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ABSTRACT

Background: Lumbar interbody fusion with screw fixation is a standard treatment for lumbar degenerative diseases.
While full-endoscopic lumbar interbody fusion is minimally invasive, it utilizes smaller cages compared with the oblique lateral
interbody fusion (OLIF) technique, which offers superior biomechanical support. To merge full-endoscopic lumbar interbody
fusion minimal invasiveness with OLIF’s advantages, we developed a novel instrument, the Single Beak Adjustable Cage Glider,
to facilitate OLIF cage insertion via the full-endoscopic trans-Kambin triangle approach. This note and case report introduce
this alternative solution.

Case Presentation: In a case of L4 to L5 spondylolisthesis, we performed fluoroscopy-guided uniportal facet-
preserving trans-Kambin endoscopic fusion surgery. We initially installed percutaneous pedicle screws and rods to correct the
anterolisthesis, then established the endoscopic trans-Kambin approach. After releasing the disc-endplate junction, the nerve
root was mobilized and protected by the beak of the cage glider. The disc space was cleared, and a 22 x 40 x 12 mm interbody
device was inserted through the cage glider under fluoroscopic guidance. The integrity of the exiting nerve root was confirmed
with an endoscope.

Results: Postoperatively, the patient experienced significant improvements in both low back pain and bilateral lower limb
numbness. Muscle strength in both lower limbs returned to baseline, and the patient was able to walk independently without
assistive devices. Follow-up radiographs and computed tomography scans showed a well-reduced regional lordotic angle, and
the axial computed tomography view confirmed adequate decompression of the spinal canal while preserving the facet joints.

Conclusions: The Single Beak Adjustable Cage Glider enables precise positioning of the OLIF cage through the Kambin
triangle lumbar interbody fusion approach, avoiding nerve root injury and preserving facet joints. This technique reduces
surgical trauma and maintains spine biomechanics, potentially improving patient outcomes.

Clinical Relevance: This technique potentially reduces the cage subsidence rate.

Level of Evidence: 5.

Novel Techniques & Technology

Keywords: degenerative spinal disease, endoscopic fusion surgery, novel spine technique, full-endoscopic-KLIF, reverse oblique
lateral interbody fusion

INTRODUCTION interbody fusion (FE—LIF).3 FE-LIF can be performed
in 2 ways: full-endoscopic transforaminal lumbar inter-
Lumbar interbody fusion combined with screw fixa- body fusion (TLIF) and full-endoscopic Kambin’s tri-
tion is the criterion standard treatment for various lumbar angle lumbar interbody fusion (KLIF).* Although there
degenerative diseases, such as spondylolisthesis, spinal e slight differences in the positioning of the interver-
stenosis, disc herniation, and degenerative scoliosis.'? tebral cage between the 2 approaches, the cage used in
This procedure can be performed via the anterior, direct ~ FE-LIF has a smaller cross-sectional area compared
lateral, oblique, or posterior approach, each offering with those used in the oblique lateral interbody fusion
distinct benefits and risks." Recently, advancements  (OLIF) approach.>
in full-endoscopic spine surgery have gained popular- To the best of our knowledge, current literature
ity due to their potential benefits of minimal invasive-  demonstrates that the OLIF construct, which provides
ness.” With the introduction of large working cannula larger cross-sectional area, offers better biomechani-
systems, both single-portal and biportal endoscopic  cal performance and more successful restoration of disc
systems are widely utilized in full-endoscopic lumbar  height, foraminal height, and lumbar lordotic angle.>®’
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Figure 1. X-ray images of the lumbar spine in anterior/posterior (A/P) (A), lateral flexion (B), and extension (C) views were taken for this 79-year-old woman who
presented with progressive low back pain, as well as bilateral lower limb weakness and numbness over the years. There is evidence of reduced intervertebral disc
spaces and spondylolisthesis at L4 on L5 with a Meyerding classification grade of II.

Therefore, to combine the benefits of minimal invasive-
ness associated with FE-LIF with the superior struc-
tural advantages of the oblique lateral cage insertion
technique, we designed a novel instrument, the Single
Beak Adjustable Cage Glider, to facilitate the insertion
of the OLIF cage via the full-endoscopic trans-Kambin
triangle approach. This technical note, along with a case
report, illustrates the application of this method, pro-
viding an alternative solution for lumbar degenerative
diseases.

SURGICAL TECHNIQUE

Case Presentation

A 79-year-old woman presented with a 1-year history
of progressive low back pain. She also reported bilateral
lower limb weakness and numbness in the lower legs,
with more severe symptoms on the right side. Although
she could walk independently with a walker, she was
barely able to tolerate long distances. Upon examina-
tion, muscle strength in the right lower limb was graded
as 3 out of 5 points and in the left lower limb as 4 out
of 5 points. Plain films of the lumbar spine revealed
spondylolisthesis at L4 on L5 with Meyerding classifi-
cation grade II (Figure 1). Magnetic resonance imaging
indicated spondylolisthesis at L4 on L5 with minimal
erosion, severe central stenosis, and bilateral foraminal

narrowing. Ligamentum flavum hypertrophy and facet
fluid sign were also observed (Figure 2). Bone mineral
density, assessed by dual-energy x-ray absorptiometry,
revealed a T-score of —3.0 at the lumbar spine and —3.4
at the femoral neck. She underwent a uniportal facet-
preserving trans-Kambin endoscopic fusion surgery at
L4 to LS.

The Single Beak Adjustable Cage Glider

The Single Beak Adjustable Cage Glider (shown in
Figure 3) consists of a cylindrical body with a tapered,
beak-like tip that plays a crucial role in protecting the
exiting nerve root during surgery. This tip gently guides
and keeps the nerve root away from the operative area
while the interbody cage is being placed, minimizing
the risk of nerve injury.

The tool is equipped with 2 adjustable knobs that
enhance its versatility. The first knob, located at the
base of the cylinder, allows for precise depth adjust-
ment, enabling the instrument to glide smoothly into the
correct position. The second knob is designed to adjust
the width of the canal, giving the surgeon the ability to
fine-tune the tool’s fit within the surgical site. This dual-
adjustment capability ensures that the tool can adapt to
varying anatomical conditions, providing both preci-
sion and safety during the procedure. The perpendicular
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Figure 2. Preoperative magnetic resonance imaging. (A) A sagittal T2 image shows severe compression of the dural sac at the L4/L5 level. (B) An axial T2 image
demonstrates severe compression of the dural sac at the L4/L5 level, with ligamentum flavum hypertrophy and bilateral facet fluid sign. (C) A sagittal T2 image
reveals severe right-sided foraminal stenosis at the L4/L5 level. (D) A sagittal T2 image shows the left-sided foramen without stenosis.

extension at the base of the tool adds stability, allowing
for controlled manipulation while protecting surround-
ing tissues and nerve roots.

Operation Technique

Under general anesthesia, the patient was positioned
prone with all pressure points carefully padded. Flu-
oroscopic guidance was used to confirm correct posi-
tioning on the surgical table. After aseptic preparation
and draping, small incisions were made to insert 4
percutaneous pedicle screws (5.5 mm diameter and 45

mm length) into the L4 and LS vertebrae. The pedicle
screws were augmented with cement due to osteoporo-
sis. Prebent rods of appropriate lengths were placed on
both sides. Once the screw-rod system was assembled,
the L5 set screws on both sides were fully tightened,
while the L4 set screws were initially left loose to allow
controlled movement.

The anterolisthesis was partially reduced by gradu-
ally connecting and fastening the L4 set screws to the
rods, aligning the displaced vertebra. The segment was
then distracted using the extender, and the L4 set screws

Figure 3. The Single Beak Adjustable Cage Glider features a cylindrical body with a tapered, beak-shaped tip. This tip delicately directs and maintains the nerve
root away from the surgical site while positioning the interbody cage, thereby reducing the risk of nerve injury.
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Figure 4.

Intraoperative fluoroscopic images and views of the full endoscopic Kambin’s triangle lumbar interbody fusion approach. (A) Pedicle screw fixation

and rod placement were performed first to restore sagittal alignment and facilitate indirect decompression of the spinal canal. (B) An intraoperative fluoroscopic
image shows the advancement of the Single Beak Adjustable Cage Glider into the disc space after cannula removal. (C and D) Intraoperative fluoroscopic images
demonstrate the placement of the cage trial and the oblique lateral interbody fusion (OLIF) cage. (E) Direct visualization of the OLIF cage via the endoscope. (F, G,
and H) The integrity of the exiting nerve root is confirmed after the removal of the cage glider. (I and J) Intraoperative fluoroscopic images display the final position
of the screw-rod construct and cage placement. (K) Photograph of the patient’s surgical wounds.

were further tightened to maintain the correction and
ensure spinal stability (Figure 4A). At this stage, the
Meyerding grade improved from grade II to I. To allow
for controlled movement between the L4 pedicle screws
and rods during subsequent steps, the L4 set screws
were not fully tightened at this point.

Under fluoroscopic guidance, a guide wire was
inserted, with its tip docking on the superior articular
process of the caudal vertebra on the right side. Serial
dilators were then introduced sequentially to reach the
surface of the superior articular process. Finally, the 4.7
mm-wide cannula of the full endoscope was advanced
to the disc level. At this point, the exiting L4 nerve root
was identified in its anatomical location.

Discectomy was performed to access the disc space.
A guide wire was inserted into the disc space, followed
by the removal of the endoscope. Sequential dilators
were then introduced into the disc space. After remov-
ing the cannula, the Single Beak Adjustable Cage
Glider was advanced into the disc space (Figure 4B).

Initially, the beak was docked on the endplate of the
caudal vertebra and subsequently rotated ventrally and
cranially to keep the nerve root outside the path of
insertion during cage placement. The intended width of
the inserted cage was 22 mm, and the ideal prepared
disc space distance was 25 mm. To enlarge the size
of the discectomy portal for cage insertion, the disc-
endplate junction—the junction between the annular
ring and the superior endplate of the caudal vertebra—
was released from dorsal to ventral using the beak of
the cage glider and cautery. The exiting nerve root was
mobilized and protected by the beak during the release
of the disc-endplate junction. After adequate release, a
disc rongeur, disc shaver, and curette were used to clear
the disc space and prepare the disc endplate. The inter-
body device (CLYDESDALE Spinal System, PEEK
cage with Tantalum markers, length 40 mm, width 22
mm, and height 12 mm) was filled with demineral-
ized bone matrix and inserted through the cage glider
under fluoroscopic guidance (Figure 4C, D and E). This
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facilitated the complete reduction of the vertebrae and
ensured proper alignment and stability.

The integrity of the exiting nerve root was confirmed
using the endoscope (Figure 4F, G and H). After apply-
ing a compression force to the pedicle screws, both L4
set screws were fully tightened to complete the surgi-
cal procedure. The final positioning of the screw-rod
system and the interbody cage was verified under fluo-
roscopic guidance to ensure proper alignment and sta-
bility (Figure 4I and J).

A hemovac drain was placed subcutaneously, and all
skin incisions were closed (Figure 4K). The total oper-
ating time was 4 hours, and the estimated blood loss
was approximately 50 mL.

RESULTS

After the operation, the patient was instructed to wear
a lumbosacral corset for 3 months. On the first postop-
erative day, a physical examination showed significant
improvement in both low back pain and bilateral lower
limb numbness. Muscle strength in the right lower limb
was 4/5, as was the muscle strength in the left lower
limb, which improved massively on postoperative day
2. The patient was able to walk with the assistance of a
walker, though at a slow pace and with limited distance.
A postoperative lateral radiograph revealed a reduction
in anterospondylolisthesis and restored disc height at
LA4/L5. The patient was successfully discharged on the
second day after surgery and participated in a postoper-
ative rehabilitation program for 2 weeks. The surgical
wounds healed without complications, and the patient
experienced complete resolution of low back pain and
lower limb numbness. Bilateral lower limb muscle
strength returned to baseline, and the patient was able
to walk independently without the need for assistive
devices (Figure 5). Follow-up radiographs indicated
intact screws with no signs of breakage and maintained
sagittal plane alignment (Figure 6A and B). Computed
tomography scans in the sagittal view revealed a well-
reduced regional lordotic angle, indicating successful
correction of the deformity (Figure 6C and D). Further-
more, the axial view of the computed tomography scan
confirmed adequate decompression of the spinal canal
without sacrificing the facet joints.

DISCUSSION

In this study, we present a surgical technique
for reverse insertion of the OLIF cage using a full-
endoscopic trans-Kambin approach, aided by the novel
Single Beak Adjustable Cage Glider. This technique
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Figure 5. At the 2-week follow-up, the patient demonstrated independent
ambulation without the use of assistive devices.

offers an alternative to the traditional OLIF approach,
combining the minimal invasiveness of full-endoscopic
surgery with the stability and enhanced deformity cor-
rection provided by larger cage insertion.

For lumbar degenerative diseases, the primary sur-
gical objectives include reducing spondylolisthesis,
restoring lumbar stability, re-establishing disc and
foraminal height, and decompressing the spinal canal
to relieve pain and promote neurological recovery.
However, in lumbar interbody fusion surgery, cage sub-
sidence is the most common and serious complication,
potentially leading to the failure of reduction, indirect
decompression, and even nonunion.®® To address this,
many studies have advocated for the OLIF approach,
which allows for the use of a larger cage that enhances
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Figure 6. Postoperative anteroposterior (A) and lateral (B) radiographs show restoration of the sagittal alignment and the height of the L4/L5 disc. Postoperative
computed tomography images demonstrate restoration of sagittal alignment and disc height in the sagittal view (C) and illustrate the cage insertion trajectory in the
axial view (D), which reflects the reverse trajectory of the oblique lateral interbody fusion cage insertion.

stability, improves fusion rates, and restores natural disc
height to correct sagittal imbalance. On the other hand,
full-endoscopic KLIF has gained popularity in recent
years due to its inherent minimal invasiveness, offering
several advantages over traditional open procedures and
even other minimally invasive approaches like OLIF or
TLIF.' However, according to the literature, the cage
used in the KLIF approach is the same as the one used
in the TLIF approach, which is typically smaller than
the cage used in the OLIF approach.’ With the help of
an adjustable cage glider, the exiting nerve root is pro-
tected and kept out of the operative zone without the
need for direct visualization. Through the release of the
disc-endplate junction, the space created by the release
and discectomy is large enough to accommodate the
insertion of an OLIF cage without sacrificing facet
joints. Additionally, the diameter of the cage glider can
be adjusted during the discectomy process to accommo-
date the larger OLIF cage.

Based on current literature, there are 2 main
approaches regarding the order of pedicle screw and
cage insertion in lumbar interbody fusion procedures.
In FE-LIF, many surgeons prefer inserting the cage
before final pedicle screw fixation to achieve proper
indirect decompression and allow for optimal cage
positioning before final screw tightening. However, in
the full-endoscopic-KLIF technique described by Ishi-
hama et al, the pedicle screws are inserted first.'” This
approach allows for the potential reduction of listhesis
and provides a frame of reference for the subsequent
steps. In our experience, inserting the OLIF cage at one-
third of the disc space can be challenging for patients
with spondylolisthesis due to malalignment. Addition-
ally, the reduction of spondylolisthesis may not be as
effective when the cage is inserted first, as the tightly
inserted interbody cage can impede proper alignment.
Therefore, we have chosen to follow the surgical steps

outlined by Ishihama et al,'® who prioritized pedicle

screw insertion before cage placement.

With the advancement of OLIF surgery, various
internal fixation instruments have been incorporated
to increase the rigidity of the construct." In a biome-
chanical finite element analysis, Cai et al compared the
biomechanical differences in OLIF when augmented by
different instrumentations.' They found that OLIF aug-
mented with bilateral pedicle screws fixation retained
the greatest ability to maintain lumbar stability, resist
cage subsidence, and preserve disc height. The tech-
nique described in our study achieves this construct
entirely in a prone position without the need to switch
the patient’s position, potentially reducing operative
time and decreasing blood loss due to less surgical
wound exposure. Additionally, cage insertion can be
performed from either the right or left side, which is
an advantage over the traditional OLIF approach that is
typically performed from the left side due to vascular
anatomy.

It is crucial to recognize the limitations of our
report. First, it includes only a single patient with L4
on L5 spondylolisthesis, highlighting the need for addi-
tional research and practice to fully assess the safety
and efficacy of this technique. Second, our approach
necessitates the retraction of the exiting nerve root to
release the disc-endplate junction, thereby allowing
for an adequate discectomy and sufficient space for
cage insertion. According to a study by Gerling et al,
longer nerve root retraction times were associated with
the onset of radiculitis and worse pain outcomes, aver-
aging 13.8 minutes."* In contrast, our surgical proce-
dure required a retraction time of less than 2 minutes
to perform the disc-endplate junction release, which
is even shorter than the times reported for their group
with favorable outcomes. However, further studies are
necessary to validate the safety of this brief retraction
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time. Third, intraoperative neuromonitoring was not
employed during this surgery; instead, we assessed
nerve integrity through direct visualization. The patient
experienced complete resolution of low back pain and
lower limb numbness following the procedure. Intra-
operative neuromonitoring, by providing real-time
functional feedback on the nervous system, can offer
reassurance to surgeons and help mitigate the risk of
neural injury. Therefore, its use is recommended when
the necessary equipment is available.

CONCLUSION

By using a specially designed instrument, the Single
Beak Adjustable Cage Glider, the OLIF cage can be pre-
cisely positioned through the KLIF approach without
injuring the exiting nerve root or sacrificing facet joints.
This method not only minimizes the surgical footprint
and associated trauma but also preserves the biome-
chanical integrity of the spine, potentially leading to
improved patient outcomes.

REFERENCES

1. Mobbs RJ, Phan K, Malham G, Seex K, Rao PJ. Lumbar
interbody fusion: techniques, indications and comparison of inter-
body fusion options including PLIF, TLIF, MI-TLIF, OLIF/ATP,
LLIF and ALIF. J Spine Surg. 2015;1(1):2-18. doi:10.3978/j.
issn.2414-469X.2015.10.05

2. Caelers I, Droeghaag R, de Kunder SL, et al. Transforaminal
versus posterior lumbar interbody fusion for symptomatic single-
level spondylolisthesis (LIFT): a multicentre controlled, patient
blinded, randomised non-inferiority trial. Lancet Reg Health Eur.
2024;43. doi:10.1016/j.1anepe.2024.100964

3. Pholprajug P, Kotheeranurak V, Liu Y, Kim JS. The endo-
scopic lumbar interbody fusion: a narrative review, and future
perspective. Neurospine. 2023;20(4):1224-1245. doi:10.14245/
ns.2346888.444

4. Kim HS, Wu PH, Sairyo K, Jang IT. A narrative review
of uniportal endoscopic lumbar interbody fusion: comparison of
uniportal facet-preserving trans-kambin endoscopic fusion and
uniportal facet-sacrificing posterolateral transforaminal lumbar
interbody fusion. Int J Spine Surg. 2021;15(suppl 3):S72-S83.
doi:10.14444/8166

5. Morimoto M, Wada K, Tamaki S, et al. Clinical outcome
of full endoscopic trans kambin’s triangle lumbar interbody
fusion: a systematic review. World Neurosurg. 2023;178:317-329.
doi:10.1016/j.wneu.2023.07.026

6. Kim H, Chang BS, Chang SY. Pearls and pitfalls of oblique
lateral interbody fusion: a comprehensive narrative review. Neuros-
pine. 2022;19(1):163-176. doi:10.14245/ns.2143236.618

7. Lin GX, Xu WB, Kotheeranurak V, Chen CM, Deng ZH,
Zhu MT. Comparison of oblique and transforaminal approaches to
lumbar interbody fusion for lumbar degenerative disease: an updated
meta-analysis. Front Surg. 2022;9. doi:10.3389/fsurg.2022.1004870

8. Amorim-Barbosa T, Pereira C, Catelas D, et al. Risk factors
for cage subsidence and clinical outcomes after transforaminal and

Downloaded from https://www.ijssurgery.com/ by quest on January

posterior lumbar interbody fusion. Eur J Orthop Surg Traumatol.
2022;32(7):1291-1299. doi:10.1007/s00590-021-03103-z

9. Parisien A, Wai EK, ElSayed MSA, Frei H. Subsidence
of spinal fusion cages: a systematic review. Int J Spine Surg.
2022;16(6):1103-1118. doi:10.14444/8363

10. Ishihama Y, Morimoto M, Tezuka F, et al. Full-endoscopic
trans-kambin triangle lumbar interbody fusion: surgical tech-
nique and nomenclature. J Neurol Surg A Cent Eur Neurosurg.
2022;83(4):308-313. doi:10.1055/s-0041-1730970

11. Hao J, Tang X, Jiang N, Wang H, Jiang J. Biomechanical
stability of oblique lateral interbody fusion combined with four
types of internal fixations: finite element analysis. Front Bioeng
Biotechnol. 2023;11. doi:10.3389/fbioe.2023.1260693

12. Cai XY, Bian HM, Chen C, Ma XL, Yang Q. Biomechan-
ical study of oblique lumbar interbody fusion (OLIF) augmented
with different types of instrumentation: a finite element analysis. J
Orthop Surg Res. 2022;17(1). doi:10.1186/s13018-022-03143-z

13. LiX-Y, Wang Y-L, Yang S, et al. Efficacy of oblique lumbar
interbody fusion versus transforaminal lumbar interbody fusion in the
treatment of lumbar degenerative diseases: a systematic review and
meta-analysis. Arch Orthop Trauma Surg. 2023;143(9):5657-5670.
doi:10.1007/s00402-023-04880-4

14. Gerling MC, Baker M, Stanton E, Chaladoff E, Buser Z.
Nerve root retraction time during lumbar endoscopic discectomy:
association with new onset radiculitis, a post-operative neurologic
complication. Eur Spine J. 2024;33(1):126-132. doi:10.1007/
s00586-023-07952-6

Funding: The authors received no financial support
for the research, authorship, and/or publication of this
article.

Declaration of Conflicting Interests: The
authors report no conflicts of interest in this work.

Disclosures: Each author certifies that he or she
has no commercial associations (eg, consultancies,
stock ownership, equity interest, patent/licensing
arrangements, etc) that might pose a conflict of interest
in connection with the present article.

Patient Consent for Publication: The
patient in this study provided written informed consent
for the publication of this case and corresponding
images.

Corresponding Author: Jui-Ming Yang,
Department of Orthopedics, Department of Surgery,
Sin-Lau Christian Hospital, Tainan, Taiwan No. 57,
Sec. 1, Dongmen Rd, Tainan City 701002, Taiwan;
jmyang25@gmail.com

This manuscript is generously published free of charge
by ISASS, the International Society for the Advance-
ment of Spine Surgery. Copyright © 2024 ISASS. To
see more or order reprints or permissions, see http://
ijssurgery.com.

2, 2025
Internafional Journal of Spine Surgery, Vol. 00, No. 0 7


https://www.ijssurgery.com/

	Novel Instruments for Full Endoscopic Trans-­Kambin Triangle Lumbar Interbody Fusion With Reverse Oblique Lateral Cage Insertion: A Case Report and Technical Note
	ABSTRACT
	INTRODUCTION
	SURGICAL TECHNIQUE
	Case Presentation
	The Single Beak Adjustable Cage Glider
	Operation Technique

	RESULTS
	DISCUSSION
	CONCLUSION
	References


