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Purpose: Intradiscal biacuplasty (IDB) has emerged as an effective treatment for lumbar degenerative disc disease (DDD), yet long-
term outcomes and decisive prognostic factors remain underexplored. This study enrolled over 100 patients with symptoms for as long
as two years to examine clinical efficacy and radiological predictors of surgical success.

Methods: A neurosurgeon conducted a prospective study on 117 patients who underwent IDB at a single medical center. Clinical
outcomes were assessed using the Visual Analog Scale (VAS), Oswestry Disability Index (ODI), and modified MacNab criteria at
multiple time points up to two years postoperatively. Preoperative MRI scans were evaluated for disc morphology, degeneration
severity, and facet joint pathology. Statistical analyses were performed to identify factors associated with clinical outcomes, satisfac-
tion, and the need for secondary interventions.

Results: Significant reductions in VAS and ODI scores were observed from one week postoperatively and sustained over two years
(AVAS: 95% Cl = 3.81-6.07, Cohen’s d = 2.27, p < 0.001; AODI: 95% Cl = 21.13-35.53, Cohen’s d = 1.83,). Mean VAS and ODI
improvements reached 62% and 63% at six months. Over 76% of patients reported satisfactory outcomes. Disc extrusion was
associated with better pain relief; in contrast, advanced facet joint degeneration led to significantly poorer VAS and ODI improvement
(VAS: B=—17.48, 95% Cl = =31.70--3.26, p < 0.05; ODI: p= —21.92, 95% Cl = =37.25—-6.59, p < 0.01). Moreover, a higher global
degeneration score increased the risk of secondary surgery and was associated with patient dissatisfaction.

Conclusion: IDB is an effective and durable treatment for selected patients with lumbar DDD, especially those with disc extrusion
and limited facet joint degeneration. These findings underscore the importance of careful patient selection and radiological assessment
in optimizing IDB outcomes.
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Introduction

Degenerative disc disease (DDD) is a common and clinically significant cause of chronic low back pain (LBP)." Clinical
and imaging studies indicate that DDD accounts for roughly 30-40% of chronic LBP cases.> As a major subtype of lumbar
degenerative spine disease, DDD contributes substantially to the global disease burden, with degenerative lumbar conditions
affecting an estimated 266 million individuals annually.® The prevalence of symptomatic DDD varies across regions and is
generally higher in high-income countries, likely reflecting aging populations. Moreover, epidemiological projections
suggest that the number of diagnosed DDD cases in the US, EU5, and Japan will continue to rise through 2032.*
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Moreover, discogenic pain is also a complex condition that affects patients and presents a diagnostic challenge for
physicians. It is typically marked by pain radiating to the buttock and leg, which can occur either on one side or both.
Patients may also experience difficulty sitting, and pain is exacerbated when bending back forward, significantly impacting
their quality of life." The development of discogenic pain is attributed to various factors, including degenerative changes in
the intervertebral disc caused by aging or trauma.” However, it is believed that a wide range of factors, from the initial
production of cytokines to the activation of nociceptive signals within the disc, may contribute to the condition.®

Surgical interventions to promote functional regeneration of discogenic LBP are not uncommon. No generally
accepted practical internal disc disruption repair strategies have yet been established. The belief that spinal fusion
surgery or artificial disc replacement offers only limited improvement arises from the recognition that pain relief depends
on more than just anatomical corrections and prolonged operative time.”® The complex, imperfect geometry of the
surgical site often makes it impossible to eliminate pain signal transmission entirely.” In principle, however, the
destruction of collagens in the annulus leading to the ingrowth of nociceptive neurites into the delaminated regions
seems capable of regenerating if given a favorable environment.'® Intradiscal electrothermal therapy (IDET, Smith and
Nephews, London, UK) is a minimally invasive procedure designed as a substitute for spinal surgery for treating chronic
discogenic pain.'" This technique uses a flexible intradiscal catheter to apply heat to the disc’s annulus, which alters the
collagen structure and eradicates nociceptive nerve endings that transmit pain. While this method has shown benefits for
a narrow group of carefully chosen patients, its use remains restricted because various technical difficulties hinder its
application.'” Besides, IDET was also reported to be without significant benefit over placebo.'?

Ongoing medical efforts to enhance or discover new treatments for lumbar DDD have resulted in several routes that
clinicians can implement. In recent decades, promising developments have emerged in intradiscal biacuplasty (IDB),
developed by Baylis Medical Co. in Montreal, Canada, is one of the thermal annular procedures approved by the United
States Food and Drug Administration in 2005, which has proven effective in treating DDD.'? Literature suggests IDB as
first tine to provide positive results targeted annular denervation and pain relief for selected patients who fail prolonged
conservative care, while exercise, medications, and education remain first-line and epidural steroid injections mainly
offer transient relief for radicular inflammation.'* Systematic review presenting the effectiveness of several thermal
annulus procedures, IDB are a higher level of evidence (level I, strong) than IDET (level III, fair) for the treatment of
chronic, refractory discogenic pain.'

Our previous research in 2023 found significant reductions in estimated Visual Analog Scale (VAS) and Oswestry
Disability Index (ODI) at 1, 3, 6, and 12 months postoperatively. We also noted that pain-killer dosage was significantly
decreased at 3 months and 1 year post-operatively. Moreover, the prognosis of IDB was not related to disc height,
Pfirrmann grading, or Modic endplate changes.'® Building on these findings, the present study addresses a key knowl-
edge gap: while short-term outcomes of IDB were previously documented, the long-term durability of its effects and the
factors influencing suboptimal outcomes remain unclear. To investigate this, our study focused on two main questions:
(1) how long the effects of IDB could be sustained, and (2) what radiological morphological differences exist between
successful and unsuccessful cases.

As chronic low back pain is a long-standing condition, short-term relief may not reflect sustained functional
improvement or reduced need for further interventions. Long-term outcomes therefore inform durability, cost-effective-
ness, and patient counseling, and can reveal delayed adverse events or recurrence that only emerge with extended

follow-up. Most IDB studies report effects only up to six months,'”'®

so establishing durability is crucial to determine
whether IDB is a definitive treatment or a bridge to other procedures. In addition, comparing radiological differences
between responders and non-responders can identify anatomical predictors of outcome and clarify which pain generators
IDB targets. Imaging markers that predict poor response would help avoid ineffective procedures, guide alternative
treatments, and improve patient selection and follow-up strategies.

In this expanded cohort of over 100 patients treated by a single surgeon at a single center, we conducted serial
assessments over a two-year follow-up using VAS, ODI, and MacNab scores, as well as recording postoperative
rehabilitation use and any subsequent interventions. Notably, we also examined patient-reported satisfaction and sought
to identify reasons why a subset of patients experienced suboptimal improvement, providing a more comprehensive

understanding of IDB effectiveness, clinical outcomes, and prognostic indicators.

7066 e Journal of Pain Research 2025:18



Yen et al

Methods
Study Subject

This clinical study was conducted in accordance with the Declaration of Helsinki and was supervised by the Institutional
Review Board of China Medical University Hospital (Approval No. CMUHI110-REC2-113). All patients provided
written informed consent after understanding the purpose and methods of the study. Patient data were collected from
individuals who underwent L-spine IDB surgery at a single medical center in recent years, based on the surgical
indications for IDB who suffered from chronic lower back pain for more than 6 months though after receiving
conservative treatments such as medication or rehabilitation. All included patients were over 20 years old, maintained
more than 50% of disc height preoperatively, and had a positive response to intraoperative challenge discography. Patient
recruitment was conducted using a prospective consecutive enrollment approach. To focus on evaluating the efficacy of
IDB surgery, we excluded: (1) Patients who had previously undergone spine surgery before IDB, and (2) Patients who
underwent other types of spine surgery simultaneously with the IDB procedure. In principle, patients were followed up
for a maximum of two years unless they underwent additional spine surgery during the follow-up period or declined
further participation, leading to early termination of follow-up (Figure 1). Collected patient data included preoperative
MRI imaging, medical records, satisfaction surveys, and questionnaires.

Study patient recruitment: Until July, 2024.
Location: Surgery performed by the same surgeon at a medical center in central
Taiwan.
Inclusion criteria:
1. Who received IDB in the L-spine.
2. Patients above 20 years of age were included.

\Z

154 consecutive cases

Excluded (n = 37)

-Who received other surgical treatment in either L- or
C-spine before the index period. (28)

-A combination of other spinal surgical procedure other
v than IDB. (8)

117 cases | “Refuse to participate. (1)

Terminate the follow-up within 2 years

-Who received other surgical treatment in the spine.
-Who were unwilling to be interviewed again or unable
to be contacted.

Follow-up cases| Analysis of cases with dissatisfaction and
116 cases =21 mo the need for reoperation in the L-spine.
108 cases = 3 mo
101 cases = 6 mo
84 cases =21 yr
72 cases=15yr
61 cases =2 yrs

A\ 4
Reflections to IDB treatment
-VAS

-ODI

-mMacNab

Figure | Overall flow of the study and patient selection.
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IDB Surgery

The IDB procedure has been previously described in detail.'® Briefly, prophylactic antibiotics were administered
30 minutes before the procedure. Patients were positioned prone with pillow support and ankle pads for comfort.
Local anesthesia or intravenous sedation (eg, fentanyl, propofol, or midazolam) was used as needed. Using
a posterolateral oblique approach under fluoroscopic guidance, two transdiscal introducers were advanced into the
intervertebral discs. Provocative discography identified the pain-generating disc level. Radiofrequency probes were
then placed at the annulus-nucleus junction in the posterior third of the disc, confirmed via lateral C-arm fluoroscopy.
The disc was gradually heated to 50°C over 15 minutes for therapeutic ablation. All IDB procedures were performed by
a single neurosurgeon to ensure consistency and reproducibility.

Questionnaire Survey

The survey included the VAS (0-10), the ODI, and the modified MacNab criteria (mMacNab), assessing pain intensity,
quality of life, and surgical satisfaction, respectively. The detailed questionnaire content has been described in previous
studies.'” ! Surveys were conducted at multiple time points: preoperatively (pre-op) and postoperatively at 1 week
(post-op), 1 month, 3 months, 6 months, 1 year, 1.5 years, and 2 years. Follow-up was discontinued if the patient met the
criteria for study termination. The mMacNab criteria were evaluated based on the patient’s latest completed survey. To
determine whether patients sought additional treatments following IDB, the questionnaire also included inquiries about
their post-IDB status, categorized as requiring no further treatment, undergoing rehabilitation, or having pursued
additional surgical intervention. Assessments were conducted via outpatient clinic visits for patients who returned for
follow-up and telephone interviews for those who did not attend their scheduled visits. Missing data occurred when
patients could not be reached by phone for follow-up visits. In such cases, the data for that time point were left blank and
not included in the reported number of cases for follow-up. The primary outcome was 6-month VAS improvement, and
associations with imaging parameters were assessed using Cohen’s d over 0.5 to evaluate effective sample sizes.

Radiological Evaluation of Degenerative Disc

The radiological evaluation was conducted by three neurosurgeons. The assessment included preoperative MRI images of
all patients who underwent single-level IDB surgery. The evaluated indicators were as follows: Disc height, scored 0—4;
High Intensity Zone (HIZ, scored 0-1); Disc character, scored 0—4; Disc degeneration, scored 0-5; End plate Modic
changes, scored 0-3; Facet joint grade, scored 0-3; Stenosis, scored 0-3. A higher score for each indicator represents
more severe degeneration of the respective phenotype. The analysis involved grouping patients based on surgical
satisfaction and whether they sought subsequent surgery, to explore the impact of preoperative degeneration indicators
on the success rate of IDB. Additionally, in order to decrease the confusion resulted from the mutual interference of
multiple segments results, we analyze the prognostic factors only based on single segment patients. Univariate analysis
was used to examine the differences in postoperative VAS improvement between patients with mild and severe
degeneration for each indicator. A detailed imaging evaluation table is provided in the Figure S1.

Statistical Analysis

Changes in patient outcomes over time were analyzed using one-way ANOVA, with the Brown-Forsythe test applied for
F-testing. Tukey’s multiple comparisons test was used for post-hoc analysis. Two-way ANOVA was conducted to compare
differences between two groups over time. For univariate analysis of two-group comparisons based on a single cutoff,
multiple unpaired t-tests were performed with Bonferroni-Dunn correction. Chi-square analysis was used to assess the
association between different radiological indicators and patient outcomes. A p-value < 0.05 was considered statistically
significant. Statistical analyses were performed using GraphPad Prism 10.1.2 (GraphPad Software, Inc., CA, US).

Results
To investigate and analyze the actual effectiveness of IDB surgery, we reviewed the eligibility criteria of 154 patients
who underwent IDB surgery for indicated conditions over the past several years. All patients were enrolled consecutively.
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Table | Demographic Data of the Study Patients

Subjects (n = 117) Data Event®
Age (yrs) 50.05 + 12.52
> 55 44
<55 73
Body mass index 25.08 + 3.67
Gender (F/M) 46/71
Level treated (1/2/3 level)® 64/48/5
Total disc spaces (segments) 175
L2/3 3
L3/4 22
L4/5 88
L5/S1 62
Pre-OP VAS® 751 +1.88
Pre-OP ODI® 40.66 +16.08
Need rehab within 2y after IDB 14 (11.97%)
Need surgery within 2y after IDB 17 (14.53%)
Laminoforaminotomy 2
Nerve block 3
IDB again |
Microdiscectomy 4
Fusion 2
Unknown surgeryd 5

Notes: *Data was presented as mean * SD. ®The sum of treated discs in
an IDB surgery. “The Pre-OP VAS/ODI were obtained from the latest
recorded survey before the operation. “Hard to define from the descrip-
tion of the patient or the surgery at another hospital.

Abbreviations: VAS, visual analogue scale; ODI, Oswestry disability
index.

After screening, 37 patients were excluded, leaving a total of 117 patients included in the study, with more than 170
levels of discs treated with IDB (Figure 1 and Table 1). The patients were followed up for a maximum of two years, with
an average follow-up duration of 503.9 + 272.6 days. The follow-up assessments included pain scores, quality of life, and
satisfaction with surgery. Over 100 cases were followed for at least six months.

The results showed a significant improvement in VAS scores one week after surgery (p < 0.001), with further
stabilization observed after three months (post vs 3m, ly, 1.5y, 2y, p < 0.05). Additionally, no significant recurrence of
symptoms was observed throughout the two-year follow-up period (Figure 2). A similar trend was observed in ODI
scores, with a significant improvement at one week postoperatively (p < 0.001), followed by further improvements from
one month onward (post vs 1m-2y, p < 0.001). According to the survey results, the VAS score improved from
a preoperative value of 7.51 + 1.88 to 2.82 + 2.39 at six months postoperatively, representing an improvement of
approximately 62%. Similarly, the ODI score improved from 40.66 = 16.08% preoperatively to 15.13 + 13.21% at six
months postoperatively, with an improvement rate of approximately 63%. Furthermore, the mMacNab criteria revealed
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Figure 2 Changes in VAS and ODI before and after surgery for all collected cases. The analysis was performed using One-way ANOVA followed by Turkey’s multiple comparison
test for inter-group comparisons. The number of participants in each period is listed below the chart. *, **, *** represent p values < 0.05, 0.01, and 0.001, respectively.
Abbreviations: ns, not significant; Pre, preoperative; Post, postoperative; M, months; Y, years.

that over 76% of patients subjectively considered the surgery to be effective (Table 2). These findings suggest that IDB
surgery is effective in treating DDD and can maintain stable outcomes for at least two years.

We observed that approximately 23.3% of patients considered the surgical efficacy to be limited. Additionally, in another
questionnaire, 11.97% of patients indicated the necessity of continuing rehabilitation therapy within two years postoperatively,
while 14.53% underwent additional lumbar spine surgeries within two years to alleviate their condition (Table 1). These
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Table 2 Modified MacNab Criteria

mMacNab Criteria® Number® | Proportion
Excellent 44 37.9%
Good 45 38.8%
Fair 14 12.1%
Poor 13 11.2%
Mean follow-up time from OP | 507.86 days

Notes: *mMacNab criteria were obtained from the latest following
record. ®One patient refused to answer the questionnaire.

findings suggest that about one-fourth of patients exhibited suboptimal responsiveness to IDB surgery. Theoretically, disc
interventional therapy is more suitable for relatively younger populations, as their discs contain sufficient components to
undergo ablation. Although all patients who received IDB had more than 50% of disc height preservation, we analyzed
whether postoperative outcomes were affected in patients older than 55 years. The results showed no significant differences in
VAS and ODI improvements over time between patients older and younger than 55 years (Figure S2).

Based on previous research on IDB, preoperative imaging assessments can help identify factors influencing IDB
effectiveness.'® Therefore, we conducted a univariate analysis on MR images of single-level IDB surgery to investigate
the impact of disc degeneration on VAS improvement at six months postoperatively (Table 3 and Figures S3-S4).
Although statistical significance was not reached, the results showed that patients with preoperative disc herniation
classified as extrusion had better outcomes compared to those with protrusion (VAS improvement 65.17% vs 48.42%, p =
0.063). Furthermore, the presence of facet joint issues negatively impacted IDB effectiveness, with VAS improvement
being only 49.39% compared to 70.44% in patients without facet joint involvement (p < 0.05). Regarding the likelihood

Table 3 Univariate Analysis of Pre-op General and MR Assessment

Variables VAS Improvement (%)*

Mean * SD (%) (N) P value®

General (N = 117)

Age (< 55y vs >55y) 58.59 + 31.70 (73) vs 59.08 + 36.53 (44) | 0.940
Gender (F vs M) 5429 + 35.96 (46) vs 61.67 £ 31.63 (71) | 0.245
BMI (25 vs >25) 58.93 + 34.86 (62) vs 58.60 + 32.08 (55) | 0.958

Image characteristics (N = 63)

HIZ (no vs yes) 51.35 + 33.39 (33) vs 59.16 + 36.93 (30) | 0.381

Disc height (275% vs <75%) 56.93 + 34.77 (52) vs 46.26 + 36.75 (11) | 0363

Characteristics (protrusion vs extrusion) | 48.42 + 34.30 (38) vs 65.17 + 34.42 (25) 0.063

Pfirrmann grade (-1l vs IV-V) 51.81 £ 36.31 (38) vs 60.02 + 33.16 (25) 0.367
Endplate Modic (no vs yes) 59.88 + 32.34 (24) vs 50.21 * 36.73 (39) 0.397
Facet joint grade (no vs yes) 70.44 + 28.01 (17) vs 49.39 * 35.95 (46) 0.033
Stenosis grade (0-1 vs II-ll) 55.69 + 35.61 (52) vs 52.14 % 33.79 (I1) 0.763

Notes: *Six-month VAS improvement compared to pre-op. "Between-group analysis was conducted using the Student’s T-test.
Abbreviations: VAS, visual analogue scale; HIZ, high-intensity zone.
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of achieving significant VAS improvement (80%), extrusion was found to be four times more favorable than protrusion (p
< 0.05, Chi-square), while the absence of facet joint issues was associated with a fivefold higher probability of
improvement compared to cases with facet joint involvement (p < 0.05, Chi-square). Additionally, as the severity of
facet joint degeneration increased, VAS improvement rates declined accordingly (p < 0.05, regression).

Subsequently, a multivariate analysis was performed to examine how facet joint grade, compared with other disc MR
characteristics, age, and BMI, influenced postoperative outcomes (Table 4). Among these factors, facet joint grade showed
a significant negative association with postoperative improvement. Each incremental increase in facet joint grade resulted in
a 17.5% decrease in VAS improvement at six months (95% CI: —31.70 to —3.261, p < 0.05) and a 21.9% decrease in ODI
improvement (95% CI: —37.25 to —6.592, p < 0.01). Consistent with the previous findings, higher grades of disc herniation
progression were positively associated with better postoperative ODI improvement ( = 19.78, 95% CI: 2.450-37.11, p <
0.05). In summary, the analysis of the overall surgical population indicates that IDB is beneficial for treating patients with
disc extrusion but is less effective in addressing pain and loss of quality of life caused by facet joint pathology.

Next, we identified cases of single-level surgical failure, including patients with poor postoperative satisfaction
(mMacNab C&D, N = 14) and those requiring revision surgery (N = 11). We then analyzed preoperative factors that may
have contributed to these outcomes (Figure 3). The results showed that both groups exhibited a higher overall severity of
degenerative indicators compared to other patients, with a significant trend (p < 0.05 for mMacNab C&D cases; p < 0.01
for revision surgery cases). These findings suggest that severe overall disc degeneration may be a key factor in poor IDB
outcomes, particularly in cases where the procedure was clearly ineffective.

Discussion

The present study represents a significant advancement in IDB research, incorporating the longest follow-up period and
the largest population ever documented for this procedure.”*** Our series of IDB cases has demonstrated remarkable
efficacy in improving DDD, achieving up to a 62% and 63% improvement in VAS and ODI scores, respectively. These
findings closely align with those reported in other studies.”**> Furthermore, IDB has achieved a subjective satisfaction
rate of 76.7%, with a mean follow-up duration of 508 days. These results underscore IDB’s crucial therapeutic role in
managing degenerative intervertebral disc conditions, effectively bridging the gap between conservative treatment and
open surgery. Its long-term efficacy in alleviating pain and improving functional outcomes has persisted for up to two
years, further reinforcing the durability and reliability of IDB as a viable treatment option for lumbar DDD.

Table 4 Multivariate Analysis of Associations Between Preoperative Demographic and Disc Imaging
Parameters and Postoperative Outcome Improvement

Variables VAS Improvement ODI Improvement
Estimate (p) 95% CI P value | Estimate (B) 95% CI P value
Age 0.05362 —0.68720.7944 | 0.8852 0.2802 —0.51841.079 0.4847
BMI —0.5279 —3.1862.130 0.6921 —0.6920 —3.5572.173 0.6302
Facet joint grade —17.48 —31.70-3.261 | 0.0169* -21.92 —37.25-6.592 | 0.0059**
Disc Character 15.64 —0.434731.71 0.0563 19.78 2.45037.11 0.0261*
HIZz 6.577 —11.7524.90 0.4749 12.86 —6.89932.61 0.1975
Pfirrmann grade -1.259 —15.2012.68 0.8570 0.7096 —14.3215.74 0.9249
Endplate Modic —4.946 —13.773.878 0.2661 —6.652 —16.162.860 0.1666
Stenosis grade -1.974 —20.0516.10 0.8275 —7.609 —27.0911.88 0.4371

Notes: Analyses were performed using Multiple Linear Regression. Imaging analyses were based on 63 patients with complete
preoperative imaging data. VAS and ODI improvement were calculated as changes from baseline to 6 months postoperatively.
Abbreviations: BMI, body mass index; HIZ, high-intensity zone on MRI; Cl, confidence interval.
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Figure 3 Preoperative MRI analysis of cases with surgical failure. Patients with poor surgical outcomes are classified based on those who underwent more surgeries (upper
panel) and those with poor postoperative satisfaction (lower panel). The sum is the total score derived from 7 imaging indicators. *, *** represent p values < 0.05 and 0.001,
respectively.
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IDB’s effectiveness is believed to be supported by Level I evidence, signifying its strong impact on chronic, refractory
discogenic pain.'> Two randomized controlled trials suggest that IDB may be considered a first-line treatment for this
condition.'”'® However, in our study, although the mMacNab satisfactory rate (including excellent and good responses)
reached 76.7%, 17 patients (14.53%) ultimately underwent open surgery. Among these, 13 patients (including five with
unspecified operative methods) proceeded with open surgery, while four underwent repeat interventional therapy. An analysis
of our cohort, based on general patient data and preoperative lumbar MRI findings, indicated that the need for a second
procedure was associated with higher BMI scores, more severe disc degeneration, and higher total degenerative scores
(Figure 3 and Figure S1). Bulut et al and several other publications have documented that higher BMI is a risk factor for early
disc degeneration and increases the likelihood of recurrent herniated intervertebral discs.”*° These results emphasize the
importance of careful patient selection. In cases where disease severity approaches the upper limits of IDB’s efficacy,
physicians must thoroughly discuss these limitations with patients. Our multivariate analysis, controlling for age, BMI, and
disc characteristics, demonstrated that facet joint degeneration independently predicts suboptimal outcomes. Specifically,
higher facet joint grades were significantly associated with less improvement in both VAS (B =—17.48, P = 0.017) and ODI
(B = —21.92, P = 0.006), while age, BMI, and disc characteristics were not significant predictors for VAS or ODI
improvement. Additionally, unsatisfactory outcomes were predominantly observed in older patients and those with sig-
nificantly higher grades of facet joint degeneration. This underscores the importance of assessing facet joints alongside disc
degeneration to avoid overlooking high-grade facet joint degeneration, which may contribute not only to motion-related pain
in addition to discogenic pain, but also to limitations in daily function and overall quality of life.>

According to our previous publication, the disc characteristic of protrusion or extrusion was identified as the
only significant factor influencing the one-year outcome of IDB.'® However, we expanded the patient cohort in the
present study and extended the follow-up period to two years. Our findings show that, while disc characteristics
remain influential, their significance regarding VAS improvement after IDB has diminished to near statistical
insignificance. Notably, with the longer follow-up, facet joint issues emerged as a more significant factor affecting
IDB outcomes. Bashkuev et al in their finite element model study revealed that early mechanical changes
associated with disc degeneration have the greatest impact on facet joint loading.>' As degeneration progresses,
facet joint deterioration increasingly influences disc loading. This suggests that, alongside the progression of disc
degeneration, facet joint degeneration may co-exist and serve as an early indicator of more advanced spinal
degeneration. Over time, this degeneration appears to reduce the efficacy of IDB, likely because IDB primarily
targets cartilage but has limited impact on bony structures or bone spurs.*?

Although this prospective study represents the largest and longest-followed cohort investigating IDB treatment for
lumbar DDD, it remains limited. The non-randomized, single-center design and potential selection bias may limit the
generalizability of our findings. We did not report the duration of pain symptoms prior to surgery, so we were unable to
analyze its correlation with postoperative outcomes. In addition, this study did not assess possible central or peripheral
sensitization, which is also an important limitation. Future studies should include evaluation tools such as the Central
Sensitization Inventory (CSI) and PainDETECT/DN4 to assess neuropathic features.

Nevertheless, clinicians should carefully select patients by thoroughly evaluating disc and facet joint pathology,
overall health status, and baseline functional limitations. Our findings suggest that patients with high-grade facet joint
degeneration may experience less improvement in pain, function, and quality of life and should be counseled about the
potential need for secondary interventions. Future multicenter, randomized studies are warranted to validate and extend
these observations.

Conclusions

IDB can achieve long-term effectiveness in treating contained lumbar DDD. However, patients with high-grade facet
joint degeneration—especially when accompanied by advanced disc degeneration—tend to have poorer pain relief,
smaller functional and quality-of-life improvements, and a greater risk of needing subsequent surgery. Thus, IDB may be
best viewed as a stepwise or bridging intervention between conservative therapy and definitive fusion/fixation for
selected patients. Thorough preoperative imaging evaluation and explicit patient counseling are therefore recommended
to optimize prognosis.
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