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Comparison of Clinical and Radiologic Results 
of Mini-Open Transforaminal Lumbar Interbody 

Fusion and Extreme Lateral Interbody Fusion 
Indirect Decompression for Degenerative Lumbar 

Spondylolisthesis
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Study Design: Retrospective study.
Purpose: In this study, we compared the postoperative outcomes of extreme lateral interbody fusion (XLIF) indirect decompression 
with that of mini-open transforaminal lumbar interbody fusion (TLIF) in patients with lumbar degenerative spondylolisthesis.
Overview of Literature: There are very few reports examining postoperative results of XLIF and minimally invasive TLIF for degen-
erative lumbar spondylolisthesis, and no reports comparing XLIF and mini-open TLIF.
Methods: Forty patients who underwent 1-level spinal fusion, either by XLIF indirect decompression (X group, 20 patients) or by mini-
open TLIF (T group, 20 patients), for treatment of lumbar degenerative spondylolisthesis were included in this study. Invasiveness of 
surgery was evaluated on the basis of surgery time, blood loss, hospitalization period, and perioperative complications. The Japanese 
Orthopedic Association Back Pain Evaluation Questionnaire (JOABPEQ), disc angle (DA), disc height (DH), and slipping length (SL) 
were evaluated before surgery, immediately after surgery, and at 12 months after surgery. Cross-sectional spinal canal area (CSA) 
was also measured before surgery and at 1 month after surgery.
Results: There was no significant difference between the groups in terms of surgery time or hospitalization period; however, X group 
showed a significant decrease in blood loss (p<0.001). Serious complications were not observed in either group. In clinical assess-
ment, no significant differences were observed between the groups with regard to the JOABPEQ results. The change in DH at 12 
months after surgery increased significantly in the X group (p<0.05), and the changes in DA and SL were not significantly different 
between the two groups. The change in CSA was significantly greater in the T group (p<0.001)
Conclusions: Postoperative clinical results were equally favorable for both procedures; however, in comparison with mini-open TLIF, 
less blood loss and greater correction of DH were observed in XLIF.
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Introduction

Recent advancements in minimally invasive spine surgery 
have been remarkable. In Japan, extreme lateral interbody 
fusion (XLIF) was introduced in 2013 and is rapidly gain-
ing popularity. XLIF is a minimally invasive spinal fusion 
procedure that achieves interbody fusion using a retro-
peritoneal approach through the psoas major muscle and 
at the same time reducing the invasiveness of traditional 
anterior surgery. Because ligamentotaxis, in which a large 
cage spanning the width of the vertebral body is placed 
to restore the disc space height, provides indirect decom-
pression of the neural elements and improved interverte-
bral stability, XLIF is considered highly effective for treat-
ing patients with degenerative lumbar spondylolisthesis 
who present with intervertebral instability and neurologi-
cal symptoms [1,2]. In addition, by using XLIF in com-
bination with percutaneous pedicle screw (PPS) fixation, 
lumber spinal fusion can be performed in the posterior 
lumbar muscles with the most minimal invasion.

On the contrary, transforaminal lumbar interbody fu-
sion (TLIF) achieves interbody fusion via a unilateral 
approach, and is thus often applied to minimally invasive 
spinal fusion. Mini-open TLIF is a minimally invasive 
lumbar spinal fusion based on TLIF. It can reduce the 
invasiveness of surgery and the invasiveness to the para-
spinal muscles by using a unilateral midline approach 
combined with the anatomical intermuscular approach 
reported by Wiltse and Spencer [3-5]. There are a few 
reports examining the postoperative results of XLIF and 

minimally invasive TLIF for degenerative lumbar spon-
dylolisthesis [6,7], but none comparing XLIF and mini-
open TLIF. The purpose of this study was to compare and 
examine postoperative clinical and radiologic results of 
indirect decompression and fusion using XLIF and those 
of mini-open TLIF performed for the treatment of degen-
erative lumbar spondylolisthesis.

Materials and Methods

This study was approved by the Institutional Review 
Board of Chiba Central Medical Center (IRB approval no., 
18). We investigated 40 patients who underwent single-
segment fusion for degenerative lumbar spondylolisthesis 
that presented with pain in the lower legs, numbness, and 
intermittent claudication from 2012 to 2015. All patients 
were followed for at least 1 year. The inclusion criterion 
was surgery for central canal stenosis at L3–L4 or L4–
L5. The exclusion criteria were diagnoses of foraminal 
stenosis, reoperation, spinal tumor, infection, and fresh 
vertebral fracture. For clinical assessment, the Japanese 
Orthopedic Association Back Pain Evaluation Question-
naire (JOABPEQ) was administered before surgery and 
at 12 months after surgery, and the results were compared 
and evaluated. The JOABPEQ is a new evaluation scale 
based on self-administered outcomes developed by the 
Japanese Orthopedic Association. It is a useful evaluation 
tool, with verified reliability and validity. It consists of five 
domains (low back pain, lumbar function, walking ability, 
social life function, and mental health) and 25 evaluation 

Fig. 1. (A) Upright plain lateral radiographs: disc angle (DA), disc height (DH), and slipping length (SL). (B) Mag-
netic resonance imaging-T2 axial: cross-sectional spinal canal area (CSA).
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items. The evaluation items are assessed for each domain, 
the highest score being 100; higher scores indicate better 
conditions [8]. The scores for each domain (postopera-
tive score–preoperative score) were compared between 
the two groups to evaluate treatment effects. Invasiveness 
of surgery was evaluated on the basis of surgery time, 
volume of intraoperative blood loss, and hospitalization 
period. Perioperative complications and reoperation were 
also investigated. For radiological assessment, disc angle 
(DA), disc height (DH), and slipping length (SL) were 
measured before surgery, immediately after surgery, and 
at 12 months after surgery using upright plain lateral ra-
diographs. The cross-sectional spinal canal area (CSA) 
was also measured for both procedures before surgery and 
at 1 month after surgery using magnetic resonance imag-
ing T2WI (axial view), and the values were compared (Fig. 
1). The average of image measurements determined by 
two examiners, including the authors, was taken into con-

sideration.

1. Surgical procedure

In the XLIF procedure, the retroperitoneal space was ac-
cessed through the psoas major muscle by the mini-open 
technique, and a polyether ether ketone (PEEK) cage with 
a lordotic angle of 10° was used as an interbody cage. One 
half each of autogenous iliac bone graft and synthetic 
bone graft (collagen hybrid) were placed in a cage. All 
patients underwent one-stage posterior spinal fusion us-
ing PPS fixation without direct decompression [9,10] (Fig. 
2A).

The mini-open TLIF was performed via a unilateral 
midline approach through a single longitudinal midline 
incision of approximately 5 cm, and a unilateral facet 
was removed to secure the working portal. Neurological 
decompression was achieved bilaterally on the approach 

Fig. 2. Lateral radiographs before and after surgery and computed tomography scans after surgery. (A) Extreme 
lateral interbody fusion. (B) Mini-open transforaminal lumbar interbody fusion.
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side and unilaterally on the opposite side. After removing 
the intervertebral disc, a cage filled with local bone graft 
and local bone was placed in the disc space. Rectangular 
PEEK cages were used for the procedure. First, a cage 
was inserted obliquely toward the opposite side; then, the 
posterior portion of the cage was pushed contralaterally 
to place it parallel to the sagittal plane. A second cage 
was subsequently placed in the approach side [5]. Pedicle 
screws were bilaterally inserted using the anatomical in-
termuscular approach reported by Wiltse and Spencer [3], 
through the cleavage plane between the multifidus and 
longissimus muscles under direct vision with subcutane-
ous undermining and fasciotomy via the midline incision 
(Fig. 2B). Slip reduction was performed using a reduc-
tion screw in both groups. The heights of the cages were 
8–10 mm for XLIF (8 mm, three patients; 9 mm, eight pa-
tients; 10 mm, nine patients), and 7–9 mm for mini-open 
TLIF (7 mm, six patients; 8 mm, eight patients; 9 mm, six 
patients).

2. Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics ver. 23.0 (IBM Japan Ltd., Tokyo, Japan), and a p-value 
of less than 0.05 was considered statistically significant.

Results

The study subjects were 20 consecutive patients who had 
XLIF after November 2014 (X group: 10 males and 10 
females; mean age, 69.9 years) and 20 patients who had 
mini-open TLIF before November 2014, all of whom 

underwent the same clinical and radiological evaluations 
as the patients who received XLIF (T group: seven males 
and 13 females; mean age, 66.2 years).Preoperative neu-
rological symptoms were neurogenic claudication and 
radiculopathy in both groups (X group: nine cases and 
11 cases, respectively and T group: 10 cases and 10 cases, 
respectively) (Table 1). During clinical assessment, pa-
tients in both the X and T groups showed significant im-
provement in terms of with their respective preoperative 
scores in all domains at 12 months after surgery (Fig. 3). 
No significant differences were observed between the two 
groups in terms of the JOABPEQ scores obtained before 
surgery and those obtained at 12 months after surgery 
(Table 2). In the assessment of surgery invasiveness, there 
was no significant difference in the mean surgery time (X 
group, 131.1±23.2 minutes; T group, 148.1±39.5 minutes); 
however, the X group showed a significant decrease in 
the mean volume of blood loss (X group, 36.1±15.3 mL; 
T group, 225.7±215.9 mL; p<0.001). The hospitalization 
period was not significantly different between the two 
groups (X group, 14.6±7.5 days; T group, 13.7±3.9 days) 
(Table 3). Perioperative complications in the T group 
included dural tear in one patient (5%), transient pain 
in the legs of two patients (10%), and deep infection in 
one patient (5%); no reoperations were performed. In 
the X group, thigh symptoms on the approach side were 
observed in eight patients (40%), all of which resolved 
within 3 months after surgery, and pain in the contralat-
eral thigh, probably due to hematoma and cage placement 
failure, was observed in two patients (10%), which were 
relieved by conservative therapy. Serious complications 
were not observed in either group. One patient (5%) in 

Table 1. Preoperative demographic characteristics

Characteristic X group T group p-value

Age (yr) 69.9±7.5 66.2±8 0.19a)

Male:female 10:10 7:13 0.33b)

Fusion level 0.25c)

L3/4 6 3

L4/5 14 17

Preoperative neurological symptoms 0.75b)

Neurogenic claudication 9 10

Radiculopathy 11 10

Values are presented as mean±standard deviation or number. X group: extreme lateral interbody fusion group; T group: mini-open transforaminal 
lumbar interbody fusion group.
a)By Mann-Whitney U-test . b)By chi-square test. c)By Fisher exact probability test. 
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the X group required additional posterior decompression 
due to no improvement in symptoms (Table 4). As for the 
image measurements over time, the DA was significantly 
increased after surgery in the X group (from 5.1° to 8.5° 
to 8.3° and was maintained even after 1 year; however, the 

Table 3. Comparison of surgery invasiveness

Variable X group T group p-valuea)

Surgical time (min) 131.1±23.2 148.1±39.5  0.27

Blood loss (mL)   36.1±15.3   225.7±215.9 <0.001

Hospital stay (day) 14.6±7.5 13.7±3.9 0.87

Values are presented as mean±standard deviation. X group: extreme 
lateral interbody fusion group; T group: mini-open transforaminal lum-
bar interbody fusion group.
a)By Mann-Whitney U-test. 

Table 4. Comparison of complications

Variable X group T group p-valuea)

Major complication   0 0

Thigh symptom   8 (40) 0

Transient pain in the legs   2 (10) 1 (5)

Dural tear   0 1 (5)

Deep infection   0 1 (5)

Reoperation   1 (5) 0

Total 10 (50) 3 (15) <0.05

Values are presented as number or number (%). X group: extreme lat-
eral interbody fusion group; T group: mini-open transforaminal lumbar 
interbody fusion group.
a)By Fisher exact probability test.

Table 2. Comparison of the Japanese Orthopedic Association Back Pain Evaluation Questionnaire

Variable Category X group T group p-value

Low back pain Pre 45.1±19.1 34.2±26.2 0.13a)

Pre → 12 mo change 47.3±21.1 59.4±37.1 0.25b)

Lumbar function Pre 56.2±28.2 51.1±27.5 0.23a)

Pre → 12 mo change 22.5±33.3 31.1±33.1 0.45b)

Walking ability Pre 33.4±22.3 35.2±28.4 0.45a)

Pre → 12 mo change 41.1±36.5 59.1±28.2 0.1b)

Social life function Pre 43.9±19.3 39.5±18.7 0.42a)

Pre → 12 mo change 27.7±28.8 37.7±30.1 0.29b)

Mental health Pre 51.8±15.3 44.4±12.1 0.18a)

Pre → 12 mo change 13.9±18.5 19.7±22.6 0.39b)

Values are presented as mean±standard deviation. X group: extreme lateral interbody fusion group; T group: mini-open transforaminal lumbar inter-
body fusion group.
a)By Mann-Whitney U-test . b)By unpaired t-test.
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Fig. 3. Changes over time in JOABPEQ. (A) X group: extreme lateral interbody fusion group. (B) T group: mini-open transforaminal lumbar interbody 
fusion group. JOABPEQ, Japanese Orthopedic Association Back Pain Evaluation Questionnaire; Pre, preoperative. *p<0.05: significant improvement 
from preoperation (by Wilcoxon signed-rank test).
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improvement was not significant in the T group (from 
3.7° to 5.8° to 5.0°). The DH was significantly increased 
after surgery in the X group (from 8.3 to 11.4 to 10.1 mm) 
and was maintained until after 1 year; however, in the T 
group, although significant increase in DH was observed 
after surgery (from 6.4 to 8.6 to 7.1 mm), there was no 
significant difference when the values determined before 
surgery and those determined at 1 year after surgery are 
compared. For SL, significant postoperative restoration 
was observed in both groups (from –5.5 to –3.1 to –2.8 
mm in the X group and from –8.0 to –5.5 to –6.0 mm in 
the T group), which was maintained until after 1 year. 
CSA was significantly larger after surgery in both groups 
(from 26.4 to 55.4 mm2 in the X group, and from 33.3 to 
131.1 mm2 in the T group) (Fig. 4). When compared in 
terms of changes, significant differences were observed 
between the two groups in terms of DH, SL, and CSA 
measured before surgery, but no such difference was ob-
served in DA. With regard to postoperative change, the 
change in DH at 12 months after surgery increased sig-

nificantly in the X group than in the T group (X group, 1.8 
mm; T group, 0.7 mm; p<0.05), and the changes in DA 
and SL were not significantly different between the two 
groups. The change in CSA was significantly greater in the 
T group (X group, 29 mm2; T group, 97.7 mm2; p<0.001) 
(Table 5).

Discussion

During the XLIF procedure, indirect decompression of 
the neural elements and improved intervertebral stability 
can be achieved through ligamentotaxis, in which a large 
cage spanning the width of the vertebral body is placed to 
restore the disc space height [1,2,11]. Furthermore, XLIF 
does not require direct intervention to the nerve tissue or 
the epidural venous plexus, thereby reducing intraopera-
tive blood loss [12]. On the other hand, mini-open TLIF 
is a minimally invasive posterior lumbar fusion in which 
neurological decompression and the TLIF technique are 
performed via a unilateral midline approach. Here, pedi-
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Fig. 4. Changes over time in image measurements. (A) Disc angle (DA), (B) disc height (DH), (C) slipping length (SL), and (D) 
cross-sectional spinal canal area (CSA). X group: extreme lateral interbody fusion group; T group: mini-open transforaminal 
lumbar interbody fusion group. Pre, preoperative; Post, postoperative. *p<0.05: significant improvement from preoperation (by 
Wilcoxon signed-rank test).
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cle screws are inserted bilaterally using an intermuscular 
approach, resulting in less blood loss compared with con-
ventional methods and a simultaneously reduction in the 
invasiveness to the paraspinal muscles.

The invasiveness assessment indicated intraopera-
tive blood loss in XLIF to be less than that in mini-open 
TLIF. This is because direct decompression of the spinal 
canal was not performed in XLIF, which may have re-
duced bleeding from the epidural venous plexus. On the 
other hand, surgery time and hospitalization period were 
comparable for XLIF and TLIF. The hospitalization pe-
riod tends to be longer in Japan than in Europe and the 
United States because, under the health insurance system 
in Japan, patients often remain hospitalized for treatment 
including rehabilitation for postoperative ambulation.

Although indirect decompression achieved by XLIF 
is reported to significantly increase CSA after surgery 
[1,2], the increase rate is considered smaller than that ob-
served after TLIF [6]. In this study, a significant increase 
in CSA was also observed after XLIF, but the change was 
smaller than that after mini-open TLIF with direct de-
compression. However, both procedures showed similar 
improvement in postoperative clinical results based on 
the JOABPEQ. The improvement observed in the X group 
is presumably attributed to indirect neurological decom-
pression achieved by XLIF and a synergistic effect with 
high interbody stability. Thus, XLIF is considered to be a 
highly effective, minimally invasive procedure for degen-

erative lumbar spondylolisthesis with neurological symp-
toms and intervertebral instability.

Several reports compared lumbar spinal alignment after 
fusion by XLIF and conventional TLIF, reporting signifi-
cant postoperative improvement in segmental lordosis 
and DH in both procedures; however, the increase in DH 
observed after XLIF was greater than that observed after 
TLIF [13,14]. Isaacs et al. [6] investigated the change in 
alignment 2 years after XLIF and minimally invasive TLIF 
for low grade degenerative spondylolisthesis, and reported 
that although DH was significantly restored in both pro-
cedures, correction loss was observed after minimally 
invasive TLIF. Likewise, many articles reported that XLIF 
was superior to TLIF for correcting DH and the results of 
this study validate the same.

Incidence of perioperative complications is relatively 
low at 8.8%–16.6% for conventional TLIF and 3.3%–18.7% 
for minimally invasive TLIF. Although intraoperative 
dural tears are relatively more common than XLIF, the in-
cidence of serious complications is reportedly low [15-17]. 
As XLIF is performed through the psoas major muscle, 
thigh symptoms, such as neurological symptoms in the 
lower extremities caused by injury or traction onto the 
lumbar plexus, and transient muscle weakness caused by 
contusion of the psoas major muscle, may occur immedi-
ately after surgery, and the incidence of these symptoms is 
often reported to be high (23% to 67%) [18,19]. However, 
many of the symptoms are transient, and Cummock et al. 

Table 5. Comparison of DA, DH, SL, and CSA

Variable Category X group T group p-valuea)

DA (°) Pre  5.1±5.5     3.7±7.2   0.58

Pre → post change  3.4±4.7     2.1±5.3   0.41

Pre → 12 mo change  3.2±4.3     1.3±5.3   0.26

DH (mm) Pre  8.3±2.6     6.4±1.6 <0.05

Pre → post change  2.4±3.1     2.2±1.7   0.21

Pre → 12 mo change  1.8±1.9     0.7±1.4 <0.05

SL (mm) Pre -5.5±2.9    -8.0±2.8 <0.05

Pre → post change -2.3±1.6 -2.4±2   0.92

Pre → 12 mo change -2.5±1.8 -1.9±2   0.29

CSA (mm2) Pre  26.4±10.3  33.3±11 <0.05

Pre → 1 mo change     29±19.1     97.7±26.7   <0.001

Values are presented as mean±standard deviation. X group: extreme lateral interbody fusion group; T group: mini-open transforaminal lumbar inter-
body fusion group.
DA, disc angle; DH, disc height; SL, spondylolisthesis; CSA, cross-sectional spinal canal area.
a)By Mann-Whitney U-test . 
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[18] reported that 50% were resolved in 3 months after 
surgery and 90% in 1 year after surgery. In XLIF, serious 
complications such as damage to the blood vessels and/or 
organs associated with the retroperitoneal approach were 
also reported [20], and it is essential to acquire anatomical 
knowledge and carefully analyze preoperative images.

The results of the study demonstrated that, after XLIF, 
blood loss was lesser and DH correction greater than that 
achieved by mini-open TLIF for degenerative lumbar 
spondylolisthesis. Thus, XLIF is a highly effective treat-
ment for the elderly and in cases requiring intervertebral 
correction. However, XLIF is usually not recommended 
for the L5–S1 disc due to the risk of injury to the blood 
vessels or for spondylolisthesis of grade II or higher (Mey-
erding classification) due to issues related to the location 
of the cage. It should also be performed with caution for 
rising psoas (i.e., the psoas muscle rising away from the 
lateral aspect of the vertebral body) because of the risk of 
injury to the lumbar plexus [1,2,21]. The clinical indica-
tions for indirect decompression remain unclear; however, 
it is usually not recommended for intervertebral joint de-
generation without intervertebral mobility, bony stenosis, 
disc herniation extending through the posterior longitu-
dinal ligament, and intraspinal facet cysts [1]; minimally 
invasive posterior lumbar decompression and fusion us-
ing mini-open TLIF is considered useful in such cases.

Since this is a retrospective study with limitations in-
cluding small sample size, short follow-up period, and the 
existence of significant differences in preoperative radio-
logic data between X group and T group further investiga-
tion is necessary.

Conclusions

Postoperative results were compared and examined be-
tween patients who underwent single-segment fusion 
using mini-open TLIF and XLIF, which are minimally 
invasive lumbar fusion procedures for the treatment of 
degenerative lumbar spondylolisthesis. Postoperative 
clinical results were equally favorable for both procedures; 
however less blood loss and greater correction of DH were 
observed after XLIF than after mini-open TLIF. Although 
XLIF is an effective and minimally invasive procedure 
for degenerative lumbar spondylolisthesis, surgical pro-
cedures should be selected after careful consideration of 
various issues, including complications and clinical indi-
cations.
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