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ABSTRACT
Background:  Endoscopic spine surgery in the cervicothoracic spine is generating continued interest in a rapidly evolving 

field. The authors present 4 techniques for fully endoscopic cervical spine surgery: (1) posterior cervical unilateral laminectomy 
and bilateral decompression, (2) posterior cervical foraminotomy, (3) anterior cervical discectomy, and (4) anterior transcorporal 
discectomy. Two techniques for fully endoscopic thoracic spine surgery are also presented: (1) posterior thoracic unilateral 
laminectomy and bilateral decompression and (2) transforaminal thoracic endoscopic discectomy and foraminotomy.

Methods:  We describe 6 different surgical approaches and review the relevant literature about each technique.
Results:  The clinical application of endoscopic spine surgery techniques has evolved over the past 40 years. Recent data 

suggest comparable outcomes to other procedures and perhaps fewer complications and quicker recovery when these techniques 
are used in the cervical and thoracic spine. Significant variability exists in these approaches depending on the goal of canal 
decompression, root decompression, and the site of the pathology.

Conclusions:  Each endoscopic approach in the cervicothoracic spine has its technical nuances, outcomes, advantages, 
and disadvantages, making fully endoscopic cervicothoracic spine surgery an exciting and growing field.

Special Issue
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INTRODUCTION

Cervical disc herniation and cervical stenosis 
are common and can present as radiculopathy or 
myelopathy.1 Traditional surgical approaches include 
anterior cervical discectomy and fusion, posterior cer-
vical foraminotomy, and posterior laminectomy with or 
without fusion. These approaches have been exhaus-
tively studied and validated.2–6 Thoracic disc hernia-
tions represent a host of surgical challenges, as each 
access corridor presents anatomical hazards. Open sur-
gical approaches for the treatment of thoracic disc her-
niations and thoracic stenosis, from medial to lateral, 
include laminectomy, transpedicular, costotransver-
sectomy, and transthoracic. The goal of each of these 
approaches is to achieve adequate decompression with 
little to no manipulation of the spinal cord.

Fully endoscopic cervicothoracic spine surgery 
is typically cervicothoracic spine surgery performed 
through a working-channel endoscope. Unlike open 
or microendoscopic cervicothoracic spine surgery, the 
tubular retractor is so small that the operative field is not 
visible even with loupes or microscope. Biportal fully 
endoscopic spine surgery, as the name implies, utilizes 
2 ports: a port for surgical instruments and a port for an 

endoscopic camera. Endoscopic approaches to the cer-
vicothoracic spine have been reported in the literature 
and found to be safe and effective.7,8

Here, we review 4 techniques for fully endoscopic 
cervical spine surgery: (1) posterior cervical unilateral 
laminectomy and bilateral decompression, (2) posterior 
cervical foraminotomy, (3) anterior cervical discec-
tomy, and (4) anterior transcorporal discectomy. We 
also review 2 techniques for fully endoscopic thoracic 
spine surgery: (1) posterior thoracic unilateral laminec-
tomy and bilateral decompression and (2) transforam-
inal thoracic endoscopic discectomy and foraminotomy.

METHODS

Surgical Procedures: Cervical

Posterior Cervical Unilateral Laminectomy and 
Bilateral Decompression

This technique is indicated for the treatment of 
cervical stenosis. The patient is positioned prone in a 
Mayfield head holder on hip and chest bolsters. The 
procedure is performed under general anesthesia, and 
somatosensory-evoked potential monitoring is typi-
cally used. Figure 1 depicts a case example. The joimax 
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Figure 1.  Posterior cervical unilateral laminectomy and bilateral decompression. (A) Preoperative T2-weighted sagittal magnetic resonance image demonstrates 
severe spinal cord stenosis from C3-6 and cord myelomalacia. (B) Lateral fluoroscopic image depicts the cannulated beveled tubular retractor with the Delta 
working-channel endoscope and Shrill drill at the spinolaminar junction of C3-4. (C) Endoscopic camera view of the bilaterally decompressed thecal sac. (D) 
Postoperative T2-weighted sagittal magnetic resonance image demonstrating the resolution of the cervical stenosis after the C3-6 endoscopic laminectomy.
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iLESSYS Delta endoscopic system is used for the 
procedure. A 1-cm incision is made through the skin, 
1 cm lateral to the midline. Using intermittent fluoro-
scopic guidance, sequential dilators and a final 10-mm 
beveled tubular retractor are placed at the junction of 
the spinous process and the lamina. The A working-
channel endoscope with a 10-mm outer diameter and a 
6-mm working channel is then placed, and a high-speed 
Shrill drill is used to complete the subspinous process 
laminectomy. An endoscopic micro Kerrison rongeur is 
used to remove the ligamentum flavum and complete 
the laminectomy or laminotomy. Figure 1 demonstrates 
preoperative and postoperative magnetic resonance 
images, intraoperative fluoroscopic images, and endo-
scopic camera views of a multilevel posterior cervical 
unilateral laminectomy for bilateral decompression. As 
demonstrated in Figure 1, a single incision can be used 
for up to 3 levels in multilevel cases. Sequential dilation 
is performed separately for each level through the same 
incision. The technique for bilateral decompression is 
an “over-the-top” decompression in which the endo-
scopic drill is used to remove the proximal hemilamina 
and then, through a subspinous process corridor, the 
contralateral hemilamina. The decompression is com-
plete when the bilateral ligamentum flavum is removed 
and the pulsatile dura is seen. A full description of the 
technique is available from Shen et al9 and Ahn.10

Posterior Cervical Foraminotomy

This indication is for the treatment of cervical radic-
ulopathy that results from foraminal bony narrowing or 
a paracentral or foraminal disc herniation. The patient 
is positioned prone in a Mayfield head holder on hip 
and chest bolsters. The procedure is performed under 
general anesthesia. Figure 2 depicts a case example. The 
joimax iLESSYS Pro endoscopic system with a 7.3-mm 
outer diameter is used for the procedure. Percutaneous 
entry is established through a 1-cm skin incision 1 cm 
lateral to the midline. Using intermittent fluoroscopic 
guidance, a 3.5-in 18-gauge needle is advanced, and the 
tip is placed at the junction of the inferior lamina and 
facet complex. A Kirschner wire (K-wire) is placed, the 
needle is removed, and sequential dilators are placed at 
the superior part of the inferior lamina at the facet junc-
tion, followed by a 7-mm beveled tubular retractor. The 
Shrill diamond drill is used to perform the foramino-
tomy, which is completed with the endoscopic Micro 
Kerrison Punch. The foraminotomy is completed when 
the exiting nerve root can be visualized, and the decom-
pression is carried lateral to the medial wall of the 
inferior pedicle. Discectomy can be performed, when 

applicable, after the foraminotomy. The beveled tubular 
retractor is used to retract the nerve by turning the bevel 
so that the open side of the retractor faces away from the 
canal. In this “turn-to-retract” method, an endoscopic 
grasper is used to remove the disc herniation. Figure 2 
presents the preoperative images, intraoperative fluoro-
scopic images, and endoscopic camera views from an 
endoscopic posterior cervical foraminotomy case. A 
full description of the technique is available from Shen 
et al9 and Ahn.10

Anterior Cervical Discectomy

Surgery is indicated for the treatment of cervical 
radiculopathy or myelopathy caused by a herniated 
cervical disc. The patient is positioned supine, and the 
procedure can be performed under general anesthesia 
(intraoperative neuromonitoring is recommended) or 
without anesthesia if the patient is comfortable with 
preoperative palpation of the anterior vertebral body. 
Performing the surgery with conscious sedation using 
midazolam and fentanyl offers the surgeon the advan-
tage of real-time neuromonitoring. Figure  3 depicts 
an example case. Fluoroscopy is performed to deter-
mine the appropriate level. After palpating the carotid 
pulsation, the trachea and esophagus are gently dis-
placed to the contralateral side. The access needle is 
inserted into the disc space under the lateral fluoro-
scopic projection and advanced into the posterior disc 
space. A guidewire is inserted through the needle, 
and a 5-mm skin incision is made medial to the ster-
nocleidomastoid muscle. After sequential dilators are 
placed, the final tubular retractor is introduced down 
to the posterior vertebral body. The 3.9-mm endoscope 
(CESSYS, joimax GmbH, Germany) is introduced into 
the tubular retractor with a 4.5-mm outer diameter. 
The discectomy is a targeted procedure with dilators 
placed through the disc, targeting the herniation at the 
disc’s posterior edge. The herniated fragment can be 
removed with endoscopic grasping forceps. In cases of 
foraminal disc herniation, foraminal decompression by 
resection of the uncinate process may be required. The 
osteophyte and posterior part of the uncinated process 
can be removed with an endoscopic reamer or diamond 
drill, giving the surgeon access to the foraminal area 
for the removal of a herniated disc and direct visual-
ization of the nerve root. After decompression, dural 
pulsation and the decompressed neural structure can be 
observed. A full description of the technique is avail-
able from Shen et al9 and Ahn.10
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Anterior Transcorporal Discectomy

This technique is indicated for the removal of a soft 
sequestered disc fragment when the surgeon is con-
cerned about violating the otherwise normal nucleus 

pulposa. The patient is positioned supine, and the pro-
cedure is performed under general anesthesia. Figure 4 
depicts an example case. The approach is similar to 
the anterior cervical discectomy technique: a 1.5-cm 

Figure 2.  Posterior cervical foraminotomy. (A) Preoperative T2 axial magnetic resonance image illustrating right C5-6 foraminal stenosis. (B) Lateral fluoroscopic 
view demonstrating the position of the beveled tubular retractor on the laminar-facet junction at C5-6. (C) Endoscopic camera views of the laminar-facet junction 
and the Shrill drill removing the superior lateral edge of the C6 lamina and (D) the decompressed C6 nerve root.
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incision is made just medial to the sternocleidomastoid 
muscle, and blunt finger dissection is performed using 
a standard Smith-Robinson approach. First, a 13-mm 
Matrix tubular retractor is placed over the upper ver-
tebral body, and a guide pin is placed into the upper 
vertebral body with a planned trajectory toward the 
disc herniation (head light and loupes are used). Next, 
a 6.5-mm cannulated power drill is used to drill over 
the guide pin, and a Shrill drill is used to finish drilling 
a channel through the superior vertebra to allow place-
ment of the tubular retractor with its distal opening 

at the junction of the inferior endplate of the superior 
vertebral body and the posterior longitudinal ligament. 
The TESSYS working-channel endoscope (6.3-mm 
outer diameter) is used, and instead of entering the disc 
with the tubular retractor, drilling is performed using 
intermittent fluoroscopic guidance through the superior 
vertebral body to safely target the disc pathology. The 
channel created allows access to the herniated ventral 
disc fragment without violating the anterior portion of 
the disc. Because this is a fragmentectomy procedure 
for a soft sequestered fragment, the endpoint of the 

Figure 4.  Anterior transcorporal discectomy. (A) Preoperative T2 sagittal and (B) axial magnetic resonance images of a C5-6 herniated disc. (C) Lateral fluoroscopic 
image of the TESSYS endoscope and tubular retractor placed through the body of C5.

Figure 3.  Anterior cervical discectomy. (A) Preoperative T2 magnetic resonance image showing foraminal disc herniation at C5-6 on the left side. (B) Lateral 
fluoroscopic image demonstrating the tubular retractor in the disc space. (C) Postoperative T2 sagittal magnetic resonance image showing complete decompression.
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surgery is determined when the fragment is removed. A 
full description of the technique is available from Shen 
et al9 and Ahn.10

Surgical Procedures: Thoracic

Posterior Thoracic Unilateral Laminectomy and 
Bilateral Decompression

The indication for this surgery is the treatment of 
thoracic spinal canal stenosis. The patient is positioned 
prone, and surgery is performed with the patient awake 
under conscious sedation. Figure 5 depicts an example 
case. A 1-cm incision is made through the skin 1 cm 
lateral to the midline. Using intermittent fluoroscopic 
guidance, sequential dilators and a final 10-mm beveled 
tubular retractor are placed at the junction of the spinous 
process and lamina. The joimax Delta endoscope with 
a 10-mm outer diameter and a 6-mm working channel 
is then placed, and a high-speed Shrill drill is used to 
complete the subspinous process laminectomy. An 
endoscopic micro Kerrison rongeur is used to remove 
the ligamentum flavum and to finish the laminectomy/
laminotomy. This procedure is similar to the posterior 
cervical unilateral laminectomy and bilateral decom-
pression, but the authors feel that thoracic decom-
pression can be done with the patient awake. Local 
anesthesia and sedation are sufficient pain control. 
Hemostasis is controlled with a radiofrequency probe. 
In cases in which the surgeon feels additional hemo-
static control is necessary, a hemostatic matrix can be 
applied to the operative field, and a drain can even be 
placed through the endoscope and removed the next 
postoperative day. A full description of this technique is 
available from Shen et al.11

Transforaminal Thoracic Endoscopic Discectomy 
and Foraminotomy

This technique is best suited for thoracic radiculopa-
thy. The patient is positioned prone, and surgery is per-
formed with the patient awake under local anesthesia 
and conscious sedation. Figure  6 depicts an example 
case. Preoperatively, the trajectory for the transforam-
inal approach angle is measured on the axial magnetic 
resonance images, making sure to avoid the ribs and 
pleura. Percutaneous entry is established 5 to 7 cm off 
the midline. Using intermittent fluoroscopic guidance, 
a 15-cm 18-gauge needle is advanced and placed at the 
superior facet of the surgical level. Subsequently, the 
sequential dilators are passed through the soft tissue and 
docked on the ventral portion of the ipsilateral superior 
facet. The beveled tubular retractor is placed, and the 

joimax (Irvine, USA) TESSYS endoscopic system with 
a 25° viewing angle is used. A high-speed drill (Joimax 
Shrill, 3.5-mm diamond abrasor) is then used to enlarge 
the neural foramen (foraminoplasty) by drilling the 
ventral aspect of the superior facet, the proximal part of 
the caudal pedicle, and part of the rib head under direct 
visualization. All surgical instruments are introduced 
under continuous irrigation and with direct visualiza-
tion through the intraendoscopic working channel. The 
facet, pedicle, disc, and ligamentum flavum are visu-
alized, and ventral epidural decompression is accom-
plished by slowly advancing the endoscope into the 
ventral epidural space under direct visualization and 
removing any disc extrusion without manipulating or 
retracting the spinal cord. Treating calcified discs with 
this approach is recommended only for advanced prac-
titioners. In addition to the risk of spinal cord injury, 
spinal cord compression could persist after a large 
decompression secondary to an “eggshell” ridge of cal-
cification. A full description of this technique is avail-
able from Wagner et al.12

Master Technique (Technical Tips)

There are several “master techniques” for perform-
ing successful endoscopic cervicothoracic surgery.

Targeting

Endoscopic visualization can be a great advantage 
because the camera is located at the site of the pathol-
ogy, but endoscopic cameras have a limited field of view. 
If the endoscope is not exactly at the target pathology, 
surgery will not be successful. Utilizing anteroposterior 
and lateral fluoroscopy to confirm the exact position of 
the tubular retractor is a critical step before performing 
any endoscopic decompression.

Safety

Many surgeons new to endoscopic procedures prefer 
to perform them under general anesthesia because they 
are anxious about the new technique. Awake endo-
scopic surgery is recommended, whenever possible, 
to those surgeons because immediate feedback from 
the patient can make the difference in preventing irre-
versible nerve or spinal cord damage. For posterior 
cervical endoscopic surgery, which we do not recom-
mend performing awake, fluoroscopic confirmation of 
the endoscope position and neuromonitoring are even 
more critical.
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Figure 5.  Posterior thoracic unilateral laminectomy and bilateral decompression. (A) Sagittal and (B) axial T2-weighted magnetic resonance images of a T9-10 disc 
herniation and severe canal stenosis and increased cord signal. (C) Lateral and (D) anteroposterior fluoroscopic images of the tubular retractor, working-channel 
endoscope with 10-mm outer diameter, and endoscopic drill used for the laminectomy procedure. (E) Intraoperative endoscopic image showing decompressed 
thecal sac after drilling.
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Learning Curve

Cervicothoracic endoscopic cases may be a new 
challenge even for surgeons familiar with endoscopic 
spine techniques. Cadaver labs are a good opportu-
nity to practice these techniques. Finding a mentor to 
observe or proctor cases is an excellent way to get over 
the hurdle of approaching these surgeries.

Planning

For thoracic cases, preoperative planning based 
on the axial magnetic resonance images is critical for 
determining the starting point and entry angle to avoid 
the ribs and pleura. The superior articular process is 

relatively large in the thoracic spine, so the surgeon 
should expect added time for bony decompression.

Thoracolumbar

Thoracolumbar cases are similar to lumbar endo-
scopic cases in that the procedure is performed from a 
more medial starting point.

Nondegenerative Pathology

Endoscopically approaching tumors, cement, and 
hardware is possible in the cervicothoracic spine but 
should be considered only in advanced-level cases.

Figure 6.  Transforaminal thoracic endoscopic discectomy and foraminotomy. (A) Sagittal and (B) axial T2-weighted magnetic resonance image demonstrating 
a T9-10 central disc extrusion and cord compression. (C) Intraoperative lateral and (D) anteroposterior fluoroscopic images demonstrating the placement of the 
beveled tubular retractor, endoscope, and high-speed drill; the drill is removing the ventral portion of the superior articular process. (E) Intraoperative endoscopic 
image demonstrating drilling of the ventral portion of the superior articular process (foraminoplasty), taken at the same time as 6C and 6D. (F) Intraoperative 
endoscopic image of the thecal sac after drilling of the superior articular process. (G) Postoperative T2-weighted sagittal and (H) axial magnetic resonance images 
of the decompressed spinal cord.
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Hemostasis

A radiofrequency probe is used for hemostasis. High-
definition endoscopic imaging allows for excellent visu-
alization of individual bleeding vessels. For bleeding that 
is refractory to coagulation, a hemostatic matrix can be 
injected and subsequently suction evacuated.

Safety in Posterior Cervical Foraminotomy

Drilling the medial third of the pedicle and corpus 
ventral to the spinal cord and exiting the nerve root by 
3 to 5 mm creates space for an efficient discectomy and 
uncus decompression while still preserving the stability 
of the spinal segment.13

DISCUSSION

Indications for cervicothoracic endoscopic spine 
surgery are essentially the same as those for traditional 
anterior and posterior cervicothoracic techniques. Most 
patients undergoing endoscopic cervicothoracic proce-
dures are seeking out the most minimally invasive sur-
gical procedure available.

Anterior cervical endoscopic approaches, described 
here, are minimally invasive but do not include fusion. It 
is reasonable to question whether the results of anterior 
endoscopic discectomy can compare to the very success-
ful outcomes of anterior cervical discectomy and fusion. 
A retrospective study of 187 patients undergoing anterior 
endoscopic cervical discectomy by Parihar et al showed 
a decrease in visual analog scale scores for arm and neck 
pain (from 6.7 to 1.7 and from 3.2 to 1.1, respectively), 
with only 2 patients requiring a second procedure and a 
mean follow-up of 29 months.14 This same series showed 
that, despite the lack of fusion and placement of an inter-
vertebral spacer, cervical lordosis improved. However, 
reports of cervical lordosis in the literature have varied, 
with some suggesting that anterior cervical discectomy 
and fusion are superior in maintaining proper cervi-
cal alignment. Results have ranged from improved to 
unchanged and worsened lordosis.15,16 However, these 
reports also show improved clinical outcomes despite 
the different cervical alignments seen on imaging.15,16 
Although fusion would theoretically improve or restore 
cervical lordosis, fusion does not come without a cost; 
the risks inherent with fusion surgery, such as pseudar-
throses and adjacent segment disease, are avoided with 
endoscopic anterior cervical surgery.

Likewise, successful results have been reported in 
posterior endoscopic cervical techniques. A recent 
study by Wan et al reports their experience with pos-
terior full endoscopic cervical discectomy under local 

anesthesia.17 Twenty-five patients underwent the pro-
cedure with 24 achieving resolution of symptoms, and 
no major complications were reported.17 Another study 
looked at strength recovery after posterior endoscopic 
discectomy and reported a 95 % rate of strength recov-
ery with 86 % experiencing full resolution of weakness 
at the 1 year follow-up.18 Proponents of endoscopic 
posterior approaches have argued that they minimize 
postoperative pain due to the lack of muscle stripping, 
avoid blood loss, reduce operative time, and shorten 
hospital stays.

Full endoscopic surgery for thoracic pathology was 
reviewed by Gibson et al in 2021. The review included 
papers from 2006 to 2020 comprising 17 patient series, 
1 cohort study, and 13 case reports with 1 to 3 patients.8 
In 460 patients, complications reported were dural 
tears (2%), transient paresthesia (2%), revision surgery 
(1.5%), neurologic injury (0.6%), and epidural hema-
toma (0.6%).19–32 The review concluded that there was 
clear evidence for a lower complication rate and shorter 
hospital stay with endoscopic thoracic spine surgery 
approaches versus open approaches. Moreover, there 
were no reported cases in the endoscopic experience of 
wrong-level surgery, vertebral column instability, cere-
brospinal fluid leaks/pleural fistulas, thoracic viscera 
injury, or intercostal neuralgia.8

CONCLUSION

Fully endoscopic cervicothoracic spine surgery is 
an emerging minimally invasive surgical option for 
the treatment of symptomatic cervicothoracic radicu-
lopathy and myelopathy. Advantages include the high-
definition visualization of the surgical pathology and 
the reduction of tissue trauma. Anterior cervical endo-
scopic discectomy techniques offer additional advan-
tages, including preservation of movement at that 
level, lack of fusion, and minimal to no manipulation 
of nerve roots. The main disadvantages include the 
steep learning curve of endoscopic techniques for sur-
geons accustomed to traditional open approaches, the 
limited direct field of view, and the narrow working 
channel. Larger long-term prospective trials with a 
control arm are still needed to tease out the true poten-
tial and shortcomings of endoscopic approaches to the 
cervicothoracic spine as compared to traditional tech-
niques. Additional studies on outcomes and technical 
nuances in endoscopic anterior and posterior cervi-
cal foraminotomy and discectomy,33–38 transcorporal 
discectomy,39 cervical laminectomy,40 thoracic lami-
nectomy,19,28,41,42 and transforaminal thoracic decom-
pression23,43 have been published and offer excellent 
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insights into these techniques that focus on the indi-
vidual procedures.
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