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A B S T R A C T

Study design: Retrospective Review
Objectives: Compare clinical outcomes and radiographic correction of adult degenerative scoliosis (ADS) patients
treated with lateral lumbar interbody fusion (LLIF), combined either with percutaneous (no laminectomy) versus
open laminectomy/pedicle screw instrumentation.
Methods: Twenty-two ADS patients undergoing combined LLIF and posterior instrumentation were divided into
two groups: thirteen patients underwent LLIF with open laminectomy and posterior pedicle instrumentation
(Group-1, six revision); nine patients underwent LLIF with percutaneous pedicle instrumentation (no decom-
pression) (Group-2). Radiographs, CT/MRI, peri-operative complications, VAS, SF-12, and ODI were measured.
Results: Average follow up was 22 months. In Group-1 and Group-2, respectively: Mean coronal Cobb angle
corrected 12.6° and 5.8°; Mean regional lumbar lordosis improved 11.1° and 3.8°; Pelvic incidence minus lumbar
lordosis mismatch corrected to within +/−9° in 46% and 0% of patients; Mean VAS improved from 5.4 to 2.8
and 6.3 to 1; Mean ODI improved 19% and 22%. Improvements were found in SF-12 PCS and MCS scores.
Conclusions: Both open and percutaneous posterior techniques following LLIF significantly improved clinical
outcomes. Open procedures resulted in significantly better radiographic improvements but also higher com-
plication rates. LLIF with percutaneous posterior fixation, without decompression, should be considered part of
the algorithm in select ADS patients with remaining compensatory mechanisms and understanding that greater
degrees of correction may require an open, more extensive approach.

1. Introduction

Adult degenerative scoliosis (ADS) is a prevalent issue among the
aging population, occurring in approximately 6% of people over the age
of 50.1 Classical clinical presentations often include back pain, truncal
imbalance, and radicular symptoms. Conservative management is re-
commended as an initial treatment, however outcomes are frequently
unacceptable.2 In patients whom have failed non-operative treatments,
adult degenerative scoliosis presents significant surgical challenges.
Iatrogenic instability, recurrent stenosis, and progression of deformity
may occur with decompression alone for adult degenerative scoliosis,
even in patients with minimal pre-existing instability. An instrumented
arthrodesis is often indicated to correct coronal and sagittal imbalances,
commonly performed via a posterior approach in combination with
other corrective methods.3–6 Some controversy remains over which
surgical methodology most benefits ADS patients while minimizing

surgical risks, particularly in patients of advanced age.
Current literature has shown that interbody fusion is an effective

and often important adjunct to achieving fusion and deformity cor-
rection in adult scoliosis.7,8 Several different approaches to interbody
fusion have been utilized, including posterior lumbar interbody fusion
(PLIF), transforaminal lumbar interbody fusion (TLIF), and anterior
lumbar interbody fusion (ALIF). However, the transpsoas lateral lumbar
interbody fusion (LLIF) is an increasingly popular method of interbody
fusion that uses a less invasive approach for this pathology.9,10 This
technique of lateral-based discectomy and interbody cage placement
generally allows for indirect neurological decompression with less
tissue trauma, minimal blood loss, typically shorter operation times,
less wound complications, placement of a larger cage versus posterior-
based interbody techniques, and earlier patient mobilization.11,12

Studies have shown that LLIF with instrumented arthrodesis is an
effective method of deformity correction in ADS13 and that restoring
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proper sagittal alignment plays a pivotal role in preventing poor clinical
outcomes of pain and disability.14 One spino-pelvic alignment para-
meter of particular importance in deformity correction is the pelvic
incidence (PI), and ensuring postoperative radiographs have a lumbar
lordosis (LL) within +/−9° of pelvic incidence has been shown to
correlate with good postoperative health-related quality of life scores.15

However, literature comparing radiographic and clinical outcomes of
ADS treated by open versus percutaneous pedicle screw instrumenta-
tion, are limited, particularly when treated with short segment fixation
(remaining within lumbar spine), a unique feature of this study

This retrospective study compares clinical outcomes and radio-
graphic correction of coronal deformity and regional lumbar lordosis in
degenerative scoliosis consecutive patients from a single institution,
treated with LLIF combined either with percutaneous (without de-
compression) versus open pedicle screw instrumentation. Of particular
relevance during the transition to value-based healthcare delivery, it is
important to note that this study has an added focus on the use of short
segment posterior fixation in nearly all cases, where the upper in-
strumented vertebra (UIV) remained within lumbar spine in all percu-
taneous cases and in all but 3 open cases (2 UIV stopped at T11, 1 case
stopped at T12).

2. Materials and methods

This study was a retrospective, institutional review board-approved,
evaluation of adult degenerative scoliosis treated by three surgeons at
University of California, San Diego Medical Center. From 2009 to 2012,
twenty-two patients underwent extreme lateral interbody fusion (XLIF;
Nuvasive Inc, San Diego, CA) with supplemental open (laminectomies,
partial or complete facetectomies, and deformity correction) versus
percutaneous instrumentation. Inclusion criteria included the fol-
lowing: 1) symptomatic ADS with Cobb angle of at least 10°; 2)
Preoperative and postoperative radiographs of involved segments/le-
vels and femoral head; 3) Preoperative and postoperative health related
quality of life scores (VAS, ODI, SF-12) at appropriate follow up time
points; 4) At least 40 years of age; 5) Minimum of 1 year follow up.
Exclusion criteria included 1) deformity due to infection or malignancy,
2) severe osteoporosis. 22 patients met the inclusion and minimum
follow up criteria. This review included all patients treated who met the
appropriate inclusion criteria, not based on general surgeon discretion.
Additionally, there were no significant differences between groups de-
mographically, aiding the validity of the comparisons. Patients were
followed for an average of 22 months. Data was collected at months 3,
6, 12, and 24 after surgery. Radiographic measurements, lumbopelvic
parameters, and validated clinical outcome scores were obtained pre-
operatively and at follow-up for comparison purposes. Complications
were recorded.

The average patient age was 68 years (range 47–85 years), and
included 5 men and 17 women [Table 1]. Fifteen patients had apex-left
deformity, and seven had apex-right. No patients were active smokers
at the time of surgery. Six patients, all in the open group, were

revisions, having undergone prior lumbar spine surgery at one or more
levels: including prior decompression and instrumented fusion (5) and
one with LLIF. All patients in Group 1 (open) had laminectomies per-
formed, and all 6 revision cases had revision decompressive laminec-
tomies, facetectomies, and foraminotomies.

Interbody fusion was completed using the extreme lateral interbody
fusion (XLIF; Nuvasive Inc, San Diego, Ca) technique via a retro-
peritoneal or retropleural approach as described by Ozgur et al.10.
Importantly, all laterally placed interbody spacers were 10° lordotic and
18mm wide. Interbody PEEK grafts were supplemented either with
Osteocel Plus allograft cellular bone matrix (NuVasive, Inc., San Diego,
CA), or recombinant human bone morphogenetic protein (rhBMP-2;
Medtronic Sofamor Danek, Minneapolis, MN) plus Formagraft (NuVa-
sive, Inc., San Diego, CA). Lateral approaches were made from the
concave side. Posterior instrumentation involved traditional open
versus percutaneous placement of transpedicular screws and rods
(NuVasive, Inc., San Diego, CA; Depuy Synthes Spine, Raynham, MA;
Sofamor Danek Medtronic Spine). In the open group, all posterior fu-
sions included local laminectomy bone often supplemented by allograft
demineralized bone matrix, if quantity was not sufficient. In the per-
cutaneous group, no formal fusions were performed. A total of 62 le-
vels, from 2 to 4 per patient across T11-L4/5 (average of 3 levels) were
treated using XLIF. Validated clinical outcome scores were collected on
all patients preoperatively and at follow-up. Outcome scores included
the visual analog pain score (VAS), short form-12 (SF-12), and Oswestry
Disability Index (ODI). All complications were recorded as any devia-
tion from a normal postoperative course.

2.1. Statistical analysis

Differences in patient demographics and baseline preoperative and
postoperative clinical outcome and radiographic changes were ana-
lyzed using paired parametric t-test. Preoperative and postoperative
changes in clinical and radiographic parameters were compared be-
tween groups using unpaired parametric t-test. Analysis was performed
using Prism 6.0 (GraphPad Inc, La Jolla, CA). Significance level was set
at p < 0.05.

3. Results

The mean duration of follow-up was 21 months (range, 13–28
months) for the patients in Group 1 (open) and 24 months (range,
23–26) for the patients in Group 2 (percutaneous). Data was collected
at months 3, 6, 12, and 24 after surgery. In Group 1 (open), all patients
had laminectomies and six cases were revisions. Radiographically, both
groups demonstrated statistically significant coronal correction after
LLIF and instrumentation (Table 2). Mean preoperative coronal Cobb

Table 1
Demographics.

Parameter Open (n= 13) Perc (n= 9) p value

Age, mean (SEM) 68 (3.3) 68 (2.6) 0.95
No. of male:female. 2: 11 3: 6
No. of scoliosis apex, Right:Left 4: 9 3: 6
VAS Leg (SEM) 4.3 (2.3) 8 (0.8) 0.12
VAS back (SEM) 5 (2.5) 7.2 (0.9) 0.35
ODI (SEM) 49.5 (3.6) 41.2 (6.0) 0.22
SF-12: PCS (SEM) 33.5 (4.7) 31.4 (2.6) 0.54
SF-12: MCS (SEM) 46.8 (4.2) 46.8 (5.7) 1.00
Lumbar Lordosis, Deg (SEM) 30.6 (3.1) 30.5 (4.1) 0.98
Coronal Cobb Angle, Deg (SEM) 24.5 (2.3) 19.3 (2.2) 0.12

Table 2
Radiographic parameters.

Measurement Open Percutaneous p value

Cobb Angle (degrees)
pre-op 24.45 19.24 0.12
post-op 11.82 13.41 0.53
change −12.63 −5.83 0.048

p value (pre-op to post-op) 0.001 0.0004 N/A
Lumbar Lordosis (degrees)

pre-op 30.61 30.49 0.98
post-op 41.69 34.31 0.15
change 11.08 3.82 0.036

p value (pre-op to post-op) 0.0003 0.11 N/A
PI-LL (degrees)

pre-op 16.08 15.43 0.85
post-op 6.6 12.87 0.0049
change 9.48 2.61 0.04

p value (pre-op to post-op) 0.0029 0.0024 N/A
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angle was 24.4° (range 11–38°) in the open group and 19.2° (range
12–30°) in percutaneous group. Postoperatively, the coronal correction
in the open group (12.6°) was significantly greater than the correction
in the percutaneous group (5.8°, Table 2). Mean regional lumbar lor-
dosis was similar preoperatively in the open group (30.6°) and percu-
taneous group (30.5°). Postoperatively, the open group had a sig-
nificantly greater improvement in lumbar lordosis (11.1°) compared to
the percutaneous group (3.8°, p= 0.036; Table 2). Pelvic incidence
minus lumbar lordosis (PI-LL) improved postoperatively to a mean of
6.6° in the open group, compared to 12.9° in the percutaneous group. 6
patients in the open group (46%) who were considered mismatched
preoperatively, became “matched” (e.g. PI-LL goal within 9°) post-
operatively, but PI-LL mismatch persisted in the percutaneous patients
postoperatively.

Peri-operative complications occurred only in the open group, in-
cluding two wound infections (15%; 1 revision case, 1 primary case)
and one dural tear (8%). Mean VAS significantly improved from 5.4 to
2.8 and 6.3 to 1, in Group 1 and Group 2 respectively; Mean VAS leg
pain scores improved from 4.3 to 1.3 and from 6.7 to 0.8; and mean
VAS back pain scores improved from 5 to 1 and from 6.8 to 1.
Preoperative disability scores were higher in the open group, but mean
change in ODI improved similarly, from 50% to 31% in Group 1,
compared to 41% to 19% in Group 2. In Group 1 and Group 2 re-
spectively, mean SF-12 PCS score increased from 34 to 40 and from 31
to 44; and mean SF-12 MCS score increased from 47 to 50 and from 47
to 57. Significant improvements in VAS, SF-12 PCS, and ODI scores
occurred in both groups. The percutaneous group experienced sig-
nificantly greater improvement in VAS pain scores (p=0.04, Table 3)
while radiographic parameters improved more in the open group.

4. Discussion

Traditional open surgical approaches for adult patients with sco-
liosis improve pain, function, and quality of life, but carry a perio-
perative risk profile that could negatively impact a successful surgical
result, and its cost-effectiveness.16–19 Open posterior decompression
and instrumented fusion for degenerative scoliosis is associated with
increased operative times and blood loss, is technically challenging,
particularly in revision cases, and has complication rates of up to 45%
or more.20 Though the ultimate surgical outcome may not be compro-
mised, this can be costly to patients and society, and methods to
minimize direct and indirect costs of care in this patient population
remains an important economic priority, particularly in a value-based

health care system. Use of the less invasive lateral approach for inter-
body fusion may decrease surgical morbidity compared to the tradi-
tional anterior approach. Isaacs et al. performed a prospective, multi-
center study21 and reported that the perioperative morbidity of XLIF
(Nuvasive Inc, San Diego, CA) in the treatment of adult degenerative
scoliosis compares favorably to more invasive techniques, with out-
comes that are similar or improved compared to their open counter-
parts. Youssef and colleagues22 found similar benefits of fewer com-
plications and quicker recoveries, using lateral interbody fusions in
patients with lumbar degenerative disease.

The use of LLIF for interbody fusion in combination with open or
percutaneous posterior instrumentation yielded good clinical results in
the present study. Clinical outcome scores including VAS back and leg
pain scores, ODI, and SF-12 did not demonstrate a statistically sig-
nificant difference between the two groups, most likely because the
study was not powered to detect these potential differences. However, a
greater mean difference for VAS back pain, ODI, and PCS was observed
within the percutaneous group. The percutaneous group achieved these
results without any formal open posterior decompression, and by using
shorter posterior constructs – keeping the UIV in the lumbar spine, and
without significantly improving lumbar lordosis or altering PI-LL mis-
match. This implies that: a) indirect neural decompression/mechanical
stabilization relieved symptoms and improved function in this series of
patients, regardless of the location of symptomatic stenosis or degree of
spondylosis; and b) that strictly speaking, PI-LL mismatch may not be a
primary contributor to disability in this cohort of patients, as patients’
remaining compensatory mechanisms (e.g hips/pelvic retroversion)
were able to successfully achieve improved outcomes/maintain sagittal
profile without increased lordosis in the percutaneous group. Though
both groups improved similarly in terms of ODI scores, greater PCS
score improvements in the percutaneous group implies a higher func-
tional level. This may be attributable to a decreased baseline ODI in the
percutaneous group, indicating less disability, in addition to contribu-
tions from a shorter fusion constructs, smaller initial curves, and shorter
recovery time. In contrast, significantly more radiographic improve-
ment was seen in the open group in both coronal and sagittal planes.
Minimal increase in lordosis occurred in the percutaneous group, and
coronal correction was 5.8° in the percutaneous group versus 12.6° in
the open group. Notably, starting coronal cobb was substantially (21%)
less in the percutaneous versus open group, at 19.2° versus 24.4°, re-
spectively, possibly indicating surgeon bias in decision-making for ap-
proach, but is consistent with prior studies on mild to moderate spinal
deformity management using less invasive surgical methods. Each LLIF
cage used in this study was 18mm wide and had the same degree of
lordosis (10°). As may be expected, the addition of open laminectomies/
facetectomies produced substantially greater improvements in both
coronal and sagittal planes. These data have led to several questions
that may impact ADS treatment algorithms. Future studies should
evaluate whether posterior percutaneous combined with different de-
gree lordotic cages can improve lordosis, achieve better ability to match
incidence to lordosis, and/or achieve the same outcomes. Future studies
are also needed to determine the limits of percutaneous fixation
without decompression, and to evaluate exactly when an open versus
less invasive decompression may be required when combined with
different cage sizes/heights/lordosis (e.g. hyperlordotic/anterior
column realignment (ACR)). Interestingly, leg pain scores were not
significantly different or “better” postoperatively in the open group, as
one might expect with direct decompression of the neural elements.
Data are somewhat limited, however, by the number of revisions in that
group (e.g. 6 of 13 patients were revisions) and possibly other factors,
such as the preoperative leg pain scores and duration of leg pain in the
open group. There were no revisions in percutaneous group. Increased
patient numbers, using different outcome measures, and more equal
distributions across treatment groups would increase the ability to
capture these notable differences.

The advantages of indirect decompression by larger (e.g. lateral)

Table 3
Clinical outcomes.

Measurement Open Percutaneous p value

Mean VAS
pre-op. 5.4 6.3 0.43
post-op 2.8 1 0.07
change −2.6 −5.5 0.04

p value (pre-op to post-op) 0.006 0.001 N/A
Mean ODI

pre-op 49.53 41.19 0.22
post-op 31.14 18.83 0.34
change −18.39 −22.35 0.76

p value (pre-op to post-op) 0.05 0.07 N/A
Mean PCS

pre-op 33.51 31.42 0.69
post-op 40.35 44.4 0.41
change 6.84 12.98 0.37

p value (pre-op to post-op) 0.16 0.004 N/A
Mean MCS

pre-op 46.78 46.76 0.99
post-op 49.9 57.32 0.17
change 3.12 10.56 0.43

p value (pre-op to post-op) 0.58 0.2 N/A
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interbody grafts siting on the stronger apophyseal ring is not new. In
this series, complex patterns of severe central, subarticular, and neu-
roforaminal stenosis were present in both groups, but percutaneous
fixation did not seem to negatively impact the measured clinical out-
comes. Disc height restoration due to the larger graft size, particularly
compared to a collapsed preoperative disc space height, as well as graft
position in the sagittal plane, may independently (and together) con-
tribute enough to the extent of indirect decompression to significantly
improve clinical symptoms.23 Correction of rotation via ligamentotaxis
are additional means by which a lateral interbody cage can drive de-
formity correction and indirect decompression of the neural elements,
thus contributing to resolution of neurogenic symptoms. Although
longer follow up data and late MRI evaluations may be helpful to de-
termine canal improvements and need for revisions, it is clear that at
nearly 2 years, outcomes remain good without current need for revi-
sion. Predicting cage size, position in the interbody space, and how
much disc height restoration is needed to improve outcomes in ADS of
varying complexities remains less defined in percutaneously-treated
patients24 Importantly, the current percutaneous treatment method was
tested only on moderate sized ADS curves averaging 19°. Although
limitations of this MIS method are becoming increasingly clear in ADS
patient treatment algorithms,25 this study is not designed to “test” the
limits of method. Realizing these limitations, this method of treatment
in the current study, using LLIF and percutaneous fixation for mild to
moderate ADS curves, is viewed more as an integral part of the surgical
decision-making algorithm for ADS patients rather than a weighted
selection bias of the treating surgeons.

While correction of deformity was greater in the open group, we
also observed higher complication rates. Complication rates are ex-
pected to be higher during open adult scoliosis surgery, particularly
since all revision cases were in the open group. Though evidence sug-
gests that vancomycin powder use in posterior lumbar spine surgeries
can markedly decrease infection rate,26 no vancomycin powder was
used in these wounds. This, in addition to increased surgical time, tissue
dissection, and several other factors may contribute to the observed
higher complication rates and worse postoperative pain scores in the
open group. Interestingly, while their average curves were smaller,
preoperative pain scores were higher and VAS pain scores were sig-
nificantly more improved in the percutaneous group. Worse disability
scores were found in the open group preoperatively. It is interesting to
postulate what factors may improve pain scores to that extent in the
percutaneous group, including less paraspinal muscle (e.g. multifidus)
dissection/injury, decreased blood loss and OR time, fewer complica-
tions, or other structural or psycho-social factors contributing to pre-
operative pain scores. Nonetheless, in carefully selected patients, less
morbidity in adult scoliosis surgery may be seen using less invasive
techniques, with similar outcomes compared to the open approach.

Weaknesses of this study include its retrospective nature, relatively
small patient numbers, lack of long-standing radiographs for other
measures of sagittal and coronal profile, and the lack of other corollary
data regarding fusion rates. No revisions, however, over this time
period implies fusion rates are likely within acceptable limits. Strengths
of the study include the relatively long follow-up, the direct compar-
isons between treatment methods using the same lordotic 10° interbody
grafts, shorter fusion constructs being used in nearly all cases, and the
finding that percutaneously treated patients had improved pain and
functional scores despite only mild coronal and little if any sagittal
correction. Additionally, we found marked improvements in both sa-
gittal and coronal deformity correction using open posterior surgical
techniques and interbody grafts with the same degree of lordosis as in
the percutaneous group.

5. Conclusions

The goal of this study was to compare LLIF combined with open
versus percutaneous posterior instrumented approaches in the

treatment of adult degenerative scoliosis. In this series of patients,
significant clinical improvement was noted in multiple validated out-
come tools in both groups, but key differences were observed radio-
graphically despite all interbody cages having identical lordosis. All in
the percutaneous group, and all but 3 in open group, underwent short
segment posterior instrumented fusions limited to the lumbar spine
only. Fewer complications were seen in the percutaneous group. This
should be considered when interpreting the data for ADS and the
treatment rationale for the use of percutaneous fixation, and this series
adds to a growing body of data supporting the efficacy of LLIF with
instrumented arthrodesis in the treatment of adult degenerative sco-
liosis. Percutaneous posterior fixation, without decompression, should be
considered part of the algorithm in select patients with degenerative
scoliosis, understanding that differences in patient pathologies, global
sagittal/coronal balance, number of levels fused, and curve character-
istics may necessitate an open approach.
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