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Introduction
Patients presenting with chronic low back pain and lower limb numbness who suddenly 

experience symptom exacerbation accompanied by urinary retention or other signs of 
cauda equina compression require urgent Magnetic Resonance Imaging (MRI) [1,2]. When 
imaging reveals significant lumbar canal stenosis secondary to a massive disc herniation at 
the lower lumbar levels, these patients are at considerable risk of progressing to complete 
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Abstract

Background: To describe and evaluate a unilateral microscopic surgical approach for bilateral 
decompression and removal of massive lumbar disc herniations causing incomplete cauda equina 
syndrome, with the dual objective of rapid neurological recovery and minimization of postoperative 
segmental instability.

Methods: A retrospective review was conducted of all patients treated over the past eight years by the 
senior authors in whom this technique was employed to reverse presenting symptomatology and reduce 
the risk of postoperative instability.

Result: Fourteen patients presenting with massive lumbar disc herniation and incomplete cauda equina 
syndrome underwent surgery using the described approach. In all cases, bilateral neural decompression 
was achieved without technical difficulty, resulting in marked enlargement of the spinal canal and 
no radiographic evidence of postoperative instability. Neurological signs and symptoms improved 
immediately following surgery. At a minimum follow-up of one year in nine of the fourteen patients, no 
complaints suggestive of recurrent disc herniation or segmental instability were observed.

Conclusion: The unilateral microscopic approach employed by us for bilateral decompression and 
removal of massive lumbar disc herniations associated with incomplete cauda equina syndrome 
represents a safe, effective and stability-preserving alternative to more invasive decompression or fusion 
techniques currently in use.

Keywords: Unilateral microscopic approach; Bilateral lumbar discectomy; Massive lumbar disc 
herniation; Cauda equina syndrome
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cauda equina injury, which may result in irreversible neurological 
damage [3-11]. Recent studies have demonstrated that the lumbar 
spinal canal diameter in such cases is often narrower than that 
observed in patients with asymptomatic disc herniations [12]. 
Furthermore, many of these massive herniations are associated 
with osteophytic growths that further compromise canal diameter. 
Therefore, it appears logical to take advantage of disc removal to 
simultaneously enlarge the stenotic canal. Importantly, patients 
with the aforementioned clinical presentation should not be 
confused with individuals who display similar radiological findings 
but lack clinical features of cauda equina compression. The latter 
should, as a rule, undergo initial conservative management before 
surgical intervention is considered [13-16]. However, given the 
medical and legal implications associated with cauda equina 
syndrome, urgent surgical decompression is indicated whenever 
even partial or incomplete cauda equina syndrome is present in 
conjunction with MRI evidence of massive dural sac compression at 
the affected lumbar level. A variety of surgical strategies have been 
reported in the literature, including posterior decompression with 
or without discectomy [8,10,11] decompression combined with 
Posterior Lumbar Interbody Fusion (PLIF), [17] Transforaminal 
Lumbar Interbody Fusion (TLIF) [18,19] and more recently, 
endoscopic excision with or without fusion [7,8]. To the best of 
our knowledge and understanding, a microscopic technique that 
allows the removal of a herniated lumbar disc bilaterally through 
a unilateral approach has not yet been described in the literature. 
Considering the favourable outcomes achieved with the unilateral 
microscopic approach described herein, the authors present their 
experience and provide a detailed account of the technique.

Methods
A retrospective analysis was performed of all cases treated over 

the last eight years in which the described unilateral microscopic 
approach was utilized. The objective was to alleviate presenting 
neurological deficits while minimizing the risk of postoperative 
segmental instability. Due to the urgency of surgical decompression, 
the severity of neurological deficits and the retrospective nature of 
the analysis-conducted with full anonymization of patient data-
formal informed consent for study inclusion was not obtained. 
Medication type and dosage at admission were recorded and 
served as additional parameters in evaluating treatment efficacy. 
Pain intensity at admission and during treatment was routinely 
documented using the Visual Analog Scale (VAS), ranging from 0 
(no pain) to 10 (worst imaginable pain) [20]. Functional disability 
was assessed using the Oswestry Disability Index (ODI) [21] which 
consists of 10 items addressing back pain intensity and its impact on 
daily activities. Each item includes six response options scored from 
0 (no disability) to 5 (maximum disability). ODI was recorded at 
admission, at discharge and during follow-up controls. A minimum 
difference of 15 points between preoperative and postoperative 
scores was interpreted as a clinically significant improvement. All 
patients underwent urgent MRI at admission due to symptoms 
suggestive of cauda equina involvement. Digitally archived studies 
were used to categorize the degree of lumbar disc herniation using 
the AFFM-YOLOv8 system [22]. Given the notable overweight status 

of most patients at admission, Body Mass Index (BMI) and habitual 
physical activity levels were also recorded.

Patient population

All patients were admitted on an emergency basis. They reported 
progressive exacerbation of chronic low back pain and sciatica over 
several months prior to admission, which had become intolerable 
and immobilizing. Regardless of the presence or absence of 
sensorimotor deficits in the lower extremities, all patients reported 
urinary or fecal dysfunction (retention or incontinence), as well as 
other manifestations of cauda equina syndrome, including perianal 
or saddle anesthesia and in some cases, erectile dysfunction.

Surgical technique

Disc removal was performed using a modification of the “over-
the-top” technique to achieve bilateral decompression through 
a unilateral microscopic approach in patients with lumbar spinal 
canal stenosis [23-26]. Under general anesthesia, a minimal midline 
skin incision was made over the affected level. Sharp dissection of 
the fascia from the midline was followed by blunt mobilization 
of the paravertebral muscles laterally, allowing placement of a 
unilateral muscle retractor. After exposure of the interlaminar 
window, the surgical level was confirmed using intraoperative 
fluoroscopy. A limited sublaminar undercutting of the superior 
and inferior lamina was initiated on the side of dominant radicular 
pain. The ligamentum flavum was perforated bluntly and removed, 
along with any granulation tissue contributing to canal narrowing, 
until a small window was created permitting visualization of the 
dural sac. Subarticular undercutting of the ipsilateral facet was 
performed to expose the corresponding nerve root at the disc level, 
completing ipsilateral decompression. After medial retraction 
of neural elements, the posterior longitudinal ligament was 
incised ipsilaterally and herniated disc material was removed as 
medially as possible using angled disc forceps. Following ipsilateral 
decompression, the operating table was tilted approximately 25 
degrees contralaterally and the microscope repositioned. The 
base of the spinous process was thinned using a high-speed drill. 
Selective microscopic bony decompression of the contralateral 
posterior arch was performed by drilling the inner surfaces of the 
lamina and facet joint with a 2-mm burr, creating an approximately 
3-mm working corridor around the contralateral posterior aspect 
of the dural sac. With gentle depression of the dural sac, the 
contralateral nerve root trajectory could be visualized. Using a fine, 
angled nerve hook, the surgeon explored residual disc prominence 
and compression. When significant contralateral compression 
was confirmed, particularly in medially herniated discs with 
osteophytic overgrowth, the contralateral posterior longitudinal 
ligament was incised and residual disc material was removed using 
inverted angled forceps and a 2mm Kerrison punch for osteophytes. 
At completion, the dural sac and nerve roots were bilaterally 
decompressed, demonstrating visible expansion and pulsation. 
Final epidural hemostasis was achieved with bipolar coagulation. A 
subfascial, non-suction drain was placed and the wound was closed 
in layers, with intracutaneous absorbable skin suturing.
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Postoperative management

Patients were mobilized 12 hours after surgery without 
restrictions in range of motion. Prior to discharge, standard 
lumbar spine radiographs were obtained to exclude postoperative 
segmental instability. In obese patients, a hypocaloric diet tailored 
to individual weight reduction was initiated. During wound 
healing, isometric exercises targeting paraspinal and abdominal 
musculature were introduced to promote spinal stabilization.

Results
Nine of the fourteen patients completed a minimum follow-

up of one year. The mean age at admission was 48 years; ten 
patients were female and four males. All patients underwent 
progressively intensified physiotherapy in the weeks following 
surgery until restoration of normal physiological mobility 
was achieved. Notably, most patients shared similar clinical 
characteristics, including obesity (mean body mass index [BMI] 
33), low levels of physical activity, working-age status (23-65 
years) and a prior history of chronic low back pain and sciatica 
in the months preceding admission, frequently accompanied by 
medication overuse. Symptoms of neurogenic claudication were 
often masked by baseline physical inactivity. Sensorimotor deficits 
of the lower extremities were present in only half of the patients 
and were typically of recent onset. Magnetic Resonance Imaging 
(MRI) demonstrated remarkable similarity across cases. In the 

majority (10 patients), degenerative pathology was confined to a 
single lumbar level, most commonly between L4 and L5, with less 
frequent extension to the lumbosacral level. All patients exhibited 
chronic, massive subligamentous disc migration at the affected 
level. In twelve cases, this was accompanied by osteophytic 
deformation of adjacent vertebral bodies, resulting in absolute 
spinal canal stenosis with compression and stretching of cauda 
equina fibers. According to the AFFM-YOLOv8 MRI-based grading 
system, two patients presented with type 2B disc extrusion 
(broad-based, circumferential extension partially exceeding the 
facet line), while twelve patients exhibited type 3A extrusion, in 
which disc material occupied nearly the entire canal and extended 
beyond facet margins. Preoperatively, nine patients presented 
with bladder retention and incontinence consistent with Cauda 
Equina Syndrome-Retention (CES-R), whereas five demonstrated 
incomplete bladder dysfunction consistent with Cauda Equina 
Syndrome-Incomplete (CES-I). All of them improved after surgery 
until they achieved complete remission. Functional and pain 
outcomes were highly favorable. The mean preoperative Oswestry 
Disability Index (ODI) was 84.08, decreasing to 37 at first post-
rehabilitation follow-up. Mean preoperative Visual Analog Scale 
(VAS) score for back pain was 8.4, improving to 2.78 at follow-up. 
Mean preoperative VAS for leg pain was 8.8, improving to 1.67. No 
complications were identified that would necessitate additional 
studies or any form of surgical revision.

Illustrative Cases
Case 1

Figure 1: The preoperative T2W magnetic resonance imaging mid sagittal (a) and axial (b) views showing the massive 
disc herniation. Intraoperative photomicrographs: c: showing ipsilateral disc removal to the surgical approach with 
a medially angled disc forceps and the aspirator assisting in the retraction of the dural sac; d: after tilting the table 

about 25 degrees exposure of the contralateral residual disc herniation using a fine, angled nerve hook; c: extraction 
of the contralateral disc material
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A 34-year-old obese female (BMI 33.7) presented emergently 
with severe immobilizing low back pain (VAS 9) and left anterior 
thigh and lower leg pain (VAS 7), present for several weeks, with 
occasional milder contralateral symptoms. ODI was 82. She 
received ibuprofen 800mg three times daily and tapentadol 50 
mg twice daily without relief. Neurological examination revealed 
left L4 motor deficit (knee extension 3/5), left thigh hypoesthesia 
and urinary incontinence. MRI demonstrated a massive L4-L5 disc 
herniation classified as type 2B (AFFM-YOLOv8), with lumbarization 
of S1. Postoperatively, complete remission of neurological deficits 
was observed, along with progressive weight reduction. Post-
rehabilitation ODI was 48. VAS improved to 3 for back pain and 2 
for leg pain (Figure 1).

Case 2

A 23-year-old obese female (BMI 35.8) was admitted 
emergently with severe low back pain (VAS 8) and left S1 

sensorimotor deficit (VAS 9). She reported three months of 
progressive back pain and lower limb numbness, followed by one 
week of stress urinary incontinence. ODI was 87. Her medical 
history included depressive episodes with cyclothymia and post-
traumatic stress disorder under treatment. Chronic opioid use and 
medication overuse were documented. Neurological examination 
revealed left L5-S1 hypoesthesia, reduced perineal sensation and 
left foot plantar flexion weakness (3/5). MRI showed progression 
of a previously identified L4-L5 disc herniation with subtotal canal 
obstruction, classified as type 3A (AFFM-YOLOv8). Surgery was 
performed urgently. The procedure was technically successful and 
complication-free. Although medication overuse required gradual 
regulation, neurological deficits almost completely resolved 
postoperatively. ODI after rehabilitation was 39. VAS improved to 4 
for back pain and 3 for leg pain, accompanied by progressive weight 
reduction (Figure 2).

Figure 2: The preoperative T2W magnetic resonance imaging mid sagittal (a) and axial (b) views showing the massive 
disc herniation at the level L4-L5; (c) intraoperative lateral X-ray showing the unilateral muscle retractor and a 

Kocher clamp applied to the L4 lamina to confirm the level of access. Intraoperative photomicrographs: (d) shows 
how the sequestered disc tissue can be progressively and ipsilaterally removed in one large block with a disc forceps 
and without additional retractions; (e) after tilting the table about 25 degrees and positioning two cotton pads above 

and below the contralateral disc space and only aided in retraction by the tip of the suction device, the residual 
protrusion of the posterior longitudinal ligament is being incised with a scalpel to extract the herniated disc.

Case 3

A 65-year-old obese male (BMI 31.3) presented emergently 
with severe immobilizing low back pain (VAS 8) and bilateral 
sciatica, more pronounced on the right (VAS 9). He reported 
months of right lumbosacral radiculopathy and recent bowel and 
bladder dysfunction. Neurological examination revealed right 
foot dorsiflexion weakness (2/5), right L5-S1 hypoesthesia and 

decreased perineal sensation. MRI demonstrated a massive L4-L5 
disc herniation with subtotal canal obstruction, classified as type 
3A (AFFM-YOLOv8). Postoperatively, bowel and bladder function 
improved and neurological deficits regressed significantly. At 
follow-up, complete neurological recovery and progressive weight 
reduction were documented. Post-rehabilitation ODI was 41. VAS 
improved to 3 for back pain and 2 for leg pain (Figure 3).
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Figure 3: The preoperative T2W magnetic resonance imaging mid sagittal (a) and axial (b) views showing the 
massive disc herniation and the osteophyte growth that accompanies disc extrusion at the level L4-L5; (c) coronal 
T2-weighted MRI of the lumbosacral spine. The bright vertical column in the midline represents Cerebro Spinal 

Fluid (CSF) within the thecal sac. The CSF column appears constricted at the L4-L5 level, with a focal indentation 
consistent with severe central canal stenosis produced by the large disc herniation combined with the degenerative 
changes. Intraoperative photomicrographs: (d) it shows how the herniated disc is being removed ipsilaterally with 
a disc forceps and the help of the aspirator tip, which is slightly retracting the dural sac; (e) after tilting the table 

about 25 degrees and having partially removed the material from the contralateral disc, the osteophytes are removed 
with a Kerrison punch, while the nerve and dural structures are held slightly apart with the tip of the aspirator.

Discussion
In contrast to typical degenerative lumbar spinal stenosis, 

patients with massive anteromedial disc herniation and secondary 
canal stenosis often develop acute neurological deterioration 
superimposed on chronic symptoms. They frequently present 
emergently with severe lumbago, bilateral radiculopathy and not 
uncommonly incomplete cauda equina syndrome. The presence 
of bladder and bowel dysfunction in the context of lumbar disc 
herniation generally mandates urgent surgical decompression, 
ideally within 48 hours, to optimize neurological recovery [27]. 
Although delayed improvement has been reported [28,29] 
expectant management carries a significant risk of irreversible 
neurological damage [3-8,30-32]. The patient population analyzed 
in this study presented substantial comorbid challenges, including 
obesity, diabetes, hypertension and frequent polypharmacy. Obesity 
increases the risk of wound complications, recurrent herniation 
and postoperative instability. Nevertheless, the progression to 
cauda equina syndrome leaves no reasonable alternative to surgical 
intervention. The choice of surgical techniques remains critical. 
Isolated laminectomy without instrumentation may fail to address 
the specific pathology observed in these patients [33]. Similarly, 
simple posterior decompression with or without discectomy may 
be insufficient in obese individuals, given the risk of recurrent 
herniation and instability.

On the other hand, prophylactic fusion in the absence of 
true instability may accelerate adjacent segment degeneration 

and initiate a cascade of further fusion procedures. Therefore, 
interbody fusion techniques such as posterior lumbar interbody 
fusion [17] or transforaminal lumbar interbody fusion [18,19] 
should be reserved for cases with demonstrable instability. 
Bilateral partial laminectomy with bilateral discectomy [34] 
has become widely adopted as a less invasive approach for the 
treatment of midline disc herniations and is likely the technique 
most used by surgeons in these patients. In recent years, however, 
increasing interest has emerged in decompression via Unilateral 
Biportal Endoscopy (UBE). This technique has been reported as 
effective for the treatment of lumbar spinal stenosis combined 
with MSU-1 lumbar disc herniation and has also been applied in 
patients presenting with cauda equina syndrome [35-38]. Without 
diminishing its merits, Yuan et al. [39] analyzed UBE and identified 
several disadvantages when comparing it with single channel 
foraminal endoscopic techniques. Among the reported drawbacks 
were greater surgical trauma due to the creation of two incisions, 
muscle detachment from the vertebral lamina, establishment of 
two operative corridors and partial laminar resection. These factors 
may contribute to increased bleeding, a higher risk of iatrogenic 
injury and postoperative anemia. A direct comparison between 
UBE and the microscopic technique employed in our series remains 
challenging. Although UBE provides enhanced visualization and a 
smaller access corridor for disc removal, the underlying technical 
principles differ substantially, as do the clinical and surgical 
characteristics of the patient populations reported to date.
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Our microscopic approach enables direct in situ visualization 
and creates an expanded working space using an over-the-top 
drilling technique, thereby allowing less traumatic manipulation 
of compressed neural structures. In contrast, UBE relies on the 
creation of a viewing portal for the endoscopic camera and a 
separate working portal for surgical instruments, typically utilizing 
continuous saline irrigation under pressures of 30-40mmHg to 
maintain an operative field. Beyond these conceptual differences 
in decompression strategy, the surgical challenges also vary. The 
removal of extruded and sequestered discs within the spinal canal, 
as described by Cheetri et al. [37] or most migrated discs, as reported 
by Park et al. [38], differs substantially from the management of 
massively contained disc herniations constrained by the posterior 
longitudinal ligament and frequently associated with osteophytic 
overgrowth, as observed in most of our patients. Patient 
characteristics further complicate direct comparisons. Obesity was 
prevalent in our cohort, with a mean body mass index of 33, whereas 
only two of the 32 patients in Park’s series reached comparable 
values [38]. A noteworthy distinction concerns complication rates. 
In our series, no complications requiring further investigation 
or surgical revision were observed. In contrast, Park et al. [38] 
reported incidental durotomy (6.3%), facet joint injury (6.3%) and 
asymptomatic radiographic hematoma (21.9%). These findings 
may suggest that UBE, given its relatively narrow working corridor, 
requires extensive decompression and tissue manipulation to avoid 
surgery-related injuries. Additionally, the etiology of persistent 
lower-limb dysesthesia reported in some UBE-treated patients 
remains insufficiently clarified. Unlike microscopic techniques, UBE 
commonly employs radiofrequency cauterization for intraoperative 
hemostasis, which may represent a potential contributing factor. 
Nonetheless, ongoing refinements of UBE-including variations 
enabling bilateral discectomy [40,41]-underscore the evolving role 
and versatility of endoscopic approaches. Despite their advantages, 
however, these techniques involve a considerable learning curve, 
increased equipment costs and potential limitations in emergency 
settings [42]. Furthermore, during early adoption, endoscopic 
approaches may carry a higher risk of dural injury or cerebrospinal 
fluid leakage and can be technically demanding in cases with severe 
inflammatory adhesions or calcified disc material [43,44].

In contrast, the modified microscopic unilateral over-the-top 
decompression technique presented in this study allows bilateral 
removal of massively extruded lumbar discs, as well as resection 
of anterior osteophytes contributing to canal narrowing. This 
bilateral canal enlargement preserves most posterior stabilizing 
structures. In cases of circumferential compression with prominent 
anteromedial disc extrusion, this strategy may be preferable to 
extensive bilateral laminectomy. Preservation of extra canalicular 
osteophytic bridges located anteriorly and laterally, along with 
the posterior facet-laminar complex, contributes to postoperative 
segmental stability. Considering that emergency discectomy has 
been associated with higher recurrence and early readmission rates 
[45], thorough bilateral removal of degenerative disc material (as 
performed in our series), may contribute to reducing recurrence. 

The rapid clinical improvement observed in our patients was 
consistently reflected in ODI and VAS scores at one-year follow-up. 
Structured rehabilitation and progressive postoperative weight 
reduction likely contributed to the absence of subsequent fusion 
procedures, recurrent herniations or segmental instability. We 
believe that reducing spinal mechanical stress through weight 
loss and occupational modification further alleviated pain and 
may have delayed or partially reversed degenerative changes at 
adjacent levels. Ultimately, optimal outcomes depend not only on 
timely and technically appropriate surgical intervention but also 
on comprehensive postoperative management aimed at mitigating 
modifiable risk factors and preventing recurrence.

Conclusion
The unilateral microscopic approach employed by us for 

bilateral decompression and removal of massive lumbar disc 
herniations associated with incomplete cauda equina syndrome 
represents a safe, effective and stability-preserving alternative to 
more invasive decompression or fusion techniques currently in use.
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