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Spondylolisthesis is one of the most common indications for spinal surgery. However, no one approach has been proven to be
more effective in treating spondylolisthesis. Recent advances in minimally invasive spine technology have allowed for different
approaches to be applied to this indication, notably extreme lateral interbody fusion (XLIF). The risk, however, of using XLIF
in treating grade II spondylolisthesis is the ventral position of the lumbar plexus, particularly at L4-5. Objective. This study
reports the safety and midterm clinical and radiographic outcomes of patients with grade II lumbar spondylolisthesis treated with
XLIF. Methods. 63 patients with grade II spondylolisthesis and spinal stenosis were treated with XLIF and were available for 12-
month followup. Of those, 61 (97%) were treated at L4-5. Clinical (VAS, complications, and reoperation rate) and radiographic
(anterolisthesis, disk height, and fusion) parameters were assessed. Study Design. Data were collected via a prospective registry
and analyzed retrospectively. Results. Sixty-three patients were available for evaluations at least one year postoperatively. Average
pain (visual analog scale) decreased from a score of 8.7 at baseline to 2.2 at 12 months postoperatively. Average anterior slippage
was reduced by 73% and was well maintained. Average disk height (4.6 mm pre-op and 9.0 mm post-op) nearly doubled after
surgery. Slight settling (average 1.3 mm) occurred over the twelve-month follow-up period. There were no neural injuries and no
nonunions noted. Conclusions. XLIF is a safe and effective minimally invasive treatment alternative for grade II spondylolisthesis.
Real-time neurological monitoring and attention to technique are mandatory.

1. Introduction

Spondylolisthesis remains one of the most common indi-
cations for surgery on the spine. The efficacy of surgical
treatment for this condition has been repeatedly confirmed
[1], most notably in the Spine Patient Outcomes Research
Trial (SPORT) study [2–4] and as such, fusion is frequently
recommended for patients with degenerative spondylolisthe-
sis [5, 6]. While the long-term benefits of surgical treatment
over nonoperative care for this indication have been shown,
only recently has the cost-effectiveness of this procedure been
proven in high-level data [7]. Recent reports have discussed
and compared a variety of fusion procedures, including
anterior lumbar interbody fusion (ALIF), posterior lumbar
interbody fusion (PLIF), [8] transforaminal lumbar inter-
body fusion (TLIF) [9], and minimally invasive (MIS) TLIF
and MIS ALIF [10]. Despite a great deal of investigation, no
approach has proven more effective than the others, and no
universal treatment guideline can be proposed [5].

Recent advances in MIS technology are now being
applied to spinal pathologies. One of these techniques,
extreme lateral interbody fusion (XLIF) has been suggested
as a safe, minimally invasive alternative to traditional open
fusion procedures. The technique has previously been
described in detail Figure 1 [11] and several reports with
long-term outcomes and large-series samples are emerging,
showing the efficacy of the approach with fewer morbidities
than conventional approaches [12–18].

XLIF has been recommended for spondylolisthesis up to
grade 2 [11, 13] but the concerns about neural complications
associated with the lateral approaches to the spine [19–21]
beg the question of safety. These concerns are most pro-
nounced at the L4-5 level, where the lumbar plexus is most
ventral anatomically [8, 22–27]. Significant anterolisthesis at
this level only exacerbates the risk.

To our knowledge, no reports have specifically addressed
the treatment of grade 2 spondylolisthesis at L4-5 with XLIF.
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Figure 1: Illustration of XLIF technique.

Herein, we report on our early and intermediate term results
in applying this technique to what is arguably its “worst case
scenario.”

2. Methods

2.1. Patient Population. Sixty-three patients (10 men and
53 women; mean age 64.5 years) available for 12-month
followup after undergoing XLIF for grade 2 spondylolisthesis
were treated with XLIF at a single institution between
November 2006 and March 2011. In all cases supplemental
posterior instrumentation was applied. No posterior direct
decompression was performed, relying solely on the indirect
decompression achieved through disk height restoration and
reduction of slip. Demographics, diagnosis, previous surgery,
body mass index (BMI), and preexisting comorbidities were
recorded. Under Saint Mary’s Health Center Institutional
Review Board (IRB) approval, clinical and radiographic
outcomes were prospectively collected and evaluated at pre-
op, post-op, 3 months, 6 months, and 12 months followup.

2.2. Radiographic Evaluation. Standing anteroposterior (AP),
static lateral, and flexion-extension lateral radiographs were
obtained preoperatively and at two weeks, three months,
six months, and twelve months after surgery. Measurements
of disk height (mm) and anterolisthesis (mm) were taken.
Spinal stenosis was confirmed by preoperative CT or MR
imaging. Radiographic analysis was performed by a physi-
cian other than the operating surgeon.

Fusion was defined as the presence of bridging bone
across the disk space (modified Lenke grade 1 or 2) [28] and
the absence of significant motion (<5 degrees, <2 mm inter-
spinous widening) on dynamic radiographs.

2.3. Clinical Evaluation. Visual analog scale (VAS) pain mea-
surements were obtained at each time point through the
completion of patient outcomes questionnaires administered

Figure 2: MRI scan showing spinal stenosis and spondylolisthesis.

by the research staff. Intraoperative and postoperative com-
plications were recorded by the evaluating physician. At
twelve months postoperatively, patients were asked to com-
plete an additional questionnaire assessing the presence of
new back or leg pain (pain not present prior to surgery), their
degree of satisfaction with the result, and their willingness to
have the procedure again.

2.4. XLIF Surgical Technique. Extreme lateral interbody
fusion, or XLIF, is a 90◦ off midline or true lateral approach
that allows for large graft placement and excellent disk height
restoration and provides indirect decompression at the
stenotic motion segment. This approach can be performed
using two 3 cm to 4 cm skin incisions. Safe passage to the
retroperitoneal space is assured by gentle blunt dissection.
As the psoas muscle is traversed, the lumbosacral plexus is
protected by the use of automated electrophysiology. Expo-
sure is achieved with an expandable three-bladed retractor,
which allows for direct illuminated visualization facilitating
diskectomy and complete anterior column stabilization using
a large load-bearing implant. In patients with significant
listhetic deformity, the adherence to procedural technique,
including careful patient positioning, gentle retroperitoneal
dissection, and meticulous psoas traverse using advanced
neurological monitoring before performing a complete
discectomy and placing a properly size interbody spacer is
essential [13] where neural structures are pulled ventrally by
the slipping L4 vertebral body (Figure 2).

It is impossible to overemphasize the importance of reli-
able, timely monitoring of the neural elements as the surgeon
traverses the psoas muscle. Visual identification of the lum-
bar plexus is not possible but the plexus can be protected by
using an automated real-time electrophysiology technology
(Figure 3).

3. Results

The demographic, diagnosis, and comorbidity data for the
total cohort are summarized in Table 1. For all patients,
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Figure 3: Lateral fluorogram showing dorsal retractor placement.

Table 1: Patient demographics of grade II spondylolisthesis patients
treated with extreme lateral interbody fusion (XLIF).

Characteristic
Statistic
(n = 63)

Mean age in years (range) 66.4 (25–88)

Number of females (%) 53 (84.1)

Mean body mass index (BMI) (range)
30.8

(16.9–48.4)

Comorbidities

Tobacco use (%) 47 (74.6)

Coronary artery disease (%) 39 (61.9)

Diabetes (%) 9 (14.3)

Chronic obstructive pulmonary
disease (COPD) (%)

3 (4.8)

Preoperative steroid use (%) 9 (14.3)

Cancer (%) 7 (11.1)

Any prior lumbar surgery (%) 45 (71.4)

Prior surgery type n = 45

Laminectomy (%) 11 (61.1)

Fusion (%) 4 (22.2)

Anterior lumbar interbody fusion
(ALIF)

3 (16.7)

Diagnoses (primary only)

Spondylolisthesis (%) 45 (71.4)

Stenosis with instability (%) 132 (46.6)

Degenerative scoliosis (%) 2 (3.2)

hospital stay averaged 1.2 days and hemoglobin decreased
1.4 g on average. There were two (3.4%) complications in
the total cohort, one patient experiencing postoperative ileus,
the second having a broken pedicle screw on radiographs
obtained after a motor vehicle accident 14 months after
surgery. CT imaging showed a solid fusion and the patient
was asymptomatic. There were no infections. Although early

Table 2: Treatment characteristics.

Characteristic
Statistic
(n = 63)

Number of levels treated (average per patient) 80 (1.3)

L2-L3 (% of patients) 2 (3.2)

L3-L4 (% of patients) 15 (23.8)

L4-L5 (% of patients) 61 (96.8)

L5-S1 (AxiaLIF) (% of patients) 2 (3.2)

Number of GII spondy levels (average per
patient)

63 (1.0)

Number of total levels treated per case

One 49 (77.8)

Two 11 (17.5)

Three 3 (4.8)

Graft material

Beta-TCP/HA (%) 6 (9.5)

DBM + allograft (%) 6 (9.5)

DBM + CCC (%) 49 (77.8)

Allograft cellular bone matrix (%) 2 (3.2)

Supplemental fixation (GII levels)

Unilateral pedicle screws (%) 53 (84.1)

Bilateral pedicle screws (%) 9 (14.3)

Total pedicle screw fixations (%) 62 (98.4)

Transpedicular facet fixation (%) 1 (1.6)

Internally fixated implant (%) 10 (15.9)

No supplemental fixation (stand alone) (%) 0 (0)

Mean hemoglobin change from pre- to
postoperative (g) (range)

−1.4 (−3.8–0.5)

Mean length of hospital stay (days) (range) 1.21 (0–4)

postoperative transient upper thigh pain and hip flexion
weakness were common, as expected consequences to opera-
tive trauma to the psoas muscle, these symptoms were not
persistent. There were no neurologic deficits. Two (3.4%)
patients of the total cohort underwent further surgery within
one year: both for adjacent segment disease, one treated with
PLF, the other with XLIF.

Grade II spondylolistheses were most commonly present
at L4-5 (97%), though in a single level each, L2-3, and L3-
4 were indicated. A total of 80 levels (1.3 per patient) were
treated (63 for grade II spondylolisthesis). One-, two-, and
three-level procedures were performed in 78%, 18%, and
5% of cases, respectively. Biologic materials varied, but most
included demineralized bone matrix (87%). Transpedicular
fixation was used in all but one instance of grade II spondy-
lolisthesis, where transpedicular facet fixation was used.
Treatment variables are included in Table 2.

Clinical and radiographic outcomes are shown in Table 3.
At 12 months, there was no radiographic instability noted
on dynamic radiographs and all patients appeared to have
bridging bone across the interbody space (Figures 4(a) and
4(b)). Eight patients underwent CT imaging. All were judged
to be fused by an independent radiologist (Figure 5).
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Table 3: Average clinical and radiographic outcome data of patients with at least 12 months followup.

Preop Postop 3 months 6 months 12 months P

VAS (pain) (stdev.) 8.7 (1.3) 2.2 (2.0) 2.3 (22.0) 2.2 (2.0) <0.001

Disk height (mm) (stdev.) 4.6 (2.2) 10.3 (2.6) 9.7 (2.6) 9.3 (2.6) 9.0 (2.5) <0.001

Slip (mm) (stdev.) 11.1 (1.7) 3.0 (2.0) 3.3 (2.2) 3.6 (2.3) 3.6 (2.3) <0.001

Lenke 1.9 (0.5) 1.4 (0.4) 1.1 (0.3)

Mm: millimeters, stdev: standard deviation.

(a) (b)

Figure 4: (a) Preoperative lateral radiograph. (b) Lateral radiograph 12-months postoperative.

Figure 5: CT image demonstrating fusion.

Neither radiographic (slip) nor VAS improvement and
maintenance at last followup were influenced by age,
BMI/obesity, preexisting comorbidities, prior surgery, levels
treated, or unilateral versus bilateral fixation (P > 0.05).
Patient satisfaction and willingness to have undergone the

procedure again were, however, dependent on slip improve-
ment (P = 0.011 and P = 0.008, resp.). A summary of slip
and VAS findings by demographic and treatment variables
is included in Table 4. Although average correction was well
maintained, 6.4% of patients had lost more than 3 mm of
listhetic correction and 6.4% had lost more than 3 mm of
disk height.

At last followup, 89.3% rated themselves as “satisfied” or
“very satisfied” with their results and 92.9% stated that they
would choose to have the procedure again.

4. Discussion

The purpose of this study was to examine the safety and
efficacy of XLIF in the treatment of grade 2 spondylolisthesis.
The use of XLIF to treat degenerative conditions has been
documented, as has the procedure’s reduced complica-
tion rate when compared to traditional open approaches,
either anterior [29] or posterior [30, 31]. Analysis of our
results shows excellent reduction in listhetic deformity and
improvement of disk height with maintenance of these
radiographic outcomes over time. Progression toward fusion
appears to be routine. Likewise, clinical outcomes denote
marked improvement in VAS with persistent improvement at
one year. Patient satisfaction with the procedure approaches
90% in most studies, a finding confirmed by our results.
These clinical measures attest to the resolution of stenotic
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Table 4: Breakdown of spondylolisthesis reduction and 12-month pain (VAS) by demographic and treatment variables.

Grouping variable (n)
Slip reduction from preoperative (%) 12-month VAS (mm)

No Yes P No Yes P

Gender (female/male) 67% (53) 75% (10) 0.228 2.2 (48) 2.1 (10) 0.933

Obese 68% (36) 68% (27) 0.925 2.1 (24) 2.2 (34) 0.840

Smoke 68% (47) 67% (16) 0.862 2.1 (44) 2.2 (14) 0.915

Diabetes mellitus 69% (54) 62% (9) 0.345 2.1 (50) 2.4 (8) 0.677

Coronary artery disease 68% (39) 68% (24) 0.934 1.9 (34) 2.5 (24) 0.249

Chronic obstructive pulmonary disease 69% (60) 56% (3) 0.273 2.2 (55) 2.3 (3) 0.856

Steroid use 67% (54) 76% (9) 0.149 2.1 (49) 2.2 (9) 0.916

Cancer 68% (56) 70% (7) 0.714 2.2 (52) 2.0 (6) 0.760

Prior surgery 69% (45) 66% (18) 0.680 2.1 (43) 2.3 (15) 0.800

Levels treated (1 or 2) 67% (49) 71% (11) 0.637 2.1 (44) 2.6 (11) 0.508

Unilateral versus bilateral fixation (uni/bi) 68% (53) 70% (8) 0.799 2.3 (49) 1.7 (7) 0.445

Satisfaction 49% (6) 70% (50) 0.011 5.7 (6) 1.7 (45) 0.016

Redo 43% (4) 70% (52) 0.008 5.3 (4) 1.8 (47) 0.041

VAS: visual analog scale, mm: millimeters, uni: unilateral, and bi: bilateral.

symptoms through the indirect decompression and stabiliza-
tion achieved.

However, the concerns regarding the safety of lateral
transpsoas approaches to the lumbar spine remain. In a
frequently cited study, [19] the authors reported a 27%
incidence of groin numbness (but no motor deficits) using
an endoscopic transpsoas approach without neurologic
monitoring. It should be noted that this study has been
mistakenly referenced [19] as a description of the XLIF
approach, which is minimally invasive but not endoscopic
and mandates the use of real-time neurologic monitoring.
Another study [21] noted two L4 nerve root injuries (3.4%)
in a series of 58 lateral fusion cases (and a 22.4% complica-
tion rate). This paper reported cases using both XLIF and
direct lateral interbody fusion (DLIF) without delineating
the number of each type of procedure or distinguishing
the complications by procedure. Since the recommended
technique is somewhat different in the two procedures and
the duration of hospitalization was so prolonged (XLIF: 6
days; DLIF: 4 days), one might argue that this study was
a learning curve comparison and should not be cited as
definitive. In the largest published series to date, 600 patients
treated with XLIF experienced a length of hospitalization
averaging 1.21 days and a 6.2% complication rate (rate of
transient motor deficit—0.7%) [18].

Nonetheless, neurologic deficits associated with lateral
approaches are an area of great discussion. As has been
documented anatomically and radiographically, the lumbar
plexus migrates ventrally as one descends caudally from L2-3
to L4-5 [8, 22–27]. This places the plexus at greatest risk in a
transpsoas approach at the L4-5 level. In addition, anterolis-
thesis of the superior vertebral body carries the plexus
even more ventral, heightening safety concerns. However, as
shown by our data, in the presence of real-time neurologic
monitoring and with attention to the details of the technique
mentioned above, grade 2 listhetic segments, especially at
L4-5, can be treated successfully without neurologic injury.

The importance of monitoring and technique cannot be
overemphasized.

Clinically, surgery for spondylolisthesis has been shown
to yield better patient outcomes than nonoperative treatment
in large randomized trials [2–4]. Multiple techniques have
been employed—decompression alone, [32] PLF, [6] instru-
mented PLF [33] PLIF [34], ALIF [35], TLIF [9], as well
as MIS ALIF [10], or MIS TLIF [19] procedures—without
a clear consensus emerging [5]. In addition to clinical
effectiveness, recent results of a randomized controlled trial
have shown that instrumented fusion for the treatment of
degenerative spondylolisthesis is substantially cost effective
compared to conservative care [32]. This study noted a
quality-adjusted life-year (QALY) gain of 0.39 in the fusion
cohort at a cost of $54,500 (down from 0.23 QALY and
$115,600 cost per QALY gained at two years postoperative)
per QALY gained. With the threshold for cost effectiveness
in the United States at $100,000 per QALY gained, [36, 37]
this proves that in the treatment of degenerative spondylolis-
thesis, instrumented lumbar fusion is solidly cost effective
compared to conservative care at four-years postoperative.
However, no breakdown of the 344 fusion surgeries (269
with instrumentation) by type of procedure was provided
but, based on the timeframe of the study, it may be inferred
that the vast majority of those fusions were performed
using traditional open techniques. As we have shown in this
study, the complications associated with MIS XLIF fusion
for spondylolisthesis are notably less than the complications
reported with traditional open approaches. Furthermore,
open spinal fusions have been reported to have much longer
hospitalizations (ALIF: 3.9 days [28], PLIF: 9.7 days [29],
or TLIF: 5.5 days [38]) than the 1.2 days we report herein.
A recent study, compared the operating costs for a hospital
performing XLIF and open PLIF in the treatment of two-
level degenerative spinal conditions showed a decrease in
operating costs by 9.6% (including the higher price for
XLIF implants) with a 1.2 compared with 3.2 day hospital
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stay (resp.) with significantly fewer transfusions and residual
events [39]. A similar study of open and miniopen posterior
found significantly lower hospital charges, complications,
length of stay, and transfer to inpatient rehabilitation using
minimally invasive posterior lumbar interbody fusion (PLIF)
compared with open PLIF [40]. It stands to reason that
modern surgical fusion options—utilizing direct visualiza-
tion, miniopen approaches—would be expected to yield a
markedly decreased dollar cost per QALY gained because
these MIS techniques require shorter hospital stays and result
in fewer expensive complications.

5. Conclusion

XLIF is safe and effective for the treatment of grade 2 spondy-
lolisthesis at L4-5. The use of this technique results in marked
clinical and radiographic improvement which is maintained
over time. The use of real-time neurologic monitoring and
careful attention to technique are mandatory.
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