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Abstract: Discogenic low back pain (DLBP) is a prevalent contributor to chronic low back pain, often resulting from intervertebral
disc degeneration associated with inflammation. Various intradiscal therapeutic procedures have been developed to address DLBP,
including intradiscal steroid injections, methylene blue injections, platelet-rich plasma (PRP) injections, intradiscal electrothermal
therapy (IDET), and both continuous (CRF) and pulsed (PRF) radiofrequency techniques. Intradiscal therapeutic procedures refer to
minimally invasive interventions targeting the intervertebral disc, typically performed through percutaneous access under fluoroscopic
or computed tomography guidance. These procedures aim to modulate nociceptive signaling or reduce intradiscal inflammation to
relieve pain. This review aims to evaluate the existing evidence regarding the efficacy of intradiscal procedures for DLBP while
assessing their potential risks, particularly concerning the acceleration of disc degeneration. Although certain interventions, specifi-
cally PRP and PRF, have yielded promising results in alleviating DLBP, the overall number of studies reporting positive therapeutic
outcomes remains insufficient, and most lack long-term follow-up data. Significant concerns also arise regarding the potential for disc
degeneration owing to needle insertion associated with intradiscal therapeutic procedures. Furthermore, IDET and CRF techniques can
result in thermal injury to the disc. Evidence from discography studies suggests that disc degeneration may be accelerated, especially
when larger needles are employed during the procedure. In addition, repeated interventions may lead to further intradiscal injury and
accelerate disc degeneration. Despite these concerns, we propose that performing the procedure once or twice using a thin needle may
be justifiable for patients with severe DLBP. Taken together, current evidence suggests that while selected intradiscal procedure, such
as PRP and PRF, may provide transient benefit, heterogeneity in study design, short follow-up durations, and procedural risks limit
definitive recommendations for routine clinical use. Future high-quality, long-term studies are crucial to enhance our understanding of
the therapeutic benefits and associated risks of these interventions.
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Introduction

Low back pain (LBP) represents a significant global health concern, imposing considerable economic burdens on
society.' Discogenic LBP (DLBP) is one of the most prevalent forms of chronic LBP, affecting approximately 39% of
individuals with this condition.” The primary contributor to DLBP is intervertebral disc degeneration, often associated
with inflammatory processes.” This condition not only compromises physical function but also detracts from the quality
of life in affected individuals.* Various treatment approaches, including physiotherapy, exercise, and oral medication,
have been employed to address DLBP;> however, their effectiveness remains limited. Recently, several intradiscal
therapeutic procedures have been introduced and their outcomes evaluated.®'' Despite the positive effects of these
procedures on pain reduction, concerns have emerged regarding their uncertain long-term therapeutic effects and the
potential for disc injury, which may accelerate disc degeneration and worsen outcomes over time.
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This review aims to examine the current evidence regarding the effects of intradiscal therapeutic procedures for
DLBP, considering both their therapeutic potential and the possibility of accelerating disc degeneration. Additionally, it
explores strategies to enhance the therapeutic effects of these procedures.

Effects of Intradiscal Therapeutic Procedures

Intradiscal Steroid Injection

Numerous studies have evaluated the efficacy of intradiscal steroid injection in patients with DLBP.>'?"'* Most of these
studies have indicated that its pain-relieving effects are merely sustained in the short term. A recent meta-analysis by
Mishra et al reported that the pain reduction following intradiscal steroid injection was not maintained beyond 1 month.'?
Furthermore, improvements in physical function were not observed, even within the first month post-injection.'
Considering the transient nature of pain relief and the risk of disc injury associated with needle insertion, intradiscal
steroid injection cannot be regarded as an optimal treatment option for DLBP. Regarding side effects, injected steroids
presumably inhibit the activity of anti-inflammatory cytokines and cells within the disc, potentially increasing the risk of
post-procedural intradiscal infection.'> Nevertheless, evidence has not substantiated an elevated overall risk of infection

associated with intradiscal steroid injections.'?

Intradiscal Methylene Blue Injection
Methylene blue, a low-molecular-weight compound, has emerged as a potential therapeutic option for managing DLBP."
Previous studies indicate that intradermal methylene blue injection operates by ablating sensory nerve endings in the
skin.'® This ablation diminishes the sensation of itch transmitted by unmyelinated C-fibers, which share a pathway with
neuropathic pain.'® Building on this mechanism, several studies have explored the potential effects of intradiscal
methylene blue injection to specifically target unmyelinated C-fibers within the disc, offering a novel approach to
managing DLBP.''*'¥ A five-study meta-analysis conducted by Guo et al in 2019 demonstrated significant reductions
in both DLBP and the Oswestry Disability Index (ODI), with positive effects persisting for up to 1 year post-procedure.'”
In contrast, a recent multicenter, double-blind, randomized, placebo-controlled trial by Kallewaard et al reported
unfavorable outcomes regarding intradiscal methylene blue injection.'” The study involved 84 patients and evaluated
pain reduction resulting from intradiscal methylene blue injection relative to a placebo. The primary outcomes included
treatment success, defined as a > 30% reduction in pain intensity, and the Patient Global Impression of Change (PGIC)
score 6 months post-treatment. The results revealed that 35% of patients in the “methylene blue plus lidocaine” group
achieved treatment success, compared to 26.8% in the “placebo plus lidocaine” group, with no significant difference
between the two groups (P = 0.426). Additionally, 27% of patients in the methylene blue group reported substantial
health improvement according to their PGIC scores, compared to 25.6% in the placebo group (P = 0.958). These findings
indicate that intradiscal methylene blue injections do not significantly alleviate pain or improve overall health compared
to placebo, leading the authors to conclude that methylene blue injections should not be recommended for DLBP
treatment. Consequently, intradiscal methylene blue injection is not widely adopted in current clinical practice.

Intradiscal Platelet-Rich Plasma (PRP) Injection

PRP injection is extensively utilized in the treatment of diverse musculoskeletal conditions.?>* PRP exhibits a platelet
concentration approximately three to eight times greater than that of whole blood and is enriched with cytokines and
growth factors that facilitate tissue repair and healing.®' Platelets release several bioactive molecules, including insulin-
like growth factor, epidermal growth factor, transforming growth factor-beta, platelet-derived growth factor, vascular
endothelial growth factor, and basic fibroblast growth factor, all of which are essential for tissue healing and repair.”'
These components promote angiogenesis, enhance endothelial regeneration, and increase collagen content across various
tissue types. In addition, they can stimulate quiescent stem cells, further advancing tissue healing and repair. Based on
these mechanisms, intradiscal PRP injections have been proposed as a therapeutic option for DLBP. Previous studies
have reported successful treatment outcomes in patients with DLBP following intradiscal PRP injection.”> > A three-
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study meta-analysis conducted by Chang et al in 2021 demonstrated significant reductions in Visual Analog Scale (VAS)
and ODI scores at 6 months post-injection.’

However, the limited number of studies renders current evidence insufficient to definitively establish the therapeutic
efficacy of intradiscal PRP injections. Therefore, further high-quality, large-scale randomized controlled trials are
essential to validate these findings. Additionally, the long-term effects of treatment remain uncertain and warrant further
investigation.

Intradiscal Electrothermal Therapy (IDET)

IDET is a minimally invasive procedure employed to treat DLBP.® It entails the insertion of a thermal catheter into the
intervertebral disc to deliver heat at 90°C.* IDET aims to modify disc biomechanics, thereby mitigating intradiscal
pressure, denervating the sinuvertebral nerves within the annular fibers, and sealing annular tears.® Despite some clinical
studies reporting positive outcomes, including sustained pain reduction and improved physical function post-treatment,
the overall effectiveness of IDET remains contentious, with no consistent evidence supporting its superiority over
placebo or sham procedures.®*® Furthermore, concerns regarding potential adverse effects have been raised, including
radiculopathy, accelerated disc degeneration, endplate deformation, spondylodiscitis, vertebral osteonecrosis, cauda
equina syndrome, and post-procedural headaches resulting from transthecal puncture. Consequently, owing to ongoing
debates regarding its efficacy and the associated risks, the clinical use of IDET has significantly declined in recent years.

Continuous Radiofrequency (CRF)

CREF operates by applying high-frequency electrical currents to nociceptive nerves, generating heat between 70 and 90°C.
This process ablates pain-transmitting nerves, thereby reducing the transmission of pain signals.?**° This mechanism has
been proposed as a potential treatment for DLBP by specifically targeting the nerves responsible for transmitting pain
from degenerated intervertebral discs.””~® Conversely, previous studies have presented conflicting evidence regarding the
effectiveness of CRF in treating DLBP.®*! Barendse et al reported only one successful outcome following CRF treatment
among 13 patients with DLBP, in contrast to two successes in the control group.® Moreover, changes in VAS and ODI
scores did not significantly differ between the CRF and control groups.

Furthermore, CRF stimulation generates intense electrical energy within a radius of 2-3 mm from the catheter tip.*°
Consequently, the area affected by CRF appears to be restricted to a small portion of the nociceptive nerves near the
catheter tip, rendering it unlikely to ablate most of the pain-transmitting fibers implicated in DLBP. Therefore, to date, no
conclusive evidence corroborates the efficacy of CRF in managing DLBP, and the underlying mechanisms for the use of
CRF in controlling this condition remain uncertain.

Pulsed Radiofrequency (PRF)

PRF offers an alternative approach. Unlike CRF, which poses a risk of thermal damage to surrounding tissues, PRF
delivers short bursts of electrical fields at temperatures not exceeding 42°C, allowing for the modulation of nociceptive
signaling without causing structural destruction.>? Additionally, while CRF has a limited therapeutic field around the
catheter tip, PRF can influence a relatively larger area of nociceptive nerves in the vicinity of the catheter tip.>° To date,
approximately 10 studies have evaluated the effectiveness of intradiscal PRF in treating DLBP.'" Most of these studies
reported favorable outcomes, including significant pain reduction and functional improvement, although their overall
methodological quality was limited.

The proposed mechanisms by which PRF operates include the inhibition of nociceptive transmission, anti-
inflammatory effects, and the suppression of microglial activation.*> No serious adverse events have been reported;
however, the long-term therapeutic effects of intradiscal PRF remain unproven, and concerns exist regarding the potential
for repeated procedures to accelerate disc degeneration.

Potential Risk of Accelerated Disc Degeneration Following Intradiscal Procedures
Intradiscal therapeutic procedures necessitate the insertion of a needle or catheter into the intervertebral disc following
a puncture of the disc annulus. A primary concern regarding these procedures is the potential for accelerated disc
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degeneration post-intervention. The risk often leads clinicians to hesitate in performing intradiscal procedures. However,
research investigating whether disc degeneration is indeed accelerated following intradiscal interventions for the
treatment of DLBP remains limited.

Instead, several studies have focused on the impact of discography on disc degeneration.®*’ As the gold
standard for diagnosing DLBP, discography is performed to identify suitable candidates for subsequent intradiscal
therapeutic procedures. This technique involves the insertion of a needle into the disc to inject a contrast dye.
Similar to discography, intradiscal therapeutic procedures for treating DLBP entail needle insertion, accompanied
by the injection of therapeutic agents or the application of heat to the disc. Consequently, the acceleration of disc
degeneration following intradiscal therapeutic procedures may be comparable to, or even more pronounced than,
that associated with discography. By examining research on the effects of discography on disc degeneration, we
can gain insight into the potential for accelerated disc degeneration following intradiscal therapeutic interventions.

The initial study addressing this issue was conducted by Flanagan et al in 1986.%° They followed 128 patients who
underwent discography, utilizing radiographic images to monitor changes over a period of 10-20 years. Disc narrowing
was observed in most patients, predominantly within the first 3—4 months, with minimal additional narrowing in
subsequent years. Notably, no correlation occurred between degenerative changes and the patients’ symptoms.
Flanagan et al concluded that discography is a safe diagnostic tool that does not adversely affect patients, as the
observed post-procedural disc narrowing did not correlate with clinical symptoms. Notwithstanding, this study has
limitations, including its exclusive focus on radiographic changes without magnetic resonance imaging (MRI) and a lack
of thorough examination of clinical symptoms. Additionally, the absence of a control group further constrains the
findings.

In 2009, Carragee et al conducted a prospective matched-cohort study to investigate the long-term effects of
discography on disc degeneration.* The study included a total of 155 discs at the L3—4, L4—5, or L5-S1 levels that
underwent discography, which were compared to 150 control discs that did not receive this intervention. The findings
indicated that disc degeneration in the discs subjected to discography was more pronounced than that in the control discs.
Furthermore, new instances of disc herniation and endplate changes occurred more frequently following discography.
Moreover, the loss of disc height and nuclear signal was greater in the discs that had undergone the procedure. Notably,
disc herniation occurred more frequently on the side where the needle was inserted during discography. While these
results suggest a causal relationship between discography and accelerated disc degeneration, several limitations of the
study warrant consideration. Carragee et al did not detail the discography procedure, including the gauge of the needle
utilized. Furthermore, they allowed the contrast injection pressure to reach 100 pounds per square inch (psi), which
exceeds the usual pressure applied in clinical practice.

In 2016, Cuellar et al conducted a follow-up study involving 57 participants who had undergone discography and 53
control participants, monitoring them over a 10-year period.*> All participants reported no prior history of low back pain.
Among those who received discography, 16 patients underwent lumbar surgeries, compared to only four in the control
group. The discography group exhibited a higher frequency of medical visits, computed tomography/MRI examinations,
work-related issues, and prolonged episodes of back pain than the control group. Cuellar et al similarly did not disclose
the needle size used during discography or the maximum intradiscal pressure that was permitted.

In 2019, McCormick et al conducted a 7-year matched cohort study to determine whether low-pressure, low-
volume lumbar provocation discography—utilizing a 22-gauge spine needle—accelerates disc degeneration in
patients with DLBP.>’ In contrast to earlier studies by Carragee et al and Cuellar et al,>*?*> which suggested
accelerated degeneration, McCormick et al found no significant differences between punctured discs and matched
controls regarding Pfirrmann grade progression, disc height loss, T2 signal intensity reduction, Modic changes,
new high-intensity zones, or new herniations. Importantly, all discography procedures employed fine-gauge (22-
gauge) needles, adhering to strict pressure (< 50 psi) and volume (< 3 mL) limits. The authors concluded that low-
pressure, low-volume discography using a 22-gauge spine needle does not appear to cause long-term disc injury,
thereby providing reassurance regarding the safety of intradiscal access for both diagnostic and therapeutic
purposes.
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Table 1 Comparison of Intradiscal Procedures for Discogenic Low Back Pain

Procedure

Proposed Mechanism

Level of Evidence for Efficacy

Key Risks

Current
Clinical
Utilization

Steroid Injection

Methylene Blue

Platelet-Rich
Plasma (PRP)

Intradiscal
Electrothermal
Therapy (IDET)
Continuous
Radiofrequency
(CRF)

Pulsed
Radiofrequency
(PRF)

Anti-inflammatory effect; short-term pain relief

Ablation of C-fibers/nerve endings within the disc

Tissue regeneration via growth factors; anti-
inflammatory and nociceptive modulation

Thermal modification of annulus and nociceptive
pathways; biomechanical alteration

Neuroablation with thermal lesioning (70-90°C)

Non-destructive neuromodulation: modulation of

nociceptive signaling, inflammatory pathways,
microglial suppression

Low — short-term benefits only; limited
randomized controlled trials/meta-
analysis support

Very Low — randomized controlled trials
show no significant benefit; inconsistent
outcomes

Moderate — promising, but small sample
sizes and lack of long-term data

Low — inconsistent outcomes, placebo
comparison inconclusive

Very Low — limited evidence,
questionable mechanistic validity

Moderate — repeated positive outcomes,
but methodological heterogeneity
persists

Infection, needle-induced disc injury

Neurotoxicity concerns, unnecessary
intervention risk

Needle-induced injury, variability in
preparation protocols

Thermal injury, disc deformation,
infection, neurological complications

Thermal damage, limited lesion field,
disc injury

Potential cumulative injury with
repeated procedures; uncertain long-
term durability

Declining; not
preferred as
first-line
Rarely used in
current
practice
Increasing;
emerging
modality
Markedly
decreased use

Limited
adoption

Increasing
clinical
interest

Discussion

Several intradiscal therapeutic procedures have been introduced as potential treatment options for DLBP (Table 1).5!!
When compared to alternative conservative treatments, such as physiotherapy, oral medications, and epidural injection,
intradiscal procedures are positioned as an intermediate option situated between conservative non-invasive treatments
and surgical approaches. Their role is primarily considered in patients who fail to respond to conservative non-invasive
management yet do not meet the criteria for surgical treatment. Most of intradiscal therapeutic procedures lack sufficient
evidence to support their efficacy. Additionally, numerous studies on intradiscal therapeutic procedures have not
adequately investigated the duration of therapeutic effects. As with multiple pain relief interventions for musculoskeletal
disorders, it is unlikely that long-term benefits extending beyond 1 year would be observed following intradiscal
therapeutic procedures. In particular, the analgesic effect of intradiscal steroid injections has not been sustained beyond
1 year.13

Among intradiscal therapeutic options, intradiscal PRF has been relatively well studied, with most investigations
reporting positive therapeutic outcomes.'' Nevertheless, concerns persist regarding the potential for intradiscal proce-
dures to accelerate disc degeneration. Numerous studies indicate that disc degeneration may be accelerated following
discography.>* > Therefore, it is reasonable to consider that intradiscal therapeutic procedures performed in a similar
manner could also contribute to disc degeneration. Specifically, procedures involving the application of high tempera-
tures, such as IDET and CRF, are more likely to exacerbate degenerative changes.

However, the studies that aimed to determine whether discography accelerates disc degeneration exhibit significant
shortcomings. Earlier research suggesting discography’s harmful effects lacked critical details, such as the gauge of the
needle used, as well as the volume and pressure of the injected contrast.>**® Subsequent investigations have indicated
that when a fine needle (22-gauge) is employed and the injection volume and pressure are strictly controlled, discography
does not appear to accelerate disc degeneration.’” Nonetheless, the number of high-quality studies remains insufficient,
preventing definitive conclusions. Notably, repeated intradiscal procedures, even when utilizing a fine needle, can
cumulatively damage the disc and contribute to its degeneration. Therefore, it is advisable to minimize the number of
procedures and employ a thin needle whenever intradiscal access is necessary.

Ultimately, the decision to perform intradiscal procedures necessitates careful consideration of the therapeutic benefits
against the risk of accelerating disc degeneration. For patients with severe DLBP, performing one or two intradiscal
procedures with thin needles to minimize disc injury appears reasonable. Furthermore, selecting procedures that inflict
minimal disc injury and are less controversial regarding their effectiveness is crucial. Notwithstanding, repeated and
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frequent procedures should be avoided. Further well-designed, long-term studies are warranted to elucidate both the
durability of therapeutic benefits and the risks of disc degeneration following intradiscal interventions. Also, while
selected intradiscal procedures may offer short-term symptomatic relief, the current evidence base is limited by
methodological heterogeneity, insufficient reporting of bias, and a lack of standardized outcome measures. Given the
absence of robust statistical rigor across existing studies, future research should incorporate clearer risk-of-bias assess-
ments, standardized protocols, and transparent reporting frameworks to establish more reliable and clinically meaningful
conclusions.
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