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Abstract: Percutaneous vertebroplasty (PVP) and kyphoplasty relieve pain associated with osteoporotic vertebral compression
fractures. However, the underlying heterogeneous mechanisms of new-onset and post-vertebroplasty radiculopathy, together with
ambiguous imaging findings, can complicate diagnoses. This review summarizes the etiologies, diagnostic processes, and therapeutic
roles of full-endoscopic spine surgery (FESS) in treating radiculopathy after vertebroplasty. A comprehensive search of PubMed,
Embase and Cochrane Library was performed using the following terms: (“percutaneous vertebroplasty” OR “kyphoplasty”) AND
(“radiculopathy” OR “nerve root compression” OR “foraminal stenosis” OR “cement leakage) AND (“endoscopic spine surgery” OR
“full-endoscopic” OR “percutaneous endoscopic” OR “transforaminal endoscopic” OR “TELF” OR “FESS”). Nine of the 428
retrieved studies met the inclusion criteria and were analyzed for etiology, imaging, technique, anesthesia, and outcomes. All included
studies were case reports or small case series, and their methodological quality was assessed using established critical appraisal tools
for descriptive research. Cement leakage emerged as the main cause of postvertebroplasty radiculopathy, which is managed using
FESS via transforaminal or interlaminar approaches. Most patients experienced pain relief and neurological improvement with low
perioperative morbidity rates. Endoscopic exploration under local anesthesia may serve as a valuable diagnostic tool to identify and
localize neural compression that remains ill-defined on preoperative imaging. Given the limited and heterogeneous nature of the
current evidence, conclusions regarding the safety and effectiveness of FESS should be interpreted with caution. Nevertheless, FESS
might serve as a feasible diagnostic and therapeutic option when conventional imaging modalities fail to identify the pain generator.
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Introduction

Vertebral compression fractures (VCFs) in fragile older adults are common, particularly when osteoporosis is involved.
The incidence of VCFs increases sharply with advancing age and low bone mineral density, affecting up to 40% of
women and 20% of men aged > 70 years.'” Such fractures cause severe back pain, spinal deformities, and functional
decline and are associated with increased morbidity and mortality rates.** Conservative treatments, such as bed rest,
bracing, and analgesics, often do not provide early pain relief or prevent further collapse.

Percutaneous vertebroplasty (PVP) and balloon kyphoplasty are minimally invasive procedures designed to provide rapid
pain relief, mechanical stabilization, and early mobilization.”’ These techniques restore vertebral height and alignment, and
significantly improve pain and functional outcomes with relatively low complication rates.*'® Consequently, PVP and
kyphoplasty have become key treatment options for older patients who are unfit for open surgeries.

Despite generally favorable safety profiles, complications such as cement leakage into the spinal canal or neural
foramina remain clinically relevant, as they can result in nerve root compression, epidural irritation, or spinal cord
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compression, leading to acute or delayed radiculopathy and neurological deficits.'"'® Although cement leakage after
vertebral augmentation is relatively common (20%—-65% of cases depending on imaging modality) symptomatic
neurological complications, such as radiculopathy are rare and occur in approximately 1%—3% of patients.'' ">

To diagnose radiculopathy after vertebroplasty can be challenging. Radiological findings are often ambiguous because
tiny cement leaks can become partially embedded within bone or masked by imaging artifacts. Susceptibility effects
frequently limit the value of magnetic resonance imaging (MRI), whereas computed tomography (CT) is superior for
visualizing cement distribution, but might not reliably reveal nerve irritation, adhesions, or subtle foraminal pathology.
Consequently, the underlying pain generator might be underdiagnosed or misinterpreted, particularly among older
patients with multilevel degenerative changes or coexisting spinal stenosis.'® Furthermore, open revision surgery in
this population has been associated with substantial risks owing to poor bone quality, medical comorbidities, and the need
for general anesthesia.

In this clinical context, full-endoscopic spine surgery (FESS) has emerged as a minimally invasive alternative with
diagnostic and therapeutic potential. It can be applied under local anesthesia, which reduces anesthetic risk in older and
medically compromised patients. The percutancous endoscopic approach allows direct visualization of neural structures
and adjacent pathological elements, including cement fragments, fibrotic adhesions, and foraminal narrowing, which
enables real-time confirmation at the symptomatic level. Targeted decompression can be applied during the same
procedure after pathology is identified.'” ' Subtle mechanical or inflammatory nerve irritation can be identified and
addressed with minimal collateral tissue damage by magnified endoscopic visualization and continuous saline irrigation.

Several case reports and small case series describe the success of FESS for treating radiculopathy or neurological
symptoms after PVP or kyphoplasty, in terms of rapid pain relief, functional improvement, and low perioperative
morbidity rates.”>** However, quantitative and qualitative evidence are scant and consist mostly of descriptive studies
without analytical comparisons. To date, the etiologies of post-vertebroplasty radiculopathy and the role of FESS in its
management have not been critically appraised in a focused review.

Therefore, this review aimed to integrate the findings of current clinical literature through a comprehensive narrative
review and critical appraisal, and to summarize reported causes of radiculopathy after PVP or kyphoplasty to highlight
diagnostic challenges in clinical practice. We also aimed to determine the potential roles and limitations of FESS as
a minimally invasive diagnostic and therapeutic option for selected patients.

Materials and Methods

Literature Search Strategies

We comprehensively searched the PubMed, Embase, and Cochrane Library databases. The final search proceeded on
December 16, 2025. The search strategy was designed around the conceptual domains of causative procedure (“percutaneous
vertebroplasty” OR “kyphoplasty”), clinical presentation (“radiculopathy” OR “nerve root compression” OR ‘““foraminal
stenosis” OR “nerve injury” OR “cement leakage”), and treatment modality (“endoscopic spine surgery” OR “full endoscopic”
OR “percutaneous endoscopic” OR “transforaminal endoscopic” OR “TELF” OR “FESS”) using Boolean operators and
database-specific syntax. No restrictions were imposed on the types of reports, year of publication, or language.

Study Eligibility Criteria

Studies were eligible for analysis if they met the following criteria: patients who developed radiculopathy or neurological
symptoms after PVP or kyphoplasty were treated with FESS as the primary surgical intervention, and clinical informa-
tion about symptoms, imaging findings, surgical techniques, and postoperative outcomes were provided.

Original clinical study designs, case reports, technical notes, case series, and observational cohort studies were
assessed. The exclusion criteria comprised endoscopic procedures that were not the primary treatment, investigated non-
vertebroplasty-related pathology, lacked sufficient clinical or surgical detail, or were animal studies, cadaveric investiga-
tions, editorials, or narrative commentaries without original patient data.
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Study Selection and Data Extraction

Titles and abstracts identified through database searches were screened for relevance. Full-text articles were reviewed to
determine final eligibility. We selected studies using a stepwise approach, and the reasons for exclusion at the full-text
stage were documented. Given the descriptive nature and limited number of available studies, formal adjudication
processes were not required.

We extracted the demographics of innominate patients, vertebral levels, and presumed etiologies of radiculopathy, as
well as diagnostic imaging modalities, the type and approach of FESS, anesthetic methods, and clinical outcomes from
the included studies. Quantitative syntheses or meta-analyses were unfeasible due to the heterogeneity in study design,
outcome measures, and follow-up duration. Therefore, we summarized the results using a qualitative narrative approach.

Critical Appraisal of Methodological Quality

All included studies were descriptive and consisted exclusively of case reports, case series, or technical notes. Therefore,
we assessed the methodological quality using the Joanna Briggs Institute (JBI) Critical Appraisal Tools for Case Reports
and Case Series to systematically evaluate reporting transparency and potential sources of bias in non-comparative
clinical evidence.” The appraisal focused on key methodological domains, including the clarity of patient selection and
clinical presentation, adequacy of diagnostic assessment, description of the endoscopic intervention, outcome reporting,
and follow-up duration. The purpose of this assessment was not to exclude studies based on quality thresholds but to
transparently characterize the limitations of the existing literature and contextualize the interpretation of the reported
outcomes. Consistent with the narrative review design, no numerical quality scoring or grading of the evidence certainty
was performed.

Results

Literature Search results

We identified 428 publications in the PubMed, Embase, and Cochrane Library databases, among which 71 were duplicates.
A screen of 357 article titles led to the exclusion of 92 editorials, narrative reviews, systematic reviews, or meta-analyses.
Screening abstracts of the remaining 265 studies excluded 231 that were irrelevant to endoscopic procedures, vertebroplasty,
kyphoplasty, or radiculopathy, leaving 34 articles for full text reviews. Of these, 25 studies were excluded due to insufficient
surgical details, lack of postoperative outcome data, or absence of full-endoscopic intervention. Finally, nine studies met the
inclusion criteria and were included in the qualitative synthesis of the results.?* >® These studies comprised case reports and
small case series that described the management of radiculopathy or neurological symptoms after PVP or kyphoplasty using
FESS. Figure 1 shows the flow of publications through the study.

Characteristics of Studies

The nine studies were published between 2016 and 2025, comprised five technical case reports, two case series, and two
retrospective observational studies. Tables 1 and 2 summarize the clinical characteristics, technical approaches, and
outcomes of 93 patients (male, n = 43; female, n = 50; mean age, 68.8 years). All studies described single-level
thoracolumbar procedures to treat radiculopathy or neurological deficits that developed after PVP or kyphoplasty. The
predominant surgical approach was transforaminal endoscopic lumbar decompression, including transforaminal endo-
scopic lumbar foraminotomy (TELF) or foraminoplasty.”>**?® Ventral or foraminal cement deposits were accessed by
partial pediculotomy or trench drilling in some patients.””> An interlaminar endoscopic approach was combined with
partial laminotomy in two studies.*'*® General**** and local*® ***> " anesthesia was applied in two and seven studies,
respectively. Preoperative imaging typically included magnetic resonance imaging and computed tomography. Diagnoses
based only on MRI were inconclusive in most reports and were confirmed by CT imaging and intraoperative endoscopic
exploration. The mean surgical duration was 88.3 min, and the mean postoperative hospital stay was 5.0 days. Cement
leakage into the epidural or foraminal space was the most frequent etiology of post-vertebroplasty radiculopathy. While
earlier reports focused primarily on single-level cement leakage, the inclusion of a large-scale cohort expanded the

etiologies to include aggravated foraminal stenosis and mobile bone fragment compression.”®
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Figure | Flow of literature search through the study.

Clinical Outcomes

Postoperative clinical outcomes were reported in all nine articles, with the majority of patients experiencing immediate
relief of radicular pain. According to the modified MacNab criteria reported in the largest cohort, the “excellent/good”
recovery rate was 87.5% for Group A (foraminal stenosis), 80.9% for Group B (bone fragment compression), and 68.4%
for Group C (bone cement leakage). All groups showed significant improvements in Visual Analogue Scale (VAS) scores
for both back and leg pain, as well as Oswestry Disability Index (ODI) scores at the final follow-up (P < 0.05).*® Another
clinical series included 12 patients with intraspinal cement leakage treated by percutaneous endoscopic spinal surgery
under local anesthesia, which achieved an 80% (good-to-excellent) rate while significantly improving pain and Japanese
Orthopaedic Association (JOA) scores.”” Postoperative pain was immediately relieved in other representative patients
who were ambulatory within 1-2 days.?**’ Reported complications were minimal, with negligible blood loss and no
major perioperative adverse events. Neurological deterioration or recurrence during 2-30 months of follow-up was not
described in any of the articles. Although outcome measures such as VAS, ODI, and JOA scores varied among the nine
studies, the overall trend consistently favored symptomatic improvement after endoscopic decompression of cement-

related or foraminal pathologies.

4 htps: Journal of Pain Research 2026:19



61:970T Yo4easay ured jo [euanof

:sdyyy

Table | Summary of the Included Studies and Patient Demographics

No | Author (Year) Journal Country | Study Type No. of Age (yr) Sex Level Op Time Hospital Stay
Cases (min) (d)
| Wagner et al?° World Neurosurg Germany | Technical note | 72 F L2 NA NA
2016
2 Yu et al?' 2017 Zhongguo Xiu Fu Chong Jian Wai Ke Za China Case series 5 744 2F 3M T12 (3) | 85.6 (55-119) NA
Zhi LI (2)
3 Chu et al*> 2018 World Neurosurg China Technical note 5 744 £86 | 2F3M TI23) | 107 £232 NA
LI (2)
4 Wu et al”® 2019 World Neurosurg China Case report | 85 F L3 NA 4
5 Philips et al** 2020 | J Spine Surg Japan Case series 3 81.7 3F L3 (3) 60.7 |
6 Yu et al*® 2020 Pain Physician China Retrospective 12 72.67 9F 3M TIl (2) | 65.50 +21.23 525 +253
cohort T12 (6)
LI (4)
7 | Jing et al*® 2021 J Int Med Res China Case report I 82 M L4 NA 3
8 Ahn & Rhee,” Neurospine Korea Case report | 72 F L3 NA |
2024
9 Bu et al?® 2026 World Neurosurg China Retrospective 64 66.1 £ 5.1 3IF TII-SI | 91.9 £ 182 6.0+ 1.8
cohort 33M

Abbreviation: NA, not available.
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Table 2 Technical and Clinical Characteristics of Full-Endoscopic Spine Surgery for Post-Vertebroplasty Radiculopathy

No | Author Journal Level Procedure/ Access | Anesthesia | Outcome Key Points
(Year) Etiology Summary
| Wagner et al®® | World Neurosurg L2 KP/ TF Local Immediate pain First report
2016 Foraminal relief
leakage
2 Yu et al*' Zhongguo Xiu Fu Chong Jian TI12 (3) PVP/ IL Local All improved; no Early Chinese series
2017 Wai Ke Za Zhi Ll (2) Epidural leakage recurrence
3 Chu et al* World Neurosurg TI2 (3) PVP/ TF Local No deficit Dedicated ‘trench’ technique
2018 Ll (2) Epidural leakage
4 Wu et al? World Neurosurg L3 PVP/ TF Local Early discharge Detailed technique with foraminoplasty
2019 Foraminal
leakage
5 Philips et al** | ] Spine Surg L3 (3) PVP/ TF General VAS improved 9 — | Extended use of FESS beyond cement leakage
2020 Foraminal 2.3;
leakage Excellent
6 Yu et al®® Pain Physician TI (2) PVP/ TF Local Improved VAS/JOA Cohort validating efficacy of FESS for cement-leakage
2020 TI2 (6) 7 epidural, 5 80%, favorable
LI 4) foraminal
7 Jing et al*® J Int Med Res L4 PVP/ TF Local Immediate pain Delayed-onset radiculopathy after PVP; emphasized
2021 Epidural leakage relief endoscopic exploration
8 Ahn & Rhee,?”’ Neurospine L3 PVP/ TF Local Immediate pain First video article emphasizing diagnostic role of FESS
2024 Foraminal relief
leakage
9 Bu et al*® World Neurosurg TI1-SI PVP/KP TF/IL General Improved VAS/ODI | Large cohort; comparison of 3 etiologies
2026 Stenosis/
Bone/Leak

Abbreviations: FESS, full-endoscopic spine surgery; IL, interlaminar; JOA, Japanese Orthopaedic Association score KP, kyphoplasty; ODI, Oswestry disability index; PVP, percutaneous vertebroplasty; TF, transforaminal; VAS, visual
analogue scale.
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Table 3 Methodological Quality Assessment of Included Studies Using the Joanna Briggs Institute (JBl) Critical Appraisal Tools

Author (Year) Study Design | QI | Q2 | Q3 | Q4 Q5 | Q6 | Q7 Q8 | Q9 QI0 | Overall Appraisal
Wagner et al”® 2016 | Tech note Yes | Yes | Yes | Yes Yes | Yes | Unclear | Yes | NA NA Include
Yu et al*' 2017 Case Series Yes | Yes | Yes | Unclear | Yes | Yes | Yes Yes | Yes Yes Include
Chu et al** 2018 Tech note Yes | Yes | Yes | Unclear | Yes | Yes | Yes Yes | Yes Yes Include
Wu et al®® 2019 Case Report Yes | Yes | Yes | Yes Yes | Yes | Unclear | Yes | NA NA Include
Philips et al** 2020 Case Series Yes | Yes | Yes | Yes Yes | Yes | Yes Yes | Unclear | Yes Include
Yu et al*® 2020 Case Series Yes | Yes | Yes | Unclear | Yes | Yes | Yes Yes | Yes Yes Include
Jing et al*® 2021 Case Report Yes | Yes | Yes | Yes Yes | Yes | Unclear | Yes | NA NA Include
Ahn & Rhee,”” 2024 | Case Report Yes | Yes | Yes | Yes Yes | Yes | Unclear | Yes | NA NA | Include
Bu et al”® 2026 Case Series Yes | Yes | Yes | Yes Yes | Yes | Yes Yes | Yes Yes Include

Notes: QI-QI0 correspond to the Joanna Briggs Institute (JBI) Critical Appraisal Checklist items for case reports and case series, respectively.Q[-Q8: Case report
items Q1-Q10: Case series items Detailed descriptions of each appraisal item are available in the Bl Evidence Synthesis Manual.
Abbreviation: NA, not available.

Methodological Quality Assessment

We applied the JBI Critical Appraisal Tools for Case Reports and Case Series to assess methodological quality. Evidence
in the eight studies met the minimum criteria for inclusion and were classified as Level IV. Table 3 shows the overall
appraisal results. The characteristics of the patients, diagnostic workup, and full-endoscopic surgical techniques were
adequately described. Clinical outcomes were clearly described, and postoperative symptom improvement, as well as
a low incidence of procedure-related complications, were consistently documented. However, the methodological
limitations comprised small samples, no controls, comparators, or standardized outcome measures, and variable or
limited follow-ups. Consecutive or complete patient inclusion was unclear in the three case series, introducing potential
selection bias.?"**° In addition, most reports were generated at single high-volume endoscopic centers, which might

limit their generalizability.

Discussion

Methodological considerations and limitations

Current literature regarding full-endoscopic spine surgery for radiculopathy after vertebroplasty is limited to case reports,
small case series, and technical notes. This reflects both the rarity of clinically significant post-vertebroplasty radiculo-
pathy and the practical constraints associated with comparative or randomized studies of predominantly elderly and
medically fragile patients. Under these circumstances, a formal systematic review or meta-analysis is unlikely to yield
robust quantitative conclusions. The current evidence base predominantly comprises retrospective case reports and small
series, which inherently introduces significant publication bias and limits the strength of clinical recommendations.
Instead, a comprehensive narrative review combined with a critical appraisal provides a more appropriate framework for
synthesizing heterogeneous clinical observations, contextualizing reported outcomes, and transparently acknowledging
the limitations of current evidence.

The methodological appraisal of the included studies revealed several common limitations, including small sample
sizes, absence of control groups, non-standardized outcome measures, and variable follow-up durations. In addition, most
reports originated from specialized centers with extensive endoscopic experience, raising concerns regarding selection
bias, operator dependence, and limited generalizability. Collectively, these factors preclude definitive conclusions about
comparative effectiveness or long-term outcomes. Specifically, the lack of standardized reporting on potential confoun-
ders and limited long-term follow-up data necessitate a cautious interpretation of the reported success rates.

Journal of Pain Research 2026:19 https: 7



Ahn et al

Hence, the present findings should be interpreted primarily as evidence of clinical feasibility and diagnostic utility
rather than as proof of superiority or efficacy. Within these constraints, the consistent reporting of symptom improvement
and low perioperative morbidity across heterogencous studies suggests that full-endoscopic approaches may represent
a reasonable option in carefully selected patients, particularly when conventional imaging and conservative treatments
fail to identify or resolve the pain generator.

Clinical Characteristics and Pathophysiology of Radiculopathy After Vertebroplasty
Cement leakage is a common complication after PVP or kyphoplasty, with an incidence of 20%—-65%, depending on the
imaging modality and diagnostic criteria.'*'430 Although most patients were asymptomatic, 1%-3% develop neurolo-
gical symptoms due to epidural or foraminal cement extrusion.'"'? High-resolution CT and real-time fluoroscopy have
revealed far more frequent minor subclinical leakages than were previously thought.>® This is because they tend to occur
more frequently when large volumes of low-viscosity cement are injected under high pressure in osteoporotic or burst-
type fractures.’* 2 Leakage rates are slightly lower for kyphoplasty than for vertebroplasty because balloon expansion
forms a cavity. Regardless, clinically significant neurological events have occurred after both procedures.’

Cement leakage is influenced by patient- and procedure-related factors. Severe vertebral collapse, posterior wall
disruption, cortical defects, and osteonecrosis increase the risk of leakage.*® Technically, low-viscosity cement, excessive
injection volume, high injection pressure, and insufficient fluoroscopic control significantly contribute to cement
leakage.** ¢ Early learning curves are also associated with higher leakage rates in patients.”” After polymethylmethacry-
late (PMMA) penetrates the epidural or foraminal space, even a small volume can cause clinically relevant neural
compression because of limited anatomical tolerance in these areas.>® Furthermore, beyond immediate neural compromise,
cement leakage is an independent risk factor for subsequent vertebral fractures. A recent comparative study reported that
patients with cement leakage experienced significantly higher rates of fracture recurrence at both treated and adjacent
levels, suggesting that leakage may reflect suboptimal cement distribution and compromised biomechanical stability.*

The pathophysiology of radiculopathy secondary to cement leakage involves mechanical, thermal, and chemical
mechanisms. Extravasated cement fragments can directly compress the nerve root or dural sac, particularly within the
foramen or lateral recess.”” Thermal injury might occur because the exothermic polymerization of PMMA can exceed 70
°C, which leads to local neural and vascular damage.*® Residual monomers or incomplete polymerization can trigger
sterile inflammation, fibrosis, and delayed neural irritation. Progressive vertebral collapse or segmental kyphosis after the
initial procedure might further aggravate foraminal narrowing, resulting in delayed-onset symptoms.*' Figure 2 shows
these pathophysiological mechanisms and endoscopic access routes.

Clinical presentation depends on the leakage site. Epidural leakage commonly causes central canal compression or axial
pain, whereas foraminal leakage leads to dermatomal pain, paresthesia, or weakness corresponding to the affected nerve
root. Although the preferred modality for confirming cement migration is still CT imaging, correlations with clinical
findings are essential because even CT might miss subtle nerve impingement or perineural fibrosis.?’ In previous literature,
cement leakage was identified as the primary pathophysiological mechanism for post-PVP radiculopathy. However, recent
findings by Bu et al in a larger cohort expanded this understanding by categorizing the etiologies into three main groups:

Figure 2 Schema of radiculopathy pathophysiology after vertebroplasty and corresponding endoscopic approach. (A) Percutaneous vertebroplasty: bone cement is injected
into the fractured vertebral body through a transpedicular approach (bone cement indicated by a dotted outline). (B) Nerve root compression resulting from bone cement
leakage or other factors, such as vertebral collapse, aggravated stenosis, or mobile bone fragments. (C) Transforaminal endoscopic approach allows direct visualization,
identification, and removal of compressive or irritating elements under local anesthesia.

8 htps: Journal of Pain Research 2026:19



Ahn et al

aggravated foraminal stenosis, mobile bone fragment compression, and bone cement leakage®® While cement leakage
remains a significant factor, our analysis shows that pre-existing or aggravated stenosis and bony retropulsion are also
critical contributors. Notably, although the cement leakage group required longer operative times and showed slower initial
recovery, full-endoscopic decompression was ultimately effective across all pathophysiological types.

Diagnostic Ambiguity and the Role of Endoscopic Exploration
Accurate diagnosis of radiculopathy after vertebroplasty remains challenging, due to incomplete or inconclusive
information delivered by conventional imaging modalities. Simple radiographs and intraoperative fluoroscopy depict
cement distribution only in projections and might fail to notice small foraminal deposits or partially embedded
epidural tracts. Although MRI is essential for evaluating edema, neuritis, and epidural reactions, it recognizes
PMMA as a low signal, and metallic hardware and susceptibility effects could further obscure the cement-nerve
interface, yielding equivocal or indeterminate findings in a nontrivial subset of patients. In contrast, thin-slice CT
with multiplanar or three-dimensional reconstruction remains the modality of choice for localizing cement extra-
vasation within the foramen or lateral recess and for characterizing associated bony contributors such as osteophytes
and retropulsed fragments. Nevertheless, even CT can be inconclusive when faced with multiple treatments, cement
intimately incorporated into bone, or a pain generator that is functional by tethering or perineural adhesion rather
than a purely mass effect. A selective nerve root block is diagnostically valuable under such conditions; a short-
acting anesthetic injected into a suspected root can produce immediate relief, increase the likelihood that the
visualized lesion is clinically relevant, and guide the operative level when planning minimally invasive
decompression.?>-27-4244

Epidurally injected therapeutic steroids or a periradicular block might transiently palliate inflammatory irritation, but
mechanical impingement by epidural or foraminal cement or post-fracture bony overgrowth is often refractory, prompt-
ing surgical considerations. Conventional open revision under general anesthesia for older patients with osteoporosis or
significant medical comorbidities entails substantial risks, such as dural tears, destabilization requiring instrumentation,
blood loss, and prolonged recovery. These risks are amplified when imaging findings are ambiguous because the target
might be uncertain. This clinical dilemma has contributed to the notion that FESS offers a potential bridge between
diagnosis and treatment. Percutaneous endoscopic exploration under local anesthesia can verify symptomatic levels in
real time by provoking pain, probing, and receiving immediate feedback. After confirmation, the procedure can
seamlessly continue to targeted decompression and cement removal via the same working channel. Contemporary case
series and technical reports describe favorable short-term outcomes, including pain relief, minimal morbidity, and short
hospital stays. This suggests that full endoscopy represents a reasonable surgical option when nerve blocks fail, imaging

findings are equivocal, and focal cement-related compression is suspected.?’ 2%+

Therapeutic Implications and Clinical Feasibility of Full-Endoscopic Spine Procedures
Full-endoscopic spine procedure has recently emerged as a potentially useful and minimally invasive solution for
managing radiculopathy or neurological symptoms secondary to cement leakage after PVP or kyphoplasty. The eight
studies summarized in Tables 1 and 2 show that FESS is primarily a transforaminal endoscopic lumbar decompression
technique, but it can achieve diagnostic clarity and improve symptoms in selected older and medically fragile patients
and others who are not appropriate candidates for open revision.

The diagnostic strength of FESS lies in its ability to directly visualize pathological structures in real time. Epidural or
foraminal cement fragments, fibrotic adhesions, and nerve root compression can be visualized under local anesthesia while
simultaneously evaluating patient feedback during probing or stimulation. This conscious feedback enables a functional
correlation between anatomical findings and symptoms that helps to identify the symptomatic level, particularly when MRI or
CT findings are ambiguous. Unlike indirect imaging- or fluoroscopy-guided interventions, endoscopic inspection allows the
integration of anatomical and physiological assessments within a single procedure. This real-time diagnostic capability has been
highlighted as a practical advantage for resolving uncertain findings.*'*>*’

The reviewed studies suggest that FESS can provide meaningful symptom improvement. The transforaminal
approach allows access to the foramen and extraforaminal regions without compromising spinal stability or requiring
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general anesthesia. Key technical maneuvers included foraminoplasty, removal of cement fragments, partial pediculot-
omy, and decompressing the exiting nerve root using high-speed drills and endoscopic forceps. Patients have experienced
immediate postoperative pain relief and regained ambulation within 1-2 days, with minimal blood loss and no major
complications.?*

These findings suggest that FESS could serve as a combined diagnostic and therapeutic option for post-vertebroplasty
radiculopathy in selected patients. It bridges the gap between conservative management and invasive open surgery,
offering direct decompression under local anesthesia with minimal risk. This is particularly beneficial for older patients
with osteoporosis and multiple comorbidities, for whom general anesthesia and fusion instrumentation increase risk.
Furthermore, FESS is associated with early mobilization, short hospital stays, and preserved spinal integrity, which are
consistent with the principles of minimally invasive geriatric spine care.

Despite these encouraging outcomes, current evidence is limited to small case series and technical notes, with no
randomized or comparative studies. Most reports originate from specialized centers with extensive endoscopic experi-
ence, introducing potential publication and operator bias. The steep learning curve for transforaminal endoscopy and the
need for fluoroscopic accuracy in accessing narrow foraminal spaces might limit generalizability. Furthermore, although
FESS can effectively treat focal cement impingement, diffuse canal compromise, or combined instability, open or hybrid
decompression might still be required.

Collectively, the literature suggests that FESS could be a feasible minimally invasive approach for managing cement
leakage—related neural compression after PVP or kyphoplasty. Its strengths are the ability to combine diagnostic
exploration and targeted decompression under local anesthesia, direct visualization of nerve—cement interactions,
facilitated selective neural release, limited surgical morbidity with rapid postoperative recovery in high-risk older
patients, and the ability to serve as a bridge between radiological ambiguity and more invasive surgical interventions.
However, these advantages should be interpreted within the context of low-level evidence and careful patient selection.

Technical Details of Full-Endoscopic Transforaminal Lumbar Decompression

The present study found that FESS for post-vertebroplasty radiculopathy caused by cement leakage primarily proceeds
via the transforaminal approach. Based on the reviewed literature and our clinical experience, the transforaminal FESS
approach is the most commonly used and versatile technique for managing this complication. Therefore, several key
technical details are summarized below to facilitate successful clinical outcomes and help surgeons navigate potential
challenges during endoscopic decompression in this setting (Figures 3 and 4).

Safe Percutaneous Transforaminal Endoscopic Approach

A selective nerve root block is recommended before surgery to confirm the symptomatic root and rule out multilevel
pathologies. Preoperative MRI and thin-slice CT are essential for delineating leakage pathways, foraminal dimensions,
and safe entry trajectories. The entry point and approach angle should be planned individually based on the anatomy of
patients and cement distribution. As the procedure usually proceeds under local anesthesia, a gentle outside-in approach

Figure 3 Stepwise surgical procedure of transforaminal full-endoscopic lumbar decompression. (A) Percutaneous transforaminal approach with working sheath placed in
front of the foraminal zone to avoid irritating the exiting nerve root (bone cement indicated by a dotted outline). (B) Foraminal unroofing by removing the hypertrophic
superior articular process and ligamentum flavum with dynamic movement of the endoscope during decompression (double-sided arrow). (C) Wide endoscopic field of view
(dashed lines) demonstrating cement leakage compressing a hyperemic nerve root. (D) Foraminal and epidural decompression with removal of leaked cement and
hypertrophic ligaments. (E) Final view of complete neural release after full-scale decompression.

10 htps: Journal of Pain Research 2026:19



Ahn et al

Figure 4 Representative case. Transforaminal endoscopic lumbar foraminotomy (TELF) at the right L3—4 level in an 82-year-old woman who developed right-sided
radiculopathy due to foraminal cement leakage after percutaneous vertebroplasty at L3. (A) Preoperative CT image of foraminal cement leakage (arrows) compressing the
exiting nerve root (ENR). (B) Intraoperative endoscopic view demonstrating cement leakage compressing the ENR in the foraminal space (outlined). (C) Final endoscopic
view of full-scale foraminal decompression with adequate neural release.

is recommended to maximize patient comfort and minimize neural irritation. The initial cannula should target the lateral
margin of the superior articular process (SAP) under fluoroscopic control to avoid direct contact with the exiting root.
Gradual serial dilation through the working corridor minimizes pain and the risk of irritation during cannula advance-
ment. These principles are consistent with the techniques described by Knight et al and Ahn et al, who emphasized

patient comfort and safety during awake endoscopic decompression.'’"*>~47

Full-Scale Foraminal and Spinal Canal Decompression

Endoscopic visualization allows surgeons to directly identify heterogeneous compressive elements, such as cement
fragments, hypertrophic facet joints, ossified ligaments, fibrotic adhesions, scar tissue within the foraminal corridor, and
differentiate mechanical compression from inflammatory adhesion Endoscopic probing or electrically stimulating the
nerve root using a radiofrequency probe in conscious patients might reproduce concordant pain, thereby providing
functional confirmation of the pain generator.'”?’

Decompression should proceed stepwise from the bony unroofing of the SAP toward the axillary epidural and lateral
exit zones. Cement particles, overgrown bone, and thickened ligamentum flavum can be removed using endoscopic burrs
and punches under continuous irrigation. Extended decompression from the lower to the upper pedicle (“pedicle-to-
pedicle” principle) is recommended to ensure durable results by exposing the proximal epidural and distal lateral exit
zones.***” This technique ensures complete neural release even when foraminal stenosis is complex or iatrogenic.

Tips for Achieving Adequate Decompression

Neural pulsation and dural sac mobility should be restored after decompression, and the exiting nerve root should be
confirmed as the endpoint. A clean bony margin should be achieved by removing all residual fibrous tissue and debris around
the decompressed field to reduce the risk of postoperative adhesions and restenosis. Maintaining a clear operative field through
meticulous hemostasis using a tip-controllable radiofrequency probe and careful irrigation pressure control prevents a blurred
surgical field (red-sun phenomenon) and ensures optimal endoscopic visibility throughout the procedure.*®*’

Continuous surgical orientation must be maintained during the procedure. This implies knowing precisely where the
working instruments are and which structures are evident at every moment. Losing orientation, even briefly, can lead to
incomplete decompression or neural injury. As endoscopic surgery inherently provides a limited field of view, to “see the
trees but not the forest” demands a thorough understanding of endoscopic anatomy and disciplined spatial awareness.
Surgeons can prevent disorientation by precise recognition of details and accumulating hands-on experience through
systematic training and repetition.

Prevention of Cement Leakage in Vertebroplasty

Although FESS provides an effective, minimally invasive option for managing cement leakage-related radiculopathy,
prevention remains the most critical step. Cement extravasation can be avoided mainly through meticulous injection
techniques, appropriate cement viscosity, and real-time fluoroscopic monitoring.'*'**°3? A small incremental volume
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should be initially injected under low pressure at the ventral third of the vertebral body while continuously observing
cement spread in anteroposterior and lateral projections. Termination of the injection is mandatory once the cement
approaches the posterior quarter of the vertebral body or when any venous channel is visualized. High-viscosity or radio-
opaque PMMA formulations, and calcium phosphate—based or bioactive cements can further reduce leakage risk.** !
Adequate preoperative CT/MRI evaluation to identify cortical defects and balloon kyphoplasty in extremely collapsed
fractures also contribute to safer augmentation. Ultimately, careful patient selection and disciplined injection control are

essential to effectively manage and prevent cement leakage.

Future Perspectives

Although PVP and kyphoplasty have revolutionized the management of osteoporotic vertebral compression fractures, the
risks of cement leakage and neural compression remain significant concerns. Preventing such complications requires refined
intraoperative imaging, cement materials, and injection systems. Real-time fluoroscopy, cone-beam CT, and augmented reality
guidance have improved intraoperative visualization and enabled more precise cement control. Nonetheless, inadvertent
leakage can still develop in the face of cortical wall defects or severe osteoporosis.*® 22 The development of new biomaterials
with improved viscosity control and bioresorbable or thermally neutral properties could further reduce leakage risk while
maintaining mechanical strength.>*>> Moreover, intelligent injection systems with real-time pressure feedback and automatic
shut-off mechanisms represent promising innovations for safer vertebral augmentation.

Despite the increasing success of FESS in managing post-vertebroplasty radiculopathy, some limitations have
persisted. The technique requires a steep learning curve, a restricted visual field, and limited instrument maneuverability,
particularly under complex or multilevel stenotic situations.>*>* Overcoming these challenges requires structured training
curricula, standardized competence evaluations, and the continued development of advanced surgical instruments.
Current advances in high-definition optics, multi-channel endoscopes, and irrigation pressure control systems have
already enhanced the procedural safety and effectiveness of endoscopic decompression.

The next frontier for FESS is the integration of artificial intelligence (Al), navigation-assisted imaging, and robotic
guidance. Real-time image segmentation, intraoperative navigation overlays, and robotic positioning systems based on Al
can enhance spatial accuracy, reduce learning curves, and enable safer procedures even for less-experienced surgeons.”® >’

These technologies should render FESS more intuitive and accessible while minimizing intraoperative risks.

Conclusion

Radiculopathy following vertebral augmentation is an uncommon but serious complication, most often resulting from cement
leakage or foraminal compromise. This review suggests that full-endoscopic spine procedures represent a feasible, minimally
invasive approach for real-time diagnostic exploration and targeted decompression, particularly for patients with inconclusive
imaging findings. Although current evidence is limited to small-scale retrospective reports, the observed clinical utility
warrants further validation. Future research should prioritize prospective comparative cohorts and standardized outcome
reporting to definitively establish the comparative effectiveness and safety of this endoscopic approach.
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