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Abstract

Introduction: Oblique lumbar interbody fusion (OLIF) is a minimally invasive alternative to posterior 
interbody fusion. It preserves posterior vertebral elements, increases disk height with indirect decompression 
of neural elements, and inserts larger cages.
Objective: To describe the clinical outcomes achieved with OLIF for the treatment of degenerative disk 
disease in a university hospital in Spain.
Methodology: Retrospective case series study performed on 32 patients with degenerative lumbar spine 
disease who underwent OLIF treatment between January 2018 and June 2020. Clinical and sociodemographic 
information was collected by reviewing medical records. Clinical outcomes were assessed before surgery 
and at 1-year follow-up using the Oswestry Disability Index (ODI) and the Visual Analog Scale (VAS) for 
low back and radicular pain, respectively.
Results: 42 interbody cages were implanted, and the average age was 56.25 years. The most frequently operated 
spine segments were L4-L5 (50%) and L3-L4 (28.57%). The average operative time and hospital stay was 153.13 
minutes and 2.53 days, respectively. Statistically significant improvement was observed in the ODI (p<0.001) 
and VAS scores of low back pain (p=0.002) and radicular pain (p<0.001) before surgery and at one year.
Conclusion: OLIF is a safe and effective surgical treatment option to treat degenerative disease of the 
lumbar spine.
Keywords: Lumbar region; Minimally Invasive Surgical Procedures; Retroperitoneal Space; Degenerative 
Disc Disease; Minimally Invasive Surgical Procedures, Psoas Muscles (MeSH).

Resumen 

Introducción. La fusión intersomática lumbar oblicua (OLIF) es una alternativa mínimamente invasiva 
a la fusión intersomática por vía posterior que permite preservar los elementos vertebrales posteriores, 
aumentar la altura discal con descompresión indirecta de elementos neurales e insertar cajas de fusión 
intercorporal más grandes.
Objetivo. Describir los resultados clínicos del uso de la OLIF para el tratamiento de la enfermedad 
degenerativa del disco en un hospital universitario de España.
Material y métodos. Estudio de serie de casos retrospectivo realizado en 32 pacientes con enfermedad 
degenerativa de la columna lumbar que fueron tratados mediante OLIF entre enero de 2018 y junio de 2020. 
Mediante la revisión de historias clínicas, se recolectaron datos sociodemográficos y clínicos. Los resultados 
clínicos se evaluaron antes de la cirugía y en un seguimiento al año usando el índice de discapacidad de 
Oswestry (ODI) y la escala analógica visual (EVA) para el dolor lumbar y radicular, respectivamente.
Resultados. Se implantaron 42 cajas intersomáticas y la edad promedio fue 56,25 años. Los niveles 
vertebrales intervenidos con mayor frecuencia fueron L4-L5 (50%) y L3-L4 (28,57%). El promedio de tiempo 
quirúrgico y estancia hospitalaria fue de 153,13 minutos y 2,53 días, respectivamente. Se evidenció mejoría 
estadísticamente significativa en el ODI (p<0,001) y los puntajes EVA del dolor de lumbar (p=0,002) y 
radicular (p<0.001) antes de la cirugía y al año. 
Conclusión. La OLIF representa una opción de tratamiento quirúrgico seguro y eficaz para tratar la 
enfermedad degenerativa de la columna lumbar.
Palabras clave: Región lumbar; Procedimientos quirúrgicos mínimamente invasivos; Espacio retroperitoneal; 
Enfermedad degenerativa del disco; Músculos psoas (DeCS).

ORIGINAL RESEARCH

Corresponding author: Julián Castro Castro. 
Servicio de Neurocirugía, Complexo 
Hospitalario Universitario de Ourense. 
Ourense, Spain.  
E-mail: juliancastrocastro@yahoo.es.
How to cite: Castro-Castro J. Clinical 
outcomes of oblique lumbar interbody fusion 
in the treatment of degenerative disk disease: 
Experience in a university hospital in Spain. 
Rev Col Or Tra. 2023;37(3):e23. English. doi:  
https://doi.org/10.58814/01208845.23 
Cómo citar: Castro-Castro J. [Resultados 
clínicos de la fusión intersomática lumbar 
oblicua en el tratamiento de la enfermedad 
degenerativa del disco: experiencia en un 
hospital universitario de España]. Rev Col Or 
Tra. 2023;37(3):e23. English. doi:  
https://doi.org/10.58814/01208845.23
Copyright: ©2023 Sociedad Colombiana 
de Cirugía Ortopédica y Traumatología. 
This is an open access article distributed 
under the terms of the Creative Commons 
Attribution License, which permits unres-
tricted use, distribution, and reproduction in 
any medium, as long as the original author 
and source are credited.

Received: 08/09/2022 
Accepted: 17/09/2023

Open access

http://Creative Commons Attribution License,
http://Creative Commons Attribution License,


2/12Rev Col Or Tra  |  https://doi.org/10.58814/01208845.23

RCOTClinical outcomes of oblique lumbar interbody fusion

Introduction

Lumbar interbody fusion has proven to be an excellent surgical option for the treatment 
of various spinal conditions such as degenerative disc disease, deformity, infections, 
trauma, or neoplasms.1 This procedure involves the removal of the intervertebral 
disc, the preparation of the vertebral endplates and the placement of various types 
of implants, and its main objective is to restore the intervertebral space and stabilize 
the treated segment, maintaining adequate height and lordosis.1 Since it was first 
described by Burns & Capener1 and, later, Briggs & Milligan2, this surgery has been 
performed mainly through the posterior approach, which involves the dissection of 
the paraspinal muscles and posterior bone resection to gain access to the disc space.3

In the last 20 years, there has been an emerging and developing interest in anterolateral 
approaches to the lumbar spine.1,2 These approaches are intended to prevent the 
occurrence of an injury to the posterior part of the spine and, at the same time, allow 
exposure of the intervertebral disc. Moreover, they facilitate the placement of larger 
interbody cages, shorten surgical time in some cases, reduce blood loss, and allow for 
indirect decompression of the nerve structures.3

The most commonly used lumbar interbody fusion procedures are anterior lumbar 
interbody fusion (ALIF), lateral lumbar interbody fusion (LLIF) and oblique lumbar 
interbody fusion (OLIF) or anterior to psoas interbody fusion (ATP).1,3 Although they 
have similar surgical objectives, they differ in terms of the type of patients for whom 
they are indicated, surgical planning, surgical technique, as well as their potential 
risks and complications.4

In view of the above, the aim of this study was to describe the clinical outcomes of the 
use of OLIF for the treatment of degenerative disc disease in a university hospital in Spain. 

Materials and methods

Study type

Case series study.

Sample

Using consecutive sampling, all patients with radiological findings of degenerative disc 
disease and clinical signs of low back pain, lumbar radiculopathy and/or neurogenic 
claudication in whom OLIF was performed in a university hospital in Ourense (Spain) 
between January 2018 and June 2020 were included (n=32). All patients included were 
treated at 1, 2 or 3 spine segments, and the minimum follow-up period was 1 year. 

Data collection and variables

The following patient data were collected retrospectively upon reviewing their medical 
records: age, sex, spine segment in which fusion was performed, number of spine segments 
treated, surgical time, and length of hospital stay. Clinical evolution was assessed using 
the Oswestry Disability Index (ODI), which was administered to the patient prior to 
surgery and 12 months after surgery. Likewise, lumbar and radicular pain was evaluated 
by means of the visual analog scale (VAS) before the surgery and 12 months after the 
intervention. In addition, peri- and postoperative complications were documented.
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Surgical technique

Patient positioning

The left retroperitoneal approach was performed in all patients included in the present 
case series. To this end, the patient is placed in right lateral decubitus with the left side 
more elevated and two straight supports are placed, one in the interscapular region 
and the other in the coccyx, leaving the abdomen free. Then, all pressure points are 
checked, and the patient’s trunk is stabilized with a wide adhesive cloth fixed to the 
surgical table. Also, a flat pillow is placed between both lower extremities, positioning 
the right leg flexed, for greater stability, and the left leg slightly flexed, and two other 
strips of adhesive tape are glued across the lower extremities. 

The upper extremities are flexed at 90° and pads are placed in both armpits, while 
the head is placed in a neutral position on a pillow. Furthermore, before starting the 
approach, it should be confirmed that there is an adequate radiological image of the 
anteroposterior and lateral views and that it is possible to mobilize the fluoroscopic 
device without obstacles (Figure 1A).

Retroperitoneal approach

Once the patient is in the surgical position described in the previous section, the 
projection of the disc spaces to be surgically treated is marked on the patient’s skin. 
Then, an incision is made 3 to 5 centimeters (cm) from the front of this mark. When 
several disc spaces must be treated, marks are made on the discs to be fused and an 
oblique incision is made to allow access to all discs (Figure 1B). 

Figure 1. Surgical treatment of degenerative disc disease with oblique lumbar interbody fusion. 1A. Patient 
in right lateral decubitus position. 1B. Left retroperitoneal approach. The marks made on the twelfth rib 
and the iliac crest are observed, as well as the projection of the disc space to be treated.
Source: Image obtained while conducting the study.

To treat degenerative disc disease in a single disc space, a 3- to 4-cm incision is 
usually sufficient (Figure 2A). Once the incision is made, the subcutaneous tissue is 
opened with a monopolar scalpel. Next, the superficial aponeurosis of the external 
oblique is identified, and its fibers are separated longitudinally with a cold scalpel or 
scissors (Figure 2B). Subsequently, the same procedure is performed on the external 
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part of the internal oblique and transversus abdominis (Figure 2C and 2D). It should 
be noted that throughout the procedure, it is important to ensure a good longitudinal 
dissection of these muscles, as this will facilitate the approach, especially in patients 
with several affected spine segments. 

The transversalis fascia will be observed under the transversus abdominis; since it is 
sometimes very thin and transparent, the fat of the retroperitoneum must be identified 
(Figure 2E). Once this space is reached, a blunt dissection is performed with a finger or 
cotton swab, initially from posterior to anterior position and in a craniocaudal direction 
to separate the organs contained in the peritoneal cavity from the surgical approach 
zone. Then, the psoas muscle is palpated, and the hand is slid anteriorly until it touches 
the anterolateral part of the vertebral body (Figure 2F). Afterwards, the disc space is 
marked with the help of the retractors. 

Figure 2. Surgical approach. 2A. Skin incision. 2B. Opened external oblique fascia. 2C. Dissection of the 
internal oblique. 2D. Identification of the transversus abdominis muscle. 2E. Entry into the retroperitoneum. 
2F. Psoas muscle and vertebral prepsoas space. 
Source: Image obtained while conducting the study.

Diskectomy and implant placement

After radiologically verifying that the spine segment is the correct one, the surgical 
retractor is placed definitively. Usually, two retractors are used for separation, one in 
the cranial direction and the other in the caudal direction. The organs contained in the 
peritoneal cavity are usually separated from the surgical field by gravity and do not 
need to be retracted. In addition, the psoas muscle should be partially separated from 
the spine using a wide Cobb dissector. Usually, diskectomy is started in the middle of 
the vertebral disc, verifying by means of fluoroscopy (lateral view) that the anatomical 
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location where the surgery will be started is correct (Figure 3A). As the diskectomy 
progresses, the trajectory to be used for the procedure (dissection, diskectomy and 
implant placement) should be corrected, ensuring that a lateral trajectory is maintained 
within the disk space, i.e., perpendicular to the operating room floor, rather than an 
oblique trajectory. Subsequently, the contralateral side of the vertebral disc must be 
checked once again by means of X-rays (lateral and anteroposterior views) to ensure 
that the contralateral side of the vertebral disc has been reached without going beyond 
the posterior wall of the vertebra. 

After completing the diskectomy and preparation of the vertebral endplates, the size of 
the final implant is measured (Figure 3B-C). Ideally, the implant should reach the edges 
of the vertebra, settling on the annular epiphysis. The height and degree of lordosis will 
depend on the type of degenerative spinal disease being treated. Demineralized bone 
matrix is used to fill the interbody cage, except in those cases where there is a risk of 
pseudarthrosis or when an iliac crest graft obtained through the same incision is used.

After placing the interbody implant, surgical hemostasis should be checked. It is worth 
mentioning that postoperative drainage is not usually placed. Finally, the aponeurosis 
of the oblique muscles is closed with loose subcutaneous stitches, while the skin is 
closed with staples.

Posterior fixation of the spine 

In all patients in this case series, the interbody fusion was completed with posterior 
fixation with transpedicular screws. Once the abdominal incision was closed, the patient 
was placed in prone position and screws were placed percutaneously (Figure 3D).

Figure 3. Intraoperative X-ray images. 3A. Dissector marking of the middle of the vertebral disc.  
3B. Calculation of the definitive implant size by testing after diskectomy. 3C. Placement of the interbody 
cage. 3D. Pedicle screw placement with the usual percutaneous technique. 
Source: Image obtained while conducting the study.
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For interbody fusion, a Clysdale™ Spinal System box (Medtronic Sofamor Danek, 
Minneapolis, USA) was used, while the CD Horizon Sextant™ II and CD Horizon 
Longitude™ II systems (Medtronic Sofamor Danek, Minneapolis, USA) were used for 
percutaneous transpedicular screw fixation. 

On the day of surgery, all patients remained on bed rest, with free mobility, and 
pharmacological pain treatment was started after 8 hours. On the first postoperative day, 
patients were allowed to sit up and begin ambulation. Lumbar orthoses were not used 
after the fusion surgeries. If the patient could ambulate and postoperative pain could 
be controlled with oral medication, the patient was discharged 48 hours after surgery.

Statistical analysis

All analyses were performed using the SPSS (version 26) and R software. Data are described 
using frequencies and percentages for categorical variables, and means, standard deviations 
(SD) and ranges (minimum value-maximum value) for quantitative variables, since the 
data had a normal distribution (Shapiro-Wilk test). Bivariate analyses were performed to 
compare the ODIs and VAS scores of low back and radicular pain identified before surgery 
and at 12-month follow-up. Comparisons between quantitative variables were made using 
the Mann-Whitney test, while the Chi-square test was used for comparisons between 
qualitative variables. A statistical significance value of p<0.005 was considered in all analyses. 

Ethical considerations

This research followed the ethical principles for the conduct of biomedical studies 
involving human subjects established in the Declaration of Helsinki.5 In addition, the 
study was approved by the Health Care and Research Ethics Committee of the Complexo 
Hospitalario Universitario de Ourense by means of minutes 20/013 of 2021.

Results

Of the 32 patients operated on during the study period, 56.25% (n=18) were women 
and the mean age was 56 years (SD±14.53; range: 30-79 years). Regarding the type 
of degenerative disc disease, 19 cases (59.38%) involved spinal or foraminal stenosis 
without spondylolisthesis. The number of fused spine segments was 3, 2 and 1 in 
9.38%, 12.5% and 78.1% of individuals, respectively, so the total number of interbody 
implants used was 42. The most frequently operated spine fusion segment was L4-L5 
(50%; n=21), followed by L3-L4 (28.57%; n=12), and L2-L3 (16.67%; n=7). Finally, the 
mean operative time and length of hospital stay were 153.13 minutes (SD±41.2; range: 
88-210 minutes) and 2.53 days (SD±1.72; range: 1-5 days), respectively. The clinical and 
sociodemographic characteristics of the patients are presented in Table 1. 

Table 1. Demographic and clinical characteristics of patients with lumbar degenerative disc disease included 
in the study (n=32).

Variable n (%)
Age (years) - mean (SD) 56.21 (SD ± 14.53)
Intervention duration (minutes) - mean (SD) 153.3 (SD ± 41.2)
Hospital stay (days) - mean (SD) 2.53 (SD ± 1.72)
Sex
    Male 14 (43.75%)
    Female 18 (56.25%)
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Variable n (%)
Type of degenerative disc disease
    Degenerative spondylolisthesis 13 (40.62%)
    Foraminal or spinal stenosis 19 (59.38%)
Number of segments treated
    1 segment 25 (78.1%)
    2 segments 4 (12.5%)
    3 segments 3 (9.38%)
Spine segment
    L1-L2 2 (4.76%
    L2-L3 7 (16.67%)
    L3-L4 12 (28.57%)
    L4-L5 21 (50%)

SD: standard deviation.
Source: Own elaboration.

The average ODI was 52.3 (SD±4.96) preoperatively and 12.3 (SD±3.19) one year 
after the procedure, showing a significant improvement (p<0.001). On the other hand, 
improvement was identified both in the mean VAS score of low back pain (preoperative: 
8.81; SD±0.62 versus one year later: 2.12; SD±0.89; p=0.002), and in the VAS score of 
radicular pain (preoperative: 6.79; SD±3.41 versus one year later: 1.53; SD±2.98; p<0.001).

Regarding postoperative complications, 12.5% (n=4) of the patients had psoas muscle 
weakness when flexing the hip, which in no case persisted for more than 2 weeks 
after surgery; 3.1% (n=1) presented symptoms of sympathetic nervous system injury 
(differences in extremity temperature and swelling), which resolved progressively 
within 3 months after surgery; and 9.375% (n=3) reported sensory alterations in the 
groin and/or thigh, which also resolved progressively in the first weeks after surgery. 
Finally, radiological follow-up identified implant subsidence in only 1 patient (3.1%), 
who did not show clinical manifestations (Table 2). 

Table 2. Postoperative evolution and presence of complications in the patients included in the study (n=32).

Variable
Preoperative

Mean (SD)
Postoperative

Mean (SD)
p-value

Oswestry Disability Index 52.3 (±4.96) 12.3 (±3.19 < 0.001

Low back pain VAS score 8.81 (±0.62) 2.12 (±0.89) 0.002

VAS score of radicular pain 6.79 (±3.41) 1.53 (±2.98)) < 0.001

Post-surgical complications - n (%)

    Weakness in hip flexion (psoas muscle) 4 (12.5%)

    Sympathetic nervous system injury 1 (3.1%)

    Sensory alterations 3 (9.38%)

Intervention duration - mean (SD) 153.13 (±41.2)

SD: standard deviation. VAS: visual analog scale.
Source: Own elaboration.

Table 1. Demographic and clinical characteristics of patients with lumbar degenerative disc disease included 
in the study (n=32). (Continued)
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Discussion

Degenerative disc disease in lumbar facet discs is common in older adults and is one 
of the main causes of disability.1,4 Lumbar spondyloarthrosis can cause mechanical or 
radicular pain, signs and symptoms of claudication, loss of mobility, and decreased 
quality of life.6 Interbody fusion of the spine at the affected segments is a surgical option 
to stabilize the painful mobile segment of the spine, and its use can achieve an indirect 
decompression of the neural elements, restore lordosis and correct the deformity.7

In the 1930s, Burns & Capener1 described the first interbody fusion in the treatment of 
spondylolisthesis by anterior approach. However, the first description of PLIF was made 
by Briggs & Milligan2 in 1944 and developed by Cloward6 in the 1950s. In turn, Harms 
& Rolinger8 introduced TLIF as an alternative to PLIF in 1982. In addition, following the 
first description of ALIF as a treatment for Pott disease in the 1930s, this technique has 
been extensively studied and frequently used in the treatment of degenerative lumbar 
spine disease.6 However, its disadvantages are the limitation in the spine segments that 
can be treated (L5-S1) and the risk of vascular injury and injury to the organs contained 
in the peritoneal cavity, as well as retrograde ejaculation.9

Ozgur et al.10 were the first to describe LLIF in 2001, a surgical procedure in which 
access to the spine is sought through the retroperitoneum to take advantage of it, and the 
approach is made through the psoas muscle. Subsequently, these authors modified this 
technique in order to perform it in a less invasive manner and called it extreme lateral 
interbody fusion (XLIF). In this regard, it should be noted that the main disadvantages 
of this approach are the limitation to access L5-S1 and, in some patients, L4-L5, as 
well as the requirement of intraoperative neurophysiological monitoring and the risk 
of injury to the lumbar plexus.11

The technique of anterior oblique lumbar interbody fusion to the psoas muscle was first 
described in 1997 by Mayer,12 although the term OLIF was coined in 2012 by Silvestre 
et al.13 OLIF is an alternative to LLIF, since it is not necessary to go through the psoas 
muscle and the intervertebral disc is accessed through the space between this muscle 
and the great vessels in order to reduce the risk of muscle and lumbar plexus injury, 
which makes it possible to avoid intraoperative neurophysiological monitoring.14,15 
As in LLIF, in OLIF it is not necessary to perform laminectomy or facetectomy via the 
posterior approach or disinsertion of the paraspinal muscles.14,15 

Another advantage of OLIF is access to the L4-L5 disc space, which can be complex in 
men with high iliac crest and bulky psoas muscle. Furthermore, the anterior approach 
to the psoas muscle allows access to the L5-S1 disc from the lateral position; however, 
the proximity of the left iliac vein must be considered.16 This study only presents cases 
treated by the OLIF approach in which the L5-S1 disc was not intervened, since the 
surgical technique and the type of implant used differ from those used in the rest of 
the lumbar spine segments.

Lateral lumbar interbody fusion techniques, both LLIF and OLIF, minimize soft 
tissue injury and reduce the length of hospital stay and intraoperative blood loss, while 
matching or improving the clinical and radiological results of posterior techniques.17,18 
Deformity in the coronal or sagittal planes of the vertebrae can be corrected by using 
larger interbody cages and different lordosis angles.19 Additionally, these techniques 
have been shown to increase the height of the foramen and the surface of the spinal 
canal, achieving an indirect decompression of the nerve structures20 (Figure 4A-D).
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Figure 4. X-ray and nuclear magnetic resonance imaging of the lumbar spine. 4A. Preoperative X-ray. 
4B. Postoperative X-ray showing the restoration of the disc space. 4C. Preoperative magnetic resonance 
imaging. 4D. Postoperative nuclear magnetic resonance imaging showing restoration of disc height and 
retraction of disc protrusion. 
Source: Image obtained while conducting the study.

The OLIF technique is suitable for treating degenerative diseases that require the 
restoration of disc height. For this reason, it is very useful in the treatment of patients 
with degenerative spondylolisthesis or scoliosis.21 Moreover, the OLIF technique is being 
used more frequently in patients with adjacent segment disease or postlaminectomy 
syndrome, in whom conventional surgery has a high risk of durotomy.22

The most frequent complications of the OLIF technique described in the literature 
are incisional pain, symptoms of injury to the sympathetic nervous system in the lower 
extremities, weakness of the psoas muscle, and vascular lesions.23 In this case series, 
psoas muscle weakness was the most common complication in 12.5% of cases (4/32 
patients), although it did not persist for more than 2 weeks in these patients. 

To minimize this type of complications, it is advisable to adequately review the 
preoperative images to assess the anatomical space anterior to the psoas muscle, as 
well as the vertebral and vascular anatomy.14,24 Progressive dissection of the abdominal 
wall planes, using blunt dissection and directly visualizing the anatomical structures, 
avoids injury to the subcostal, ilioinguinal, iliohypogastric and lateral femoral cutaneous 
nerves.25 Once the retroperitoneum is accessed, it is recommended to continue the 
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blunt dissection by performing posteroanterior and caudal-cranial movements until the 
vertebral space in front of the psoas muscle is adequately located.23 The space anterior 
to the psoas muscle can be enlarged with a slight retraction or posterior dissection of 
the anterior belly of the psoas muscle.26 However, it should be noted that prolonged 
retraction of the psoas against the transverse processes may cause lumbar plexus 
injuries. On the other hand, meta-analyses have reported that the risk of ipsilateral hip 
flexion weakness, transient thigh pain and lumbar plexus injury are lower in OLIF than 
in LLIF.14,27 Conversely, there is an increased risk of vascular or sympathetic nervous 
system injury in OLIF.14,28

There is no consensus on the need to complement oblique interbody fusion with a 
posterior fixation system.29 Most studies reviewed during the course of this study support 
its use by claiming a decrease in the rates of pseudarthrosis or implant subsidence.30 In 
this case series, the interbody cages used were made of polyether ether ketone and did 
not have complementary fixation or screw systems, so all patients received posterior 
fixation with percutaneous transpedicular screws at another surgical time. Currently, 
interbody cages with integrated fixation systems are available, but further studies are 
required to demonstrate that they could have adequate fusion rates without the need 
for posterior support. 

Another area of debate today is whether to perform the entire procedure in a single position 
or in different stages.31 At the medical institution where the present study was performed, 
the surgery was done in two stages, initially in lateral decubitus and then in prone position 
for posterior fixation. In this regard, it is considered that this does not prolong surgical times 
excessively, nor does it imply excessive work for the medical team. 

One of the limitations of the present study is the follow-up period of 12 months. 
Although it is considered sufficient to collect most of the relevant clinical results both 
perioperatively and postoperatively, complications such as the development of adjacent 
segment disease or the evaluation of the impact on long-term spinopelvic parameters 
require studies with longer follow-up periods.32,33 

Conclusions

The oblique approach for lumbar interbody fusion is a viable option among the different 
spinal fusion techniques. In the present study, its complication rate was low, and it 
resulted in improvement in terms of pain and disability. Knowledge of the anatomy of 
the abdominal wall and retroperitoneum, progressive dissection of the psoas muscle 
when necessary, and adequate preparation of the disc space are fundamental steps to 
obtain a good surgical outcome.
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