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Background: Lateral lumbar interbody fusion (LLIF), first described in the literature in 2006 by Ozgur
et al., involves direct access to the lateral disc space via a retroperitoneal trans-psoas tubular approach.
Neuromonitoring is vital during this approach since the surgical corridor traverses the psoas muscle where
the lumbar plexus lies, risking injury to the lumbosacral plexus that could result in sensory or motor deficits.
The risk of neurologic injury is especially higher at 1.4-5 due to the anatomy of the plexus at this level. Here
we report our single-center clinical experience with L4-5 LLIFE.

Methods: A retrospective chart review of all patients who underwent an L4-5 LLIF between May 2016
and March 2019 was performed. Baseline demographics and clinical characteristics, such as body mass index
(BMI), medical comorbidities, surgical history, tobacco status, operative time and blood loss, length of stay
(LOS), and post-op complications were recorded.

Results: A total of 220 (58% female and 42% male) cases were reviewed. The most common presenting
pathology was spondylolisthesis. The average age, BMI, operative time, blood loss, and LOS were 64.6 years,
29 kg/m’, 214 min, 75 cc, and 2.5 days respectively. A review of post-operative neurologic deficits revealed
31.4% transient hip flexor weakness and 4.5% quadricep weakness on the approach side. At 3-week follow-
up, 9.1% of patients experienced mild hip flexor weakness (4 or 4+/5), 0.9% reported mild quadricep
weakness, and 9.5% reported anterior thigh dysesthesias; 93.2% of patients were discharged home and 2.3%
were readmitted within the first 30 days post discharge. Female sex, higher BMI and longer operative time
were associated with hip flexor weakness.

Conclusions: LLIF at L4-5 is a safe, feasible, and versatile approach to the lumbar spine with an

acceptable approach-related sensory and motor neurologic complication rates.
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Introduction

Since the advent of lumbar interbody fusion in the
1940’s, multiple iterations and various techniques have
been developed to gain access to the lumbar disc space.
While early fusion techniques predominantly involved
the posterior approach, contemporary minimally invasive
surgical techniques have been introduced to reduce
approach-related tissue trauma, decrease morbidity, enhance
post-operative recovery, and improve long-term functional
outcomes (1-8).

LLIF (lateral lumbar interbody fusion), or XLIF
(Nuvasive)/DLIF (Medtronic) (extreme/direct lateral
interbody fusion), technique involves direct access to the
lateral disc space via a retroperitoneal trans-psoas approach
and was first described in literature in 2006 by Ozgur
et al. (9). This approach is most commonly indicated for
degenerative conditions including spondylolisthesis, spinal
deformity, and adjacent segment disease, but also has broad
applications for trauma, tumor, infection, and revision
surgery (3,10-14). In addition to its versatility, another
primary advantage of the LLIF is the accommodation of
a wide footprint interbody graft that spans the apophyseal
rings of the intervertebral endplates, which augments stress
shielding against subsidence, permits the delivery of a higher
volume of bone graft, and improves fusion rates. Other
advantages include the obviation of nerve root retraction,
achievement of indirect neural element decompression,
correction of sagittal and coronal mal-alignment,
avoidance of paraspinous muscle disruption, reduced blood
loss, decreased operative time, improved postoperative
pain, and reduced length of stay (LOS) (15-18).
With growing economic pressures driving lumbar fusion
surgery to the ambulatory surgical setting, minimally
invasive spine surgery (MISS), including LLIF, is becoming
increasingly popular (19-21). Surgeons are leveraging
the MISS applications of the trans-psoas approach,
implementing this technique as a standalone lateral fusion
construct. With the indirect decompression that is achieved,
this can obviate the need for posterior decompression or
instrumentation in appropriate cases (22-27).

Despite its advantages, the LLIF carries its own unique
approach-related complications associated with collateral
injury to the psoas muscle belly, which also harbors the
lumbosacral plexus constituents. The most common
complications of the LLIF include hip flexion weakness,
anterior thigh dysesthesia/paraesthesias, femoral nerve injury,
vascular injury, visceral injury, and pseudohernia (14). Despite
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intraoperative electromyographic monitoring, injury to
the lumbosacral plexus, particularly the femoral nerve, is a
feared and devastating complication of LLIF. In fact, due to
the proximity and more ventral presence of the lumbosacral
plexus to the surgical corridor, the lateral approach at L4-5
can be considered dangerous and remains controversial to
some authors (18,28). Here we report our single-center,
3-year clinical experience of patients who underwent L.4-5
LLIF. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jss-20-579).

Methods

The research was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by institutional review board (IRB) of Houston
Methodist Hospital (IRB # Pro00022592) and informed
consent waiver was granted because of the retrospective
nature of the study. A retrospective analysis of all patients
who underwent LLIF at L4-5 between 2016 and 2019
was performed. Patients who underwent L5-S1 anterior
lumbar interbody fusion (ALIF) in a supine position or
transforaminal lumbar interbody fusion (TLIF) in a prone
position were included, while patients who underwent
LLIF at levels other than, or in addition to, L4-5 were
excluded. Baseline demographics and clinical characteristics
including age, sex, body mass index (BMI), indication
for the procedure, medical comorbidities, tobacco status,
operation performed, operative time, blood loss, LOS,
discharge destination, intraoperative, and postoperative
complications were recorded. To assess procedure-related
complications, the peri-operative inpatient records and
subsequent post-operative clinic notes were reviewed and
changes in neurological exam and clinical symptoms were
recorded. The motor exam was assessed by manual muscle
testing and recorded using a 0—5 numerical scale where 0
and 5 indicate complete paralysis and full strength against
resistance, respectively. A muscle strength of 4+ and 4- were
converted to 4.5 and 3.5 accordingly to analyze changes in
muscle strength. Postoperative imaging studies including
X-ray or computed tomography (CT) of the lumbar spine
were reviewed by a neuroradiologist to evaluate fusion.

Statistical analysis

Percentages were used to describe categorical variables
while continuous variables were described by means and
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Figure 1 Preoperative diagnoses and postoperative clinical outcomes. (A) Spinal pathologies treated with L4-5 lateral lumbar interbody

fusion; (B) non-neurologic post-operative complications are presented; (C) five patients required readmission within 30 days of discharge; (D)

patient discharge disposition is presented, with the majority of patients being discharged to home.

standard deviations. Univariate and multivariate logistic
regression models were designed to analyze the relationship
between the variables of interest and primary outcomes.
All statistical analyses were performed using STATA 16
(StataCorp LLC, College Station, TX, USA). A minimum
sample size of 100 was needed to achieve statistical
significance and decrease type 1 error. Statistical analyses
were performed on the basis of worst-case scenario with

regard to loss to follow-up to decrease bias.

Results

During the 3-year study period, a total of 220 patients
underwent L4-5 LLIF. The average age of the patients was
64.6+10.75. Fifty-eight percent of the patients were female,
and the average BMI was 29.0+5.78 kg/m’. Twelve percent
(n=26) of the patients had major cardiopulmonary medical
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comorbidities, such as coronary artery disease, previous
myocardial infarction, or previous stroke, while 56.8%
(n=125) of patients had minor medical comorbidities,
such as hypertension, diabetes, or obstructive sleep apnea.
Sixteen percent (n=36) of the patients were tobacco
smokers. The percent of patients with previous spinal and
non-spinal surgeries were 32.7% (n=72) and 84.1% (n=185),
respectively. The most common indication for surgery was
spondylolisthesis followed by degenerative disc disease.
All but five patients underwent posterior transpedicular
spinal instrumentation, with the majority of pedicle screws
placed percutaneously (91.4%). Concurrent laminectomy,
L5-S1 TLIF, and L5-S1 ALIF were performed in 69.5%,
23.6%, and 0.9% of the patients, respectively. The average
cumulative operative time was 214 minutes and the average
blood loss was 75 mL. The average LOS was 2.5 days and
the majority (93.2%) of patients were discharged home.
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Figure 2 Summary of patients with approach-related complications at discharge, 3-week, 3-month, and 6-month follow up appointments.

The baseline demographics and clinical characteristics are
summarized in Tables 1 and 2, as well as Figure 1.

With regards to approach-related complications,
31.4% (n=69) and 9.1% (n=20) of patients experienced
mild weakness (4 or 4+/5) in the ipsilateral iliopsoas at
discharge and at 3-week postoperative visit, respectively.
Mild quadricep weakness was observed in 4.5% (n=10)
and 0.9% (n=2) of the patients at discharge and during the
3-week postoperative visit respectively. All patients with
residual weakness at 3-week follow-up had weakness at
discharge and there was no newly discovered weakness after
discharge from the hospital (Figure 2). At 3 months post
operation, only 2 patients (0.9%) had persistent residual
mild (4+/5) iliopsoas and quadricep weakness on the side
of the approach while all other patients were full strength.
Post-operative anterior thigh dysesthesias and numbness
were prevalent in 24.2% (n=53). During the 3-week
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and 3-month postoperative follow ups, the incidence of
anterior thigh dysesthesias was reduced to 9.5% (n=21)
and 1.8% (n=4), respectively. At 6-month follow-up,
the incidence of iliopsoas/quadricep weakness remained
unchanged (0.9%) while only 1 patient (0.5%) complained
of numbness in the anterior thigh and groin on the side of
the approach. The anterior thigh numbness in that patient
was resolved at 9-month clinic follow-up. Other post-
operative complications such as urinary tract infection,
urinary retention, or trochanteric bursitis occurred in 5.9%
(n=13) of patients as shown in Figure I1B. The 30-day all-
cause hospital readmission rate was 2.3% (n=5) due to
recurrent radicular pain, limb ischemia in a patient with a
history of severe coronary artery and peripheral vascular
disease, severe thigh pain on the approach side, urinary
retention, and urosepsis (Figure 1C). Further multivariate
logistic regression models revealed that female patients
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Table 1 Patient demographics are listed. The statistics for medical
comorbidities and prior surgeries are not mutually exclusive

Patient demographics (n=220) Statistic
Age (mean + SD) 64.6+10.75
BMI (mean + SD) 29.0+5.78

Sex, males 92 (41.8%)
Medical comorbidities
Major 26 (11.8%)
Minor 125 (56.8%)
Prior surgery (n=219)
Spinal 72 (32.7%)
Other 185 (84.1%)

Tobacco usage 36 (16.4%)

Of note, surgical history for one patient was not available.

Table 2 Surgical demographics with follow-up information are
listed

Surgical demographics Statistic
Laminectomy 153 (69.5%)
Concurrent surgery

TLIF 52 (23.6%)

ALIF 2 (0.9%)
Instrumentation

Open screws 14 (6.4%)

Percutaneous screws 201 (91.4%)

No instrumentation 5(2.3%)
Operative time (mean = SD), min 213.5+76.2
EBL (mean + SD), mL 75.2+83.7
Fusion rate 91.4%
Length of stay (mean + SD), days 2.5+£1.8
30-day readmission 5
Length of follow up (mean + SD), months 6.64+10.8

Loss-to-follow-up rate 15.5%

Of note, 34 patients were lost to follow-up beyond the 6-month
follow-up appointment. TLIF, transforaminal lumbar interbody
fusion; ALIF, anterior lumbar interbody fusion; EBL, estimated
blood loss.

© Journal of Spine Surgery. All rights reserved.
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(OR =2.47), patients with higher BMI (OR =1.09), and
patients with longer operative time (OR =1.01) were more
likely to experience postoperative approach-related iliopsoas
weakness at the time of discharge (P<0.05). Increased BMI
was the only statistically significant factor associated with
iliopsoas weakness 3 weeks postoperatively (OR =1.12,
P<0.05). There were no statistically significant correlations
between the variables and anterior thigh dysesthesias/pain.
Complications are summarized in Figure 1B.

As seen in Tuble 2, the average length of follow-up was
6.6 months with 15.5% rate of loss-to-follow-up. The
fusion rate inspected by either a computer tomography (CT)
scan or a dynamic X-ray of the lumbar spine was 91.4%.

Discussion

In the recent decades, LLIF (lateral lumbar interbody
and fusion) has gained increasing popularity due to the
versatility of the technique and its potential to decrease
surgical morbidity (11,29). However, the inherent risks
associated with this approach, specifically at L4-5, have
generated significant controversy regarding its safety
(11,30,31). This study aims to report our single-center
clinical experience with lateral interbody fusion at L4-5 and
its associated outcomes and complications.

Hip flexion weakness and anterior thigh symptoms
are common and approach-related postoperative findings
ranging from 14% to 33% and are mostly due to psoas
trauma caused by the retractor system (29,32-35). In our
series, 31.4% and 9.1% of patients experienced transient hip
flexion weakness at discharge and at 3-week postoperative
follow up visit, respectively, while 99.1% of patients
experienced normal hip flexor strength 3 months after
surgery. Two patients (0.9%) with initial iliopsoas weakness
at the time of discharge complained of persistent weakness
(4/5) at 3- and 6-month follow up visits. The rate of
anterior thigh symptom (numbness or pain) at discharge in
our study was 24.2% (1.8% at 3 months, 0.5% at 6 months,
and none at 9 months) compared to 27% reported by Hijji
et al. (29). In our series only 2 patients experienced persistent
approach-related iliopsoas and quadricep weakness at 3 and
6 months while the remainder of post-operative iliopsoas
and quadricep weaknesses were transient in nature and
all resolved prior to the 3-month follow up visit. The
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transient nature of these deficits indicates approach-related
trauma to the psoas muscle and the embedded nervous
structures as the likely etiology. The remaining 2 patients
with persistent mild iliopsoas and quadricep weakness (4/5
iliopsoas and 4+/5 quadricep) at 6-month follow-up both
had normal intraoperative neuromonitoring at the time of
surgery. This is in concordance with results published by
Houten et al. reporting 2 cases of persistent postoperative
iliopsoas and quadricep weakness after L4-5 LLIF despite
normal intraoperative neuromonitoring signals (33). Both
of our patients were unfortunately lost to follow-up beyond
the 6-month postoperative visit and no further data were
available. Slight heterogeneity in data is anticipated due to
inclusion of concurrent procedures such as TLIF (n=52)
and ALIF (n=2) at L5-S1 as one may relate postoperative
lower extremity paresthesias to radiculitis from the TLIF
approach. Our subgroup analysis did not show any statically
significant differences in postoperative leg dysesthesias in
patients undergoing concurrent TLIF/ALIF. Moreover,
the anatomic pattern of pain distribution caused by
postoperative radiculitis at L5-S1 typically extends below
the knee, which is different from the anterior thigh
symptoms experienced after a transpsoas approach.

In a large systematic literature review, Hijji e 4/. reported
that transient neurologic complications including thigh
symptoms and motor weakness are the most common
risks of the lateral approach (up to 36%) (29). Our clinical
analysis at L4-5 shows similar results. However, one of
the most feared complications of the lateral approach is
persistent neurologic complications including lumbosacral
plexopathy, femoral neuropathy, and motor or sensory loss
in the anterior thigh. Based on the most comprehensive
systematic review available to date, the overall risk of
permanent neurologic deficit after a LLIF is 4%, which is
higher than what was found in our study (0.9%) (29). In
a separate retrospective study, Cahill er 4/. reported two
incidents of femoral nerve injury in 201 patients, both
during the dilation of the retractor at L4-5. The procedure
was aborted at that level in both patients due to the
anterior positioning of lumbosacral plexus. Both patients
experienced profound weakness in the ipsilateral iliopsoas
and quadricep muscle groups postoperatively. While one
patient had full recovery at 3 months, the other reported
persistent residual motor deficit (36).

Interestingly, other studies have reported statistically
significant increased rate of persistent neurologic deficit
with the use of thBMP-2, fusion at L.2-3 level, and higher
number of levels treated (14,30,37). Our study investigated
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the complication rate after a one-level fusion at L4-5
and thBMP was only used in 4.1% (n=9) of cases with
no correlation to postoperative complications. Our study
showed higher BMI, female sex, and length of operation
as the factors associated with an increased risk of transient
neurologic deficit after L4-5 LLIF. In our interpretation of
this data, higher BMI and longer operative time may in part
reflect longer retractor time and higher risk of injury to the
nervous structures in the operative field. In our practice,
“retractor time” or “psoas time” is defined as the time spent
between intradiscal shim placement and retractor system
removal. While retractor time was not collected in this
study, our unpublished prospective clinical experience with
30 consecutive L4-5 LLIF revealed an average retractor
time of 00:17:42, with times ranging from 12 to 32 minutes
depending on disc height and anatomic complexity.

Aside from the known neurologic complications,
patients undergoing the anterior retroperitoneal transpsoas
approach are prone to vascular and visceral injuries that
are well-reported in the literature (17,29). In our study, no
patients suffered any vascular, bowel, or urologic injury.

In order to minimize operative complications
associated with LLIF, specific preoperative evaluations and
intraoperative measures are necessary to assure optimized
outcomes and minimized morbidity. Below are some of the
important steps involved in surgical planning and execution.

Radiographic analysis

In order to assure feasibility of the lateral approach at L4-
5, it is critical to review the AP view of the lumbar X-ray
and evaluate the iliac crest. At times, anatomy of the crest
dictates the laterality of approach. If the anatomy of the
iliac crest is marginally favorable, angled instruments can be
considered to facilitate the operation. The anatomy of the
psoas muscle on axial MRI is another important radiographic
marker to consider when planning a transpsoas approach.
A rising psoas sign or “Mickey Mouse” psoas refers to
more ventral position of the psoas muscle with respect to
the vertebral body and has been associated with higher
risk of transient and permanent neurologic injury (18).
The psoas muscle spans from T12 to L5 with gradual
ventral migration rostro-caudally and complete dissociation
from the vertebral body at L5-S1 disc level. According to a
study by Kepler ez 4/., more anterior position of the psoas
muscle correlated with more anterior position of the lumbar
plexus and in turn, higher incidence of iatrogenic neurologic
injury (28). In cases of L4-5 LLIF, the surgeon should
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also pay close attention to lumbarization of sacral spine as
the transitional levels seldom offer a safe surgical corridor
to dock the retractor and will most likely necessitate an
alternative approach.

Exposure of disc space and retractor docking

Direct inspection of the surgical corridor and avoidance
of sharp dissection minimize the risk of neurologic and
visceral injuries inherent to the approach. Moreover, safe
surgical corridors have been described in several cadaveric
and clinical studies. While exposure of L.2-3 does not
pose any risks of nerve injury, the genitofemoral nerve is
anterior and superficial to the psoas muscle at L3-4 and
L4-5 (38). Additionally, multiple studies have shown the
dorsoventral migration of the lumbosacral plexus traveling
from L2 to L5. One should especially be cognizant of the
ventral migration at L4-5 as the plexus can be located as far
anterior as at the midpoint of the disc space (36,39,40). In
a cadaveric study, Uribe ez 4/. divided the disc space equally
into 4 segments, defined as zones I through IV going
from anterior to posterior. From L2 to L5 the femoral
nerve traverses the psoas muscle in a gradual dorsoventral
trajectory and is frequently found in the posterior middle
quarter (zone III) of the L4-5 disc space. Results of this
study indicated that zone III is generally a safe surgical zone
at all levels in patients without significant spondylolisthesis
or coronal deformity (41). Finally, attention should be
given to effective anchoring of the retractor to the vertebral
body during deployment, particularly in the presence of
osteophytes, to prevent unintentional migration of the
retractor and possible risk of nerve injury (15,33,42).

Retractor time and surgeon experience

The process of retractor deployment and dilation is
traumatic to the psoas muscle as well as the nervous
structures buried within and every attempt should be made
to minimize retractor time (34). Multiple studies describe
the learning curve associated with minimally invasive spinal
surgery and its effect on operative time. Literature shows
that operative time reduces as a surgeon becomes more
experienced with the approach, generally after performing
the first 30 cases (43-45). We speculate that minimally
invasive LLIF is not an exception to this rule. Moreover,
excessive dilation of the retractor has been identified as a
risk factor for approach-related nerve injury and should be
avoided (34).

© Journal of Spine Surgery. All rights reserved.
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The current study reports our single center experience
with L4-5 LLIF and its associated complications. There are
several limitations to our study including its retrospective
nature, relatively high rate of loss to follow-up, and
incomplete operative data such as retractor time and
number of aborted procedures. With regards to the high
rate of loss to follow-up, the majority of this subgroup is
comprised of out-of-town patients (n=24) that traveled
to our institution for the operation. These patients were
generally managed on an as-needed basis beyond the
3-month follow-up appointment (except for the 12-month
imaging to evaluate arthrodesis) and therefore partially
contributed to the relatively high rate of loss to follow-up.
Finally, our study did not account for socioeconomic factors
and their possible confounding effects on postoperative
LOS, and therefore results are subject to bias. Nonetheless,
our case series demonstrates favorable feasibility and safety
of LLIF at L4-5 and warrants further evaluation of this
approach via larger prospective multi-center studies.

Conclusions

Overall, our results suggest that the minimally invasive
lateral approach proves to be a safe and effective technique
at L4-5 to address a wide array of spinal pathologies. The
complications inherent to the lateral transpsoas approach
are comparable to other retroperitoneal interbody fusion
approaches such as ALIF and OLIF. Surgeons should be
mindful of factors contributing to increased risk of transient
or permanent approach-related nerve injury including
transitional anatomy, radiographic warning signs, retractor
time, and degree of retractor dilation.
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