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ABSTRACT

Background: Biportal endoscopic transforaminal lumbar interbody fusion (BE-TLIF) is a minimally invasive surgical
technique for treating degenerative lumbar spine conditions. It offers advantages such as reduced soft tissue trauma and lower
infection rates, but certain technical aspects may be challenging. The current study aims to identify strategies to enhance the
fusion rate in BE-TLIF by addressing these specific challenges.

Methods: A literature review was conducted on techniques to improve fusion rates in BE-TLIF.

Results: The review suggests that lateral-based portals supplemented with medial portals allowed for safe insertion of
interbody cages with large footprint. Direct visualization of the disc space with a 30° endoscope assisted with better disc space
preparation. Facetectomies performed with osteotomes, rather than burrs, ensured maximum retrieval of autologous bone graft.
Utilizing bone morphogenetic proteins with sustained release carriers such as hydroxyapatite can be useful to increase fusion
rates of BE-TLIF.

Conclusions: To our knowledge, the current literature is the first comprehensive review of strategies to enhance fusion
rates in BE-TLIF. The proposed techniques and biological adjuncts are effective means to address key challenges associated
with the procedure, and such strategies would potentially shorten the learning curve and improve clinical outcomes. Further
clinical studies are required to validate these findings and establish standardized protocols.

Clinical Relevance: These findings provide practical solutions to overcome common challenges in BE-TLIF. The
suggested techniques would reduce the incidence of pseudarthrosis, improve patient outcomes, and ultimately offer a safer and

more reliable option for lumbar interbody fusion patients.
Level of Evidence: 5.

Endoscopic Minimally Invasive Surgery

Keywords: biportal endoscopy, transforaminal lumbar interbody fusion, pseudoarthrosis, fusion rate

INTRODUCTION

Biportal endoscopic spine surgery is the most recent
development within the realm of minimally invasive
spine surgery. The basic concept of the approach is the
use of 2 portals—1 for the endoscope and the other for
the instruments—to address various degenerative spinal
pathologies."* This ultra-minimally invasive approach
offers a multitude of benefits including, but not limited
to, less soft tissue trauma, less estimated blood loss, and
improved early postoperative pain,>* which may facili-
tate shorter length of stay or reduction in postoperative
analgesics use. Moreover, the surgical site infection rate
may be lower than that of the traditional open surgeries
since the surgical site is constantly being irrigated with
saline, as in arthroscopy surgeries.

The use cases of the biportal endoscopic approach
have expanded from decompressions for herniated
discs® or stenosis® to lumbar interbody fusions with
instrumentation for degenerative spondylolisthesis.’
Numerous recent reports demonstrate the efficacy of
biportal endoscopic transforaminal lumbar interbody
fusion (BE-TLIF) and demonstrate fusion rates com-
parable to that of traditional open approaches at a
minimum of 1-year follow-up.”” However, concerns
exist regarding some aspects of the approach that may
result in pseudarthrosis.

Since the working space for the biportal endoscopic
approach is small, the risk of nerve or dural tear may
be higher when inserting the interbody cage. This risk
may render the discectomy and disc space preparation
inadequate and could nudge surgeons to utilize smaller
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interbody devices. There is also a concern of not being
able to retrieve as much local autologous bone graft as
other techniques. The continuous saline irrigation at
the surgical site may wash out the bone graft and other
fusion materials. Finally, the learning curve for the
technique may not be favorable for this relatively new
approach. All these factors increase the risk of pseudar-
throsis.

To our knowledge, there is a lack of literature on
strategies to minimize pseudarthrosis in BE-TLIF. In
the current report, the authors aim to provide surgical
tips and tricks to enhance the fusion rate to help make
the learning curve more amenable.

OVERVIEW OF BE-TLIF TECHNIQUES

The general sequence of the BE-TLIF is similar to
that of the traditional TLIF. After induction of general
anesthesia, the patient is positioned prone on a radiolu-
cent Jackson spine table with cradles. Facetectomy and
central decompression are performed as needed fol-
lowed by discectomy and endplate preparation. Then,
graft and cage of choice are inserted through Kambin’s
triangle. Finally, pedicle screws and rods are inserted
percutaneously, and the incisions are closed. Interbody
cages and posterior instrumentations are typically uti-
lized to stabilize the segment until complete fusion takes
place, which takes about 6 months to a year. Percutane-
ous pedicle screws were applied to all patients. Percu-
taneous screw fixation is typically preferred due to its
minimally invasive nature, which can result in reduced
blood loss, shorter hospital stays, and quicker recov-
ery times.'® The stand-alone technique has previously
been reported to carry an increased risk of pseudoar-
throsis and subsidence. Pedicle screw augmentation
has been demonstrated to enhance the stability of the
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surgical segment.'" There is no significant difference
in stability between traditional pedicle screw fixation
and percutaneous screw fixation, with both techniques
demonstrating comparable efficacy.'*"® Furthermore,
known strategies for achieving successful lumbar inter-
body fusion and minimizing pseudarthrosis include,
but not limited to, adequate discectomy and disc space
preparation, the use of a cage with a larger footprint,
and inclusion of autologous bone graft. Strategies that
can be employed with biportal endoscopic approach to
address each of these points are discussed in detail in
the following paragraphs.

Technical Strategies

Contralateral Facetectomy Using Multiportal
Technique

There are 2 described locations in terms of surgi-
cal incisions for BE-TLIF. The first method utilizes 2
incisions dorsal to the pedicles as seen in Figure 1A."
Establishing such portals is advantageous in perform-
ing central and contralateral decompression; however,
the corridor through which the cage is inserted is more
upright and narrower, making safe insertion of larger
cages challenging.

The other described method that will be discussed
more thoroughly in the current article involves the
establishment of 2 portals approximately 2 cm from
the lateral margin of the pedicles as demonstrated in
Figure 1B (labeled as P + 2[L], P + 2[R] portal).'>'¢
This approach renders complete facetectomy and skele-
tonization of the caudal pedicle much easier. The angle
of approach to the disc space becomes oblique, wid-
ening the corridor and making the insertion of a larger
cage safer and feasible (Figure 1B).

Figure 1. Diagrams and a photograph for the left-sided approach. (A) Utilization of 2 incisions over the pedicle for biportal endoscopic transforaminal lumbar
interbody fusion (BE-TLIF). (B) Utilization of 2 laterally based incisions (P + 2) for BE-TLIF. (C) Portals used for multiportal technique. The 2 lateral-based portals (P
+ 2) are used for ipsilateral facetectomy, and the 2 medially based portals (M) are used for central decompression and contralateral facetectomy. (D) An example of
surgical incision for multiportal technique for one level BE-TLIF. Abbreviations: P, pedicle; M, medial; L, left; R, right. P + 2 refers to incisions are made 2 cm lateral

to the lateral margin of the pedicle.
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A downside to this approach, however, is the diffi-
culty of contralateral facetectomy and decompression.
To address this shortcoming, 2 additional portals are
established medial to the pedicles as shown in Figure 1C
(called M [L], M[R] portal). These portals are used for
decompression and contralateral facetectomy as previ-
ously described prior to the endplate preparation and
cage insertion.'® The contralateral facetectomy pro-
vides additional autologous bone graft and makes the
segment more mobile, which, in turn, decreases the risk
of endplate injury during cage insertion. Since the M
portals are not used for retrieving autologous bone graft
or cage insertion, these portals can be made smaller for
cosmesis (Figure 1D).

Discectomy and Endplate Preparation

After completion of ipsilateral and contralateral
decompression using the M portals, the P + 2 portals
are utilized to ensure complete removal of the facet
joint and skeletonization of the pedicle of the caudal
vertebra. The ligamentum flavum under the facet joint
is then removed carefully to expose Kambin’s triangle
for discectomy and disc space preparation.

Complete discectomy and adequate endplate prepa-
ration, while avoiding endplate injury, are prerequisites
for successful fusion without subsidence or pseudar-
throsis. Discectomy and disc space preparation from
posterior-based approaches are performed without
direct visualization. No data are available on the ade-
quacy of disc space preparation in vivo; however, a
cadaveric study by Rihn et al with 40 lumbar levels
compared the process in minimally invasive vs open
approach and demonstrated that the percentage of disc
material removed was approximately 75% for either

approach. The posterior contralateral quadrant of the
disc space was the area with the lowest percentage of
disc removed. Endplate violation rates were 15% and
5% in minimally invasive surgery and open approaches,
respectively.'” Another cadaveric study involving 24
disc levels compared mini-open approaches for anterior
lumbar interbody fusion, posterior lumbar interbody
fusion, TLIF, and lateral lumbar interbody fusion. For
TLIF, the Nuvasive MAS system was utilized. While
all the approaches demonstrated adequate endplate
preparation for interbody fusion, endplate damage was
significantly higher in the TLIF group at 48% of the
relative endplate area damage.'®

With the biportal endoscopic approach, 1 of the M
portals that is more in line with the disc space can be
used for the endoscope to view the disc space to confirm
the adequacy of discectomy and disc space preparation
as seen in Figure 1A. Angled curettes and upgoing pitu-
itary rongeurs could be used to address the contralat-
eral disc space. The 0° and 30° scopes can be utilized
to visualize the ipsilateral and contralateral disc space,
respectively (Figure 2B, 2C). This real-time feedback
would help surgeons to perform more complete discec-
tomy without incurring inadvertent endplate damage.

Cage Insertion and Positioning on Apophyseal
Ring

The local autologous bone graft and bone extenders
such as demineralized bone matrix or allograft bone
chips are placed at the window within the cage. If bone
morphogenic protein (BMP) is used, it should be placed
at the centermost position, packaged within other graft
materials to prevent leakage of BMP, which could result

Ipsilateral side of disc space

Contralateral side of disc space

Figure 2. Intraoperative visualization of the disc space is demonstrated. (A) Disc space preparation with a curette with direct visualization. (B) Intraoperative
endoscopic picture taken with a 30° scope while assessing the adequacy of contralateral disc space preparation, which is shown at the top of the photo. (C) Image
taken with a 30° scope while assessing the disc space preparation on the ipsilateral side, which is toward the bottom of the photo. Both images B and C show
adequate endplate preparation without residual disc or cartilage while avoiding endplate damage.
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in undesirable outcomes such as the formation of bone
in the spinal canal.

During cage insertion, 1 of the M portals can be used
to visualize the traversing nerve root, while the exiting
root is retracted through 1 of the P + 2 portals not being
used for cage insertion. Using fluoroscopy and direct
visualization, the surgeon can assess the point at which
the cage should be turned horizontally. The M portal
can be used for the tamp to rotate the cage because the
more medially based portal can accommodate the force
vector that is more amenable for cage rotation. Ideally,
the cage should be horizontally placed with bilateral
ends resting on the apophyseal ring, which is the stron-
ger structure on the surface of the endplate (Figure 3).
Such positioning decreases the risk of subsidence, and
this is thought to be 1 of the advantages in lateral lumbar
interbody fusions.'*

Finally, to decrease the chance of endplate damage
during cage insertion, we recommend contralateral fac-
etectomy to render the segment more mobile, which, in
turn, would make the cage insertion easier and decrease
the degree of point-loading of pressure on the endplates.
The contralateral facetectomy can be performed using
the 2 medial portals as described previously.'®
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Device and Graft Selection
Cage Footprint

Cages with large footprints would enhance the seg-
mental stability and more evenly distribute the loading
between the adjacent vertebrae at the endplate, resulting
in less likelihood of endplate point-loading and resul-
tant subsidence. Moreover, larger cages generally have
bigger hollow space within the cage to accommodate
larger graft volume.

Inserting a large cage safely without causing neuro-
logical injury may be a challenge, especially in min-
imally invasive approaches. For example, in cases of
minimally invasive TLIF (MI-TLIF) utilizing a tubular
retractor, the size of the graft is limited by the diameter
of the tube because it needs to accommodate both the
nerve root retractor and the cage. This is perhaps why
uni- or bidirectional expandable cages are commonly
used with tubular MI-TLIF cases.?! On the other hand,
inserting a cage with a large footprint with direct visual-
ization is feasible using a biportal endoscopic approach
with the use of the more laterally based approach as
mentioned previously (Figure 3).
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Figure 3. (A) Insertion of the cage through a P + 2 portal. (B) Use of a tamp through an M portal to turn the cage horizontally. Note the position of the cage abutting
the apophyseal ring bilaterally. (C) The cage used that is shown in the fluoroscopy images. (D) Intraoperative fluoroscopy image during cage insertion prior to turning
the cage. (E) The cage being turned horizontally using a tamp through an M portal. (F) Anteroposterior fluoroscopy image of the cage after insertion.
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3D-Printed Porous Cage

The ease with which larger cages can be inserted
enables surgeons to take advantage of a recent innova-
tion in cage design that aids fusion. The advent of 3D
printing in cage manufacturing deserves special atten-
tion. Such technology has enabled increased surface
porosity, which has been shown to improve osteointe-
gration and decrease micromotion.”** Another benefit
of the porosity is the decreased Young’s modulus that
better mimics that of cortical bone.”> Multiple animal
studies demonstrated superior osseointegration on
micro-computed tomography and histological anal-
ysis compared with polyetheretherketone (PEEK) or
titanium-coated PEEK cages.26‘27 A 2024 systematic
review and meta-analysis evaluating studies compar-
ing 3D-printed titanium and PEEK for the treatment of
lumbar degenerative disease found significantly higher
fusion rates and grade 1 fusion rates in the 3D-printed
titanium group at 6 months with no significant differ-
ence between the 2 groups at 1 year. The subsidence
rate at 1 year was significantly higher in the PEEK
group.”® The 3D-printed titanium cages have not been
used much in MI-TLIF cases due to the large dimen-
sions of the cage. However, utilization of such a cage
would be feasible with a biportal endoscopic approach.

Biologics

A recent meta-analysis pooled more than 1500
patients from 40 studies analyzed and compared MI-
TLIF fusion rates using different bone grafts. The
highest fusion rate of 99.1% was demonstrated with the
use of autologous local bone graft, bone extender, and
BMP. In cases where BMP was not utilized, the highest
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fusion rate was 93.1% with the use of autologous local
bone graft and bone extenders.*’ This leads to the con-
clusion that using as much autologous local bone graft
as possible, and the use of BMP, would be efficacious in
enhancing fusion rates.

A strategy to maximize obtainment of local autograft
is the use of osteotomes during ipsilateral and contralat-
eral facetectomies instead of using burrs, which would
result in loss of bone dust due to continuous saline irri-
gation. Osteotomes of varying sizes and angles may
be utilized (Figure 4A). The facetectomies should be
performed in piecemeal fashion (Figure 4B) because a
large bony fragment may not be easily removed through
the portal using a pituitary rongeur.

With the use of BMP, there is a concern of ectopic
ossification, especially in the setting of continuous
saline irrigation at the surgical site. BMP release,
based on the carrier, can be classified as a burst or
sustained release. The burst release allows for earlier
fusion but carries the risk of ectopic ossification and
local inflammatory reactions, while the sustained
release may require more time for bone formation
but reduces ectopic bone growth and inflammatory
responses.’’ If the carrier with burst release character-
istic is used, the carrier can be embedded within other
graft materials prior to packing it in the cage window
to shield the BMP from saline flow as much as possi-
ble. Another strategy is to utilize carriers that accom-
modate for sustained release of BMP. These include
hydroxyapatite®’ and heparin microparticles®> carri-
ers, and the slow release decreases unwanted ectopic
formation of bone and loss of BMP with saline irri-
gation.

cranial

Figure 4. (A) Osteotomes with varying angles used for facetectomy. (B) Intraoperative endoscopic view during facetectomy using an osteotome.
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Limitations

While our study offers a comprehensive review of
strategies to improve fusion rates in BE-TLIF, these
strategies have yet to be validated through extensive
clinical trials. Future research, particularly studies with
larger sample sizes and multicenter collaborations, will
be essential to confirm the efficacy and safety of the
proposed techniques.

CONCLUSION

This report aims to aid surgeons in improving fusion
rates and shortening the learning curve for BE-TLIFs.
The use of additional laterally based portals, in combi-
nation with medial portals, permits the secure insertion
of larger cages. Direct visualization of the disc space is
achievable with the use of a 30° scope. The procedure
for contralateral facetectomy using an osteotome is
optimal for obtaining autologous bone graft and main-
taining segment mobility. Utilizing a larger footprint
cage positioned against the apophyseal ring minimizes
the risk of subsidence and pseudarthrosis.
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