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Lumbar interbody fusion surgery is a common and 
effective treatment for lumbar degenerative dis-
ease.5,11,14 Minimally invasive spinal fusion surger-

ies, such as mini–anterior lumbar interbody fusion (ALIF) 
and transforaminal lumbar interbody fusion (TLIF), are 
performed to minimize the injury to posterior lumbar 
myoligamentous structures. Minimally invasive lateral 
lumbar interbody fusion (LLIF) surgeries, such as direct 
lateral interbody fusion (DLIF) and oblique lumbar inter-
body fusion (OLIF), have been attempted recently to treat 
lumbar degenerative disease.5,6,10,17 Compared with pos-
terior lumbar interbody fusion or TLIF, LLIF cannot re-
sult in direct decompression as is seen in posterior fusion 
surgery. Indirect decompression effects caused by reduc-
tion of spondylolisthesis and disc space widening, as with 

ALIF, are observed with LLIF.2,4,12,13 Disc height restora-
tion by LLIF results in foraminal widening.12,13 Therefore, 
because LLIF is not feasible for direct decompression, it 
has limited indications for severe canal stenosis or con-
comitant ruptured disc herniation.2

We recently attempted adding endoscopic discectomy 
to OLIF before insertion of the fusion cage. Because OLIF 
procedures are performed with the patient in the left true 
lateral decubitus position, an endoscopic system can reach 
right foraminal and central canal lesions.2,7 Therefore, by 
using a spinal endoscopic device, concomitant central 
and foraminal ruptured disc material can be effectively 
removed during OLIF.2 The purpose of our study was to 
assess the clinical and radiological outcomes of patients 
after additional endoscopic discectomy with OLIF.
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OLIF = oblique lumbar interbody fusion; TLIF = transforaminal lumbar interbody fusion.
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OBJECTIVE Direct neural decompression cannot be achieved by performing lateral lumbar interbody fusion (LLIF). To 
overcome the indirect decompressive effect of LLIF, additional endoscopic discectomy with oblique lumbar interbody 
fusion (OLIF) has been attempted. The purpose of this study was to assess the clinical and radiological outcomes of 
patients who underwent OLIF with additional endoscopic discectomy.
METHODS Spinal endoscopic discectomy–assisted OLIF was attempted to remove herniated disc material. Only pa-
tients with a follow-up time that exceeded 12 months were enrolled. Clinical parameters examined were the Oswestry 
Disability Index and visual analog scale scores of back and leg pain. Postoperative MRI was also performed.
RESULTS Fourteen patients were enrolled. Central and foraminal disc herniations were evident in 8 and 6 patients, 
respectively. Concomitant central or foraminal herniated discs were removed completely after additional endoscopic 
discectomy, and disc removal was confirmed by postoperative MRI. Mean preoperative visual analog scale scores and 
Oswestry Disability Index scores improved postoperatively.
CONCLUSIONS OLIF with additional endoscopic discectomy results in successful direct neural decompression without 
posterior decompressive procedures. Endoscopic assistance might overcome the limitations of LLIF.
https://thejns.org/doi/abs/10.3171/2017.5.FOCUS17196
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Methods
Since May 2013, we have performed the OLIF pro-

cedure on 265 patients. Of these patients, 16 underwent 
OLIF with additional endoscopic discectomy. Fourteen 
patients with a follow-up time that exceeded 12 months 
were enrolled for this study.

Indications for OLIF
Indications for endoscopically assisted OLIF were in-

stability or foraminal stenosis with a concomitant herni-
ated lumbar disc (Fig. 1). Patients with resting radicular 
pain were considered to have a foraminal or central her-
niated disc and were included for OLIF with endoscopic 
discectomy.2,7 Other indications included lumbar segmen-
tal instability with dural compression by a central herni-
ated lumbar disc, lumbar segmental instability with right 
foraminal disc herniation, degenerative lumbar spondylo-
listhesis with right foraminal or central disc herniation, 
intervertebral foraminal stenosis with right foraminal or 
central disc herniation, and central stenosis with right fo-
raminal or central disc herniation (Fig. 1).

Operative Procedures
After induction of general anesthesia, OLIF was per-

formed with the patient in the left true lateral decubitus 
position on a radiolucent operating table. Routine OLIF, 
including blind discectomy, progressed after muscle dis-
section and retractor application. After blind discectomy 
and OLIF, endoscopic systems for percutaneous endo-
scopic lumbar discectomy were applied to the blind-dis-
cectomy field.

First, we examined the condition of the endplate prepa-
ration for fusion using a spinal endoscopic view. If much 
remnant disc material and the cartilaginous endplate were 
noted, endplate preparation was repeated after endoscopic 
discectomy using a curette and a shaver. Additional endo-
scopic procedures were performed using real-time C-arm 
fluoroscopic guidance (Fig. 2). We used an endoscope with 
a working channel and 2 irrigation channels, which usually 
is used for percutaneous endoscopic lumbar discectomy. 
The posterior portion of the disc (central disc herniation) 
was removed using semiflexible endoscopic forceps under 
endoscopic magnetic visualization until identification of 
the posterior longitudinal ligament or ventral side of the 
dura mater. On occasion, the posterior longitudinal liga-
ment was resected to explore the epidural space. In cases 
of foraminal disc herniation, the left side of the neural fora-
men was explored using an endoscope to remove forami-
nal ruptured disc particles. If remnant disc materials were 
detected on the endplate in the endoscopic view, endplate 
preparation was repeated before cage insertion.

Last, an allograft-filled cage for lateral interbody fusion 
was inserted using C-arm fluoroscopic guidance. Percuta-
neous pedicle screw fixation was performed after OLIF 
(Fig. 3).

Analysis of Radiological and Clinical Parameters
We enrolled patients who had undergone OLIF with 

endoscopic discectomy and whose follow-up time exceed-
ed 12 months. Clinical parameters that we investigated 

included the Oswestry Disability Index (ODI),1 operative 
time, follow-up period, estimated blood loss, and proce-
dure-related complications. The radiological parameters 
that we analyzed were diagnosis, operative level(s), central 
canal diameter, disc height, foraminal height, segmental 
lordotic angle of operation, and whole lumbar lordosis. 
Optimal disc-removal status, foraminal height, and central 
canal diameter were measured by using preoperative and 
postoperative MRI (Fig. 3A). Foraminal height was mea-
sured using T2-weighted parasagittal MRI, which docu-
ments the intervertebral neural foramen. The central canal 
diameter was measured using T2-weighted midsagittal 
MRI. The whole lumbar lordotic angle, segmental lordotic 
angle of operative segments, and disc height of operative 
segments were measured using preoperative and postop-
erative radiography. Whole lumbar lordosis was measured 
as the angle between the upper endplate of L-1 and the 
upper endplate of S-1. The segmental lordotic angle of op-
eration segments was measured as the angle between the 
upper endplate of the upper vertebral body and the lower 
endplate of the lower vertebral body.

This investigation was conducted in accordance with 
our institutional guidelines and complied with internation-
al laws and policies, with IRB approval from The Leon 
Wiltse Memorial Hospital Institutional Review Board. 

FIG. 1. A 50-year-old male patient presented with severe radiating pain 
in both legs. Sagittal (left) and axial (right) MR images show central 
stenosis with a ruptured disc at the L3–4 level. The ruptured disc is 
compressing the dural sac severely.

FIG. 2. Intraoperative fluoroscopic images of endoscopically assisted 
OLIF. After blind discectomy (left), the endoscopic device is applied 
through the retractor. Endoscopic discectomy is performed under C-arm 
fluoroscopic guidance (right).
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Statistical analysis was performed with R 3.1.2 for Win-
dows, using the Wilcoxon rank-sum test. A statistically 
significant result was considered to be p < 0.05. 

Results
The mean ± SD age of the 14 patients (8 women, 6 men) 

was 66.3 ± 8.8 years. The mean follow-up time was 15.3 ± 
5.3 months. Operative levels were distributed from L2–3 to 
L4–5 (Table 1). Two-level fusion was performed in 4 pa-
tients, and 1-level fusion was performed in 10 patients (Ta-
ble 1). The mean estimated blood loss, including the amount 
of drainage blood, was 105.5 ± 20.9 ml, and the mean op-
erative time for 1-level fusions was 155.8 ± 45.1 minutes.

Central disc herniation was found in 8 patients, and 6 
patients had foraminal disc herniation (Table 1). Concom-
itant central or foraminal herniated discs were removed 
completely after additional endoscopic discectomy. Disc 
removal was confirmed by postoperative MRI (Fig. 3). 
The mean preoperative central canal diameter (5.1 ± 1.3 
mm) increased significantly to 9.6 ± 2.1 mm postopera-
tively (p < 0.05). The right foramen height also increased 
significantly postoperatively, from a mean of 17.4 ± 2.2 
to one of 20.1 ± 2.4 mm (p < 0.05). At the final follow-up 
visit, significant increases in the mean contralateral left fo-
ramen height (17.8 ± 4.1 to 19.9 ± 3.3 mm) and disc height 
(8.6 ± 1.7 to 13.3 ± 1.9 mm) were evident (both p < 0.05). 
A significant postoperative increase was observed also in 
mean segmental lordotic angle (5.3° ± 4.3° to 8.3° ± 2.8°) 
and whole lumbar lordosis (20.7° ± 8.6° to 33.4° ± 5.3°) 
(both p < 0.05) (Table 2).

Poor endplate preparation status was seen in patients 
during additional endoscopic discectomy. Endplate prep-
aration was repeated in 2 patients who had substantial 
amounts of remnant cartilaginous endplate material after 
the blind discectomy.

The mean preoperative ODI value improved from 42.5 
± 11.8 to 13.4 ± 10.1 postoperatively (p < 0.05) (Table 2). 
The patients experienced no serious complications associ-
ated with their surgery. Transient leg numbness occurred 

FIG. 3. A: Postoperative MR image reveals complete decompression and removal of herniated disc material at L3–4.  B and 
C: After the OLIF procedure, percutaneous pedicle screws were inserted.

TABLE 1. Summary of demographic and diagnostic data in 14 
patients

Pt 
No. Sex

Age 
(yrs) Diagnosis Level

1 F 62 Degenerative spondylolisthesis w/ 
central HNP

L4–5

2 F 70 Degenerative spondylolisthesis w/ 
central HNP

L3–4

3 M 68 Foraminal HNP w/ instability, adjacent-
segment degeneration after previous 
L4–5 fusion 

L3–4

4 M 76 Degenerative spondylolisthesis w/ 
foraminal HNP

L3–5

5 M 72 Degenerative spondylolisthesis w/ 
central HNP

L4–5

6 M 53 Spinal stenosis w/ central HNP, cauda 
equina syndrome

L2–3

7 F 70 Degenerative spondylolisthesis w/ 
central HNP

L4–5

8 F 75 Degenerative spondylolisthesis w/ 
foraminal HNP

L2–4

9 M 58 Degenerative spondylolisthesis w/ 
central HNP

L3–4

10 F 83 Spinal stenosis w/ foraminal HNP L3–5
11 F 59 Degenerative spondylolisthesis w/ 

foraminal HNP
L4–5

12 F 65 Spinal stenosis w/ central HNP, cauda 
equina syndrome

L2–3

13 M 50 Spinal stenosis w/ huge central HNP L3–4
14 F 62 Foraminal HNP w/ foraminal stenosis L3–5

HNP = herniated nucleus pulposus; Pt = patient.
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in 2 patients, and postoperative cage subsidence (> 2 mm) 
had occurred in 2 patients by their final follow-up visit. 
The outcome of the 2 patients in whom cage subsidence 
occurred was satisfactory.

Discussion
LLIF, such as OLIF or DLIF, is a minimally invasive 

spinal surgery for the treatment of lumbar degenerative 
disease.13,16,17 Although the preservation of posterior lum-
bar structures, such as muscle, ligamentous structures, 
laminas, and facet joints, is a compelling benefit of LLIF, 
the resulting indirect decompression is a drawback and 
limits the lateral approach. The indirect decompressive 
effect of LLIF results in disc height restoration and re-
duction in the occurrence of spondylolisthesis.10,12,13 The 
restoration of disc height induces foraminal widening and 
a ligamentotaxis effect of disc bulging. However, central 
stenosis by hypertrophied ligamentum flavum and rup-
tured disc herniation cannot be decompressed by LLIF. 
Posterior fusion surgery with direct decompression, such 
as TLIF or PLIF, is preferred for patients with concom-
itant disc herniation that results from the lack of direct 
decompression from LLIF. We recently attempted OLIF 
with spinal endoscopic discectomy. Application of the 
spinal endoscopic system enables exploration of the end-
plate, ventral portion of spinal canal, and epidural space 
and permits removal of ruptured disc particles at the right 
foramen and epidural space of the central canal.2 Endo-
scopically assisted OLIF results in direct decompression 
through direct removal of the ruptured disc.2,7 Hence, spi-
nal endoscopic discectomy–assisted OLIF has direct and 
indirect decompression effects that are similar to those of 
posterior lumbar fusion procedures. Indications for LLIF 
may also be extended by endoscopic assistance. The in-
cidence of foraminal and extraforaminal herniated discs 
is reportedly higher in patients with spondylolisthesis.8 
Therefore, we performed additional direct decompression 
along with indirect decompression by endoscopically re-
moving the foraminal disc pathology.

Because OLIF usually is performed using the left-side 
approach with the patient in the lateral decubitus position, 
spinal endoscopic systems can reach the central canal and 
right foramen. However, this approach is limited in its use 
for left foramen pathology.2

Discectomy and endplate preparation were performed 
in a blinded fashion under fluoroscopic C-arm guidance 

during OLIF or DLIF. During LLIF, the condition of the 
endplate after blind discectomy cannot be assessed. We 
checked the condition of endplate preparation for fusion 
after discectomy using a spinal endoscope (Fig. 4). In 2 
patients, substantial remnant disc material and insufficient 
endplate preparation were observed (Fig. 4). We repeated 
endplate preparation after endoscopic disc removal in 
these 2 patients. Other advantages of OLIF with endo-
scopic discectomy are being able to extend the fusion bed 
by performing additional endoscopic discectomy and be-
ing able to explore the endplate through endoscopic visu-
alization.

To perform optimal endoscopic discectomy with OLIF, 
previous experience with percutaneous endoscopic trans-
foraminal or interlaminar discectomy is required. If a 
surgeon is inexperienced in endoscopic discectomy, we 
recommend that he or she gain additional experience 
performing endoscopic disc removal of the foramen and 
central canal with the assistance of an expert spinal endo-
scopic surgeon after blind discectomy with OLIF. In our 
patients, additional endoscopic discectomy was performed 
by an expert endoscopic spine surgeon.

Indirect and direct decompression can be achieved by 
ALIF with discectomy and removal of osteophytes. Her-
niated disc particles can be removed directly during the 
ALIF procedure without using a spinal endoscopic system. 
ALIF is a complicated procedure that has a long learning 
curve and the possibility of severe complications, such as 
abdominal visceral injury resulting in retrograde ejacula-
tion and vascular injury. Posterior fusion surgeries, such 
as PLIF and TLIF, can accomplish direct decompression 
when laminectomy, facetectomy, and discectomy are used. 
Spine surgeons’ familiarity with surgical anatomy is an-
other merit of posterior fusion surgery. However, the risk of 
substantial bleeding, epidural adhesion, and posterior myo-
ligamentous injury are disadvantages of PLIF and TLIF.

Blood loss during LLIF was markedly less and the 

TABLE 2. Clinical and radiological results

Parameter Preop Postop

ODI score 42.5 ± 11.8 13.4 ± 10.1
Central canal diameter (mm) 5.1 ± 1.3 9.6 ± 2.1
Foramen height (mm)
 Right 17.4 ± 2.2 20.1 ± 2.4
 Left 17.8 ± 4.1 19.9 ± 3.3
Disc height (mm) 8.6 ± 1.7 13.3 ± 1.9
Segmental lordotic angle (°) 5.3 ± 4.3 8.3 ± 2.8
Whole lumbar lordotic angle (°) 20.7 ± 8.6 33.4 ± 5.3

Values are presented as the mean ± SD.

FIG. 4. Intraoperative endoscopic view of the remnant disc materials 
after blind discectomy during OLIF.
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operative time relatively short compared with those of 
posterior approaches. In our experience, performing en-
doscopic discectomy during OLIF decreased the amount 
of bleeding, and the mean operative time required for 
additional endoscopic discectomy was only 40 minutes. 
No complications associated with endoscopic procedures 
were encountered. Lumbar plexus injury is the most seri-
ous concern with LLIF.3,9,15 Because of the high possibility 
of lumbar plexus injury during the transpsoas approach 
for lateral fusion, neurophysiological monitoring is neces-
sary.3,9,15 Therefore, OLIF as a modified transpsoas LLIF 
technique was introduced to decrease the occurrence of 
lumbar plexus injury by following the oblique trajectory.17 
The trajectory of OLIF is anterior to the psoas area, and 
the docking location of the tubular retractor is the safer 
zone between the aorta and lumbar plexus.16 We found 
only minor injury or irritation of the lumbar plexus in 2 
patients during our study. Also, 2 patients presented with 
only numbness of the left leg that resolved spontaneously 
within 3 months after surgery.

LLIF, including DLIF and OLIF, preserves posterior 
anatomical structures (including the lamina, facet, and 
posterior spinal muscles) and ligamentous structures. In-
jury to posterior structures and postoperative epidural scar 
formation after posterior fusion surgery can induce addi-
tional problems, such as postoperative back pain. Preser-
vation of posterior anatomical structures might be an ad-
vantage of this surgery over posterior fusion procedures. 
Decreased blood loss is another merit of endoscopically 
assisted OLIF compared with that seen with the posterior 
approach. Although endoscopically assisted OLIF has di-
rect and indirect decompressive effects, if patients have 
stenosis caused by facet hypertrophy, thickening of the 
ligamentum flavum, or calcified disc herniation, a poste-
rior approach should be considered.

This technique might have some limitations or result in 
surgical difficulty in the removal of posterior osteophytes, 
migrated discs, and calcified discs. Spinal endoscopic sys-
tems that include an endoscopic drill, punch, and semi-
flexible forceps were developed recently. The limitations 
of OLIF are anticipated to be overcome with the help of 
advanced spinal endoscopic devices.

Our study was limited by the small number of cases. A 
larger cohort and long-term follow-up are required for the 
evaluation of outcome in patients after OLIF with endo-
scopic discectomy.

Conclusions
OLIF with additional endoscopic discectomy success-

fully enables direct neural decompression without poste-
rior decompressive procedures. Spinal endoscopic disc-
ectomy–assisted OLIF might be an alternative minimally 
invasive surgical option for properly selected patients. We 
suggest that endoscopic assistance can overcome the limi-
tations of LLIF.
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