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ABSTRACT
Objective: To perform a comprehensive review of the literature about the role of stand-alone lateral lumbar interbody
fusion (LLIF).
Methods: A MEDLINE review was conducted including studies about stand-alone LLIF for any condition. The opinions

of the authors were also considered. Studies that included biomechanical, cadaveric, or clinical aspects of stand-alone cages
were revised to obtain data about the pros, cons, and limitations of the technique. Comparative studies with 360° (lateral +
posterior) fusions were also analyzed.

Results: A total of 36 studies were identified. After reviewing the abstracts, 18 full articles of interest for the objective
of this review were analyzed. Recommendations based on the literature were made. Although most of the recommendations in
the literature were about augmentation with pedicle screws, there may be a role for stand-alone LLIF in some particular cases.

Specific technical aspects should be considered to reduce the failure rate.

Conclusion:
exception rather than the rule.
Level of Evidence: 4.

Focus Issue Article

Although there might be some specific indications for stand-alone LLIF, it should be considered an

Keywords: stand-alone, lumbar interbody fusion, lateral transpsoas approach, lumbar spine, LLIF fusion

INTRODUCTION

Degenerative disc disease is one of the most common
conditions treated by spine surgeons and is a common
cause of dysfunction with a negative impact on quality of
life. Lateral lumbar interbody fusion (LLIF) is a minimally
invasive technique proven to be useful for indirect decom-
pression of the spinal canal and foramina with high fusion
rates and a very low risk of complications.'

The principle of indirect decompression implies
stretching the ligaments by restoring disc height. This
maneuver is very effective in mobile spines but depends
on many factors, such as position and height of the inter-
body device, and the stiffness and support of the vertebral
end plates. The weakest part of the lumbar end plates is the
central portion, so placing interbody implants that span the
apophyseal ring provides better support.”

Indirect decompression depends on the sparing of the
disc height obtained with the interbody cages. Subsidence
will affect decompression and might impact patient out-
comes. Due to the high rates of subsidence with the first
designed implants, adding posterior screw instrumentation

became popular. That confers better biomechanical prop-
erties, particularly for restricting axial rotation and lateral
bending. With technological advances, wider implants
with an increased footprint on the end plates and LLIF
with in situ screws have been developed, which theoreti-
cally might reduce subsidence rates. The rationale behind
considering stand-alone LLIF includes decreasing surgical
time, avoiding use of the posterior approach and its com-
plications, lower blood loss, cost-effectiveness, and higher
fusion rates.”

Traditionally, the interbody for an LLIF is inserted in
the lateral position, and then the patient is repositioned to
a prone position for pedicle screw adding. Repositioning
the patient and repreparing the surgical field adds time to
the procedure. To reduce time, single-position surgery has
evolved and has been increasing in popularity over the past
few years, with both the lateral cage and posterior instru-
mentation occuring in the same position (lateral or prone).

Although single position seems promising, there
is a learning curve to inserting screws in the lateral
decubitus position (lateral single position) and for
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inserting a lateral cage in the prone position (prone
lateral surgery) with the low but still undeniable risks
and morbidity associated with the pedicle screws
placement. Stand-alone lateral cages are attractive to
avoid both repositioning and the posterior instrumen-
tation step.

Today, the rationale for the use of stand-alone LLIF
has not yet been defined. Thus, the objective of this
study was to provide a comprehensive, up-to-date
review of the literature to better define which group of
patients may benefit from the use of this technique.

MATERIAL AND METHODS

A literature review was performed using PubMed.
gov (https://www.ncbi.nlm.nih.gov/pubmed) to iden-
tify articles published in English that included stand-
alone LLIF patient outcomes or related biomechanical
features. We sought to determine which patients may
benefit from a stand-alone LLIF and which have high
risk of failure/revision and the potential associated risk
factors.

Literature Search Strategy

The following questions were asked to guide our
review: “Are the results of stand-alone LLIF similar or
better than those supplemented with posterior instru-
mentation? In which groups of patients were the out-
comes for stand-alone LLIF similar to the outcomes of
patients undergoing LLIF + posterior instrumentation?”’

The following search terms were used: “stand alone”
and “LLIF or lateral interbody or XLIF or transpsoas”
and “circumferential fusion or pedicle screws or 360°
fusion or percutaneous screws.” All articles found were
reviewed for eligibility.

Eligibility criteria for study selection were as follows:

e Articles published in English in the past 10 years.

e Articles published in peer-reviewed journals.

e Articles describing either retrospective or
prospective human trials, systematic reviews, and
meta-analyses.

e Biomechanical articles that compared stand-alone
vs LLIF + posterior instrumentation.

e Articles describing risk factors for failure of
stand-alone instrumentation.

o Articles that were not of interest for the objective
of this article, articles that did not meet the
previous inclusion criteria, book chapters, and
other documents were excluded.

RESULTS

Thirty-six articles were identified in our PubMed
search. After reading the abstracts, 18 were eligible for
full text review and are described in the following para-
graphs.

Literature Search Findings

Agarwal et al studied the impact of the end plate-
implant area mismatch on rates and grades of subsid-
ence in stand-alone LLIF. They analyzed 623 levels in
297 patients with an 11.4% subsidence rate. The sub-
sidence group was found to have a lower bone mineral
density based on DEXA scans ¢ scores when compared
to the control group (—1.7 subsidence group and —0.8
control group P = 0.016). A strong correlation was
noted between the use of 18-mm wide implants and
the development of high grade (over 50%) subsidence
requiring revision surgery. No statistical significance
was found between implant size (18 or 22 mm) and
reoperation rates.”

Le et al compared the rates of subsidence between
18- and 22-mm-wide cages and showed significantly
higher subsidence rates in patients with 18-mm (14.1%)
vs 22-mm (1.9%) cages.5 Additionally, Marchi et al
demonstrated that the incidence of subsidence between
the standard and wide (22-mm cage) groups was higher
for the 18-mm-wide cage (grades 2 and 3 of subsid-
ence).6

In a biomechanical study, Shasti et al described
several different lateral-based interbody strategies for
managing ASD in a multilevel pre-existing posterior
fusion specimen. The results showed that LLIF instru-
mentation alone reduces the range of motion in all
bending planes when implanted proximal to an exist-
ing fusion model. Addition of a lateral plate or anterior
screws with rod constructs provided further reduction
in all bending moves most apparent in lateral bending.
They concluded, consistent with previous studies, that
the most stable construct included was pedicle screw
fixation.” (Figures 1 and 2).

Liang et al also described the need to use pedicle
screw constructs in ASD using LLIF and found that the
biomechanical model considering stand-alone construct
provided a minimal restriction of the range of motion
(18.3% compared to 90.1% of augmented pedicle screw
cons‘uruct).8

With the biomechanical hypothesis of “going wider
for going stiffer,” Pimenta et al investigated whether
even wider cages (26 mm wide) may be the final solution
to achieve enough stability in stand-alone constructs.
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Figure 1. (A) Immediate postoperative images after posterolateral fusion L3-
S1, without changes in the level L2-L3. (B, C) 5-year postoperative images with
adjacent segment disease at L2-L3 levels and pseudoarthrosis at L3-L4 level.

Based on biomechanical tests, they suggested that the
stability provided by the extreme lateral interbody
fusion spacers with adequate cage height sizing and
good bone quality may allow for less supplemental

Figure 2. Extreme lateral interbody fusion (XLIF) L3-L4 to correct
pseudoarthrosis and stand-alone XLIF at L2-L3 to address adjacent segment
disease.

fixation (Figure 3). Stand-alone constructs have proven
to be biomechanically insufficient to provide stabiliza-
tion in all directions, but the 26-mm spacer may provide
1.5 (flexion-extension) to 2.7 (axial rotation) times as
much stability as a transforaminal lateral interbody
fusion construct with bilateral pedicle screws. They
also discussed the inherent limitations in their study.
The tests were performed in L2-L3 levels instead of
more caudal levels, such as L4-L5, which would repre-
sent immediate postoperative stability instead of long-
term impact of cage settling, bone ingrowth, and cyclic
loading. In their conclusion, the authors warned that in
some cases this may be sufficient to allow bone growth
for fusion; however, other factors such as existing insta-
bility, bone quality, and patient activity level should
first be evaluated when considering fixation options.’

Of note, most studies describing subsidence as a
complication of LLIF were based on the Marchi clas-
sification. This subsidence grading classification was
based on the percentage of disc space or vertebral body
collapse around the interbody graft compared to that
seen on immediate postoperative imaging. Low-grade
subsidence is considered for grade 0 (0%—24% col-
lapse) and grade 1 (25%—-49% collapse), which, in prac-
tice, would never be mild. This concept underestimates
the complications for stand-alone interbody cages in the
transpsoas approach. The clinical implications of sub-
sidence in stand-alone LLIF may be more pronounced
than those in more traditional posterior and transforam-
inal approaches given that it does not take the advantage
of load sharing provided by posterior pedicle screws;
additionally, the area of subsidence tends to be larger
in the end plates with characteristics of a real vertebral
fracture.>'!!

Mechanisms for vertebral body fractures in patients
undergoing LLIF may be multifactorial and related to
technique, implant material, graft size, and patient bone
quality.'"'* Satake et al found in their consecutive case
series of 201 levels of LLIF a risk of intraoperative end
plate injury of more than 10%, and the injury group had
significantly higher rates of women (P = 0.002), lower
bone mineral density (P = 0.02), higher rate of poly-
etheretherketone (PEEK) as cage material (P = 0.04),
and taller cage heights (P = 0.03)."

Moreover, many authors reported good results using
stand-alone LLIF for different indications. Rentenberger
et al, in a study to assess which perioperative factors were
related for early revisions in stand-alone LLIF, stated that
although these procedures have been shown to be a safe
treatment option with good outcomes, the reoperation rate
may vary significantly, ranging from 3.4% to 26%. One
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Figure 3. Long term follow-up demostrating solid fusion in both levels treated with extreme lateral interbody fusion (XLIF).

reason for that variation may be the heterogeneity of the
study populations, which might have different preoperative
diagnoses. Their study showed that patients with a preop-
erative diagnosis of foraminal stenosis were more likely to
require revision surgery due to loss of indirect decompres-
sion with subsidence."*

Nguyen et al, in a cohort of 529 patients, demonstrated a
revision rate at the index level of stand-alone anterior lateral
interbody fusion and LLIF of 3.8%. Marchi reported a revi-
sion rate of 13.5% in 74 patients in a prospective, compara-
tive single center study.>"

While there are potential benefits to stand-alone LLIF
that have encouraged clinicians to use this approach to
manage ASD, some complications should also be consid-
ered. In another study, Marchi et al tried to identify which
patients may undergo the stand-alone procedure without
cage subsidence and created a score with risk factors, con-
sidering age over 61, female gender, and the presence of
spondylolisthesis and scoliosis as the main determinant
factors.'®

With the technological advances and the less invasive
approaches, at least 2 disruptive alternatives have emerged
to make the posterior-based pedicle screw fixation addi-
tional to LLIF possible, without the need to flip the patient
for a different decubitus: single-position surgery in lateral
and prone position. They involve inserting percutaneous

pedicle screws with the patient in a lateral position or per-
forming the LLIF in prone position. Both have the advan-
tage to avoid the time required to change patients from one
decubitus position to another and provide the stability of a
360° reconstruction,'”!

Nonunion is a concern when any fusion procedure has
been performed. Watkins et al found a nonunion rate of 19%
per level and 27% per patient.? In a systematic review of
fusion rate for stand-alone LLIF, Manzur et al found a reop-
eration rate of 11.1% and a pooled fusion rate of 80.4%.7

Overall, patient-related factors (bone quality, age older
than 60 years, smoking status, high demand levels, female
gender, spondylolisthesis, and scoliosis) and technical-
related factors (intraoperative end plate violation, smaller
cages, apophyseal ring contact of the implants, material of
the cage, and type of graft used) combine to determine the
outcomes of stand-alone LLIF> "%

DISCUSSION

The lateral transpsoas approach is an excellent
option for interbody fusion, since a sufficiently large,
wide, and stable cage may be placed to enable a solid
fusion in the surgically treated segment. Revision
surgery using stand-alone LLIF for adjacent segment
disease (ASD) is particularly attractive, because it
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prevents many of the complications related to revision
procedures, such as dural tears, excessive bleeding,
scar tissue manipulation, and wound-related complica-
tions.”

As traditional instrumentation is based on pedicle
screws and LLIF is performed in lateral decubitus, the
challenge that many surgeons faced was the need to flip
the patient from a lateral to a prone position to perform
instrumentation after LLIF. Due to this specific draw-
back, many surgeons made an attempt at proving the
efficacy and safety of stand-alone stabilization with
a cage that, in theory, would be sufficiently stable to
allow fusion without instrumentation.®*?3-28 However,
complications may occur despite the many advantages
of the LLIF procedure. Graft subsidence is of particular
concern and may lead to loss of the indirect decompres-
sion, sagittal alignment, and adjacent segment degen-
eration,*®

The newly designed cages for LLIF promise to
decrease the subsidence rate and possibly expand
the stand-alone indications. They are represented by
devices manufactured by 3-dimensional (3D) printing.
Geometric mismatch between the implant and vertebral
end plates has been suggested as one major cause of
cage subsidence based on findings from finite element
studies.”*” Recent mechanical testing using 3D-printed
cages and anatomically representative surrogate models
also showed significantly reduced subsidence resistance
with increased geometric mismatch between the implant
and vertebral end plates.®' These 3D-printed devices are
designed so that they adapt exactly to the patients’ end
plate anatomy, offering an attractive solution to reduce
the implant-end plate mismatch. Clinical data also
appear to support this concept, as a recent review study
of 17 clinical studies on 3D-printed patient-specific
spine implants showed favorable subsidence and pseu-
darthrosis rates.”> Additionally, 3D printing technology
enabled the introduction of novel porous concepts in
modern cage designs. Despite the scarcity of available
data, early clinical outcome studies suggested that the
3D-printed porous titanium cages achieved satisfac-
tory subsidence and fusion performance.™?** Recent
mechanical testing data of a 3D-printed porous titanium
cage, compared to traditional solid titanium or PEEK
cages, showed a significantly reduced subsidence dis-
placement under simulated spine loading conditions
within a period of 3 months postoperatively.’> There
are potential impacts in the newer designed implants
to promote immediate stability and better capacity to
stimulate early ongrowth and ingrowth of bone tissue.
This represents an issue to be observed in future studies,

once all the stand-alone literature is based on smooth
PEEK technology.

Additionally, the new designed cages for LLIF include
the new generation of expandable modular cages. These
new generation cages have independent expandable prop-
erties, anterior, posterior, and even coronal, which might fit
in more anatomically in the intervertebral space, avoiding
too much pressure in specific points of the end plate and
reducing the risks of subsidence. However, contradictory
findings were suggested in early clinical outcome studies
of expandable cages for transforaminal lateral interbody
fusion procedure.*®*” Data remain lacking for expandable
LLIF cages. Therefore, further well-conducted biomechan-
ical and clinical research with these new devices, associated
with a detailed knowledge of bone density and its biologi-
cal responses, will determine in the future the exact role of
stand-alone use for LLIF. In the current practice, based on
this literature review and the authors’ experience, it should
be used with caution in specific cases.

CONCLUSION

There might be some specific indications for stand-alone
LLIF, but despite its high subsidence rates and low fusion
rates, it should be considered an exception and not the rule.
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