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Purpose: The rising global population aged over 80 has increased the incidence of degenerative spinal conditions causing lumbar
radiculopathy. Minimally invasive treatments such as transforaminal epidural steroid injection (TESI) and percutaneous transforaminal
endoscopic discectomy (PTED) are commonly used, yet their comparative effectiveness remains unclear. This study aimed to compare
the clinical outcomes, safety, and efficacy of TESI and PTED in patients aged 80 and above.

Patients and Methods: : A retrospective analysis was conducted on 74 patients with conservative treatment-resistant lumbar
radiculopathy. Patients were divided into TESI (n=40) and PTED (n=34) groups. Primary outcomes included Visual Analog Scale
scores for back and leg pain (VAS-BP, VAS-LP), Oswestry Disability Index (ODI), and modified MacNab criteria. Secondary
outcomes were operative time, fluoroscopy frequency, hospital stay, and complications. Assessments occurred preoperatively and at
1 week, 1, 3, 6, and 12 months post-procedure. Statistical analyses used ANOVA and chi-square tests.

Results: Both groups showed significant short-term improvement. At 6- and 12-month follow-ups, the PTED group demonstrated
superior and sustained outcomes, with greater pain reduction (VAS-BP, VAS-LP), better functional improvement (ODI), and higher
excellent/good MacNab rates (87.9% vs 64.9%, p<0.05) compared to TESI. The TESI group had a higher recurrence rate (21.62% vs
6.06%). TESI was associated with shorter procedure times and hospital stays. No serious complications occurred in either group.
Conclusion: Both TESI and PTED are effective minimally invasive treatments for lumbar radiculopathy in very elderly patients.
TESI offers quicker procedures and rapid symptom relief, while PTED provides more durable pain reduction and functional
improvement. Treatment plans should be tailored to each individual, in accordance with established geriatric care principles that
emphasize the consideration of comorbid conditions, specific pathology, and patient preferences. Further prospective randomized
studies are needed to confirm these results.

Keywords: super elderly, lumbar radiculopathy, transforaminal epidural steroid injection, TESI, percutaneous transforaminal
endoscopic discectomy, PTED, less invasive, treatment outcomes

Introduction

The aging population is a worldwide issue. According to the World Health Organization, by 2030, approximately one in
six individuals globally will be 60 years or older. Additionally, the demographic of those aged 80 and above is projected
to increase threefold from 2020 to 2050, reaching 426 million." As the population ages, there is a growing prevalence of
degenerative spinal disorders, such as spinal stenosis, degenerative disc disease, and adult spinal deformities.> In older
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adults, lumbar radiculopathy resulting from disc herniation or foraminal stenosis can cause severe pain and diminish
quality of life. Therefore, it is essential to find effective treatments that improve the well-being of these patients.* When
conservative approaches, both non-drug and drug-based, do not yield results, more invasive options are explored.” The
frequency of spinal surgeries among older adults is increasing.® At the same time, aging is associated with a rise in both
the incidence and severity of various underlying health issues, which significantly heightens surgical risks.” Thus,
ensuring a balance between effectiveness and safety is particularly critical for older patients, especially those with pre-
existing conditions like coronary heart disease, diabetes, hypertension, and chronic obstructive pulmonary disease. These
concerns are particularly pronounced in the “super elderly” (>80 years), who frequently exhibit elevated rates of
multisystem comorbidities, polypharmacy, diminished physiological reserve, and frailty. Collectively, these factors
amplify the risks associated with surgical interventions and complicate perioperative management.®’

The best approach to enhance the quality of life for this age group, especially in terms of balancing effectiveness and
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safety, is still a topic of debate. Some research has shown positive results from spinal surgeries in older adults,
other studies suggest that those with worse physical health or multiple health issues experience lower satisfaction after
spinal fusion.'' Deyo et al found an 18% complication rate in patients aged 75 and above who underwent lumbar spinal
surgery.'” Additionally, Johnsson and his team advised that conservative management might be preferable to surgical
options for elderly individuals with lumbar disc herniation, as only a few developed significant complications over a four-
year follow-up period."

Over the past few decades, the advent of minimally invasive methods has transformed the approach to spinal
disorders, providing advantages like decreased blood loss, quicker recovery times, and a lower incidence of postoperative
complications.'*'> These methods can be divided into two main types: non-surgical minimally invasive techniques and
surgical options. One commonly used non-surgical technique is the transforaminal epidural steroid injection (TESI),
which effectively alleviates radiculopathy symptoms. This procedure enables the precise administration of corticosteroids
into the anterior epidural space, helping to diminish inflammation and alter pain perception.'® TESI has proven to be
a reliable and efficient solution for lumbar radiculopathy, with a minimal risk of adverse effects.'”'® Another notable
minimally invasive surgical option is the percutaneous transforaminal endoscopic lumbar discectomy (PTED), which is
recognized for its benefits, such as a small incision, reduced hospital stay, and low rates of surgical complications."®

Earlier research has indicated that both TESI and PTED are relatively safe and minimally invasive options for
addressing lumbar radiculopathy in younger elderly populations, typically comprising patients aged 65 to 79
years.”**! However, robust evidence specifically focusing on the “super elderly” (>80 years) remains limited, and the
generalizability of findings from younger cohorts to this distinct, frailer population is uncertain. To our knowledge, there
has been no direct comparison of the clinical effectiveness of TESI and PTED specifically for patients over 80 years old
with lumbar radiculopathy. Therefore, we initiated a retrospective comparative study aimed at assessing the clinical
results of these two distinct minimally invasive procedures in treating lumbar radiculopathy among this age group.

Materials and Methods

The Institutional Ethics Committee of Zhongshan Hospital, Fudan University approved this retrospective and compara-
tive clinical study (approval number 2020—-130). All participants provided written informed consent prior to enrollment,
and the study was conducted in accordance with the principles of the Declaration of Helsinki.

Patient Population

From July 2021 to June 2023, individuals over the age of 80 who experienced lumbar radiculopathy due to disc
herniation or foraminal stenosis were enrolled at our facility. The criteria for inclusion included: (1) imaging results
indicating single-level disc herniation or foraminal stenosis between L2/3 and L5/S1, with or without accompanying low
back pain; (2) unsuccessful attempts at conservative treatments, both non-pharmacological and pharmacological, for
a minimum of six weeks; (3) voluntary agreement to participate, confirmed by signed informed consent; and (4) a follow-
up duration of at least one year. Exclusion criteria encompassed: (1) inconsistencies between imaging results and clinical
symptoms; (2) significant motor deficits or cauda equina syndrome; (3) lumbar spondylolisthesis or instability; (4) other
lumbar conditions such as trauma, tumors, or infections; and (5) prior lumbar surgeries, mental or intellectual disorders,
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infections, communication issues, or incomplete initial data. Ultimately, 74 patients met the study’s criteria. Radiological
assessments were conducted using magnetic resonance imaging (MRI), three-dimensional computed tomography (CT),
and lumbar spine X-rays. Based on the imaging findings, the pathological causes of nerve root compression were
classified into three categories: (1) Bony Foraminal Stenosis (FS), primarily resulting from superior articular process
hypertrophy, facet osteophytosis, or ligamentum flavum hypertrophy, without a predominant soft disc component; (2)
Soft Lumbar Disc Herniation (LDH), where a herniated nucleus pulposus causes compression in the lateral recess
(subarticular stenosis) or foramen (far-lateral herniation); and (3) Mixed Pathology, which features both bony stenosis
and disc herniation, often presenting as a hard or calcified herniated disc. The patients were then retrospectively divided
into two treatment groups: the TESI group, consisting of 40 patients, and the PTED group, which included 34 patients
(Figure 1). Notably, patients in the PTED group did not receive any prior TESI treatment, and the groups were mutually

exclusive to ensure distinct cohort comparisons.

Surgical Technique
All procedures were performed by the same senior surgeon.

TESI

The patient was laid face down on a carbon fiber table within the surgical suite. The operation was guided by a mobile
C-arm fluoroscope from United Imaging Healthcare Co., Ltd. in Shanghai, China. Prior to the procedure, the access route
was strategically planned using a posterolateral technique through Kambin’s triangle. Following sterilization and draping,
local anesthesia was administered with 0.5% bupivacaine HCI. The entry point on the skin was located about 10-12 cm
from the midline. An 18 cm, 21-gauge spinal needle featuring a metal core was inserted under fluoroscopic visualization.
When the needle tip reached the lateral aspect of the superior articular process (SAP), its direction was modified towards
the lower section of the intervertebral space while monitoring with lateral X-ray fluoroscopy. The needle was then
advanced through Kambin’s triangle, just beneath the SAP. Proper placement within the foramen was verified using both
anteroposterior and lateral fluoroscopy views. Approximately 1 mL of contrast agent was injected while observing in
real-time to ensure ventral epidural distribution without any signs of intravascular, subarachnoid, or extra-epidural
absorption (Figure 2). Subsequently, all patients received a transforaminal injection consisting of 1 mL of 1% lidocaine
and 1 mL of betamethasone (40 mg/mL).

Consecutive patients aged > 80 years experienced lumbar radiculopathy due to disc
herniation or foraminal stenosis (n=86)
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Figure | Patient inclusion and exclusion flowchart.
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Figure 2 An 83-year-old individual presented with left lumbar radiculopathy symptom:s lasting five months, during which conventional medical interventions proved ineffective. The
patient subsequently received a transforaminal epidural steroid injection. (a and b) illustrate preoperative anteroposterior and lateral X-ray images; (cand d) provide flexion-
extension radiographs of the lumbar spine. (e) (sagittal MRI), (f) (L34 axial MRI), (g) (L45 axial MRI), and (h) (L5S| axial MRI) showcase preoperative MRI results, revealing left
foraminal stenosis at the L34 level. (i) (sagittal CT), (j) (L34 axial CT), (k) (L45 axial CT), and () (L5S| axial CT) further validate the presence of left foraminal stenosis at L34 through
preoperative CT scans. (m and n) present anteroposterior and lateral X-rays for the purpose of needle placement intraforaminally, while (o and p) depict anteroposterior and
lateral X-rays taken after the administration of contrast (red arrow: Stenotic Foramen; red circle: needle tip; white arrow: contrast spread).
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PTED

The procedure utilized the Transforaminal Endoscopic Spine System (TESSYS, Joimax, Karlsruhe, Germany). In
summary, patients were positioned face down on a radiolucent table with a slight bend in the lumbar region, while
a C-arm fluoroscope was employed.

The operation utilized the Transforaminal Endoscopic Spine System (TESSYS, Joimax, Karlsruhe, Germany)
methodology. Patients were positioned face down on a radiolucent table, with a slight flexion of the lumbar spine.
A mobile C-arm fluoroscope (United Imaging Healthcare Co., Ltd. Shanghai, China) facilitated the procedure. Prior to
surgery, Kirschner wires were employed to outline the puncture path, and the entry point on the skin was marked. The
area surrounding the puncture site was disinfected using iodophor and covered with sterile drapes. Local anesthesia was
administered with 40 mL of 2.235 mg/mL ropivacaine methanesulfonide, with 5 mL injected into the skin and
subcutaneous layers, 10 mL into the deep fascia, and another 10 mL around the periarticular process. An 18-gauge
spinal needle featuring a metal core was inserted from the designated entry point towards the midline, guided by
intermittent fluoroscopy. Upon contacting the anterior side of the SAP without penetrating the foramen, the needle was
substituted with a guidewire. Sequential dilation was conducted to expand the soft tissues until the final protective
cannula was accurately positioned, as confirmed by anteroposterior and lateral fluoroscopic views. Foraminoplasty was
carried out using a 10-mm diameter trephine through the transforaminal route. The protective cannula was then
exchanged for an 8-mm working cannula. The endoscope was advanced to visualize the herniated disc directly.
Routine discography was not performed. The hypertrophied ligamentum flavum and herniated disc were excised using
flexible endoscopic forceps to achieve decompression. The ventral epidural space was examined with an endoscopic
nerve hook to ensure the complete removal of the herniated disc and sufficient decompression of the traversing nerve
root. Any epidural bleeding was managed with a radiofrequency probe (Joimax, Karlsruhe, Germany) while continuously
irrigating with saline. Finally, the working cannula and endoscope were withdrawn, and the skin was sutured closed
(Figure 3).

Data Collection and Outcome Evaluations
The gathered information included patient demographics, existing health conditions prior to surgery (such as diabetes,
high blood pressure, lung, heart, and brain vascular issues), the surgical site, the frequency of fluoroscopy, duration of the
procedure, hospital stay duration, as well as complications occurring during and after the operation. Complications
during the perioperative period involved sensations of discomfort, nerve root damage, tears in the dura mater, hematomas
post-surgery, and infections. Complications following the surgery consisted of the return of symptoms and the reoccur-
rence of herniation.

Postoperative follow-up assessments were carried out at intervals of 1 week, 1 month, 3 months, 6 months, and
1 year. An unbiased physician reviewed the clinical and functional results. Patients were monitored either in the
outpatient clinic or through phone consultations. Pain levels were measured using the visual analog scale for back
pain (VAS-BP) and leg pain (VAS-LP), where 0 indicates no pain and 10 signifies the most severe pain possible. The
Oswestry Disability Index (ODI) was utilized to assess functional status. If patients experienced recurring symptoms,
radiological evaluations (X-ray, CT, and MRI) were conducted. The modified MacNab classification was employed to
determine clinical effectiveness at the 3-month and 1-year marks post-surgery. This classification categorizes outcomes
into four groups: excellent (complete symptom resolution and return to normal work and daily life), good (minor
symptoms with slight activity limitations, not significantly affecting work or daily life), fair (symptom improvement but
with activity restrictions that notably impact normal work and daily life), and poor (no improvement or worsening of
symptoms after treatment). Outcomes classified as excellent or good were deemed successful, while fair and poor
outcomes were regarded as failures.

Statistical Analysis
Data analysis was conducted using SPSS Version 20.0 (IBM Corporation, Armonk, NY). Continuous data were reported
as mean values with standard deviation (+ SD), while categorical data were presented as frequencies and percentages. To
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Figure 3 An 84-year-old individual exhibited signs of left lumbar radiculopathy for a duration of three months, during which conservative treatment methods were ineffective.
The patient then underwent a percutaneous transforaminal endoscopic discectomy. (a and b) show the anteroposterior and lateral X-ray images taken before the operation,
while (c and d) present the outcomes of flexion-extension radiography of the lumbar spine. The preoperative MRI results, illustrated in (e) (sagittal MRI), (f) (L34 axial MRI),
(g) (L45 axial MRI), and (h) (L5SI axial MRI), indicate disc herniation and left foraminal stenosis at the L34 level. Additionally, (i) (sagittal CT), (j) (L34 axial CT), (k) (L45 axial
CT), and (1) (L5SI axial CT) further confirm the existence of disc herniation and left foraminal stenosis at the L34 level through CT imaging conducted prior to surgery. Lastly,
(m and n) present anteroposterior and lateral X-ray images for the insertion of the working cannula, while (o) depicts the L4 nerve root following discectomy and
decompression (red arrow: soft herniated disc; black arrow: L4 nerve root; black asterisk: L5 superior articular process; black circle: intervertebral disc).
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investigate demographic variations, one-way analysis of variance (ANOVA) and chi-square (or Fisher’s exact) tests were
employed. Differences in clinical outcomes between groups were assessed using one-way ANOVA, and within-group
variations were analyzed with repeated measures ANOVA. For significant main effects identified in the repeated
measures ANOVA, post-hoc pairwise comparisons were conducted with Bonferroni correction to adjust for multiple
comparisons and to control the family-wise error rate. Effect sizes for all key outcomes were calculated: Cohen’s d was
employed for continuous variables (interpreted as small: 0.2, medium: 0.5, large: 0.8), and Cramér’s V was utilized for
categorical variables. A significance threshold of P < 0.05 was established for all statistical evaluations. All analyses
were performed on a complete-case basis, excluding patients with missing data at any follow-up time point.

Results

All procedures involving TESI and PTED were carried out successfully. Each patient from both cohorts was monitored
for a minimum of 12 months, and the follow-up periods did not show any notable differences between the groups
(average of 14.6 months for TESI compared to 13.8 months for PTED). A summary of the demographic and clinical
features of the patients can be found in Table 1. No significant variations in baseline characteristics were observed
between the two groups.

The TESI group demonstrated a notably reduced surgical time in comparison to the PTED group, with average
durations of 14.5 £ 3.2 minutes versus 55 + 7.9 minutes, respectively (P<0.001, Cohen’s d=3.10). The use of
intraoperative fluoroscopy was significantly less frequent in the TESI group (average: 5.2 + 1.2 times; range: 4-8)
than in the PTED group (average: 8.3 £ 2.1 times; range: 6—12; P<0.001, Cohen’s d=1.85). Additionally, patients
undergoing TESI had a hospital stay of 2-3 days (average: 2.3 + 0.2 days), whereas those in the PTED group were

Table | Patient Demographic and Clinical Characteristics

TESI Group PTED Group P Effect Size
Sex 0.784 Cramér’s V= 0.04
Male 23 (56.8%) 18 (52.9%)
Female 17 (43.2%) 16 (47.1%)
Age 83.7 £ 2.1 (81-86) | 82.6+ 1.3 (80-84) | 0.112 Cohen’s d = 0.35
BMI 20.6 £ 1.2 21.3+x0.9 0.065 Cohen’s d = 0.42
Chronic comorbidities 0.891 Cramér’s V= 0.06
One 13 (32.5%) 11 (32.4%)
Two 14 (35%) 10 (29.4%)
Three or more 9 (22.5%) 9 (26.5%)
Clinical presentations 0.945 Cramér’s V= 0.03
Low back pain 9 (22.5%) 7 (20.6%)
Radicular pain 18 (45%) 16 (47.1%)
Low back pain and Radicular pain 13 (32.5%) 11 (32.4%)
Diagnosis 0.932 Cramér’s V= 0.04
Foraminal stenosis 5 (12.5%) 4 (11.8%)
Lumbar disc herniation 28 (70%) 23 (67.6%)
Disc herniation and foraminal stenosis | 7 (17.5%) 7 (20.6%)
(Continued)
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Table | (Continued).

TESI Group PTED Group P Effect Size

Affected levels 0.998 | Cramér’s V=0.02

L2-3 2 (5%) 2 (5.9%)

L34 5 (12.5%) 5 (14.7%)

L4-5 21 (52.5%) 17 (50%)

L5-SI 12 (30%) 10 (29.4%)
Operative duration 14.5 + 3.2 minutes | 55 * 7.9 minutes | <0.001 | Cohen’s d = 3.10
Intraoperative fluoroscopy usage 5.2+ 1.2 times 8.3 + 2.1 times <0.001 | Cohen’s d = 1.85
Hospitalization 2.3+0.2 days 4.1 + 0.4 days <0.001 | Cohen’s d = 5.66

admitted for 3—5 days (average: 4.1 £ 0.4 days; P<0.001, Cohen’s d=5.66). There were no instances of neurological
decline following surgery, and neither group reported cases of dysesthesia, nerve root damage, dural tears, epidural
hematomas, or infections.

Preoperative scores for ODI, VAS-BP, and VAS-LP did not reveal any notable differences between the two cohorts.
Repeated-measures ANOVA revealed a significant group x time interaction for VAS-BP (F[5, 360] = 18.23, P < 0.001),
VAS-LP (FT5, 360] = 15.47, P <0.001), and ODI (£]5, 360] = 21.56, P < 0.001), indicating distinct recovery trajectories
between the TESI and PTED groups over the follow-up period. As illustrated in Figures 4A and B, both groups exhibited
a marked reduction in VAS-BP and VAS-LP scores at one week postoperatively compared to their preoperative levels.
Subsequent Bonferroni-adjusted post-hoc analyses demonstrated that while no significant intergroup differences were
observed at the 1- and 3-month time points, the PTED group achieved significantly superior pain relief at the 6-month
(VAS-BP: adjusted P = 0.003, Cohen’s d = 1.03; VAS-LP: adjusted P < 0.001, Cohen’s d = 1.32) and 12-month (VAS-BP
: adjusted P < 0.001, Cohen’s d = 1.45; VAS-LP: adjusted P < 0.001, Cohen’s d = 1.64) follow-ups. Similarly, for
functional improvement assessed by ODI (Figure 5), Bonferroni-corrected comparisons confirmed significantly better
outcomes in the PTED group at 6 months (adjusted P = 0.004, Cohen’s d = 1.01) and 12 months (adjusted P < 0.001,
Cohen’s d = 1.62).

Based on the Mac Nab criteria, there was no notable difference in the proportions of excellent and good results among
the two patient groups three months following treatment (87.5% for TESI and 91.18% for PTED, P=0.835, Risk
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Figure 4 (A) the visual analog scale for back pain (VAS-BP) recorded before and after surgery at various follow-up points. (B) the visual analog scale for leg pain (VAS-LP)
assessed preoperatively and postoperatively at each follow-up interval.
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Figure 5 The ODI scores at each follow-up time point in the groups.

Difference [RD] = —3.68%). In the TESI cohort, outcomes were categorized as 19 excellent, 16 good, 3 fair, and 2 poor.
Conversely, the PTED cohort had 18 excellent, 13 good, 2 fair, and 1 poor outcome. However, at the one-year mark post-
surgery, the rates of excellent and good outcomes showed a significant disparity between the two groups (65% for TESI
and 88.24% for PTED, P=0.007, RD = —23.24%). The TESI group reported 10 excellent, 14 good, 8 fair, and 5 poor
outcomes, while the PTED group had 17 excellent, 12 good, 3 fair, and 1 poor outcome.

In the follow-up phase, fourteen individuals from the TESI cohort reported a return of symptoms that were similar in
intensity to those experienced prior to surgery. Each of these patients underwent an additional TESI procedure, which
effectively alleviated their symptoms, and all maintained symptomatic relief until the final follow-up. Conversely, two
patients from the PTED group experienced a recurrence of herniation. One patient opted for conservative management,
resulting in satisfactory symptom resolution, while the other underwent a transforaminal lumbar interbody fusion, which
also yielded a successful outcome; both patients remained stable throughout the subsequent follow-up period.

Discussion
As life expectancy around the world continues to rise, the population of older individuals suffering from spinal disorders
is expected to grow.”? Conditions such as radicular pain, often stemming from lumbar disc herniation and neural
foraminal stenosis, are becoming increasingly prevalent among the elderly.”® Chronic radicular and lower back pain
can endure for extended durations,”* and in severe instances, it can significantly diminish patients’ quality of life.?’
Although many individuals with lumbar radiculopathy see improvement through conservative treatments, guidelines
suggest a gradual approach, recommending that more invasive options like epidural steroid injections or surgery be
considered only when conservative strategies fail and pain remains debilitating.”® Older patients, especially those with
additional health issues, are at a heightened risk for adverse reactions to medications?” and complications from surgery,?®
with advancing age itself being a contributing factor to unfavorable outcomes following spinal procedures.”” In the
context of minimally invasive surgical techniques, endoscopic methods have gained popularity for treating lumbar disc
disease, with numerous reports highlighting their positive clinical outcomes.>**! Endoscopic discectomy is poised to
potentially set the standard for managing lumbar disc issues.*” TESI is a well-regarded minimally invasive option for
alleviating lumbosacral radicular pain and is increasingly being utilized in older patients as a surgical alternative.?”
A 2024 evidence-based review revealed that numerous randomized controlled trials and high-quality observational
studies endorse the effectiveness of epidural steroid injections compared to placebo in alleviating pain and enhancing
functionality.>

As far as we are aware, no prior studies have directly compared the clinical effectiveness of TESI and PTED in
elderly patients aged 80 and above suffering from lumbar radiculopathy. This retrospective comparative analysis is the
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inaugural effort to assess the clinical results of TESI against PTED for lumbar radiculopathy in this very elderly
demographic. Our primary results reveal that although both minimally invasive methods yield considerable short-term
pain alleviation and functional enhancement, PTED demonstrated greater long-term effectiveness, prolonged functional
recovery, and reduced recurrence rates in comparison to TESI.

Both cohorts experienced notable decreases in VAS-BP, VAS-LP, and ODI scores at both 1 week and 3 months
following surgery, when compared to their preoperative measurements (P<0.05), aligning with previous research on
minimally invasive techniques.'”?*?' This indicates that both TESI and PTED are effective for managing symptoms in
the short term. The swift onset of pain relief emphasizes the effectiveness of TESI as a strong anti-inflammatory
treatment.'® Nevertheless, the effectiveness of the two approaches diverged significantly over time. In the TESI group,
there was a gradual reduction in VAS and ODI scores after 3 months, leading to a 35% recurrence rate, which highlights
a key limitation: while it targets the inflammatory aspect of pain, it does not resolve the underlying mechanical
compression. This observation aligns with existing literature; a comprehensive review by Manchikanti et al** found
that the advantages of epidural injections are typically short to medium-term, and Friedly et al** indicated limited long-
term effectiveness for spinal stenosis, which was present in 30% of the TESI participants in our study. In contrast, the
PTED group exhibited consistent improvements over the 12-month follow-up period, with a significantly lower
recurrence rate of 5.88%. This enhanced durability is attributed to the procedure’s capacity to directly relieve pressure
on neural structures by excising herniated disc material or stenotic components. Our long-term success rate of 88.24%
classified as excellent or good according to MacNab criteria is well-supported by research on endoscopic discectomy in
older patients, such as the favorable 2-year results reported by Liu et al.*®

A key finding of this research is the lack of significant complications, such as dural tears, nerve root damage, or
infections, in both study groups. This is especially noteworthy considering that more than 88% of participants in each
cohort had several chronic health issues. The favorable safety profile observed here sharply contrasts with previous
studies that indicated high complication rates among older adults undergoing traditional lumbar surgery.*’~® Our results
are more in line with recent assessments of minimally invasive techniques. For example, Telfeian et al found that
octogenarians who received minimally invasive lumbar decompression had low rates of morbidity and high safety.>”
Similarly, Son and Chernysh reported comparable results for endoscopic procedures aimed at treating degenerative
lumbar conditions in older patients.*>*' We believe this safety can be attributed to reduced soft tissue trauma, the
application of local anesthesia, and accurate fluoroscopic guidance, all of which help lower the risks linked to general
anesthesia and extensive surgical dissection in this sensitive age group.

The decision to use TESI or PTED should be based on individual patient characteristics such as existing health
conditions, the source of pain, and expected lifespan, rather than treating them as direct competitors. TESI is advanta-
geous due to its quicker procedure time (14.5 minutes compared to 55 minutes) and shorter hospital stays (2.3 days
versus 4.1 days), making it particularly suitable for patients at high surgical risk, those experiencing significant
inflammatory pain, or individuals with limited life expectancy where immediate relief is essential. On the other hand,
PTED, while more complex, should be regarded as a primary minimally invasive surgical choice for healthier elderly
patients who show clear signs of nerve compression and are expected to gain long-term benefits from effective
decompression. This method supports the principles of enhanced recovery after surgery (ERAS), striking a balance
between the immediate advantages of injections and the substantial risks linked to open fusion, particularly for the
elderly population.

This study has several limitations. Its retrospective design may introduce selection bias, as healthier patients might be
more likely to undergo the less invasive PTED procedure. Although baseline characteristics showed no significant
differences (Table 1), unmeasured confounders could still exist. The single-center design and limited sample size reduced
statistical power and precluded meaningful subgroup analyses, particularly regarding the role of comorbidity severity in
modifying outcomes, which should be a focus of future research. Outcome assessments were not blinded, creating
potential for assessment bias, despite being performed by an independent physician. Although multiple comparisons were
adjusted for post hoc, a priori power calculations would strengthen future findings. The one-year follow-up is insufficient
to evaluate long-term outcomes such as late recurrence or adjacent segment degeneration; thus, longer-term data are
essential. Additionally, the use of complete-case analysis could introduce bias if data were not missing at random. While

2758  hes Clinical Interventions in Aging 2025:20



Zhou et al

ANOVA assumptions were verified, more robust methods, such as intention-to-treat analyses or multiple imputation, are
recommended for handling missing data in future studies.

Conclusion

In patients over 80 years old suffering from lumbar radiculopathy, both TESI and PTED are considered safe minimally
invasive treatments. While TESI can deliver quick short-term relief with less invasiveness, it tends to have higher rates of
recurrence. On the other hand, PTED is known for providing better long-term pain management, improved functional
recovery, and greater durability, although it requires longer procedures and hospital stays. Treatment plans should be
tailored to each individual, in accordance with established geriatric care principles that emphasize the consideration of
comorbid conditions, specific pathology, and patient preferences. Further prospective randomized studies are needed to
confirm these results.
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