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The use of minimally invasive transpsoas lateral lumbar interbody fusion (LLIF) surgery 
for treatment of adult degenerative scoliosis is rapidly increasing in popularity. However, 
limited data is available regarding its use in adult degenerative lumbar scoliosis 
surgery. The objective of this study was to evaluate the clinical outcomes of adults with 
degenerative lumbar scoliosis who were treated with minimally invasive LLIF. Thirty-two 
consecutive patients with adult degenerative scoliosis treated by a single surgeon at 
two spine centers were followed up for an average of 13.2 months. Interbody fusion was 
completed using the minimally invasive LLIF technique with supplemental 360 degrees’ 
posterior instrumentation. Oswestry disability index (ODI) scores were obtained 
preoperatively and at most recent follow-up. Complications were recorded. The study 
group demonstrated improvement in clinical outcome scores. ODI scores improved 
from 36.8 to 23.4 (p < 0.00001). A total of four complications (12%) were recorded, and 
two patients (6%) required additional surgery. Based on the significant improvement in 
validated clinical outcome scores, minimally invasive LLIF can be considered an effective 
procedure in the treatment of adult degenerative scoliosis.
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Introduction
Lateral lumbar interbody fusion (LLIF) using a minimally 
invasive lateral retroperitoneal transpsoas approach was first 
reported by McAfee et al in 2006.1,2 Since then, it has been 
used for lumbar spine surgery in patients with degenerative 
spinal disorders, scoliosis, trauma, infections, and tumors.

Minimally invasive transpsoas lateral lumbar interbody 
fusion has several advantages such as ability to use wider foot 
print of interbody cage after maximal disc excision, indirect 
neural decompression, minimum blood loss, sparing of 
anterior or posterior longitudinal ligaments, shorter surgical 

time and hospital stay, cost effectiveness, and the effective 
correction of coronal balance.3-5

Prevalence of adult degenerative scoliosis cited in the 
literature ranges from 2.5 to 60%,6 depending on severity. 
Patients classically present with back pain, sagittal imbalance, 
or radicular symptoms. Although conservative management 
is recommended as an initial treatment, outcomes are 
frequently unacceptable.6

When nonoperative treatment fails, adult degener-
ative scoliosis presents significant surgical challenges. 
Decompression may be the treatment of choice in mild 
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deformity or minimal instability; typically, only used at one 
or two vertebral levels in patients with leg pain from ste-
nosis and smaller curves (< 30 degrees). However, decom-
pression alone has been associated with a risk of iatrogenic 
instability and progression of deformity. For this reason, an 
instrumented arthrodesis such as LLIF with or without ped-
icle subtraction osteotomy (PSO) is often indicated.2,5

Materials and Methods
Study Design
This retrospective outcome analysis was conducted in patients 
who underwent LLIF for adult degenerative scoliosis and were 
treated by a single surgeon at two major academic institutions. 
During the study period, 32 consecutive patients underwent 
LLIF with supplemental posterior pedicle screw instrumenta-
tion and posterior lumbar interbody fusion (PLIF) when needed. 
The Oswestry disability index (ODI) is an index derived from 
the Oswestry low back pain questionnaire used by clinicians 
and researchers to quantify disability for low-back pain.

The self-completed questionnaire contains a set of ques-
tions with a range of score from 0 to 100. Zero is equated with 
no disability and 100 is the maximum disability possible.

Validated clinical outcome scores were obtained preopera-
tively and at most recent follow-up for comparison purposes. 
Coronal balance angles were measured on preop and immedi-
ate postop X-ray (►Figs. 1A, 2A). Further clinical follow-up was 
at 6, 12, and 24 months with flexion/extension X-rays. Dynamic 
lumbar spine X-rays were used in 30 out of 32 and CT scan 
in only 2 out of 32 patients to ascertain the degree of fusion. 
Complications were recorded.

Subjects
Thirty-two patients were followed up for an average of 
13.2 months from 2012 to 2016 (►Table 1). Inclusion criteria 
required a diagnosis of symptomatic degenerative adult sco-
liosis that had failed at least a year of conservative treatment. 
Age range was 42 to 80 years. The study included 10 men and 
22 women. Eleven patients were active smokers at the time 
of surgery. Average body mass index (BMI) was 29.5 (range 
20–38.5).

Surgical Technique
Interbody fusion was completed using the LLIF technique 
(►Fig.  3). Laterally placed interbody spacers (Aleutian PEEK 
or Cascadia 3D printed titanium–K2M USA) were supple-
mented with i-Factor (Cerapedics USA) bone graft (►Fig. 1B).  
Lateral approaches were made from the left side which was 
often the convexity of the scoliotic curve. Posterior instrumen-
tation involved placement of transpedicular screws and rods 
(►Figs. 2B, 4). A total of 71 levels from L1 to L5 (average of 2.2 lev-
els per patient) were treated using LLIF. In addition to LLIF, tradi-
tional anterior interbody fusion (ALIF) or PLIF was used in some 
patients who required an L5–S1 fusion. Typically, all required 
procedures were performed during a single operative session. 
However, in patients requiring additional PLIF or ALIF, the 
posterior instrumentation portion of the case was performed  
2 to 7 days after the LLIF portion.

Clinical Outcome Scores
Validated clinical outcome scores were obtained on all 
patients preoperatively and at most recent follow-up. 
Outcome scores included the ODI. Complications were 
recorded as per the Clavien–Dindo classification of surgical 
complications and graded as any deviation from a normal 
postoperative course (Grade I) to needing more surgery 
down the track (Grade III).7

Statistical Analysis
Single specimen t-test was used to calculate clinical outcome 
scores. Statistical significance was defined as p < 0.05.

Table 1   Characteristics of patients treated with LLIF
Age (y) average 61; range 42–80

Sex 22 females; 10 males

Smokers 11

BMI average 29.25; range 20–38.5

Abbreviations: BMI, body mass index; LLIF, lateral lumbar interbody fusion.

Fig. 1  Preoperative (A) and postoperative (B) anteroposterior radio-
graphs of the lumbar spine in a patient treated with LLIF with signifi-
cant coronal realignment. LLIF, lateral lumbar interbody fusion.

Fig. 2    Preoperative (A) and postoperative (B) anteroposterior 
radiographs of the lumbar spine in a patient treated with LLIF with 
pedicle screws and rods.
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Results
Our results showed that the ODI scores were lowered from 
a mean of 36.84 to 23.47% in patients undergoing LLIF.  
This was statistically significant result with p value of <0.05. 
Our results also showed that the segmental coronal angle 
was corrected from 4.1 to 1.1 degrees (statistically significant 
with p value of < 0.05). Our short-term follow-up showed 
100% fusion rate at all the levels amongst all the cases.

Case Presentation
A 66-year-old lady with history of chronic worsening lower 
back pain along with server right-sided sciatica was found 
to have advanced degenerative lumbar scoliosis. The ODI 
score was 41 preoperatively. Patient was neurologically 
not compromised and had all the preoperative workup 
including magnetic resonance imaging (MRI) lumbar spine,  
sagittal/coronal balance X-rays, bone mineral density check, 
and dynamic X-rays.

MRI scan showed multilevel disc degenerative disease and 
multilevel (L1–S1) foraminal narrowing and neural impinge-
ment, mostly on the right side. X-rays revealed significant 
coronal imbalance, with convexity to the left worse at the L2/
L3 level (►Fig. 1A).

The patient underwent elective LLIF from L1–L4 as stage 1 
and subsequently underwent posterior fixation with pedicle 
screws from L1–S1, with insertion of L5/S1 interbody cage, as 
stage 2, one week down the track.

The patient recovered well with clinically and statis-
tically significant improvement of her posture, balance, 
pain, and independent functionality (postoperative ODI: 8). 
Postoperative imaging demonstrated good correction of cor-
onal imbalance and complete fusion all the levels on subse-
quent follow-up down the track (►Figs. 1B, 4).

Postoperative Complications
Of the 32 patients who underwent surgery, four patients (12%)  
were noted to experience complications. Two patients 
had cage expulsion (polyetheretherketone [PEEK] cage) 
and required additional surgery. One patient experienced 

vertebral body fracture with loss of electromyography (EMG) 
signals and the procedure was abandoned; however, lateral 
fixation was performed without interbody fusion. This 
patient had postop foot weakness and required foot splint 
with some improvement of weakness on further follow-up. 
One patient had incisional lumbar hernia which is a very rare 
complication with this particular procedure and was man-
aged conservatively.

Discussion
The LLIF is effective in preserving the anterior and posterior 
longitudinal ligaments and the facet joints. Therefore, LLIF 
procedure can maintain spinal alignment and stabilization 
due to ligamentotaxis. Moreover, the ability to insert a larger 
cage increases the size of the neural foramen. Thus, indirect 

Fig. 3   Intraoperative images. Disc localization. (A) Distraction of disc space. (B), (C) Insertion of distractor pins. (D) Insertion of interbody cage. 
(E) Trans-psoas localization of the disc with neuromonitoring probe. (F) Ravine retractor system with distraction pins and interbody cage (G). 

Fig. 4  Lateral (A) and anteroposterior (B) postoperative radiographs 
of the lumbar spine in a patient treated with LLIF with 360°fusion and 
PLIF at bottom 2 levels. LLIF, lateral lumbar interbody fusion.
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foraminal decompression is possible. LLIF also has an excel-
lent effect on the coronal and sagittal balance correction.8,9

Unlike other conventional posterior approaches, LLIF can 
provide strong mechanical stability by not only using a large 
interbody construct but also sparing ligamentous structures. 
It is also advantageous in avoiding dural tears, nerve root 
injury, facet joint damage, and paraspinal muscle injury.10 
As compared with ALIF, LLIF is advantageous in that it can 
prevent the occurrence of injury to the abdominal internal 
organs as well as the peritoneal penetration, decrease risks 
of developing great vessel injury, and avoid an injury to the 
sympathetic chain.11

In the current study, we performed LLIF surgery at var-
ious levels, extending from L1 to L5. The LLIF approach can 
be made most easily at the L2–3-4 levels where such struc-
tures as the rib cage, the iliac crest, and lumbosacral plexus12 
are less problematic. By contrast, it is difficult to approach 
the L4–L5 level because of such structures as the iliac crest 
and the lumbosacral plexus. The iliac crest can be avoided in 
patients with good position. In most of the patients where 
the iliac crest cannot be avoided, surgery can be success-
fully performed via a slightly oblique approach.12 There is 
a tendency for the lumbosacral plexus to pass the central 
region of the lateral aspect of the L4–L5 disc levels.13 Nerve 
damage can therefore be avoided through intraoperative 
neuromonitoring.

Acosta et al3 reported that the coronal segmental angle 
was corrected from 4.5 degree preoperatively to 1.5 degree 
postoperatively in patients undergoing LLIF. Consistent with 
previous reports, our results also showed that the segmental 
coronal angle was corrected from 4.1 to 1.1 degree. These find-
ings have been consistently reported in studies about LLIF,3,14  
thus indicating that LLIF is effective for the correction of cor-
onal deformity.

LLIF is a minimally-invasive surgery, but it is 
disadvantageous in that autologous bone cannot be har-
vested. Therefore, bone prosthesis should be mainly used 
for LLIF. To overcome this disadvantage, we used i-Factor 
bone graft (an organic bone material) for all of our patients 
with good results.

The incidence of complications due to LLIF varies, rang-
ing from 0.7 to 62.7%.15-17 Such complications include psoas 
muscle injury and edema due to a retroperitoneal transpsoas 
approach, leading to hip flexor weakness, thigh/groin pain 
and numbness due to genitofemoral nerve injury, meralgia 
paresthetica due to lateral femoral cutaneous nerve injury, 
and numbness due to nerve root injury or lumbosacral 
plexus injury.18,19 Our results showed that the overall inci-
dence of complications was 12% during a follow-up period 
of 1 year.

The limitations of the current study are that it enrolled 
a small number of patients with short term follow-up. Our 
results cannot therefore be generalized. Further large-scale, 
long-term follow-up studies are warranted to overcome the 
above limitations. According to one report concerning the 
size of neural foramen following LLIF, the foraminal area 
was increased by approximately 35%.20 We did not include 

assessment of neural foramen in our study and consider it 
as another limitation of our study. It is recommended that a 
substantially long cage21 be used, so that it may be trapped 
in the apophysis ring during LLIF. This is because the apoph-
ysis is the most powerful structure in the vertebral body and 
it is useful to reduce subsidence and maintain disc height.22 
We did not include these measurements in our study due 
to shorter follow-up. Johnson et al.14 reported that the seg-
mental lumbar lordosis was significantly increased from  
3.0 to 6.6 degrees following LLIF, but there was a nonstatisti-
cally significant change in the regional lumbar lordosis. Other 
studies have reported that LLIF was more effective in forming 
segmental lordosis when the cage was anteriorly inserted, 
thus indicating that the position of cage might affect the lum-
bar lordosis.23 We will include lordotic measurements in our 
second stage study.
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