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Study Design: Single-center retrospective study.
Purpose: To compare the physical function and quality of life (QOL) parameters of two minimally invasive surgical (MIS) procedures: 
oblique lateral interbody fusion with percutaneous posterior fixation in lateral position (OLIF-LPF) and minimally invasive transforami-
nal lumbar interbody fusion (MIS-TLIF) for single-level degenerative spondylolisthesis (DS).
Overview of Literature: To date, many options for the surgical treatment of lumbar DS and reports have described the effectiveness 
of minimally invasive lateral access surgery and MIS-TLIF. However, there is still a paucity of comparative data regarding the physical 
function and QOL outcomes of OLIF and MIS-TLIF.
Methods: Eighty-six patients were enrolled in this study (group O: OLIF-LPF, n=38; group T: MIS-TLIF, n=48). We evaluated the opera-
tion time, estimated blood loss (EBL), postoperative laboratory data, preoperative and postoperative radiographic parameters, overall 
functional outcome with the Japanese Orthopedic Association Back Pain Evaluation Questionnaire (JOABPEQ) effectiveness rate, and 
Visual Analog Scale (VAS) score for low back pain, leg pain, and leg numbness.
Results: No statistical differences in operation time, EBL, and C-reactive protein level, 5 days postoperatively, between groups O and 
T. With respect to radiological outcome, preoperative and postoperative disc height change was significantly greater in group O than 
in group T (3.8 vs. 1.8 mm, p<0.05). Both groups showed postoperative improvements in the clinical outcome scores of all JOABPEQ 
domains, but the effectiveness rate increase in the psychological domain was significantly higher in group O than in group T (47.1% 
vs. 14.6%, p<0.05). No differences in the preoperative and postoperative VAS score change were noted between the two groups in 
any of the items.
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Introduction

Degenerative spondylolisthesis (DS) is common in in-
dividuals over 50 years, and patients often present with 
symptoms of spinal stenosis [1]. DS is commonly treated 
surgically with lumbar decompression and fusion [2]. Pa-
tients with symptomatic DS who have undergone surgery 
have significantly greater improvements in pain and func-
tion than those who have received nonoperative treatment 
and long-term follow-up [3].

To date, many options for the surgical treatment of lum-
bar DS have been reported [1-15]. One of these is poste-
rior decompression and fusion [2,4,5], and the superiority 
of minimally invasive surgery (MIS), such as minimally 
invasive transforaminal lumbar interbody fusion (MIS-
TLIF), over traditional open procedures has often been 
reported [6-8]. Another option is minimally invasive 
lateral access surgery such as extreme lateral interbody 
fusion (XLIF) or oblique lateral interbody fusion (OLIF). 
These procedures use the minimally invasive, lateral ret-
roperitoneal approach and have been recently used in the 
treatment of degenerative spine disorders including DS 
[9-15].

Further, reports have described the effectiveness of min-
imally invasive lateral access surgery and MIS-TLIF [9-13], 
and some preliminary studies have compared its clinical 
and radiological outcomes with XLIF [9,14,15]. However, 
there is still a paucity of comparative data regarding the 
physical function and quality of life (QOL) outcomes of 
OLIF and MIS-TLIF.

The objective of this study was to compare the changes 
in physical function and QOL parameters between OLIF 
and MIS-TLIF for single-level DS.

Conclusions: The changes in physical function and QOL parameters after OLIF-LPF and MIS-TLIF were almost equivalent; however, 
OLIF-LPF had significant superiority in the psychological domain.

Keywords: Degenerative spondylolisthesis; Minimally invasive surgical procedures; Oblique lateral interbody fusion; Transforaminal 
lumbar interbody fusion

Materials and Methods

Between 2013 and 2017, we retrospectively reviewed 92 
patients. The inclusion criteria for this study were the di-
agnosis of single-level DS that was treated with primary 
single-level minimally invasive lumbar interbody fusion 
surgery at Steel Memorial Muroran Hospital with a mini-
mum of 1-year follow-up. Patients with multilevel DS and 
those who underwent posterior decompression surgery 
without fusion or traditional open TLIF procedures were 
excluded.

All procedures performed in this study were in ac-
cordance with the ethical standards of the institutional 
and/or national research committee (Steel Memorial 
Muroran Hospital Institutional Review Board approval 
no., J180603) and with the 1964 Helsinki Declaration and 
its later amendments or comparable ethical standards. 
Patients were informed that their data would be used for 
clinical research purposes and gave their consent.

Between 2013 and 2015, patients with symptomatic 
DS underwent MIS-TLIF. Our institution adopted OLIF 
in 2012 and the procedure had been improved. Between 
2015 and 2017, patients with symptomatic DS mainly un-
derwent OLIF with percutaneous posterior fixation in the 
lateral position (OLIF-LPF). Our normal clinical practice 
is to select MIS-TLIF for patients who require posterior 
direct decompression (e.g., patient with calcification or 
ossification of ligamentum flavum at the time of surgery); 
however, there was no such a case in this study. Group 
O, had 42 patients who underwent OLIF-LPF, while 50 
patients underwent MIS-TLIF and form group T. Each 
procedure was performed by one senior spine surgeon us-
ing the same procedure throughout. In groups O and T, 4 
(9.5%) of 42 patients and 2 (4%) of 50, respectively, were 
lost to follow-up, therefore clinical information was avail-
able for 86 patients in total.
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For clinical evaluation, self-reporting with the Japanese 
Orthopedic Association Back Pain Evaluation Question-
naire (JOABPEQ) was used and the Visual Analog Scale 
(VAS), was used to assess low back pain, leg pain, and leg 
numbness. The questionnaires were administered before 
surgery and 1-year afterward. The JOABPEQ comprises 
five domains (low back pain, lumbar function, walking 
ability, social life function, and mental health) and has 
25 questionnaire items with scores ranging from 0 to 100 
points in each domain, with a higher score representing 
better function [16]. Using the JOABPEQ, a treatment is 
considered effective if the post-treatment score improves 
by ≥20 points compared with the pretreatment score or if 
the pretreatment score is <90 points and the post-treat-
ment score is ≥90 points. The effectiveness rate was calcu-
lated as follows: (number of patients’ treatment judged ‘ef-
fective’)/{(total number of patients in the group)−(number 
of patients whose pre- and post-treatment scores are both 
≥90)} [16].

For radiological assessment, the disc height (DH) and 
slipping length (SL) were measured before surgery, imme-
diately after surgery, 6 months after surgery, and at final 
follow-up using plain lateral radiographs in the lateral 
decubitus position (Fig. 1).

The degree of stenosis was evaluated with axial T2-
weighted magnetic resonance imaging (MRI) by Schizas’s 
grading method: grade A, no or minor stenosis; grade B, 
moderate stenosis; grade C, severe stenosis; and grade D, 
extreme stenosis [17].

The invasiveness of surgery was evaluated based on op-
eration time, estimated blood loss (EBL), and postopera-
tive C-reactive protein (CRP) level.

Fig. 1. Radiological parameters: DH and SL. DH, disc height; SL, slipping length.

Between-group differences in the preoperative back-
ground data, operation time, EBL, postoperative CRP 
level, radiological data, revision rate, JOABPEQ effective-
ness rate, and VAS score were evaluated. The preoperative 
background data of the two surgical groups are shown in 
Table 1.

1. Surgical procedure

1) OLIF-LPF
In OLIF, the patient was placed in the right decubitus 
position. A transverse incision of approximately 4 cm was 
made on the skin in the left lateral region of the abdomen. 
After dissection of the external oblique, internal oblique, 
and transverse abdominal muscles, the retroperitoneal 
space was accessed by blunt dissection through the ret-
roperitoneal fat tissue. The psoas muscle was retracted 
posteriorly. The targeted intervertebral disc space was 
exposed, and the tubular retractor system was set. Under 
direct visualization, a discectomy was performed and 
both cartilaginous endplates were thoroughly removed, 
and the polyetheretherketone (PEEK) cage with allograft 
was placed in the disc spaces. After performing OLIF, per-
cutaneous screw insertion to the cephalad and caudal ver-
tebrae was performed in the lateral position without posi-
tion change using an intraoperative three-dimensional 
computed tomography (3D-CT)-based navigation system 
(O-arm; Medtronic, Minneapolis, MN, USA). We used 
the modified cortical bone trajectory (CBT) screw tech-
nique as previously reported (Fig. 2) [18]. Rods were then 
placed. This series of procedures were performed without 
intraoperative neuromonitoring. After the surgery, the 
patient was allowed to walk with a hard brace and was 
required to wear the brace for at least 2 months after the 
surgery (Fig. 3).

2) MIS-TLIF
In the MIS-TLIF procedure, the patient was placed in 
the prone position and a single longitudinal midline 
incision of approximately 4 cm was made. The bilateral 
paravertebral muscles were stripped and dissected to the 
inside of the facet joint to access the posterior column of 
the vertebral body. After expansion of the surgical field, 
modified CBT screw insertion (same as in the OLIF-LPF 
procedure) in the cephalad and caudal vertebrae was per-
formed. For patients with severe spinal canal stenosis in 
addition to the intervertebral instability, adequate poste-
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rior neural decompression was performed. Following uni-
lateral facetectomy, the intervertebral disc was removed, 
both endplates were thoroughly decorticated, and a 
boomerang-shaped PEEK cage filled with local bone chips 
was inserted in the disc space. Rods were then placed, and 
the screw-rod construct was compressed to exert pressure 
on the interbody cage. This procedure was performed un-
der intraoperative 3D-CT based navigation guidance. Af-

ter surgery, the patient could walk with a hard brace and 
was required to wear the brace for at least 2 months after 
the surgery (Fig. 4).

2. Statistical analysis

Statistical comparisons of categorical variables between 
groups O and T were evaluated using only chi-square 

Table 1. Comparison of background data between groups O and T

Characteristic Group O (n=38) Group T (n=48) p-value

Age (yr) 72.1±11.4 70.1±11.5 0.444

Sex 0.161

Male       20 (52.6) 18 (37.5)

Female      18 (47.4) 30 (62.5)

Degenerative spondylolisthesis level 0.815

L3        5 (13.2)       6 (12.5)

L4      33 (86.8)     42 (87.5)

Body mass index (kg/m2) 24.4±3.2 23.7±5.1 0.437

Comorbidity

Hypertension      19 (50.0)     22 (45.8) 0.701

Ischemic heart disease    0 (0) 3 (6.3) 0.329

Arrhythmia         4 (10.5) 2 (4.2) 0.469

Pulmonary disease       3 (7.9) 3 (6.3) 0.897

Chronic kidney disease      13 (34.2)     23 (47.9) 0.201

Diabetes mellitus        8 (21.1)      7 (14.6) 0.618

American Society of Anesthesiologists score   2.0±0.4 1.8±0.5 0.010a)

Severity of stenosis

A 11 (28.9) 14 (29.2) 0.947

B 10 (26.3) 15 (31.3)

C 11 (28.9) 13 (27.1)

D   6 (15.8)   6 (12.5)

Japanese Orthopedic Association Back Pain Evaluation Questionnaire

Low back pain 34.0±29.6 43.5±30.4 0.148

Lumbar function 50.5±27.1 63.8±22.6 0.030a)

Walking ability 34.4±29.7 41.0±27.3 0.192

Social life 43.0±20.3 48.7±20.3 0.060

Mental health 40.3±17.5 51.1±14.8 0.002a)

Visual Analog Scale

Low back pain 63.9±24.3 55.2±26.8 0.147

Leg pain 69.2±23.8 59.9±29.5 0.140

Leg numbness 58.8±33.0 59.6±32.0 0.908

Follow-up (mo) 18.1±8.5 22.5±12.8 0.069

Values are presented as mean±standard deviation or number (%).
a)Indicates statistically significant difference.
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tests, or chi-square tests with Yates’ correction when the 
expected numbers were small. For continuous variables, 
differences between groups were evaluated with the two-
sample t-test. Differences in preoperative JOABPEQ 
scores between groups were evaluated with the Mann-

Whitney U-test, and differences in the JOABPEQ ef-
fectiveness rate were evaluated with test of population 
proportion. Data were analyzed using StatMate ver. 5.01 
(ATMS Co. Ltd., Tokyo, Japan), with p<0.05 considered as 
statistically significant.

A B

Fig. 2. Modified cortical bone trajectory screw method in our institution: (A) sagittal and (B) axial. The starting point is at the 
caudal border of the pedicle, and the trajectory takes a caudo-cephalad path almost parallel to the sagittal plane and more 
toward the anterior of the vertebral body than that of the original method.

40.8 mm

Fig. 3. A 54-year-old female patient with L4/5 degenerative spondylolisthesis who underwent an oblique lateral interbody fusion with percutaneous posterior fixation 
in lateral position. (A–F) Plain radiograph: (A, B) preoperative; (C, D) 1 week after surgery; and (E, F) 1 year after surgery. (G, H) Preoperative T2-weighted magnetic 
resonance imaging. (I, J) Computed tomography: (I) preoperative and (J) 7 months after surgery.
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Results

The mean follow-up period was 18.1 months (range, 12–
44 months) in group O and 22.5 months (range, 12–47 
months) in group T. There were no statistical differences 
in terms of operation time or EBL between groups O and 

Fig. 4. A 72-year-old male patient with L4/5 degenerative spondylolisthesis who underwent minimally invasive transforaminal lumbar interbody fusion. (A–F) Plain 
radiograph: (A, B) preoperative; (C, D) 1 week after surgery; and (E, F) 1 year after surgery. (G, H) Preoperative T2-weighted magnetic resonance imaging. (I, J) Com-
puted tomography: (I) preoperative and (J) 7 months after surgery.

Fig. 5. In the lateral position, the working space for screw insertion on the right 
side is particularly limited. Modified CBT screws inserted parallel to the sagit-
tal plane are easier to place than traditional pedicle screws. CBT, cortical bone 
trajectory.
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T (Table 2). The postoperative CRP level was significantly 
higher in group O than in group T at 1 and 3 days after 
operation, but no difference was observed at 5 days after 
operation. In terms of radiological outcomes, the DH 
change was significantly greater in group O (3.8 mm) than 
in group T (1.8 mm), but no difference was observed for 
SL change. According to the time-series data of DH and 
SL, although DH and SL loss was observed postoperative-
ly with time, no between-group difference was observed 
(Table 2). With respect to clinical outcomes, both groups 
showed improvement in all JOABPEQ domains postop-
eratively, but the effectiveness rate in the psychological 
domain was significantly higher in group O than in group 
T (p<0.05). In both groups, the postoperative VAS scores 
revealed significant improvement compared with the pre-
operative values in all of the items (p<0.05) but no differ-
ences in the changes were noted between the two groups 
(Table 2). Revision surgery was required in four patients 
(10.5%) and five patients (10.4%) in groups O and T, re-
spectively, during the follow-up period. The summary of 
the revision cases is shown in Table 3.
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Discussion

The present study revealed that the improvements in 
physical function and QOL parameters of OLIF-LPF and 
MIS-TLIF for single-level DS were almost equivalent, but 
OLIF-LPF had significant superiority in the psychological 
domain. OLIF-LPF also had a shortened operation time 
and minimized surgical invasiveness.

The TLIF is an effective treatment method for DS, and 
many authors have reported its efficacy [4,5]. Various 
MIS-TLIF procedures have been developed [6-8,19-21], 
and their superiority to the traditional open procedure 
has often been reported [6-8]. Recently, minimally in-
vasive lateral access surgeries such as OLIF and XLIF 
have attracted much attention [9-15], and our institution 
adopted OLIF in 2012. It allows direct access to the disc 
space, comprehensive disc space clearance, and placement 
of a large interbody graft. Many studies have reported its 
efficacy for the treatment of degenerative lumbar disease 
including DS [11-13].

In minimally invasive lateral access surgery, including 
OLIF, posterior direct decompression is generally not per-
formed, as its ability to restore DH and indirectly decom-
press the neural elements improves neurological symp-
toms [22,23]. Fujibayashi et al. [23] analyzed 28 patients 
who underwent OLIF and measured the cross-sectional 
area of the thecal sac preoperatively and postoperatively 
using T2-weighted axial MRI. They reported that the 
spinal stenosis had been resolved by indirect decompres-
sion. In our institution, posterior direct decompression 
is not performed in OLIF, but as can be seen from our 
results, the change in DH was greater in group O, and 
this decompression of the neural elements resulted in the 
improvement of the patients’ physical function and QOL 
to approximately the same level as those of group T. The 
reason for the superiority of OLIF-LPF in terms of the 
psychological domain of JOABPEQ is unknown, however, 
a possible reason might be that patients in group T were 
at a disadvantage for postoperative improvement in the 
psychological domain because of a significantly higher 
preoperative score.

OLIF was generally performed in the lateral position 
[11-13], and the extension of operative and anesthesia 
time caused by position change was one of the problems 
we faced in our institution after the introduction of OLIF. 
We, therefore, modified the surgical procedure and short-
ened the operative and anesthesia time by performing the 

Table 2. Comparisons of surgical invasiveness, radiological data, and clinical 
outcomes between groups O and T

Variable Group O 
(n=38)

Group T 
(n=48) p-value

Surgical time (min) 111.9±23.6 103.6±22.3 0.096

Estimated blood loss (mL)   51.7±37.8  71.3±66.8 0.091

C-reactive protein (mg/dL)

Preop  0.11±0.11  0.16±0.27 0.274

Postop day 1   2.04±0.92  1.08±0.63 <0.001a)

Postop day 3   8.09±3.91  4.49±3.11 <0.001a)

Postop day 5   2.21±1.71  2.34±1.67 0.719

DH

Preop   8.1±2.9   8.8±2.6 0.348

1 wk 11.9±2.0 10.6±1.6 <0.001a)

6 mo 11.0±1.8   9.5±1.5 <0.001a)

Final follow-up 10.4±1.8  8.7±1.5 <0.001a)

SL

Preop  6.6±3.1   7.4±2.6 0.368

1 wk  3.6±2.8   4.5±2.7 0.149

6 mo  3.8±2.8   5.0±2.7 0.066

Final follow-up  3.9±2.9   5.1±2.7 0.069

DH change

Preop → 1 wk  3.8±2.5  1.8±2.2 <0.001a)

1 wk → 6 mo -1.0±1.2 -1.2±1.0 0.605

1 wk → final follow-up -1.5±1.3 -2.0±1.1 0.112

SL change

Preop → 1 wk -3.1±1.6 -2.9±2.0 0.462

1 wk → 6 mo  0.3±0.4  0.5±0.9 0.103

1 wk → final follow-up  0.4±0.5  0.6±1.0 0.183

JOABPEQ effectiveness rate (%)

Low back pain 69.7 57.9 0.303

Lumbar function 39.4 52.5 0.264

Walking ability 65.6 65.8 0.988

Social life 44.1 43.9 0.985

Mental health 47.1 14.6 <0.001a)

VAS improvement

Low back pain  32.1±31.3 28.6±35.0 0.647

Leg pain  41.1±30.4 27.9±41.8 0.127

Leg numbness  34.5±40.2 38.2±40.6 0.695

Values are presented as mean±standard deviations or %.
Preop, preoperative; Postop, postoperative; DH, disc height; SL, slipping length; 
JOABPEQ, Japanese Orthopedic Association Back Pain Evaluation Question-
naire; VAS, Visual Analog Scale.
a)Indicates statistically significant difference.
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percutaneous screw insertion without a change in posi-
tion. Furthermore, another advantage of OLIF-LPF is that 
patients could avoid the risks associated with being under 
anesthesia in the prone position. Blizzard and Thomas [24] 
analyzed 72 consecutive patients (300 screws) who under-
went single-position lateral interbody fusion and percuta-
neous pedicle screw and rod placement and reported that 
the technique eliminated the prolonged time and extra 
staffing needed for intraoperative repositioning, which 
can reduce costs. However, screw insertion in the lateral 
position created several problems: the working space was 
limited with screw insertion on the right side (Fig. 5) and 
the fluoroscopy was difficult, with the time during opera-
tion tending to be prolonged which increased intraopera-
tive radiation exposure. To solve these problems, we used 
modified CBT screws inserted parallel to the sagittal plane 
under an intraoperative 3D-CT–based navigation system 
[18]. In the present study, the CRP levels were signifi-
cantly higher at 1 day and 3 days after operation in group 
O than in group T, but by 5 days after the operation, they 
were equivalent. Stopping the bleeding from the back 
muscle during posterior percutaneous screw placement is 
often difficult, and can cause a postoperative hematoma, 
which might cause elevation of the CRP in the early post-
operative period.

Based on the results of the present study, both OLIF-
LPF and MIS-TLIF are effective surgical methods for lum-
bar DS. In our institution, when performing MIS-TLIF, 
a series of surgical procedures were performed with the 
same single incision without making multiple small skin 
incisions for percutaneous screw insertion because the 
posterior decompression area was adjacent to the modi-

fied CBT screw insertion points. The midline skin inci-
sion was, therefore, a little longer than is usually reported 
in the published literature [6-8]. As was recently reported 
by several authors, if the endoscopy technique is simulta-
neously used for posterior decompression and interbody 
fusion, less invasive surgery may be possible [19-21]. In 
OLIF, posterior percutaneous screw insertion is necessary 
to keep the fused vertebrae stable until bone union. In a 
previous report, Tempel et al. [25] noted the correlation 
between graft subsidence and the need for revision sur-
gery in patients after stand-alone lateral lumbar interbody 
fusion and recommended the placement of supplementa-
ry posterior instrumentation at the time of initial surgery 
in these patients if they have an increased risk of graft 
subsidence [25]. In the future, less invasive lateral access 
interbody fusion may be possible if stable postoperative 
results are achieved with new surgical devices such as the 
interbody cage equipped with built-in screws, or the low-
profile plate system for anterior vertebral fusion. These 
two surgical procedures are likely to be further improved 
because of the increasing demand for MIS in our aging 
society.

There were some limitations to this study. First, the 
patients of group T mainly underwent surgery from 2013 
to 2015 whereas those of group O were treated during 
2015–2017. Although there were no significant differences 
in terms of the follow-up period between the two groups, 
several statistical differences were detected in their back-
ground factors, and a properly designed randomized trial 
is needed to compare the effectiveness of the two MIS pro-
cedures more accurately. Second, the frequency of post-
operative evaluation with JOABPEQ was low, and we only 

Table 3. Summary of revision cases

No. Age (yr) Sex Level of DS Primary surgery Time to revision (mo) Reason for revision Revision surgery

1 83 M L4 L4–5 MIS-TLIF 15 L4–5 nonunion L4–5 OLIF-LPF

2 83 F L4 L4–5 MIS-TLIF 12 L3–4 ASD L3–4 TLIF

3 76 M L3 L3–4 MIS-TLIF 26 L2–3 ASD L2–3 OLIF-AF

4 58 F L4 L4–5 MIS-TLIF 29 L5–S1 ASD L5–S1 TLIF

5 71 F L4 L4–5 MIS-TLIF 18 L5–S1 ASD L5–S1 TLIF

6 51 F L4 L4–5 OLIF-LPF 37 L5–S1 ASD L5–S1 OLIF-PF

7 67 M L4 L4–5 OLIF-LPF 0 Screw deviation Screw replacement

8 80 F L4 L4–5 OLIF-LPF 24 L3–4 ASD L3–4 OLIF-LPF

9 59 M L3 L3–4 OLIF-LPF 13 L4–5 ASD L4–5 OLIF-LPF

DS, degenerative spondylolisthesis; M, male; F, female; MIS, minimally invasive surgery; TLIF, transforaminal lumbar interbody fusion; OLIF-LPF, oblique lateral inter-
body fusion with percutaneous posterior fixation in lateral position; ASD, adjacent segment disease; AF, anterior fixation; PF, posterior fixation.
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evaluated patient outcomes at 1 year after surgery. There 
may have been early differences in patient outcomes and 
further studies that include evaluation during the early 
postoperative period are needed. Third, several important 
spinal radiographic parameters (e.g., spinopelvic param-
eters and sagittal spinal balance) were not measured, be-
cause preoperative and postoperative whole spine radio-
graphs were not taken in many cases in this study. Future 
evaluation of the effect of each MIS procedure on these 
spinal radiographic parameters is warranted.

Conclusions

The changes in physical function and QOL parameters of 
OLIF-LPF and MIS-TLIF for single-level DS were almost 
equivalent, but OLIF-LPF had significant superiority in 
the psychological domain. OLIF-LPF had a shortened 
operation time and less surgical invasiveness, which were 
equivalent to those of MIS-TLIF. These findings suggest 
that OLIF-LPF is an effective and less invasive treatment 
method for DS that is comparable with MIS-TLIF.
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