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SUMMARY: 
This protocol provides a step-by-step guide for performing transforaminal full-endoscopic ventral facetectomy under local anesthesia for lumbar lateral recess stenosis, particularly in patients who may not tolerate general anesthesia.

ABSTRACT: 
This article describes a reproducible protocol for performing transforaminal full-endoscopic ventral facetectomy (TF-FEVF) under local anesthesia for lumbar lateral recess stenosis. Lateral recess spinal stenosis (LRSS) in the lumbar spine is generally treated with posterior decompression surgery under general anesthesia. The invasiveness of posterior decompression has decreased with the development of endoscopic techniques such as interlaminar full-endoscopic spine surgery and unilateral biportal endoscopy. However, these techniques still require general anesthesia. With population aging in developed countries, older patients with LRSS are becoming increasingly common. In older patients with severe comorbidities, general anesthesia may pose a substantial risk. LRSS can also be decompressed by transforaminal full-endoscopic spine surgery (TF-FESS), such as discectomy or foraminotomy, and may benefit elderly patients in poor general condition. In 2017, we developed TF-FEVF as a decompression procedure that can be performed under local anesthesia. This article outlines the surgical indications, operative workflow, and key anatomical landmarks of TF-FEVF. It also describes, step by step, the technique used to achieve effective local anesthesia. Under fluoroscopic guidance, 1% lidocaine is infiltrated in the subcutaneous tissue (3 mL), fascia/muscle (7 mL), facet joint (8 mL), and caudal endplate (2 mL) for local anesthesia. The working cannula is inserted and attached to the lateral wall of the superior articular process (SAP). The ventral and cranial portions of the SAP are extensively resected to widen Kambin’s triangle while preserving the dorsal facet complex whenever possible. Next, the ventral surface of the inferior articular process is drilled, allowing exposure and elevation of the ligamentum flavum (LF). Resection of the elevated LF enables adequate decompression of the traversing nerve root. Finally, adequate decompression of the traversing nerve root is confirmed endoscopically. At our institution, more than 200 patients have undergone TF-FEVF, including 10 patients older than 90 years without complications.

INTRODUCTION: 
Lumbar spinal stenosis is a common degenerative condition that significantly impairs quality of life, particularly in elderly populations. One of its subtypes is lateral recess stenosis, which results in compression of the traversing nerve root and frequently causes severe radicular pain, neurological deficits, and functional limitations1,2. Conventional surgical management typically involves posterior decompression under general anesthesia, which may require extensive muscle dissection and partial facetectomy3. Although advances in minimally invasive spine surgery have reduced surgical morbidity, many of the currently available techniques still rely on general anesthesia, which may pose substantial risks in elderly patients with multiple comorbidities.
With the rapid aging of populations in developed countries, the number of patients with lumbar spinal stenosis who are poor candidates for general anesthesia is increasing. Therefore, surgical techniques that can be safely performed under local anesthesia are becoming increasingly important. Transforaminal full-endoscopic spine surgery (TF-FESS) provides a minimally invasive corridor to the lumbar spine through Kambin’s triangle4 and can be performed under local anesthesia with conscious sedation5–7. While transforaminal approaches have been widely used to treat disc herniation and foraminal stenosis, their application for lateral recess stenosis remains technically challenging because adequate decompression of the traversing nerve root often requires removal of ventral bony structures, including portions of the facet joint.
To address this limitation, we have developed a novel surgical technique called transforaminal full-endoscopic ventral facetectomy (TF-FEVF), which enables adequate decompression of the traversing nerve root through a transforaminal approach under local anesthesia. This technique involves strategic resection of the superior articular process (SAP) and ventral facet components to widen the surgical corridor and allow direct visualization and decompression of the affected neural structures while preserving posterior musculoligamentous integrity. Unlike conventional transforaminal endoscopic foraminoplasty, which primarily targets foraminal pathology and the exiting nerve root, TF-FEVF is designed to decompress the traversing nerve root in lateral recess stenosis through a transforaminal corridor. This technique may be particularly useful in elderly patients or patients with significant comorbidities who are poor candidates for general anesthesia, as well as in cases where the main compressive pathology can be addressed through the transforaminal route.
The objective of this protocol is to describe a reproducible transforaminal approach for performing TF-FEVF under local anesthesia in patients with lumbar lateral recess stenosis. The intended endpoint is adequate decompression of the traversing nerve root, as confirmed by intraoperative endoscopic visualization and postoperative radiographic assessment.

PROTOCOL: 
The research was approved by the Institutional Review Board of Tokushima University Hospital (approval number 3642). Written informed consent was obtained from the patient for participation in this study and for publication of the clinical data and images. 

1. Preoperative preparation

1.1. Patient eligibility

1.1.1. Confirm that the patient has lumbar lateral recess stenosis causing radicular symptoms that correspond to the MRI and CT findings.

1.1.2. Confirm that the main compressive pathology can be addressed through the transforaminal corridor.

1.1.3. Confirm that decompression under local anesthesia is desirable because of advanced age, comorbidities, or the need to avoid general anesthesia.

1.1.4. Exclude patients with clear segmental instability, dynamic instability on flexion-extension radiographs, or degenerative spondylolisthesis of Meyerding grade II or greater, for whom fusion surgery is generally preferred.

1.2. Trajectory planning and patient preparation

1.2.1. Before surgery, determine the distance from the midline to the endoscope entry point and the insertion angle on lumbar computed tomography (CT) and magnetic resonance imaging (MRI). 

1.2.1.1. Identify the target point (point A) on a coronal CT image along a line connecting the medial borders of the superior and inferior pedicles (corresponding to the level of the superior endplate of the caudal vertebra on the sagittal view).
 
1.2.1.2. Draw a tangential line from point A toward the SAP. The intersection of this line with the skin surface is defined as the skin entry point (point B). 

1.2.1.3. Measure the distance from the midline to the skin entry point (point B), which is the intersection of the line tangential from point A with the skin surface (Figure 1). 

NOTE: Precise trajectory planning is essential to ensure safe docking on the bony surface and to avoid neural injury. On the lateral view, the target point is set along the extension line of the superior endplate of the caudal vertebra. The planned trajectory is aligned as closely as possible with the target disc plane, while the rostrocaudal and dorsoventral angles are adjusted according to the patient’s anatomy to maintain a safe transforaminal corridor. Because these angles vary with individual anatomy, including lumbar lordosis, disc inclination, iliac crest height, and target level, the planned pathway should be carefully confirmed on both axial and sagittal images before the procedure.

1.2.2. Perform discography when discogenic low back pain or concomitant disc pathology is suspected, such as when the patient reports low back pain during lumbar flexion or when preoperative MRI suggests a discogenic source of pain, or when intradiscal trajectory confirmation is required.

1.3. Sedation protocol

1.3.1. When the patient is positioned prone on the operating table, administer intravenous hydroxyzine hydrochloride 12.5 mg and pentazocine 7.5 mg for anxiolysis and analgesia. Continuously monitor the patient’s level of consciousness, blood pressure, heart rate, oxygen saturation by pulse oximetry, and electrocardiography throughout the procedure.

NOTE: Antihypertensive agents (e.g., nicardipine) and atropine must be readily available in the operating room for immediate management of potential hemodynamic changes, such as hypertension or vagally mediated bradycardia.

1.3.2. After skin disinfection and sterile draping, administer the remaining hydroxyzine hydrochloride 12.5 mg and pentazocine 7.5 mg intravenously immediately before starting the surgical procedure.

1.4. Operating room setup

1.4.1. Position a C-arm fluoroscope to obtain clear anteroposterior (AP) and lateral images of the target lumbar segment throughout the procedure. 

CAUTION: Use appropriate radiation protection during fluoroscopy and follow institutional radiation safety practices.

1.4.2. Adjust the X-ray beam so that it is parallel to the target disc space, ensuring that the vertebral endplates and the SAP are clearly visualized. 

1.4.3. Use pulsed fluoroscopy whenever possible and minimize fluoroscopy time by obtaining images only when confirming the needle, dilator, or cannula position. 

1.4.4. Collimate the fluoroscopic field to the target segment and use standard radiation protection, including lead aprons, thyroid shields, and protective eyewear.

1.4.5. Prepare the endoscopic tower, including the light source, camera system, monitor, irrigation pump, and radiofrequency coagulation system. Confirm the correct functioning of all equipment before starting the procedure. Arrange a sterile surgical table with all required instruments and disposable materials.

NOTE: The fluoroscope should allow rapid switching between AP and lateral views without disturbing the sterile field.

2. Surgical technique

2.1. Patient positioning and initial marking

2.1.1. Position the patient prone on a radiolucent operating table with appropriate thoracic and pelvic support cushions to permit free abdominal movement and reduce epidural venous pressure.

2.1.2. Adjust the operating table to achieve appropriate hip and knee flexion to optimize the intervertebral space and facilitate the transforaminal approach, particularly in patients with a high iliac crest.

2.1.3. Using C-arm fluoroscopy, obtain true AP and lateral views of the target lumbar segment. Ensure that the vertebral endplates are parallel on the lateral view and that the spinous processes are centered on the AP view to allow accurate localization.

NOTE: Accurate fluoroscopic alignment is essential for planning a safe needle trajectory and placement of the cannula.

2.1.4. Determine the skin entry site for the transforaminal approach using both preoperative imaging and intraoperative fluoroscopic confirmation, which in most cases is located several centimeters lateral to the midline, corresponding to the level of the intended surgical segment and oriented toward the SAP. 

2.1.5. Under fluoroscopic guidance, outline the iliac crest on the skin surface to establish an additional external landmark for orientation during the procedure (Figure 2).

NOTE: The optimal entry location may vary depending on individual anatomical factors, including the height of the iliac crest, spinal alignment, and level of pathology. In patients with a history of lumbar surgery, special attention should be paid to existing implants and postoperative scar tissue. Nevertheless, fluoroscopic identification of osseous landmarks remains the most reliable method for accurate targeting.

2.2. Local anesthesia and skin incision

CAUTION: Handle needles and scalpel blades using standard sharps precautions and dispose of them immediately in an approved sharps container.

2.2.1. At the predetermined entry site, administer superficial local anesthesia using a 23-gauge needle. Infiltrate approximately 3–5 mL of 1% lidocaine into the dermal and subcutaneous layers to achieve adequate analgesia at the skin surface.

2.2.2. Under intermittent fluoroscopic guidance using both AP and lateral views, advance the same 23-gauge needle along the planned trajectory toward the SAP. Gradually infiltrate approximately 7 mL of 1% lidocaine into the paraspinal musculature and surrounding soft tissues along the needle pathway to achieve adequate deep anesthesia.

2.2.3. Before local anesthetic infiltration, calculate and record the maximum allowable dose and volume of 1% lidocaine based on the patient’s body weight, generally not exceeding 4.5 mg/kg.

CAUTION: Calculate the maximum allowable lidocaine dose before injection, aspirate before each injection, and monitor for signs of local anesthetic systemic toxicity.

2.2.4. Switch to an 18-gauge spinal needle to facilitate precise deep anesthetic infiltration. Under intermittent fluoroscopic guidance, advance the needle along the planned trajectory toward the target anatomical landmarks.

2.2.5. Administer approximately 2 mL of 1% lidocaine into the facet joint capsule, followed by 2 mL at the tip of the SAP, 2 mL at the midportion of the SAP, and 2 mL at the base of the SAP.

2.2.6. Infiltrate approximately 2 mL of 1% lidocaine onto the surface of the inferior vertebral endplate when the needle tip can be safely positioned on the bony surface under fluoroscopic confirmation without eliciting radicular pain. 

2.2.7. Advance the needle tip to the surface of the annulus fibrosus, confirm the position fluoroscopically, and inject approximately 2 mL of 1% lidocaine onto the annular surface.

2.2.8. Carefully advance the needle into the intervertebral disc space and administer an additional approximately 2 mL of 1% lidocaine. To avoid local anesthetic systemic toxicity, inject slowly with repeated aspiration, avoid intravascular injections, and continuously monitor the patient’s level of consciousness, vital signs, and neurological symptoms throughout the procedure.

CAUTION: Confirm that the patient has no relevant allergy before using contrast medium or indigo carmine and avoid excessive intradiscal injection.

2.2.9. Inject approximately 1–2 mL of a mixture of indigo carmine and contrast medium into the intervertebral disc space. This step is performed routinely because staining of the disc material provides an intraoperative landmark if endoscopic orientation becomes difficult. Avoid excessive injections to prevent increased intradiscal pressure and patient discomfort.

2.2.10. At the anesthetized entry site, make an approximately 8 mm skin incision using a No. 11 or No. 15 scalpel blade. Extend the incision through the fascia when necessary to allow uninterrupted insertion of instrumentation.

2.3. Placement of the working cannula

2.3.1. Through the approximately 8 mm skin incision, routinely insert a guidewire along the previously predetermined and anesthetized trajectory under fluoroscopic guidance. Then, introduce the first blunt-tipped dilator over the guidewire.

2.3.2. Under intermittent fluoroscopic guidance using both AP and lateral views, advance the dilators sequentially with gentle rotational movements toward the lateral surface of the SAP.

NOTE: Maintain continuous contact with the bony surface while advancing the dilators to minimize the risk of neural injury.

2.3.3. Confirm that the tip of each dilator is positioned firmly on the bony surface of the SAP, preferably near the junction between the SAP and the pedicle. Ensure that the final dilator is securely seated on the bone to establish a safe and stable working corridor away from neural elements.

NOTE: Loss of bony contact during advancement of a dilator may increase the risk of nerve irritation or injury.

2.3.4. Advance a working cannula (working channel, Ø8.0 mm, length 165 mm) over the final dilator until it is firmly seated against the lateral surface of the SAP. In our practice, an elevator-type oblique cannula is generally used for L4/L5 or more cranial levels, whereas a duckbill-type cannula is used for L5/S1. The beveled tip is oriented toward the SAP to maintain stable bony docking and prevent unintended advancement toward the neural structures.

NOTE: Stable docking on the bony surface is essential before inserting the endoscope to prevent unintended movement toward neural structures.

2.3.5. Confirm the final position of the working cannula on both AP and lateral fluoroscopic views. On the AP view, the cannula should be aligned with the lateral margin of the SAP, with the tip projected toward the lateral portion of the foramen. On the lateral view, ensure that the cannula tip rests over the posterior boundary of the foramen at the level of the SAP. 

2.3.6. Avoid advancing the cannula excessively into the foramen or spinal canal at this stage.

NOTE: Excessive advancement of the cannula may cause nerve root irritation. Reconfirm fluoroscopic orientation if the patient reports radicular pain during positioning.

2.3.7. Carefully withdraw the final dilator while maintaining the position of the working cannula, which serves as the operative channel for subsequent insertion of the endoscope and manipulation of instruments.

2.4. Insertion and initial orientation of the endoscope

2.4.1. Insert the endoscope (25° angled optic) through the working cannula once stable docking has been confirmed.

2.4.2.  Initiate continuous saline irrigation with simultaneous removal using the suction channel of the endoscope. Set the irrigation pump pressure to approximately 60 mmHg and adjust the inflow and outflow to maintain a clear operative field while avoiding excessive epidural pressure.

NOTE: Excessive irrigation pressure may increase epidural pressure, leading to patient discomfort or neurological symptoms. Maintain communication with the patient throughout the procedure.

CAUTION: Avoid excessive irrigation pressure and continuously monitor the patient for discomfort or neurological symptoms during pressurized irrigation.

2.4.3. Perform an initial endoscopic inspection to establish orientation within the operative field. The lateral surface of the SAP, where the working cannula is positioned, serves as the primary anatomical landmark.

2.4.4. Carefully clear the surface of the SAP by removing overlying soft tissues, residual muscle fibers, and fatty tissue using endoscopic forceps or a bipolar radiofrequency probe. In our practice, a bipolar radiofrequency probe is typically used at approximately 30 W to coagulate small vessels and shrink soft tissue around the facet surface.

CAUTION: Use radiofrequency devices under direct endoscopic visualization and avoid activation near neural structures unless the probe tip is clearly identified.

NOTE: Ideally, the bony surface of the facet joint should be visible immediately after insertion of the endoscope. If soft tissue obscures the bony landmark, it should be cleared promptly with endoscopic forceps and the radiofrequency probe, and SAP resection should generally be initiated within approximately 5 min after endoscope insertion. Maintain continuous visualization of the cannula tip during removal of soft tissue to avoid inadvertent injury to adjacent neural structures.

2.4.5. When the lateral surface of the SAP is adequately exposed, examine the surrounding bony anatomy to identify key orientation points, including the junction with the pedicle caudally and the trajectory toward the intervertebral foramen cranially and ventrally. Establishing this anatomical orientation provides a roadmap for the subsequent foraminoplasty.

NOTE: Accurate identification of bony landmarks before drilling helps prevent disorientation and reduces the risk of neural injury.

2.5. Foraminoplasty: resection of the SAP

2.5.1. When the lateral surface of the SAP is clearly visualized, initiate foraminoplasty using a high-speed endoscopic drill fitted with a 3.5-mm coarse diamond burr. The same non-articulated burr is used for SAP resection, partial IAP resection, and LF detachment; an articulated burr is not used.

2.5.2. Begin bone resection at the caudal base of the SAP, near its junction with the pedicle. Starting from this confirmed bony landmark allows controlled bone removal and maintenance of a safe distance from the exiting nerve root.

NOTE: Maintain constant visualization of the drill tip and surrounding structures during bone removal to avoid injury to neural elements.

2.5.3. Progressively remove the ventral and cranial portions of the SAP. Drill in a caudal-to-cranial direction, gradually thinning the SAP from its base toward the tip (Figure 3). The objective is to unroof the foramen dorsally and laterally, enabling exposure of the underlying LF and facilitating decompression of the exiting nerve root.

NOTE: Bone removal should proceed gradually while maintaining orientation to adjacent neural structures.

2.5.4. Continue bone removal until approximately 80%–90% of the involved portion of the SAP has been resected or until adequate exposure of the foraminal ligamentum flavum (LF) and the shoulder of the exiting nerve root is achieved.

NOTE: The goal is not to completely resect the SAP. Rather, the ventral and cranial portions of the SAP are resected sufficiently to create a safe working corridor and expose the LF and traversing nerve root. The most dorsal portion of the facet complex should be preserved whenever possible to maintain segmental stability. The extent of resection should be guided by preoperative CT, intraoperative endoscopic findings, and confirmation of adequate neural decompression.

2.5.5. Following adequate resection of the SAP, identify whether the hypertrophied LF remains covered by the inferior articular process (IAP) of the cranial vertebra. Perform partial resection of the ventral IAP to widen the working corridor, expose the LF adequately, and allow direct visualization of the neural structures before proceeding with LF detachment.

NOTE: Bone should be removed incrementally to avoid excessive facet resection and potential instability.

2.6. Exposure of the LF by IAP resection

2.6.1. Identify the IAP of the cranial vertebra, located ventrally and cranially within the operative field.

2.6.2. Using a high-speed endoscopic drill, perform partial resection of the ventral portion of the IAP with careful bone removal.

NOTE: Excessive resection of the facet joint should be avoided to preserve segmental stability.

2.6.3. Continue partial bone removal until the LF is clearly and completely visualized within the foramen (Figure 4).

NOTE: Adequate exposure of the LF is essential before attempting detachment to avoid unintended neural injury.

2.7. Detachment technique: releasing the LF from the SAP

2.7.1. When the LF is fully exposed, identify its caudal attachment to the remaining ventral edge of the SAP.

2.7.2. Perform the detachment technique using the cranial portion of the same 3.5-mm coarse diamond burr. Apply the burr to the bony margin of the residual SAP and use controlled rotational movements with a “pulling” or “shaving” motion to undercut the attachment and gradually detach the LF from its deep bony insertion point (Figure 5).

2.7.3. Continue the undercutting maneuver until the hypertrophied LF becomes completely mobile and appears to be floating, indicating full detachment from the SAP.

NOTE: Complete separation is essential for subsequent safe removal. Pulsation of the detached LF may be observed at this stage, reflecting pulsation in cerebrospinal fluid. LF detachment is not routinely extended to the midline; rather, the extent of detachment is determined by the location of lateral recess stenosis and the degree of traversing nerve root compression. The goal is to achieve adequate decompression of the traversing nerve root while avoiding unnecessary medial dissection or excessive facet resection. Therefore, preservation of part of the SAP on postoperative CT is intentional and consistent with the surgical concept. During undercutting, the burr should always remain in contact with bone to avoid unintended injury to neural structures.

2.8. Removal of the LF and final decompression

2.8.1. When the LF has been completely detached from the SAP, proceed with its removal.

2.8.2. Grasp the detached, free-floating LF using a Kerrison punch (e.g., 3.5-mm) or endoscopic forceps and remove it carefully.

NOTE: Remove the LF under direct visualization to avoid unintended contact with the nerve root or dura. Following removal of the LF, the lateral margin of the thecal sac should become clearly visible (Figure 6).

2.8.3. Carefully inspect to ensure that there is no residual compression by bony fragments or ligamentous tissue.

2.8.4. Confirm adequate decompression by observing free mobilization of the traversing nerve root, visible pulsation of the nerve root and thecal sac, and the absence of residual compression by bone, ligament, or disc material.

2.8.5. Use a flexible probe or blunt dissector to gently assess the course of the nerve root and confirm that there is no residual stenosis or tethering.

NOTE: Excessive manipulation of the nerve root should be avoided to prevent postoperative dysesthesia.

2.9. Final decompression check, hemostasis, and closure

2.9.1. After removal of all compressive factors, including hypertrophied bone, LF, and any associated disc material, perform a comprehensive inspection of the exiting nerve root and the lateral margin of the thecal sac throughout the accessible foraminal region.

2.9.2. Achieve meticulous hemostasis under continuous irrigation. Minor bleeding from epidural vessels or soft tissues can be controlled using a bipolar radiofrequency probe, typically at approximately 30 W. In our practice, a small amount of a flowable hemostatic agent (e.g., Floseal Hemostatic Matrix) is routinely applied to the decompressed area under endoscopic visualization after hemostasis to reduce the risk of postoperative epidural hematoma.

CAUTION: Use only a small amount of hemostatic agent and remove excess material to avoid postoperative neural irritation or compression.

2.9.3. Perform a final endoscopic survey of the decompressed area to confirm that no residual bone fragments, disc material, or hemostatic agent remain that could cause recurrent neural compression.

NOTE: Excessive use of hemostatic agents must be avoided because retained material may cause postoperative neural irritation.

2.9.4. A small surgical drain is routinely inserted through the working cannula into the decompressed area under endoscopic guidance, as the thecal sac is exposed after decompression. The drain is usually removed on the first postoperative day.

2.9.5. Withdraw the endoscope and working cannula carefully while maintaining the position of the drain.

2.9.6. Close the approximately 8 mm skin incision with one or two dermal sutures.

2.9.7. Apply a sterile dressing over the incision site.

NOTE: The operative time varies depending on the severity of stenosis and anatomical complexity. In a typical case, the time from local anesthesia to endoscope placement is within 10 min, SAP resection requires approximately 15–20 min, IAP resection requires approximately 20–25 min, LF detachment and removal require approximately 15–20 min, and final inspection, hemostasis, drain placement, and skin closure require approximately 10 min. The total operative time is generally approximately 70–90 min.

3. Postoperative care

3.1. After completion of the procedure and application of a sterile dressing, assist the patient in transferring from the operating table to a stretcher and return them directly to the hospital room.

NOTE: Transfer usually requires minimal assistance because the procedure is performed under local anesthesia, with the patient remaining fully conscious.

3.2. When the patient is in the ward, apply a soft lumbar corset. Encourage early standing and ambulation as tolerated, with assistance if necessary.

NOTE: Many patients experience immediate postoperative relief, with marked improvement or complete resolution of leg pain.

3.3. Postoperative pain at the incision site is usually mild and can be managed with an oral non-steroidal anti-inflammatory drug or other oral analgesics as required.

3.4. Initiate a postoperative rehabilitation program, typically consisting of approximately 2 weeks of supervised Pilates-based exercises focusing on gentle trunk stabilization, pelvic mobility, breathing control, and progressive ambulation.

NOTE: Patients can be discharged after this initial rehabilitation period provided that they are comfortable, neurologically stable, and able to ambulate safely.

3.5. Provide discharge instructions that include guidance on wound care, continuation of prescribed exercises, and a gradual return to daily activities. Advise patients to avoid heavy lifting or strenuous activities for an appropriate period.

3.6. Arrange outpatient follow-up visits to assess clinical outcomes, neurological status, and symptom recurrence, typically at 1 month, 6 months, and 1 year after surgery. Thereafter, provide annual follow-up based on the patient’s symptoms and preferences.

NOTE: Dispose of sharps, contaminated materials, and any unused medications or contrast media in accordance with institutional biosafety and hazardous waste regulations.

REPRESENTATIVE RESULTS:
A 78-year-old woman presented with pain in the right lower extremity consistent with radicular symptoms. She had no motor weakness or sensory deficits on neurological examination.
MRI demonstrated lateral recess-type lumbar spinal stenosis at the L4/L5 level with compression of the corresponding nerve root (Figure 7). The patient underwent TF-FEVF at L4/L5 under local anesthesia according to the protocol described. The procedure included stepwise foraminoplasty with resection of the hypertrophied SAP, followed by exposure and detachment of the LF using the detachment technique. Adequate decompression was achieved by removal of the compressive bony and ligamentous structures. Final endoscopic inspection demonstrated clear visualization and free mobilization of the affected nerve root with visible pulsation, indicating successful decompression. Postoperative CT confirmed adequate bony decompression at the L4/L5 level compared with the preoperative findings (Figure 8). The postoperative course was uneventful, with no new neurological deficits.
The patient's radicular pain improved markedly after surgery, and the clinical outcome was graded as excellent according to the modified Macnab criteria.
Figure 7 and Figure 8 illustrate the radiographic changes associated with successful decompression. Preoperative MRI demonstrated lateral recess stenosis with compression of the traversing nerve root, whereas postoperative CT demonstrated sufficient bony decompression of the lateral recess following ventral facetectomy. 

Successful outcome after TF-FEVF should be assessed using a combination of radiographic findings, neurological examination, symptom improvement, and functional outcome measures. Conversely, persistent compression on postoperative imaging, persistent radicular or neurological symptoms, inadequate nerve root pulsation or mobility on endoscopic assessment, or postoperative segmental instability may indicate a suboptimal TF-FEVF outcome. In addition to this representative case, our institutional experience includes 205 patients who underwent TF-FEVF, with a mean follow-up period of 20.2 ± 17.0 months. No postoperative hematoma or surgical site infection was observed. Only one patient required additional surgery, which consisted of subsequent fusion for postoperative segmental instability. According to the modified Macnab criteria, 185 of the 205 patients (90.2%) achieved excellent or good outcomes at the final follow-up. Because VAS and ODI data were incomplete in some cases, modified Macnab outcomes were used as the summarized clinical outcome measure.

FIGURE AND TABLE LEGENDS:
Figure 1: Preoperative planning of the skin entry point and trajectory. (A–B) Axial computed tomography image demonstrating planning for the transforaminal approach. The target point (A) is determined based on anatomical landmarks within the spinal canal, and the skin entry point (B) is defined by extending the planned trajectory line from the target point to the skin surface. The dotted line represents the planned trajectory of the endoscopic portal.

Figure 2: Schematic illustration demonstrating the anatomical landmarks and planned trajectory for the endoscopic portal. The midline, pedicles, SAP, iliac crest, and skin incision site guide safe placement of the working portal toward the facet region. SAP, superior articular process.

Figure 3: Initial endoscopic orientation and foraminoplasty. (A) Endoscopic view after docking on the SAP demonstrating key anatomical landmarks and orientation. (B) Resection of the SAP using a high-speed drill during foraminoplasty. SAP, superior articular process.

Figure 4: Progressive bone resection and exposure of the LF. (A) Endoscopic view during drilling of the SAP, demonstrating exposure of the IAP after partial resection of the SAP. (B) Further resection of the IAP revealing the underlying LF. IAP, inferior articular process; LF, ligamentum flavum; SAP, superior articular process.

Figure 5: Detachment technique for releasing the LF. Endoscopic view demonstrating detachment of the LF from its bony attachment using a high-speed drill. The drill is applied to the bony margin to undercut the attachment and separate the LF from the underlying bone. LF, ligamentum flavum; TNR, traversing nerve root.

Figure 6: Final endoscopic view after decompression. Endoscopic view demonstrating the decompressed region after completion of ventral facetectomy. The neural structures, including the thecal sac, are identified following removal of the compressive elements. IAP, inferior articular process.

Figure 7: Preoperative magnetic resonance images. (A) Sagittal image demonstrating lumbar spinal stenosis at the L4/L5 level. (B) Axial image showing lateral recess stenosis with compression of the neural structures at the L4/L5 level. Arrows indicate the site of lateral recess stenosis and neural compression.

Figure 8: Preoperative and postoperative computed tomography images. (A) Preoperative axial image showing facet hypertrophy and lateral recess stenosis at the L4/L5 level. (B) Postoperative axial image demonstrating adequate bony decompression following ventral facetectomy. The dotted line indicates the extent of bone resection.

Table 1: Potential complications and management strategies for TF-FEVF. This table summarizes common potential complications associated with TF-FEVF and provides corresponding prevention and management strategies to support safe procedural execution and postoperative care.

DISCUSSION: 
Lumbar lateral recess stenosis is a common degenerative condition that causes radicular symptoms as a consequence of compression of the traversing nerve root1,2. Conventional posterior decompression under general anesthesia has been widely performed, but may require extensive muscle dissection and partial facet joint removal, which can increase surgical invasiveness and the risk of postoperative instability3. Furthermore, some patients with multiple comorbidities may not tolerate general anesthesia well, highlighting the need for less invasive procedures that can be performed under local anesthesia8. The TF-FEVF technique described in this article was developed to address these challenges by providing direct access to the ventral facet region, enabling adequate decompression of the traversing nerve root while minimizing disruption of posterior structures.
A critical aspect of this technique is the creation of an adequate working space by stepwise ventral facetectomy. Resection of the ventral portion of the SAP, followed by partial removal of the IAP, allows direct access to the lateral recess and facilitates safe decompression of the traversing nerve root. The detachment technique for release of the LF is particularly important because it enables controlled separation of the ligament from its bony attachment while minimizing the risk of neural injury. Maintaining constant orientation using bony landmarks such as the pedicle and facet complex is also essential for procedural safety. These technical principles are consistent with the concepts of full-endoscopic spine surgery, which emphasize targeted decompression with minimal disruption of tissue while preserving stabilizing structures4,5,9. Several technical challenges may be encountered during TF-FEVF. Severe facet hypertrophy or a high iliac crest can make cannula docking difficult; in such cases, the trajectory should be reconfirmed with fluoroscopy, and stable bony contact with the SAP should be established before endoscope insertion. Limited visualization is usually caused by residual soft tissue, bleeding, bone debris, or inadequate inflow and outflow, and should be managed by careful soft-tissue clearance, meticulous hemostasis, removal of debris, and adjustment of irrigation and suction. If residual stenosis is suspected after LF removal, the decompressed area should be reassessed using endoscopic visualization and a blunt probe, and additional bone or ligament removal should be performed only under direct visualization.
An important distinction between TF-FEVF and previously reported endoscopic decompression techniques is the target and route of decompression. Conventional transforaminal endoscopic foraminoplasty primarily focuses on foraminal pathology and decompression of the exiting nerve root10. In contrast, TF-FEVF is designed to decompress the traversing nerve root in lateral recess stenosis through a transforaminal corridor. Unlike undercutting laminectomy or interlaminar endoscopic lateral recess decompression, TF-FEVF accesses the ventral facet region directly without a posterior interlaminar approach. The combination of extensive SAP resection, partial ventral IAP resection, and LF detachment creates a working corridor to the lateral recess while preserving posterior musculoligamentous structures. Therefore, TF-FEVF should be regarded as a distinct transforaminal decompression strategy for lumbar lateral recess stenosis rather than a simple extension of conventional foraminoplasty.
Despite these advantages, several limitations specific to the TF-FEVF technique should be considered. TF-FEVF is mainly indicated for patients with lumbar lateral recess stenosis causing radicular symptoms, especially when decompression under local anesthesia is desirable. Central stenosis, foraminal stenosis, scoliosis, severe facet hypertrophy, and previous lumbar surgery do not necessarily exclude patients from this procedure, provided that the main compressive pathology can be adequately addressed through the transforaminal corridor. However, TF-FEVF is not indicated for patients with clear segmental instability. Because this method involves substantial resection of the superior articular process and partial resection of the inferior articular process to expand the surgical corridor, there is a theoretical concern regarding postoperative segmental instability. Therefore, careful patient selection is essential. In our practice, TF-FEVF is not indicated for patients with dynamic instability on flexion-extension radiographs or degenerative spondylolisthesis of Meyerding grade II or greater, for whom fusion surgery is generally preferred. Regarding the extent of facet resection, a previous finite-element biomechanical study demonstrated that 50% resection of the superior articular process had the least effect on spinal stability, and that even 100% resection of the superior articular process did not result in substantial instability in severely degenerated discs11. Therefore, extensive facet resection may be acceptable in appropriately selected patients with advanced degenerative changes. In our institutional experience, TF-FEVF has been performed in 205 patients with a mean follow-up period of 20.2 ± 17.0 months. Only one patient subsequently required fusion surgery because of postoperative instability. Postoperative CT was used to confirm the extent of bony decompression, and flexion-extension radiographs were obtained when postoperative segmental instability was clinically suspected. Clinical outcomes were generally favorable. According to the modified Macnab criteria, 185 of the 205 patients (90.2%) achieved excellent or good outcomes at the final follow-up. These findings further support the safety and effectiveness of TF-FEVF when performed in appropriately selected patients. Although longer-term follow-up is necessary, these findings suggest that postoperative segmental stability can be preserved in most patients following TF-FEVF. 
TF-FEVF is a technically demanding procedure and should not be considered an entry-level endoscopic technique. Surgeons should first acquire sufficient experience with transforaminal full-endoscopic discectomy and foraminoplasty before attempting TF-FEVF. Familiarity with endoscopic anatomical orientation, safe foraminoplasty techniques, and management of neural structures under endoscopic visualization is essential. Therefore, the learning curve of TF-FEVF is expected to be steeper than that of conventional transforaminal endoscopic procedures. Potential complications, along with their prevention and management strategies, are summarized in Table 1.
Future studies should focus on the biomechanical impact of ventral facet resection and determine the optimal extent of bone removal necessary to achieve adequate decompression while maintaining segmental stability. Prospective clinical studies with larger patient populations and longer follow-up are needed to clarify long-term outcomes and potential indications for this technique. In addition, objective radiological measurements of lateral recess dimensions could further validate the decompression achieved by TF-FEVF. Further refinement of surgical instruments and navigation technologies may improve the safety and reproducibility of TF-FEVF, potentially expanding its use in patients with lateral recess stenosis.
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