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Abstract
Background  Posterior lumbar interbody fusion (PLIF) surgery represents an effective option to treat degenerative conditions 
in the lumbar spine. To reduce the drawbacks of the classical technique, we developed a variant, so-called Lateral-PLIF, 
which we then evaluated through a prospective consecutive series of patients.
Methods  All adult patients treated at our institute with single or double level Lateral-PLIF for lumbar degenerative disease from 
January to December 2017 were prospectively collected. Exclusion criteria were patients < 18 years of age, traumatic patients, 
active infection, or malignancy, as well as unavailability of clinical and/or radiological follow-up data. The technique consists 
of insert the cages bilaterally through the transition zone between the central canal and the intervertebral foramen, just above 
the lateral recess. Pre- and postoperative (2 years) questionnaires and phone interviews (4 years) assessed pain and functional 
outcomes. Data related to the surgical procedure, postoperative complications, and radiological findings (1 year) were collected.
Results  One hundred four patients were selected for the final analysis. The median age was 58 years and primary symptoms 
were mechanical back pain (100, 96.1%) and/or radicular pain (73, 70.2%). We found a high fusion rate (95%). A statistically 
significant improvement in functional outcome was also noted (ODI p < 0.001, Roland-Morris score p < 0.001). Walking 
distance increased from 812 m ± 543 m to 3443 m ± 712 m (p < 0.001). Complications included dural tear (6.7%), infection/
wound dehiscence (4.8%), and instrument failure (1.9%) but no neurological deterioration.
Conclusions  Lateral-PLIF is a safe and effective technique for lumbar interbody fusion and may be considered for further 
comparative study validation with other techniques before extensive use to treat lumbar degenerative disease.
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Introduction

Lumbar interbody fusion surgery represents an effective 
treatment option for a wide range of spinal disorders, 
including degenerative conditions, isthmic spondylolis-
thesis, and for revision surgery [19, 43]. The principle 
is to achieve stable arthrodesis of spinal segments while 
restoring disk height, segmental lordosis, and load-bearing 
to anterior structures [53]. Three main approaches have 
been used, these being anterior (i.e., anterior lumbar inter-
body fusion, ALIF), lateral (i.e., extreme lateral interbody 
fusion, XLIF or oblique lumbar interbody fusion, OLIF), 
and posterior (i.e., posterior or transforaminal interbody 
fusion, PLIF and TLIF, respectively) [36, 42]. The choice 
of technique depends on patient characteristics, the spe-
cific spinal disease, vertebral level, and the experience 
and preference of the surgeon [42]. A combination of pos-
terior and antero-lateral techniques (combined approach) 
has also been advocated in specific cases [4].

Among the posterior approaches, traditional PLIF was 
frequently used in the past, with acceptable fusion rate 
and achieves good decompression of neurological struc-
tures, especially for discogenic/facetogenic low back pain, 
foraminal stenosis, recurrent disk herniation, and sympto-
matic spondylolisthesis [6, 7, 10, 12, 30, 37, 54, 57]. This 
technique is also biomechanically effective as it provides 
optimal stabilization of the instrumented spinal segment [5, 
59]. However, this technique has been associated with sig-
nificant dural/neurological complications, in up to 20% of 
patients, motivating surgeons to move to safer techniques, 
such as TLIF or XLIF, with less requirement for nerve root 
manipulation [14, 18, 27, 46].

The transforaminal unilateral approach (TLIF) was 
developed at the end of the 1990s with the aim of reducing 
approach-related complications [22]. The principle in TLIF 
is to use one cage which is inserted via the intervertebral 
foramen that can be performed as an open or minimally 
invasive open technique (MIS-TLIF). This reduces mus-
cle injury, dural tears, and nerve retraction. Conversely, 
it includes unilateral facetectomy and direct foraminal 
decompression, so it can be used only in selected cases 
[58].

Taking into account the pros and cons of both tech-
niques (TLIF and PLIF), we developed a modified posterior 
approach, termed “Lateral-PLIF,” with the aim of reducing 
their respective technical limitations and difficulties while 
providing direct posterior and foraminal decompression, as 
well as achieving good biomechanical stability and fusion. 
The purpose of the present study was to analyze the efficacy 
and safety of this technique in a consecutive prospective 
series of patients who were treated for a wide variety of 
degenerative diseases of the lumbar spine.

Material and methods

Study design and patient selection

This was a consecutive prospective cohort study performed 
in a single academic institution. Patients who underwent 
a single/double level “Lateral-PLIF,” between January 
and December 2017, for the primary diagnosis of isthmic 
or degenerative spondylolisthesis, lumbar spinal stenosis 
(instable), severe degenerative disk disease, or recurrent 
disk herniation, were selected for the study. Patients with 
lumbar stenosis were selected for this approach only if they 
complained of lumbar pain correlated with obvious signs of 
instability, such as synovial cysts and dislocation > 5 mm 
on flexion–extension X-ray. Disk herniations were selected 
for this approach only in case of third recurrence. The indi-
cation for surgery was decided by an expert spine surgeon 
(more than 10 years of experience) in patients who had not 
responded to conservative treatment modalities. Patients 
with a history of previous lumbar decompression, micro-
discectomy, and single or multilevel instrumentation were 
included. Exclusion criteria were patients < 18 years of age 
and patients with trauma, active infection, or malignancy, as 
well as unavailability of clinical and/or radiological follow-
up data.

Clinical examinations, radiologic studies, hospital charts, 
and office records were all collected. Telephone interviews 
were carried out to supplement data in the chart.

This study was written in accordance with the PROCEES 
(Preferred Reporting of Case Series in Surgery) guidelines 
for surgical series [1].

The study obtained ethics approval (N°21–312) and 
patients provided informed consent to participate in the 
study.

Lateral‑PLIF—technical note: step‑by‑step 
for the procedure (single level)

	 1.	 The patient was placed on a suitable spine frame in the 
prone position.

	 2.	 Using a standard midline incision, careful subpe-
riosteal exposure of the posterior bony elements was 
carried out (i.e., lamina of the 2 adjacent vertebras, 
posterior facets and pedicular entry zones).

	 3.	 Sub-total facetectomy with bilateral resection of the 
inferior facet of the upper vertebra using an osteotome, 
and partial removal of the superior facet of inferior ver-
tebra making it flat for insertion of facilizing pedicle 
screws.

	 4.	 Multiaxial pedicle screws were then inserted at the 
appropriate levels, and correct placement confirmed 
with biplanar fluoroscopy or CT-guided navigation.
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	 5.	 An inter-laminar distractor may be applied at this stage, 
at the base of the spinous processes, to optimize expo-
sure and enlarge the working space.

	 6.	 Midline ligamentous structures were generally resected 
but the adjacent spinous processes kept intact. The tip 
and the medial part of the superior facet were then 
resected sufficiently to expose the proximal part of the 
intervertebral foramen (Fig. 1), i.e., the transition zone 
between the central canal and the lateral canal, just 
above the lateral recess (Figs. 1 and 2). When neces-
sary, the lateral recess was opened more using a Ker-
rison rongeur to decompress the passing nerve root. If 
additional central decompression was required, partial 
laminectomy and flavectomy could be performed.

	 7.	 Exposure of the underlying disk space was facilitated 
by the removal of the lateral ligamentum flavum and 
of underlying fatty tissue, while preserving fatty tis-
sue surrounding the nerve root. Epidural bleeding was 
frequently encountered at this point. Once hemosta-
sis was achieved, the disk was exposed between the 
dural sac medially and the foraminal root laterally, 
just above the lateral recess, with no or only minimal 
retraction of the neurological structures. A scalpel 
blade was then used to create a rectangular window 
in the annulus in the transitional zone (Fig. 3), corre-
sponding to the lateral part of the central canal and the 
medial part of the IV foramen. This is a more medial 
cage insertion trajectory than TLIF, which avoids the 
risk of foraminal root injury. At the same time, the tra-
jectory is lateral enough to avoid greater retraction on 

the dural sac as in standard PLIF. A nerve root retrac-
tor placed around the dural sac was used to protect 
that structure, but only limited retraction was typically 
necessary (Fig. 4C).

	 8.	 Specialized straight and angled osteotomes, pituitary 
rongeurs, rasps, and curettes were used to elevate 
and remove disk material. Intervertebral distraction 
(Figs. 2 and 4C) was applied on one side, starting at 

Fig. 1   Lateral-PLIF technique, complete facetectomy. Screw place-
ment and complete facetectomy are performed. Discectomy is com-
pleted. Red arrow indicates the direction should be used for implant 
insertion, through a safe zone

Fig. 2   Surgical exposure. Screw and left cage are inserted with “Lat-
eral-PLIF” technique. Intervertebral distraction is applied at the right 
side. No distraction of dural sac is needed

Fig. 3   Transitional zone (red square). The drawing shows the differ-
ent zones to perform the discectomy and to place the cage, accord-
ing to the surgical techniques. Blue square corresponds to the area of 
standard PLIF technique. Green square to the TLIF technique. Red 
square to the “Lateral-PLIF”: it is the safe transition zone between the 
central canal and the proximal part of IV foramen
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6/7 mm and increasing up to 11/12 mm, so that dis-
cectomy can be commenced easily and safely on the 
contralateral side, very gradually. The distraction was 
performed progressively, each 1 mm alternating from 
one side to the other. Endplate preparation was com-
pleted from each side of the dural sac.

	 9.	 The disk space was sized for an appropriate interbody 
cage (most frequently 11/12 mm height, 8/10° lordo-
sis, and 20/25 mm length cages were inserted). The 
anterior aspect of the disk space and two cages were 
both packed with bone graft. This could involve the 
use of local bone or bone substitutes, depending on the 
specific clinical situation.

	10.	 The two cages were inserted into the interbody 
space and pushed forwards using a straight impactor 
(Figs. 4C and 5).

	11.	 After cage placement, the rods were then contoured in 
slight lordosis and placed inside the screw heads with 
the application of segmental compression to optimize 
restoration of local lordosis.

	12.	 The dura was protected with a collagen sponge and 
additional bone graft then placed along the rods and 
on the decorticated lamina.

	13.	 Planar fluoroscopy (or intraoperative CT scan) was 
used to confirm the correct placement of the cages, 
pedicle screws, and rods.

	14.	 Closure was undertaken in a standard fashion

Postoperative recovery did not differ substantially from 
other standard fusion procedures. Mobilization was usually 
undertaken over the first few days, and fusion healing was 
expected in a 6-month to 1-year time frame.

Surgical data

Operative findings including operative time, blood loss 
and intraoperative complications (for example dural tear or 
nerve injury), details of the implants (cage height, length, 
and lordosis), and number of levels were also collected.

Fig. 4   Case example. A Preop-
erative sagittal T2 MRI shows 
degenerative spondylolisthesis 
L4-L5 of a patient who suffers 
for lumbar and radicular pain. 
B Lateral spine radiograph 
confirms spinal instability with 
worse listhesis at stand-up 
position. C Intraoperative 
image after screw and left cage 
inserted. Intervertebral distrac-
tion is applied at the right side. 
Mild retraction of dural sac 
(indicated by ★) is performed 
on the left side to show the 
cage. D Immediate sagittal CT 
scan shows the final result: 
the cage inserted, reduction 
of listhesis and supralaminar 
morselized bone autograft. ▲ 
left L4 nerve root; ★ dural sac
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Clinical evaluation

Pre- and postoperative clinical examinations, comorbidities, 
and previous surgeries were recorded. The follow-up review 
consisted of office visits at 3 months, 1 year and as long as 
2 years post-surgery, and a phone interview at 4 years.

Patients were asked if they would choose the surgery 
again, based on the degree of perceived improvement or 
deterioration in pain and function compared to their pre-
operative status.

Patients were also asked to complete pre- and postop-
erative questionnaires at 4 months and 2 years, assessing 
pain (medication use) and ability to perform activities of 
daily living (ADLs), including lifting, walking, standing, 
sitting, work status, and social activities.

The questionnaires were based on the Oswestry Disabil-
ity Index (ODI), visual analog scale (VAS), and Roland-
Morris. The ODI was used to categorize patients into 3 
classes of disability: class I from 0 to 20, class II from 
21 to 40, and class III from 41 to 100, reflecting minimal, 
moderate, and severe disability, respectively.

Postoperative data included early and long-term com-
plication rate, early (30  day) and follow-up (2  years) 
readmission and reoperation rate. Early complications 
were defined as wound dehiscence, deep tissue infection, 
hematoma, and implant malposition, all requiring revision 
surgery in the first 30 days; and pneumonia, urinary tract 
infection or retention, deep venous thrombosis (DVT), 
and anemia requiring transfusion. Long-term complica-
tions include permanent motor deficit, instrument failure, 
pseudarthrosis, and adjacent segment disease (ASD).

Radiological evaluation

Follow-up visits included clinical assessment and imaging 
evaluation, looking for mechanical stability and fusion. 

Successful fusion was assessed on the postop CT scan at 
1 year and was defined as the presence of bridging trabec-
ular bone between the fused vertebrae, and the absence of 
any radiolucent zones spanning > 50% of the implant-ver-
tebral interface. Two independent neurosurgeons assessed 
the image data. In the event of disagreement concern-
ing fusion healing, a third independent assessment was 
obtained.

The preoperative and postoperative lumbar and local lor-
dosis (see below) were measured on standing lateral radio-
graph by an experienced spine surgeon (CB) using an image 
diagnostic program (Centricity™, GE Healthcare) and com-
pared between each group. Lumbar lordosis was measured 
using the Cobb method, between the upper endplate of L1 
and the upper endplate of S1.

Local lordosis was measured between two upper end 
plates of two adjacent vertebrae (Fig. 6). For double level 
fusion (L4-S1), the local lordosis was measured between 
upper L4-S1 endplates. The values for local lordosis were 
divided into 3 groups: ≤ 5°, between 6° and 10°, and > 10°.

Disk space height was measured and compared on lateral 
radiographs using the method outlined by Goldstein et al. 
[21].

Statistical analysis

Continuous variables were calculated as mean and standard 
deviation (SD); categorical variables provided as numbers 
and frequencies. Categorical variables were compared using 
chi-square or Fisher’s exact test analysis, while continuous 
variables were compared using Mann–Whitney U test and 
independent sample t-test. Pearson’s correlation test was 
used for the evaluation of correlations between continuous 
variables. A two-tailed α level of 0.05 was used for statistical 
testing. All statistical analyses were performed using SPSS 
v20, IBM.

Fig. 5   Postoperative CT scan. A 
Axial view shows double inter-
somatic cages and pedicular 
screws placement. B Coronal 
view show “lateral” cages and 
appropriate disk restoration
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Results

General data

A total of 133 consecutive patients underwent Lateral-PLIF 
approach in 2017 at our institute. Among them, 25 patients 
did not meet inclusion criteria and 4 presented with an 
incomplete clinical and/or radiological follow-up. Finally, 
104 patients were selected for the final analysis. Mean age 
was 57.8 ± 10.5 years, with a slight majority of males (54 
patients, 51.9%).

In terms of significant surgical antecedents, 22 (21.15%) 
patients had been already operated for a spinal pathology 
and 5 (4.81%) had already undergone fusion surgery.

Table 1 summarizes patient baseline characteristics, sur-
gical indications, and comorbidities.

Surgical procedures

Eighty-eight (84.6%) patients underwent single level 
fusion, while the remaining 16 (15.4%) had double level 
fusion (see Table 2). The mean operative time (OT) was 
165.6 ± 47.5  min for single level and 225.1 ± 56.4  min 
for double level surgery. The average estimated blood 
loss for single level surgery was 551.6 ± 405.9 ml, and 
857.5 ± 447.1 ml for double level surgery. No significant 
correlation was observed between blood loss (p = 0.108), 
OT (p = 0.292), and complications.

Clinical findings

Preoperative clinical symptoms are presented in Table 1. 
The main preoperative symptoms were lower back pain 

Fig. 6   Local lordosis. A Preop-
erative measure of local lordosis 
L5-S1. B Postoperative measure 
of local lordosis L5-S1 after 
double Lateral-PLIF

Table 1   Epidemiological, comorbidities, and clinical characteristics 
at baseline

MV mean value, SD standard deviation

Total population, n = 104

Age, MV ± SD, years 57.7 ± 12.2 y-old
Sex, male, n (%) 54 (51.9)
Patients with comorbidity, n (%)

  Diabetes mellitus 16 (15.4)
  Hemostasis disorders 9 (8.7)
  Bone disorders 1 (0.9)
  Smoking, n (%) 6 (5.8)

Previous surgery, n (%)
  Spinal surgery 22 (21.2)
  Spinal fusion surgery 5 (4.8)

Diagnosis, n (%)
  Degenerative spondylolisthesis 48 (46.2)
  Recurrent lumbar disk herniation 21 (20.2)
  Lumbar spinal stenosis 17 (16.4)
  Isthmic spondylolisthesis 6 (5.8)

Clinical presentation, n (%)
  Lower back pain 100 (96.1)
  Radicular pain 73 (70.2)
   Referred pain 24 (23.1)
  Neurogenic claudication 72 (69.2)
  Urinary symptoms 5 (4.8)
  Motor deficit 23 (22.12)
  Sensory loss 33 (31.7)
  Absence of deep tendon reflexes 24 (23.1)

Mean functional score preop ± SD
  VAS 7.1 ± 1.3
  Roland-Morris 14.9 ± 4.7
  ODI 49.4 ± 12.5
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(100 patients, 96.1%) and radicular pain (73, 70.2%). 
Twenty-three (23/104, 22%) patients had motor deficit, 
which ranged between 2 and 4 of the MRC (Medical 
Research Council) scale, and 33/104 presented sensory 
deficit (31.7%).

At follow-up, a consistent reduction in pain symptoma-
tology was reported. Specifically, 58/100 (58%) and 60/73 
(82%) presented a major improvement in back and radicu-
lar pain, respectively. Fourteen (14/23, 60.8%) patients 
with a motor deficit recovered completely, 7/23 showed 
improvement, and 2/23 remained stable. Sensory deficit 
also improved in 22 of 33 patients at follow-up (31.7% vs 
10.6%), and 2/5 patients had reduced sphincter dysfunc-
tion at follow-up (4.8% vs 1.9%).

At the 2-year ambulatory visit, a total of 88 (84.6%) 
patients reported satisfaction with the improvement after 
surgery and the remaining 16 (15.4%) did not report a 
change in their condition. At the 4-year phone interview, 
satisfaction with surgery was confirmed in 80% of patients. 
No patients reported a worsening of their condition. Only 
one patient had undergone spinal cord stimulation implant 
surgery to treat persistent neuropathic pain.

Complications

Seven early complications (see Table 2) required revision 
surgery: 5 (4.81%) cases of infection/wound dehiscence, 

2 (1.92%) for malposition of pedicle screws, and 1 
(0.96%) iatrogenic arterial injury during discectomy 
(endovascular repair). Nine minor complications were 
treated conservatively: 7 (6.73%) cases of dural tear and 
1 (0.96%) deep hematoma not associated with neurologi-
cal worsening.

During follow-up, we found asymptomatic screw failure 
in 2 patients (1.92%), and a total of three patients (2.9%) 
underwent revision surgery with proximal extension of 
fusion (one for instrument failure and the other 2 due to 
ASD).

No cauda equina syndrome, malposition or migration of 
cage, LCR leak, or DVTs were observed. No new motor 
deficit was reported.

No significant correlation was observed between comor-
bidities (p = 0.235), previous surgery (p = 0.092), and 
complications.

Functional outcomes

Preoperative VAS showed a mean value of 7.7 ± 1.3 
[5–10], ODI was 49.4 ± 12.5 [22–82], and Roland-Morris 
score had a mean value of 14.9 ± 4.8 [3–24]. At the latest 
follow-up, the mean value for VAS was 3.2 ± 2.6 [0–8] 
and ODI was 29.2 ± 17.1 [4–62], while the Roland-Mor-
ris score was 8.4 ± 6.4 [0–19].As reported in Table 3, all 
disability index values showed a statistically significant 
reduction at 3- and 12-month follow-up compared to pre-
operative evaluations.

Regarding the 3 classes of ODI score specified above (see 
methods), we found a significant decrease in the number 
of patients with severe disability, or class III, at 12-month 
follow-up (79.4% vs 20.9%, p < 0.0001). Consequently, 
patient numbers in class I (0 vs 33.3%) and class II (20.6 vs 
45.8) increased. The changes in the different ODI classes 
are shown in Table 3.

Walking distance was also evaluated. Distance (reported 
as time) by patient was converted to meters using healthy 
walking speed [22]. In the preoperative evaluation, 
patients reported being able to walk a mean distance 
of 812 m ± 891 m whereas this increased to a mean of 
3443 m ± 712 m at the last postoperative consultation. This 
improvement in walking distance was statistically significant 
(p < 0.001).

Radiological outcome

The radiological outcomes for the cohort are shown in 
Table  4. Postoperative CT scans at 1  year confirmed 
radiographic fusion in 95% of patients. No subsidence or 

Table 2   Operative data: level, blood loss, operative time, and compli-
cations

MV mean value, SD standard deviation, min minutes

Fusion level, n (%)
  Single level 88 (84.6)
  Double level 16 (15.4)

Operative time [min], MV ± SD
  Single level 165.6 ± 47.5
  Double level 225.1 ± 56.4

Blood loss [ml], MV ± SD
  Single level 551.6 ± 405.9
  Double level 857.5 ± 447.1

Complications, n (%)
  Infections 5 (4.8)
  Screw malposition 2 (1.9)
  Arterial injury 1 (0.9)
  Dural tear 7 (6.7)

  Hematoma 1 (0.9)
  Nerve dysfunction 1 (0.9)

Complications treated surgically, n (%)
  Infections 5 (4.8)
  Screw malposition 2 (1.9)
  Arterial injury (stent) 1 (0.9)
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sinking of the interbody cages into the vertebral bodies was 
observed.

The mean postoperative improvement in local lordosis was 
4.2° ± 1.5°, overall. The values for local lordosis were divided 
into 3 groups according to the angle: ≤ 5°, 6°–10°, and > 10°. 
Despite the group with local lordosis > 10° being the larg-
est at the preoperative stage, there was a significant increase 
after surgery (p = 0.029). Regarding the specific level, the 
correction of local lordosis was statistically significant at the 
L4-L5 level (9.9° ± 4.9° vs 13.0° ± 4.1°; p = 0.016), but not 
at the L3-L4 level (7° ± 3.5° vs 11.3° ± 4.0°).

An increase in lumbar lordosis was observed but was not 
significantly different (51° ± 12.9° vs 52.3° ± 12.0°).

Lastly, the average increase in disk height after surgery 
was 9 mm, showing a significant difference (p = 0.0001) 
compared with preoperative disk height.

Discussion

This study introduces a more lateral variation of the stand-
ard PLIF technique, which we term “Lateral-PLIF,” repre-
senting a modern way of performing the PLIF procedure. 
Our results are based on a large prospective series of 104 
patients, who were selected for baseline characteristics 
and indications, in a tertiary spine referral center over a 
1-year period (2017). Long-term follow-up (2 and 4 years) 
ensured thorough evaluation of clinical outcomes.

According to our findings, the “Lateral-PLIF” technique 
appeared to be a safe and effective technique for posterior 
interbody arthrodesis for the treatment of a wide range of 
degenerative diseases of the lumbar spine.

We observed an improvement in lumbar and radicular 
symptoms in most patients as well as a major improvement 

Table 3   Functional outcome

MV mean value, SD standard deviation, m meter, I Class ODI –, II Class ODI –, III Class ODI –, *among n = 45; **among n = 34, ***among 
n = 39, ****among n = 43, °among n = 26, °°among n = 20, °°°among n = 24, ^among n = 14, ^^among n = 12, ^^^among n = 25, #among n = 31, 
##among n = 25, ###among n = 28

Preoperative Postoperative  
(FU 3 months)

p value 
(pre vs post 
3 m)

Postoperative  
(FU 12 months)

p value 
(pre vs post 
12 m)

Last FU p value  
(pre vs post 
12 m)

VAS, mean ± SD (min–max) 7.7 ± 1.3 (5–10)* 2.9 ± 2.2 (0–7)°  < 0.0001 3.5 ± 2.9 (0–8)^  < 0.0001 3.2 ± 2.6 (0–8)#  < 0.0001
ODI, mean ± SD (min–max) 49.4 ± 12.5 (22–82)** 29.4 ± 17.2 (4–64)°°  < 0.0001 33.6 ± 18.7 (8–68)^^ 0.002 29.32 ± 17.3 (4–68)##  < 0.0001
Roland-Morris score, mean ± SD 

(min–max)
14.9 ± 4.7 (3–24)*** 9.7 ± 5.8 (2–18)°°° 0.0005 6.8 ± 6.4 (0–18)^  < 0.0001 8.46 ± 6.28 (0–19)###  < 0.0001

Class of disability based on ODI, n (%)
  I Class: 0–20 ODI 0 (0)** / / / / 8 (33.3)°°° 0.0004
  II Class: 21–40 ODI 7 (20.6)** / / / / 11 (45.8)°°° 0.049
  III Class: 41–100 ODI 27 (79.4)** / / / / 5 (20.9)°°°  < 0.0001

  Walking distance [m], 
MV ± SD, [p]

812 ± 891**** / / / / 3443 ± 712 
[0.018]^^^

 < 0.0001

Table 4   Radiological parameters

MV mean value, SD standard deviation, [°] degree, local lordosis between superior endplate of two or more (i.e. for duble level fusion, L4-S1) 
adjacent vertebra; *among n = 5, **among n = 26, ***among n = 17, §among n = 4, §§among n = 30, ¶among n = 24

Preoperative Postoperative (6–12 m) p value (pre vs post)

Local lordosis [°], MV ± SD (min–max)
  L3 (L3-L4 fusion)* 7 ± 3.5 (3.4–12.6) 11.3 ± 4.0 (6.3–13.5) 0.11 (t = 1.81)
  L4 (L4-L5 fusion)** 9.9 ± 4.9 (2.8–23) 13.0 ± 4.1 (4.9–21.8) 0.016 (t = 2.47)
  L5 (L5-S1 fusion)*** 17.1 ± 7.1 (6.4–29.8) 20.8 ± 6.3 (8–31.8) 0.11 (t = 1.60)

Classification in the local lordosis groups (i.e. for L4-L5 and L5-S1, see text), [n]
   ≤ 5° 3 1 0.61
  6°–10° 14 6 0.072
   > 10° 26 36 0.029

Double level local lordosis [°], MV ± SD (min–max)
L4-S1§

28.4 ± 13.9 (17.7–44) 29.4 ± 5.6 (24.6–37.4) 0.89 (t = 0.13)

Lumbar lordosis L1-S1 [°], MV ± SD§§ 51 ± 12.9 52.3 ± 12.0 0.68 (t = 0.40)
Disk height [mm], MV ± SD¶ 7 ± 2 16 ± 2 0.0001 (t = 15.58)
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in motor and sensory function in the sub-set of patients 
with preoperative deficits. The significant improvement of 
functional/pain scores at follow-up, consistently repeated, 
showed the reliability of this technique. Walking perfor-
mances in patients improved significantly, as well. In fact, 
the mean VAS score dropped from 7.7 ± 1.3 preoperatively 
to 3.2 ± 2.6 at last follow-up. Moreover, we found a signifi-
cant reduction in ODI and Roland-Morris scores at both 
early (3 months) and long-term (2 and 4 year) follow-up. 
Regarding the 3 categories of ODI scores, we saw a sig-
nificant decrease in the number of patients with severe 
or class III disability at 12-month follow-up (79.4% vs 
20.9%).

Additionally, radiological outcomes were encourag-
ing, with a mean improvement in regional lordosis of 
4.2° ± 1.5°, especially at the L4-L5 levels.

The observed fusion rate appeared to be optimal 
(i.e., 95% at 1-year imaging follow-up) and consistent 
with previous results for short segment fixation surgery 
[26, 42, 59, 60]. This measure has been shown to have 
a good correlation with long-term outcomes in several 
studies [26].

In this study, good correction of local lordosis, simi-
lar to or better than previously reported series [34, 45], 
was achieved, although the majority of patients pre-
sented preoperatively with > 10° local lordosis. A statis-
tically significant and effective increase in disk height 
was also observed. Though lumbar lordosis did not 
show major improvement postoperatively, this is a com-
mon finding after the limited posterior interbody fusion 
approach and thus it represents one of most important 
advances of anterior (ALIF) and lateral (OLIF/XILIF) 
techniques, which, on the contrary, offer the possibility 
of limited undirected decompression when used alone 
[5, 16, 34, 36, 42].

The rate of complications was low, with only one iatro-
genic arterial injury during discectomy (< 1%) which was 
amenable to endovascular repair. Compared to previous 
series which analyzed other posterior techniques, a lower 
rate of durotomy and nerve dysfunction was found in our 
study [8, 21, 27]. Other complications were minor and 
had no appreciable effect on surgical outcomes. This was 
also reflected by patient satisfaction with surgery, which 
was confirmed in 80% of patients at last follow-up, and 
is comparable to other fusion techniques [3, 14, 33, 38]. 
Estimated operative time and blood loss were also similar 
to standard PLIF series [7, 21, 37, 38].

Pros and cons of Lateral‑PLIF

From the initial description provided by Cloward [12] in 
1940, the PLIF technique has evolved with advances in 
methods of spinal segmental fusion [10, 11, 20, 29, 48, 

49]. The main advantage of traditional PLIF is the bilateral 
approach, which offers the opportunity to achieve optimal 
cleaning of the disk space and permits the placement of two 
cages into the disk space. To date, the main concern with 
this approach is the extent of neural retraction required, with 
potential nerve root injury, dural tear, and epidural fibrosis 
leading to chronic radiculopathy [13, 17, 25, 44, 53, 60]. The 
direct posterior surgical access to the disk space spares the 
facet joints but requires, however, significant retraction of 
the thecal sac from each side, and this is associated with up 
to 20% of the complications reported in the literature [32, 
35, 47]. Moreover, PLIF is neither effective nor safer when 
repeat surgeries are performed, and when the spinal canal 
is already extensively opened by a wide laminectomy [39]. 
Recent studies have documented significantly higher rates 
of neurologic injury (2–5%) and dural tear (6–10%) [14, 
18, 21, 27, 46] than was found in our series. In fact, only 
7/104 (6.73%) cases of intradural dural tear were found in 
our study but after careful duroplasty using sutures or sealant 
patch (such as TachoSil), none of these was associated with 
a postoperative CSF leak. It is likely that the more lateral 
access allowed better maneuverability to identify a dural tear 
and deal with it. We did not observe any new postoperative 
neurological deficits in our series. In the Lateral-PLIF tech-
nique, as mentioned above, the bilateral facetectomy gives 
access to the transitional zone (Figs. 3 and 7), between the 
central canal and the foramen, just above the lateral recess, 
providing safe access to the disk and thus permitting exces-
sive root and dural sac retraction to be avoided. On the other 
hand, the midline incision and the wide bilateral subperi-
osteal dissection results in a greater postoperative pain and, 
probably, postoperative in-hospital stay compared to unilat-
eral access.

To address the limitations of PLIF, in 1998, Harms 
and Jeszenszky reported a new technique via a unilateral 
transforaminal route to achieve the insertion of a single 
interbody cage (banana-shaped) packed with bone graft 
and termed TLIF [23, 42]. The main advantage of this 
approach was the insertion of the implant through a safer 
zone for the dural sac medially, using a single surgical 
corridor that reduced access-associated muscle injury [3, 
8, 24, 27, 40] and dural complications [14, 25, 31, 38] but 
also limited the discectomy and preparation of endplates. 
It can be used only in selected cases where there is no 
bilateral foraminal stenosis [14, 36]. It has also been sup-
posed that the single cage reduces the fusion surface and 
limits the control of 3D stability, compared to 2 cages, 
and presents more difficult placement in some cases [2, 
9, 51].

For this reason, we have developed our technique to 
attempt to maintain a simultaneous bilateral approach allow-
ing interbody distraction to be achieved on one side during 
insertion of the cage on the contralateral side. This important 
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point explains why inserted cages were higher, 11/12 mm 
on average, compared to in classic TLIF (9/10 mm) [15, 28, 
56]. Cage-like implants (polyether ether ketone—PEEK or 
titanium cages) meet the mechanical requirements for PLIF 
by serving both a mechanical function and a biological (bone 
growth) function. They are cubic or cylindrical in shape and 
are placed in pairs, resulting in a greater surface area for 
fusion and a better distribution of load. This type of implant 
provides higher immediate stability, especially for lateral 
bending motion, which is not usually found in the TLIF tech-
nique [52, 59]. Using our technique, placement of the cages 
was optimal; no malposition was encountered, as opposed 
to the TLIF technique in which optimal positioning of the 
cage is more challenging. At L5S1, the pelvic position and 
morphology may prevent good positioning of the cage in 
the L5-S1 disk space using the TLIF technique [36, 40]. 
Conversely, no difficulties were found in this segment using 
the Lateral-PLIF approach.

Even though the bilateral disk access may provide a 
better preparation of the vertebral endplates and immedi-
ate stability, it can result in a longer operative time com-
pared to the unilateral single-cage approach, with potential 
increase of general complications (bleeding, infections, 
DVT, etc.).

In terms of decompression, with Lateral-PLIF, removal 
of spinous processes, partial laminotomy of the upper 
vertebra, and bilateral foraminotomy can be performed 
as needed to allow effective central and bilateral canal 
opening. Conversely, the TLIF technique spares the con-
tralateral lamina, facet joint, and pars interarticularis, 
limiting decompression of neural structures. This “bone 
resection,” in our opinion, also allows the segmental lor-
dosis to be corrected by removal of all the bony contacts 
posteriorly between the two adjacent vertebrae. Moreover, 

it also allows an increase in the bone surface for fusion by 
opening the posterior facet joints on each side [50, 55]. 
Morselized autogenous bone obtained from the posterior 
elements is then packed anteriorly in the intervertebral 
space, inside the cage [41] and posteriorly around the rods 
on the decorticated posterior elements to improve the like-
lihood of arthrodesis.

While a bilateral facetectomy could appear unneces-
sary in the context of unilateral pathology, such as recur-
rent disk herniation, instances of pure unilateral disease in 
patients needing lumbar arthrodesis are uncommon. Even 
when symptoms are confined to one side, a contralateral 
foraminal and lateral canal decompression is frequently 
required to prevent postoperative contralateral radicu-
lopathy. Moreover, opting for a bilateral approach offers 
several advantages, including more effective disk cleaning 
and endplate preparation, improved intervertebral distrac-
tion, and enhanced fusion outcomes. These benefits are 
applicable irrespective of the uni/bilateral nature of the 
pathology and the need for decompression.

Future perspectives

We believe that further improvements in this technique can 
be made in the near future by applying minimally invasive 
approaches. Appropriate decompression and circumferen-
tial (360°) fusion, with a reduction of muscle injury and 
complications of open surgery, will be made possible with 
developments of MIS instruments, material innovations, and 
factors that stimulate bone growth.

Further comparative studies and randomized clinical 
trials (RCT) with previous technique could validate the 
outcomes and allow widespread use of the Lateral-PLIF 
approach.

Fig. 7   Posterior lumbar interfu-
sion techniques. Three different 
ways to access to the disk space 
using TLIF, Lateral-PLIF, and 
PLIF techniques via the IV fora-
men laterally (TLIF), the central 
canal medially (PLIF), and the 
transitional zone (Lateral-PLIF)
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Limitations

The present study does present some limitations. Despite 
being a large prospective series, this is the experience of a 
single tertiary spinal center. The surgical procedures were 
performed by different spinal surgeons with different lev-
els of skill and experience. The design of the study limited 
direct comparisons with other techniques, specifically stand-
ard PLIF and TLIF. Additionally, missing data and patients 
lost to follow-up may have contributed to statistical bias. 
Lastly, interobserver variability in data analysis could also 
introduce further bias to the study.

The primary objective of the present study was to pro-
vide a comprehensive description of the technique. Although 
some numerical limitation can be argued, our prospective 
cohort of 104 patients already represents a significant sam-
ple size. However, we are retrospectively collecting data 
from all patients who underwent surgery with this technique 
from 2017 to 2023, with the aim of providing more robust 
conclusions with an extended follow-up period.

Conclusion

Our results suggest that Lateral-PLIF is a safe and effective 
technique with wide applicability to achieve lumbar fusion, 
restoring appropriate disk height and correct lordosis and 
providing excellent fusion rates. Lumbar interbody fusion 
achieved by this approach appears to offer the benefits of 
both TLIF and PLIF procedures while reducing their respec-
tive limitations and technical difficulties. Without signifi-
cantly increasing either the global operative time or blood 
loss, this procedure led to satisfactory clinical and radiologi-
cal outcomes with a low complication rate. Further compara-
tive RCT are now needed to validate final outcomes before 
the widespread use of this approach.
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