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SUMMARY:
This protocol describes circumferential transforaminal endoscopic lumbar foraminotomy for 360° decompression of the exiting nerve root in patients with lumbar foraminal stenosis using a step-by-step, landmark-based approach to achieve adequate bony and soft-tissue decompression.

ABSTRACT:
Lumbar foraminal stenosis is a common cause of intractable radiculopathy that may require surgical treatment when conservative management is ineffective. Transforaminal endoscopic lumbar foraminotomy (TELF) has been developed as a minimally invasive alternative to conventional open surgery, offering reduced tissue disruption and faster recovery. However, conventional TELF techniques may provide limited decompression in complex cases involving severe bony stenosis, fibrosis, or postoperative anatomical changes. This protocol describes circumferential TELF (C-TELF), an advanced endoscopic decompression technique designed to achieve 360° decompression of the exiting nerve root (ENR) in patients with lumbar foraminal stenosis. The goal of this protocol is to provide a reproducible, step-by-step method for achieving circumferential neural decompression through a landmark-based transforaminal approach. The technique incorporates sequential bony unroofing, soft-tissue removal, and complete neural mobilization within the foraminal zone. The procedure is performed using a percutaneous transforaminal approach under fluoroscopic guidance and endoscopic visualization. Decompression is conducted sequentially from the lower pedicle to the upper pedicle to enlarge the neural foramen and establish an adequate safety margin around the ENR. By achieving circumferential decompression, this technique aims to minimize residual neural compression and facilitate durable decompression. This protocol provides detailed procedural guidance to support the safe and reproducible implementation of C-TELF, particularly in patients with complex or refractory lumbar foraminal stenosis.

INTRODUCTION:
Lumbar foraminal stenosis is a common cause of intractable radiculopathy, particularly in older adults and patients who have undergone previous lumbar surgery1,2. This condition often leads to persistent leg pain, functional disability, and reduced quality of life3,4. Degenerative changes, including disc collapse, facet hypertrophy, and ligament thickening, contribute to the progressive narrowing of the neural foramen5. Although conventional open decompression and fusion surgery can relieve symptoms, these procedures are associated with significant tissue injury, perioperative morbidity, and the risk of adjacent segment degeneration6,7. Minimally invasive spinal surgery techniques have been developed to overcome these limitations. Among them, transforaminal endoscopic lumbar foraminotomy (TELF) has emerged as an effective surgical option for lumbar foraminal stenosis8,9. This technique allows direct decompression of the exiting nerve root (ENR) through a transforaminal route while preserving normal anatomical structures10. In addition, TELF can be performed under local anesthesia, which may reduce surgical risk in older or medically compromised patients11,12. The development of TELF has been supported by advances in surgical instrumentation, visualization systems, and operative strategies13. The introduction of outside-in approaches and progressive foraminal unroofing techniques has enabled safer and more effective access to the stenotic zone14,15. These advances have expanded the indications for endoscopic spine surgery and improved clinical outcomes in selected patient populations16.

Despite these advances, conventional TELF techniques may provide only partial decompression and may not fully address complex or multifactorial compression, particularly in cases involving severe bony stenosis, fibrosis, or postoperative anatomical changes17,18. In patients with a history of lumbar fusion, foraminal stenosis may result from a combination of disc collapse, scar tissue formation, and hardware-related irritation19. In such cases, incomplete decompression may contribute to persistent or recurrent symptoms20. To address these limitations, an extended form of TELF has been developed to achieve circumferential decompression of the ENR. This technique emphasizes the complete removal of compressive structures, including bone, ligament, and soft tissue, under direct endoscopic visualization (Figure 1 and Figure 2)8,16. Compared with conventional TELF techniques, this approach is intended to provide more comprehensive neural decompression in selected cases21. Although C-TELF evolved from previously described extended TELF techniques, the focus of the procedure extends beyond wider bony decompression alone. Extended TELF was developed to create larger decompression margins and reduce the risk of residual or recurrent foraminal stenosis. In contrast, C-TELF places additional emphasis on meticulous release of the ENR through the removal of fibrotic tissue, scar tissue, and residual compressive structures surrounding the nerve root. This approach aims to achieve adequate decompression and free neural mobilization under direct endoscopic visualization. The overall goal of this method is to achieve 360° decompression of the ENR through a reproducible, landmark-based endoscopic technique. This study describes a detailed protocol for C-TELF and provides guidance for its application in patients with complex lumbar foraminal stenosis. C-TELF is particularly useful in patients with severe bony stenosis, foraminal fibrosis, postoperative foraminal stenosis, and recurrent radiculopathy. These complex conditions often require more extensive neural decompression and neural release than can be achieved using conventional decompression techniques. Detailed inclusion criteria, exclusion criteria, and patient selection guidelines are provided in the Protocol section.

[Place Figure 1 here.]
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PROTOCOL:
Institutional Review Board approval was obtained before data extraction, and all procedures were performed in accordance with institutional guidelines for human research. This study was approved by the Institutional Review Board of Kyung Hee University Hospital at Gangdong (Approval No. KHNMC 2026-04-033). The requirement for informed consent was waived because of the retrospective nature of the analysis and the use of de-identified data.

1. Preoperative Planning

1.1. Evaluate the patient’s symptoms and neurological findings. Confirm radicular pain corresponding to a single ENR.

1.2. Perform a physical examination. Check dermatomal pain distribution, motor weakness, and reflex changes.

1.3. Obtain lumbar magnetic resonance imaging (MRI). Identify foraminal or extraforaminal nerve root compression (Figure 3A).

[Place Figure 3 here.]

1.4. Obtain computed tomography (CT) scans. Assess bony stenosis, osteophytes, and pedicle morphology.

1.5. Obtain dynamic X-rays. Evaluate segmental instability.

1.6. Exclude patients with definite instability or hardware failure.

1.7. Perform a selective nerve root block at the suspected level. Confirm symptom relief.

1.8. Use a selective nerve root block primarily when the symptomatic level is uncertain. Define a positive response as significant but transient relief of the patient’s typical radicular symptoms following the injection, with improvement resolving within 2 weeks.

1.9. Define the surgical target as the ENR within the foraminal zone. Plan a circumferential decompression strategy (Figure 3).

1.10. Apply the following inclusion criteria.

1.10.1. Include patients with clinical symptoms and signs consistent with lumbar foraminal or extraforaminal nerve root compression.

1.10.2. Confirm foraminal stenosis by MRI and/or CT findings that correlate with the patient's symptoms.

1.10.3. Include patients with persistent symptoms despite at least 6 weeks of appropriate conservative treatment, including medication, physical therapy, and/or injection therapy.

1.10.4. Include patients with complex foraminal pathology, including severe bony stenosis, foraminal fibrosis, postoperative foraminal stenosis, recurrent radiculopathy, or failed previous lumbar procedures.

1.11. Apply the following exclusion criteria.

1.11.1. Exclude patients with segmental instability demonstrated on dynamic radiographs.

1.11.2. Exclude patients with high-grade spondylolisthesis.

1.11.3. Exclude patients with predominant central canal stenosis requiring direct central decompression.

1.11.4. Exclude patients with spinal infection, tumor, or acute fracture.

1.11.5. Exclude patients with hardware failure requiring revision instrumentation.

1.11.6. Exclude patients with severe spinal deformity requiring corrective fusion surgery.

1.12. Consider C-TELF in the following situations.

1.12.1. Severe bony foraminal stenosis requiring extensive bony decompression.

1.12.2. Foraminal fibrosis or scar tissue causing nerve root tethering.

1.12.3. Postoperative foraminal stenosis after previous lumbar surgery.

1.12.4. Recurrent radiculopathy after prior decompression procedures.

1.12.5. Combined bony and soft-tissue compression that may not be adequately addressed by standard TELF.

2. Fluoroscopic-Guided Transforaminal Approach

2.1. Place the patient in a prone position on a radiolucent table. Maintain mild hip and knee flexion.

2.2. Administer local anesthesia at the skin entry site and maintain conscious sedation. Preserve patient feedback throughout the procedure.

2.3. Identify the target level using fluoroscopy. Determine the skin entry point. Select the skin entry point to achieve a relatively steep trajectory (approximately 45°–60°) that passes through the lateral surface of the facet joint toward the target foramen.

2.4. Determine the final trajectory angle based on the target level, foraminal anatomy, and anticipated working corridor. In general, select a relatively steep trajectory because the viewing angle of the working-channel endoscope is typically inclined at approximately 20°–30°.

2.4.1. If the initial approach is too shallow, visualization and decompression of the proximal foraminal zone, including the axillary region of the ENR, may be difficult. Therefore, initiate the procedure with a trajectory of approximately 45°–60° and gradually flatten the working corridor as decompression progresses.

2.4.2. The representative case shown in Figure 3C illustrates an approach angle of approximately 60°.

2.5. Insert a spinal needle toward the foraminal zone. Direct the needle toward the disc or the vertebral surface near the inferior pedicle while maintaining contact with the surface of the superior articular process.

2.6. Confirm the needle position under fluoroscopic guidance. In the anteroposterior view, position the needle tip near the mid-pedicular line at the target level. In the lateral view, advance the needle tip to the disc level or the vertebral surface adjacent to the inferior pedicle. Plan the entry point and trajectory preoperatively using axial MRI to provide a safe corridor along the lateral margin of the facet joint toward the foraminal zone.

2.7. Insert a guidewire and remove the needle while maintaining the guidewire position.

2.8. Insert sequential dilators over the guidewire. Monitor continuously for signs of ENR irritation and avoid provoking nerve irritation.

2.9. Sequentially dilate the soft-tissue corridor using four serial dilators with progressively increasing outer diameters (2.5, 3.9, 5.2, and 6.3 mm). After completing serial dilation, insert the blunt obturator, then advance the final working sheath into the foraminal zone.

2.10. Monitor continuously for signs of ENR irritation during dilation. Because the procedure is performed under local anesthesia, nerve irritation may be indicated by reproduction of the patient's typical radicular pain or involuntary muscle twitching. If these signs occur, stop advancement, reassess the trajectory, and proceed carefully after the symptoms have resolved.

2.11. Advance the beveled working sheath into the foraminal zone. Orient the beveled opening away from the ENR (Figure 3B).

2.12. Confirm the sheath position using fluoroscopy. Verify that the distal end of the working sheath is safely seated within the foraminal zone (Figure 3B).

2.13. Place the sheath within the outer foraminal zone to avoid direct nerve compression.

2.14. Confirm the position of the working sheath under fluoroscopic guidance. In the anteroposterior view, position the sheath tip just lateral to the facet joint and foraminal zone. In the lateral view, position the sheath tip at or slightly posterior to the posterior vertebral line. This position allows the beveled opening to provide optimal access for foraminal decompression.

2.15. Insert the fenestrated 45° working tube (see Table of Materials), with an outer diameter of approximately 7.5 mm, over the obturator and advance it into the foraminal zone under fluoroscopic guidance.

3. Endoscopic Bony Unroofing

3.1. Insert the endoscope through the working sheath (Figure 3C). Identify the lower pedicle, superior articular process, facet joint, disc surface, ENR, and surrounding perineural fat.

3.2. Use a working-channel endoscope designed for transforaminal spinal endoscopy. In this protocol, a 30° endoscope with an outer diameter of approximately 7.3 mm and a 4.7-mm working channel is used (see Table of Materials).

3.2.1. Use the oblique optical configuration to facilitate visualization of the foraminal structures and enable circumferential decompression around the ENR.

3.3. Begin decompression at the lower pedicle margin. Maintain a stable orientation using bony landmarks.

3.4. Undercut the superior articular process and the adjacent portion of the pedicle using an endoscopic burr. Identify the cephalad margin of the lower pedicle, which serves as the inferior boundary of the foraminal zone. This approach initiates foraminal decompression while minimizing the risk of nerve root injury (Figure 4A).

[Place Figure 4 here.]

3.5. Identify the cephalad margin of the lower pedicle as the inferior boundary of the foraminal zone. Use this bony landmark as a reliable reference point during decompression.

3.6. Perform bony decompression using a straight 3.5-mm diamond burr designed for working-channel endoscopic surgery (see Table of Materials). Operate the burr in continuous rotation mode at approximately 80,000 rpm to undercut the bony structures while minimizing soft-tissue injury.

3.7. Undercut the superior articular process and expose the ligamentum flavum. Advance the undercutting toward the ENR until the facet joint cleft is identified (Figure 4B).

3.8. Identify the facet joint cleft during progressive undercutting of the superior articular process. Endoscopically, it appears as a gap between the superior and inferior articular processes, often containing synovial tissue. Recognize this landmark as indicating that decompression has reached the proximal foraminal zone, where the origin of the ENR is typically located.

3.9. Upon reaching the facet joint cleft, continue removing bone medially to expose the axillary portion of the ENR and identify the site of nerve root impingement.

3.10. Extend the decompression toward the upper portion of the foraminal zone. Resect the isthmus and upper pedicle wall to expose the shoulder portion of the ENR.

3.11. Continue resection until the shoulder portion, origin, and proximal course of the ENR are clearly exposed, allowing circumferential decompression around the nerve root.

3.12. Extend the decompression to achieve wide unroofing of the foraminal zone from the lower to the upper pedicle, allowing circumferential visualization of the ligamentous structures surrounding the ENR.

3.13. Expand the bony resection margin along the pedicle walls from the lower to the upper pedicle. Ensure sufficient working space around the nerve root.

3.14. Confirm adequate foraminal unroofing by identifying the ligamentum flavum between the lower and upper pedicle walls and the facet joint cleft. These anatomical landmarks indicate that an adequate bony resection margin and working space have been achieved.

3.15. Adequate bony resection margins are critical for complete decompression and the prevention of residual compression.

3.16. Monitor decompression progress primarily under endoscopic visualization. Use intermittent fluoroscopic confirmation to assess the extent of bony unroofing. Consider decompression adequate when the resection extends beyond the medial pedicular line on the anteroposterior fluoroscopic view and reaches the lower and upper pedicle margins, corresponding to complete foraminal unroofing.

4. Soft Tissue Decompression

4.1. Remove the exposed ligamentum flavum using endoscopic punches and forceps (Figure 4C).

4.2. Use 2.9-mm endoscopic micropunches with hook-shaped or beak-shaped tips, 2.9-mm blunt-tipped grasping forceps, and endoscopic Kerrison punches (see Table of Materials). Use these instruments in combination to remove the ligamentum flavum, hypertrophic foraminal ligaments, fibrotic adhesions, and other compressive soft tissues surrounding the ENR.

4.3. Remove hypertrophic foraminal ligaments and fibrotic adhesions. Carefully dissect the nerve root and dural sac using an endoscopic probe and hydrostatic pressure.

4.4. Maintain hydrostatic pressure using an automated irrigation pump with continuous antibiotic-containing saline irrigation. Control the irrigation pressure between 30 and 60 mmHg to maintain a clear operative field and facilitate soft-tissue dissection.

4.5. Dissect fibrotic adhesions using both mechanical dissection and hydrodissection. Use an endoscopic dissector or probe to develop the dissection plane, while saline irrigation or hyaluronate solution facilitates atraumatic separation of adhesions from the nerve root and dural sac.

4.6. Expose the ENR. Remove compressive soft tissue surrounding the nerve root. If necessary, coagulate and reduce or partially remove redundant disc material.

4.7. Manage disc material according to its pathological configuration. Remove extruded fragments beyond the annulus when they contribute to nerve root compression. Manage redundant but contained disc tissue with coagulation and shrinkage rather than excision to achieve adequate decompression.

4.8. Perform circumferential decompression along the nerve root from the shoulder portion to the axillary portion. Extend the release distally toward the lateral exit zone to achieve full-length decompression (Figure 4C).

4.9. Confirm circumferential decompression by verifying that the ENR is completely exposed and released along its entire course. Confirm visualization of the axillary portion, origin, shoulder portion, and lateral exit zone of the ENR, with no residual compressive structures surrounding the nerve root.

4.10. Carefully dissect fibrotic adhesions and gently mobilize the nerve root.

4.11. Severe adhesions may tether the nerve root. Perform dissection meticulously to avoid injury.

4.12. Complete adhesion release only after the nerve root is clearly visualized, freely mobile, and demonstrates spontaneous pulsation. Avoid further dissection once these endpoints are achieved because excessive manipulation may damage the exposed neural sheath.

4.13. Control bleeding using a radiofrequency probe. Maintain a clear endoscopic field with pressure-controlled irrigation.

4.14. Perform hemostasis using a bipolar radiofrequency probe in coagulation mode (see Table of Materials).

4.14.1. Adjust the power setting according to the surgical location. Use settings of up to approximately 60 W for epidural or ligamentous bleeding away from neural structures and lower settings of approximately 15–30 W near the ENR or dural sac to minimize thermal injury.

4.14.2. Apply the probe briefly and intermittently under continuous irrigation. Avoid prolonged contact with neural tissue.

4.15. Maintain visualization using continuous saline irrigation delivered through an automated pressure-controlled irrigation pump. Maintain the irrigation pressure between 30 and 60 mmHg and adjust it as needed to preserve a clear endoscopic field while avoiding excessive pressure on neural structures.

5. Finishing Point

5.1. Inspect the surgical field and confirm full exposure of the ENR.

5.2. Ensure decompression from the lower pedicle to the upper pedicle.

5.3. Confirm that adequate bony resection margins have been achieved around the ENR and that no residual ligamentous tissue remains entrapping the nerve root (Figure 4D).

5.4. Confirm adequate bony resection margins by verifying direct visualization of the ENR without intervening compressive soft tissue between the nerve root and the resected bony margins. Confirm that sufficient space has been created around the nerve root and that no residual soft-tissue entrapment remains.

5.5. Confirm free mobilization and visible pulsation of the ENR.

5.6. Assess ENR mobilization by confirming visible spontaneous pulsation, smooth mobility during gentle probing, and, when appropriate, enhanced pulsation during a voluntary cough maneuver in awake patients. These findings indicate adequate neural release and restoration of nerve root mobility.

5.7. Perform final hemostasis and remove the working sheath.

5.8. Confirm adequate hemostasis by verifying that no active bleeding is present during continuous irrigation and that no significant bleeding occurs after temporarily stopping irrigation. Confirm that the endoscopic field remains clear and stable before removing the working sheath.

5.9. Close the skin without drainage.

5.10. Remove the endoscope and working sheath. Close the wound with a single subcutaneous suture followed by skin tape application. If skin approximation is inadequate, place an additional single skin suture at the surgeon's discretion. Do not place a drain routinely.

5.11. Confirm complete neural release after circumferential (360°) decompression of the ENR.

5.11.1. Confirm complete exposure of the axillary and shoulder zones at the dural sac origin (proximal decompression).

5.11.2. Confirm complete release of the ENR at the lateral exit zone.

5.11.3. Confirm adequate decompression margins around the nerve root without residual compression.

5.11.4. Confirm free mobilization and visible pulsation of the ENR under endoscopic visualization (Figure 4D).

5.12. Confirm the absence of residual compression by direct endoscopic inspection, gentle probing around the nerve root, and verification of adequate neural expansion. Consider decompression complete when no residual compressive structures are present, the ENR is freely mobile, and both the ENR and dural sac demonstrate satisfactory expansion and pulsation. Poor neural expansion, restricted mobility, or diminished pulsation may indicate residual compression.

5.13. Perform postoperative assessment of radicular pain, wound pain, and neurological function, including hip, knee, and ankle muscle strength. Monitor patients for at least 3 h for vital signs and neurological status. If an adverse event or persistent neurological deficit is suspected, obtain postoperative MRI or CT for further evaluation.

RESULTS:
The overall workflow of C-TELF is illustrated schematically in the lateral view (Figure 1A–1E) and axial view (Figure 2A–2E). These schematics demonstrate the progression from foraminal stenosis with ENR compression (Figures 1A and 2A), through stepwise bony decompression and foraminal unroofing (Figures 1B–1D and 2B–2D), to complete circumferential decompression of the ENR (Figures 1E and 2E).

A representative clinical case is shown in Figure 3. Preoperative MRI demonstrated severe right-sided L5–S1 foraminal stenosis (Figure 3A). Intraoperative fluoroscopy confirmed appropriate placement of the working sheath within the target foramen (Figure 3B), and intraoperative photographs demonstrated the full-endoscopic transforaminal procedure (Figure 3C). Postoperative MRI demonstrated enlargement of the foraminal space and complete decompression of the ENR (Figure 3D). The patient showed early symptomatic improvement after surgery, with leg pain decreasing from a preoperative visual analog scale (VAS) score of 8 to 1 at follow-up, allowing an early return to daily activities.

Successful circumferential decompression was confirmed endoscopically through a stepwise decompression sequence (Figure 4). Initial visualization demonstrated foraminal narrowing associated with hypertrophic bony and soft-tissue structures (Figure 4A). Progressive bony unroofing was performed using the facet joint cleft as a key landmark (Figure 4B). Subsequent soft-tissue decompression enabled removal of ligamentous and fibrotic compressive elements surrounding the ENR (Figure 4C). Final inspection demonstrated complete circumferential decompression with exposure of the axillary and shoulder zones, free mobilization of the ENR, and visible nerve root pulsation (Figure 4D).

A critical determinant of surgical success is adequate decompression of the primary compression point. In most cases, this corresponds to the site of impingement where the ENR originates from the dural sac. Circumferential decompression is intended to minimize residual compressive tissue and facilitate complete neural release. Representative clinical results from a previously published series of C-TELF are summarized in Table 1.

[Place Table 1 here.]

FIGURE AND TABLE LEGENDS:
Figure 1. Lateral-view schematic of circumferential transforaminal endoscopic lumbar foraminotomy (C-TELF). (A) Lumbar foraminal stenosis causing compression of the exiting nerve root (ENR). (B) Initial bony decompression beginning at the lower pedicle wall. (C) Progressive bony unroofing toward the facet joint cleft, allowing exposure of the proximal and axillary portions of the ENR. (D) Extension of bone resection to the isthmus and upper pedicle wall to expose the shoulder portion of the ENR. (E) Final schematic demonstrating complete circumferential (360°) decompression of the ENR.

Figure 2. Axial-view schematic of C-TELF. (A) Lumbar foraminal stenosis causing compression of the ENR. (B) Undercutting of the superior articular process during initial bony decompression. (C) Landmark-based foraminal unroofing focused on identification of the facet joint cleft. (D) Removal of ligamentous soft tissues to expose the dural sac and ENR. (E) Final schematic demonstrating complete decompression from the proximal foraminal zone to the lateral exit zone with an adequate bony decompression margin.

Figure 3. Representative case of C-TELF. (A) Preoperative magnetic resonance imaging (MRI) demonstrating severe right-sided L5–S1 foraminal stenosis (arrows). (B) Intraoperative fluoroscopic images showing placement of the working sheath within the right L5–S1 intervertebral foramen. (C) Intraoperative photographs demonstrating the full-endoscopic transforaminal procedure using a working-channel endoscope; the surgical trajectory is approximately 60°, selected within the recommended 45°–60° range according to the patient’s foraminal anatomy and target pathology. (D) Postoperative MRI demonstrating enlargement of the foraminal space and complete decompression of the ENR (arrowheads).

Figure 4. Intraoperative endoscopic views of stepwise circumferential decompression. (A) Initial endoscopic view showing the lower pedicle (LP), hypertrophic superior articular process (SAP), and facet joint before decompression. The LP represents the inferior aspect of the foraminal zone. (B) Landmark-based bony unroofing using an endoscopic burr. Identification of the facet joint cleft serves as the key anatomical landmark during decompression; the structure labeled "facet" in the image corresponds to the facet joint cleft. (C) Soft-tissue decompression using endoscopic instruments following bony unroofing. (D) Final endoscopic view demonstrating complete circumferential decompression of the ENR, with exposure of the axillary and shoulder zones and visualization of the upper pedicle (UP).

Table 1. Representative clinical outcomes following C-TELF. Clinical outcomes from a representative series of patients treated with C-TELF, including patient demographics, operative characteristics, clinical outcomes, and procedure-related complications. Leg pain was assessed using the visual analog scale (VAS), functional disability was evaluated using the Oswestry Disability Index (ODI), and overall clinical outcome was assessed using the modified Macnab criteria.

DISCUSSION:
This protocol describes a structured and reproducible technique for circumferential TELF. Radiculopathy caused by lumbar foraminal stenosis is common and often debilitating. Despite open surgery and minimally invasive procedures, incomplete decompression remains a common cause of persistent or recurrent symptoms. Therefore, circumferential decompression of the ENR is important for achieving reliable clinical outcomes19,21. Although C-TELF evolved from previously described extended TELF techniques, several technical features distinguish the current procedure. Extended TELF primarily focused on creating wider decompression margins through more extensive bony unroofing of the foraminal zone. In contrast, C-TELF places additional emphasis on the circumferential release of the ENR itself. This includes meticulous dissection of foraminal fibrosis, scar tissue, and adhesions surrounding the nerve root, as well as decompression of the nerve root from its axillary origin to the lateral exit zone. The goal is not only to enlarge the foraminal space but also to achieve free mobilization of the ENR under direct endoscopic visualization.

One of the most critical steps is accurate placement of the working sheath within the foraminal zone under fluoroscopic guidance. Proper positioning enables safe access to the target area and reduces the risk of nerve injury. Precise trajectory planning based on preoperative imaging is essential for successful decompression. A relatively steep initial approach angle is recommended, allowing the surgeon to subsequently flatten the trajectory and perform effective decompression using the angled endoscopic working channel. In contrast, starting with an overly shallow approach may limit the working corridor and make subsequent decompression more difficult. The optimal trajectory should be individualized according to the patient’s foraminal anatomy and target pathology. The approximately 60° approach shown in Figure 3C represents one example within the recommended 45°–60° range.

Another key step is sequential bony decompression from the lower pedicle to the superior articular process and upper pedicle. This stepwise approach enables controlled enlargement of the foramen and sufficient exposure of the ENR. Maintaining anatomical orientation during this process is crucial for avoiding complications and achieving effective decompression. Loss of intraoperative orientation is one of the most challenging aspects of full-endoscopic spine surgery and can occur even in experienced surgeons. A landmark-based endoscopic strategy helps preserve spatial orientation while facilitating decompression. Among these landmarks, the facet joint cleft is critical for circumferential TELF. Identification of this cleft indicates that the key compression point of the ENR has been reached, and expansion of decompression around this landmark allows progressive neural release. In this context, the inferior aspect of the foraminal zone corresponds anatomically to the lower pedicle, which serves as an important landmark for initiating stepwise foraminal unroofing.

Complete decompression of the ENR with a sufficient resection margin is essential for successful clinical outcomes. Surgeons must carefully remove compressive elements, including hypertrophic bone, ligamentous structures, and fibrotic adhesions. Incomplete decompression is a major cause of persistent symptoms and surgical failure20. Particular attention should focus on the region where the ENR originates from the dural sac. No residual soft tissue should remain along the bony resection margin at this site, as it is one of the most commonly overlooked areas. At the final stage, the nerve root should be fully released and mobile under endoscopic visualization. Performing the procedure under local anesthesia also allows real-time patient feedback, which may improve safety and facilitate early detection of nerve irritation.

This technique can be modified according to the underlying pathology. In patients with severe bony stenosis, extensive drilling of the superior articular process may be required8. In contrast, in cases with predominant soft-tissue or disc-related compression, selective soft-tissue removal may be sufficient17. The surgical approach, including the outside-in technique, can be adjusted according to anatomical conditions14. When visualization is limited because of bleeding or a narrow working space, meticulous hemostasis and gradual expansion of the surgical corridor are required. Patient selection remains an important consideration when applying C-TELF. In our experience, this technique is particularly useful in patients with severe bony foraminal stenosis, foraminal fibrosis, postoperative foraminal stenosis, recurrent radiculopathy, and other complex forms of foraminal compression involving multiple pathological factors. In contrast, patients with focal foraminal stenosis caused by a limited compressive lesion may be adequately treated using less extensive decompression techniques. Patients with significant segmental instability, high-grade spondylolisthesis, severe deformity, or predominant central canal stenosis are generally better candidates for fusion procedures or alternative decompression strategies.

Compared with conventional open or microscopic decompression, circumferential TELF offers several potential advantages, including reduced tissue disruption, reduced postoperative pain, shorter hospital stay, and faster recovery18,22,23. The ability to perform the procedure under local anesthesia is particularly beneficial for older or high-risk patients. In addition, this technique allows targeted decompression of the foraminal zone while preserving spinal stability19,21. Despite these advantages, this method has several limitations. First, it has a steep learning curve and requires advanced endoscopic skills16,20. Second, it may be less suitable for patients with central canal stenosis or spinal instability requiring fusion8. Third, radiation exposure during fluoroscopic guidance remains a concern and should be minimized. The significance of this method lies in its potential application for complex cases such as postoperative foraminal stenosis, recurrent radiculopathy, and advanced degenerative disease10,19,21,24,25. Future studies should validate the clinical durability and comparative effectiveness of circumferential TELF in complex foraminal stenosis.
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