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Abstract: Background: There is sparse literature on the technique of single-stage anterior discec-
tomy fusion and posterior decompression and flavectomy using the biportal endoscopic technique.
Methods: Single-stage anterior discectomy fusion and posterior biportal endoscopic decompression
and flavectomy apply to cervical myelopathy at a single level with an anterior disc and posterior
ossified ligamentum flavum complex. Anterior discectomy and fusion were performed in the usual
fashion in the supine position, and subsequently, posterior biportal endoscopic decompression was
carried out after turning the patient prone. Conclusion: Single-stage anterior discectomy fusion and
posterior biportal endoscopic decompression and flavectomy are good alternatives for circumferential
decompression with myelopathy

Keywords: biportal endoscopy; cervical myelopathy; endoscopic spine surgery; minimally
invasive spine surgery; calcified ligamentum flavum; cervical spinal stenosis; degenerative spine;
spinal decompression

1. Relevant Surgical Anatomy

Ossification of the ligamentum flavum (OLF) is a relatively rare clinical entity sec-
ondary to a combination of intrinsic and extrinsic factors occurring in all parts of the spine,
particularly in the thoracic spine, but rarely in the cervical region [1]. Advanced imaging
modalities, especially computed tomography (CT) and magnetic resonance imaging (MRI),
increased the detectable rate of asymptomatic OLF [2].

Cervical OLF is refractory to conservative management, and surgical decompression is
recommended [3]. Cervical OLF can manifest as a single-segment or multi-segment distri-
bution on sagittal Magnetic Resonance Imaging. Depending on the location of ossification
lesions in the lamina, Cervical OLF could be grouped into right-sided, central, left-sided or
bilateral. OLF is analyzed into two parts: as a capsular portion and an inter-laminar portion.
Ossification begins from the capsular portion and progresses to the interlaminar portion of
the LF. In the transverse plane, ossification begins from the posterior side and progresses to
the Dura. Sato classified this disorder according to the progression into Lateral, Extended,
Enlarged, Fused and Tuberous types. The more advanced the ossification, the more stenotic
the spinal canal [4].

In addition, the distribution of Cervical OLF, just like the ossified posterior longitudinal
ligament, has a distinct predisposition in Japan [5]. The common symptoms of Cervical
OLF patients are similar to those of cervical myelopathy, including motor, sensory and gait
disturbances. Cervical OLF patients usually present first with sensory deficits, followed by
limb weakness and, later, gait disturbance [6].

Here, we describe a case of cervical myelopathy with degenerative disc disease and
ossified ligamentum flavum at the c3 level (Figure 1A–D).
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Figure 1. (A,B): MRI showing severe central canal and severe bilateral neural foraminal stenosis at 
C3-4 with compression on the spinal cord and focal gliosis/myelomalacia/ Figure 2(C,D) show CT 
images of C34 OLF, C34 and C56 listhesis. 

2. Technique Description 
2.1. Clinical Examination and Radiological Investigation for Identifying the Cause of Cervical 
Myelopathy 

Clinical symptoms and signs for cervical myelopathy with radiological imaging are 
key in patient selection. X-ray Antero-Posterior and lateral views help to identify the 
alignment of the neck, recognize any kyphotic deformity, and identify any gross instabil-
ity. MRI identifies the level of compression of the spinal cord to determine any spinal cord 
signal changes. CT scans help to delineate the type of ossification of the flavum and help 
in surgical planning. 

2.2. Anesthesia and Positioning 
The patient is positioned supine first for the first part of the surgery for Anterior Cer-

vical Discectomy and Fusion. Surgery is performed under General Anesthesia, and the 
patient is placed onto a radiolucent table. The authors prefer to approach from the right 
for the anterior approach to the cervical spine. Once Anterior Cervical Discectomy and 
Fusion are carried out, the patient is then turned prone after the application of the May-
field clamp (Figure 2A). 

A B 

  
Figure 2. (A): Patient positioned prone after the application of Mayfield clamps after the ACDF pro-
cedure, (B): Skin markings 2 cm apart over the pedicle line at the target level C3 lamina. 

2.3. Skin Marking 
The surgeon stands on the same side as the pathology (the left side, in this case). Two 

portals are made with two skin incisions (Figure 2B) of 7 mm in length that are made 
horizontally on the pedicle under the guidance of C-arm fluoroscopy (Figure 3A–D). Each 

Figure 1. (A,B): MRI showing severe central canal and severe bilateral neural foraminal stenosis at
C3-4 with compression on the spinal cord and focal gliosis/myelomalacia/ Figure 2 (C,D) show CT
images of C34 OLF, C34 and C56 listhesis.

2. Technique Description
2.1. Clinical Examination and Radiological Investigation for Identifying the Cause of
Cervical Myelopathy

Clinical symptoms and signs for cervical myelopathy with radiological imaging are
key in patient selection. X-ray Antero-Posterior and lateral views help to identify the
alignment of the neck, recognize any kyphotic deformity, and identify any gross instability.
MRI identifies the level of compression of the spinal cord to determine any spinal cord
signal changes. CT scans help to delineate the type of ossification of the flavum and help in
surgical planning.

2.2. Anesthesia and Positioning

The patient is positioned supine first for the first part of the surgery for Anterior
Cervical Discectomy and Fusion. Surgery is performed under General Anesthesia, and the
patient is placed onto a radiolucent table. The authors prefer to approach from the right for
the anterior approach to the cervical spine. Once Anterior Cervical Discectomy and Fusion
are carried out, the patient is then turned prone after the application of the Mayfield clamp
(Figure 2A).
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Figure 2. (A): Patient positioned prone after the application of Mayfield clamps after the ACDF
procedure, (B): Skin markings 2 cm apart over the pedicle line at the target level C3 lamina.

2.3. Skin Marking

The surgeon stands on the same side as the pathology (the left side, in this case). Two
portals are made with two skin incisions (Figure 2B) of 7 mm in length that are made
horizontally on the pedicle under the guidance of C-arm fluoroscopy (Figure 3A–D). Each
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skin incision for the portal is made at the upper and lower pedicle (C3 and C4), related to
the target level. The distance between these two portals is about 2 cm.
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Figure 3. Radiological identification of the portal placement levels with the Image Intensifier.
(A,B) show the AP and Lateral views prior to skin marking. (C,D) show skin marking with metal
markers in AP and Lateral views. (E,F) show ipsilateral burring using a 3.5 mm spherical diamond
burr. (G) shows sublaminar burring of the contralateral side.

2.4. Docking and Working Channel Placement

After making two portals, fascia is incised in a T-shape manner. A muscle elevator
is used to elevate and clear the muscle over the lamina. Serial dilators are used to dis-
sect the neck muscle and generate operative space. A 0◦ endoscope is inserted through
the viewing portal. The saline irrigation pressure is kept at 30 mmHg. Surgical instru-
ments of the biportal endoscopic spine surgery set (BESS™ set) are inserted through the
working portal.

2.5. Identification of the V Point

Triangulation with the endoscope and instrument is carried out on the margin of the
superior lamina. Then, the inferior lamina and medial point of the facet joint (V-point) are
identified. Remnant soft tissue around the V-point is removed, and the minor bleeding is
controlled with a radiofrequency (RF) probe (Bonss Medical™) to clear the surgical field.

2.6. Drilling of the Ipsilateral Lamina and Laminectomy

The upper lamina (C3) is drilled starting at the inferolateral region, then proceeding
in the craniolateral direction with the 3.0 mm spherical diamond burr. This is done until
the ligament flavum is just detached from the upper lamina. The superolateral part of the
lower lamina (C4) is then burred in the caudal direction until it is paper thin. The ligament
flavum should be preserved until the bone work is finished for the protection of the thecal
sac (Figure 4A–C).
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Figure 4. Intraoperative pictures showing various stages of posterior decompression and flavec-
tomy. (A): Drilling at the V point, (B): drilling of cephalad lamina until the margin of OLF, (C): 
drilling until the caudal margin of OLF, (D): cephalad laminotomy with a 1 mm Kerrison punch (E): 
lifting and en bloc removal of OLF by a fine dissector, (F): dura after resection of ligamentum fla-
vum, (G): video of the UBE technique (Video S1). 

2.7. Sublaminar Drilling of the Contralateral Lamina 
The sublaminar area of the contralateral side is drilled until the medial part of the 

contralateral facet is exposed. This is carried out while retaining the spinous process and 
the contralateral outer cortical bone (Figure 3E–G). Further, the thinned area of the lamina 
is removed using the fine dissector or 1 mm Kerrison punch (Figure 4D) 

2.8. Detaching the Ligamentum Flavum en Bloc 
Subsequently, the LF is separated from the edges of attachment to the lamina and the 

facet joints using a fine dissector and nerve hook (Figure 4E). Then, the LF is removed en 
bloc (Figure 5B) using fine pituitary forceps, and the dura is fully exposed. (Figure 4F). 

 
Figure 5. (A) Wound closure after drain insertion. (B) Ligamentum flavum after en bloc excision. 

Figure 4. Intraoperative pictures showing various stages of posterior decompression and flavectomy.
(A): Drilling at the V point, (B): drilling of cephalad lamina until the margin of OLF, (C): drilling until
the caudal margin of OLF, (D): cephalad laminotomy with a 1 mm Kerrison punch (E): lifting and en
bloc removal of OLF by a fine dissector, (F): dura after resection of ligamentum flavum, (G): video of
the UBE_technique (Video S1).

2.7. Sublaminar Drilling of the Contralateral Lamina

The sublaminar area of the contralateral side is drilled until the medial part of the
contralateral facet is exposed. This is carried out while retaining the spinous process and
the contralateral outer cortical bone (Figure 3E–G). Further, the thinned area of the lamina
is removed using the fine dissector or 1 mm Kerrison punch (Figure 4D)

2.8. Detaching the Ligamentum Flavum en Bloc

Subsequently, the LF is separated from the edges of attachment to the lamina and the
facet joints using a fine dissector and nerve hook (Figure 4E). Then, the LF is removed en
bloc (Figure 5B) using fine pituitary forceps, and the dura is fully exposed. (Figure 4F).
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2.9. Confirmation of Decompression Using Intraoperative Computer Tomographic (O Arm) SCAN

After the completion of decompression, we perform an intraoperative 3-D CT imaging
using an O- Arm to radiologically confirm the adequacy of decompression (Figure 6A–D).
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Figure 6. Intraoperative O-arm CT images showing the adequacy of decompression and the implant
position. (A,B) Intraoperative O arm imaging sagittal and coronal images post-decompression.
(C,D) Axial cuts at the C3 level post-decompression.

2.10. Wound Closure with Drain

The wound is closed after the insertion of the surgical drain (Figure 5A). Vicryl 3/0 is
used to oppose skin edges. The drain is maintained active to avoid any hematoma collection.

3. Indications

Treating cervical stenosis associated with myelopathy contributed by ossification of
the ligamentum flavum. Facet cyst and residual foraminal stenosis after anterior cervical
discectomy fusion.

4. Limitations

Cervical stenosis extending more than three levels with an extensively ossified liga-
mentum flavum may be a limitation for the procedure.

5. How to Avoid Complications

1. Preoperative radiological imaging such as MRI for evaluating the level and extent of
stenosis and myelopathy.

2. Identification of the calcified ligamentum flavum on the CT scan and knowing the
extent and location of the calcification.

3. Using a high-speed drill to gradually thin the ossified ligamentum flavum until there
is a translucent thin layer left. Before the resection of the ossified ligamentum flavum,
the normal boundary of the ligamentum flavum should be clearly revealed [7].

4. A technique performed through the stepwise approach can help in the identification
of key anatomical structure checkpoints and in highlighting the targets for decom-
pression required to achieve good radiological and clinical outcomes [8].

5. The ligament flavum can be preserved until the bone work is finished.
6. An intraoperative 3D CT scan confirming the adequacy of decompression.
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6. Specific Perioperative Considerations

The patient can mobilize the next morning; the drain can be removed when the
drainage is below 80 mL per 24 h.

7. Patient Education about Surgery and the Potential Risks Involved

There is potential risk of injury to the dura and spinal cord. Conversion to open surgery
is possible in cases of significant bleeding obstructing endoscopic vision. Alternative
treatments including posterior open decompression and stabilization can be discussed.

8. Summary of 10 Key Points

1. The advantages of biportal endoscopic approaches over conventional open surgery
include the preservation of the normal structures, less intraoperative bleeding and
fast postoperative recovery [9].

2. Biportal endoscopy allows for a direct, magnified and closeup view of the pathology.
3. Systematic evaluation of the MRI and CT scans to plan the surgery.
4. Usage of intraoperative fluoroscopy to localize the drilling and the extent of decom-

pression.
5. Use of a 3.5 mm high-speed diamond drill to thin out the lamina, and use of dissectors

and a 1 mm Kerrison for the final flavectomy.
6. Before the resection of the ossified ligamentum flavum, the normal boundary of the

ligamentum flavum is to be clearly revealed.
7. The flavum is to be preserved until the bone work is finished.
8. Hemostasis with radiofrequency is preferred rather than increasing the pump pressure.

Keeping the pump pressure at 30–40 mmHg in most parts of the operation is preferred.
9. Intraoperative 3D CT scan to confirm adequate decompression.
10. Usage of the drain is preferred to avoid hematoma at the spinal cord level.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/std12020007/s1, Video S1: Cervical UBE one-block resection of
calcified ligamentum flavum.
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