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Abstract 

Background. Degenerative lumbar spinal stenosis is a multifactorial compressive disorder 

characterized by hypertrophy of the ligamentum flavum, facet-joint osteoarthritis, disc bulging, and 

progressive reduction of the central canal and lateral recesses. Unilateral biportal endoscopic 

unilateral laminotomy for bilateral decompression (UBE-ULBD) has emerged as a motion-

preserving alternative to microscopic decompression.  

Materials and methods. Randomized trials, prospective cohorts, radiological studies, 

complication analyses, and recent comparative investigations published through July 2026 were 

synthesized. Evidence was organized according to stenosis morphology, segmental stability, 

operative corridor, decompression endpoint, irrigation dynamics, and reoperation mechanisms.  

Results. UBE provides substantial improvement in neurogenic claudication, radicular pain, 

disability, and quality of life, with outcomes generally comparable to microscopic, tubular, and 

uniportal endoscopic decompression. Its principal advantages are magnified visualization, 

independent bimanual instrumentation, limited paraspinal disruption, bilateral decompression 

through a unilateral corridor, and high facet-joint preservation. These benefits remain technique-

dependent. Dural tear, epidural hematoma, incomplete lateral-recess decompression, neural injury, 

irrigation-related pressure elevation, and delayed instability remain clinically relevant. Degenerative 

spondylolisthesis requires dynamic assessment because decompression alone is appropriate only 

when mechanical instability is absent.  

Conclusion. UBE should be considered a decompressive platform rather than a uniform 

procedure. The proposed UBE-SPACE framework integrates stenosis phenotype, preservation 

targets, access trajectory, contralateral decompression, and objective endpoints to improve safety, 

completeness, and biomechanical sustainability in selected single-level and multilevel degenerative 

lumbar disease. 

Keywords: unilateral biportal endoscopy; lumbar spinal stenosis; unilateral laminotomy; 

bilateral decompression; neurogenic claudication; facet-joint preservation; ligamentum flavum; 

lateral recess stenosis; minimally invasive spine surgery; segmental instability. 
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прогрессирующим уменьшением площади центрального канала и латеральных рецессусов. 

Унилатеральная бипортальная эндоскопическая односторонняя ламинотомия с 

двусторонней декомпрессией рассматривается как сохраняющая движение альтернатива 

микроскопической операции.  

Материалы и методы. Синтезированы рандомизированные исследования, 

проспективные когорты, радиологические работы, анализы осложнений и сравнительные 

исследования, опубликованные до июля 2026 года. Данные систематизированы с учётом 

морфологии стеноза, сегментарной стабильности, хирургического коридора, критериев 

полноты декомпрессии, динамики ирригации и причин повторных операций.  

Результаты. UBE обеспечивает выраженное уменьшение нейрогенной хромоты, 

корешковой боли и функциональной недостаточности, демонстрируя результаты, 

сопоставимые с микроскопической, тубулярной и унипортальной эндоскопической 

декомпрессией. Основные преимущества включают увеличенную визуализацию, 

независимую бимануальную работу, ограниченную травму паравертебральных мышц, 

двустороннюю декомпрессию через односторонний доступ и высокую сохранность фасеток. 

Метод особенно перспективен у пожилых пациентов с выраженной центральной и 

двусторонней рецессуальной компрессией, когда требуется достаточное расширение 

дурального мешка при минимальной резекции дуг, межостистого комплекса и медиальных 

отделов суставов поражённого позвоночного сегмента. Однако возможны повреждение 

твёрдой мозговой оболочки, эпидуральная гематома, неполная декомпрессия латерального 

рецессуса, невральная травма, повышение ирригационного давления и отсроченная 

нестабильность. При дегенеративном спондилолистезе необходима динамическая оценка, 

поскольку изолированная декомпрессия допустима только при отсутствии механической 

нестабильности.  

Заключение. UBE следует рассматривать как адаптируемую декомпрессионную 

платформу. Модель UBE-SPACE объединяет фенотип стеноза, цели анатомического 

сохранения, траекторию доступа, контралатеральную декомпрессию и объективные 

конечные критерии, повышая безопасность, полноту и биомеханическую устойчивость 

вмешательства. 

Ключевые слова: унилатеральная бипортальная эндоскопия; стеноз поясничного 

канала; односторонняя ламинотомия; двусторонняя декомпрессия; нейрогенная хромота; 

сохранение фасеточных суставов; жёлтая связка; стеноз латерального рецессуса; 

малоинвазивная хирургия позвоночника; сегментарная нестабильность. 

 
DEGENERATIV BEL UMURTQA KANALI STENOZIDA UNILATERAL BIPORTAL 

ENDOSKOPIK DEKOMPRESSIYA: ZAMONAVIY DALILLAR, FASET 

BO‘G‘IMLARNI SAQLOVCHI IKKI TOMONLAMA DEKOMPRESSIYA VA TAKLIF 

ETILGAN UBE-SPACE MODELI 

Komron Saidov Jumazarovich  

Samarqand davlat tibbiyot universiteti huzuridagi Neyroxirurgiya va neyroreabilitatsiya 

ixtisoslashtirilgan ilmiy-amaliy markazi  

Annotatsiya 

Dolzarblik. Degenerativ bel umurtqa kanali stenozi sariq boylam gipertrofiyasi, faset 

bo‘g‘imlar artrozi, disk bo‘rtishi hamda markaziy kanal va lateral retsessuslar yuzasining progressiv 

kamayishi bilan kechadigan ko‘p omilli kompression kasallikdir. Unilateral biportal endoskopik bir 

tomonlama laminotomiya va ikki tomonlama dekompressiya mikroskopik operatsiyaga harakatni 

saqlovchi muqobil usul sifatida rivojlanmoqda.  

Material va usullar. 2026-yil iyuligacha e’lon qilingan randomizatsiyalangan tadqiqotlar, 

prospektiv kohortalar, radiologik ishlar, asoratlar tahlili va qiyosiy kuzatuvlar sintez qilindi. Dalillar 

stenoz morfologiyasi, segmentar barqarorlik, jarrohlik koridori, dekompressiyaning yakuniy 

mezonlari, irrigatsiya dinamikasi va qayta operatsiya sabablari bo‘yicha tizimlashtirildi.  
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Natijalar. UBE neyrogen oqsoqlanish, radikulyar og‘riq, funksional cheklanish va hayot 

sifatini sezilarli yaxshilaydi hamda mikroskopik, tubular va uniportal endoskopik dekompressiyaga 

o‘xshash natijalarni ko‘rsatadi. Asosiy afzalliklari kattalashtirilgan tasvir, mustaqil bimanual 

instrumental ish, paravertebral mushaklarning kamroq shikastlanishi, bir tomonlama yo‘l orqali ikki 

tomonlama dekompressiya va faset bo‘g‘imlarning yuqori darajada saqlanishidir. Ushbu 

yondashuv, ayniqsa, keksa bemorlarda markaziy va ikki tomonlama retsessual kompressiyani 

stabilizatsiyasiz, to‘qimalarni asragan holda bartaraf etishda istiqbollidir kundalik klinik 

amaliyotda. Biroq dura shikastlanishi, epidural gematoma, lateral retsessning yetarli ochilmasligi, 

nerv jarohati, irrigatsion bosim oshishi va kechki beqarorlik muhimligicha qoladi. Degenerativ 

spondilolistezda dinamik baholash zarur, chunki izolyatsiyalangan dekompressiya faqat mexanik 

beqarorlik bo‘lmaganda asosli hisoblanadi.  

Xulosa. UBE yagona standart operatsiya emas, balki moslashuvchan dekompression 

platformadir. Taklif etilgan UBE-SPACE modeli stenoz fenotipi, anatomik saqlash maqsadi, kirish 

trayektoriyasi, qarama-qarshi tomon dekompressiyasi va obyektiv yakuniy mezonlarni birlashtirib, 

xavfsizlik, to‘liqlik va biomekanik barqarorlikni oshiradi. 

Kalit so‘zlar: unilateral biportal endoskopiya; bel umurtqa kanali stenozi; bir tomonlama 

laminotomiya; ikki tomonlama dekompressiya; neyrogen oqsoqlanish; faset bo‘g‘imlarni saqlash; 

sariq boylam; lateral retsess stenozi; minimal invaziv umurtqa jarrohligi; segmentar beqarorlik. 

 

Introduction. Degenerative lumbar spinal stenosis is an acquired narrowing of the spinal 

canal produced by a combination of intervertebral disc degeneration, annular bulging, osteophyte 

formation, facet-joint hypertrophy, synovial proliferation, ligamentum flavum thickening or 

buckling, epidural fat reduction, and progressive remodeling of the posterior vertebral elements. 

The resulting reduction in the central canal, lateral recesses, and neural foramina causes 

compression of the dural sac, cauda equina, traversing nerve roots, or exiting nerve roots. The 

clinical expression ranges from neurogenic intermittent claudication and posture-dependent lower-

extremity discomfort to fixed radiculopathy, sensory loss, weakness, gait dysfunction, and impaired 

bladder control in advanced cases [1, 2, 3]. The pathophysiology of neurogenic claudication is not 

explained solely by static mechanical compression. Lumbar extension reduces the available canal 

area, increases ligamentum flavum infolding, narrows the lateral recesses, and raises epidural 

venous pressure. Walking further increases metabolic demand within compressed neural tissue. 

These changes may cause transient ischemia, impaired axoplasmic transport, venous congestion, 

inflammatory sensitization, and reduced conduction reserve. Flexion enlarges the canal and neural 

foramina, explaining why many patients obtain relief by sitting or leaning forward [1–4]. 

Initial management includes activity modification, physiotherapy, optimization of body 

weight and comorbidities, analgesic medication, treatment of osteoporosis, and selective spinal 

injections. Surgical decompression is considered when disabling neurogenic claudication, radicular 

pain, neurological deficit, or functional deterioration persists despite adequate nonoperative 

treatment. Urgent intervention may be required in the presence of progressive motor weakness or 

cauda equina dysfunction [3, 6, 10]. Conventional open laminectomy provides reliable 

decompression but can disrupt the supraspinous and interspinous ligaments, detach the multifidus 

muscles, remove substantial portions of the laminae and facets, and alter the posterior tension band. 

Extensive resection may contribute to paraspinal muscle atrophy, postoperative axial pain, 

iatrogenic instability, and progression of degenerative spondylolisthesis. Microscopic unilateral 

laminotomy for bilateral decompression was developed to preserve midline and contralateral 

structures while creating adequate bilateral neural decompression [5, 11, 16]. Unilateral biportal 

endoscopy applies the principle of unilateral laminotomy for bilateral decompression through two 

independently mobile portals. One portal is used for endoscopic visualization and irrigation, 

whereas the second permits free movement of surgical instruments. The technique provides a 

magnified panoramic view and allows the use of familiar instruments, including high-speed drills, 

Kerrison rongeurs, curettes, punches, dissectors, radiofrequency probes, pituitary forceps, and nerve 

hooks. Unlike coaxial uniportal systems, visualization and instrumentation are not confined to a 

common rigid cannula [4, 7, 14]. 
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The separation of the viewing and working portals permits bimanual manipulation, flexible 

triangulation, and access to both sides of the spinal canal through a unilateral approach. The surgeon 

can undercut the spinous process and contralateral lamina while preserving the contralateral 

paraspinal muscles and facet capsule. The same platform can address central stenosis, bilateral 

lateral-recess stenosis, foraminal stenosis, juxtafacet cysts, ossified ligamentum flavum, multilevel 

disease, and selected stenosis associated with low-grade degenerative spondylolisthesis [8, 9, 25]. 

A prospective randomized trial comparing biportal endoscopic decompression with mini-open 

microscopic decompression found lower early postoperative pain, reduced opioid consumption, and 

shorter hospitalization in the biportal group, while operative time and biochemical muscle-injury 

markers were not significantly different. The findings suggested accelerated early recovery rather 

than unequivocal superiority in all outcomes [6–8]. Subsequent comparative studies and meta-

analyses have generally shown that UBE, microscopic decompression, tubular decompression, and 

uniportal endoscopic decompression produce substantial improvements in pain and disability. 

Recent analyses suggest that UBE may provide modest advantages in operative time in some 

comparisons, postoperative dural-sac expansion, and selected functional outcomes; however, the 

clinical importance of several statistically significant differences remains uncertain [10, 13, 23]. 

A 2026 meta-analysis including 1,395 patients from ten comparative studies reported 

comparable overall effectiveness and suggested lower pooled complication and dural-tear or 

cerebrospinal-fluid-leak rates with UBE than with tubular or uniportal comparators. It also found 

modestly greater postoperative dural-sac expansion, while emphasizing residual heterogeneity and 

the need for higher-quality trials [2, 3, 18]. The present article evaluates contemporary evidence 

concerning UBE decompression for degenerative lumbar spinal stenosis and proposes an original 

phenotype-oriented model termed UBE-SPACE. The acronym represents Stenosis phenotype, 

Preservation objectives, Access geometry, Contralateral decompression, and Endpoints. The model 

is intended to connect preoperative morphology with operative strategy, preservation of segmental 

stability, complication prevention, and objective evaluation of decompression. 

Materials and Methods. This manuscript was designed as a structured integrative review 

with an original clinical and technical synthesis. Randomized controlled trials, prospective and 

retrospective comparative cohorts, radiological studies, technical investigations, complication 

analyses, learning-curve studies, and recent meta-analyses published through July 2026 were 

evaluated. The principal concepts included degenerative lumbar spinal stenosis, unilateral biportal 

endoscopy, biportal endoscopic spinal surgery, unilateral laminotomy for bilateral decompression, 

central stenosis, lateral-recess stenosis, foraminal stenosis, ligamentum flavum hypertrophy, facet-

joint preservation, degenerative spondylolisthesis, epidural hematoma, dural tear, irrigation 

pressure, multilevel decompression, and postoperative instability. Evidence was classified into six 

domains. The first domain was stenosis phenotype, including central, lateral-recess, foraminal, 

combined, multilevel, and spondylolisthesis-associated stenosis. The second domain was clinical 

selection, including neurogenic claudication, radiculopathy, neurological deficit, mechanical back 

pain, and response to conservative treatment. The third domain was surgical access and portal 

geometry. The fourth domain was anatomical preservation, including the facets, pars interarticularis, 

spinous process, interspinous complex, laminae, multifidus attachments, and ligamentum flavum. 

The fifth domain was safety, including dural injury, neural injury, hematoma, infection, irrigation-

related complications, incomplete decompression, and instability. The sixth domain was outcome 

assessment, including pain, walking capacity, disability, quality of life, radiological canal 

expansion, facet preservation, complications, and reoperation. 

No pooled statistical analysis was performed. Numerical findings from individual studies 

were interpreted according to their design, sample size, follow-up duration, surgeon experience, and 

definition of complications. The tables presented in this manuscript represent an original synthesis 

of published evidence and do not contain fabricated patient data. 

Results. Lumbar spinal stenosis is not a uniform anatomical disorder. Central stenosis 

primarily affects the dural sac and multiple cauda equina roots. It is generally produced by 

circumferential narrowing from a bulging disc anteriorly, hypertrophied facets posterolaterally, and 

thickened or infolded ligamentum flavum posteriorly. Lateral-recess stenosis affects the traversing 
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nerve root between the medial facet, superior articular process, pedicle, posterior vertebral body, 

and disc. The symptomatic root may remain compressed even after the central dural sac has visibly 

expanded. Therefore, complete central decompression does not automatically establish adequate 

lateral-recess decompression. Foraminal stenosis affects the exiting nerve root and dorsal root 

ganglion. Its principal causes include loss of disc height, superior articular process hypertrophy, 

foraminal osteophytes, ligamentous thickening, and foraminal disc protrusion. Standard 

interlaminar UBE decompression may not adequately treat severe foraminal stenosis unless the 

operative corridor is deliberately extended or converted to a paraspinal foraminal approach. 

Combined stenosis involves the central canal, lateral recess, and neural foramen. Multilevel stenosis 

requires level-specific analysis because the radiologically narrowest segment is not always the 

principal symptomatic level. Selective diagnostic blocks, neurological examination, 

electrophysiological studies, and walking-provocation findings may help identify clinically 

dominant segments when MRI shows extensive multilevel degeneration [6, 13, 28]. 

Table 1. Morphology-Oriented UBE Strategy for Lumbar Spinal Stenosis 

Stenosis 

phenotype 

Main 

compressive 

structures 

Preferred UBE 

strategy 

Principal 

decompression 

endpoint 

Structure 

requiring 

maximal 

preservation 

Central stenosis Ligamentum 

flavum, medial 

facets, disc 

bulging 

Unilateral 

laminotomy with 

bilateral 

flavectomy 

Free dural sac 

with symmetrical 

lateral expansion 

Facet joints and 

posterior 

tension band 

Unilateral lateral-

recess stenosis 

Superior 

articular 

process, 

flavum, disc 

Ipsilateral 

subarticular 

decompression 

Freely mobile 

traversing root to 

medial pedicle 

margin 

Pars 

interarticularis 

Bilateral lateral-

recess stenosis 

Bilateral facets 

and flavum 

UBE-ULBD with 

contralateral 

undercutting 

Bilateral root 

decompression 

Contralateral 

facet capsule 

Foraminal 

stenosis 

Superior 

articular 

process, disc-

height loss, 

osteophytes 

Tailored 

foraminotomy or 

paraspinal UBE 

Exiting root 

decompressed 

from medial to 

lateral foramen 

Facet stability 

Multilevel 

stenosis 

Multisegment 

degeneration 

Sequential level-

specific UBE 

Adequate 

decompression at 

each 

symptomatic 

level 

Intervening 

muscle and 

ligament 

attachments 

Stenosis with 

stable grade I 

spondylolisthesis 

Canal 

narrowing with 

translational 

deformity 

Facet-preserving 

decompression 

alone in selected 

patients 

Neural 

decompression 

without 

destabilizing 

resection 

Bilateral facets 

and pars 

Stenosis with 

dynamic 

instability 

Translation, 

disc collapse, 

facet 

incompetence 

Decompression 

with fusion rather 

than isolated 

UBE 

Neural 

decompression 

and mechanical 

stabilization 

Not applicable 

to 

decompression 

alone 

The best-established indication for UBE decompression is symptomatic degenerative lumbar 

spinal stenosis producing neurogenic claudication or radiculopathy that corresponds to MRI or CT 

findings and has failed adequate conservative treatment. Patients may describe bilateral leg 

heaviness, numbness, burning discomfort, progressive reduction in walking distance, flexion-
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dependent relief, or unilateral radicular pain caused by lateral-recess stenosis. Clinical–radiological 

concordance is essential. Severe radiological stenosis in an asymptomatic patient is not an operative 

indication. Conversely, moderate stenosis may be clinically important if it corresponds precisely to 

posture-dependent symptoms, root deficit, and reduced walking capacity. Hip osteoarthritis, 

peripheral arterial disease, polyneuropathy, cervical or thoracic myelopathy, sacroiliac pathology, 

and primary muscular deconditioning must be excluded or characterized before surgery [11, 12, 20]. 

UBE decompression alone is less appropriate when the dominant symptom is mechanical axial back 

pain caused by instability, severe disc-space collapse, sagittal imbalance, or facet incompetence. 

Additional caution is necessary in high-grade spondylolisthesis, isthmic defects, degenerative 

scoliosis with substantial lateral translation, severe foraminal collapse, recurrent stenosis after 

extensive facetectomy, and deformity requiring correction. Age alone is not a contraindication. 

Older patients may particularly benefit from reduced tissue disruption, early mobilization, and 

limited blood loss. Nevertheless, frailty, osteoporosis, anticoagulant use, cardiopulmonary disease, 

sarcopenia, cognitive impairment, and fall risk should be included in perioperative planning. 

MRI defines central canal narrowing, lateral-recess compromise, foraminal stenosis, 

ligamentum flavum hypertrophy, disc degeneration, facet effusion, juxtafacet cysts, and neural 

compression. Axial sequences are essential because sagittal images may underestimate lateral-

recess and foraminal disease. CT is useful when severe facet hypertrophy, calcified ligamentum 

flavum, ossified lesions, previous surgery, pars abnormalities, or complex bony stenosis are 

suspected. Standing anteroposterior and lateral radiographs evaluate coronal deformity, disc-height 

loss, osteophytes, and static spondylolisthesis. Flexion–extension radiographs assess translational 

and angular instability. Facet-joint effusion on supine MRI may indicate occult motion, but it does 

not independently mandate fusion. The decision should integrate standing translation, dynamic 

motion, mechanical symptoms, disc height, facet orientation, sagittal balance, and the amount of 

bone expected to be removed during decompression [15, 17, 27]. 

Degenerative spondylolisthesis remains a major unresolved area in UBE practice. 

Decompression alone may be sufficient in stable low-grade slips when symptoms are predominantly 

neurogenic and the facets can be preserved. Fusion is more appropriate when dynamic instability, 

substantial mechanical pain, progressive slip, severe foraminal collapse, or anticipated destabilizing 

facetectomy is present. A prospective study registered in 2025 was specifically designed to evaluate 

UBE decompression in patients with and without degenerative spondylolisthesis, reflecting the 

continuing uncertainty in this subgroup [7, 14, 19]. 

The patient is positioned prone on a radiolucent table. Abdominal decompression reduces 

epidural venous pressure. The symptomatic side is commonly selected as the approach side, 

although the side with more severe bony stenosis, a larger facet, previous scar tissue, or technically 

advantageous portal geometry may determine the corridor. The target level is confirmed 

fluoroscopically. The viewing and working portals are generally placed along the medial pedicle 

line or near the spinolaminar junction, with approximately 2–3 cm of separation, but fixed skin 

measurements should not replace anatomy-based planning. Obesity, laminar orientation, spinous-

process morphology, disc level, and the intended contralateral angle influence portal placement. A 

blunt dilator is advanced toward the spinolaminar junction. The multifidus is separated rather than 

widely detached. The endoscope is introduced through one portal, and the second portal provides 

the working route and saline outflow. The viewing and working portals can be exchanged according 

to the operative angle. The initial working space is created over the inferior lamina of the cranial 

vertebra, the superior lamina of the caudal vertebra, and the medial facet. The spinolaminar junction 

is an important orientation landmark. Soft tissue should be removed only sufficiently to define bone 

and maintain an unobstructed fluid pathway. The base of the spinous process and the inferior edge 

of the cranial lamina are drilled first. This creates space for contralateral visualization and allows 

the operative window to shift medially rather than laterally into the ipsilateral facet [16, 23, 30]. The 

ligamentum flavum is preserved during initial drilling whenever possible because it protects the 

dura and roots from mechanical and thermal injury. The cranial laminotomy is extended until the 

proximal attachment of the ligamentum flavum is released. A limited portion of the superior lamina 

of the caudal vertebra may be removed to expose the distal flaval attachment. The medial inferior 
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articular process and superior articular process are undercut according to the severity of lateral-

recess stenosis. 

Contralateral decompression is performed by angling the endoscope beneath the spinous 

process. The contralateral lamina, ligamentum flavum, medial facet, and lateral recess are 

sequentially visualized. Bone is removed from the undersurface, preserving the external facet 

capsule and most of the articular process. The ligamentum flavum is then detached and removed in 

a controlled manner. En bloc removal may be possible in soft nonadherent stenosis, whereas 

piecemeal flavectomy is safer when the ligament is calcified, scarred, or densely adherent to the 

dura. The surgeon must distinguish ligamentum flavum, epidural fat, venous plexus, dura, and root 

sleeves under magnified visualization. Ipsilateral lateral-recess decompression is usually completed 

after contralateral decompression because the working space becomes larger and the dural sac more 

mobile [21, 24, 31]. The traversing root should be followed toward the medial pedicle margin. 

Residual compression commonly persists beneath the superior articular process and may be missed 

if the surgeon stops after central flavectomy. 

The biomechanical advantage of UBE depends on preserving the facet joints and posterior 

tension band. Small incisions alone do not define a minimally invasive operation. Excessive medial 

facetectomy, pars injury, spinous-process resection, or destruction of muscle attachments can negate 

the theoretical benefits of the endoscopic approach. In an 81-patient radiological series, UBE 

significantly increased the cross-sectional dural-sac area and preserved approximately 84% of the 

ipsilateral facet and 93% of the contralateral facet. The study also described how removal of 

additional bone from the base of the spinous process shifts the decompression corridor 

contralaterally and reduces unnecessary ipsilateral facet violation [23, 30, 32]. The central technical 

principle is to remove bone medially before extending laterally. A surgeon who cannot visualize the 

contralateral recess may be tempted to enlarge the ipsilateral facetectomy. However, increasing the 

medial subspinous angle is generally more stabilizing than progressively removing the ipsilateral 

facet. Facet preservation should be assessed not only visually but also radiologically in research 

studies. Preoperative and postoperative CT or MRI can quantify the proportion of the facet 

remaining. Long-term dynamic radiographs should evaluate postoperative translation, particularly 

after multilevel decompression or surgery in patients with pre-existing grade I spondylolisthesis. A 

2025 comparative study in elderly patients with multilevel stenosis and osteoporosis reported 

favorable clinical and radiological outcomes after biportal ULBD and observed fewer cases of 

postoperative spondylolisthesis than after conventional ULBD at two years. Although retrospective 

and not definitive, the findings support the hypothesis that tissue-preserving decompression may 

reduce destabilization in selected multilevel cases [1, 10, 13, 32]. 

Table 2. Proposed UBE-SPACE Framework 

UBE-SPACE 

component 

Preoperative 

question 

Intraoperative 

application 

Objective endpoint 

Stenosis 

phenotype 

Is compression central, 

recessal, foraminal, 

combined, or 

multilevel? 

Select the direction and 

extent of decompression 

Morphology-specific 

neural release 

Preservation Which structures are 

essential for stability? 

Preserve facets, pars, 

midline ligaments, muscle 

attachments, and viable 

flavum where possible 

Minimal 

destabilizing 

resection 

Access Which portal geometry 

provides the shortest 

safe route? 

Adapt portal position to 

lamina, symptoms, obesity, 

and target recess 

Stable triangulation 

without excessive 

skin or muscle 

trauma 

Contralateral 

decompression 

Is bilateral neural 

compression present? 

Undercut the spinous base 

and contralateral lamina 

through a unilateral 

corridor 

Free contralateral 

recess and traversing 

root 
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Endpoints How will adequate 

decompression be 

confirmed? 

Inspect the dural sac, roots, 

pedicle margins, and 

hidden zones 

Pulsatile dural sac, 

mobile roots, no 

residual compressive 

structure 

Visual expansion of the dural sac is necessary but insufficient. Complete UBE 

decompression should be confirmed at the central canal, both lateral recesses, and any clinically 

relevant foramen. The cranial endpoint is release of the proximal ligamentum flavum and 

visualization of freely pulsating dura beneath the inferior lamina. The caudal endpoint is release of 

the distal flaval attachment and decompression toward the superior lamina of the caudal vertebra. 

The lateral endpoint is visualization or safe palpation of the medial pedicle wall and freely mobile 

traversing nerve root. On the contralateral side, the root should no longer be flattened beneath the 

superior articular process. If foraminal decompression is required, the exiting root should be 

released along the medial and middle portions of the foramen without destabilizing total 

facetectomy. A blunt probe or nerve hook may be passed carefully along the decompressed root. 

The instrument should remain visible. Blind insertion beneath the dural sac or root can cause neural 

injury or venous bleeding. Postoperative MRI may quantify the change in dural-sac cross-sectional 

area [3, 10, 18, 27]. However, a larger canal does not automatically predict better clinical recovery. 

Chronic nerve damage, peripheral neuropathy, vascular disease, multilevel degeneration, and 

incomplete foraminal decompression can limit improvement despite technically adequate central 

decompression. 

Continuous saline irrigation maintains endoscopic visibility, removes blood and debris, 

cools the drill, separates soft tissues, and creates a working cavity. Irrigation pressure is therefore 

essential to UBE but is also a unique source of risk. Pressure depends on the height of the irrigation 

bag or pump setting, inflow diameter, outflow resistance, portal obstruction, muscle tension, body 

habitus, and the stage of the operation. Pressure may rise when the working portal is occupied by a 

large instrument, soft tissue blocks the egress route, or the fascial opening is too narrow. 

Experimental clinical monitoring has demonstrated that water pressure changes during the different 

stages of UBE. One study suggested maintaining pressure within a relatively low range and 

emphasized that sufficient outflow is more important than a high nominal pump setting [4, 14, 19, 

25]. Excessive irrigation pressure may theoretically increase epidural, intradural, and intracranial 

pressure. Reported manifestations include headache, neck pain, delayed awakening, seizure, visual 

disturbance, facial edema, and neurological deterioration, although serious events are uncommon. 

The practical safety principle is to use the lowest pressure that maintains adequate 

visualization. Gravity irrigation is sufficient in many cases. When a pump is used, pressure should 

be increased cautiously and temporarily. Persistent poor visualization should prompt evaluation for 

active bleeding, blocked outflow, incorrect portal position, or inadequate soft-tissue preparation 

rather than automatic pressure escalation. The irrigation should be reduced or stopped before closure 

to identify venous bleeding that was previously tamponaded by hydrostatic pressure. A field that 

appears completely dry under high-pressure irrigation may bleed after the portals are removed. 

Epidural venous bleeding is common during decompression of severe stenosis. Venous 

engorgement may be increased by abdominal compression, elevated intrathoracic pressure, 

anticoagulant use, multilevel exposure, and high epidural pressure. Hemostasis is achieved through 

patient positioning, controlled hypotension when appropriate, low-energy radiofrequency or bipolar 

coagulation, bone wax for osseous bleeding, gelatin-based hemostatic agents, and temporary 

compression. Thermal devices should not be activated directly against the dura, root sleeve, or 

dorsal root ganglion. A randomized 2025 study of 96 patients undergoing UBE-ULBD found that a 

flowable gelatin hemostatic matrix reduced measured intraoperative blood loss, postoperative 

drainage, and time required for hemostasis without a significant increase in reported complications. 

The study supports selective use of flowable agents, although residual material should not be packed 

excessively around neural structures [5, 16, 20, 31]. Postoperative spinal epidural hematoma may 

be asymptomatic on MRI or may cause severe pain, neurological deficit, and cauda equina 

compression. The risk increases with multilevel surgery, coagulopathy, inadequate hemostasis, 

severe hypertension, and extensive epidural venous injury. A prospective randomized study 
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published in 2025 evaluated one versus two drains after two-level adjacent UBE decompression and 

did not find that the number of drains independently prevented epidural hematoma formation. Drain 

placement should therefore not replace meticulous intraoperative hemostasis and neurological 

observation [2, 6, 10, 13]. 

Incidental durotomy is among the most frequent complications of UBE decompression. Risk 

factors include advanced age, severe stenosis, calcified or ossified ligamentum flavum, revision 

surgery, multilevel decompression, dense adhesions, bilateral decompression, and limited surgeon 

experience. Dural injury may occur during drilling, flavectomy, insertion of a Kerrison punch 

beneath adherent ligament, aggressive use of radiofrequency energy, or blind movement of an 

instrument beyond the endoscopic field. Preserving the ligamentum flavum during initial bone work 

substantially reduces direct drill contact with the dura. Small noncomplex tears may be managed 

using an endoscopic patch, fibrin sealant, or other closure material. Larger defects, irregular tears, 

rootlet herniation, or inadequate endoscopic control require direct suture repair or conversion to a 

microscopic or open approach. Conversion should be regarded as a safety decision rather than a 

technical failure. Continuous irrigation can obscure cerebrospinal-fluid leakage. Therefore, the 

defect should be reassessed after decreasing irrigation. Postoperative management depends on the 

quality of closure and may include limited mobilization, wound monitoring, and evaluation for 

pseudomeningocele or persistent leakage [11, 15, 17, 20]. 

Neural injury may result from direct instrument trauma, excessive root retraction, thermal 

energy, inadequate irrigation control, hematoma, or incomplete decompression. Motor deficit 

requires urgent examination and MRI to exclude residual compression or hematoma. Incomplete 

decompression is a preventable cause of persistent symptoms and early reoperation. The most 

frequent missed zones are the ipsilateral subarticular recess, contralateral recess beneath the superior 

articular process, cranial flaval attachment, caudal recess, and neural foramen. The magnified 

endoscopic image may create a false perception of adequate space. The surgeon may see an 

expanded central dural sac while the traversing root remains compressed laterally. A standardized 

anatomical checklist is therefore essential. Persistent postoperative radicular pain may reflect 

residual stenosis, root edema, neuropraxia, hematoma, foraminal disease, or pre-existing irreversible 

neural injury. MRI should be obtained urgently when symptoms are severe, progressive, or 

accompanied by weakness or sphincter dysfunction [1, 2, 10, 13]. 

UBE requires competence in spinal decompression anatomy, endoscopic orientation, 

triangulation, irrigation management, bimanual instrumentation, endoscopic hemostasis, and 

complication management. Familiarity with microscopic surgery shortens the anatomical learning 

process but does not eliminate the need to master fluid-mediated visualization. Learning-curve 

studies use operative time, complication rates, fluoroscopy exposure, conversion, or cumulative-

sum analysis as proficiency indicators. A 2024 study examining UBE-ULBD reported a 

complication rate of 7.9% during the learning phase and 3.6% after mastery, illustrating the 

influence of structured experience [3, 6, 15, 18]. Early cases should involve single-level central or 

bilateral recess stenosis without severe calcification, high-grade spondylolisthesis, previous surgery, 

deformity, or complex foraminal pathology. Multilevel stenosis, revision decompression, ossified 

ligamentum flavum, severe obesity, juxtafacet cysts with instability, and narrow upper-lumbar 

anatomy should be introduced after consistent proficiency. Operative speed alone should not define 

mastery. A comprehensive proficiency assessment should include complete decompression, facet 

preservation, dural-tear rate, neural injury, hematoma, conversion, residual symptoms, reoperation, 

and patient-reported outcomes. Cadaveric training, simulation, observation in high-volume centers, 

supervised surgery, video review, and prospective complication registries are important. Surgeons 

must also be capable of converting to microscopic surgery and performing direct dural repair when 

necessary [5, 11, 16, 20]. 

Multilevel UBE decompression may be advantageous in older patients because separate 

small portals can be used at each level while preserving intervening muscles and posterior 

ligamentous structures. The technique may reduce cumulative tissue injury compared with a long 

midline exposure. However, multilevel surgery increases operative duration, irrigation exposure, 

blood loss, risk of dural tear, postoperative hematoma, and potential destabilization. Every 
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radiologically narrowed level should not automatically be decompressed. The operative plan should 

target clinically relevant segments. Portal incisions may be shared or adjusted between adjacent 

levels, but portal geometry must remain appropriate for each interlaminar window. Attempting to 

reach multiple levels from a poorly positioned portal can create oblique instrument trajectories, 

excess muscle injury, and inadequate recess decompression. Postoperative stability assessment is 

particularly important after multilevel decompression. Standing and dynamic radiographs should be 

obtained when new mechanical pain, progressive deformity, or functional deterioration develops [4, 

7, 14, 19]. 

The presence of a low-grade degenerative slip does not automatically require fusion. 

Contemporary evidence from broader lumbar-stenosis research indicates that decompression alone 

can provide satisfactory outcomes in selected patients without instability. The relevance to UBE is 

that its facet-preserving strategy may reduce the destabilizing effect of decompression. 

Nevertheless, decompression alone should not be selected merely because UBE is minimally 

invasive. Patients with dynamic translation, dominant mechanical back pain, severe facet 

incompetence, large facet effusions combined with standing instability, substantial foraminal 

collapse, sagittal imbalance, or expected extensive facetectomy may benefit from fusion. When 

fusion is indicated, UBE-assisted transforaminal or posterior lumbar interbody fusion can be 

considered. These procedures use the biportal platform for decompression, endplate preparation, 

cage placement, and neural visualization. However, UBE fusion is a distinct operation with 

additional risks and should not be conflated with decompression alone [21, 24, 30, 32]. 

Table 3. Complications, Mechanisms, and Preventive Measures 

Complication Principal mechanism Preventive strategy Management 

principle 

Dural tear Adhesion, drill contact, 

aggressive flavectomy 

Preserve flavum during 

drilling; work from 

normal anatomy 

Patch, direct repair, or 

conversion according 

to defect 

Neural injury Blind instrumentation, 

excessive retraction, 

thermal damage 

Keep instrument tips 

visible and minimize 

root manipulation 

Immediate 

neurological 

assessment and 

imaging 

Epidural 

hematoma 

Bleeding masked by 

irrigation 

Reduce pressure before 

closure and obtain 

complete hemostasis 

Urgent MRI and 

evacuation if 

symptomatic 

Incomplete 

decompression 

Missed lateral recess or 

foramen 

Use morphology-based 

anatomical endpoints 

Early revision when 

persistent compression 

is confirmed 

Infection Portal contamination, 

prolonged surgery, fluid 

collection 

Standard prophylaxis 

and atraumatic 

technique 

Culture-directed 

antibiotics and 

drainage when 

necessary 

Irrigation-related 

complication 

High inflow or 

obstructed outflow 

Lowest effective 

pressure and free egress 

Stop irrigation and 

assess systemic and 

neurological status 

Postoperative 

instability 

Excessive facet or pars 

resection 

Medial-first 

undercutting and facet 

preservation 

Dynamic imaging and 

fusion if clinically 

significant 

Root dysesthesia Dorsal root ganglion 

manipulation 

Limit foraminal 

traction and thermal 

coagulation 

Anti-inflammatory 

therapy and 

surveillance 

Recurrent 

stenosis 

Progressive 

degeneration or 

incomplete resection 

Adequate but tissue-

preserving 

decompression 

Revision 

decompression or 
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fusion according to 

stability 

Neurological status should be assessed immediately after surgery. Motor strength, 

dermatomal sensation, leg pain, bladder function, and saddle sensation must be documented. Severe 

new pain or weakness requires urgent exclusion of hematoma or residual compression. Early 

mobilization is encouraged after uncomplicated decompression. Walking begins under supervision 

once the patient is alert and hemodynamically stable. The distance is gradually increased according 

to neurological function, balance, frailty, and preoperative deconditioning. A drain may be used 

selectively after multilevel decompression, substantial venous bleeding, revision surgery, or 

coagulopathy. Drain output should be interpreted together with neurological findings because a 

functioning drain does not exclude epidural hematoma. Postoperative analgesia should be 

multimodal. Prolonged opioid use is generally unnecessary after uncomplicated UBE [2, 3, 10, 18]. 

Thromboprophylaxis should be individualized according to bleeding risk, mobility, age, and 

comorbidities. Rehabilitation should address walking endurance, trunk control, lower-extremity 

strength, balance, hip mobility, and correction of prolonged flexed posture. The objective is not to 

immobilize the lumbar spine but to restore safe function while avoiding excessive early loading. 

Patients with osteoporosis require fall prevention, bone-health assessment, adequate protein intake, 

vitamin D correction where indicated, and pharmacological treatment according to established 

criteria. These measures are particularly important after multilevel decompression and in patients 

with spondylolisthesis. 

Clinical outcome should include separate scales for leg and back pain, Oswestry Disability 

Index, Zurich Claudication Questionnaire, walking distance or walking time, neurological 

examination, analgesic consumption, length of stay, time to return to daily activity, and patient 

satisfaction. Objective functional testing may include a standardized walking test, timed up-and-go 

test, gait-speed assessment, and sit-to-stand performance. These measures may be more sensitive to 

improvement in neurogenic claudication than resting pain scores. Radiological outcome should 

include postoperative dural-sac cross-sectional area, lateral-recess dimensions, facet-joint 

preservation, and dynamic stability in selected patients. Routine early MRI is not necessary after 

uncomplicated clinical recovery but is valuable in research protocols and when symptoms persist 

[6, 11, 12, 20]. A successful UBE decompression should be defined by clinical improvement, 

objective functional recovery, absence of neurological deterioration, adequate radiological 

decompression when imaging is indicated, and preservation of segmental stability. 

Table 4. Scientific Originality of the Proposed UBE-SPACE Model 

Existing limitation Conventional 

approach 

Proposed original 

element 

Expected clinical 

contribution 

Lumbar stenosis 

treated as a single 

entity 

Similar 

decompression 

applied to all 

morphologies 

Phenotype-specific 

analysis of central, 

recessal, foraminal, and 

combined stenosis 

Reduces residual 

compression 

Minimal invasiveness 

judged by incision 

size 

Small portals assumed 

to indicate tissue 

preservation 

Explicit preservation 

targets for facets, pars, 

ligaments, and muscle 

attachments 

Reduces 

postoperative 

instability 

Contralateral 

decompression 

judged visually 

Central dural 

expansion considered 

sufficient 

Mandatory assessment 

of the contralateral 

recess and root 

Improves bilateral 

decompression 

Irrigation used 

mainly for 

visualization 

Pressure increased 

when the view is poor 

Irrigation treated as a 

dynamic physiological 

variable 

Reduces pressure-

related 

complications 

Decompression 

endpoint not 

standardized 

Procedure stopped 

after flavectomy 

Anatomical endpoints 

at the lamina, pedicle, 

root, and foramen 

Improves 

reproducibility 
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Spondylolisthesis 

managed by 

morphology alone 

Any slip leads to 

fusion or any low-

grade slip receives 

decompression 

Dynamic stability and 

symptom phenotype 

determine strategy 

Avoids unnecessary 

fusion and failed 

decompression 

Learning curve 

measured by 

operative time 

Faster surgery 

interpreted as mastery 

Composite proficiency 

based on safety, 

completeness, 

preservation, and 

reoperation 

Improves training 

standards 

Research focuses 

primarily on VAS 

and ODI 

Functional mobility 

incompletely assessed 

Walking capacity and 

objective gait tests 

incorporated 

Better reflects 

recovery from 

neurogenic 

claudication 

Discussion. The accumulated evidence indicates that unilateral biportal endoscopic 

decompression is a valid minimally invasive treatment for degenerative lumbar spinal stenosis. It 

consistently improves neurogenic claudication, radicular pain, disability, and quality of life in 

appropriately selected patients. Comparative studies generally show clinical effectiveness similar to 

microscopic, tubular, and uniportal endoscopic decompression [13, 15, 17, 27]. The main advantage 

of UBE is not that it creates a smaller skin incision than every competing technique. Its principal 

value lies in the combination of magnified visualization, independent instrument mobility, bimanual 

manipulation, and the ability to perform bilateral neural decompression through a unilateral muscle-

preserving corridor. This architecture is particularly suitable for severe bilateral lateral-recess 

stenosis. A coaxial uniportal system may provide excellent results but constrains the endoscope and 

instruments within a common working channel. In UBE, the viewing angle can be changed 

independently while the working instrument remains directed toward the contralateral recess. 

However, greater freedom of instrument movement also introduces risks. A Kerrison punch, drill, 

or dissector can advance beyond the endoscopic field if triangulation is lost. The instrument tip must 

remain visible near the dura and nerve roots. The UBE-SPACE framework emphasizes that lumbar 

spinal stenosis should be interpreted according to phenotype. Central decompression is not 

equivalent to lateral-recess decompression, and lateral-recess decompression is not equivalent to 

foraminal decompression. The surgical corridor and objective endpoint must correspond to the 

actual site of neural compression. Preservation of the facet joints is fundamental [4, 8, 14, 25]. The 

theoretical stability advantage of UBE disappears if the ipsilateral facet is widely removed to gain 

a contralateral view. The appropriate strategy is to enlarge the medial subspinous corridor and 

undercut the contralateral lamina rather than extend unnecessarily through the ipsilateral articular 

process. Radiological studies support substantial facet preservation with UBE, but long-term 

biomechanical data remain limited. Prospective studies should correlate quantified facet 

preservation with dynamic translation, postoperative mechanical pain, slip progression, and 

reoperation. Irrigation is another defining feature. Continuous saline creates the operative cavity and 

improves visualization, but it also alters local pressure. Safe UBE depends on equilibrium between 

inflow and outflow. Poor visualization should not be treated automatically by increasing pump 

pressure. Bleeding control is closely related to irrigation. Hydrostatic pressure can suppress epidural 

venous bleeding during the procedure and reveal it only after inflow is reduced. The surgeon should 

perform a low-pressure or dry-field inspection before closure [7, 9, 19, 28]. 

Dural tear remains an important complication, especially in severe stenosis, revision surgery, 

calcified ligamentum flavum, and older patients. The ability to perform direct endoscopic repair or 

convert safely to microscopic surgery is a necessary component of UBE competence. Postoperative 

hematoma deserves particular attention because small portal incisions do not prevent clinically 

significant epidural bleeding. Neurological monitoring after surgery is more important than drain 

number alone. Rapidly increasing pain, weakness, saddle anesthesia, or bladder dysfunction requires 

urgent MRI and decompression. The management of stenosis associated with degenerative 

spondylolisthesis should not be simplified into a universal decompression-versus-fusion rule. Stable 

low-grade slips with predominant neurogenic symptoms may respond well to facet-preserving UBE 
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decompression. Dynamic instability, mechanical back pain, severe foraminal collapse, or extensive 

required facetectomy favor fusion. Multilevel stenosis is another promising indication. UBE can 

preserve intervening posterior structures and reduce the length of muscular dissection. Nevertheless, 

each level increases technical complexity and cumulative risk [1, 3, 10, 13]. Symptomatic levels 

should be selected carefully rather than decompressing every abnormal MRI segment. The learning 

curve must be addressed transparently. Published studies suggest that complications decline with 

experience, but a universal number of cases cannot define proficiency. Previous microsurgical 

training, mentorship, case selection, simulation, and operative volume all influence the learning 

process. 

The principal limitation of the current evidence is heterogeneity. Studies use different 

definitions of UBE, varying portal positions, irrigation systems, decompression endpoints, 

complication classifications, and follow-up periods. Many investigations are retrospective and 

originate from highly experienced centers. Recent systematic reviews suggest modest advantages 

for UBE in selected radiological and perioperative outcomes, but the magnitude of clinical 

superiority remains uncertain. The appropriate interpretation is that UBE is an effective alternative 

with distinctive technical benefits, not that it has universally replaced microscopic or uniportal 

decompression [5, 11, 16, 32]. Future randomized studies should stratify patients according to 

central, recessal, foraminal, multilevel, and spondylolisthesis-associated stenosis. They should 

report walking capacity, facet preservation, postoperative stability, irrigation parameters, surgeon 

experience, costs, complications, and reoperation over long-term follow-up. 

Conclusion. Unilateral biportal endoscopic unilateral laminotomy for bilateral 

decompression is an effective motion-preserving surgical option for degenerative lumbar spinal 

stenosis. It provides substantial improvement in neurogenic claudication, radicular pain, disability, 

walking capacity, and quality of life, with clinical outcomes generally comparable to established 

microscopic, tubular, and uniportal techniques. The principal strengths of UBE are magnified 

panoramic visualization, independent bimanual instrumentation, limited paraspinal muscle 

disruption, bilateral decompression through a unilateral corridor, and preservation of the facets and 

posterior tension band. These advantages are not automatic and depend on precise portal geometry, 

morphology-oriented decompression, controlled irrigation, complete hemostasis, and surgeon 

experience. The proposed UBE-SPACE framework integrates Stenosis phenotype, Preservation 

objectives, Access geometry, Contralateral decompression, and objective Endpoints. It distinguishes 

central canal expansion from complete lateral-recess and foraminal decompression and emphasizes 

that minimal invasiveness must be evaluated biomechanically rather than by skin-incision length 

alone. Dural tear, epidural hematoma, neural injury, incomplete decompression, irrigation-related 

pressure elevation, infection, and delayed instability remain clinically important. Before closure, 

irrigation pressure should be reduced and the operative field reassessed for bleeding. New 

postoperative neurological symptoms require urgent imaging. Decompression alone may be 

appropriate for selected patients with stable low-grade degenerative spondylolisthesis, whereas 

dynamic instability, predominant mechanical back pain, severe foraminal collapse, or anticipated 

extensive facetectomy support fusion. UBE should be introduced through structured education, 

supervised case progression, and prospective outcome auditing. Further multicenter randomized 

trials and long-term registries are required to define its comparative cost-effectiveness, 

biomechanical durability, role in multilevel stenosis, and optimal indications in degenerative 

spondylolisthesis. 
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