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Abstract

Full-endoscopic lumbar discectomy (FELD) has emerged over time as a minimally invasive
alternative to conventional microdiscectomy. This narrative review summarizes the available
evidence regarding the evolution, indications, techniques, and outcomes of FELD, with a particular
focus on how different types of lumbar disc herniations influence the choice of surgical approach.
The literature indicates that the transforaminal approach is most suitable for foraminal and upper
lumbar disc herniations, whereas the interlaminar approach is preferred for central or migrated L5—
S1 herniations due to the larger interlaminar window at this level. Unilateral biportal endoscopy
(UBE) provides better flexibility, visualization, and instrument maneuverability, making it
particularly useful in complex cases. Reported complication rates remain low overall but vary
according to surgical technique and surgeon experience. The learning curve for FELD typically
ranges from approximately 20 to over 50 cases, depending on the approach and individual
proficiency. Overall, full-endoscopic techniques are redefining the management of lumbar disc
herniations by offering less invasive alternatives with favorable clinical outcomes, and their role is
expected to expand further as both technology and surgical expertise continue to evolve.

Keywords: transforaminal endoscopic lumbar discectomy; interlaminar endoscopic lumbar
discectomy; unilateral biportal endoscopic lumbar discectomy; lumbar disc herniation; discectomy

1. Introduction

Lumbar disc herniation (LDH) is one of the most common causes of low back pain and lumbar
radiculopathy due to nerve root compression [1]. While conservative treatment options are usually
sufficient, a portion of patients with persistent symptoms or progressive neurological deficit require
surgical intervention [2]. For these patients, open microdiscectomy remains the current gold
standard, enabling safe removal of herniated disc under surgical microscope [3]. However, despite
its documented efficacy, this technique displays specific disadvantages such as the disruption of
posterior musculature, osseous and ligamentous structures as well as neural tissue manipulation [3].
Hence, these factors may contribute to spinal instability, epidural fibrosis with recurrence of
symptoms as well as persistent postoperative pain due to traumatization of posterior elements [3]. In
addition, in cases of extensive facet joint resection, there may even be need for fusion surgery.

Over the past decades, technological advancements have eventually led to the development of
full-endoscopic lumbar discectomy (FELD) as an alternative to the traditional microdiscectomy [4].
The FELD technique is based on utilization of high-definition endoscopic optics and specialized
working-channel instruments to access the herniated disc through a small incision without
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disrupting any muscles or removing bone [4]. Additionally, it improves surgical precision by the
possibility of concomitant radiofrequency ablation, which enhances hemostasis and allows for
annuloplasty [4]. Depending on the pathology, the procedure can be performed by means of the three
primary endoscopic approaches: the transforaminal route, the interlaminar route, or the unilateral
biportal route [5].

As these techniques are growingly utilized in the field of spine surgery and the range of
conditions that can be treated using ldh continues to expand, it is essential to thoroughly analyze its
surgical applications, clinical outcomes and potential complications. Thus, there remains a
requirement for comparison of these three full-endoscopic approaches. This review aims to collect
the current available literature and to evaluate how the different types of LDH influence the selection
of FELD techniques, as well as overviewing their current role and potential future applications.

2. Anatomy and Pathophysiology of Disc Herniations

The intervertebral discs (IVDs) form the main joints of the spinal column, representing
fibrocartilaginous structures that lie between adjacent vertebral bodies [6,7]. IVDs hold almost one-
third of the total spinal height, and their primary function is mostly mechanical [6-8]. They constantly
absorb and transmit loads during body activity, enabling also bending, flexion, extension and torsion
of the spine [7]. This provides structural integrity, contributing also to spinal flexibility. The IVD
contributes approximately 30% to lumbar segmental stability [8]. In lumbar spine, IVDs are 7 to 10
mm thick and 4 cm in diameter in the anteroposterior plane [6]. They consist of three distinct
components: (1) a central nucleus pulposus (NP), (2) a peripheral annulus fibrosus (AF), and (3) two
cartilaginous endplates (CEPs) [6].

The IVDs are mostly avascular, with only small arteries supplying the outer AF and CEPs
diffusing the inner AF and NP. Blood vessels in adjacent vertebral bodies and longitudinal ligaments
transport nutrients as oxygen and glucose to IVD core passively [7,9]. Regarding innervation, the
outer third of the AF is supplied by the sinuvertebral nerve, which originates from the union of the
somatic root of the ventral ramus and autonomic root of the grey ramus communicans [7,10]. On the
other hand, NP is not innervated at all [11]. Additionally, the posterior longitudinal ligament (PLL)
and outer AF are innervated with nociceptive fibers from the ascending branch of the sinuvertebral
nerve, which has been associated with chronic low back pain [6].

IVD degeneration is the most common cause of IVD herniation [1]. When the AF is compromised
due to this degeneration or trauma, NP protrudes through it leading to a herniation [12]. The majority
of the IVD herniations occur posterolaterally, as this area has the least amount of structural support
from the longitudinal spinal ligaments and are more susceptible to compressive mechanical injury.
This makes the traversing nerve root vulnerable to compression [12]. The exposure of the nerve roots
to inflammatory cytokines, such as TNF-a, IL-13 and FGF, contribute to physical pain and
radiculopathy [12-14]. In addition, FGF and midkine have been shown to recruit macrophages to
the site of compression and play a role in both disc resorption and inflammatory response [12-14].

3. Radiological Stages of Disc Herniations

Given the clinical impact of LDH, a standardized approach to classifying disc pathology has
been developed, improving decision making [15]. The morphological disc herniation types along
with their definition and clinical considerations according to the North American Spine Society
(NASS) nomenclature are summarized in Table 1 [16]. However, clinicians should always consider
that surgical intervention is also associated to the topography of LDH, rather than radiologic
morphology only.
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Table 1. Summary of morphological types of LDH. Including their definitions and relevant clinical
considerations, adapted from the NASS 2014 lumbar disc nomenclature version 2.0 [16].

Morphological

Definition Clinical Considerations
Type

Localized displacement where the = Often asymptomatic or mildly symptomatic;
width of herniation is smaller than usually responds well to conservative treatment;
the width of the base at the disc persistent bulging may lead to poorer
margin conservative outcomes in some cases

Protrusion

. . . Symptomatic cases could benefit from
Displaced portion of NP material ympron . .
] . endoscopic decompression, as persistent
with a narrower base than its

Extrusion displaced portion extends beyond bulging often leads to poor response to

(contained) . conservative treatment; however, if nerve
AF, but remains covered by AF or S . .
PLL compression is minimal, observation may still
be appropriate.
Displaced portion of NP material
Extrusion with a narrower base thanits ~ Exposure causes higher inflammatory response,
. displaced portion extends beyond causing radiculopathy; usually responsive to
(uncontained) . . ;
AF, but remains covered by AF or surgical intervention.
PLL
High surgical indication due to fragment
. migrations and acute symptoms; localization is
Free NP fragment displaced from . & . © Sympro
. . important in surgical planning; spontaneous
. extrusion site and completely . . 1
Sequestration resorption typically occurs within 6-12 weeks.

separated from disc, might migrate

cranially/caudally Follow-up MRI may show resolution, but

residual pain may persist due to inflammatory
response to NP exposure.

The anatomical location of the disc material also plays a significant role in surgical planning.
Therefore, LDHs can be classified based on their position relative to the spinal canal and neural
elements. Table 2 describes the preferred endoscopic approaches for each herniation type based on
anatomical location, an element of crucial importance in preoperative planning [17-29]. Additionally,
Figure 1 provides schematic representations of the most common LDH types.
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Table 2. Summary of LDH types based on anatomical location.

Anatomical Preferred Endoscopic Surgical Insights & Notes
Location Approach

Central Interlaminar [17]; UBE- Especially effective at L4-L5 and L5-51, due to
LD [18] wider interlaminar window; Allows preservation

of posterior elements, such as facet joints and
lamina [17]; UBE provides bigger working space
and has bilateral decompression capabilities [18].

The same applies to IELD, but in experienced

hands.

Paracentral Interlaminar [19]; Interlaminar approach is often preferred at L5-5S1
Transforaminal [20-22]; due to high iliac crest [19]; The traversing nerve
UBE-LD [18,23] root is usually compressed, so precise
decompression is critical to avoid residual
symptoms; Annular modulation or
foraminoplasty is rarely required; UBE is effective
for paracentral herniations, including at L5-51,
where narrow foraminal access may limit
transforaminal approaches [18,23].

Foraminal Transforaminal with The transforaminal inside-out technique allows
foraminoplasty [24]; early intradiscal access, outside-in technique is
Modified Transforaminal = more effective for severe foraminal stenosis and

[25]; Paraspinal or allows for more extensive bone resection [24];
contralateral UBE-LD Foraminoplasty allows for direct visualization of
[23] the entire neuroforamen, including the “hidden

zone of Macnab” [24]; extraforaminal approach
used when pathology lies lateral to facet joint [25].

Extraforaminal ~Modified Transforaminal Allows preservation of posterior elements, such as
facet joints and lamina; Technically demanding

(Far-Lateral) [25,26];
due to limited working space and proximity to
dorsal root ganglion [25].
Cranially Interlaminar [27]; Performing a foraminotomy is usually indicated in
Migrated Transforaminal [28]; transforaminal approach [28]; calcified disc could
UBE-LD [23] convert to bone resection or open surgery; UBE
accesses cranially migrated herniations not
reachable with TELD [23].
Caudally Interlaminar [27]; Performing a foraminotomy is usually indicated in
Migrated Transforaminal [29]; transforaminal approach; calcified disc could
UBE-LD [23] convert to bone resection or open surgery [23].
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Figure 1. Schematic overview of LDH types and migration patterns. (A) normal vertebra without herniation; (B)

foraminal LDH; (C) cranially migrated disc herniation; (D) paracentral herniation; (E) central herniation; (F)

caudally migrated disc herniation.
4. Transforaminal Endoscopic Lumbar Discectomy

General Overview

Before moving on to the specifics of each technique, it is important to note that such minimally
invasive procedures are generally indicated in patients with persistent radicular symptoms who fail
to respond to adequate conservative therapy. TELD is indicated in patients that present with
unilateral radiculopathy, positive nerve root tension sign, foraminal, paracentral, or migrating disc
herniations which, especially, are considered for this type of surgery (see Table 2) [21]. In addition,
TELD approach is most appropriate in the upper lumbar levels due to larger foraminal dimensions
[21]. Figure 2 provides an illustration of the TELD approach. Working corridor of TELD is
schematically depicted in Figure 3.

TELD is contraindicated in patients with sequestrated disc fragments, spondylolisthesis, prior
surgery at the affected level, spinal tumors, infections, or vertebral fractures [21,30].

Figure 2. Illustration of the transforaminal endoscopic lumbar discectomy (TELD) approach. The endoscope and

working instruments are inserted through Kambin'’s triangle.

Surgical Technique and Anatomical Landmarks

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

d0i:10.20944/preprints202511.1381.v1


https://doi.org/10.20944/preprints202511.1381.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 November 2025 d0i:10.20944/preprints202511.1381.v1

6 of 15

TELD is a minimally invasive procedure that is performed under local anesthesia so that the
patient can be neurologically monitored intraoperatively [31]. There are two primary phases in this
technique: (1) percutaneous access through the intervertebral foramen under fluoroscopic guidance,
and (2) endoscopic decompression of the IVD herniation with real-time visualization [31].
Preoperative planning is of crucial importance for optimization of surgical outcome in TELD
technique.

Magnetic Resonance Imaging (MRI), X-rays and Computed Tomography (CT) are used to
localize IVD herniations and to determine the optimal entry point or trajectory of the disc and to
underline iliac crest height in case of L5-51 herniations [20,30,31]. Fluoroscopic guidance is used to
maximize safety [20,21,31].

The patients lie prone on a radiolucent table. Alternatively, the lateral decubitus position may
be adopted, with hip and knee in flexion to enlarge dimensions of the foraminal space [20,30,31].
Bending of table or using a shallow soft gel pillow at the appropriate level could help widen and
open the foramen as well. However, this type of positioning is usually adopted in cases of foraminal
stenosis [21]. Based on the anatomy, the entry point is usually 8-14 cm lateral to the midline [20,31].
This working corridor leads into Kambin’s triangle, a zone in the posterolateral lumbar foramen to
access the herniated disc. This triangle is delineated by the exiting nerve root anteriorly, the superior
CEP of the caudal vertebra inferiorly and the SAP of underlying vertebra posteriorly [4,26].

Under fluoroscopic guidance, an 18-gauge spinal needle is entered in the planned trajectory. The
tip of the needle is then placed between the medial and lateral pedicular lines on anteroposterior (AP)
intraoperative imaging, as well as at the posterior vertebral body line on lateral imaging [20,31]. In
selected cases, the degenerated NP material can be stained and visualized to differentiate it from
surrounding neural structures [31]. A guidewire is then inserted through the needle which is then
followed by a stab incision so that a cannulated obturator can be introduced to gently dilate the soft
tissues [30,31]. This is what ultimately establishes the working field [30,31]. In the outside-in variant
of TELD, progressively larger reamers are being introduced over the guidewire to decompress the
foramen before accessing the IVD, with diameters ranging from 4 mm to 9 mm [31]. Preoperative
studying of the foraminal dimensions with the use of MRI and CT is extremely important when
selecting the range of reamers in every patient.

Once the foraminal decompression is accomplished during this version of the technique, the
obturator is introduced [21]. A beveled working cannula is placed over the obturator and positioned
on the lateral aspect of the AF, which is fluoroscopically confirmed [31]. Finally, the endoscope is
introduced along with continuous irrigation of the working channel. At this phase, it is crucial to first
identify the anatomical landmarks: the SAP, the caudal pedicle, the exiting and traverse nerve roots,
the AF and the herniated disc material [20,30]. Discectomy can be safely performed at this stage. The
procedure is finished once the surgeon visualizes the dural sac and there is free mobilization of the
nerve root [20,21,31].

Following the technical description of TELD, it is important to be aware of the potential
complications and the learning curve that comes with it. A study by Fan et al. reported the total
complication rate to be around 9.76% [32]. The most commonly reported complications included
dysesthesia (1.46%), radicular pain (1.20%), dural tears (1.9%), recurrent LDH (2.3%), and persistent
postoperative pain (3.79%) [32-34]. Patients with highly migrated herniations or foraminal stenosis
featured also a higher incidence of incomplete decompression where reoperation was needed in 2-
15% of cases [33]. Less common complications were infection (0.3%), epidural hematoma formation
(0.04%), postoperative neurologic decline, pedicle fractures, urinary retention and intracranial
hypertension [32,34]. In the systematic review by Ju et al. no major perioperative complications were
found. The latter supports that TELD can be safely performed with the appropriate surgical expertise
[34]. Regarding the learning curve, competency was reported after 7 to 72 cases, with a median of
around 20 cases [35]. Operative time was decreased from 114 minutes to 80 minutes after the first 20
cases [35]. Another study identified a threshold of 35 cases, which also reported a 26.3% reduction in
operative duration [35,36].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 3. Step-by-step intraoperative sequence of TELD. (a) Patient positioning and skin marking in lateral
decubitus position with planned entry trajectory. (b) Insertion of the K-wire at the predetermined entry point
under fluoroscopic guidance. (c) Sequential foraminal dilation using reamers to expand the working corridor.
(d) Placement of the beveled working cannula through the soft tissue corridor toward the disc space. (e)
Endoscopic view showing excision of herniated disc material using grasping forceps. (f) Final endoscopic view
demonstrating a pulsatile traversing nerve root after successful decompression, visualized as a white band,
indicating the primary endpoint of adequate neural release.

5. Interlaminar Endoscopic Lumbar Discectomy

General Overview

The IELD technique has initially been developed to treat central and paracentral herniations at
L5-S1 level due to the wide interlaminar window [27,37,38]. Nevertheless, over time, this technique
started being used more broadly in cases of large, migrated disc herniations, and even in foraminal
and extraforaminal lesions via modified approaches [27,37,38]. Whenever TELD is restricted due to
low intertransverse space, overlapping facet joints, or high iliac crests, the IELD technique may be
effectively recruited [27,37,38]. Working corridor of IELD is schematically depicted in Figure 4.

IELD is indicated in patients who are unresponsive to conservative treatment and have large
disc material that occupy more than 50% of the spinal canal with high grade caudal or cranial
migration [17,37]. IELD is contraindicated when there is severe scoliosis or calcified disc herniations
with adhesions to AF [17,37].

Figure 4. Illustration of the interlaminar endoscopic lumbar discectomy (IELD) approach. The endoscope and
working instruments are inserted through the interlaminar space.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Surgical Technique and Anatomical Landmarks

IELD is a minimally invasive technique that allows posterior access to the spinal canal through
the interlaminar window [17,20,27,37]. Utilized anatomical paths are similar to conventional
microdiscectomy, despite being more challenging due to the use of the endoscope and limited field
of view [17,20,27,37]. The patients are positioned in prone position with semi-flexed knees to flex
the lumbar region and thus increase the interlaminar space, typically on a Wilson frame [27,38]. In
contrast to TELD, IELD is usually done under general anesthesia [23,37]. Intraoperative fluoroscopy
is used to localize the affected levels and to guide the entire surgical procedure [17,20,27,37].

The entry point on the skin in L5-51 lesions is centered over the interlaminar window, 8-10 mm
lateral to the spinous process on the symptomatic side [20,27,37]. However, in the upper levels the
entry point should be directed toward the inferomedial margin of the rostral vertebra. In addition,
tilting the C-arm distally allows for better and larger view of the interlaminar window. For obese
patients, the surgeon should incise until the tip of the spinous process has been reached before
moving laterally [38]. Then once the skin incision has been made, the thoracolumbar fascia is carefully
incised without cutting through the ligamentum flavum (LF) [37].

Dilators are introduced towards the medial aspect of the facet joint, while using fluoroscopic
guidance to confirm the correct position [37]. Once the position has been secured, a beveled working
cannula is inserted over the dilator and after radiological verification of the position the endoscope
is introduced [17,20].

In cases of severe degeneration, a high-speed drill and Kerrison rongeurs may be used to
conduct a partial hemilaminotomy to widen the working area [17,20]. Additionally, the interlaminar
space gets narrower at the cranial lumbar spine levels, with LF being covered by overlapped laminae
[38]. In these cases, a hemilaminectomy or laminotomy is recommended [38]. At L5-5S1 level, there is
sufficient space for direct access without the need to resect bone [17,38]. Flavotomy and partial
flavectomy is then performed to enter the epidural space. This may be facilitated hydrostatically with
the use of saline pressure in the working cannula [38]. However, many techniques have been
described for the opening of the LF, including direct puncture, longitudinal incision, transverse
incision, and ligament detachment [29]. The recommended and most used approach in this step of
the procedure is to make a longitudinal incision under tension parallel to LF fibers, so that expansion
is controlled [38].

The outer layer of the LF is removed from the facet joint and interlaminar bone. The inner layer
lies closer to the dural sac and has to be opened carefully using Kerrison rongeurs [20,37]. The
endoscopic orientation is maintained by using the laminae, inferior articular process (IAP), SAP, LF,
and facet joint capsule as anatomical landmarks [17,20,37]. Subsequently, the working cannula is
utilized to enter the epidural space, whilst proper maneuvering of cannula in conjunction with
dissectors and/or radiofrequency probes may also contribute at this stage. Once the epidural space is
entered, cannula is appropriately rotated to protect the dural sac and nerve roots. Hence, surgeon
would be able to identify these structures, subsequently utilizing the endoscopic dissectors and
forceps for removal of herniated disc material.

It is recommended to intermittently derotate the working cannula during the procedure so that
pressure on the neural structures is relieved. This is especially important in cases with spinal stenosis
or when large disc fragments have to be removed [37]. In cases with bilateral symptoms or
contralateral recess stenosis, the endoscope could be angled across the midline to decompress both
sides, while preserving the contralateral bony structures that would otherwise have to be resected
(over the top decompression) [17,20]. Hemostasis is achieved by bipolar coagulation and modulation
of the irrigation pressure [20,37]. Additionally, epinephrine can be added to the irrigation fluid. An
illustration of the intraoperative steps during IELD is shown in Figure 5.

Like all surgical interventions, IELD is associated with risks and potential complications. The
overall complication rate has been reported to be around 3.4%, which has been depicted to be lower
than TELD in specific reports [33,39]. The most common complications included dural tears (2.19%),
recurrent disc herniation (3.5%), and dysesthesia (1.3-3.1%) [33,39]. Less commonly reported
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complications are epidural hematoma (0.06—0.4%), infection (0.1%), and incomplete decompression
(<5%) [33,39]. The competency in the IELD technique is achieved after around 50 to 60 cases, making
it harder to master than the TELD approach [40,41]. Other studies suggest that proficiency is reached
after around 51 cases [40,41]. The operative time has also been shown to decrease significantly, from
an average of 90.2 minutes to 71.5 minutes [40,41].

Figure 5. Step-by-step intraoperative endoscopic views during an IELD at L5-S1 at our outpatient clinic. (A) The
procedure begins with the initial flavotomy, where the outer layer of the ligamentum flavum is opened to access
the deeper layers. (B) Further dissection allows entry into the epidural space, exposing the neural structures. (C)
The working channel is advanced toward the epidural space. (D) The traversing nerve root is mobilized,
revealing the displaced disc material beneath it. (E) A radiofrequency probe is used to safely release the LDH
from the annulus. (F) Final inspection after disc removal confirms full decompression of the nerve root and
restoration of the epidural space.

6. Unilateral Biportal Endoscopic Lumbar Discectomy

General Quverview

Unilateral biportal endoscopic lumbar discectomy (UBE-LD) is a minimally invasive surgical
technique that makes use of two portals, one for visualization and the other for instrument
manipulation [42-44]. Compared to the uniportal techniques that were previously mentioned, this
allows for a wider range of view, as well as easier adaptation of the surgical instruments [18,42,44].
This approach has been clinically used in various types of discs herniations, including central,
paracentral, foraminal, extraforaminal and even migrated pathologies [18,23,42—44]. In addition, it
can provide bilateral decompression via a unilateral approach, while still preserving the facet joint
and lamina [42—44]. Figure 6 illustrates the UBE-LD method.

Furthermore, this approach is particularly preferred in complex high-migrated cases, or
multilevel stenosis and revision cases where the other endoscopic techniques are particularly limited
[43,44]. However, this technique is also contraindicated in specific cases, like segmental instability or
severe spondylolisthesis [43,44]. Additionally, even though UBE has been gaining a lot of popularity
in the past years, surgeons must stay on the lookout for complications like thermal nerve injury,
increased intracranial pressure, dural tears, and instability due to excessive bone resection [44].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.1381.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 November 2025 d0i:10.20944/preprints202511.1381.v1

10 of 15

Figure 6. Illustration of the unilateral biportal endoscopic lumbar discectomy (UBE-LD) technique. Two
independent portals are used: one for endoscopic visualization and one for instrumentation.

Surgical Technique and Anatomical Landmarks

Even though it is possible for the UBE-LD technique to be performed under local or spinal
anesthesia, it is generally performed under general anesthesia to make sure that the muscles are fully
relaxed and patient is stable [18,23,42-44]. As with other posterior endoscopic approaches performed
in the prone position, the patient gets place onto a radiolucent table using the Wilson frame to reduce
lordosis and widen the working space [42]. Regardless of the approach used, it is important to
minimize abdominal pressure during the surgery as this could lead to epidural venous bleeding, so
the patients should be elevated with padded supports [42,43]. Additionally, the mean arterial
pressure should be kept below 80 mmHg to reduce bleeding risk [42]. Portal placement is also guided
by fluoroscopy with AP and lateral views [42].

There are three main UBE-LD surgical approaches that are used depending on the location of
the herniation: (1) the interlaminar approach for central and paracentral herniations, (2) the
contralateral approach for opposite lateral recess stenosis or hidden zone herniations, and (3) the
paraspinal approach for foraminal and extraforaminal disc herniations by targeting the lateral facet
and transverse process [42,43].

In the standard interlaminar approach, there are two incisions made 1 cm caudally and cranially
the medial pedicle line of the affected disc level with an additional 2-3 cm spacing between them for
better triangulation [23,42,43]. The portals are aligned with the lower margin of the cranial pedicle
and at the midpoint of the caudal pedicle depending on the location of the disc herniation [42]. For
example, foraminal or upward migrated herniations require a more caudal placement, and
downward migration requires a more upward placement [42]. On the other hand, in paraspinal
approaches the skin incisions are made on the tips of the spinous processes, 1-1.5 cm lateral to the
pedicle to target the foramen in the lateral view and the docking point is aligned with the lateral
border of the SAP or isthmus, depending on the level [42,43]. Additionally, placement of the portals
is often difficult at the L5-5S1 level due to the iliac crest being in the way and the facet joints being
coronally oriented [42]. For example, when operating on the left side of this level, the working portal
may be required to be placed 1 cm medial to the routine portal to bypass the iliac crest [42]. Once
both portals are placed, the instruments and endoscope are triangulated to check if they are correctly
angled within the interlaminar or paraspinal space [42,43].

Once correct placement is confirmed, a working space has to be created between the portals with
the use of serial dilators [18,23]. These are inserted gently to position the multifidus muscle away
from the lamina and facet joint, so the interlaminar or paraspinal space is opened depending on the
approach used [43]. The viewing portal is subsequently established, and an endoscope (zero or thirty
degrees, depending on localization of pathology being treated) is inserted at set to the isthmus [42,43].
Ideally this is done with a low-pressure pump under 30mmHg or via gravity to avoid neurological
complications [42,43]. A clear visual field is established by removing soft tissue and fat by using a
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radiofrequency probe and shaver, identifying landmarks such as the spinolaminar junction and the
ligamentum flavum [42,43].

Next step is laminotomy, which starts at the lower edge of the cranial lamina by using a drill
that thins the bone until the LF is visible [42]. The lateral side of the dural sac and traversing nerve
root are visualized and discectomy after proper nerve root medialization may be effectively
performed. In the contralateral approach, the approach to laminotomy and flavectomy is more
medial than the rest, requiring a more extensive resection of bone to reach the dural sac.

The total complication rate in UBE-LD ranges from 5% to 6.7% across multiple studies [33,45].
The most reported complications are dural tears (2-4.1%), epidural hematoma (1.9%), and recurrent
disc herniation (<5%) [33,45]. Less commonly reported complications include transient paresthesia
(0.14%) and infection (<0.5%) [33,45]. When comparing UBE-LD to the other uniportal endoscopic
techniques, a slightly higher rate of dural injuries and postoperative hematomas may be encountered.
However, this procedure is related to a lower incidence of postoperative dysesthesia. Considering
learning curve, competency in UBE-LD is achieved after 32 to 54 cases, which obviously depends on
the surgeon’s prior experience [46,47]. Peng et al. reported proficiency after around 32.2 cases, while
Xu et al. put the threshold at 54 cases [46,47]. Table 3 provides a comparing overview and the
differences between TELD, IELD, and UBE-LD [37,38,42,48-57].

Table 3. Comparison of the three full-endoscopic discectomy techniques. Including TELD, IELD, and UBE/UBE-

LD.
Approach Technique Types First Surgery Geographic Trends
Not specific to one
h bibli .
Transforamin Concept by approach, bibliometric
. Kambin (1973) analyses of FELD research
Inside-out & Outside-in . show that China, South
Lumbar [49]; first surgery .
. [48] Korea, and the United
Discectomy by Hijikata (1975) . .
(TELD) [50] States dominate the field,
with over 80% of
published studies [55].
. . Not specific to one
First described as . .
. . . . . . approach, bibliometric
Interlaminar  Single Technique with ~ open interlaminar
. . . . . analyses of FELD research
Endoscoplc minor variations: Direct- dlscectomy, .
. show that China, South
Lumbar Posterior, adapted to full- .
. . . . Korea, and the United
Discectomy Translaminar&Axillary/Sh  endoscopic by . .
States dominate the field,
(IELD) oulder [37,38] Ruetten et al. .
(2006) [51,52] with over 80% of
! published studies [55].
Unilateral Con(':ept by De Primarily developed and
) Antoni et al. (1996) S
Biportal . studied in South Korea
. Interlaminar, [57]; modern L
Endoscopic (82.4% of publications); top

Contralateral&Paraspinal biportal technique

.Lumbar [42] st dletived oy 10 most-cited UBE articles
Discectomy Choi et al. & Eum 2™ all from South Korea
(UBE-LD) , [56].

et al. (2016) [53,54]

7. Conclusions

In this review, an overview of the most promising endoscopic lumbar discectomy techniques
has been provided, which have gained attention for their ability to decompress while associated with
minimal soft tissue trauma. Even though there are remarkable advantages associated with
endoscopic spine surgery, limitations associated with their wide utilization should be also
considered. The challenges that remain point to the need for structured training programs and careful
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case selection, especially for beginners in the field. =~ Evolution of new technological advances may
further widen the applications of endoscopic approaches to manage more complex conditions such
as deformities, tumors and multilevel decompressions. As innovations and experience are constantly
acquired, the endoscopic techniques will play a significant role in shaping the future of spine care.
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