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Purpose: Surgery for lumbar spinal degeneration disease is widely performed. 
While posterior decompression and fusion are popular, anterior lumbar interbody 
fusion (ALIF) is also used for treatment. Extreme lateral interbody fusion (XLIF) is 
commonly used for noninvasive ALIF; however, several complications, such as 
spinal nerve and psoas muscle injury, have been reported. In the current study, we 
examined the clinical efficacy and complications of oblique lateral interbody fusion 
(OLIF) for lumbar spinal degeneration disease. Materials and Methods: Thirty-
five patients with degenerated spondylolisthesis, discogenic pain, and kyphoscolio-
sis were examined. All patients underwent OLIF surgery (using a cage and bone 
graft from the iliac crest) with or without posterior decompression, without real-
time electromyography monitoring. Posterior screws were used in all patients. Visu-
al analog scale (VAS) score and Oswestry Disability Index (ODI) were evaluated 
before and 6 months after surgery. Surgical complications were also evaluated. Re-
sults: Pain scores significantly improved after surgery, compared to those before 
surgery (p<0.05). There was no patient who underwent revision surgery. There was 
no spinal nerve, major vessel, peritoneal, or urinary injury. Few patients showed 
symptoms from psoas invasion. Conclusion: OLIF surgery produced good surgical 
results without any major complication.

Key Words:   Oblique lateral interbody fusion, lumbar, degeneration disease, de-
compress, nerve, injury, surgery

INTRODUCTION

Interbody fusion strategies continue to evolve, improving surgical success rates and 
reducing morbidity. Open approaches, such as anterior lumbar interbody fusion 
(ALIF), posterior lumbar interbody fusion (PLIF), and transforaminal lumbar inter-
body fusion (TLIF), reportedly show high rates of success,1-3 although intraopera-
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2012.11 With this method, a 4-cm skin incision is made 6‒10 
cm anterior from the mid portion of an intervertebral disc; 
the retroperitoneal space is accessed by blunt dissection; and 
the peritoneal content is mobilized anteriorly. The psoas mus-
cle is then identified and reclined posteriorly, revealing the 
intervertebral disc. A banana-shaped polyetheretherketone 
cage (Boomerang, Medtronic, Minneapolis, MN, USA) 
filled with a bone graft was used in the reported study.11 A to-
tal of 179 patients undergoing OLIF showed good results 
with minimal blood loss and short operation time, as well as 
a decreased risk of abdominal wall weakness or herniation.11 
Subsequent to this report, Medtronic improved and devel-
oped their OLIF system (OLIF25) and cage (Clydesdale Spi-
nal System, Medtronic, Minneapolis, MN, USA), and this 
procedure enables placement of a larger interbody graft into 
the disc space for anterior column support and segmental sag-
ittal alignment, while minimizing the nerve, muscle, and bone 
obstacles associated with traditional direct lateral approaches. 
However, to our knowledge, results and complications of this 
OLIF surgery have not been reported.

In the current study, we aimed to examine the clinical effi-

tive concerns and iatrogenic complications are known.4-6

The minimally invasive lateral transpsoas approach to the 
lumbar spine is also known as extreme lateral interbody fu-
sion (XLIF) or direct lateral interbody fusion (DLIF). The 
method was first described in 2001.7,8 The advantages of 
XLIF or DLIF include minimally invasive access to the 
lumbar spine, less blood loss compared with open surgery, 
decreased operative times, shorter hospital stays, and less 
postoperative pain.7 XLIF or DLIF are novel in that they can 
be used to gain access to the lumbar spine via a lateral ap-
proach that passes through the retroperitoneal fat and psoas 
major muscle. However, several complications have been 
reported. The most common complication is nerve injury: it 
has been reported that 30% of patients show paresthesias in 
the leg and 27% of patients show thigh pain after DLIF sur-
gery.9 Furthermore, high rates (62.7%) of transient anterior 
thigh symptoms are found despite real-time electromyogra-
phy (EMG) monitoring.10

To avoid nerve injury, mini-open anterior retroperitoneal 
lumbar interbody fusion methods, such as oblique lateral in-
terbody fusion (OLIF), have been applied, as reported in 

Table 1. Demographic Characteristics
Number of patients 35
Sex (male/female) 17/18
Age, mean (range), yrs 67±6.5 (34‒81)
Symptom duration, mean (range), yrs 2.0 (1‒10)
Follow-up after surgery, mean (range), months 7 (2‒15)
BMD (young adult mean), mean (range), % 85±5 (65‒100)
Diagnosis

Spondylolisthesis 20
Discogenic low back pain 4
Kyphoscoliosis 11

Complication before surgery
Diabetes mellitus 6
Parkinson disease 3
Revision surgery 6
Hemodialysis 1

Number of fusion levels (OLIF) 1 level: 26 patients
2 levels: 4 patients
3 levels: 3 patients
4 levels: 2 patients

Posterior fixation (open pedicle screws, open cortical    
  bone trajectory, or percutaneous pedicle screws)

Open PS: 8 patients

Open CBT: 5 patients
PPS: 22 patients

Posterior decompression Performed, 18 patients
Not performed, 17 patients

BMD, bone mineral density; OLIF, oblique lateral interbody fusion; PS, pedicle screws; CBT, cortical bone trajectory; PPS, percutaneous pedicle screws.
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each of the participants. Bone mineral density (BMD) of the 
lumbar spine was examined before surgery. Details of the 
patients’ backgrounds are shown in Table 1.

All patients initially underwent OLIF (Medtronic OLIF25) 
surgery. A cage (Clydesdale Spinal System, Medtronic, 
Minneapolis, MN, USA) filled with bone graft from the ili-
ac bone was used in this study. Subsequently, posterior fixa-
tion was utilized in all patients. Open pedicle screws, percu-
taneous pedicle screws, or cortical bone trajectory screws 
(Medtronic) were used in all patients. Some patients under-
went posterior decompression, while others did not. OLIF 
fusion from 1 to 4 levels and posterior fusion from 1 to 8 lev-
els was performed (Figs. 1 and 2).

Assessment for posterior decompression
We performed myelography immediately after OLIF (be-
fore posterior fixation). If the lateral view showed a canal 
stenosis of more than 50% of a normal adjacent level, we 
performed posterior decompression. If the canal stenosis 
was less than 50% of a normal adjacent level, we did not per-
form posterior decompression. Open laminotomy at the lev-
el of the OLIF was used for decompression.

Radiographic and clinical evaluation
Radiography was used for evaluation before and after sur-
gery. Anterior-posterior and profile views of X-ray images 
before and after surgery (immediate after surgery, one month 
after surgery, and at final follow-up) were evaluated.

We evaluated changes in low back and leg pain before 
and after surgery using a visual analogue scale (VAS) score 
(0, no pain; 10, worst pain). The Oswestry Disability Index 
(ODI) for low back pain was recorded before, 1 month, and 
6 months after surgery.

Adverse events
All adverse events during and after surgery were reported.

Statistical analyses
To determine statistically significant changes in pain score 
after surgery, t tests and chi-square tests were used. All p-
values<0.05 were considered statistically significant.

RESULTS

Table 1 lists the demographic characteristics of the patients 
before surgery. Diagnoses included spondylolisthesis (20 pa-

cacy of OLIF for lumbar spinal degeneration disorders and 
to ascertain any complications during surgery.

MATERIALS AND METHODS

Patients and surgery
We evaluated 35 patients at our university hospital between 
June 2012 and February 2012. Patients were diagnosed with 
lumbar degeneration spondylolisthesis and spinal stenosis, 
degenerated kyphoscoliosis, and discogenic low back pain 
on X-ray and magnetic resonance imaging (MRI), myelogra-
phy, and computed tomography after myelography (CTM). 
Patients who had previously undergone spinal surgery were 
included. We excluded spinal tumor, infection, and acute ver-
tebral fractures of the thoracic and lumbar spine. Diagnosis 
of spondylolisthesis and inclusion criteria for fusion surgery 
were 1) more than 10% slip of the vertebra in a neutral posi-
tion or 2) more than 5 mm of translation between flexion and 
extension positions on radiographic evaluation. Diagnosis of 
discogenic low back pain was determined by pain provoca-
tion by discography and pain relief after discoblock using li-
docaine. When pain was provoked during the discography 
and decreased after the discoblock, we confirmed a diagno-
sis of discogenic low back pain. For diagnosis of degenerat-
ed kyphoscoliosis and indication for surgery, both more than 
a 40º Cobb’s angle on the coronal plane and less than 10º of 
lordosis on the sagittal plane of the lumbar spine were used 
as inclusion criteria. Informed consent was obtained from 

Fig. 1. Approaches to OLIF, XLIF, and DLIF. DLIF and XLIF present a lower 
risk of vessel or peritoneal injury but an increased risk of injury to spinal 
nerves or psoas muscles. OLIF is an anterior-psoas approach. OLIF, oblique 
lateral interbody fusion; XLIF, extreme lateral interbody fusion; DLIF, direct 
lateral interbody fusion.

OLIF

XLIF, DLIF
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or urinary injury. Segmental artery injury occurred in 1 pa-
tient and the surgery was converted to open surgery. Hard-
ware failure did not occur; however, cage subsidence at one 
level was observed in one osteoporotic kyphoscoliosis pa-
tient. Spinal nerve injury did not occur. Quadriceps weakness 
in 1 patient, thigh pain in 1 patient, and thigh numbness in 3 
patients were observed. Quadriceps weakness, thigh pain, and 
numbness diminished within 2 weeks of surgery (Table 3).
 

DISCUSSION

In the current study, we evaluated OLIF for lumbar spine 
degeneration. There were few complications during surgery. 
In particular, psoas muscle and spinal nerve injury were 
avoided. Low back and leg pain significantly decreased af-
ter surgery. 

In the current study, we used anterior OLIF without de-
compression in about half of the patients. Indirect decom-

tients), kyphoscoliosis (11 patients), and discogenic pain (4 
patients). Diabetes mellitus in 6 patients, Parkinson disease in 
3 patients, revision surgery in 6 patients (prior posterior sur-
gery), and hemodialysis in 1 patient were recorded. The OLIF 
procedure was performed from 1 to 4 levels for a total of 45 
levels in 35 patients. Open pedicle screws (8 patients), percu-
taneous pedicle screws (22 patients), or cortical bone trajecto-
ry screws (5 patients) were used for posterior fixation. Posteri-
or decompression was performed in 18 of the 35 patients.

Pain score
Low back pain and leg pain, evaluated by VAS and ODI 
scores, were improved at the final follow-up. Low back pain 
evaluated by VAS and ODI at final follow-up was significant-
ly less than that before surgery (p<0.01, Table 2) (Figs. 3, 4, 
and 5).

Adverse events
There was no infection, major vessel injury, peritoneal injury, 

Fig. 2. (A) Skin marking to check the disc level using a C-arm X-ray imager. The skin incision was made 6 to 10 cm anterior to the mid portion of the disc. (A 
and B) Longitudinal incision from 3 to 4 cm is recommended. (C) Retractor for OLIF. (D) Clydesdale Spinal System cage filled with autologous bone is implant-
ed. (E) Implantation technique. Implantation starts from a lateral oblique direction; finally the cage is inserted from a true lateral direction. OLIF, oblique later-
al interbody fusion.

A
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were satisfactory for the patients; 76% of the patients had 
satisfactory results after 10 years, 60% after 20 years, and 
52% after 30 years.4 We have also compared stand-alone 
ALIF and PLF for patients with single level spondylolisthe-
sis. Forty-six patients diagnosed with L4 degenerated spon-

pression using ALIF has been reported.4,12 We previously 
reported the cases of 39 patients who underwent noninstru-
mented stand-alone ALIF for degenerative spondylolisthe-
sis with an average follow-up period of 12 years.4 The fol-
lowing results were obtained: long-term clinical results 

Fig. 3. A 68-year-old woman showing spondylolisthetic degeneration at L4. MRI (A and B) and myelography (C) showing spondylolisthetic degeneration at L4 
and spinal stenosis at L4–5. After surgery (OLIF and percutaneous pedicle screws without posterior decompression), disc height, spondylolisthesis, and ste-
nosis improved on myelography (D). OLIF, oblique lateral interbody fusion.

A B C D

Fig. 4. (A) A 74-year-old woman showing kyphosis and discogenic pain. X- ray image showing severe kyphosis from L3 to L5. (B) MRI showing disc degener-
ation and Modic type 1 and 3 change at L4 and L5 vertebrae. (C) Surgery (OLIF and percutaneous pedicle screws without posterior decompression) im-
proved the kyphosis. OLIF, oblique lateral interbody fusion.

A B C
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no significant clinical differences between them.13 In cases 
of degenerative spondylolisthesis, no difference was ob-
served in outcomes with the addition of PLIF to PLF instru-
mented fusion.14 A total of 148 patients, including those with 
spondylolisthesis, were randomly selected for either instru-
mented PLF or circumferential lumbar fusion.15 The circum-
ferential group showed significantly better improvement of 
fusion rate and pain in comparison with the PLF.14 These 
conflicting results do not permit any conclusions regarding 
the relative effectiveness of anterior, posterior, or circumfer-
ential fusion.

Recently, a minimally invasive lateral transpsoas approach 

dylolisthesis were treated using either ALIF or PLF, and 
both anterior and posterior methods reduced the patients’ 
low back and leg pain; however, improvement of low back 
pain was significantly greater after ALIF.

In the current study, we applied ALIF plus transpedicular 
or cortical bone trajectory instrumentation without PLF 
(270º fusion). Some trials have compared various combina-
tions of anterior, posterior, or combined fusion. Prospective 
randomized comparison of ALIF plus PLF (360º fusion) to 
ALIF plus transpedicular instrumentation without PLF 
(270º fusion) for degenerated spondylolisthesis showed that 
both 360º and 270º fusion significantly reduces pain, with 

Fig. 5. (A and B) A 78-year-old woman showing kyphoscoliosis. X-ray images showing kyphoscoliosis. (C and D) Surgery (OLIF and percutaneous pedicle 
screws without posterior decompression) improved the kyphoscoliosis. (E) Photo before surgery. (F) Photo after surgery. OLIF, oblique lateral interbody fu-
sion.

A B C D

E

F

Table 2. Low Back and Leg Pain Scores
Before surgery After surgery p value

Low back pain
Visual analogue scale score 4.5±1.7 1.3±0.7 0.01
Oswestry Disability Index 52±12 18±10 0.025

Leg pain
Visual analogue scale score 8.2±2.7 1.5±0.8 0.005
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plane alignment following XLIF for degenerative scoliosis 
and noted excellent results for deformity correction in both 
planes. Recent studies of the surgical treatment of adult sco-
liotic deformity have found that XLIF results in less blood 
loss, shorter length of stay, and a lower incidence of infec-
tion, compared with traditional methods.17,18 Several authors 
have reported on indirect decompression using a standalone 
XLIF cage without posterior decompression or pedicle 
screws. A total of 84 stand-alone XLIF patients were evalu-
ated and 68 patients showed evidence of solid arthrodesis 
and improvements in patient-reported pain and function 
scores.19 Twenty-one patients who underwent standalone 
XLIF were evaluated using X-ray imaging and MRI. In 
most patients, the XLIF procedure provides good surgical 
results and enlargement of the spinal canal after surgery.20 
Nevertheless, 9.5% patients required a second procedure for 
additional posterior decompression and instrumentation. 
Further contrasting results were discovered in an investiga-
tion of stand-alone short-segment (1- or 2-level) XLIF in 98 
patients. While significant gains in segmental lumbar lordo-
sis and disc height were observed overall, some patients ex-
perienced less improvement because of a higher rate of in-
terbody graft subsidence, which was correlated with transient 
clinical worsening.21 In the current study, we used posterior 
fixation to improve fusion rate and avoid revision surgery or 
cage subsidence. Our decisions for whether or not to per-
form posterior decompression were based on intraoperative 
myelography. However, there was a possibility that patients 
showing a narrow canal on intraoperative myelography may 
show improvements in pain after surgery without decom-
pression. Further study is needed to clarify the criteria for pos-
terior decompression.

Real-time EMG monitoring is required to avoid nerve in-
jury during surgery; however, Cummock, et al.10 reported 
that of 59 patients who underwent XLIF surgery, 62.7% had 
thigh symptoms postoperatively. New thigh symptoms at 
first follow-up visit included burning, aching, stabbing, or 
other pain (39.0%), numbness (42.4%), paresthesias (11.9%), 
or weakness (23.7%). Davis, et al.22 reported the course of 
the lumbar plexus using eighteen cadaveric specimens: the 
femoral nerve is formed from the L2 to L4 nerve roots at the 
level of the L4‒5 disc space and lies ventral to its posterior 
aspect. They concluded that during the transpsoas lateral 
surgical approach to the L4‒5 disc space, the femoral nerve 
should be considered to be at risk intraoperatively because 
of the position and size of currently available retractors.22 
Furthermore, Uribe, et al.23 discussed the potential of injury 

to the lumbar and thoracic spine, also known as XLIF or 
DLIF, has been used. This method has been used for degen-
erative lumbar disease, discogenic back pain, and kyphosco-
liosis. Acosta, et al.16 analyzed changes in coronal and sagittal 

Table 3. Complications
Complication Number of patients
Infection 0
Hardware
Cage subsidence 1
Hardware failure 0
Vertebral issues
Vertebral fracture 0
Adjacent segment disease 0
Neurologic deficits
Spinal nerve injury 0
Psoas weakness 0
Quadriceps weakness 1
Thigh pain 1
Thigh numbness 3
Injury of ilioinguinal, iliohypogastric, 
  or lateral femoral cutaneous nerves

0

Major vessels injury 0
Segmental artery injury 1
Peritoneal injury 0
Urinary injury 0

Table 4. Merits and Demerits of OLIF Compared with Other 
Surgeries

Compared with posterior surgery
Merits

Less back muscle injury
Indirect decompression
Use of large cage
Less spinal canal injury

Demerits
Major vessels injury
Segmental artery injury
Peritoneal injury 
Urinary injury

Compared with XLIF
Merits

Less psoas muscle injury
Less spinal nerve injury (especially at L4/5)
No use of real-time EMG monitoring
Less injury to ilioinguinal, iliohypogastric, 
  or lateral femoral cutaneous nerves

Demerits
Peritoneal injury 
Urinary injury

OLIF, oblique lateral interbody fusion; XLIF, extreme lateral interbody fu-
sion; EMG, electromyography.
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Meeting. Belo Horizonte, Minas Gerais, Brazil: May 2001. Later-
al endoscopic transpsoas retroperitoneal approach for lumbar 
spine surgery.

9. Bergey DL, Villavicencio AT, Goldstein T, Regan JJ. Endoscopic 
lateral transpsoas approach to the lumbar spine. Spine (Phila Pa 
1976) 2004;29:1681-8.

10. Cummock MD, Vanni S, Levi AD, Yu Y, Wang MY. An analysis 
of postoperative thigh symptoms after minimally invasive trans-
psoas lumbar interbody fusion. J Neurosurg Spine 2011;15:11-8.

11. Silvestre C, Mac-Thiong JM, Hilmi R, Roussouly P. Complica-
tions and Morbidities of Mini-open Anterior Retroperitoneal Lum-
bar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 
Patients. Asian Spine J 2012;6:89-97.

12. Ohtori S, Koshi T, Yamashita M, Takaso M, Yamauchi K, Inoue G, 
et al. Single-level instrumented posterolateral fusion versus non-
instrumented anterior interbody fusion for lumbar spondylolisthe-
sis: a prospective study with a 2-year follow-up. J Orthop Sci 2011; 
16:352-8.

13. Schofferman J, Slosar P, Reynolds J, Goldthwaite N, Koestler M. 
A prospective randomized comparison of 270 degrees fusions to 
360 degrees fusions (circumferential fusions). Spine (Phila Pa 1976) 
2001;26:E207-12.

14. Kitchel SH, Matteri RE. Prospective randomized evaluation of 
PLIF in degenerative spondylolisthesis patients over 60 years old. 
Curr Concepts Rev 2002.

15. Videbaek TS, Christensen FB, Soegaard R, Hansen ES, Høy K, 
Helmig P, et al. Circumferential fusion improves outcome in com-
parison with instrumented posterolateral fusion: long-term results 
of a randomized clinical trial. Spine (Phila Pa 1976) 2006;31: 
2875-80.

16. Acosta FL, Liu J, Slimack N, Moller D, Fessler R, Koski T. 
Changes in coronal and sagittal plane alignment following mini-
mally invasive direct lateral interbody fusion for the treatment of 
degenerative lumbar disease in adults: a radiographic study. J 
Neurosurg Spine 2011;15:92-6.

17. Anand N, Baron EM, Thaiyananthan G, Khalsa K, Goldstein TB. 
Minimally invasive multilevel percutaneous correction and fusion 
for adult lumbar degenerative scoliosis: a technique and feasibility 
study. J Spinal Disord Tech 2008;21:459-67.

18. Anand N, Rosemann R, Khalsa B, Baron EM. Mid-term to long-
term clinical and functional outcomes of minimally invasive cor-
rection and fusion for adults with scoliosis. Neurosurg Focus 
2010;28:E6.

19. Youssef JA, McAfee PC, Patty CA, Raley E, DeBauche S, Shu-
cosky E, et al. Minimally invasive surgery: lateral approach inter-
body fusion: results and review. Spine (Phila Pa 1976) 2010;35(26 
Suppl):S302-11.

20. Oliveira L, Marchi L, Coutinho E, Pimenta L. A radiographic as-
sessment of the ability of the extreme lateral interbody fusion pro-
cedure to indirectly decompress the neural elements. Spine (Phila 
Pa 1976) 2010;35(26 Suppl):S331-7.

21. Marchi L, Abdala N, Oliveira L, Amaral R, Coutinho E, Pimenta 
L. Radiographic and clinical evaluation of cage subsidence after 
stand-alone lateral interbody fusion. J Neurosurg Spine 2013;19: 
110-8.

22. Davis TT, Bae HW, Mok JM, Rasouli A, Delamarter RB. Lumbar 
plexus anatomy within the psoas muscle: implications for the 
transpsoas lateral approach to the L4-L5 disc. J Bone Joint Surg 

to the ilioinguinal, iliohypogastric, lateral femoral cutane-
ous, and genitofemoral nerves in the retroperitoneal space. 
Real-time EMG monitoring does not monitor sensory nerves. 
At the L4‒5 level, the genitofemoral nerve runs anterior to 
the disc; the ilioinguinal and iliohypogastric nerves run 
across the mid-portion of the disc; and the lateral femoral 
cutaneous nerves run posterior to the disc.23 In the current 
study, we approached the disc between the aorta and psoas 
muscle. We did not conduct real-time EMG monitoring, and 
few patients showed any motor or sensory nerve injury or 
symptoms from the psoas muscle. In this regard, this OLIF 
method is useful for avoiding the complications reported for 
the XLIF procedure. Table 4 summarizes the merits and de-
merits of OLIF in comparison with other methods.

The current study has some limitations. First, it is a small-
sized prospective study and the number of patients was re-
stricted. Second, the duration of follow-up was short. Final-
ly, we did not evaluate bone fusion or correction rates. Further 
study is required to clarify these points.

In conclusion, we evaluated OLIF plus posterior screws 
for patients with lumbar spinal degeneration disorders. Pain 
scores significantly improved after surgery, and there were 
no major complications during surgery or symptoms from 
nerve or psoas muscle injury. We concluded that OLIF pro-
vides reductions in pain without any major complications.
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