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ABSTRACT
Background
Spinal pain is a serious health and social-economic problem. Endoscopic spine surgery as a
treatment option for spinal pain has gained tremendous attention and growth in the past 2 decades,
and a variety of endoscopic techniques have been invented to treat a wide range of spinal
conditions.
Purposes
The purposes of this 2-part review article are to 1) overview the published techniques of
endoscopic spine surgery, 2) summarize the applications of these techniques in treating various
spinal conditions, and 3) evaluate the clinical evidence of the safety and effectiveness of these
endoscopic techniques in treating some of the most common spinal conditions. The first part of
the review article provides an overview of currently most commonly used techniques.
Methods
We searched the PubMed database for publications concerning endoscopic spine surgery and
reviewed the relevant articles published in the English language.
Results
Discectomy and foraminotomy are the most common types of spine surgery that can currently be
done endoscopically. Endoscopic techniques have been used to treat a wide range of spinal
disorders located in the lumbar, cervical, as well as the thoracic regions of the spine.
Key Words: Endoscopic spine surgery, minimally invasive spine surgery, herniation, stenosis,
failed back surgery syndrome
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INTRODUCTION
Chronic pain is a serious health problem. Among chronic pain disorders, spinal pain caused by
herniated discs and degenerative spinal diseases constitutes the majority of the problems. The
lifetime prevalence of spinal pain has been reported ranging from 54% to 80%.1
Treatment of spinal pain generally starts with conservative options, including exercise,
antipain and antiinflammation medications, physical therapy, chiropractic care and traction,
acupuncture, and steroid injections. Many patients experience pain relief after receiving these
treatments. But because conservative treatments target the symptoms, not the source of the pain,
the pain relief resulted from conservative treatments is often temporal.
If conservative treatments fail to produce satisfactory pain relief, surgery may be
considered. Open spine surgical procedures are conventional surgical options for treating patients
with spinal pain that does not respond well to conservative treatments. However, open techniques
are often associated with tissue damage, relatively high complication rates, and long recovery.
The drawbacks of open techniques compelled surgeons to search for less invasive surgical
alternatives. The advances in visualization technology, surgical tools and instruments, and
surgical techniques eventually made minimally invasive endoscopic spine surgery a reality.
The objective of the first part of this 2-part review article is to overview the most
commonly used techniques of endoscopic spine surgery. In the second part of the article, we’ll
summarize the applications of these techniques in treating various spinal conditions, and evaluate
the clinical evidence of the safety and effectiveness of these techniques in treating some of the
major spinal conditions. Endoscopic spine techniques also play important roles in diagnosing
spinal diseases and visualizing pain resources, but because of word limitation, this review article
focuses on only the role of endoscopic spine techniques as a surgical treatment option.

METHODS
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We searched the PubMed database for publications concerning endoscopic spine surgery and
reviewed the relevant articles published in the English language.

RESULTS
Among varied endoscopic techniques reported in the medical journals, discectomy and
foraminotomy are the most common types of spine surgery that can currently be done
endoscopically. Because the majority of spinal conditions causing spinal pain are located in the
lumbar and cervical regions of the spine, most of the peer-reviewed publications on endoscopic
surgical techniques focus on lumbar and cervical regions of the spine. Only a few publications
recently reported the feasibility of endoscopic techniques for the thoracic spine. Our literature
review suggested that currently the most common endoscopic techniques for the lumbar spine
include posterior interlaminar, and posterolateral and lateral transforaminal approaches, and that
the most common endoscopic techniques for the cervical spine include anterior transdiscal and
posterior laminoforaminotomy approaches.

Endoscopic Lumbar Discectomy
Posterolateral transforaminal endoscopic lumbar discectomy
Posterolateral transforaminal endoscopic lumbar discectomy appears to be the most commonly
performed endoscopic spinal procedure for treating radicular pain caused by spinal disc
herniations, tears, and bulges. 2-6 During the operation, the endoscope and surgical instruments are
introduced through a cannula that is inserted into the back between the traversing and exiting
nerves in the area known as Kambin’s Triangle. 7 Posterolateral transforaminal approaches
provide good endoscopic access to spinal structures from L1-2 to L4-5, and often L5-S1.
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However, when the iliac crest is high, it is challenging to approach the L5-S1 via posterolateral
transforaminal approaches as the L5-S1 disc space is located deep in the pelvis.
Depending on how the pathology is approached, posterolateral techniques can be
classified into “inside-out” and “outside-in” techniques. The inside-out techniques such as the
YESS technique starts working within the disc. 8, 9 If needed, the working system can be
repositioned so that the tip of the working cannula is located in the foramen or the spinal canal.
The inside-out techniques are suitable for treating internal disc disruption, disc tears and bulges,
and pathologies located in the foramen or spinal canal. But for minor disc pathologies, especially
when the pathology is not located within the disc, inside-out techniques may cause too much
damage by removing normal disc tissue. In addition, it may not always be easy to determine
whether or not the pathology is located within the disc, especially when a discography of a
properly hydrated herniated disc shows certain degree of global degeneration.
For the outside-in techniques, the opening of the working cannula is initially positioned
in the foramen or epidural space and then pushed to the inside the target disc, if needed. 10, 11 The
outside-in techniques work well when treating foraminal disc herniations, and it is technically
possible to use outside-in techniques to remove extraforaminal disc herniations. 12 But the
techniques may demand an aggressive cut of the facet with sharp tools to reach centrally located
disc herniations at L5-S1, posing risk of damaging the nerves and dura. For both inside-out and
outside-in techniques, it is challenging to treat spinal pathologies located at L5-S1 level,
especially in male patients because of the interference of the iliac crest.

Lateral transforaminal endoscopic lumbar discectomy
As an extension of the posterolateral approach, endoscopic lumbar discectomy through a lateral
transforaminal access has been performed since the 1990s to treat lumbar disc herniations located
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inside the spinal canal.11 During such a procedure, a blunt cannula is inserted through the foramen
and directly toward the spinal canal. The goal is to achieve a tangential reaching of the spinal
canal. If the intervertebral foramen does not permit direct entry into the spinal canal, bone
resection may be needed to enlarge the foramen. Lateral transforaminal endoscopic lumbar
discectomy is indicated for central and paracentral disc herniations. But it cannot be used to
address pathologies located at L5-S1 level because of the iliac crest. For technical clarity, it is
worth noting that published reports on lateral techniques seem to show the instruments were a
little bit oblique, instead of truly transversal as the names of the techniques indicate.

Posterior interlaminar endoscopic lumbar discectomy
For interlaminar approaches, the patient lies in the prone position and the skin incision is made as
nearly medially in the craniocaudal middle of the interlaminar window as possible.13 A blunt
dilator is inserted to the lateral edge of the interlaminar window before a working cannula is
inserted toward the ligamentum flavum. For the opening of the cannula to reach the spinal canal,
an incision of 3-5 mm in the ligamentum flavum is needed. In cases that the interlaminar window
does not allow direct access to the spinal canal through the ligamentum flavum, some bone
resection may be needed.
Interlaminar approaches work well for treating central, paracentral, sequestered
herniations, lateral recess stenosis, and central spinal stenosis. But it is challenging to address
foraminal and extraforaminal pathologies through interlaminar approaches. And the approaches
may pose high risk of nerve and dura injury.

Endoscopic Cervical Discectomy
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Anterior transdiscal endoscopic cervical discectomy
This technique is indicated for central, paracentral, and foraminal cervical disc herniations. It
avoids posterior laminectomy-related neck pain but may decrease the height of the intervertebral
disc space, damage the end plate, and cause possible access-related injury to the carotid artery,
esophagus, vertebral artery, and nerves.
Anterior transdiscal endoscopic cervical discectomy is generally performed under general
anesthesia with the patient lying down in the supine position. A small incision is made in the front
of the patient’s neck either from the right side or the left side depending on the patient’s
pathology and clinical symptoms. Gentle, blunt dissections are then made in the safe zone so that
a guiding needle and later a dilator can reach the middle of the anterior disc space. The dilator is
positioned according to the location of the pathology, and is aimed and subsequently advanced
toward the pathology through the intervertebral disc. After sequential dilations are performed, a
working cannula is inserted into the disc space near the pathology, and the ideal position is
confirmed with fluoroscopic guidance. At this point, the pathology is clearly visible
endoscopically, and the herniated disc material is removed using appropriate tools.14

Posterior laminoforaminotomy endoscopic cervical discectomy
This technique involves resection of the medial joint segments and the lateral ligamentum flavum.
The bone resection may be extended toward lateral or craniocaudal if needed depending on the
location and size of the pathology.15 Compared with anterior transdiscal approaches, posterior
laminoforaminotomy approaches do not pose risk of injury to anterior cervical structure and do
not require the removal of healthy disc material. Furthermore, posterior endoscopic procedures
appear not to be associated with neck pain and technique difficulties related to bleeding, which
are frequently encountered with traditional key-hole foraminotomy. However, these posterior
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approaches may carry a risk of spinal nerve and spinal cord injury. This technique is indicated for
lateral and foraminal disc herniations.

Endoscopic Thoracic Discectomy
Thoracic disc herniations are less common than lumbar or cervical disc herniations. And peerreviewed publications on endoscopic thoracic discectomy from posterior or posterolateral
approaches are limited. In 2002, Chiu et al 16 reported the safety and efficacy of percutaneous
endoscopic discectomy for contained thoracic herniations through a posterolateral approach. Choi
et al 17 recently reported the feasibility of percutaneous endoscopic techniques through
transforaminal approaches for thoracic disc herniations. Choi’s techniques were revised versions
of his endoscopic lumbar discectomy techniques, but because thoracic intervertebral foramen is
smaller than the lumbar foramen, the lateral part of the superior facet was removed to introduce
the working cannula. In our own practice, we found it is not difficult to undercut facets, pedicles,
and rib heads, to enlarge the foramen using a motorized burr so that the ventral epidural space can
be reached, and to remove the paracentral and foraminal disc herniation.

Endoscopic Foraminotomy
Techniques of endoscopic foraminotomy can be applied to the lumbar, cervical, and thoracic
regions of the spine, but most of the reported endoscopic foraminotomy operations were
performed in the lumbar and cervical regions.15, 18 The techniques are often used to remove disc
herniations or to decompress compressed spinal nerve roots.
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Endoscopic posterior cervical foraminotomy
The specific techniques of endoscopic foraminotomy used in different regions of the spine can be
different. For cervical spine alone, both anterior and posterior approaches have been reported.
Considering that 1) most of the recent publications on endoscopic cervical foraminotomy are
focused on posterior cervical foraminotomy, and 2) the advantages and disadvantages of anterior
cervical foraminotomy have been previously reported 19-21, in this article we mainly summarized
the technique and clinical outcomes of endoscopic posterior cervical foraminotomy.
Endoscopic posterior cervical foraminotomy is generally performed under general
anesthesia with x-ray guidance. The preparation work is similar to the endoscopic techniques
discussed above. After the preparation work is completed, the surgeon starts the foraminotomy
procedure by inserting a blunt dilator onto the target facet joint. An endoscopic instrument is then
positioned and the dilator removed. Under visual guidance and continuous irrigation, the surgeon
resects part of the medial joint segments and lateral favum ligament, and identifies the lateral
edge of the spinal cord and spinal nerves. The herniated disc materials are then resected and the
compressed nerve is mobilized. 15

Endoscopic posterolateral lumbar foraminotomy
Most of the reported endoscopic lumbar foraminotomy operations were performed via a
posterolateral approach. The operation of posterolateral lumbar foraminotomy is generally
performed under local anesthesia with x-ray based fluoroscopy guidance. Again, the
determination of the pathology and the insertion of the dilator, endoscope, and surgical tools are
similar to the endoscopic techniques discussed above. After the preparation work is completed,
the surgeon starts the endoscopic lumbar foraminotomy procedure by removing part of the
superior articular facet, resecting the lateral ligament ﬂavum, and identifying the lateral edge of
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the spinal cord and spinal nerves. To decompress the exiting nerve root, the tip of superior
articular facet, inferior tip of the inferior articular facet, and superior foraminal ligament are
removed from the lateral to the medial so that the axilla of the exiting nerve root can be reached.
Endoscopic lumbar foraminotomy can be used to undercut facet hypertrophy, and to
remove disc herniations, perineural scars, synovial cysts, hypertrophic ligaments, and bone grafts
from previous surgery. The goal of the technique is to make room for the exiting and transverse
nerve roots compressed because of disc space narrowing, facet hypertrophy, and other foraminal
pathologies.
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