OLIF: 10.9%
XLIF: 21.2%

OLIF group experienced a lower rate of
neurological complications than the
XLIF group

Kim, Chang, Chang. (2022) [120] 287 OLIF
584 XLIF

Fusion rates:
OLIF: 96.9%
XLIF: 91.6%

Similar fusion rates between OLIF
and XLIF

Ko, Park, Kim. (2019) [118] 343
(142 OLIF, 201 XLIF)

OLIF group:
• SDA: 11.1 ± 3.4
• CDA: 0.9 ± 1.2
• MDH: 12.2 ± 1.5
• FH: 20.7 ± 2.0
XLIF group:
• SDA: 8.4 ± 3.5
• CDA: 0.9 ± 1.2
• MDH: 12.0 ± 1.6
• FH: 21.7 ± 2.4

OLIF has similar CDA, MDH, and FH but
higher SDA as compared to XLIF

Yingsakmongkol et al. (2022) [52] 60 patients
(30 OLIF, 30 XLIF)

Estimated blood loss:
OLIF: 48.67 ± 33.4 mL
XLIF: 49.17 ± 32.91 mL
Difference in clinical pain parameters
(1-year assessment)
OLIF:
• VAS back: −7.47 (−8.08 to −6.85)
• VAS leg: −7.67 (−8.33 to −7.01)
• ODI: −52.76 (−59.66 to −45.85)
XLIF:
• VAS back: −8.3 (−8.86 to −7.74)
• VAS leg: −7.23 (−7.9 to −6.57)
• ODI: −49.65 (−57.64 to −41.67)

OLIF showed comparable blood loss to
that of XLIF, and there is no significant
contrast in postoperative clinical pain
parameters between the two procedures at
the 1-year assessment

Jin et al. (2018) [121] 43 patients
(22 MIS XLIF, 21 MIS OLIF)

Persistent postoperative complications:
MIS XLIF: 13.6%
MIS OLIF: NIL

MIS OLIF results in fewer long-lasting
postoperative complications compared to
MIS XLIF

Miscusi et al. (2018) [122] 45 patients
(31 XLIF, 14 OLIF)

Post-op ODI scores:
OLIF: Better (71.4%); Stable (21.5%)
XLIF: Better (22.6%); Stable (61.2%)
SF-36 Mental scale (at follow-up):
OLIF: 70.00%
XLIF: 60.22%
SF-36 Physical scale (at follow-up):
OLIF: 55.00%
XLIF: 51.15%

The OLIF group demonstrates superior
ODI and SF-36 scores when compared to
the XLIF group

Fujibayashi et al. (2017) [98] 2998 patients
(1995 XLIF, 1003 OLIF)

Complication rates:
OLIF: 15.3%
XLIF: 19.4%
Psoas weakness:
OLIF: 3.0%
XLIF: 4.9%
Neuromonitoring usage:
OLIF: 18.8%
XLIF: 99.3%

The OLIF group exhibits a reduced overall
complication rate in comparison to the
XLIF group
The incidence of psoas weakness is lower
in the OLIF group than in the XLIF group
OLIF necessitates limited
neuromonitoring compared to XLIF

Ricciardi et al. (2023) [123] 318 patients
(128 OLIF, 190 XLIF)

Psoas weakness:
OLIF: 1.56%
XLIF: 7.37%
Neurological symptoms:
OLIF: 3.9%
XLIF: 13.1%

The OLIF group had fewer patients with
psoas weakness and neurological
symptoms compared to the XLIF group

Aleinik et al. (2021) [104] Review of 2900 patients (17 sources) Overall complication rate following
OLIF is 13.9%
Incidence of severe persistent
complications following OLIF is less
than 1%

The relatively low complication rate
makes OLIF superior to other approaches
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3.5. Limitations of OLIF and Strategies to Overcome

Despite the use of wide interbody cages during OLIF and XLIF procedures, cage
subsidence can still occur [124]. However, the incidence of subsidence is relatively lower
than those observed after implanting smaller banana and bullet cages in other procedures,
like PLIF and TLIF. Moreover, subsidence risk can be effectively reduced by taking into
consideration several factors, such as a pre-existing bone health, conducting careful patient
selection and evaluation of medical statuses, and practicing meticulous intraoperative
techniques, such as avoiding aggressive endplate preparation [54,125]. The most frequently
reported intraoperative complications are minor vascular injuries, mostly affecting seg-
mental arteries, as well as endplate damage [126]. Other intraoperative complications,
which occur in less than 1% of cases, include major vascular injury, vertebral body fracture,
membrane laceration, and ureteral injury. The most common immediate postoperative
complications are transient numbness or pain in the lower limbs, as well as temporary
weakness and nerve deficits arising from sympathetic trunk injury [127,128]. However,
a review demonstrated significant benefits via a modified OLIF procedure through the
anteroinferior psoas approach that resulted in reduced psoas and neurovascular injury, as
well as improved pain scores [129]. Only a small percentage of patients experienced ileus
or infection. Other reported late postoperative complications included cage shifting, mal-
position or displacement, screw malposition or breakage, adjacent segment degeneration,
and pseudarthrosis [130].

Given the above, multiple mitigating strategies have been employed to reduce these
complications. For instance, reviewing of preoperative Magnetic Resonance Images (MRIs)
and Computed Tomography (CT) scans taken in a right lateral decubitus position enables
better appreciation of the lumbar vasculature and, thus, facilitates preoperative planning
to minimize vascular damage [131]. The use of new design instruments has also greatly
reduced approach-related complications, improving cage positioning as well as shortening
operation times [132]. To avoid nerve damage, careful dissection of the anterior belly
of psoas muscle restricted to the median coronal plane is performed to avoid injuries to
the lumbar plexus [94]. Ureteric injuries may also be minimized by using a dual-phase
contrast-enhanced CT scan and 3D reconstructed images to identify its anatomy, allowing
for retraction of the retroperitoneal fatty tissue and anterior mobilization of the ureter prior
to discectomy [133].

4. Recent Advances
4.1. Single-Position Surgery (SPS)—LLIF with Posterior Stabilization (PS)

Despite the significant demonstrated benefits of XLIF and OLIF, one limitation that
both share is the need to reposition the patient when additional posterior decompression
and stabilization needs to be performed [134]. The first stage of the surgery requires the
patient to be placed in the lateral decubitus position to access the intervertebral space,
discectomy, and cage placement. This is followed by the second stage, which requires
the patient to be placed in a prone position for posterior decompression and stabilization
using implants [135]. While doing so, re-draping and repositioning the patient prolongs
surgical duration and may not be suitable for patients with contraindications [136,137].
Moreover, it is known that prolonged surgery increases the risk for surgical site infections
(SSIs) [138,139]. To avoid this, some surgeons prefer to carry out the second stage of surgery
on a different day.

However, with the advent of single-position surgery (SPS), both XLIF and OLIF
can be performed in a single position, predominantly the former, along with posterior
stabilization (PS). This eliminates the need for patient repositioning, ultimately enhancing
surgical efficiency and minimizing complications [135,140–142]. There are currently two
main approaches to SPS: Lateral-SPS (L-SPS) and Prone–SPS (P-SPS), where the patient is
placed either in the lateral decubitus or prone position, respectively, throughout the entire
surgical duration. Both approaches are reported to have significant decreases in surgical
times, with reductions from 60 min to up to 135 min, ultimately leading to a decrease in
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the duration of hospitalisation [136,142–146]. Furthermore, SPS has been demonstrated
to reduce manpower necessary to perform the flip and importantly improves patient
safety [137,147]. Regarding intraoperative blood loss, radiation exposure, complications,
and reoperation rates, SPS offers similar or even better outcomes as that of dual-position
surgery [145,148,149].

4.1.1. Lateral Single-Position Surgery (L-SPS)

In the context of L-SPS, the patient is consistently placed in a lateral decubitus position
during the XLIF or OLIF procedures, which includes the application of pedicle screws for
posterior stabilization (Figure 3). However, while this approach eliminates the need for
flipping the patient before addressing the posterior pedicle screws, a common drawback
arises. Surgeons may lack familiarity with performing posterior stabilization in the lateral
position. Basic tasks, such as laminectomy for posterior decompression and the insertion of
pedicle screws, become challenging, ultimately limiting the size of the posterior construct.
Furthermore, there is limited lordosis correction, compared to that which can be accom-
plished in a prone position. These drawbacks have resulted in greater incidences of facet
joint violation and pedicle screw breach [150]. Addressing these challenges requires a dif-
ferent approach to patient positioning that mitigates the shortcomings of lateral positioning
while retaining the benefits of single-position surgery.
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Figure 3. O-arm-based navigation-assisted L-SPS. (a) Patient positioning. (b) Reference frame on
PSIS. (c) Navigated instruments for disc preparation. (d–f) Preparation of disc using cobb, shaver,
and curette. (g) Trailing. (h,i) Navigated cage. (j) Intraoperative visualization of cage placement.
(k–m) Application of pedicle screws under navigation guidance while patient is in lateral position.

4.1.2. Prone Single-Position Surgery (P-SPS)

P-SPS overcomes the aforementioned downsides of L-SPS, being procedurally sim-
ilar to L-SPS, except that the patient is placed in a prone position instead of laterally
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(Figure 4). This positioning offers a more familiar and spacious area for the surgeon to op-
erate, facilitating easier pedicle screw placement and posterior decompression, as deemed
necessary [151–153]. Furthermore, studies have demonstrated that adopting a prone posi-
tion enables enhanced correction of sagittal plane imbalance attributed to an augmented
lumbar lordosis [148,154], resulting in better segmental lordosis correction when compared
to L-SPS (Table 4) [155]. As the procedure evolved, accompanying advancements were
made in the instruments designed to sustain a stable prone position amidst the new lateral
forces [153]. In addition, specialized retractors were also developed to facilitate mid-disc
docking and avoid posterior targeting [153]. However, it should be noted that cage place-
ment in P-SPS is performed trans-psoas as in XLIF/DLIF. Here, plexus safety remains
a concern. In order to overcome this, patient positioning with the hips in a neutral to
extended alignment could lengthen the psoas muscle, causing it to shift more posteriorly
along with the plexus [153]. Other limitations include surgeon ergonomics, challenges
related to the depth of the surgical field in obese patients, absence of counter pressure
during disc preparation and cage insertion, and difficulties in accessing the L4–L5 level
due to the iliac crest [148,156]. Considering these limitations, P-SPS may not represent a
comprehensive solution, but rather a viable and safe alternative that can be adopted based
on patient characteristics, indications, and surgeon preferences.
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Table 4. Recent research on prone single-position surgery (P-SPS).

Study Patients Results Conclusions

Lamartina et al. (2020) [157] 17 patients; 7 P-SPS and 10
conventional XLIF with PS

Oswestry Disability Index (preoperative to
postoperative):
P-SPS: 48.5 ± 21 to 14.57 ± 18.54
Conventional XLIF: 50.8 ± 11.7 to
22.50 ± 13.9
Back Pain Numeric Rating Scale
(preoperative to postoperative):
P-SPS: 7.7 ± 1.7 to 1.71 ± 2.91
Conventional XLIF: 5.7 ± 1.2 to 3.7 ± 2.91
Leg Pain Numeric Rating Scale
(preoperative to postoperative):
P-SPS: 8.5 ± 1.2 to 2.71 ± 3.25
Conventional XLIF: 7.2 ± 1.3 to 2.50 ± 3.03

P-SPS is feasible and safe; results are
comparable to the
standard technique

Pimenta et al. (2021) [158] 32 patients; 45 levels Index level segmental lordosis increased
from 8.7◦ pre-operatively to 14.8◦
postoperatively;
lumbar lordosis (L1-S1) increased from
41.9◦ pre-operatively to 46.7◦
postoperatively;
preoperatively, 22 patients had a pelvic
incidence (PI)–lumber lordosis (LL)
mismatch of 10◦ or more, while
postoperatively, only 12 patients had a
mismatch beyond 10◦

P-SPS is associated with a significant
gain of segmental lordosis and
correction of spinopelvic
alignment parameters
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Table 4. Cont.

Study Patients Results Conclusions

Pimenta et al. (2021) [152] 27 patients (L4-5 only: 18 patients;
L3-5: 8 patients and L2-5: 1 patient)

Posterior stabilization: 22 patients (81.5%)
Mean surgical duration: 182 ± 72 min
Mean trans-psoas time: 29 ± 14 min
Estimated blood loss: 200 ± 166 mL
Median hospitalization time: 2 days
Onset of sensory deficit: 2 patients
Onset of a motor and sensory deficit:
1 patient

P-SPS is safe and feasible for
approaching the L4-5 disk,
presenting with low rate of
complications and new-onset
neurologic deficits

Smith et al. (2021) [153] 120 patients; 176 levels; 22 surgeons Lateral exposure: 18 min/level
Retraction time: 25 min/level
Percutaneous pedicle screws: 65%
Open pedicle screws: 24%
Direct decompression: 37%
Osteotomy or bony releases: 9%

Perioperative outcomes of P-SPS are
consistent with lateral
decubitus experience

Soliman et al. (2022) [159] 22 patients; 11 P-SPS and 11 TLIF Improvement in LL:
P-SPS: 11.5 ± 9.5
TLIF: 0.1 ± 15.1
Postoperative PI-LL:
P-SPS: 3 ± 10.3
TLIF: 14.9 ± 14.1
Change in PI-LL:
P-SPS: 15.5 ± 7.7
TLIF: 3.8 ± 15.2

P-SPS led to superior enhancements
in both postoperative radiographic
parameters and
patient-reported outcomes

Soliman et al. (2022) [160] 20 patients; 10 P-SPS and 10
conventional XLIF with PS

Improvement in LL:
P-SPS: 9.9 ± 8.5
Conventional XLIF: 0.5 ± 11

P-SPS group demonstrated a
significantly better improvement in
lumbar lordosis

Amaral et al. (2023) [155] 71 patients; 18 P-SPS and 53
conventional XLIF with PS

After propensity score matching:
P-SPS (n = 18): 6.6◦ ± 5.5◦
Conventional XLIF (n = 18): 1.9◦ ± 4.7◦

P-SPS can significantly enhance
segmental lordosis correction

4.2. Robot-Assisted L-SPS and P-SPS

The use of robots in spine surgery is gaining popularity, evolving from the era of
computer-assisted navigation. With the adoption of a preoperative planning software and
robotic guidance for pedicle screw placement, there is an enhanced ability to adhere to
and execute the surgical plan with the utmost accuracy [161]. This improves the likelihood
of success and reduces the potential for significant complications. Studies have also
emphasized the potential for decreased blood loss and shorter perioperative hospital stays
achievable through the use of robots [162]. In our institute we use the Mazor X Stealth
Edition Robot (Medtronic). In short, following preoperative planning, the procedure begins
with establishing a stable bed and securing the patient for robotic precision throughout
the surgery. Subsequently, the robotic arm performs a 3D mapping of the operative field,
and the patient is registered with the O-arm or fluoroscopy, independently registering each
vertebra and correlating them with the previously obtained CT scan. The reference frame
is secured in place, and snapshot tracker registration is performed. For screw application,
the robotic arm moves along the preplanned trajectory with precision, enabling the use
of instrumentation through the arm. Navigated instruments are then introduced through
the robotic arm into the pedicle, preparing it for screw application, with the robotic arm
maintaining a fixed trajectory [163]. These robots are being utilized both during L-SPS and
P-SPS (Figure 5) [164]. With two surgeons, it becomes feasible to simultaneously perform
robotic posterior pedicle screw application and lateral cage placement with the patient in a
single position (simultaneous robotic single-position surgery; SR-SPS).

Huntsman et al. reported the early results of a series of 55 cases wherein L-SPS
was performed by a single surgeon starting with pedicle screw placement under robotic
guidance, followed by LLIF, and, finally, fixation of rods to complete the construct [165]. Of
the 328 screws inserted, 2% were repositioned at the surgeon’s discretion, resulting in a
success rate of 98% for navigated robot-assisted pedicle screw placement. Diaz-Aguilar et al.
published a series of cases in which two surgeons conducted SR-SPS while the patient is
in lateral position. This approach effectively reduced the overall operating time, with one
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surgeon concentrating on the LLIF procedure, while the other focuses on the robotic screw
placement [164]. During such procedures, utmost care needs to be taken not to shift or
move the patient during the procedure to avoid introducing mismatch error affecting the
robotic guidance [164]. These studies, in addition to several others, underscore the safety
and clinical effectiveness of SPS utilizing technological advancements [163,166,167]. As the
technique continually evolves, the future may bring forth additional advancements, making
it safer and more accessible. Despite limited studies investigating the financial impact
of incorporating robotic technology into these procedures, available evidence indicates
its cost-effectiveness [168]. With ongoing developments and the increased availability of
robotic technology, this procedure has the potential to establish itself as the standard in
the future.

Medicina 2024, 60, x FOR PEER REVIEW 15 of 22 
 

 

 
Figure 5. Simultaneous robotic single-position surgery (SR-SPS). (a) Robot-assisted application of 
pedicle screw while the patient is in a lateral position. (b) Robot-assisted application of pedicle 
screws while a second surgeon simultaneously performs a lateral approach with the patient in a 
prone position. 

Huntsman et al. reported the early results of a series of 55 cases wherein L-SPS was 
performed by a single surgeon starting with pedicle screw placement under robotic guid-
ance, followed by LLIF, and, finally, fixation of rods to complete the construct [165]. Of 
the 328 screws inserted, 2% were repositioned at the surgeon’s discretion, resulting in a 
success rate of 98% for navigated robot-assisted pedicle screw placement. Diaz-Aguilar et 
al. published a series of cases in which two surgeons conducted SR-SPS while the patient 
is in lateral position. This approach effectively reduced the overall operating time, with 
one surgeon concentrating on the LLIF procedure, while the other focuses on the robotic 
screw placement [164]. During such procedures, utmost care needs to be taken not to shift 
or move the patient during the procedure to avoid introducing mismatch error affecting 
the robotic guidance [164]. These studies, in addition to several others, underscore the 
safety and clinical effectiveness of SPS utilizing technological advancements [163,166,167]. 
As the technique continually evolves, the future may bring forth additional advance-
ments, making it safer and more accessible. Despite limited studies investigating the fi-
nancial impact of incorporating robotic technology into these procedures, available evi-
dence indicates its cost-effectiveness [168]. With ongoing developments and the increased 
availability of robotic technology, this procedure has the potential to establish itself as the 
standard in the future. 

5. Conclusions 
Lumbar interbody fusion has undergone significant transformation over the years 

and remains a dynamically advancing field. The advent of LLIF has led to a significant 
reduction in the associated risks compared to other LIF techniques, like ALIF, PLIF, and 
TLIF. Among the LLIF techniques, both XLIF/DLIF and OLIF are currently being utilized, 
at the surgeon’s discretion, with OLIF gaining increasing recognition for its advantages 
over XLIF/DLIF. Single-position LLIF with PS has eliminated the necessity for patient re-
positioning and has substantially reduced operative durations. Ultimately, given the wide 
armamentaria of lumbar interbody fusion techniques and their numerous associated 
modifications available from inception until the present day, the choice of approach de-
pends importantly on patient factors and safety, as well as the surgeon’s preference and 
relative expertise in performing the procedure. To that end, ongoing research is focused 
on improving LLIF procedures by minimizing related complications, and the recent utili-
zation of robots has greatly streamlined these processes, positioning them as a valuable 
asset for the future. Although this review is limited by a lack of quantitative synthesis, it 
offers a narrative exploration of the evolutionary trajectory of LLIF over time, providing 
qualitative insights into the research area. 
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5. Conclusions

Lumbar interbody fusion has undergone significant transformation over the years and
remains a dynamically advancing field. The advent of LLIF has led to a significant reduction
in the associated risks compared to other LIF techniques, like ALIF, PLIF, and TLIF. Among
the LLIF techniques, both XLIF/DLIF and OLIF are currently being utilized, at the surgeon’s
discretion, with OLIF gaining increasing recognition for its advantages over XLIF/DLIF.
Single-position LLIF with PS has eliminated the necessity for patient repositioning and has
substantially reduced operative durations. Ultimately, given the wide armamentaria of
lumbar interbody fusion techniques and their numerous associated modifications available
from inception until the present day, the choice of approach depends importantly on
patient factors and safety, as well as the surgeon’s preference and relative expertise in
performing the procedure. To that end, ongoing research is focused on improving LLIF
procedures by minimizing related complications, and the recent utilization of robots has
greatly streamlined these processes, positioning them as a valuable asset for the future.
Although this review is limited by a lack of quantitative synthesis, it offers a narrative
exploration of the evolutionary trajectory of LLIF over time, providing qualitative insights
into the research area.

Author Contributions: Conceptualization, A.X.J.W., D.H.T., A.-K.K.-P. and J.Y.-L.O.; methodology,
A.X.J.W., D.H.T., A.-K.K.-P. and J.Y.-L.O.; formal analysis, A.X.J.W., D.H.T. and A.-K.K.-P.; resources,
A.X.J.W. and D.H.T.; data curation, A.X.J.W. and D.H.T.; writing—original draft preparation, A.X.J.W.,
D.H.T. and A.-K.K.-P.; writing—review and editing, A.-K.K.-P. and J.Y.-L.O.; supervision, J.Y.-L.O. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Medicina 2024, 60, 378 14 of 20

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable to this article.

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

References
1. Howorth, M.B. Evolution of Spinal Fusion. Ann. Surg. 1943, 117, 278–289. [CrossRef]
2. Albee, F. The fundamental principles involved in the use of the bone graft in surgery. Am. J. Med. Sci. 1915, 149, 313–325.

[CrossRef]
3. Polikeit, A.; Ferguson, S.J.; Nolte, L.P.; Orr, T.E. The importance of the endplate for interbody cages in the lumbar spine. Eur.

Spine J. 2003, 12, 556–561. [CrossRef] [PubMed]
4. Patel, D.V.; Yoo, J.S.; Karmarkar, S.S.; Lamoutte, E.H.; Singh, K. Interbody options in lumbar fusion. J. Spine Surg. 2019, 5

(Suppl. S1), S19–S24. [CrossRef] [PubMed]
5. Cloward, R.B. Posterior lumbar interbody fusion updated. Clin. Orthop. Relat. Res. 1985, 193, 16–19. [CrossRef]
6. Lane, J.D., Jr.; Moore, E.S., Jr. Transperitoneal Approach to the Intervertebral Disc in the Lumbar Area. Ann. Surg. 1948, 127,

537–551. [CrossRef] [PubMed]
7. Harms, J.; Rolinger, H. A one-stager procedure in operative treatment of spondylolistheses: Dorsal traction-reposition and

anterior fusion (author’s transl). Z. Orthop. Ihre Grenzgeb. 1982, 120, 343–347. [CrossRef]
8. Cole, C.D.; McCall, T.D.; Schmidt, M.H.; Dailey, A.T. Comparison of low back fusion techniques: Transforaminal lumbar interbody

fusion (TLIF) or posterior lumbar interbody fusion (PLIF) approaches. Curr. Rev. Musculoskelet. Med. 2009, 2, 118–126. [CrossRef]
9. Audat, Z.; Moutasem, O.; Yousef, K.; Mohammad, B. Comparison of clinical and radiological results of posterolateral fusion,

posterior lumbar interbody fusion and transforaminal lumbar interbody fusion techniques in the treatment of degenerative
lumbar spine. Singap. Med. J. 2012, 53, 183–187.

10. De Kunder, S.L.; van Kuijk, S.M.J.; Rijkers, K.; Caelers, I.; van Hemert, W.L.W.; de Bie, R.A.; van Santbrink, H. Transforaminal
lumbar interbody fusion (TLIF) versus posterior lumbar interbody fusion (PLIF) in lumbar spondylolisthesis: A systematic
review and meta-analysis. Spine J. 2017, 17, 1712–1721. [CrossRef]

11. Allain, J.; Dufour, T. Anterior lumbar fusion techniques: ALIF, OLIF, DLIF, LLIF, IXLIF. Orthop. Traumatol. Surg. Res. 2020, 106,
S149–S157. [CrossRef] [PubMed]

12. Malham, G.M.; Parker, R.M.; Ellis, N.J.; Blecher, C.M.; Chow, F.Y.; Claydon, M.H. Anterior lumbar interbody fusion using
recombinant human bone morphogenetic protein-2: A prospective study of complications. J. Neurosurg. Spine 2014, 21, 851–860.
[CrossRef] [PubMed]

13. Lindley, E.M.; McBeth, Z.L.; Henry, S.E.; Cooley, R.; Burger, E.L.; Cain, C.M.; Patel, V.V. Retrograde ejaculation after anterior
lumbar spine surgery. Spine (Phila Pa 1976) 2012, 37, 1785–1789. [CrossRef] [PubMed]

14. Sasso, R.C.; Kenneth Burkus, J.; LeHuec, J.C. Retrograde ejaculation after anterior lumbar interbody fusion: Transperitoneal
versus retroperitoneal exposure. Spine (Phila Pa 1976) 2003, 28, 1023–1026. [CrossRef] [PubMed]

15. Inamasu, J.; Guiot, B.H. Vascular injury and complication in neurosurgical spine surgery. Acta Neurochir. 2006, 148, 375–387.
[CrossRef] [PubMed]

16. Mobbs, R.J.; Phan, K.; Malham, G.; Seex, K.; Rao, P.J. Lumbar interbody fusion: Techniques, indications and comparison of
interbody fusion options including PLIF, TLIF, MI-TLIF, OLIF/ATP, LLIF and ALIF. J. Spine Surg. 2015, 1, 2–18.

17. Okuda, S.; Miyauchi, A.; Oda, T.; Haku, T.; Yamamoto, T.; Iwasaki, M. Surgical complications of posterior lumbar interbody
fusion with total facetectomy in 251 patients. J. Neurosurg. Spine 2006, 4, 304–309. [CrossRef]

18. Hosono, N.; Namekata, M.; Makino, T.; Miwa, T.; Kaito, T.; Kaneko, N.; Fuji, T. Perioperative complications of primary posterior
lumbar interbody fusion for nonisthmic spondylolisthesis: Analysis of risk factors. J. Neurosurg. Spine 2008, 9, 403–407. [CrossRef]

19. Wangaryattawanich, P.; Kale, H.A.; Kanter, A.S.; Agarwal, V. Lateral Lumbar Interbody Fusion: Review of Surgical Technique
and Postoperative Multimodality Imaging Findings. AJR Am. J. Roentgenol. 2021, 217, 480–494. [CrossRef]

20. Abdoli, S.; Sui, J.; Ziegler, K.; Katz, S.; Burnham, W.; Ochoa, C. The periumbilical incision for anterior lumbar interbody fusions. J.
Vasc. Surg. Cases Innov. Tech. 2020, 6, 384–387. [CrossRef]

21. Reisener, M.J.; Pumberger, M.; Shue, J.; Girardi, F.P.; Hughes, A.P. Trends in lumbar spinal fusion-a literature review. J. Spine Surg.
2020, 6, 752–761. [CrossRef] [PubMed]

22. Pimenta, L. Less-invasive lateral lumbar interbody fusion (XLIF) surgical technique: Video lecture. Eur. Spine J. 2015, 24
(Suppl. S3), 441–442. [CrossRef] [PubMed]

23. Pimenta, L. Lateral endoscopic transpsoas retroperitoneal approach for lumbar spine surgery. In Proceedings of the VIII Brazilian
Spine Society Meeting, Belo Horizonte, Brazil, 4 May 2001.

24. Ozgur, B.M.; Aryan, H.E.; Pimenta, L.; Taylor, W.R. Extreme Lateral Interbody Fusion (XLIF): A novel surgical technique for
anterior lumbar interbody fusion. Spine J. 2006, 6, 435–443. [CrossRef] [PubMed]

25. Salzmann, S.N.; Shue, J.; Hughes, A.P. Lateral Lumbar Interbody Fusion-Outcomes and Complications. Curr. Rev. Musculoskelet.
Med. 2017, 10, 539–546. [CrossRef] [PubMed]

26. Dakwar, E.; Cardona, R.F.; Smith, D.A.; Uribe, J.S. Early outcomes and safety of the minimally invasive, lateral retroperitoneal
transpsoas approach for adult degenerative scoliosis. Neurosurg. Focus. 2010, 28, E8. [CrossRef] [PubMed]

https://doi.org/10.1097/00000658-194302000-00014
https://doi.org/10.1097/00000441-191503000-00001
https://doi.org/10.1007/s00586-003-0556-5
https://www.ncbi.nlm.nih.gov/pubmed/12783287
https://doi.org/10.21037/jss.2019.04.04
https://www.ncbi.nlm.nih.gov/pubmed/31380489
https://doi.org/10.1097/00003086-198503000-00003
https://doi.org/10.1097/00000658-194803000-00013
https://www.ncbi.nlm.nih.gov/pubmed/17859098
https://doi.org/10.1055/s-2008-1051624
https://doi.org/10.1007/s12178-009-9053-8
https://doi.org/10.1016/j.spinee.2017.06.018
https://doi.org/10.1016/j.otsr.2019.05.024
https://www.ncbi.nlm.nih.gov/pubmed/31818690
https://doi.org/10.3171/2014.8.SPINE13524
https://www.ncbi.nlm.nih.gov/pubmed/25279655
https://doi.org/10.1097/BRS.0b013e31825752bc
https://www.ncbi.nlm.nih.gov/pubmed/22472808
https://doi.org/10.1097/01.BRS.0000062965.47779.EB
https://www.ncbi.nlm.nih.gov/pubmed/12768143
https://doi.org/10.1007/s00701-005-0669-1
https://www.ncbi.nlm.nih.gov/pubmed/16322906
https://doi.org/10.3171/spi.2006.4.4.304
https://doi.org/10.3171/SPI.2008.9.11.403
https://doi.org/10.2214/AJR.20.24074
https://doi.org/10.1016/j.jvscit.2020.06.011
https://doi.org/10.21037/jss-20-492
https://www.ncbi.nlm.nih.gov/pubmed/33447679
https://doi.org/10.1007/s00586-015-3948-4
https://www.ncbi.nlm.nih.gov/pubmed/25904416
https://doi.org/10.1016/j.spinee.2005.08.012
https://www.ncbi.nlm.nih.gov/pubmed/16825052
https://doi.org/10.1007/s12178-017-9444-1
https://www.ncbi.nlm.nih.gov/pubmed/29038952
https://doi.org/10.3171/2010.1.FOCUS09282
https://www.ncbi.nlm.nih.gov/pubmed/20192668


Medicina 2024, 60, 378 15 of 20

27. Pawar, A.; Hughes, A.; Girardi, F.; Sama, A.; Lebl, D.; Cammisa, F. Lateral Lumbar Interbody Fusion. Asian Spine J. 2015, 9,
978–983. [CrossRef]

28. Hu, W.K.; He, S.S.; Zhang, S.C.; Liu, Y.B.; Li, M.; Hou, T.S.; Ma, X.L.; Wang, J. An MRI study of psoas major and abdominal large
vessels with respect to the X/DLIF approach. Eur. Spine J. 2011, 20, 557–562. [CrossRef]

29. Patel, V.C.; Park, D.K.; Herkowitz, H.N. Lateral transpsoas fusion: Indications and outcomes. Sci. World J. 2012, 2012, 893608.
[CrossRef]

30. Berjano, P.; Gautschi, O.P.; Schils, F.; Tessitore, E. Extreme lateral interbody fusion (XLIF(R)): How I do it. Acta Neurochir. 2015,
157, 547–551. [CrossRef]

31. Armocida, D.; Perna, A.; Cofano, F.; Cimatti, M.; Arcidiacono, U.A.; Marengo, N.; Ajello, M.; Garbossa, D.; Proietti, L.; Tamburrelli,
F.C.; et al. Extreme Lateral Interbody Fusion (XLIF) with Lateral Modular Plate Fixation: Preliminary Report on Clinical and
Radiological Outcomes. Acta Neurochir. Suppl. 2023, 135, 431–437.

32. Blizzard, D.J.; Hills, C.P.; Isaacs, R.E.; Brown, C.R. Extreme lateral interbody fusion with posterior instrumentation for spondy-
lodiscitis. J. Clin. Neurosci. 2015, 22, 1758–1761. [CrossRef] [PubMed]

33. McAfee, P.C.; Shucosky, E.; Chotikul, L.; Salari, B.; Chen, L.; Jerrems, D. Multilevel extreme lateral interbody fusion (XLIF) and
osteotomies for 3-dimensional severe deformity: 25 consecutive cases. Int. J. Spine Surg. 2013, 7, e8–e19. [CrossRef] [PubMed]

34. Joseph, J.R.; Smith, B.W.; Patel, R.D.; Park, P. Use of 3D CT-based navigation in minimally invasive lateral lumbar interbody
fusion. J. Neurosurg. Spine 2016, 25, 339–344. [CrossRef] [PubMed]

35. Rodgers, W.B.; Gerber, E.J.; Patterson, J. Intraoperative and early postoperative complications in extreme lateral interbody fusion:
An analysis of 600 cases. Spine (Phila Pa 1976) 2011, 36, 26–32. [CrossRef] [PubMed]

36. Ozgur, B.M.; Agarwal, V.; Nail, E.; Pimenta, L. Two-year clinical and radiographic success of minimally invasive lateral transpsoas
approach for the treatment of degenerative lumbar conditions. SAS J. 2010, 4, 41–46. [CrossRef] [PubMed]

37. Caputo, A.M.; Michael, K.W.; Chapman, T.M., Jr.; Massey, G.M.; Howes, C.R.; Isaacs, R.E.; Brown, C.R. Clinical outcomes of
extreme lateral interbody fusion in the treatment of adult degenerative scoliosis. Sci. World J. 2012, 2012, 680643. [CrossRef]
[PubMed]

38. Youssef, J.A.; McAfee, P.C.; Patty, C.A.; Raley, E.; DeBauche, S.; Shucosky, E.; Chotikul, L. Minimally invasive surgery: Lateral
approach interbody fusion: Results and review. Spine (Phila Pa 1976) 2010, 35 (Suppl. S26), S302–S311. [CrossRef]

39. Formica, M.; Berjano, P.; Cavagnaro, L.; Zanirato, A.; Piazzolla, A.; Formica, C. Extreme lateral approach to the spine in
degenerative and post traumatic lumbar diseases: Selection process, results and complications. Eur. Spine J. 2014, 23 (Suppl. S6),
684–692. [CrossRef]

40. Saadeh, Y.S.; Joseph, J.R.; Smith, B.W.; Kirsch, M.J.; Sabbagh, A.M.; Park, P. Comparison of Segmental Lordosis and Global
Spinopelvic Alignment After Single-Level Lateral Lumbar Interbody Fusion or Transforaminal Lumbar Interbody Fusion. World
Neurosurg. 2019, 126, e1374–e1378. [CrossRef]

41. Jain, D.; Verma, K.; Mulvihill, J.; Mizutani, J.; Tay, B.; Burch, S.; Deviren, V. Comparison of Stand-Alone, Transpsoas Lateral
Interbody Fusion at L3-4 and Cranial vs Transforaminal Interbody Fusion at L3-4 and L4-5 for the Treatment of Lumbar Adjacent
Segment Disease. Int. J. Spine Surg. 2018, 12, 469–474. [CrossRef]

42. Xu, D.S.; Bach, K.; Uribe, J.S. Minimally invasive anterior and lateral transpsoas approaches for closed reduction of grade II
spondylolisthesis: Initial clinical and radiographic experience. Neurosurg. Focus. 2018, 44, E4. [CrossRef] [PubMed]

43. Ye, Y.P.; Hu, J.W.; Zhang, Y.G.; Xu, H. Impact of lumbar interbody fusion surgery on postoperative outcomes in patients with
recurrent lumbar disc herniation: Analysis of the US national inpatient sample. J. Clin. Neurosci. 2019, 70, 20–26. [CrossRef]
[PubMed]

44. Hrabalek, L.; Sternbersky, J.; Adamus, M. Risk of sympathectomy after anterior and lateral lumbar interbody fusion procedures.
Biomed. Pap. Med. Fac. Univ. Palacky. Olomouc Czech Repub. 2015, 159, 318–326. [CrossRef] [PubMed]

45. Sembrano, J.N.; Tohmeh, A.; Isaacs, R.; Group, S.D.S. Two-year Comparative Outcomes of MIS Lateral and MIS Transforaminal
Interbody Fusion in the Treatment of Degenerative Spondylolisthesis: Part I: Clinical Findings. Spine (Phila Pa 1976) 2016, 41
(Suppl. S8), S123–S132. [CrossRef] [PubMed]

46. Isaacs, R.E.; Sembrano, J.N.; Tohmeh, A.G.; Group, S.D.S. Two-Year Comparative Outcomes of MIS Lateral and MIS Transforaminal
Interbody Fusion in the Treatment of Degenerative Spondylolisthesis: Part II: Radiographic Findings. Spine (Phila Pa 1976) 2016,
41 (Suppl. S8), S133–S144. [CrossRef] [PubMed]

47. Lu, T.; Lu, Y. Comparison of Biomechanical Performance Among Posterolateral Fusion and Transforaminal, Extreme, and Oblique
Lumbar Interbody Fusion: A Finite Element Analysis. World Neurosurg. 2019, 129, e890–e899. [CrossRef] [PubMed]

48. Zhang, T.; Bai, S.; Dokos, S.; Cheung, J.P.; Diwan, A.D. XLIF interbody cage reduces stress and strain of fixation in spinal
reconstructive surgery in comparison with TLIF cage with bilateral or unilateral fixation: A computational analysis. Annu. Int.
Conf. IEEE Eng. Med. Biol. Soc. 2019, 2019, 1887–1890. [PubMed]

49. Ohba, T.; Ebata, S.; Haro, H. Comparison of serum markers for muscle damage, surgical blood loss, postoperative recovery, and
surgical site pain after extreme lateral interbody fusion with percutaneous pedicle screws or traditional open posterior lumbar
interbody fusion. BMC Musculoskelet. Disord. 2017, 18, 415. [CrossRef]

50. Goodnough, L.H.; Koltsov, J.; Wang, T.; Xiong, G.; Nathan, K.; Cheng, I. Decreased estimated blood loss in lateral trans-psoas
versus anterior approach to lumbar interbody fusion for degenerative spondylolisthesis. J. Spine Surg. 2019, 5, 185–193. [CrossRef]

https://doi.org/10.4184/asj.2015.9.6.978
https://doi.org/10.1007/s00586-010-1609-1
https://doi.org/10.1100/2012/893608
https://doi.org/10.1007/s00701-014-2248-9
https://doi.org/10.1016/j.jocn.2015.05.021
https://www.ncbi.nlm.nih.gov/pubmed/26138052
https://doi.org/10.1016/j.ijsp.2012.10.001
https://www.ncbi.nlm.nih.gov/pubmed/25694908
https://doi.org/10.3171/2016.2.SPINE151295
https://www.ncbi.nlm.nih.gov/pubmed/27104283
https://doi.org/10.1097/BRS.0b013e3181e1040a
https://www.ncbi.nlm.nih.gov/pubmed/21192221
https://doi.org/10.1016/j.esas.2010.03.005
https://www.ncbi.nlm.nih.gov/pubmed/25802648
https://doi.org/10.1100/2012/680643
https://www.ncbi.nlm.nih.gov/pubmed/23049476
https://doi.org/10.1097/BRS.0b013e3182023438
https://doi.org/10.1007/s00586-014-3545-y
https://doi.org/10.1016/j.wneu.2019.03.106
https://doi.org/10.14444/5056
https://doi.org/10.3171/2017.10.FOCUS17574
https://www.ncbi.nlm.nih.gov/pubmed/29290134
https://doi.org/10.1016/j.jocn.2019.10.001
https://www.ncbi.nlm.nih.gov/pubmed/31630917
https://doi.org/10.5507/bp.2013.083
https://www.ncbi.nlm.nih.gov/pubmed/24263213
https://doi.org/10.1097/BRS.0000000000001471
https://www.ncbi.nlm.nih.gov/pubmed/26825788
https://doi.org/10.1097/BRS.0000000000001472
https://www.ncbi.nlm.nih.gov/pubmed/26839992
https://doi.org/10.1016/j.wneu.2019.06.074
https://www.ncbi.nlm.nih.gov/pubmed/31226452
https://www.ncbi.nlm.nih.gov/pubmed/31946266
https://doi.org/10.1186/s12891-017-1775-y
https://doi.org/10.21037/jss.2019.05.08


Medicina 2024, 60, 378 16 of 20

51. Sembrano, J.N.; Yson, S.C.; Horazdovsky, R.D.; Santos, E.R.; Polly, D.W., Jr. Radiographic Comparison of Lateral Lumbar
Interbody Fusion Versus Traditional Fusion Approaches: Analysis of Sagittal Contour Change. Int. J. Spine Surg. 2015, 9, 16.
[CrossRef]

52. Yingsakmongkol, W.; Jitpakdee, K.; Varakornpipat, P.; Choentrakool, C.; Tanasansomboon, T.; Limthongkul, W.; Singhatanadgige,
W.; Kotheeranurak, V. Clinical and Radiographic Comparisons among Minimally Invasive Lumbar Interbody Fusion: A Compari-
son with Three-Way Matching. Asian Spine J. 2022, 16, 712–722. [CrossRef] [PubMed]

53. Kono, Y.; Gen, H.; Sakuma, Y.; Koshika, Y. Comparison of Clinical and Radiologic Results of Mini-Open Transforaminal Lumbar
Interbody Fusion and Extreme Lateral Interbody Fusion Indirect Decompression for Degenerative Lumbar Spondylolisthesis.
Asian Spine J. 2018, 12, 356–364. [CrossRef] [PubMed]

54. Kotheeranurak, V.; Jitpakdee, K.; Lin, G.X.; Mahatthanatrakul, A.; Singhatanadgige, W.; Limthongkul, W.; Yingsakmongkol, W.;
Kim, J.S. Subsidence of Interbody Cage Following Oblique Lateral Interbody Fusion: An Analysis and Potential Risk Factors.
Glob. Spine J. 2021, 13, 1981–1991. [CrossRef]

55. Tempel, Z.J.; McDowell, M.M.; Panczykowski, D.M.; Gandhoke, G.S.; Hamilton, D.K.; Okonkwo, D.O.; Kanter, A.S. Graft
subsidence as a predictor of revision surgery following stand-alone lateral lumbar interbody fusion. J. Neurosurg. Spine 2018, 28,
50–56. [CrossRef] [PubMed]

56. Zhao, L.; Xie, T.; Wang, X.; Yang, Z.; Pu, X.; Lu, Y.; Zeng, J. Clinical and radiological evaluation of cage subsidence following
oblique lumbar interbody fusion combined with anterolateral fixation. BMC Musculoskelet. Disord. 2022, 23, 214. [CrossRef]
[PubMed]

57. Amorim-Barbosa, T.; Pereira, C.; Catelas, D.; Rodrigues, C.; Costa, P.; Rodrigues-Pinto, R.; Neves, P. Risk factors for cage
subsidence and clinical outcomes after transforaminal and posterior lumbar interbody fusion. Eur. J. Orthop. Surg. Traumatol.
2022, 32, 1291–1299. [CrossRef] [PubMed]

58. Marchi, L.; Abdala, N.; Oliveira, L.; Amaral, R.; Coutinho, E.; Pimenta, L. Radiographic and clinical evaluation of cage subsidence
after stand-alone lateral interbody fusion. J. Neurosurg. Spine 2013, 19, 110–118. [CrossRef]

59. Lang, G.; Navarro-Ramirez, R.; Gandevia, L.; Hussain, I.; Nakhla, J.; Zubkov, M.; Hartl, R. Elimination of Subsidence with
26-mm-Wide Cages in Extreme Lateral Interbody Fusion. World Neurosurg. 2017, 104, 644–652. [CrossRef]

60. Alimi, M.; Lang, G.; Navarro-Ramirez, R.; Perrech, M.; Berlin, C.; Hofstetter, C.P.; Moriguchi, Y.; Elowitz, E.; Hartl, R. The Impact
of Cage Dimensions, Positioning, and Side of Approach in Extreme Lateral Interbody Fusion. Clin. Spine Surg. 2018, 31, E42–E49.
[CrossRef]

61. Fernandes, R.J.R.; Gee, A.; Kanawati, A.J.; Siddiqi, F.; Rasoulinejad, P.; Zdero, R.; Bailey, C.S. Evaluation of the contact surface
between vertebral endplate and 3D printed patient-specific cage vs commercial cage. Sci. Rep. 2022, 12, 12505. [CrossRef]

62. Le, T.V.; Baaj, A.A.; Dakwar, E.; Burkett, C.J.; Murray, G.; Smith, D.A.; Uribe, J.S. Subsidence of polyetheretherketone intervertebral
cages in minimally invasive lateral retroperitoneal transpsoas lumbar interbody fusion. Spine (Phila Pa 1976) 2012, 37, 1268–1273.
[CrossRef] [PubMed]

63. Sharma, A.K.; Kepler, C.K.; Girardi, F.P.; Cammisa, F.P.; Huang, R.C.; Sama, A.A. Lateral lumbar interbody fusion: Clinical and
radiographic outcomes at 1 year: A preliminary report. J. Spinal Disord. Tech. 2011, 24, 242–250. [CrossRef] [PubMed]

64. Pimenta, L.; Turner, A.W.; Dooley, Z.A.; Parikh, R.D.; Peterson, M.D. Biomechanics of lateral interbody spacers: Going wider for
going stiffer. Sci. World J. 2012, 2012, 381814. [CrossRef] [PubMed]

65. Yuan, W.; Kaliya-Perumal, A.K.; Chou, S.M.; Oh, J.Y. Does Lumbar Interbody Cage Size Influence Subsidence? A Biomechanical
Study. Spine (Phila Pa 1976) 2020, 45, 88–95. [CrossRef] [PubMed]

66. Hijji, F.Y.; Narain, A.S.; Bohl, D.D.; Ahn, J.; Long, W.W.; DiBattista, J.V.; Kudaravalli, K.T.; Singh, K. Lateral lumbar interbody
fusion: A systematic review of complication rates. Spine J. 2017, 17, 1412–1419. [CrossRef] [PubMed]

67. Epstein, N.E. Review of Risks and Complications of Extreme Lateral Interbody Fusion (XLIF). Surg. Neurol. Int. 2019, 10, 237.
[CrossRef] [PubMed]

68. Khajavi, K.; Shen, A.; Lagina, M.; Hutchison, A. Comparison of clinical outcomes following minimally invasive lateral interbody
fusion stratified by preoperative diagnosis. Eur. Spine J. 2015, 24 (Suppl. S3), 322–330. [CrossRef] [PubMed]

69. Uribe, J.S.; Isaacs, R.E.; Youssef, J.A.; Khajavi, K.; Balzer, J.R.; Kanter, A.S.; Kuelling, F.A.; Peterson, M.D.; Group, S.D.S. Can
triggered electromyography monitoring throughout retraction predict postoperative symptomatic neuropraxia after XLIF? Results
from a prospective multicenter trial. Eur. Spine J. 2015, 24 (Suppl. S3), 378–385. [CrossRef]

70. O’Brien, J.R. Nerve Injury in Lateral Lumbar Interbody Fusion. Spine (Phila Pa 1976) 2017, 42 (Suppl. S7), S24. [CrossRef]
71. Abel, N.A.; Januszewski, J.; Vivas, A.C.; Uribe, J.S. Femoral nerve and lumbar plexus injury after minimally invasive lateral

retroperitoneal transpsoas approach: Electrodiagnostic prognostic indicators and a roadmap to recovery. Neurosurg. Rev. 2018, 41,
457–464. [CrossRef]

72. Cummock, M.D.; Vanni, S.; Levi, A.D.; Yu, Y.; Wang, M.Y. An analysis of postoperative thigh symptoms after minimally invasive
transpsoas lumbar interbody fusion. J. Neurosurg. Spine 2011, 15, 11–18. [CrossRef]

73. Tohmeh, A.G.; Rodgers, W.B.; Peterson, M.D. Dynamically evoked, discrete-threshold electromyography in the extreme lateral
interbody fusion approach. J. Neurosurg. Spine 2011, 14, 31–37. [CrossRef] [PubMed]

74. Lee, Y.P.; Regev, G.J.; Chan, J.; Zhang, B.; Taylor, W.; Kim, C.W.; Garfin, S.R. Evaluation of hip flexion strength following lateral
lumbar interbody fusion. Spine J. 2013, 13, 1259–1262. [CrossRef] [PubMed]

https://doi.org/10.14444/2016
https://doi.org/10.31616/asj.2021.0264
https://www.ncbi.nlm.nih.gov/pubmed/35065546
https://doi.org/10.4184/asj.2018.12.2.356
https://www.ncbi.nlm.nih.gov/pubmed/29713419
https://doi.org/10.1177/21925682211067210
https://doi.org/10.3171/2017.5.SPINE16427
https://www.ncbi.nlm.nih.gov/pubmed/29125429
https://doi.org/10.1186/s12891-022-05165-4
https://www.ncbi.nlm.nih.gov/pubmed/35248042
https://doi.org/10.1007/s00590-021-03103-z
https://www.ncbi.nlm.nih.gov/pubmed/34462820
https://doi.org/10.3171/2013.4.SPINE12319
https://doi.org/10.1016/j.wneu.2017.05.035
https://doi.org/10.1097/BSD.0000000000000507
https://doi.org/10.1038/s41598-022-16895-9
https://doi.org/10.1097/BRS.0b013e3182458b2f
https://www.ncbi.nlm.nih.gov/pubmed/22695245
https://doi.org/10.1097/BSD.0b013e3181ecf995
https://www.ncbi.nlm.nih.gov/pubmed/20844451
https://doi.org/10.1100/2012/381814
https://www.ncbi.nlm.nih.gov/pubmed/23213284
https://doi.org/10.1097/BRS.0000000000003194
https://www.ncbi.nlm.nih.gov/pubmed/31415458
https://doi.org/10.1016/j.spinee.2017.04.022
https://www.ncbi.nlm.nih.gov/pubmed/28456671
https://doi.org/10.25259/SNI_559_2019
https://www.ncbi.nlm.nih.gov/pubmed/31893138
https://doi.org/10.1007/s00586-015-3840-2
https://www.ncbi.nlm.nih.gov/pubmed/25813006
https://doi.org/10.1007/s00586-015-3871-8
https://doi.org/10.1097/BRS.0000000000002034
https://doi.org/10.1007/s10143-017-0863-7
https://doi.org/10.3171/2011.2.SPINE10374
https://doi.org/10.3171/2010.9.SPINE09871
https://www.ncbi.nlm.nih.gov/pubmed/21166486
https://doi.org/10.1016/j.spinee.2013.05.031
https://www.ncbi.nlm.nih.gov/pubmed/23856656


Medicina 2024, 60, 378 17 of 20

75. Epstein, N.E. High neurological complication rates for extreme lateral lumbar interbody fusion and related techniques: A review
of safety concerns. Surg. Neurol. Int. 2016, 7 (Suppl. S25), S652–S655. [CrossRef] [PubMed]

76. Ahmadian, A.; Deukmedjian, A.R.; Abel, N.; Dakwar, E.; Uribe, J.S. Analysis of lumbar plexopathies and nerve injury after lateral
retroperitoneal transpsoas approach: Diagnostic standardization. J. Neurosurg. Spine 2013, 18, 289–297. [CrossRef] [PubMed]

77. Nojiri, H.; Okuda, T.; Takano, H.; Gomi, M.; Takahashi, R.; Shimura, A.; Tamagawa, S.; Hara, T.; Ohara, Y.; Ishijima, M. Elimination
of Lumbar Plexus Injury by Changing the Entry Point and Traction Direction of the Psoas Major Muscle in Transpsoas Lateral
Lumbar Spine Surgery. Medicina 2023, 59, 730. [CrossRef] [PubMed]

78. Buric, J.; Bombardieri, D. Direct lesion and repair of a common iliac vein during XLIF approach. Eur. Spine J. 2016, 25 (Suppl. S1),
89–93. [CrossRef]

79. Assina, R.; Majmundar, N.J.; Herschman, Y.; Heary, R.F. First report of major vascular injury due to lateral transpsoas approach
leading to fatality. J. Neurosurg. Spine 2014, 21, 794–798. [CrossRef]

80. Epstein, N.E. Incidence of Major Vascular Injuries with Extreme Lateral Interbody Fusion (XLIF). Surg. Neurol. Int. 2020, 11, 70.
[CrossRef]

81. Xu, J.; Chen, E.; Wang, L.; Zou, X.; Deng, C.; Chen, J.; Ma, R.; Ma, X.; Wu, Z. Extreme lateral interbody fusion (XLIF) approach for
L5-S1: Preliminary experience. Front. Surg. 2022, 9, 995662. [CrossRef]

82. Woods, K.R.; Billys, J.B.; Hynes, R.A. Technical description of oblique lateral interbody fusion at L1-L5 (OLIF25) and at L5-S1
(OLIF51) and evaluation of complication and fusion rates. Spine J. 2017, 17, 545–553. [CrossRef] [PubMed]

83. Li, R.; Li, X.; Zhou, H.; Jiang, W. Development and Application of Oblique Lumbar Interbody Fusion. Orthop. Surg. 2020, 12,
355–365. [CrossRef] [PubMed]

84. Tan, Q.R.; Wong, R.A.; Kaliya-Perumal, A.K.; Oh, J.Y.L. Complications Associated with Oblique Lumbar Interbody Fusion: A
Systematic Review. Surg. Tech. Dev. 2023, 12, 211–223. [CrossRef]

85. Wang, K.; Zhang, C.; Wu, H.; Chen, Z.; Chou, D.; Jian, F. The Anatomic Characteristics of the Retroperitoneal Oblique Corridor to
the L1-S1 Intervertebral Disc Spaces. Spine (Phila Pa 1976) 2019, 44, E697–E706. [CrossRef] [PubMed]

86. Razzouk, J.; Ramos, O.; Mehta, S.; Harianja, G.; Wycliffe, N.; Danisa, O.; Cheng, W. Anterior-To-Psoas Approach Measurements,
Feasibility, Non-Neurological Structures at Risk and Influencing Factors: A Bilateral Analysis From L1-L5 Using Computed
Tomography Imaging. Oper. Neurosurg. 2023, 25, 52–58. [CrossRef] [PubMed]

87. Li, H.D.; Zhong, L.; Min, J.K.; Fang, X.Q.; Jiang, L.S. Oblique lateral interbody fusion combined with lateral plate fixation for the
treatment of degenerative diseases of the lumbar spine: A retrospective study. Medicine 2022, 101, e28784. [CrossRef] [PubMed]

88. Wang, W.; Xiao, B.; Wang, H.; Qi, J.; Gu, X.; Yu, J.; Ye, X.; Xu, G.; Xi, Y. Oblique lateral interbody fusion stand-alone vs. combined
with percutaneous pedicle screw fixation in the treatment of discogenic low back pain. Front. Surg. 2022, 9, 1013431. [CrossRef]

89. Phan, K.; Mobbs, R.J. Oblique Lumbar Interbody Fusion for Revision of Non-union Following Prior Posterior Surgery: A Case
Report. Orthop. Surg. 2015, 7, 364–367. [CrossRef]

90. Chung, H.W.; Lee, H.D.; Jeon, C.H.; Chung, N.S. Comparison of surgical outcomes between oblique lateral interbody fusion
(OLIF) and anterior lumbar interbody fusion (ALIF). Clin. Neurol. Neurosurg. 2021, 209, 106901. [CrossRef]

91. Ohtori, S.; Orita, S.; Yamauchi, K.; Eguchi, Y.; Ochiai, N.; Kishida, S.; Kuniyoshi, K.; Aoki, Y.; Nakamura, J.; Ishikawa, T.; et al. Mini-
Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lateral Interbody Fusion for Lumbar Spinal Degeneration
Disease. Yonsei Med. J. 2015, 56, 1051–1059. [CrossRef]

92. Sato, J.; Ohtori, S.; Orita, S.; Yamauchi, K.; Eguchi, Y.; Ochiai, N.; Kuniyoshi, K.; Aoki, Y.; Nakamura, J.; Miyagi, M.; et al.
Radiographic evaluation of indirect decompression of mini-open anterior retroperitoneal lumbar interbody fusion: Oblique
lateral interbody fusion for degenerated lumbar spondylolisthesis. Eur. Spine J. 2017, 26, 671–678. [CrossRef] [PubMed]

93. Silvestre, C.; Mac-Thiong, J.M.; Hilmi, R.; Roussouly, P. Complications and Morbidities of Mini-open Anterior Retroperitoneal
Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients. Asian Spine J. 2012, 6, 89–97. [CrossRef] [PubMed]

94. Gragnaniello, C.; Seex, K. Anterior to psoas (ATP) fusion of the lumbar spine: Evolution of a technique facilitated by changes in
equipment. J. Spine Surg. 2016, 2, 256–265. [CrossRef] [PubMed]

95. Abe, K.; Orita, S.; Mannoji, C.; Motegi, H.; Aramomi, M.; Ishikawa, T.; Kotani, T.; Akazawa, T.; Morinaga, T.; Fujiyoshi, T.; et al.
Perioperative Complications in 155 Patients Who Underwent Oblique Lateral Interbody Fusion Surgery: Perspectives and
Indications From a Retrospective, Multicenter Survey. Spine (Phila Pa 1976) 2017, 42, 55–62. [CrossRef]

96. Zeng, Z.Y.; Xu, Z.W.; He, D.W.; Zhao, X.; Ma, W.H.; Ni, W.F.; Song, Y.X.; Zhang, J.Q.; Yu, W.; Fang, X.Q.; et al. Complications and
Prevention Strategies of Oblique Lateral Interbody Fusion Technique. Orthop. Surg. 2018, 10, 98–106. [CrossRef] [PubMed]

97. Mahan, M.A.; Sanders, L.E.; Guan, J.; Dailey, A.T.; Taylor, W.; Morton, D.A. Anatomy of psoas muscle innervation: Cadaveric
study. Clin. Anat. 2017, 30, 479–486. [CrossRef] [PubMed]

98. Fujibayashi, S.; Kawakami, N.; Asazuma, T.; Ito, M.; Mizutani, J.; Nagashima, H.; Nakamura, M.; Sairyo, K.; Takemasa, R.;
Iwasaki, M. Complications Associated With Lateral Interbody Fusion: Nationwide Survey of 2998 Cases During the First 2 Years
of Its Use in Japan. Spine (Phila Pa 1976) 2017, 42, 1478–1484. [CrossRef]

99. Lee, S.; Kim, A.R.; Bang, W.S.; Park, J.H.; Lee, S.W.; Kim, K.T.; Cho, D.C. Psoas weakness following oblique lateral interbody
fusion surgery: A prospective observational study with an isokinetic dynamometer. Spine J. 2022, 22, 1990–1999. [CrossRef]

100. Sadrameli, S.S.; Davidov, V.; Huang, M.; Lee, J.J.; Ramesh, S.; Guerrero, J.R.; Wong, M.S.; Boghani, Z.; Ordonez, A.; Barber,
S.M.; et al. Complications associated with L4-5 anterior retroperitoneal trans-psoas interbody fusion: A single institution series. J.
Spine Surg. 2020, 6, 562–571. [CrossRef]

https://doi.org/10.4103/2152-7806.191070
https://www.ncbi.nlm.nih.gov/pubmed/27843679
https://doi.org/10.3171/2012.11.SPINE12755
https://www.ncbi.nlm.nih.gov/pubmed/23259543
https://doi.org/10.3390/medicina59040730
https://www.ncbi.nlm.nih.gov/pubmed/37109688
https://doi.org/10.1007/s00586-015-4134-4
https://doi.org/10.3171/2014.7.SPINE131146
https://doi.org/10.25259/SNI_113_2020
https://doi.org/10.3389/fsurg.2022.995662
https://doi.org/10.1016/j.spinee.2016.10.026
https://www.ncbi.nlm.nih.gov/pubmed/27884744
https://doi.org/10.1111/os.12625
https://www.ncbi.nlm.nih.gov/pubmed/32174024
https://doi.org/10.3390/std12040020
https://doi.org/10.1097/BRS.0000000000002951
https://www.ncbi.nlm.nih.gov/pubmed/30475333
https://doi.org/10.1227/ons.0000000000000696
https://www.ncbi.nlm.nih.gov/pubmed/37166202
https://doi.org/10.1097/MD.0000000000028784
https://www.ncbi.nlm.nih.gov/pubmed/35363165
https://doi.org/10.3389/fsurg.2022.1013431
https://doi.org/10.1111/os.12204
https://doi.org/10.1016/j.clineuro.2021.106901
https://doi.org/10.3349/ymj.2015.56.4.1051
https://doi.org/10.1007/s00586-015-4170-0
https://www.ncbi.nlm.nih.gov/pubmed/26245906
https://doi.org/10.4184/asj.2012.6.2.89
https://www.ncbi.nlm.nih.gov/pubmed/22708012
https://doi.org/10.21037/jss.2016.11.02
https://www.ncbi.nlm.nih.gov/pubmed/28097242
https://doi.org/10.1097/BRS.0000000000001650
https://doi.org/10.1111/os.12380
https://www.ncbi.nlm.nih.gov/pubmed/29878716
https://doi.org/10.1002/ca.22879
https://www.ncbi.nlm.nih.gov/pubmed/28321940
https://doi.org/10.1097/BRS.0000000000002139
https://doi.org/10.1016/j.spinee.2022.07.091
https://doi.org/10.21037/jss-20-579


Medicina 2024, 60, 378 18 of 20

101. Li, J.X.; Phan, K.; Mobbs, R. Oblique Lumbar Interbody Fusion: Technical Aspects, Operative Outcomes, and Complications.
World Neurosurg. 2017, 98, 113–123. [CrossRef]

102. Li, H.M.; Zhang, R.J.; Shen, C.L. Differences in radiographic and clinical outcomes of oblique lateral interbody fusion and lateral
lumbar interbody fusion for degenerative lumbar disease: A meta-analysis. BMC Musculoskelet. Disord. 2019, 20, 582. [CrossRef]
[PubMed]

103. Walker, C.T.; Farber, S.H.; Cole, T.S.; Xu, D.S.; Godzik, J.; Whiting, A.C.; Hartman, C.; Porter, R.W.; Turner, J.D.; Uribe, J.
Complications for minimally invasive lateral interbody arthrodesis: A systematic review and meta-analysis comparing prepsoas
and transpsoas approaches. J. Neurosurg. Spine 2019, 30, 446–460. [CrossRef] [PubMed]

104. Aleinik, A.Y.; Mlyavykh, S.G.; Qureshi, S. Lumbar Spinal Fusion Using Lateral Oblique (Pre-psoas) Approach (Review). Sovrem.
Tekhnologii Med. 2021, 13, 70–81. [CrossRef] [PubMed]

105. Rabau, O.; Navarro-Ramirez, R.; Aziz, M.; Teles, A.; Mengxiao Ge, S.; Quillo-Olvera, J.; Ouellet, J. Lateral Lumbar Interbody
Fusion (LLIF): An Update. Glob. Spine J. 2020, 10 (Suppl. S2), 17S–21S. [CrossRef] [PubMed]

106. Liu, Y.; Park, C.W.; Sharma, S.; Kotheeranurak, V.; Kim, J.S. Endoscopic anterior to psoas lumbar interbody fusion: Indications,
techniques, and clinical outcomes. Eur. Spine J. 2023, 32, 2776–2795. [CrossRef] [PubMed]

107. Xu, D.S.; Walker, C.T.; Godzik, J.; Turner, J.D.; Smith, W.; Uribe, J.S. Minimally invasive anterior, lateral, and oblique lumbar
interbody fusion: A literature review. Ann. Transl. Med. 2018, 6, 104. [CrossRef] [PubMed]

108. He, W.; He, D.; Tian, W. Evaluation of lumbar fusion using the anterior to psoas approach for the treatment of L5/S1 spondylolis-
thesis. Medicine 2020, 99, e20014. [CrossRef] [PubMed]

109. Verma, R.; Virk, S.; Qureshi, S. Interbody Fusions in the Lumbar Spine: A Review. HSS J. 2020, 16, 162–167. [CrossRef]
110. Jin, C.; Jaiswal, M.S.; Jeun, S.S.; Ryu, K.S.; Hur, J.W.; Kim, J.S. Outcomes of oblique lateral interbody fusion for degenerative

lumbar disease in patients under or over 65 years of age. J. Orthop. Surg. Res. 2018, 13, 38. [CrossRef]
111. Schwab, F.; Ungar, B.; Blondel, B.; Buchowski, J.; Coe, J.; Deinlein, D.; DeWald, C.; Mehdian, H.; Shaffrey, C.; Tribus, C.; et al.

Scoliosis Research Society-Schwab adult spinal deformity classification: A validation study. Spine (Phila Pa 1976) 2012, 37,
1077–1082. [CrossRef]

112. Tung, K.K.; Tseng, W.C.; Wu, Y.C.; Chen, K.H.; Pan, C.C.; Lu, W.X.; Shih, C.M.; Lee, C.H. Comparison of radiographic and
clinical outcomes between ALIF, OLIF, and TLIF over 2-year follow-up: A comparative study. J. Orthop. Surg. Res. 2023, 18, 158.
[CrossRef]

113. Ohtori, S.; Mannoji, C.; Orita, S.; Yamauchi, K.; Eguchi, Y.; Ochiai, N.; Kishida, S.; Kuniyoshi, K.; Aoki, Y.; Nakamura, J.; et al.
Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lateral Interbody Fusion for Degenerated Lumbar
Spinal Kyphoscoliosis. Asian Spine J. 2015, 9, 565–572. [CrossRef] [PubMed]

114. Choi, Y.H.; Kwon, S.W.; Moon, J.H.; Kim, C.H.; Chung, C.K.; Park, S.B.; Heo, W. Lateral Lumbar Interbody Fusion and in Situ
Screw Fixation for Rostral Adjacent Segment Stenosis of the Lumbar Spine. J. Korean Neurosurg. Soc. 2017, 60, 755–762. [CrossRef]
[PubMed]

115. Schwab, F.; Patel, A.; Ungar, B.; Farcy, J.P.; Lafage, V. Adult spinal deformity-postoperative standing imbalance: How much can
you tolerate? An overview of key parameters in assessing alignment and planning corrective surgery. Spine (Phila Pa 1976) 2010,
35, 2224–2231. [CrossRef] [PubMed]

116. Harroud, A.; Labelle, H.; Joncas, J.; Mac-Thiong, J.M. Global sagittal alignment and health-related quality of life in lumbosacral
spondylolisthesis. Eur. Spine J. 2013, 22, 849–856. [CrossRef] [PubMed]

117. Cho, M.S.; Seo, E.M. Efficacy and radiographic analysis of oblique lumbar interbody fusion in treating lumbar degenerative
spondylolisthesis with sagittal imbalance. Neurosurg. Rev. 2021, 44, 2181–2189. [CrossRef] [PubMed]

118. Ko, M.J.; Park, S.W.; Kim, Y.B. Effect of Cage in Radiological Differences between Direct and Oblique Lateral Interbody Fusion
Techniques. J. Korean Neurosurg. Soc. 2019, 62, 432–441. [CrossRef] [PubMed]

119. Emami, A.; Patel, N.; Coban, D.; Saela, S.; Sinha, K.; Faloon, M.; Hwang, K.S. Comparing clinical and radiological outcomes
between single-level OLIF and XLIF: A systematic review and meta-analysis. N. Am. Spine Soc. J. 2023, 14, 100216. [CrossRef]
[PubMed]

120. Kim, H.; Chang, B.S.; Chang, S.Y. Pearls and Pitfalls of Oblique Lateral Interbody Fusion: A Comprehensive Narrative Review.
Neurospine 2022, 19, 163–176. [CrossRef]

121. Jin, J.; Ryu, K.S.; Hur, J.W.; Seong, J.H.; Kim, J.S.; Cho, H.J. Comparative Study of the Difference of Perioperative Complication
and Radiologic Results: MIS-DLIF (Minimally Invasive Direct Lateral Lumbar Interbody Fusion) Versus MIS-OLIF (Minimally
Invasive Oblique Lateral Lumbar Interbody Fusion). Clin. Spine Surg. 2018, 31, 31–36. [CrossRef]

122. Miscusi, M.; Ramieri, A.; Forcato, S.; Giuffre, M.; Trungu, S.; Cimatti, M.; Pesce, A.; Familiari, P.; Piazza, A.; Carnevali, C.; et al.
Comparison of pure lateral and oblique lateral inter-body fusion for treatment of lumbar degenerative disk disease: A multicentric
cohort study. Eur. Spine J. 2018, 27 (Suppl. S2), 222–228. [CrossRef] [PubMed]

123. Ricciardi, L.; Piazza, A.; Capobianco, M.; Della Pepa, G.M.; Miscusi, M.; Raco, A.; Scerrati, A.; Somma, T.; Lofrese, G.; Sturiale, C.L.
Lumbar interbody fusion using oblique (OLIF) and lateral (LLIF) approaches for degenerative spine disorders: A meta-analysis
of the comparative studies. Eur. J. Orthop. Surg. Traumatol. 2023, 33, 1–7. [CrossRef] [PubMed]

124. Bhatti, A.U.R.; Cesare, J.; Wahood, W.; Alvi, M.A.; Onyedimma, C.E.; Ghaith, A.K.; Akinnusotu, O.; El Sammak, S.; Freedman,
B.A.; Sebastian, A.S.; et al. Assessing the differences in operative and patient-reported outcomes between lateral approaches for
lumbar fusion: A systematic review and indirect meta-analysis. J. Neurosurg. Spine 2022, 37, 498–514. [CrossRef] [PubMed]

https://doi.org/10.1016/j.wneu.2016.10.074
https://doi.org/10.1186/s12891-019-2972-7
https://www.ncbi.nlm.nih.gov/pubmed/31801508
https://doi.org/10.3171/2018.9.SPINE18800
https://www.ncbi.nlm.nih.gov/pubmed/30684932
https://doi.org/10.17691/stm2021.13.5.09
https://www.ncbi.nlm.nih.gov/pubmed/35265352
https://doi.org/10.1177/2192568220910707
https://www.ncbi.nlm.nih.gov/pubmed/32528802
https://doi.org/10.1007/s00586-023-07700-w
https://www.ncbi.nlm.nih.gov/pubmed/37067598
https://doi.org/10.21037/atm.2018.03.24
https://www.ncbi.nlm.nih.gov/pubmed/29707553
https://doi.org/10.1097/MD.0000000000020014
https://www.ncbi.nlm.nih.gov/pubmed/32501966
https://doi.org/10.1007/s11420-019-09737-4
https://doi.org/10.1186/s13018-018-0740-2
https://doi.org/10.1097/BRS.0b013e31823e15e2
https://doi.org/10.1186/s13018-023-03652-5
https://doi.org/10.4184/asj.2015.9.4.565
https://www.ncbi.nlm.nih.gov/pubmed/26240716
https://doi.org/10.3340/jkns.2017.0606.003
https://www.ncbi.nlm.nih.gov/pubmed/29142637
https://doi.org/10.1097/BRS.0b013e3181ee6bd4
https://www.ncbi.nlm.nih.gov/pubmed/21102297
https://doi.org/10.1007/s00586-012-2591-6
https://www.ncbi.nlm.nih.gov/pubmed/23184183
https://doi.org/10.1007/s10143-020-01390-4
https://www.ncbi.nlm.nih.gov/pubmed/32939605
https://doi.org/10.3340/jkns.2018.0142
https://www.ncbi.nlm.nih.gov/pubmed/31064045
https://doi.org/10.1016/j.xnsj.2023.100216
https://www.ncbi.nlm.nih.gov/pubmed/37234475
https://doi.org/10.14245/ns.2143236.618
https://doi.org/10.1097/BSD.0000000000000474
https://doi.org/10.1007/s00586-018-5596-y
https://www.ncbi.nlm.nih.gov/pubmed/29671108
https://doi.org/10.1007/s00590-021-03172-0
https://www.ncbi.nlm.nih.gov/pubmed/34825987
https://doi.org/10.3171/2022.2.SPINE211164
https://www.ncbi.nlm.nih.gov/pubmed/35453114


Medicina 2024, 60, 378 19 of 20

125. Uribe, J.S. Neural anatomy, neuromonitoring and related complications in extreme lateral interbody fusion: Video lecture. Eur.
Spine J. 2015, 24 (Suppl. S3), 445–446. [CrossRef] [PubMed]

126. Pham, M.H.; Hassan, O.; Diaz-Aguilar, L.D.; Lehman, R.A. Complications Associated With Oblique Lumbar Interbody Fusion at
L5-S1: A Systematic Review of the Literature. Neurosurg. Pract. 2021, 2, okab018. [CrossRef]

127. Chang, S.Y.; Lee, W.S.; Mok, S.; Park, S.C.; Kim, H.; Chang, B.S. Anterior Thigh Pain Following Minimally Invasive Oblique
Lateral Interbody Fusion: Multivariate Analysis from a Prospective Case Series. Clin. Orthop. Surg. 2022, 14, 401–409. [CrossRef]
[PubMed]

128. Rutter, G.; Phan, K.; Smith, A.; Stewart, F.; Seex, K.; Gragnaniello, C. Morphometric anatomy of the lumbar sympathetic trunk
with respect to the anterolateral approach to lumbar interbody fusion: A cadaver study. J. Spine Surg. 2017, 3, 419–425. [CrossRef]

129. Wang, K.; Zhang, X.; Zhao, Z.; Chou, D.; Jian, F.; Wu, H. A modified oblique lumbar interbody fusion: A better way to establish
an exposure under direct microscopic vision. Front. Surg. 2023, 10, 1130489. [CrossRef]

130. Quillo-Olvera, J.; Lin, G.X.; Jo, H.J.; Kim, J.S. Complications on minimally invasive oblique lumbar interbody fusion at L2-L5
levels: A review of the literature and surgical strategies. Ann. Transl. Med. 2018, 6, 101. [CrossRef]

131. Liu, L.; Liang, Y.; Zhang, H.; Wang, H.; Guo, C.; Pu, X.; Zhang, C.; Wang, L.; Wang, J.; Lv, Y.; et al. Imaging Anatomical Research
on the Operative Windows of Oblique Lumbar Interbody Fusion. PLoS ONE 2016, 11, e0163452. [CrossRef]

132. Song, Z.; Zhu, G.; Liang, Z.; Zhang, P.; Ge, Z.; Lin, S.; Wang, X.; Yu, X.; Tang, J.; Ren, H.; et al. Application of offset Dingo
instruments in Anterior to Psoas (ATP)/Oblique Lumbar Interbody Fusion (OLIF) procedure: A retrospective study of 80 patients.
Neurochirurgie 2022, 68, 575–582. [CrossRef] [PubMed]

133. Fujibayashi, S.; Otsuki, B.; Kimura, H.; Tanida, S.; Masamoto, K.; Matsuda, S. Preoperative assessment of the ureter with
dual-phase contrast-enhanced computed tomography for lateral lumbar interbody fusion procedures. J. Orthop. Sci. 2017, 22,
420–424. [CrossRef] [PubMed]

134. Thomas, J.A.; Menezes, C.; Buckland, A.J.; Khajavi, K.; Ashayeri, K.; Braly, B.A.; Kwon, B.; Cheng, I.; Berjano, P. Single-position
circumferential lumbar spinal fusion: An overview of terminology, concepts, rationale and the current evidence base. Eur. Spine J.
2022, 31, 2167–2174. [CrossRef]

135. Ziino, C.; Konopka, J.A.; Ajiboye, R.M.; Ledesma, J.B.; Koltsov, J.C.B.; Cheng, I. Single position versus lateral-then-prone
positioning for lateral interbody fusion and pedicle screw fixation. J. Spine Surg. 2018, 4, 717–724. [CrossRef] [PubMed]

136. Ziino, C.; Arzeno, A.; Cheng, I. Analysis of single-position for revision surgery using lateral interbody fusion and pedicle screw
fixation: Feasibility and perioperative results. J. Spine Surg. 2019, 5, 201–206. [CrossRef] [PubMed]

137. Blizzard, D.J.; Thomas, J.A. MIS Single-position Lateral and Oblique Lateral Lumbar Interbody Fusion and Bilateral Pedicle Screw
Fixation: Feasibility and Perioperative Results. Spine (Phila Pa 1976) 2018, 43, 440–446. [CrossRef] [PubMed]

138. Cheng, H.; Chen, B.P.; Soleas, I.M.; Ferko, N.C.; Cameron, C.G.; Hinoul, P. Prolonged Operative Duration Increases Risk of
Surgical Site Infections: A Systematic Review. Surg. Infect. 2017, 18, 722–735. [CrossRef]

139. Ogihara, S.; Yamazaki, T.; Maruyama, T.; Oka, H.; Miyoshi, K.; Azuma, S.; Yamada, T.; Murakami, M.; Kawamura, N.; Hara,
N.; et al. Prospective multicenter surveillance and risk factor analysis of deep surgical site infection after posterior thoracic
and/or lumbar spinal surgery in adults. J. Orthop. Sci. 2015, 20, 71–77. [CrossRef]

140. Kim, B.D.; Hsu, W.K.; De Oliveira, G.S., Jr.; Saha, S.; Kim, J.Y. Operative duration as an independent risk factor for postoperative
complications in single-level lumbar fusion: An analysis of 4588 surgical cases. Spine (Phila Pa 1976) 2014, 39, 510–520. [CrossRef]

141. Cheng, P.; Zhang, X.B.; Zhao, Q.M.; Zhang, H.H. Efficacy of Single-Position Oblique Lateral Interbody Fusion Combined with
Percutaneous Pedicle Screw Fixation in Treating Degenerative Lumbar Spondylolisthesis: A Cohort Study. Front. Neurol. 2022, 13,
856022. [CrossRef]

142. Guiroy, A.; Carazzo, C.; Camino-Willhuber, G.; Gagliardi, M.; Fernandes-Joaquim, A.; Cabrera, J.P.; Menezes, C.; Asghar, J.
Single-Position Surgery versus Lateral-Then-Prone-Position Circumferential Lumbar Interbody Fusion: A Systematic Literature
Review. World Neurosurg. 2021, 151, e379–e386. [CrossRef] [PubMed]

143. Godzik, J.; Ohiorhenuan, I.E.; Xu, D.S.; de Andrada Pereira, B.; Walker, C.T.; Whiting, A.C.; Turner, J.D.; Uribe, J.S. Single-position
prone lateral approach: Cadaveric feasibility study and early clinical experience. Neurosurg. Focus. 2020, 49, E15. [CrossRef]
[PubMed]

144. Drazin, D.; Kim, T.T.; Johnson, J.P. Simultaneous Lateral Interbody Fusion and Posterior Percutaneous Instrumentation: Early
Experience and Technical Considerations. Biomed. Res. Int. 2015, 2015, 458284. [CrossRef]

145. Keorochana, G.; Muljadi, J.A.; Kongtharvonskul, J. Perioperative and Radiographic Outcomes Between Single-Position Surgery
(Lateral Decubitus) and Dual-Position Surgery for Lateral Lumbar Interbody Fusion and Percutaneous Pedicle Screw Fixation:
Meta-Analysis. World Neurosurg. 2022, 165, e282–e291. [CrossRef] [PubMed]

146. Ouchida, J.; Kanemura, T.; Satake, K.; Nakashima, H.; Ishikawa, Y.; Imagama, S. Simultaneous single-position lateral interbody
fusion and percutaneous pedicle screw fixation using O-arm-based navigation reduces the occupancy time of the operating room.
Eur. Spine J. 2020, 29, 1277–1286. [CrossRef] [PubMed]

147. Buckland, A.J.; Proctor, D.; Thomas, J.A.; Protopsaltis, T.S.; Ashayeri, K.; Braly, B.A. Single-Position Prone Lateral Lumbar
Interbody Fusion Increases Operative Efficiency and Maintains Safety in Revision Lumbar Spinal Fusion. Spine (Phila Pa 1976)
2023, 49, E19–E24. [CrossRef] [PubMed]

148. Barkay, G.; Wellington, I.; Mallozzi, S.; Singh, H.; Moss, I.L. The Prone Lateral Approach for Lumbar Fusion-A Review of the
Literature and Case Series. Medicina 2023, 59, 251. [CrossRef]

https://doi.org/10.1007/s00586-015-3950-x
https://www.ncbi.nlm.nih.gov/pubmed/25904418
https://doi.org/10.1093/neuopn/okab018
https://doi.org/10.4055/cios21250
https://www.ncbi.nlm.nih.gov/pubmed/36061851
https://doi.org/10.21037/jss.2017.09.06
https://doi.org/10.3389/fsurg.2023.1130489
https://doi.org/10.21037/atm.2018.01.22
https://doi.org/10.1371/journal.pone.0163452
https://doi.org/10.1016/j.neuchi.2022.05.005
https://www.ncbi.nlm.nih.gov/pubmed/35667474
https://doi.org/10.1016/j.jos.2017.01.009
https://www.ncbi.nlm.nih.gov/pubmed/28202301
https://doi.org/10.1007/s00586-022-07229-4
https://doi.org/10.21037/jss.2018.12.03
https://www.ncbi.nlm.nih.gov/pubmed/30714003
https://doi.org/10.21037/jss.2019.05.09
https://www.ncbi.nlm.nih.gov/pubmed/31380473
https://doi.org/10.1097/BRS.0000000000002330
https://www.ncbi.nlm.nih.gov/pubmed/28704331
https://doi.org/10.1089/sur.2017.089
https://doi.org/10.1007/s00776-014-0669-1
https://doi.org/10.1097/BRS.0000000000000163
https://doi.org/10.3389/fneur.2022.856022
https://doi.org/10.1016/j.wneu.2021.04.039
https://www.ncbi.nlm.nih.gov/pubmed/33878467
https://doi.org/10.3171/2020.6.FOCUS20359
https://www.ncbi.nlm.nih.gov/pubmed/32871564
https://doi.org/10.1155/2015/458284
https://doi.org/10.1016/j.wneu.2022.06.029
https://www.ncbi.nlm.nih.gov/pubmed/35710097
https://doi.org/10.1007/s00586-020-06388-6
https://www.ncbi.nlm.nih.gov/pubmed/32239355
https://doi.org/10.1097/BRS.0000000000004699
https://www.ncbi.nlm.nih.gov/pubmed/37134133
https://doi.org/10.3390/medicina59020251


Medicina 2024, 60, 378 20 of 20

149. Wellington, I.J.; Antonacci, C.L.; Chaudhary, C.; Coskun, E.; Cote, M.P.; Singh, H.; Mallozzi, S.S.; Moss, I.L. Early Clinical
Outcomes of the Prone Transpsoas Lumbar Interbody Fusion Technique. Int. J. Spine Surg. 2023, 17, 112–121. [CrossRef]

150. Hiyama, A.; Katoh, H.; Sakai, D.; Tanaka, M.; Sato, M.; Watanabe, M. Facet joint violation after single-position versus dual-position
lateral interbody fusion and percutaneous pedicle screw fixation: A comparison of two techniques. J. Clin. Neurosci. 2020, 78,
47–52. [CrossRef]

151. Lopez, G.; Sayari, A.J.; Phillips, F. Single-Position Anterior Column Lateral Lumbar Interbody Fusion. Int. J. Spine Surg. 2022, 16,
S17–S25. [CrossRef]

152. Pimenta, L.; Pokorny, G.; Amaral, R.; Ditty, B.; Batista, M.; Moriguchi, R.; Filho, F.M.; Taylor, W.R. Single-Position Prone Transpsoas
Lateral Interbody Fusion Including L4L5: Early Postoperative Outcomes. World Neurosurg. 2021, 149, e664–e668. [CrossRef]
[PubMed]

153. Smith, T.G.; Joseph, S.A., Jr.; Ditty, B.; Amaral, R.; Tohmeh, A.; Taylor, W.R.; Pimenta, L. Initial multi-centre clinical experience
with prone transpsoas lateral interbody fusion: Feasibility, perioperative outcomes, and lessons learned. N. Am. Spine Soc. J. 2021,
6, 100056. [CrossRef] [PubMed]

154. Martirosyan, N.L.; Uribe, J.S.; Randolph, B.M.; Buchanan, R.I. Prone Lateral Lumbar Interbody Fusion: Case Report and Technical
Note. World Neurosurg. 2020, 144, 170–177. [CrossRef] [PubMed]

155. Amaral, R.; Moriguchi, R.; Pokorny, G.; Arnoni, D.; Barreira, I.; Marcelino, F.; Pokorny, J.; Pimenta, L. Comparison of segmental
lordosis gain of prone transpsoas (PTP) vs. lateral lumbar interbody fusion. Arch. Orthop. Trauma. Surg. 2023, 143, 5485–5490.
[CrossRef] [PubMed]

156. Alan, N.; Kanter, J.J.; Puccio, L.; Anand, S.K.; Kanter, A.S. Transitioning from lateral to the prone transpsoas approach: Flatten the
learning curve by knowing the nuances. Neurosurg. Focus. Video 2022, 7, V8. [CrossRef] [PubMed]

157. Lamartina, C.; Berjano, P. Prone single-position extreme lateral interbody fusion (Pro-XLIF): Preliminary results. Eur. Spine J. 2020,
29 (Suppl. S1), 6–13. [CrossRef] [PubMed]

158. Pimenta, L.; Amaral, R.; Taylor, W.; Tohmeh, A.; Pokorny, G.; Rodrigues, R.; Arnoni, D.; Guirelli, T.; Batista, M. The prone
transpsoas technique: Preliminary radiographic results of a multicenter experience. Eur. Spine J. 2021, 30, 108–113. [CrossRef]

159. Soliman, M.A.R.; Aguirre, A.O.; Ruggiero, N.; Kuo, C.C.; Mariotti, B.L.; Khan, A.; Mullin, J.P.; Pollina, J. Comparison of prone
transpsoas lateral lumbar interbody fusion and transforaminal lumbar interbody fusion for degenerative lumbar spine disease: A
retrospective radiographic propensity score-matched analysis. Clin. Neurol. Neurosurg. 2022, 213, 107105. [CrossRef]

160. Soliman, M.A.R.; Khan, A.; Pollina, J. Comparison of Prone Transpsoas and Standard Lateral Lumbar Interbody Fusion Surgery
for Degenerative Lumbar Spine Disease: A Retrospective Radiographic Propensity Score-Matched Analysis. World Neurosurg.
2022, 157, e11–e21. [CrossRef]

161. Lieberman, I.H.; Kisinde, S.; Hesselbacher, S. Robotic-Assisted Pedicle Screw Placement During Spine Surgery. JBJS Essent. Surg.
Tech. 2020, 10, e0020. [CrossRef]

162. Asada, T.; Simon, C.Z.; Lu, A.Z.; Adida, S.; Dupont, M.; Parel, P.M.; Zhang, J.; Bhargava, S.; Morse, K.W.; Dowdell, J.E.; et al.
Robot-Navigated Pedicle Screw Insertion Can Reduce Intraoperative Blood Loss and Length of Hospital Stay: Analysis of 1633
Patients Utilizing Propensity Score Matching. Spine J. 2023, 24, 118–124. [CrossRef] [PubMed]

163. Sinkov, V.; Lockey, S.D.; Cunningham, B.W. Single Position Lateral Lumbar Interbody Fusion With Posterior Instrumentation
Utilizing Computer Navigation and Robotic Assistance: Retrospective case review and surgical technique considerations. Glob.
Spine J. 2022, 12, 75S–81S. [CrossRef] [PubMed]

164. Diaz-Aguilar, L.D.; Shah, V.; Himstead, A.; Brown, N.J.; Abraham, M.E.; Pham, M.H. Simultaneous Robotic Single-Position
Surgery (SR-SPS) with Oblique Lumbar Interbody Fusion: A Case Series. World Neurosurg. 2021, 151, e1036–e1043. [CrossRef]
[PubMed]

165. Huntsman, K.T.; Riggleman, J.R.; Ahrendtsen, L.A.; Ledonio, C.G. Navigated robot-guided pedicle screws placed successfully in
single-position lateral lumbar interbody fusion. J. Robot. Surg. 2020, 14, 643–647. [CrossRef] [PubMed]

166. Pan, Q.L.; Yu, H.M.; Zhang, R.M. Single oblique lumbar interbody fusion with robot-assisted posterior internal fixation for lumbar
degenerative diseases. China J. Orthop. Traumatol. 2022, 35, 128–131.

167. Pham, M.H.; Diaz-Aguilar, L.D.; Shah, V.; Brandel, M.; Loya, J.; Lehman, R.A. Simultaneous Robotic Single Position Oblique
Lumbar Interbody Fusion with Bilateral Sacropelvic Fixation in Lateral Decubitus. Neurospine 2021, 18, 406–412. [CrossRef]
[PubMed]

168. Menger, R.P.; Savardekar, A.R.; Farokhi, F.; Sin, A. A Cost-Effectiveness Analysis of the Integration of Robotic Spine Technology
in Spine Surgery. Neurospine 2018, 15, 216–224. [CrossRef]

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/10.14444/8390
https://doi.org/10.1016/j.jocn.2020.06.016
https://doi.org/10.14444/8232
https://doi.org/10.1016/j.wneu.2021.01.118
https://www.ncbi.nlm.nih.gov/pubmed/33548532
https://doi.org/10.1016/j.xnsj.2021.100056
https://www.ncbi.nlm.nih.gov/pubmed/35141622
https://doi.org/10.1016/j.wneu.2020.08.172
https://www.ncbi.nlm.nih.gov/pubmed/32896618
https://doi.org/10.1007/s00402-023-04821-1
https://www.ncbi.nlm.nih.gov/pubmed/36932208
https://doi.org/10.3171/2022.3.FOCVID2224
https://www.ncbi.nlm.nih.gov/pubmed/36284730
https://doi.org/10.1007/s00586-020-06303-z
https://www.ncbi.nlm.nih.gov/pubmed/31993789
https://doi.org/10.1007/s00586-020-06471-y
https://doi.org/10.1016/j.clineuro.2021.107105
https://doi.org/10.1016/j.wneu.2021.08.097
https://doi.org/10.2106/JBJS.ST.19.00020
https://doi.org/10.1016/j.spinee.2023.09.004
https://www.ncbi.nlm.nih.gov/pubmed/37704046
https://doi.org/10.1177/21925682221083909
https://www.ncbi.nlm.nih.gov/pubmed/35393884
https://doi.org/10.1016/j.wneu.2021.05.043
https://www.ncbi.nlm.nih.gov/pubmed/34033960
https://doi.org/10.1007/s11701-019-01034-w
https://www.ncbi.nlm.nih.gov/pubmed/31625074
https://doi.org/10.14245/ns.2040774.387
https://www.ncbi.nlm.nih.gov/pubmed/34218623
https://doi.org/10.14245/ns.1836082.041

	Evolution of Lumbar Interbody Fusion 
	A Safer Approach 
	The Extreme Lateral Interbody Fusion (XLIF) or Direct Lateral Interbody Fusion (DLIF) 
	The Procedure of XLIF/DLIF 
	Benefits of XLIF over Other LIF Procedures 
	Limitations of Trans-Psoas Approach 

	The Oblique Lumbar Interbody Fusion (OLIF) 
	The Procedure of OLIF L2-L5 B82-medicina-2868853 
	The Procedure of OLIF L5-S1 B82-medicina-2868853 
	Advantages of OLIF over XLIF 
	Surgical Outcomes following OLIF 
	Limitations of OLIF and Strategies to Overcome 

	Recent Advances 
	Single-Position Surgery (SPS)—LLIF with Posterior Stabilization (PS) 
	Lateral Single-Position Surgery (L-SPS) 
	Prone Single-Position Surgery (P-SPS) 

	Robot-Assisted L-SPS and P-SPS 

	Conclusions 
	References

