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Abstract:
Introduction: Lumbar interbody fusion is used to treat degenerative lumbar spondylolisthesis with instability. We devel-

oped a device that safely expands a percutaneous path through Kambin’s triangle and used it via a new technique: percuta-

neous endoscopic transforaminal lumbar interbody fusion (PETLIF). We report in this study the details and outcomes of this

procedure after a one year follow-up.

Methods: Twenty-five patients requiring interbody fusion for degenerative spondylolisthesis of the L4 vertebra were en-

rolled in this study. The procedure involved percutaneous posterior pedicle screw placement to correct spondylolisthesis. Af-

ter the exterior of the L5 vertebra superior articular protrusion was shaved with a percutaneous endoscopic drill in order to

expand the safe zone, the oval sleeve was inserted through Kambin’s triangle and was rotated to expand the disk height and

create a path toward the vertebral disk. The interbody cage was inserted against the J-shaped nerve retractor, with the exit-

ing nerve root retracted. Indirect decompression of spinal canal stenosis was expected because the vertebral body spondy-

lolisthesis had been corrected and the interbody distance was expanded. Thus, no direct decompression was performed pos-

terolaterally.

Results: The mean follow-up period, surgery time, and blood loss were 22.7 months, 125.4 min, and 64.8 mL, respec-

tively. The Japanese Orthopaedic Association score improved from 13.3 to 28.0. The Roland-Morris Disability Question-

naire score improved from 10.3 to 3.3. All items were evaluated both preoperatively and one year postoperatively. Bone fu-

sion was observed one year postoperatively in 22 out of 25 patients.

Conclusions: These results demonstrate the feasibility and efficacy of PETLIF for treating degenerative lumbar spondy-

lolisthesis. This minimally invasive procedure is useful and has wide applicability. To obtain safe and favorable results, nec-

essary surgical techniques must be mastered, and surgical equipment, including that for neural monitoring, is required.
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Introduction

Degenerative lumbar spondylolisthesis involves symptoms

resulting from anteroposterior spondylolisthesis of the lum-

bar vertebrae occurring because of aging-associated degen-

eration1). Degenerative spondylolisthesis usually occurs at

the L4 level2,3) and in approximately 10% of women aged �

60 years4). Following conservative management, surgery is

an option and has an established efficacy5). Lumbar inter-

body fusion is performed in cases with high instability, and

the mainstream methods include posterior lumbar interbody

fusion, as reported in the study by Cloward et al. in 19536),

and transforaminal LIF (TLIF), as reported in the study by

Harms et al. in 19827). As spinal surgery progressed, TLIF
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became less invasive. Minimally invasive TLIF (MIS-TLIF),

which includes fusion of vertebrae using percutaneous pedi-

cle screws (PPS), was first reported in the study by Foley et

al. in 20018). It became a popular procedure, causing a shift

toward less invasive surgery. Many studies have shown that

MIS-TLIF involves less blood loss, has a shorter recovery

time, and requires fewer days in the hospital by comparison

with open TLIF9-12). However, in addition to MIS-TLIF, par-

tial laminectomy, facetectomy, and ligamentum flavum dis-

section, an open incision of the musculature is required to

reach the vertebrae.

If the vertebrae are approached posterolaterally via Kam-

bin’s triangle, invasive procedures can be avoided13,14). This is

a standard route in percutaneous endoscopic discectomy

(PED)15-17). If this path can be sufficiently expanded to allow

for the passage of an interbody cage of the size used in

open TLIF, it may be possible to apply LIF while com-

pletely preserving the facet joint. In this study, we devel-

oped a surgical device comprising an oval dilator, an oval

sleeve, and a J-shaped nerve retractor. This device is capable

of securing a percutaneous path large enough to safely insert

an interbody cage. We also conceived a new technique, per-

cutaneous endoscopic TLIF (PETLIF). To our knowledge,

this is the first report on PETLIF in the treatment of degen-

erative lumbar spondylolisthesis with instability, using a

cage size similar to that used in TLIF. We described here the

early clinical results of this new technique.

Materials and Methods

Patients

Twenty-five patients with degenerative lumbar spondy-

lolisthesis (5 men, 20 women; mean age, 68.4 years; stan-

dard deviation [SD], 9.1 years) underwent PETLIF at our

institution between February 2016 and July 2018. The mean

follow-up period was 22.7 (range, 12-30) months. These pa-

tients were also diagnosed at our institution. All of them

were preoperatively informed about the characteristics, diffi-

culty, and potential complications of the procedure. Written

informed consent was obtained from all patients prior to

commencement of the study. The study was approved by the

ethics committee for clinical research at our institution.

Inclusion criteria

We included patients who were diagnosed with degenera-

tive lumbar spondylolisthesis at the L4 level, with lumbar

pain and radicular symptoms caused by intervertebral insta-

bility that was associated with spinal canal stenosis. All pa-

tients were refractory to conservative treatment and required

interbody fusion. Imaging was performed using functional

radiography, computed tomography (CT), and magnetic

resonance imaging (MRI). Instability was diagnosed if the

vertebral slippage was �4 mm or if the mobility in flexion

or extension was �10°2-4).

Evaluation method

The following metrics were used to evaluate the surgery:

surgical time, volume of intraoperative blood loss, and vol-

ume of postoperative drainage. To evaluate functions before

surgery, at hospital discharge, and six months and one year

after surgery, we utilized the Japanese Orthopaedic Associa-

tion (JOA) criteria and the Roland-Morris Disability Ques-

tionnaire (RDQ) score to assess the treatment outcomes of

patients. The presence or absence of bone fusion was ascer-

tained with CT scans one year postoperatively.

Surgical technique of PETLIF

Surgery was conducted under general anesthesia, with the

patient in the prone position. The somatosensory-evoked po-

tentials, electromyography, and free-run electromyography

were monitored throughout the procedure using a nerve

monitoring system (NVM5Ⓡ; NuVasive, San Diego, USA).

Posterior pedicle screw fixation and spondylolisthesis cor-
rection

Firstly, all patients underwent posterior PPS fixation using

the IBIS Spinal SystemⓇ (Japan Medical Dynamic Market-

ing, Tokyo, Japan). A screw, with a diameter of 6.5 mm and

length of 40 mm, was then inserted under fluoroscopic guid-

ance. Regarding rod positioning, the L5 set screw was fixed,

while the L4 side of the rod was floated (Fig. 1A). The

spondylolisthesis of the L4 vertebra was then corrected by

tightening the L4 set screw (Fig. 1B).

Expansion of Kambin’s triangle

The SpineTIPⓇ transforaminal approach kit (Karl Storz

GmbH, Tuttlingen, Germany) endoscopic system was used.

To reduce the risk of damaging the exiting nerve root while

inserting the cage, the outside of the L5 vertebra superior

articular protrusion was shaved with a burr (Nakanishi Pri-

mado2Ⓡ total surgical system, Tochigi, Japan) using fluoros-

copy and percutaneous endoscopy (Fig. 1C, D).

Harvesting bone for grafting

Bones from the ilium and spinous process were used for

grafting and were harvested percutaneously. In the cage, the

only filling was the local bone, whereas a mixture of local

and artificial bones (hydroxyapatite and tripotassium phos-

phate composite; PrimaboneⓇ granule size M; 5 g; Japan

Medical Dynamic Marketing, Tokyo, Japan) was used for

the interbody graft.

Creating a percutaneous path, expanding the interbody dis-
tance, and preparing the graft site

New oval dilator, oval sleeve, and J-shaped nerve retrac-

tors (Robert Reid Inc., Tokyo, Japan) were used (Fig. 2A,

B). After inserting the oval dilator, the oval sleeve, which

has a long (10.5 mm) and a short axis (8 mm, outer dimen-

sions), was inserted with the 8-mm cephalocaudal axis.

Next, the L5-side set screw of the fixed PPS system was
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Figure　1.　A: With the L4 side of the rod loose (black arrow), the L5 set screw was fixed. 

B: Correction of the L4 vertebral body spondylolisthesis occurred as the vertebral body and 

the percutaneous pedicle screws were drawn to the rod; the white line on the back of the 

vertebral body is almost straight. C: The position of the drill tip was confirmed using imag-

ing (the area encircled by the white dotted line). D: Image showing the shaving of the L5 

vertebra superior articular protrusion with a drill using endoscopy.

Figure　2.　A: The images in order from top to bottom are of an oval dilator, oval sleeve, and a 

J-shaped nerve retractor (Robert Reid Inc., Tokyo, Japan). B: The left image is of the oval sleeve for 

percutaneous endoscopic discectomy, and the right image is of the elliptical sleeve for percutaneous 

endoscopic transforaminal lumbar interbody fusion. The short axis was set as the same size.

loosened, the oval sleeve was rotated 90° (Fig. 3A), and the

interbody distance was expanded to 10.5 mm, which was

the length of the longer axis of the oval sleeve (Fig. 3B).

The disk was excised via the oval sleeve using curettes and
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Figure　3.　A: The elliptical operating sheath was inserted with the shorter axis cephalo-

caudal and rotated (in the direction of the black arrow). B: The rotation expanded the inter-

body distance to 10.5 mm, which was also the length of the longer axis of the operating 

sheath (black arrow). C and D: A ring curette and vertebral pulp forceps were inserted using 

a percutaneous endoscopic transforaminal lumbar interbody fusion operating sheath.

vertebral pulp forceps (Fig. 3C, D).

Positioning the cage

Graft bone was introduced into the intervertebral space

via the oval sleeve (Fig. 4A). Next, a specially designed J-

shaped nerve retractor (Robert Reid Inc., Tokyo, Japan) was

inserted into the oval sleeve and the oval sleeve was with-

drawn. To prevent the exiting nerve root from accidentally

encroaching upon the cage insertion route, the J-shaped

nerve retractor was kept in the intervertebral space. With the

exiting nerve root retracted, the interbody cage was inserted

against the J-shaped nerve retractor (Fig. 4B, C). The cage

was chosen to match the patient’s anatomy and form of his

or her vertebral body. A ReyKamⓇ cage (Robert Reid Inc.,

Tokyo, Japan), measuring 30 × 12 × 9 mm, was inserted in

this case (Fig. 4D).

Completion of interbody fusion and post-surgery manage-
ment

Compression was exerted between the vertebral bodies to

ensure final bonding (Fig. 4E). The Elliquence Trigger-FlexⓇ

bipolar system (Surgi-Max Air, New York, USA) was used

to stop any bleeding under percutaneous endoscopic guid-

ance. Finally, a tube drain was installed at the cage insertion

site. Regarding the procedure’s impact on spinal canal steno-

sis, indirect decompression was expected because the verte-

bral body spondylolisthesis was corrected, and the interbody

distance was expanded. Consequently, direct decompression

was not performed posterolaterally. The patients’ activities

of daily living were not restricted.

Statistical methods

Continuous variables are presented as mean (SD). Statisti-

cal differences were determined using a two-sided paired t-
test. All p-values <0.05 were considered significant. Micro-

soft Excel software (Microsoft, Redmond, WA) was used for

analysis.

Results

The mean surgical time, blood loss, and post-surgery

drain volume were 125.4 (56.9) min, 64.8 (35.6) mL, and

32.5 (28.6) mL, respectively. Complications occurred in two

patients who exhibited a reduction in hip flexion power im-

mediately after surgery that was completely resolved within

two weeks. One patient required additional surgery. Al-

though his progress was good after surgery, neural symp-

toms flared up again one month after surgery because the

cage subsided. Thus, posterior decompression was required.

The cause was determined to be low compatibility between

the surface of the cage and the vertebral body endplate, be-

cause the insertion of the cage was rotated about 30° and
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Figure　4.　A: The graft bone was introduced into the intervertebral space via the oval 

sleeve. B and C: The tip of the J-shaped nerve retractor was kept in the intervertebral disk 

space to prevent the exiting nerve root from straying into the cage entry path, and the cage 

was inserted along the J-shaped nerve retractor. D: The cage was positioned in the interver-

tebral space. E: The final task was compression between the vertebral bodies.

sinking occurred at an early stage.

The JOA score improved from 13.3 (2.09) preoperatively

to 24.9 (1.85; p < 0.001) at discharge, 25.7 (1.43; p <

0.001) six months postoperatively, and 27.3 (1.18; p <

0.001) one year postoperatively. The RDQ score improved

from 10.3 (4.56) preoperatively to 10.1 (4.09; p = 0.902) at

discharge, 4.8 (2.73; p = 0.002) six months postoperatively,

and 3.7 (3.50; p = 0.001) one year postoperatively. One year

postoperatively, bone fusion was observed in 22 of the 25

patients. There were no cases of screw loosening.

Case Report

Using imaging, a 67-year-old woman was diagnosed with

degenerative spondylolisthesis of the L4 vertebra with insta-

bility (Fig. 5A, B). PETLIF was performed (Fig. 5C). At the

time of hospital discharge, the patient’s lumbar and leg pain

had disappeared. Postoperative MRI revealed that her spinal

canal had expanded by 176% due to indirect decompression

(Fig. 5D).

Discussion

LIF via Kambin’s triangle is a type of MIS-TLIF, which

is a microendoscopy-assisted surgery that uses a small inci-

sion. Recently, a less invasive percutaneous LIF technique

via Kambin’s triangle has also been reported18-20). Various re-

ports characteristically state how exiting nerve root injury
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Figure　5.　A: A patient with degenerative changes surrounding the L4/L5 facet joint and anterior spondylolisthesis of L4. B: 

Functional imaging shows intervertebral mobility of 17° and spondylolisthesis of 4 mm. C: X-ray of the lumbar vertebrae immedi-

ately after surgery. D: Left, preoperative axial magnetic resonance image (MRI); right, postoperative axial MRI; the spinal canal 

was expanded from 55.7 mm2 to 92.6 mm2.

can be avoided during cage insertion. Wang et al.18) in their

study inserted a mesh expandable cage (Spineology’s Op-

tiMeshⓇ graft containment, CA, USA) from within a sleeve.

This technique is safer because cage insertion is completed

via a sleeve using PED techniques, but the strength of fixa-

tion remained lower than that of a box-shaped interbody

cage using open techniques. On the other hand, there are

also reports on the use of a box-shaped interbody cage using

open techniques. Nakamura et al.19) used an L-shaped nerve

retractor to insert the cage via Kambin’s triangle. An L-

shaped nerve retractor was inserted into the PED sleeve and

the PED sleeve was withdrawn. This technique is the same

as PETLIF. Our J-shaped nerve retractor is inserted via a

unique oval sleeve; therefore, it differs in size and shape

from the L-shaped nerve retractor. By fully covering the cra-

nial side of the cage by this J-shaped retractor, we were able

to reduce the risk of having the cage in direct contact with

the exiting nerve root. Abbasi et al.20) in their study inserted

a guidewire in the middle of the disk from Kambin’s trian-

gle and prepared the graft site and inserted the cage via that

guidewire. To avoid damage to the exiting nerve root, they

used a cage that was shaped to facilitate its avoidance to the

exiting nerve root. Whether the exiting nerve root could be

retracted safely cannot be confirmed. Most of these reports

are about the treatment of lumbar discopathy. However, se-

vere lumbar spondylolisthesis is usually accompanied by

disk height narrowing and foraminal stenosis. And in such

cases, the Kambin’s triangle is also often found to be shrunk

which could significantly complicate the perioperative ma-

nipulations of the spinal nerves traveling through the trian-

gle and increase the risk of nerve injury. In addition,

whether it is safe and effective for spondylolisthesis accom-

panied by neurologic symptoms has not been adequately

verified. There is some novelty about the PETLIF we report

in terms of how the risk due to spondylolisthesis is avoided

and how the preoperative neurologic symptoms can be im-

proved.

The concepts realized with PETLIF are the 5 points de-

scribed below.

① Vertebral body spondylolisthesis is corrected by a tech-

nique based on the percutaneous pedicle screw (PPS)

system.

② By using the oval sleeve, the intervertebral body

height is safely and easily increased, thereby expand-

ing the safe area.

③ By temporarily locking the set screws of PPS, the con-

dition is maintained.

④ The interbody cage is safely and accurately set in the

proper position.

⑤ Good result is obtained only by indirect decompres-
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Figure　6.　The cage location, confirmed with a 

multimodality fusion image (the white dotted circle 

marks the insertion position).

sion for neurologic symptoms of the lower limbs.

For concept ①, the prerequisite is that surgical safety

should first be increased. If correction of the spondylolisthe-

sis is inadequate, a change of the surgical modality must be

considered. What is most emphasized in this report is the

fact that an oval sleeve was developed and used during sur-

gery. It is not the PED sleeve that is already being used

worldwide, but an oval sleeve that expands the working area

while safety is maintained, making it a novel and unique

idea. Introduction of this oval sleeve enabled concepts ②
and ③ to be realized safely. For concept ④, in order to in-

stall a cage of a size that is adequate to maintain safety,

when inserting the cage, the intervertebral body distance

needs to be opened and maintained in that state. If those are

inadequate, caution is required as there is the risk of stress

toward the exiting nerve root increasing even if the nerve re-

tractor is preserved, and the risk of vertebral body endplate

injury by the cage. Concept ⑤ is of most importance in

lumbar spinal fusion. Maintaining the states acquired in con-

cepts ①-④ is also paramount. To achieve that, presurgical

image evaluation to select the proper size and shape of the

interbody cage is essential. The cage size is decided based

on the position of the exiting nerve, shape of the L5 supe-

rior articular process, and height of the interbody using pre-

operative radiographical assessment (Fig. 6). If the exiting

nerve path is anterior, then the safety margin at insertion is

wide, and the insertion of a larger cage with a 12-mm di-

ameter becomes possible. In terms of cage height, it is pos-

sible to insert a cage with a maximum height of 12 mm in

cases with naturally high disk heights, as the safety margin

on the caudal side of the Kambin’s triangle widens.

Recently, surgeons have utilized minimally invasive lateral

LIF (LLIF) techniques, such as oblique LIF and extreme lat-

eral interbody fusion21-23). However, with LLIF, there are is-

sues with the insertion path, along with the associated dam-

age to major blood vessels, somatic arteries, the greater

psoas muscle, lumbar plexus, urinary duct, or internal or-

gans24-26). Although the posterolateral route via Kambin’s tri-

angle involves risk of damage to the exiting nerve root, once

this is avoided, no risk of complications can arise with the

use of LLIF. Furthermore, unlike the cage in LLIF, the cage

in PETLIF can be inserted in the same position from either

the left or right side. For example, in cases of degenerative

scoliosis, the interbody cage can be inserted from the con-

vex side with a wider safety zone. With the LLIF procedure,

an indirect decompression effect on degenerative spondy-

lolisthesis has been reported, which does not require direct

surgery on the nerve tissue or on the epidural venous

plexus27-30). With PETLIF, an improvement in preoperative

radicular symptoms was recognized in all cases due to indi-

rect decompression following the insertion of a cage with a

height of 9 or 10 mm and correction of vertebral body spon-

dylolisthesis using PPS.

Limitation

The first limitation of this study is that using PETLIF, it

is assumed that a cage can be inserted from a widened

Kambin’s triangle. It is essential to be aware of the in-

creased risk associated with the expansion of the interbody

height or the increased risk if the correction of vertebral

body spondylolisthesis during surgery is insufficient. In our

hospital, we halt any procedure when nerve monitoring

shows stress levels on the nerve root, subsequently prompt-

ing us to switch to open surgery using TLIF. The possibility

of this happening was explained to patients before surgery

and their consent was obtained. In this series, two cases

were converted to open TLIF. The reason for the conversion

was that there was insufficient reduction of spondylolisthesis

of the L4. It is important to conduct a thorough preoperative

radiographical assessment to ascertain if reduction of the

spondylolisthesis is possible. We plan to discuss the dividing

line between the indicators of TLIF and PETLIF in a future

study.

The second limitation of this study was the small number

of cases involved, and the third limitation was that it was

not a randomized controlled study. Without comparisons to

other surgical methods, the utility of PETLIF cannot be ac-

curately judged. However, we plan to conduct a comparison

between PETLIF and existing surgical techniques in the next

stage.

Conclusion

This study described a new modified technique, PETLIF,

for the treatment of degenerative lumbar spondylolisthesis

and also evaluated relevant early clinical results. Interverte-

bral fusion surgery using Kambin’s triangle is a less invasive

procedure, but the risk of damaging the exiting nerve root is

an important consideration. The safety margin can be in-
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creased by enlarging Kambin’s triangle under percutaneous

endoscopy. To obtain safe and favorable results, proficiency

in surgical techniques involved, as well as in terms of surgi-

cal equipment, including equipment needed for neural moni-

toring, is required. This procedure is highly applicable for

minimally invasive interbody fusion.
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