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INTRODUCTION

Extreme lateral interbody fusion (XLIF) has become the 
standard of minimally invasive therapy of the degenerative 
lumbar spine disease and spondylodiscitis due to minimally 
invasive access to the spine, less blood loss compared to open 
procedures, decreased operative times, earlier mobilization, 
shorter hospital stays, and less postoperative pain [1-8]. In 
2001, Pimenta introduced an innovative minimally invasive 
spine surgery that accessed the anterior lumbar spine, using 
a lateral, and transpsoas approach, which was published as a 
technical note in 2006 [9]. The method was initially described 
under the current name XLIF by Ozgur et al. in 2006 [10]. 
XLIF has proved itself to be an efficient means of treating var-
ious spinal pathologies, including degenerative spine disease 

(low-to-moderate central canal, lateral recess and/or foram-
inal stenosis, low-grade spondylolisthesis [Grade I-II], degen-
erative scoliosis, and degenerative disc disease), and spondylo-
discitis [1,3,11,12]. The lateral approach allows for placement of 
a wide footprint intervertebral cage (18, 22, and 26 mm) with 
wide apertures to provide superior anterior column realign-
ment as well as a healthy fusion environment without anterior 
and posterior longitudinal ligament (ALL and PLL) resec-
tion [13-15]. Indirect decompression by XLIF results from res-
toration of native disc height and subsequent stretching and 
tightening of the remaining annulus, causing elongation of the 
posterior longitudinal ligament, distraction of the ligamentum 
flavum, and ultimately leading to an increase of the epidural 
space [11,16]. In order to sustain indirect decompression, use 
of 26 mm cages was advised, as these cages compared to 18 
mm and 22 mm wide cages significantly reduce cage sub-
sidence in XLIF at mid-term follow-up [11]. Modification of 
this method, endoscope-assisted XLIF (EA-XLIF) has been 
described and considered particularly helpful for checking the 
lumbar plexus anatomy on the psoas surface, identifying the 
relationship between the peritoneum and the psoas muscle, 
positioning the shim into the disc space, removing the disc, 
and checking the quality of contralateral release and endplate 
preparation [17].

Unlike the traditional interbody fusions and approaches, 
the XLIF approach offers numerous advantages [18]. A gen-
eral surgeon is not required for access, the need to retract or 
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ABSTRACT

Extreme lateral interbody fusion (XLIF) has become the standard of minimally invasive lumbar segmental scoliosis treatment. Our objective is 
to determine the safety and efficacy of XLIF in spinal canal stenosis (SCS) and spondylodiscitis (SD). Patients treated with XLIF in our depart-
ment between 2012 and 2018 were retrospectively analyzed. Patient records with clinical and radiographical parameters were evaluated. The 
patient cohort consists of 40 male and 32 female patients with a median age of 66.6 years. Forty-five patients had an SCS and 27 patients SD. 
The mean follow-up was 23 months. One level XLIF was performed in 49 patients, 2 levels in 15, 3 levels in 7 patients and 4 levels in 1 patient. 
All but one patient received an additional dorsal stabilization. The pain was present in all patients with a mean visual analog scale (VAS) score 
of 8.8 versus postoperative VAS of 2.8 (p < 0.05). Preoperative neurological deficits were found in 44 patients. Only 6 patients had a neurological 
deterioration, 45 patients improved, and 21 patients remained unchanged. One patient experienced a perioperative complication. Non-fusion 
occurred in 8 cases. There were no outcome differences regarding pain and radiological outcome between patients with SCS and SD as well 
as between patients with one level vs. multilevel surgery. Baseline characteristics and the radiological outcome did not differ between the two 
groups. Patients with SD had a higher rate of worsening of neurological deficits following surgery, a higher rate of non-fusion, and a longer 
hospital stay. Patients with spinal canal stenosis SCS had a longer surgery time and more frequent adjacent segment disease.
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to avoid posterior instrumentation [31]. Although recent 
study suggested that supplemental fixation did not signifi-
cantly influence cage subsidence or segmental lordotic angle 
in patients who underwent XLIF [32], results of systemic 
reviews and meta-analysis suggest that addition of poste-
rior instrumentation to transpsoas fusion is associated with 
decreased re-operations and cage movements [31]. Lateral 
interbody fusion (LIF) with percutaneous screw fixation can 
treat adult spinal deformity (ASD) in the coronal plane, but 
sagittal correction is limited [33]. Open posterior surgery 
with XLIF was associated with faster recovery, fewer compli-
cations, and greater relief of pain and disability compared to 
open posterior surgery alone [33].

Limitations of XLIF include neurovascular complica-
tions [4], anatomical limitations, subsidence, and loss of cor-
rection, declining the potential to restore spinal biomechanics 
sustainably [34]. Major factors prompted the development 
of minimally invasive (MIS) extreme lateral interbody fusion 
(XLIF; NuVasive Inc., San Diego, CA, USE) for the thoracic 
and lumbar spine, which include interbody stabilization and 
indirect neural decompression while avoiding major visceral/
vessel injury as seen with anterior lumbar interbody fusion 
(ALIF), and to avert trauma to paraspinal muscles/facet joints 
found with transforaminal lumbar interbody fusion (TLIF), 
posterior lumbar interbody fusion (PLIF), and posterior-lateral 
fusion techniques (PLF) [4]. Although XLIF is associated with 
an increased prevalence of anterior thigh/groin pain as well 
as motor and sensory deficits immediately after surgery, pain 
and neurologic deficits decrease over time [35]. Although the 
majority of complications were minor, one survey reported a 
high complication rate of 18% with re-operation rate of 2.2% 
in Japan [36]. Recent multicentric retrospective cohort study 
has shown that the major complications rate was 0.7722% [37]. 
Relative contraindication to XLIF is bony lateral recess steno-
sis, which has shown to be an independent predictor for failure 
to achieve adequate spinal decompression through XLIF and 
thus may benefit from undergoing direct decompression [38].

Our objective is to determine the safety and efficacy of 
extreme lateral lumbar interbody fusion (XLIF) with supple-
mented instrumentation in degenerative spinal canal stenosis 
and spondylodiscitis. To the best of our knowledge, this is the 
first study that addresses clinical and radiological outcome of 
XLIF in patients with degenerative spinal canal stenosis and 
spondylodiscitis at a single institution.

MATERIALS AND METHODS 

Seven-two patients treated with XLIF between 2012 
and 2018 were analyzed retrospectively. Data were gathered 
through review of patient’s electronic records and relevant 
imaging. Indications for XLIF included degenerative spine 

violate the peritoneum is eliminated, and the approach avoids 
mobilization of the great vessels, thereby avoiding the related 
risk of sexual dysfunction [19].

Cadaver studies defined the anatomy of the lumbar plexus 
and proposed an appropriate working space where dilators 
could be placed at each level of the lumbar spine [20,21]. 
When approaching the lumbar spine from L3, L2, or L1, the 
psoas muscle should be split into the ventral three-quarters of 
the vertebral body (VB) to avoid nerve injury [22]. There is risk 
to the genitofemoral nerve, if the psoas major muscle is split 
at L3 or L4 [23]. Placing the dilator or retractor in a posterior 
position may result in nerve injury, especially at L4-5 [23].

Surgical therapy of intervertebral disc degeneration is 
still a mainstay of treatment when conservative approach 
fails. Regenerative strategies for intervertebral disc disease 
such as tissue engineering with three-dimensional biomi-
metic scaffolds show great promise, although still in the 
experimental phase [24]. Several studies have reported 
good clinical and radiological outcomes for the XLIF proce-
dure in the degenerative spine disease [25-27]. XLIF reduces 
the risk of nerve root lesions, postoperative radiculitis, and 
durotomies compared to posterior fusion techniques in 
revision surgeries [5]. In the large prospective, multicenter 
study by Philipps et al., significant improvements in visual 
analogue scale (VAS) and Oswestry disability index (ODI) 
scores for leg and back pain were observed in 107 patients, 
with successful correction of the Cobb angle from 20.9 to 
15.2° [28]. Improved functional VAS and ODI outcomes and 
restored coronal deformity have been shown in systematic 
review with promising perspective for the treatment of 
regional and global degenerative spinal canal stenosis and 
scoliosis [25].

Beside its use in degenerative spine surgery, XLIF has 
found its application in operative treatment of spondylodisci-
tis in patients with epidural abscesses and neurological deficits 
who require surgery [1,29,30]. The excellent exposure in XLIF 
approach allows satisfactory debridement of the end-plate as 
well as fusion within the same approach and thus avoiding 
trans-thoracic or trans-abdominal approach [1]. Posterior 
approach is the most common approach for the treatment of 
spondylodiscitis in the lumbar spine, however despite allow-
ing decompression of neural structures it carries a higher risk 
of neurological deficit and limit the exposure of disc/vertebral 
body which can result in inadequate fusion and a failure to 
correct a lordosis secondary to poor exposure and visualiza-
tion [1] and destabilizes the spine even more as it requires a 
laminectomy in a spine that already has a disrupted anterior 
and middle column [29]. 

Most surgeons insert the interbody cage laterally and then 
insert pedicle or cortical screw and rod instrumentation pos-
teriorly [31]. However, standalone cages have also been used 
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disease (including spinal canal stenosis with segmental sco-
liosis as well as uni- or bilateral neuroforaminal stenosis, 
adjacent segment disease with segmental scoliosis following 
spinal fusion, and instability of the spine following decompres-
sive surgery) and spondylodiscitis in patients who underwent 
dorsal stabilization. In all cases, gadolinium-contrast enhanc-
ing magnet resonance imagining (MRI) of the spine as well 
as computed tomography (CT) of the spine was obtained. All 
patients received CT and X-ray of the instrumented region on 
the 1st day following surgery. Independent neuroradiologists 
verified neuroimaging. 

Standard left lateral transpsoas approach with use of 
neuromonitoring was performed (NuVasive, San Diego, CA, 
USA®) [10,39]. All patients were fitted with a 10 degree lordotic 
intervertebral polyetheretherketone (PEEK) cage (Nuvasive®). 
The cages were 50, 55, or 60 mm in length, 18 mm in width and 
8, 10, or 12 mm in height. All cages were filled with hydroxyap-
atite nanoparticles gel Nanogel® (Teknimed, L’Union, France).

Follow-up comprised pain assessment with VAS and 
clinical examination. X-ray scans were obtained at 3, 12-, 
and 24-months following surgery, dynamic flexion-exten-
sion X-rays 6 months following surgery while CT scans were 
obtained in the period of 6-24 months. Radiographic analysis 
comprised measurement of fusion, L1-S1 sagittal lordotic angle 
(LL-lumbar lordosis), L1-L5 coronal angle, L5-S1 angle  [40], 
and disc height. Disc height was measured an average of ante-
rior and posterior disc heights [41] (Figure 1). Pelvic incidence 
(PI) was measured as the angle between the line joining the 
midpoint of the coxofemoral joint axis and the center of the 
S1 endplate and the line orthogonal to the S1 endplate [42]. 
For measurement of PI-LL value, PI was subtracted from the 
value of L1-S1 angle (LL-lumbar lordosis). Fusion was defined 
as the presence of trabeculae bridging bone formation at the 
anterior and/or posterior cortex of the involved vertebral bod-
ies on the CT scan, and an interface between the cage and the 
vertebral endplate. Absence of such bridges was classified as 
non-fusion. The analyses were performed using SPSS statisti-
cal software, version 20 (SPSS Inc. IBM, USA). The value of 
p < 0.05 was considered to be statistically significant.

Ethical statement

The local ethics committee at the University Hospital 
Marburg considered an ethical approval unnecessary for this 
pseudonymized retrospective analysis (Number of the ethical 
approval/Az: ek_mr_20_10_2020_2_pojskic).

Statistical analysis

The analyses were performed using SPSS statistical soft-
ware, version 20 (SPSS Inc. IBM, USA). The value of p < 0.05 
was considered to be statistically significant. For variables 

such as gender, angle and disc height, mean was calculated 
with standard deviation (SD), for non-parametric variables 
(descriptive statistics of groups of degenerative spine dis-
ease/spinal canals stenosis and spondylodiscitis, influence 
of age, presence or absence of fusion as well as comparison 
between the groups) descriptive statistics was used for cal-
culating frequencies in the two groups, using graphic dia-
grams as well as cross product and Pearson’s Chi Square test 
and Fisher Exact for testing of significance of differences 
of frequencies in the two groups. T-test was used for mea-
surement of statistically significant difference between the 
means. For calculating differences between standard devia-
tions, Leven’s Test for equality of variances was performed 
before t-test. If there was a statistically significant difference 
between the SDs, t test was not performed. Independent 
sample t test was used for comparison of different mean 
values between the two groups (spinal canal stenosis and 
spondylodiscitis) and paired samples t test for comparison of 
variables of two dependent samples for same patients in the 
different setting (e.g., comparison of parameters before and 
after surgery) which was used for determination of statistical 
significance.

RESULTS

Seventy-two patients were included in the study. Patients’ 
characteristics and surgical management are summarized in 
Table 1. Forty male (55.6%) and 32 female (44.4%) patients were 
included in the study and medium age was 66.6 years. Forty-
five patients (62.5%) were operated due to degenerative spine 
disease (spinal canal stenosis) and 27 patients (37.5%) with 
spondylodiscitis. The mean follow-up was 23 months. Three 
patients (4.2%, 2 with spondylodiscitis and 1 with spinal canal 
stenosis) died after more than 12 months following surgery. 
In 37 patients (51.4%) there were no previous surgeries on the 
lumbar spine, 35 or 48.6% underwent previous surgery via dor-
sal approach in the segment, which underwent XLIF.

Symptoms and neurological deficits

All patients presented with back pain and radiculopa-
thy. Spinal claudication was present in 41 patients (56.9%). 
Pain reduction was significant with preoperative VAS of 
8.8 and postoperative VAS of 2.8 (paired samples t-test, 
t = 33.822, p < 0.05). 

Forty-four patients (61.1%) had neurological deficits before 
surgery and only 12 patients (16.1%) had deficits following 
surgery. Twenty-one patients (29.2%) were neurologically 
unchanged, 6 patients (8.3%) worsened, and 45 patients (62.5%) 
improved. New postoperative thigh weakness was detected 
in 8 patients (11.1%), in 4 patients the symptoms completely 
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resolved. From 6 patients who worsened, 4 had permanent 
postoperative left thigh weakness and two patients developed 
paraparesis to follow-up, both due to adjacent segment disease 
following dorsal spinal constructs of 5 segments with wors-
ening of the spinal canal narrowing and compression of the 
cauda equina.

Complications

Only one patient experienced a perioperative compli-
cation related to the lateral transpsoas approach with a ret-
roperitoneal hematoma which was treated conservatively. 
Seventy-one patients received additional dorsal stabilization 
Complications related to the dorsal approach occurred in 
10 patients (13.9%), in 3 patients (4.2%) hardware failure with 
screw malposition or screw breakage occurred, and in 7 
patients wound healing problems (9.7%). In 17 patients (23.4%) 
adjacent segment disease occurred with the need of extension 
of the dorsal spinal construct during the mean period of 24.5 
months (9-47.5 months). Mean surgery time was 142 min. 
Mean hospital stay was 14.3 days.

Radiological outcome

Mean preoperative coronal L1-L5 angle was 4.28° com-
pared to postoperative angle of 4.98° (t = –3.027; corr = 0.749, 
p < 0.05). Forty-four patients or 61.1% were hypolordotic 
before surgery (L1-S1<40⁰). Mean sagittal L1-S1 angle 
before the surgery was 36.2° and it increased to mean 
postoperative value of 38.09°. This lordosis correction was 

statistically significant (t = –3.292; corr = 0.852, p < 0.05). 
Lordosis correction was furthermore shown in the 
increase of L5-S1 angle (4.49° preoperative vs. 5.64° post-
operative; t = –6.366; corr = 0.921; p < 0.05). Mean disc 
height increased significantly from 6.1 mm preoper-
ative vs. 8.4  mm postoperative (t = –16.29; corr = 0.337; 
p <  0.05). Fusion in the XLIF segment occurred in 64 
patients (89%). Only one patient developed symptomatic 
non-fusion (pseudoarthrosis). Mean preoperative pelvic 
incidence (PI) was 57.1° (SD ± 1.8) compared to postopera-
tive PI of 56.4° (SD ± 27.2). Mean preoperative PI-LL (pel-
vic incidence minus lumbar lordosis L1S1) value was 21.15° 
(SD ± 3.45) and mean postoperative PI-LL value was 18.35° 
(SD ± 14.4). Reduction of PI-LL value was statistically sig-
nificant (p < 0.05). In 19 patients postoperative PI-LL value 
of <10° was achieved; however, their clinical outcome was 
not favorable compared to other 52 patients.

One level XLIF was performed in 49 patients (68%), two 
level in 15 patients (20.8%), three level in 7 patients (9.7%), and 
four level in 1 patient (1.4%). All XLIF-levels are summarized 
in Table  2. Most common level was L4/5 (in 32 patients or 
44.4%) followed by L3/4 (in 29 patients or 40.3%), L2/3 (in 26 
patients or 36.1%), L1/2 (in 10 patients or 13.9%), and Th12/L1 
(6 patients or 8.3%). Neurological and radiological outcome 
did not differ between patients with single level and multiple 
level XLIF. Dorsal stabilization was performed in 71 patients: 
One segment in 25 patients, two segments in 12 patients, three 
segments in 7 patients, and four and more segments in 27 
patients.

FIGURE 1. A. Preoperative lateral X-ray of the lumbar spine. Technique of assessment of L1-S1 angle (lumbar lordosis; angle 
between the upper endplate of L1 and upper endplate of S1 vertebra). B. Preoperative coronal X-ray of the lumbar spine. 
Technique of assessment of L1-L5 angle in the coronal plane (angle between the upper endplate of L1 and lower endplate of L5 
in coronal plane). C. Postoperative lateral X-ray following three-level XLIF in L2/3, L3/4, L4/5 with supplemental fixation L2-5. 
Depiction of disc height assessment as an average of anterior and posterior disc height. D. Postoperative coronal X-ray shows 
increased disc height.

DCBA
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Patient 
number Age Gender Diagnosis Surgical 

therapy‑XLIF
Surgical therapy‑dorsal 
stabilization

1 67 Female Spondylodiscitis Th12/L1 Th12/L1 Th11-L2
2 70 Male Spondylodiscitis L2/3 L2/3 L1-4
3 60 Male Spondylodiscitis L1/2 L1/2 L1-3
4 76 Male Spondylodiscitis L2/3 L2/3 L2-3
5 49 Female Spondylodiscitis L4/5 L4/5 L4-S1
6 67 Female Spondylodiscitis L1-3 L1/2 Th10-L3
7 52 Female SCS with ASD in L4/5 following Spondylodesis L5/S1 L3/4 L3-S2
8 73 Female Spondylodisicits L1/2 L1/2 L1-2
9 66 Male SCS Th12/L1 Th12/L1 Th12-L1
10 61 Female SCS with segmental instability Th12/L1 following Spondylodesis L1-3 Th12/L1 Th10-L3
11 71 Male SCS L2/3 with instability following decompressive surgery L2/3 L2/3
12 61 Male Spondylodiscitis L3/4 L3/4 L3/4
13 80 Male Spondylodiscitis L4/5 L4/5 L4/5
14 76 Male Spondylodiscitis L2/3 L2/3 L2/3
15 74 Female Spondylodiscitis L3/4, 4/5 L3/4 L2-S1
16 77 Female Spondylodiscitis L4/5 L4/5 L4-S1
17 77 Female SCS L4/3 with instability following herniated disc surgery L3/4 L3/4
18 64 Female Spondylodiscitis L3/4,4/5 L3/4, 4/5 L3-5
19 61 Male Spondylodiscitis L2/3 L2/3 L1-4
20 34 Female SCS L4/5 L4/5 L4-5
21 36 Male SCS L3/4 L3/4 L3-4
22 75 Female SCS L2-5 L2/3,3/4,4/5 L2-S1
23 77 Female SCS Th12-L2 L2/3 Th11-L2
24 73 Male SCS L2/3 L2/3 L2-3
25 64 Male SCS L2-5 L2/3,3/4,4/5 L2-S1
26 69 Female SCS L2-5 with ASD L4/5 following stabilization L5-S1 L4/5 Th10-S2
27 80 Female SCS with instability L1-4 L2/3,3/4,4/5 Th12-L4
28 79 Male SCS L2-5 L2/3, 3/4 L1-5
29 45 Male Spondylodiscitis L2/3 L2/3 No stabilization
30 49 Male SCS L4/5 L4/5 L4-5
31 49 Male Spondylodiscitis L4/5 L4/5 L4-5
32 71 Male SCS Th12/L1 with ASD following stabilization L1-5 Th12/L1 Th11-L1 extension on L1-5
33 76 Male SCS with ASD L4/5 following stabilization L5/S1 L4/5 L3-5 extension on L5-S1
34 72 Female SCS L1-4 L1/2, 2/3, 3/4 , 4/5 Th12-S1
35 74 Female Spondylodiscitis Th12/L1, L5/S1 Th12/L1 Th12-S1
36 73 Female SCS L2-5 L2/3, 3/4, 4/5 L2-5
37 54 Male SCS L3/4 L3/4 L3-4
38 78 Male SCS L2-4 L2/3, 3/4 L2-5
39 68 Female SCS L4/5 L4/5 L4-5
40 65 Female SCS L2-4 L2/3,3/4, 4/5 L2-5
41 75 Male SCS L2-4 L2/3, 3/4 L2-4
42 81 Female SCS L1-5 L3/4 4/5 Th10-S1
43 62 Male Spondylodiscitis L4/5 L4/5 L4-5
44 61 Female Spondylodiscitis L3-5 L3/4, 4/5 L3-5
45 57 Male SCS L3-5 L3/4, 4/5 L3-5
46 78 Female SCS L4/5 L4/5 L4-5
47 60 Female Spondylodiscitis L1/2 L1/2 L1-2
48 80 Male SCS L3/4, 4/5 L3/4, 4/5 L3-S1
49 58 Female SCS L4/5 L4/5 L4-5
50 72 Male SCS L1/2 with pseudoarthrosis following L1/2 TLIF surgery L1/2 L1-2
51 85 Female SCS L1/2, 4/5 L1/2, 4/5 L1-5
52 76 Female Spondylodiscitis L1/2 and L4/5 L1/2, 4/5 L1-5
53 62 Male SCS L2/3 L2/3 L1-3
54 72 Female SCS L3/4, 4/5 L3/4, 4/5 L3-S1
55 78 Male SCS L3-5 L3/4, 4/5 L3-5
56 72 Male SCS L2-5 L2/3, 3/4, 4/5 L2-S1
57 63 Male SCS L3/4 L3/4 L3-4
58 75 Male SCS L3-5 L3/4, 4/5 L3-5

(Contd...)

TABLE 1. Patients’ characteristics and surgical management
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Comparison between patients with spinal canal 
stenosis and spondylodiscitis 

Patients with spinal canal stenosis had longer follow-up of 
29.2 months compared to 12.8 months in patients with spon-
dylodiscitis with statistical significance (t = –3.005; p < 0.05). 
Baseline characteristics (age, gender, and preoperative neuro-
logical deficits) did not differ between the two groups.

Radiological outcome did not differ between the two 
groups of patients with degenerative spinal disease (spinal 
canal stenosis) and spondylodiscitis. Mean values of preoper-
ative and postoperative parameters (PI, LL, PI-LL, value, L1-S1 
and L5-S1 angle) were not statistically significantly different 
between the two groups. The mean values of the important 
radiological parameters are summarized in Table 3.

Patients with spondylodiscitis had statistically significant 
higher rate of worsening of neurological deficits following 
surgery (5 patients vs. 1 patient with spinal canal stenosis, 
Chi-Square = 5.867, p < 0.05). Patients with spondyodiscitis 
had more frequent previous surgery on the spine (22 vs. 15. 

patients, Pearson’s Chi-square = 15.660, p < 0.05). Non-fusion 
occurred more frequently in patients with spondyodisci-
tis (6 vs 2. patients with spinal canal stenosis, independent 
samples test/Levene’s test for equality of variances and t-test 
for equality of the means, t = 6.846, p < 0.05). Patients with 
spondylodiscitis had a longer hospital stay (19.5 vs. 11.1 days, 
t = 3.987; p < 0.05). Adjacent segment disease developed 
more frequently in patients with spinal canal stenosis (16 vs. 1. 
patients, Chi-square: 11.954, p < 0.05). Surgery times were lon-
ger in patients who underwent surgery for spinal canal steno-
sis compared to patients with spondylodiscitis (158.8 vs. 117.8 
min, t = –2.481, p < 0.05).

Patient 
number Age Gender Diagnosis Surgical 

therapy‑XLIF
Surgical therapy‑dorsal 
stabilization

59 70 Male SCS with ASD L2/3 following fusion L3-S1 L2/3 L2/3 on L3-S1
60 58 Female SCS L2/3, 4/5 L2/3, 4/5 L2-5
61 61 Male Spondylodiscitis L4/5 L4/5 L4-5
62 68 Male SCS L2/3 L2/3 L2-3
63 72 Male SCS L2-5 L2/3,3/4, 4/5 L2-S1
64 25 Female SCS following L1 fracture Th12/L1 Th12-L1
65 53 Male Spondylodiscitis L3/4 L3/4 L3-4
66 74 Male SCS L4/5 L4/5 L4-S1
67 59 Male Spondylodiscitis L4/5 L4/5 L4-5
68 65 Female SCS L1/2 L1/2 Th12-L2
69 72 Female Spondylodiscitis L2/3, 4/5 L2/3, 3/4 L2-4
70 73 Female SCS with pseudoarthrosis following TLIF L3/4 L3/4 L3-4
71 68 Male Spondylodiscitis L2/3, 3/4 L2/3, 3/4 L2-4
72 75 Male Spondylodiscitis L2/3 L2/3 Th11-L2 extension of fusion of L3-S1

TABLE 1. (Continued)

TABLE 2. XLIF-levels

XLIF level Number Percent
Th12/L1 6 8.3
L 1/2 6 8.3
L 2/3 12 16.7
L 2/3, 3/4, 4/5 1 1,4
L 3/4 9 12.5
L1/2, 2/3, 3/4 1 1.4
L 4/5 16 22.2
L1/2, 2/3, 3/4, 4/5 1 1.4
L1/2, 2/3, 4/5 1 1.4
L1/2, 4/5 2 2.8
L2/3, 3/4 5 6,9
L2/3, 3/4, 4/5 5 6.9
L2/3, 4/5 1 1.4
L3/4, 4/5 6 8.3
Total 72 100.0

TABLE 3. The mean values of the important radiological 
parameters

Mean of 
radiological 
parameters (°)

General
Degenerative spine 

disease/spinal 
canal stenosis

Spondylodiscitis

Sagittal L1-S1 
angle preoperative

36.2 
(SD±8.9)

34. 5  
(SD±7.7)

39.07   
(SD±10.3)

Sagittal L1-S1 angle 
postoperative

38 
(SD±6.3)

37.4  
(SD±5.9)

39.3   
(SD±7)

Coronal L1-L5 
angle preoperative

4.3 
(SD±2.9)

4.6  
(SD±3.4)

3. 7   
(SD±1.8)

Coronal L1-L5 
angle postoperative

4.9 
(SD±2.3) 

5   
(SD±2.25)

4.5   
(SD±1.9)

Sagittal L5-S1 
angle preoperative

4.5 
(SD±2.9)

3.9   
(SD±2.2)

5.6   
(SD±3.6)

Sagittal L5-S1 angle 
postoperative

5.6 
(SD±3.7)

5.3   
(SD±2.4)

6.5   
(SD±4.4)

PI preoperative 57.1 
(SD±1.8)

58.7   
(SD±11)

58   
(SD±7.4)

PI postoperative 56.4 
(SD±27.2)

47.5   
(SD±27)

54.1   
(SD±12)

PI-LL 
preoperative

21.15 
(SD±3.45)

19.1   
(SD±8.5)

23.2   
(SD±8.5)

PI-LL 
postoperative 

18.35 
(SD±14.4)

20.4   
(SD±15.5)

14.9   
(SD±11.8)

Mean disc height 
preoperative

6  
(SD±1) 

6. 1   
(SD±0.9)

6   
(SD±1.2)

Mean disc height 
postoperative 

8.4 
(SD±1.1)

8.2   
(SD±0.9) 

8.8   
(SD±1.3) 
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DISCUSSION

XLIF was described as being an effective minimally inva-
sive method for degenerative spinal canal stenosis [43,44] as 
well as for spondylodiscitis [1,29]. Beside the classical indi-
cations for XLIF as degenerative lumbar spine diseases with 
scoliosis and uni- and bilateral neuroforaminal stenosis, its 
use in spondylodiscitis with [29] or without [1] supplemen-
tal fixation was recently described. One of the advantages of 
XLIF in treatment of infectious spine diseases is that it affords 
adequate exposure to the vertebral bodies and discs to aggres-
sively debride necrotic and infected tissue [29]. Although 
clinical application of standalone XLIF is well known [1,45], 
XLIF is often being used in addition to dorsal stabilization in 
order to prevent cage sinking and improve fusion [1], where 
it is associated with faster recovery, fewer complications, and 
greater relief of pain and disability compared to dorsal surgery 
alone in treatment of adult spinal deformity [33]. To the best of 
our knowledge, this is the first study that evaluates the clinical 
and radiological outcome of patients treated with XLIF due to 
degenerative as well as infectious disease of the lumbar spine 
treated in single neurosurgical unit.

Pain reduction was significant as shown in the previous 
studies [2,25,29,43]. Recent literature review weighted average 
mean of preoperative VAS pain scores of 6.8, compared to a 
postoperative VAS score of 2.9 (p < 0.0001) [25]. Neurological 
outcome in 91.7% of patients who were unchanged or 
improved following surgery was good compared to reported 
data [2,6,12,44]. Thirty-five patients (48.6%) underwent previ-
ous surgery in the segment that underwent XLIF. XLIF has 
been shown to be an effective fusion technique in revision 
surgery that allows valid arthrodesis by avoiding scarred tis-
sue due to earlier surgical approaches. It reduces the risk of 
nerve root lesions, postoperative radiculitis, and durotomies 
compared to posterior fusion techniques [5].

Decrease of VAS and ODI (Oswestry Disability Index) in 
terms of favorable clinical outcome has been shown in numer-
ous studies by Khajavi et al. [46] (160 patients), Formica 
et  al.   [6] (39 patients), Tohmet et al. [47] (140 patients), 
Philipps et al. [28] (107 patients), Rodgers et al. [15,48] (600 
patients in the first study and 63 in the latter one), Malham 
et al. [13] (30 patients), Paterakis et al. [7] (12 patients), Timothy 
et al. [1] (14 patients), Attenello et al. [49] (22 patients), 
Tamburelli et al. [27] (21 patients), Campbell et al. [12] (18 
patients), Tessitore et al. [50] (20 patients), Blizzard et al. [29] 
(11 patients), Lykissas et al. [35] (451 patient), and Isaacs 
et al. [51] (29 patients with XLIF). In lumbar interbody fusion, 
MIS-TLIF (minimally invasive transforaminal interbody 
fusion) had better ODI, VAS pain, and complication rate 
when compared to XLIF with direct and indirect 
meta-analysis methods; however, in terms of fusion rates, 

there were no differences between the two techniques [44]. 
Radiological outcome showed similar results in patients with 
degenerative spinal canal stenosis and spondylodiscitis. 
Improvement of regional lordosis (increase of sagittal L1-S1 
angle of 36.2° preoperative vs. 38.09° postoperative) showed 
consistence with the previous studies [7,25,29,30]. However, 
measurement of the regional and segmental coronal Cobb 
angles did not show correction but rather a slight angle 
increase (4.28° preoperative vs. 4.98° postoperative) which 
implicates an insufficient correction of lumbar scoliosis [43]. 
In studies which interrogated use of XLIF in patients with cor-
onal deformity as the main indication, XLIF was shown to be 
an efficacious procedure for achieving the coronal alignment 
[52]. However, these improvements were lower in the follow-
ing studies probably due to the fact that the patient selection 
was not limited to only those with scoliosis [2]. Due to addi-
tional dorsal stabilization and release of the posterior elements 
with neuroforaminal decompression, as well as due to high 
fusion rates, this lack of coronal correction did not have clini-
cal implications. Patients with satisfactory fusion rates and 
sustained restoration of lordosis and disc height have shown 
to have positive clinical outcomes [6,45]. The weighted aver-
age preoperative and postoperative coronal segmental Cobb 
angles in the literature were 3.6 and 1.1° and weighted average 
preoperative and postoperative coronal regional Cobb angles 
were 19.1 and 10.0°, respectively [25]. Disc height increased fol-
lowing cage implantation from 6.1 mm preoperative to 8.4 
mm postoperative. Disc height increase leads to indirect 
decompression of the nerve in the foramina and leads to a res-
toration of segmental lordosis and scoliosis and is consistently 
reported to occur following XLIF in degenerative and infec-
tious spine disease [2,45,53,54]. Fusion rates show heterogene-
ity, which is based on the technique of fusion assessment and 
influenced by varying lengths of the follow-up (89-100%) 
[2,5,6,55]. A recent study reported a 2-year-fusion rate of 
85.71% without differences between standalone construct 
compared to supplemental fixation [32]. Factors thought to 
contribute to cage subsidence are the narrower 18 mm cages, 
osteoporosis, the use of bone morphogenetic protein (BMP-
2), the use of standalone cages, and iatrogenic endplate viola-
tion [56]. Taller cage height, narrower cage width, and shorter 
cage length were significantly associated with increased risk of 
cage settling more than 4 mm at 12 months postoperatively 
[47]. In patients with no cage settling immediately postopera-
tively, risk of settling more than 4 mm at 12 months was 6.8 
times greater with narrower cages [47]. As previously men-
tioned, addition of posterior instrumentation to transpsoas 
fusion is associated with decreased re-operations and cage 
movements [31]. Titanium cages were associated with lower 
subsidence rates than PEEK cages [57]. Usage of rh (recombi-
nant human) BMP-2 was also robustly associated with higher 
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endplate subsidence [57]. The formula of PI minus LL (PI - LL) 
offers an estimate of the lordosis required for a given PI value 
and tries to quantify the mismatch between pelvic morphol-
ogy and the lumbar curve. Schwab et al. [58,59] suggested that 
a PI - LL < 10° represents satisfactory spinopelvic alignment 
and incorporated this into an adult spinal deformity classifica-
tion [60]. An excessive PI-LL mismatch (PI-LL > 10°) is more 
likely to lead to the development of adjacent segment disease 
and the requirement of a revision surgery [61]. In our study, 
postoperative PI-LL value was 18.35 for the entire cohort (20.4 
for degenerative spine disease and 14.9 for spondylodiscitis) 
and although the correction was statistically significant com-
pared to preoperative value, it did not correlate with the 
patient clinical outcome. One of the reasons could be that 
PI-LL value has shown its application in adult spinal deformity 
surgery, which requires larger spinal constructs, which often 
include thoracic and lumbar spine and more invasive postero-
lateral surgery than the mono-or multisegmental XLIF sur-
gery. Use of regional lumbar lordosis has been proposed as a 
more accurate assessment for quantification of normolordo-
sis, since Furthermore, patients with adult degenerative spine 
disease and scoliosis are older than the patients with adult 
deformity  [62]. Women are shown to have larger normal 
PI-LL [63]. Recent studies have shown that patients with a 
large PI sometimes have good surgical results, even with a 
postoperative PI-LL>10° [64] in up to 23% of patients following 
extensive surgery for degenerative scoliosis [65]. One recent 
study found that ideal PI-LL may be between 10° and 20° in 
ADS patients after long posterior instrumentation and fusion 
[62]. An optimum PI-LL has been shown inconsistent in that 
it depends on the individual PI [64]. Two studies examined the 
relationship between parameters of spinopelvic alignment 
and standalone XLIF surgery [54,66]. The studies have found 
that XLIF improved scoliosis and segmental lordosis and was 
associated with significant clinical improvement in patients 
with lumbar degenerative disc disease [66]. However, XLIF 
did not change overall lumbar lordosis or significantly alter 
pelvic indices associated with sagittal balance [66]. For the 
lower lumbar spine, it is difficult to obtain a lordosis more than 
10 degrees with stand-alone XLIF for correcting adult spinal 
deformity [67]. Therefore, it is thought that correction such as 
osteotomy or compression technique to the posterior fusion 
may be necessary during the second stage surgery [67]. Other 
studies also showed no significant change in the overall coro-
nal or sagittal plane alignment of the lumbar spine [14]. End-
plate breach was common at the instrumented disc levels; 
however, it was nonprogressive in most of the cases, and did 
not affect the fusion or alignment at the instrumented levels 
[14]. Tessitore et al. have shown that mono- and bisegmental 
lordosizing fusion techniques, as XLIF and TLIF, are able to 
restore disc height and improve segmental lordosis [68]. 

However, they do not allow restoration of sagittal balance or 
improvement of compensatory mechanisms [68]. In our 
study, the mean surgery time was with 142 min. In the litera-
ture operative time reported to vary from 125.6 min [25] to 218 
min [53]. Longer OR time could be explained with higher 
number of multilevel XLIF. Mean hospital stay was 14.3 days, 
which was longer than in the previous studies [1,55]. This 
could be explained with larger percentage of patients with 
spondylodiscitis who received i.v. antibiotic therapy and 
screening for further diseases as well as prolonged stay at the 
hospital due to postponed discharge for social reasons. Our 
study showed a low complication rate with only one patient 
experiencing postoperative hematoma, which was treated 
conservatively. There were no major complications. The over-
all complication rate has been shown to be high and range 
from 18% [36] to 23% [69]. Most frequent major complications 
are major vascular injury, bowel injury, and surgical site infec-
tion (0.03%, 0.03%, and 0.7%, respectively) with overall re-op-
eration rate of 2.2% [36]. Vertebral body fracture and contralat-
eral nerve injury were reported in 3.7% of patients [69]. 
Transient ipsilateral thigh numbness, pain, and/or hip flexor 
weakness are a frequent postoperative finding most com-
monly when the L4-L5 level is instrumented and it was 
described in the literature to range from 4.4% [2,36], 18% [6], 
19.4% [69] to 25.7% [6,14,53]. This symptom is considered by 
some authors as minor complications [69] and by some 
authors as accepted approach related symptom [6].

Differences between outcome of patients with spinal canal 
stenosis and spondylodiscitis seem to be more related to the 
pathology and the dorsal approach than to the XLIF method 
itself. Patients with spondylodiscitis showed a higher rate of 
worsening of neurological deficits following surgery and a 
higher incidence of non-fusion. The most common postop-
erative deficit was ipsilateral thigh weakness and its higher 
incidence in patients with spondylodiscitis could be explained 
with infection affecting paravertebral muscles. Higher inci-
dence of non-fusion could be explained with shorter fol-
low-up as well as worsened bone substance due to infection.

Limitations of our study are its retrospective nature and 
relatively small number of patients; however, prospective 
studies with larger number of patients are needed for further 
evaluation of the application of XLIF in patients with spinal 
canal stenosis and spondylodiscitis.

CONCLUSION

Extreme lateral interbody fusion (XLIF) with supple-
mented instrumentation is a safe method for surgical therapy 
of degenerative spine disease (spinal canal stenosis with seg-
mental scoliosis and bilateral neuroforaminal stenosis) and 
spondylodiscitis. Patients with degenerative and infectious 
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spine disease show similar radiological outcome following 
XLIF. Patients with spondylodiscitis show a higher rate of 
worsening of neurological deficits following surgery and a 
higher incidence of non-fusion so the indication to apply XLIF 
in these patients should be carefully evaluated.

ACKNOWLEDGMENTS

The preliminary data from the current study were presented 
as an E-poster on the Annual Meeting of German Society of 
Neurosurgery (71. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie (DGNC) DGNC Online, Lübeck, 2020). We 
thank J.W.-Bartsch, PhD, for proofreading the manuscript. We 
thank Dragan Jankovic, MD, for assistance in data gathering.

REFERENCES

[1] Timothy J, Pal D, Akhunbay-Fudge C, Knights M, Frost A, 
Derham C, et al. Extreme lateral interbody fusion (XLIF) as a treat-
ment for acute spondylodiscitis: Leeds spinal unit experience. J Clin 
Neurosci 2019;59:213-7.

 https://doi.org/10.1016/j.jocn.2018.10.063.
[2] Alimi M, Hofstetter CP, Cong GT, Tsiouris AJ, James AR, Paulo D, 

et al. Radiological and clinical outcomes following extreme lateral 
interbody fusion. J Neurosurg Spine 2014, 20 (6), 623-35.

 https://doi.org/10.3171/2014.1.spine13569.
[3] Lang G, Perrech M, Navarro-Ramirez R, Hussain I, Pennicooke B, 

Maryam F, et al. Potential and limitations of neural decompression 
in extreme lateral interbody fusion a systematic review. World 
Neurosurg 2017;101:99-113.

 https://doi.org/10.1016/j.wneu.2017.01.080.
[4] Epstein NE. Extreme lateral lumbar interbody fusion: Do the cons 

outweigh the pros? Surg Neurol Int 2016;7(Suppl 25):S692-700.
 https://doi.org/10.4103/2152-7806.191079.
[5] Formica M, Zanirato A, Cavagnaro L, Basso M, Divano S, Felli L, 

et al. Extreme lateral interbody fusion in spinal revision surgery: 
Clinical results and complications. Eur Spine J 2017;26(Suppl 
4):464-70.

 https://doi.org/10.1007/s00586-017-5115-6.
[6] Formica M, Berjano P, Cavagnaro L, Zanirato A, Piazzolla A, 

Formica C. Extreme lateral approach to the spine in degenerative 
and post traumatic lumbar diseases: Selection process, results and 
complications. Eur Spine J 2014;23(Suppl 6):684-92.

 https://doi.org/10.1007/s00586-014-3545-y.
[7] Paterakis KN, Brotis AG, Paschalis A, Tzannis A, Fountas KN. 

Extreme lateral lumbar interbody fusion (XLIF) in the management 
of degenerative scoliosis: A retrospective case series. J Spine Surg 
2018;4(3):610-5.

 https://doi.org/10.21037/jss.2018.07.11.
[8] Ohba T, Ebata S, Haro H. Comparison of serum markers for muscle 

damage, surgical blood loss, postoperative recovery, and surgical 
site pain after extreme lateral interbody fusion with percutaneous 
pedicle screws or traditional open posterior lumbar interbody 
fusion. BMC Musculoskelet Disord 2017;18(1):415.

 https://doi.org/10.1186/s12891-017-1775-y.
[9] Pimenta L, Díaz RC, Guerrero LG. Charité lumbar artificial disc 

retrieval: use of a lateral minimally invasive technique. Technical 
note. J Neurosurg Spine 2006;5(6):556-61.

 https://doi.org/10.3171/spi.2006.5.6.556.
[10] Ozgur BM, Aryan HE, Pimenta L, Taylor WR. Extreme lateral inter-

body fusion (XLIF): A novel surgical technique for anterior lumbar 
interbody fusion. Spine J 2006;6(4):435-43.

 https://doi.org/10.1016/j.spinee.2005.08.012.
[11] Lang G, Navarro-Ramirez R, Gandevia L, Hussain I, Nakhla J, 

Zubkov M, et al. Elimination of subsidence with 26-mm-wide 
cages in extreme lateral interbody fusion. World Neurosurg 
2017;104:644-52.

 https://doi.org/10.1016/j.wneu.2017.05.035.
[12] Campbell PG, Nunley PD, Cavanaugh D, Kerr E, Utter PA, Frank K, 

et al. Short-term outcomes of lateral lumbar interbody fusion with-
out decompression for the treatment of symptomatic degenerative 
spondylolisthesis at L4-5. Neurosurg Focus 2018;44(1):E6.

 https://doi.org/10.3171/2017.10.focus17566.
[13] Malham GM, Ellis NJ, Parker RM, Seex KA. Clinical outcome and 

fusion rates after the first 30 extreme lateral interbody fusions. 
ScientificWorldJournal 2012;2012:246989.

 https://doi.org/10.1100/2012/246989.
[14] Sharma AK, Kepler CK, Girardi FP, Cammisa FP, Huang RC, Sama 

AA. Lateral lumbar interbody fusion: clinical and radiographic 
outcomes at 1 year: A preliminary report. J Spinal Disord Tech 
2011;24(4):242-50.

 https://doi.org/10.1097/bsd.0b013e3181ecf995.
[15] Rodgers WB, Gerber EJ, Patterson J. Intraoperative and early post-

operative complications in extreme lateral interbody fusion: An 
analysis of 600 cases. Spine (Phila Pa 1976) 2011;36(1):26-32.

 https://doi.org/10.1097/brs.0b013e3181e1040a.
[16] Marchi L, Abdala N, Oliveira L, Amaral R, Coutinho E, Pimenta L. 

Stand-alone lateral interbody fusion for the treatment of low-
grade degenerative spondylolisthesis. ScientificWorldJournal 
2012;2012:456346.

 https://doi.org/10.1100/2012/456346.
[17] Schonauer C, Stienen MN, Gautschi OP, Schaller K, Tessitore E. 

Endoscope-assisted extreme-lateral interbody fusion: Preliminary 
experience and technical note. World Neurosurg 2017;103:869-875.e3.

 https://doi.org/10.1016/j.wneu.2017.04.110.
[18] McAfee PC, Shucosky E, Chotikul L, Salari B, Chen L, Jerrems D. 

Multilevel extreme lateral interbody fusion (XLIF) and osteoto-
mies for 3-dimensional severe deformity: 25 consecutive cases. Int J 
Spine Surg 2013;7:e8-19.

 https://doi.org/10.1016/j.ijsp.2012.10.001.
[19] Leary SP, Regan JJ, Lanman TH, Wagner WH. Revision and explan-

tation strategies involving the CHARITE lumbar artificial disc 
replacement. Spine (Phila Pa 1976) 2007;32(9):1001-11.

 https://doi.org/10.1097/01.brs.0000260794.73938.93.
[20] Uribe JS, Arredondo N, Dakwar E, Vale FL. Defining the safe 

working zones using the minimally invasive lateral retroperito-
neal transpsoas approach: An anatomical study. J Neurosurg Spine 
2010;13(2):260-6.

 https://doi.org/10.3171/2010.3.spine09766.
[21] Arnold PM, Anderson KK, McGuire RA. The lateral transpsoas 

approach to the lumbar and thoracic spine: A review. Surg Neurol 
Int 2012;3(Suppl 3):S198-215.

 https://doi.org/10.4103/2152-7806.98583.
[22] Guérin P, Obeid I, Gille O, Bourghli A, Luc S, Pointillart V, et al. 

Safe working zones using the minimally invasive lateral retroperito-
neal transpsoas approach: A morphometric study. Surg Radiol Anat 
2011;33(8):665-71.

 https://doi.org/10.1007/s00276-011-0798-6.
[23] Benglis DM, Vanni S, Levi AD. An anatomical study of the lum-

bosacral plexus as related to the minimally invasive transpsoas 
approach to the lumbar spine. J Neurosurg Spine 2009;10(2):139-44.

 https://doi.org/10.3171/2008.10.spi08479.
[24] Stergar J, Gradisnik L, Velnar T, Maver U. Intervertebral disc tissue 

engineering: A brief review. Bosn J Basic Med Sci 2019;19(2):130-137.
 https://doi.org/10.17305/bjbms.2019.3778.
[25] Phan K, Rao PJ, Scherman DB, Dandie G, Mobbs RJ. Lateral lumbar 

interbody fusion for sagittal balance correction and spinal defor-
mity. J Clin Neurosci 2015;22(11):1714-21.

 https://doi.org/10.1016/j.jocn.2015.03.050.
[26] Caputo AM, Michael KW, Chapman TM, Massey GM, 

Howes  CR, Isaacs RE, et al. Clinical outcomes of extreme lateral 
interbody fusion in the treatment of adult degenerative scoliosis. 
ScientificWorldJournal 2012;2012:680643.

 https://doi.org/10.1100/2012/680643.



Mirza Pojskić, et al.: XLIF in a consecutive series of seventy-two patients

Bosn J Basic Med Sci. 2021;21(5):587-597 596 www.bjbms.org

[27] Tamburrelli FC, Meluzio MC, Burrofato A, Perna A, Proietti L. 
Minimally invasive surgery procedure in isthmic spondylolisthesis. 
Eur Spine J 2018;27(Suppl 2):237-243.

 https://doi.org/10.1007/s00586-018-5627-8.
[28] Phillips FM, Isaacs RE, Rodgers WB, Khajavi K, Tohmeh AG, 

Deviren V, et al. Adult degenerative scoliosis treated with 
XLIF: Clinical and radiographical results of a prospective mul-
ticenter study with 24-month follow-up. Spine (Phila Pa 1976) 
2013;38(21):1853-61.

 https://doi.org/10.1097/brs.0b013e3182a43f0b.
[29] Blizzard DJ, Hills CP, Isaacs RE, Brown CR. Extreme lateral inter-

body fusion with posterior instrumentation for spondylodiscitis. J 
Clin Neurosci 2015;22(11):1758-61.

 https://doi.org/10.1016/j.jocn.2015.05.021.
[30] Patel NB, Dodd ZH, Voorhies J, Horn EM. Minimally invasive lat-

eral transpsoas approach for spinal discitis and osteomyelitis. J Clin 
Neurosci 2015;22(11):1753-7.

 https://doi.org/10.1016/j.jocn.2015.03.061.
[31] Alvi MA, Alkhataybeh R, Wahood W, Kerezoudis P, Goncalves S, 

Murad MH, et al. The impact of adding posterior instrumentation 
to transpsoas lateral fusion: A systematic review and meta-analysis. 
J Neurosurg Spine 2018;30(2):211-21.

 https://doi.org/10.3171/2018.7.spine18385.
[32] Chen E, Xu J, Yang S, Zhang Q, Yi H, Liang D, et al. Cage subsidence 

and fusion rate in extreme lateral interbody fusion with and without 
Fixation. World Neurosurg 2019;122:e969-77.

 https://doi.org/10.1016/j.wneu.2018.10.182.
[33] Strom RG, Bae J, Mizutani J, Valone F, Ames CP, Deviren V. Lateral 

interbody fusion combined with open posterior surgery for adult 
spinal deformity. J Neurosurg Spine 2016;25(6):697-705.

 https://doi.org/10.3171/2016.4.spine16157.
[34] Pimenta L, Oliveira L, Schaffa T, Coutinho E, Marchi L. Lumbar 

total disc replacement from an extreme lateral approach: Clinical 
experience with a minimum of 2 years’ follow-up. J Neurosurg 
Spine 2011;14(1):38-45.

 https://doi.org/10.3171/2010.9.spine09865.
[35] Lykissas MG, Aichmair A, Hughes AP, Sama AA, Lebl DR, Taher F, 

et al. Nerve injury after lateral lumbar interbody fusion: A review 
of 919 treated levels with identification of risk factors. Spine J 
2014;14(5):749-58.

 https://doi.org/10.1016/j.spinee.2013.06.066.
[36] Fujibayashi S, Kawakami N, Asazuma T, Ito M, Mizutani J, 

Nagashima H, et al. Complications associated with lateral interbody 
fusion: Nationwide survey of 2998 cases during the first 2 years of 
its use in Japan. Spine (Phila Pa 1976) 2017;42(19):1478-1484.

 https://doi.org/10.1097/brs.0000000000002139.
[37] Piazzolla A, Bizzoca D, Berjano P, Balsano M, Buric J, Carlucci S, 

et al. Major complications in extreme lateral interbody fusion 
access: Multicentric study by Italian S.O.L.A.S. group. Eur Spine J 
2020;30:208-16.

 https://doi.org/10.1007/s00586-020-06542-0.
[38] Wang TY, Nayar G, Brown CR, Pimenta L, Karikari IO, Isaacs RE. 

Bony lateral recess stenosis and other radiographic predictors of 
failed indirect decompression via extreme lateral interbody fusion: 
Multi-institutional analysis of 101 consecutive spinal levels. World 
Neurosurg 2017;106:819-26.

 https://doi.org/10.1016/j.wneu.2017.07.045.
[39] Berjano P, Gautschi OP, Schils F, Tessitore E. Extreme lateral 

interbody fusion (XLIF®): How I do it. Acta Neurochir (Wien) 
2015;157(3):547-51.

 https://doi.org/10.1007/s00701-014-2248-9.
[40] Du CZ, Li S, Xu L, Zhou QS, Zhu ZZ, Sun X, et al. Sagittal recon-

struction of lumbosacral contiguous double-level spondylolytic 
spondylolisthesis: A comparison of double-level and single-level 
transforaminal lumbar interbody fusion. J Orthop Surg Res 
2019;14(1):148.

 https://doi.org/10.1186/s13018-019-1197-7.
[41] Haimoto S, Nishimura Y, Hara M, Nakajima Y, Yamamoto Y, 

Ginsberg HJ, et al. Clinical and radiological outcomes of micro-
scopic lumbar foraminal decompression: A pilot analysis of 

possible risk factors for restenosis. Neurol Med Chir (Tokyo) 
2018;58(1):49-58.

 https://doi.org/10.2176/nmc.oa.2017-0121.
[42] Duval-Beaupère G, Schmidt C, Cosson P. A barycentremetric study 

of the sagittal shape of spine and pelvis: The conditions required for 
an economic standing position. Ann Biomed Eng 1992;20(4):451-62.

 https://doi.org/10.1007/bf02368136.
[43] Alimi M, Hofstetter CP, Tsiouris AJ, Elowitz E, Härtl R. Extreme lat-

eral interbody fusion for unilateral symptomatic vertical foraminal 
stenosis. Eur Spine J 2015;24(Suppl 3):346-52.

 https://doi.org/10.1007/s00586-015-3940-z.
[44] Keorochana G, Setrkraising K, Woratanarat P, Arirachakaran A, 

Kongtharvonskul J. Clinical outcomes after minimally invasive 
transforaminal lumbar interbody fusion and lateral lumbar inter-
body fusion for treatment of degenerative lumbar disease: A sys-
tematic review and meta-analysis. Neurosurg Rev 2018;41(3):755-70.

 https://doi.org/10.1007/s10143-016-0806-8.
[45] Malham GM, Wagner TP, Claydon MH. Anterior lumbar interbody 

fusion in a lateral decubitus position: Technique and outcomes in 
obese patients. J Spine Surg 2019;5(4):433-442.

 https://doi.org/10.21037/jss.2019.09.09.
[46] Khajavi K, Shen A, Lagina M, Hutchison A. Comparison of clini-

cal outcomes following minimally invasive lateral interbody fusion 
stratified by preoperative diagnosis. Eur Spine J 2015;24(Suppl 
3):322-30.

 https://doi.org/10.1007/s00586-015-3840-2.
[47] Tohmeh AG, Khorsand D, Watson B, Zielinski X. Radiographical 

and clinical evaluation of extreme lateral interbody fusion: Effects 
of cage size and instrumentation type with a minimum of 1-year 
follow-up. Spine (Phila Pa 1976) 2014;39(26):E1582-91.

 https://doi.org/10.1097/brs.0000000000000645.
[48] Rodgers WB, Lehmen JA, Gerber EJ, Rodgers JA. Grade 2 spondy-

lolisthesis at L4-5 treated by XLIF: safety and midterm results in the 
“worst case scenario”. ScientificWorldJournal 2012;2012:356712.

 https://doi.org/10.1100/2012/356712.
[49] Attenello J, Chang C, Lee YP, Zlomislic V, Garfin SR, Allen RT. 

Comparison of lateral lumbar interbody fusion (LLIF) with open 
versus percutaneous screw fixation for adult degenerative scoliosis. 
J Orthop 2018;15(2):486-9.

 https://doi.org/10.1016/j.jor.2018.03.017.
[50] Tessitore E, Molliqaj G, Schaller K, Gautschi OP. Extreme lateral 

interbody fusion (XLIF): A single-center clinical and radiological 
follow-up study of 20 patients. J Clin Neurosci 2017;36:76-79.

 https://doi.org/10.1016/j.jocn.2016.10.001.
[51] Isaacs RE, Sembrano JN, Tohmeh AG, Group SD. Two-year com-

parative outcomes of MIS lateral and MIS transforaminal inter-
body fusion in the treatment of degenerative spondylolisthesis: 
Part II: Radiographic findings. Spine (Phila Pa 1976) 2016;41(Suppl 
8):S133-44.

 https://doi.org/10.1097/brs.0000000000001472.
[52] Tormenti MJ, Maserati MB, Bonfield CM, Okonkwo DO, 

Kanter  AS. Complications and radiographic correction in adult 
scoliosis following combined transpsoas extreme lateral interbody 
fusion and posterior pedicle screw instrumentation. Neurosurg 
Focus 2010;28(3):E7.

 https://doi.org/10.3171/2010.1.focus09263.
[53] Khajavi K, Shen AY. Two-year radiographic and clinical outcomes 

of a minimally invasive, lateral, transpsoas approach for anterior 
lumbar interbody fusion in the treatment of adult degenerative sco-
liosis. Eur Spine J 2014;23(6):1215-23.

 https://doi.org/10.1007/s00586-014-3246-6.
[54] Hiyama A, Katoh H, Sakai D, Sato M, Tanaka M, Watanabe M. 

Comparison of radiological changes after single- position versus 
dual- position for lateral interbody fusion and pedicle screw fixa-
tion. BMC Musculoskelet Disord 2019;20(1):601.

 https://doi.org/10.21203/rs.2.16118/v1.
[55] Youssef JA, McAfee PC, Patty CA, Raley E, DeBauche S, Shucosky E, 

et al. Minimally invasive surgery: Lateral approach interbody fusion: 
Results and review. Spine (Phila Pa 1976) 2010;35(Suppl 26):S302-11.

 https://doi.org/10.1097/brs.0b013e3182023438.



Mirza Pojskić, et al.: XLIF in a consecutive series of seventy-two patients

Bosn J Basic Med Sci. 2021;21(5):587-597 597 www.bjbms.org

[56] Le TV, Smith DA, Greenberg MS, Dakwar E, Baaj AA, Uribe JS. 
Complications of lateral plating in the minimally invasive lateral 
transpsoas approach. J Neurosurg Spine 2012;16(3):302-7.

 https://doi.org/10.3171/2011.11.spine11653.
[57] Campbell PG, Cavanaugh DA, Nunley P, Utter PA, Kerr E, 

Wadhwa  R, et al. PEEK versus titanium cages in lateral lumbar 
interbody fusion: A comparative analysis of subsidence. Neurosurg 
Focus 2020;49(3):E10.

 https://doi.org/10.3171/2020.6.focus20367.
[58] Schwab F, Patel A, Ungar B, Farcy JP, Lafage V. Adult spinal deformi-

ty-postoperative standing imbalance: How much can you tolerate? 
An overview of key parameters in assessing alignment and plan-
ning corrective surgery. Spine (Phila Pa 1976) 2010;35(25):2224-31.

 https://doi.org/10.1097/brs.0b013e3181ee6bd4.
[59] Schwab FJ, Blondel B, Bess S, Hostin R, Shaffrey CI, Smith JS, et al. 

Radiographical spinopelvic parameters and disability in the setting 
of adult spinal deformity: A prospective multicenter analysis. Spine 
(Phila Pa 1976) 2013;38(13):E803-12.

 https://doi.org/10.1097/brs.0b013e318292b7b9.
[60] Yilgor C, Sogunmez N, Yavuz Y, Abul K, Boissiére L, Haddad S, 

et al. Relative lumbar lordosis and lordosis distribution index: 
Individualized pelvic incidence-based proportional parameters that 
quantify lumbar lordosis more precisely than the concept of pelvic 
incidence minus lumbar lordosis. Neurosurg Focus 2017;43(6):E5.

 https://doi.org/10.3171/2017.8.focus17498.
[61] Rothenfluh DA, Mueller DA, Rothenfluh E, Min K. Pelvic inci-

dence-lumbar lordosis mismatch predisposes to adjacent segment 
disease after lumbar spinal fusion. Eur Spine J 2015;24(6):1251-8.

 https://doi.org/10.1007/s00586-014-3454-0.
[62] Zhang HC, Zhang ZF, Wang ZH, Cheng JY, Wu YC, Fan YM, et al. 

Optimal pelvic incidence minus lumbar lordosis mismatch after 
long posterior instrumentation and fusion for adult degenerative 
scoliosis. Orthop Surg 2017;9(3):304-10.

 https://doi.org/10.1111/os.12343.

[63] Banno T, Togawa D, Arima H, Hasegawa T, Yamato Y, Kobayashi S, 
et al. The cohort study for the determination of reference values for 
spinopelvic parameters (T1 pelvic angle and global tilt) in elderly 
volunteers. Eur Spine J 2016;25(11):3687-3693.

 https://doi.org/10.1007/s00586-016-4411-x.
[64] Inami S, Moridaira H, Takeuchi D, Shiba Y, Nohara Y, Taneichi H. 

Optimum pelvic incidence minus lumbar lordosis value can 
be determined by individual pelvic incidence. Eur Spine J 
2016;25(11):3638-43.

 https://doi.org/10.1007/s00586-016-4563-8.
[65] Yamada K, Abe Y, Yanagibashi Y, Hyakumachi T, Satoh S, Mid-and 

long-term clinical outcomes of corrective fusion surgery which did 
not achieve sufficient pelvic incidence minus lumbar lordosis value 
for adult spinal deformity. Scoliosis 2015;10(Suppl 2):S17.

 https://doi.org/10.1186/1748-7161-10-s2-s17.
[66] Johnson RD, Valore A, Villaminar A, Comisso M, Balsano M, Pelvic 

parameters of sagittal balance in extreme lateral interbody fusion for 
degenerative lumbar disc disease. J Clin Neurosci 2013;20(4):576-81.

 https://doi.org/10.1016/j.jocn.2012.05.032.
[67] Hiyama A, Katoh H, Sakai D, Sato M, Tanaka M, Nukaga T, et al. 

Changes in spinal alignment following extreme lateral interbody 
fusion alone in patients with adult spinal deformity using computed 
tomography. Sci Rep 2019;9(1):12039.

 https://doi.org/10.1038/s41598-019-48539-w.
[68] Tessitore E, Melloni I, Gautschi OP, Zona G, Schaller K, Berjano P. 

Effect of mono or bisegmental lordosizing fusion on short-term 
global and index sagittal balance: A radiographic study. J Neurosurg 
Sci 2019;63(2):187-93.

 https://doi.org/10.23736/s0390-5616.16.03776-0.
[69] Grimm BD, Leas DP, Poletti SC, Johnson DR. Postoperative 

complications within the first year after extreme lateral inter-
body fusion: Experience of the first 108 patients. Clin Spine Surg 
2016;29(3):E151-6.

 https://doi.org/10.1097/bsd.0000000000000121.

Related articles published in BJBMS
1. Surgical anatomy of microsurgical 3-level anterior cervical discectomy and fusion C4–C7
 Domagoj Gajski et al., BJBMS, 2020
2. Microsurgical resection of giant T11/T12 conus cauda equina schwannoma
 Alisa Arnautovic et al., BJBMS, 2020

https://www.bjbms.org/ojs/index.php/bjbms/article/view/4895
https://www.bjbms.org/ojs/index.php/bjbms/article/view/5153

