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Abstract
Background

Oblique lateral interbody fusion (OLIF) has been gained more and more attention in the treatment of
degenerative lumbar disease. The goal of this study was to evaluate the effect of indirect decompression
in lumbar spinal stenosis with stand-alone OLIF.

Methods

Sixty-three patients with lumbar spinal stenosis who underwent stand-alone OLIF between July 2017 and
May 2018 our department were included. Clinical outcomes including visual analogue scale (VAS) and
Oswestry Disability Index (ODI) were recorded. Radiographic outcomes comprising of disc height (DH),
foraminal height (FH) and lumbar lordosis (LL) were measured. Intraoperative data and complications
were collected. All the data were compared preoperatively and postoperatively.

Results

Eighty-two segments were fused in sixty-three patients using stand-alone OLIF. The average follow-up
time was 21.9±3.5 months (range from 16 to 28 months). The DH increased from 0.9±0.3 cm
preoperatively to 1.3±0.2 cm postoperatively, and the �nal follow-up was 1.1±0.2 cm (P < 0.01). The FH
increased from 1.7±0.3 cm before surgery to 2.3±0.3 cm after surgery, but decreased to 2.1±0.3 cm at
�nal follow-up (P < 0.01). The LL increased from 38.0°±15.6° before surgery to 42.7°±13.0° at the �nal
follow-up (p<0.01). The VAS and ODI scores of all patients signi�cantly improved at the �nal follow-up
(p<0.01). The total complication rate was 30.2%. Only three patients received revision of posterior
decompression and pedicle screw �xation.

Conclusions

Stand-alone OLIF is an effective option in selected patients with lumbar spinal stenosis.

Background
Lumbar spinal stenosis cause a series of clinical symptoms such as low back pain and intermittent
claudication, which resulted from compression from either soft or calci�ed tissue of nerves and blood
vessels in the spinal canal and neural foramen[1]. Serious cases may lead to loss of self-care ability and
signi�cantly affect the quality of life of patients[2]. It is believed that decompression with or without
fusion is primary indication and goal for the treatment of lumbar spinal stenosis. Traditionally direct
decompression and fusion for lumbar spinal stenosis include posterior lumbar interbody fusion (PLIF)
and transforaminal lumbar interbody fusion (TLIF). However, paravertebral muscle detachment, nerve
root retraction and manipulation of the dura could result in obvious iatrogenic complications[3]. Anterior
lumbar interbody fusion (ALIF) with indirect decompression of the neural elements is now also regarded
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as a common procedure for lumbar spinal stenosis by restoring the height of intervertebral space[4].
Anterior surgery also brings a series of risks such as iliac vascular injury, abdominal contents injury,
ureteral injury, retrograde ejaculation and so on[5].

In recent years, the direct lateral interbody fusion/extreme lateral interbody fusion (DLIF/XLIF) as
minimally invasive surgical method achieved excellent clinical and radiographic results for the treatment
of lumbar spinal stenosis[6–8]. But the injury of psoas major and lumbar plexus nerve is inevitable. It was
reported that the incidence of injury of psoas major muscle and lumbar plexus nerve is still high even
with the help of neuromonitoring during the surgery[9]. Silvestre et al[10] �rstly reported oblique lateral
interbody fusion (OLIF) in 2012, which could access the disc between anterior vessels and psoas major
and establish working channels to handle the intervertebral space. OLIF has shorter operation time, larger
fusion area and less nerve interference comparing to the posterior and anterior surgery. In addition, the
contact area between the OLIF cage and the endplate is much larger with the cage spanning the lateral
borders of the ring apophysis, which allows for the intervertebral space stretching to the maximum extent
and the effective indirect decompression of the spinal canal and foramen. Up to now, there are few
studies on stand-alone OLIF in the treatment of lumbar spinal stenosis. The goal of this study is to
evaluate the e�cacy of clinical and radiographic outcome and related complications of indirect
decompression using a retrospective review of 63 patients with lumbar spinal stenosis who underwent
stand-alone OLIF in our institution.

Methods

Inclusion and Exclusion Criteria
Inclusion Criteria were as follows: 1) patients who were diagnosed as lumbar spinal stenosis with grade
A-C according to Schias’s study[11]; 2) segments of lumbar spinal stenosis were located from L2 to L5; 3)
patients who experienced chronic low back pain and radiating pain to the lower extremities and could not
be effectively treated conservatively for at least 3 months. Exclusion Criteria were: 1) patients with lumbar
spinal stenosis were regarded as grade D; 2) the facet joint was fused spontaneously according to the CT
scan; 3) patients with osteoporosis (the T value of bone density tested by DXA was less than − 2.5); 4)
patients who were diagnosed with traumatic injuries, tumors, or infections of lumbar.

At last, a cohort of 63 patients from department of spine surgery, Yijishan hospital of Wannan Medical
College between May 2017 and July 2018 were enrolled in the study.

Stand-alone OLIF Procedure
All the patients underwent general anesthesia and were placed in the stand right side position. The single
segment transverse skin incision was in the same horizontal plane at the left lateral abdomen. For
multilevel cases, the incision was in the middle of the surgical levels. All the incision was 4 cm long. The
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abdominal wall muscles were bluntly dissected. The psoas major was retracted posteriorly and the
abdominal vessels were retracted anteriorly. Sequential dilators and retractor were placed over the a guide
needle after it was correctly inserted in the middle of the target intervertebral disc with the help of a C-
arm. Then the operation �eld was exposed. The intervertebral disc was removed and the cartilage
endplates were resected for exposure of the bony endplates. A wide and lordotic intervertebral fusion
cage (Clydesdale; Medtronic Sofamor Danek, Memphis, Tennessee, USA)packed with allograft bone was
inserted into the target disc with the guidance of C-arm. In the end, the incision was sutured. All patients
have not been received posterior internal �xation at one stage and no drainage tube was placed after
surgery (Fig. 1).

Clinical And Radiographic Evaluation
Clinical outcomes were evaluated using a Visual analogue scale (VAS) score and the Oswestry disability
index (ODI) before surgery and the �nal follow-up for comparison. Neutral anterior-posterior and lateral
lumbar X-ray were used to assess radiographical results. Mean disc height (DH = mean value of the
leading and trailing edge height of the intervertebral disc), mean foraminal height (FH = the distance from
the lower position of the pedicle of upper veterbral and the upper position of the pedicle of the lower
veterbral) were recorded before the operation, after the operation and at the �nal follow-up. And lumbar
lordosis (LL) was measured before surgery and at the �nal follow-up. All the measurements were taken
by three physicians specialized in spinal surgery, and the average values were used for analysis. The
measuring method is shown in Fig. 2.

Complications
Complications were recorded during the operation and follow-up periods.

Statistical analysis
All data were statistically processed using SPSS 19.0 software (IBM Corp, Armonk, NY). The
measurement data were expressed with mean ± standard deviation. The t-test was performed on the VAS
scores, ODI index and LL to compare the preoperative state with the �nal follow-up state, while analysis
of variance was used for the comparison of data in DH and FH. It was considered statistically different
when P value was less than 0.05.

Results

Patient Demographics and Operative Data
The demographic data and treatment information of the patients are provided in Table 1.
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Clinical And Radiographical Results
The VAS score (2.7 ± 0.7 points) and ODI index (12.9%±2.1%) at the �nal follow-up were both signi�cantly
lower compared to those observed before operation (VAS score: 4.8 ± 1.1 points; ODI: 30.6%±6.0%)(p < 
0.01) (Fig. 3). The radiographical results were assessed by DH and FH before the operation, after the
operation and the �nal follow-up. The DH increased from 0.9 ± 0.3 cm before the operation to 1.3 ± 0.2 cm
after the operation, and the �nal follow-up was 1.1 ± 0.2 cm (p < 0.01) (Fig. 4A). Besides, The FH
increased from 1.7 ± 0.3 cm preoperative to 2.3 ± 0.3 cm postoperative, but decreased to 2.1 ± 0.3 cm at
�nal follow-up (Fig. 4B). The LL increased from 38.0°±15.6° before the surgery to 42.7°±13.0° the �nal
follow-up (p < 0.01) (Fig. 5).

Intraoperative Complications
There were four cases (6.3%) with intraoperative complications (Table 2). One patient (1.6%) suffered
from intraoperative vascular injury. Titanium clips were implanted after bipolar electrocoagulation
hemostasis. No active hemorrhage was found after the operation. Two cases (3.2%) suffered from
endplate injury during the operation, who were not �xed by posterior internal �xation. These patients were
protected by thoracolumbar braces. One patient (1.6%) suffered peritoneal injury during the operation.
The general surgeon was invited on the stage and sutured it immediately. No abdominal was found to be
abnormal in terms of computed tomography scan after the operation.

Postoperative Complications
Postoperative complications such as wound infection, reverse ejaculation and psoas major hematoma
did not occur in the patients. The main postoperative complications can be divided into the following
categories.

Nerve Injury
There were two cases (3.2%) of left sympathetic nerve injury which recovered after 1 week of follow-up.
two cases (3.2%) of contralateral nerve root injury were caused by the compression of contralateral nerve
root by fusion cage. They recovered after posterior nerve root decompression and pedicle screw �xation.
Three cases (3.1%) had transient left quadriceps weakness, which recovered 5 days after operation. One
case (1.0%) had transient left psoas weakness, and the patient was successfully treated one week after
conservative therapy. There were three cases (3.1%) of pain in left thigh and those patients of recovered 5
days after surgery.

Cage-related Complications
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Cage-related complications are also the most common complications of stand-alone OLIF. The criteria for
evaluating the cage subsidence was as follows: in lateral X-ray of lumbar spine, the sinking height of
cage accounted for 0%-24% of the height of fusion cage, 25%-49% of grade I, 50%-74% of grade II and
75%-100% of grade III. In this study, 10 cases (15.9%) suffered from cage subsidence, all of which were
grade 0. No second-stage posterior internal �xation was performed. During the follow-up, no recurrence of
symptoms was found. One patient (1.6%) had cage displacement after the operation, and the symptoms
were relieved after posterior pedicle screw �xation and decompression.

Other Complications
One patient (1.6%) had subcutaneous pneumatosis, after 4 weeks of follow-up, subcutaneous
pneumatosis was absorbed.

Discussion
The intervertebral disc height will be lost after the degeneration of the intervertebral disc, causing the
instability of the spine and the relaxation of the ligamentum �avum, which could be regarded as one of
the most important mechanism leading to the stenosis of the lumbar spinal canal[12]. At present, there are
direct decompression and fusion operations such as PLIF and TLIF and indirect decompression surgery
such as D/XLIF for the treatment of lumbar spinal stenosis. There are also cases of OLIF for the
treatment of lumbar spinal stenosis reported in the literature[13–14]. To date, this is the �rst report of
stand-alone OLIF in the treatment of lumbar spinal stenosis.

In this study, the effect of indirect neural decompression was evaluated by comparing the preoperative,
postoperative and the �nal follow-up of DH and FH in terms of X-ray imaging. The results showed that
both postoperative DH and FH were signi�cantly higher than those of preoperation, which was
contributed to the large OLIF cage. What’s more, we can clearly observed the excision of herniated
intervertebral disc as well as the stretching and thinning of the ligamentum �avum through MRI image
(Fig. 6). It indicated that the indirect spinal canal decompression of OLIF is achieved by increasing the
height of intervertebral disc and intervertebral foramen and restoring the length and tension of
ligamentum �avum. Previous literature also showed similar results. Lin et al[15] measured 25 patients
who received OLIF with and without posterior internal �xation and found that average DH was
signi�cantly restored from 8.97 mm preoperatively to 13.44 mm postoperatively, and FH was signi�cantly
increased from a mean of 19.68 mm before surgery to 23.42 mm after surgery. In the authors’ experience,
the cage could be placed as far back as possible for patients with lumbar spinal stenosis so as to distract
the intervertebral space to the greatest extent. On the contrary, the cage should be put forward for patients
with lumbar spondylolisthesis, which is conducive to the reduction of spondylolisthesis. Something
interesting was found that the results of both DH and FH decreased at the last follow-up compared to
those of postoperation, but still higher than those before surgery, with statistical signi�cance. We thought
it was due to cage subsidence without posterior pedicle screw �xation.
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Complications played an important role in the clinical outcomes. In this study, there were a total of 27
cases of complications in the intraoperative and postoperative stages, including 8 patients with two or
more combined complications. Therefore, there were actually 19 patients, and the complication incidence
was 30.2%, which was similar to those reported in the previous literature[6, 16]. Herein, stand-alone OLIF
complications can be divided into two parts, approach-related complications and cage-related
complications included. There were 13 cases were approach-related complications, with a rate of 20.6%,
including leg numbness 17.4% (11/63), vascular injury 1.6% (1/63) and peritoneal injury 1.6% (1/63). The
similar result was also reported by Abe et al[17] who reviewed 155 patients received OLIF and found that
approach-related complications were 16.1%. However, the most remarkable complications were cage-
related complications for stand-alone technology. 10 patients (15.9%) with cage subsidence and 1 patient
(1.6%) with cage displacement were observed. In a recent study, Zeng et al[18] found that the early
complication incidence of stand-alone OLIF group was 36.26%, which was higher than that of OLIF
combined posterior pedicle screw �xation group, being 29.86%. This was owing to the higher incidence of
cage sedimentation in the stand-alone OLIF group than in the OLIF combined posterior �xation group.
Therefore, some researchers advised posterior internal �xation in single stage for all patients undergoing
the OLIF procedure because they worried about the limited relief or aggravation of clinical symptoms due
to cage subsidence. As far as I'm concerned, stand-alone OLIF was su�cient for selected patients. It was
believed that large cage could not only provide a more effective biological environment for the fusion
process but also reduce the incidence of cage subsidence. Besides, the OLIF cage with 6 degrees of
lordosis angle we used in the operation increased the lumbar lordosis from 38.0°±15.6° preoperative to
42.7°±13.0° at the �nal follow-up. In addition, Hresko et al[19] indicated that the recovery of lumbar
lordosis was bene�cial to increase the tension of anterior longitudinal ligament, which helped increasing
the rate of spine fusion. Previous studies also exhibited the e�ciency of stand-alone technology. Nitin
Agarwal et al[20] investigated 55 patients with stand-alone LLIF with a ten year follow up and proved that
stand-alone LLIF was a safe and effective surgical method. Solid arthrodesis and improvements in
clinical symptoms using stand-alone XLIF were observed over 80% of patients in another study[21]. Zhang
et al[22] analyzed a total of 45 segments in 22 patients using the OLIF procedure and found cage
subsidence occurring in 15 fused segments. However, symptoms in all patients had been alleviated and
pain were improved at the �nal follow-up. So he considered stand-alone OLIF as a safe and effective
method for patients who require one- and two-level interbody fusion with the diagnosis excluding lumbar
spondylolisthesis, degenerative scoliosis and spondylolysis. In the opinion of Schiffman, there was no
direct relationship between the radiographic cage subsidence and clinical e�cacy[23]. Ahmadian et al[24]

investigated 59 patients with stand-alone LLIF and found that 9% of the patients remained clinically
asymptomatic even if the their cage subsidence were high grade ( ≧ grade II). It was recommended that
patients with osteoporosis, body mass index more than 30 kg/m2 or intraoperative endplate damage
needed additional posterior internal �xation[18].

There are still some limitations in this study. Firstly, the cases were selected retrospectively. Secondly, the
duration of follow-up was short. Further studies are required to ascertain the indications for single-stage
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or multistage internal �xation and posterior decompression.

Conclusion
We evaluated the clinical and radiographic outcomes of stand-alone OLIF for patients with spinal
stenosis. Signi�cant improvements in disc height and FH were found after stand-alone OLIF with indirect
decompression. The results also proved that VAS score and ODI had been improved. It seems that stand-
alone OLIF maybe used as an alternative treatment in selected patients with lumbar spinal stenosis.

Abbreviations
OLIF Oblique lumbar interbody fusion

VAS Visual Analogue Scale

ODI Oswestry Disability Index

DH Disc height

FH Foraminal height

PLIF Posterior lumbar interbody fusion

TLIF Transforaminal lumbar interbody fusion

ALIF Anterior lumbar interbody fusion

D/XLIF Extreme/direct lateral interbody fusion

LL Lumbar lordosis
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Due to technical limitations, Tables 1-2 are provided in the Supplementary Files section.

Figures

Figure 1

Procedure of stand-alone OLIF operation. (A) The skin incision was marked with the help of C-arm before
the surgery. (B) Retractor for OLIF used after dilatation. (C) A clydesdale cage was �lled with allograft
bone. (D,E) The X-ray of cage implantation in lateral direction. (F) Skin closure was performed.
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Figure 2

The X-ray before surgery (A,C) and after surgery (B,D). The distance between the anterior/posterior edges
of the upper vertebrae and the end plate of the lower vertebrae is called the anterior/posterior DH. The
average value of anterior disk height (marked blue) and posterior disc height (marked yellow) is DH (C,D).
The FH was measured in the lateral X-ray image. The length between the upper and lower edges (marked
red) is FH (C,D).
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Figure 3

VAS scores (A) and ODI (B) were signi�cantly improved at the �nal follow-up compared with preoperation
(p<0.01).

Figure 4

The DH (A) increased from 0.9±0.3 cm before the operation to 1.3±0.2 cm after the operation, and the
�nal follow-up was 1.1±0.2 cm (p<0.01). The FH (B) increased from preoperative 1.7±0.3 cm to
postoperative 2.3±0.3 cm and decreased to 2.1±0.3 cm at the �nal follow-up (p<0.01).
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Figure 5

The lumber lordosis improved from 38.0°±15.6° preoperatively to 42.7° ±13.0° at the �nal follow-up
(p<0.01).
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Figure 6

T2-weighted imaging before surgery (A,B) and after surgery (C,D). The excision of herniated intervertebral
disc as well as the stretching and thinning of the ligamentum �avum were observed as the red arrow
showed.
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