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ABSTRACT
Introduction: Discogenic low back pain can be severely disabling, clinically challenging to diagnose, and expensive to treat. 
Disc degeneration is characterized by disc dehydration, which diminishes the ability of the disc to distribute pressure, making 
it more susceptible to damage, and leading to annular tears, fissures, and a higher incidence of herniation. Furthermore, the 
abnormal annular in-growth of nerves and inflammation of the disc increase the number and sensitivity of nociceptors, leading 
to chronic discogenic low back pain (CDLBP). The purpose of this article was to review the current literature.
Methods: In this narrative review, the literature on the diagnosis and treatment of discogenic low back pain was summarized.
Results: Symptoms and findings during physical examination may guide the diagnostic process but are not specific or sensitive 
regarding CDLBP. Magnetic resonance imaging (MRI) can rule out other pathology and provides a basis for the decision about 
whether to perform pressure-controlled provocative discography, the current diagnostic standard. Conservative care includes 
pain education programs, structured exercise therapies, psychological interventions, and pharmacological treatment. Various 
minimally invasive interventional treatment strategies for refractory CDLBP exist, of which biacuplasty or cooled radiofrequency 
can be used as therapeutic options. Promising new treatments include intradiscal injection of mesenchymal stem cells and 
platelet-rich plasma, radiofrequency ablation of the sinuvertebral and basivertebral nerves, dorsal root ganglion stimulation, and 
spinal cord stimulation. Future research regarding the safety and efficacy of these treatments should include large randomized 
controlled trials with strict inclusion criteria and longer follow-up periods. A primary focus should be on increasing the evidence 
base for diagnosing discogenic low back pain.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
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1   |   Introduction

This narrative review on discogenic low back pain is an update of 
the article published in the series “Evidence-based Interventional 
Pain Medicine According to Clinical Diagnoses” [1].

Chronic low back pain is a major cause of disability, affecting 
approximately 619 million people or roughly 8% of the world 
population [2]. Among those suffering from chronic low back 
pain, approximately 40% of cases are believed to be related to 
the intervertebral discs, often described as discogenic pain [2, 3]. 
However, in clinical practice, it is rare to encounter a patient 
whose chronic low back pain is secondary solely to a single pa-
thology without contribution from other conditions. Discogenic 
lumbar pain shares clinical signs and symptoms that are difficult 
to differentiate from other sources of lumbar mechanical or even 
radicular pain, making diagnosis of an internally disrupted disc 
as the primary source of pain challenging. This review provides 
a concise summary of diagnostic and treatment recommenda-
tions for chronic discogenic low back pain (CDLBP), with em-
phasis on new recommendations based on recent publications.

1.1   |   Anatomy of the Intervertebral Disc

The intervertebral disc (IVD) is composed of the nucleus pulpo-
sus (NP) and the annulus fibrosus (AF), with the anatomically 
discrete vertebral endplates (VEP) separating discs from their 
adjacent vertebral bodies (Figure 1). The corpora vertebrae lie 
above and below the disc. The body's axial load is distributed 
mainly onto the IVD, with a smaller burden being borne by the 

two facet joints, the anterior and posterior ligaments, and core 
stabilizing muscles, especially during dynamic stress [4]. As the 
body ages, discs shrink, the facet joints undergo hypertrophy, 
and ligaments buckle over; the axial load shifts posteriorly. The 
healthy disc is avascular, and its nutrition depends on diffusion 
via the AF and the vertebral end plate endings, making the disc 
an immunologically privileged structure.

1.2   |   Innervation

The NP and the innermost part of the AF are not innervated. 
However, sensory mechanoreceptors in the outermost third of the 
AF of the IVD contain afferent fibers that traverse via sympathetic 
pathways. Their cell bodies are primarily located in the ganglia 
spinalia (dorsal root ganglia, DRGs) between C8 and L2, that is, at 
the levels at which sympathetic nerve fibers leave the spinal cord.

Before they enter the DRG, the afferent fibers from the ventral part 
of the IVD form a network with fibers from the ligamentum longi-
tudinale anterius (LLA), come together in the sympathetic trunk 
and travel along the rami communicantes, whereas afferent fibers 
from the dorsal part of the IVD form a network with fibers from 
the ligamentum longitudinale posterius (LLP), parts of the verte-
bral body and the ventral dura, and travel along the sinuvertebral 
nerves and posterior rami communicantes (Figure 1) [5].

Within the posterior and anterior longitudinal ligaments, many 
transverse connections give the plexus sinuvertebralis a denser 
configuration, giving branches in multiple directions: hori-
zontal, cranial and caudal at every vertebral body level. The 

FIGURE 1    |    Schematic drawing of the lumbosacral innervation. Connections to the dural nerve plexus. Illustration Rogier Trompert Medical Art. 
http://​www.​medic​al-​art.​eu.
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complex network of anastomoses surrounding the IVD contrib-
utes to patients experiencing pain on the opposite side, or even 
at a different level than the site of pathology [6, 7].

Some studies have reported that blocking (or stimulating) the L2 
spinal nerve could assist in the diagnosis of lumbar discogenic 
pain and possibly provide therapeutic benefit [8–10]. Although 
one randomized controlled trial (RCT) reporting benefit after 
ramus communicans denervation in patients with single-level 
discogenic pain suggested clinically relevant nociceptive sym-
pathetic innervation [11], a negative double-blinded, sham-
controlled RCT that found no benefit called into question this 
assumption [11, 12].

2   |   Methodology

This narrative review is based on the article “Discogenic Low 
Back Pain” published in 2010 [1]. In 2015, an independent com-
pany, Kleijnen Systematic Reviews (KSR) performed a system-
atic review of the literature for the period 2009–2015 based on 
existing systematic reviews (SRs) and RCTs. For the current 
article, an updated search was conducted for the period 2015–
2022 using the terms “discogenic” and “pain” in combination 
with specific interventional pain management techniques 
such as “methylene,” “steroid,” “biacuplasty,” or “thermal.” 
Additionally, authors selected relevant missing articles based on 
reference lists and precision literature reviews.

3   |   Pathophysiology and Etiology of Discogenic 
Low Back Pain

Discogenic low back pain (DLBP) is a complex condition 
that results from degeneration or damage to the IVD. These 
discs are responsible for the majority of the axial load, act-
ing as the spine's shock absorbers, cushioning the vertebrae 
during movement, and facilitating segmental motion. The de-
velopment of discogenic LBP may occur secondary to a com-
bination of factors including acute physical trauma (e.g., a 
torsional event) and chronic stressors that include prolonged 
sitting or improper lifting techniques. These external pres-
sures can exacerbate the natural aging process leading to sig-
nificant structural changes [13]. The complexity of the local 
environment combining traumatic and chemical insults to 
evoke inflammation are difficult to reproduce in experimental 
setting and therefore difficult to study as a model of discogenic 
low back pain. Nearly all experimental animal study models of 
degenerative disc disease mimic discogenic pain by inflicting 
injury to the disc by a puncture, surgical removal of the NP, 
leakage of the NP after removal of a facet joint, or injection 
of a variety of inflammatory substances (e.g., inflammatory 
cytokines, complete Freund's adjuvant, phosphate buffered 
saline) [14]. Therefore, it is difficult to draw conclusions on 
the “unaffected/atraumatic” degenerative human disc and its 
structural changes.

As discs degenerate, they lose their water content, which re-
duces their height and shock-absorbing capabilities. This dehy-
dration affects the disc's ability to evenly distribute pressure, 
making it more susceptible to damage [8]. Additionally, the AF, 

the disc's outer layer, may develop fissures that allow the inner 
NP to protrude, potentially causing herniation [13]. As the num-
ber of functional annular lamellae, normally between 15 and 25, 
is reduced, the load borne by the remaining lamellae increases, 
eventually exceeding the nociceptive threshold. This process 
may be further complicated by the release of pro-inflammatory 
cytokines such as tumor necrosis factor-α (TNF-α) and inter-
leukin-1β (IL-1 β), which stimulate the production of vascular 
endothelial growth factor (VEGF) and accelerate the in-growth 
of blood vessels, a process known as neovascularization [8, 15]. 
The release of IL-1 β (and consequently neurotrophic factors and 
nerve growth factor) and diminished aggrecan may also play a 
role in nerve in-growth, a process known as neoinnervation 
[16, 17].

In pathological conditions (i.e., patients with a history of lower 
back pain, degenerative low back changes or related comorbidi-
ties), the innervation of the IVD is no longer limited to the out-
ermost third of the AF but encompasses more abundant nerve 
endings and increased morphological complexity [9]. In patients 
with known IVD pathology, nerve in-growth into the NP has 
been described [9].

The abnormal in-growth of blood vessels and nerve fibers into 
regions of the disc that are typically devoid of such structures 
has several consequences. Nerve in-growth results in a greater 
volume of nerve endings to be sensitized deeper into the disc, 
which can result in a form of “chemical sensitization”. The in-
creased expression of VEGF can also lead to nociceptive sen-
sitization as well as the stimulation of osteophyte formation. 
Changes in the disc's collagen composition also play a role, 
affecting its structural integrity and function [18, 19]. Risk fac-
tors exacerbating disc degeneration include genetics, male sex, 
obesity, smoking, and repetitive physical activities that increase 
mechanical stress [13, 20, 21].

4   |   Diagnosis

4.1   |   History

CDLBP is often described as a midline nociceptive pain [22] 
exacerbated by sitting [23], flexion and axial rotation (twist-
ing) especially under high spinal loads [24], as well as cough-
ing and sneezing. It is more likely that facetogenic, sacroiliac 
(SI) joint or myofascial pain is midline or symmetrical but 
is similarly devoid of radicular signs (motor/sensory/reflex 
changes) [25, 26].

Referred pain above the knee is common, and pain may occa-
sionally extend below the knee albeit in a non-dermatomal dis-
tribution [27–29]. Discogenic pain originating from the L3-L4 
level typically radiates to the front of the thigh, L4-L5 to the lat-
eral and sometimes posterior thigh, while L5-S1 extends to the 
back of the thigh [29].

An acute exacerbation of chronic low back pain might be dis-
cogenic in origin (i.e., from an acute annular tear) [30]. But 
because symptoms generally lack both sensitivity and spec-
ificity, they are often unhelpful in rendering a diagnosis. 
However, the presence of “centralization”—thephenomenon 

 15332500, 2025, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/papr.70062 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [27/07/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4 of 31 Pain Practice, 2025

whereby pain that radiates to the extremities (such as the legs 
in the case of low back pain) moves back toward the center 
of the spine (lower back) with certain movements or posi-
tions—increases the probability of discogenic origin [31]. The 
presence of Hancock criteria or red flags such as unexplained 
weight loss, fever, or neurological deficits necessitates imme-
diate medical evaluation to rule out serious underlying condi-
tions [32].

4.2   |   Physical Examination

Most of the characteristics found during physical examination 
are not specific for CDLBP, making it difficult to distinguish 
from other causes of chronic low back pain. Some suggestive 
findings include pain provoked by forward flexion in either a 
straightened or sitting position and midline > paraspinal ten-
derness (i.e., provoking pain when applying pressure over the 
spinous process, or Federung test) [30, 33, 34]. Other studied 
tests are the bone vibration test (BVT) and the centralization 
phenomenon. In the BVT, a blunt vibratory object (a 128 Hz tun-
ing fork or electric vibrator) transmits vibration signals via the 
spinous processes of the vertebrae in the painful area. The BVT 
is positive if pain is provoked when stimulating a specific spi-
nous process. In 1994, Yrjämä and Vanharanta [35] conducted a 
small study in 57 patients where its diagnostic value was studied 
against provocative discography as the reference standard, find-
ing a sensitivity and specificity of 71% and 63%. When patients 
with failed back surgery and herniated discs were excluded, the 
sensitivity and specificity increased to 96% and 72%, respec-
tively. Combined with imaging techniques such as magnetic res-
onance imaging (MRI), BVT might be useful as a quick, safe and 
inexpensive screening tool [36–38].

The centralization phenomenon (as described by McKenzie) is 
the occurrence of recognizable pain in the midline upon lateral 
movement of the spine [39]. A recent systematic review per-
formed by Han et al. [31] demonstrated that it can be useful in 
the identification of discogenic pain. Based on four studies con-
taining 218 patients, the authors reported a sensitivity of 41.2 
(33.2–49.6) and a specificity of 85.9 (75.6–93.0). However, the 
low sensitivity and lack of standardization limit its use.

Physical examination should also include SI joint pain provoca-
tion tests and neurological examination [31, 40]. Although disc 
pathology plays a role in both, signs on clinical examination are 
different from those found in radicular disorders. These include 
a negative straight leg raise, (crossed) Lasegue's sign, negative 
bowstring, negative femoral stretch tests, as well as normal elec-
trodiagnostic testing [41]. These tests can help guide the differ-
ential diagnosis, but clinical diagnosis is best confirmed with 
imaging studies.

4.3   |   Imaging

Computed tomography (CT) and MRI are highly effective in 
demonstrating anatomical abnormalities and are crucial in the 
diagnostic process regarding the differential diagnosis of dis-
cogenic pain.

4.4   |   Single Photon Emission Computed 
Tomography

The (single photon emission) computed tomography (SPECT) 
has a role in diagnosing skeletal causes of chronic low back 
pain, such as spondylitis, facet joint arthritis, osteophyte forma-
tion, and fractures [42, 43]. Uptake in the facet joints on SPECT 
suggests these are the source of back pain [31]. SPECT seems 
a useful imaging technique in the diagnostic evaluation of pa-
tients with chronic spinal pain, especially when other imaging 
techniques are inconclusive [44]. Therefore, SPECT could be a 
helpful tool for diagnosing chronic discogenic pain.

4.5   |   MRI

MRI is the most commonly used non-invasive diagnostic tool 
for discogenic pain. Signs of disc degeneration (grades 1–5) on 
the Pfirmann scale, high intensity zones (areas of hypoden-
sity in the posterior AF), annular fissures, and Modic (type 1: 
vertebral endplate subchondral bone edema, type 2: fatty de-
generation as an indication for inflammation, and type 3: the 
hardening or thickening of the bone beneath the cartilage of the 
vertebral endplate; Figure  2) changes increase the likelihood 
of CDLBP [31, 45]. These findings alone exhibit area under the 
curves ranging from 0.563 to 0.809. However, combinations of 
various signs significantly enhance their diagnostic value to an 
area under the curve of 0.861 [46]. Nevertheless, MRI has lim-
ited diagnostic value given that its correlation with the clinical 
findings is poor [47]. However, it can provide a solid basis for de-
ciding whether to perform discography. Moreover, other (mostly 
soft tissue) causes of pain including spinal stenosis or compres-
sion of radicular nerves by herniated discs can be demonstrated 
by MRI.

4.6   |   Discography

After symptoms and signs on physical examination are identi-
fied and other causes of the chronic low back pain are excluded, 
provocative discography can serve as a valuable tool to diagnose 
CDLBP [49–52]. Provocative discography is an invasive diagnos-
tic procedure in which contrast is injected into the NP under 
a controlled gradually increasing pressure. Provocative discog-
raphy may identify which suspected disc is the pain generator 
by reproducing concordant pain (positive disc) on disc stimula-
tion. In a negative (control) disc, no pain or discordant pain is 
produced.

It is hypothesized that the injected contrast agent increases pres-
sure within the disc and irritates the nerve endings residing in 
radial fissures in the AF and, as a result, provokes pain [53]. The 
direction of contrast leakage can categorize discogenic pain into 
two types: annular disruption-induced low back pain (IAD) and 
internal endplate disruption-induced low back pain (IED) with 
leakage toward the outside of the disc through a radial annular 
tear or to the vertebral body through the radial endplate tear, 
respectively [54]. This determination could be relevant, as it may 
give direction toward different treatment options aiming for dif-
ferent parts of the disc.
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4.7   |   Diagnostic Accuracy

To date, diagnostic accuracy is an issue of debate. Several 
studies have shown a high false-positive rate of provocative 
discography in certain populations (as high as 50%–60% in 
one study), particularly in those with preexisting psychiatric 
morbidities, failed back surgeries, and other co-existing pain 
conditions [55–58]. However, a systematic review and meta-
analysis performed by Wolfer et al. showed a far lower false-
positive rate of 9.3% per patient and 6% per disc; when those 
with preexisting chronic pain (including back pain, which is 
the indication for discography) and psychiatric morbidities 
were excluded, the false-positive rate declined to 5.6% per pa-
tient and 3.85% per disc [59]. Wolfer et al. also concluded that 
testing control discs at adjacent segments and keeping the in-
jection pressure low can minimize the false-positive rate and 
consequently prevent unnecessary (minimally) invasive treat-
ments. False-positive results caused by stimulating potentially 
painful adjacent discs are less likely to occur when perform-
ing provocative discography with a low-speed flow [60–62]. 
Before starting discography, it should be considered that pain 
generated from the SI joint and the lumbar facet joint most 
often mimics disc-related complaints. Therefore, to improve 
the index of suspicion of discogenic pain, other causes (SI and 
facet, or other causes of mechanical low back pain) have to be 
ruled out with a test block before starting an invasive proce-
dure like discography [1].

4.8   |   Complications of Discal Puncture

The most important complication of discal puncture is disci-
tis, which typically manifests within 1 week of the procedure 

with an incidence of 0.25% [63–65]. Staphylococcus aureus is 
the main pathogenic organism. Discitis is difficult to treat be-
cause of the avascular nature of the disc. Therefore, preven-
tion by aseptic procedures and preoperative administration of 
intravenous antibiotics seems important, although the routine 
use of antibiotics is debatable  [64, 66]. Other rare complica-
tions include nerve root injury, (retroperitoneal) hemorrhage, 
meningitis, acute disc herniation, allergic reaction, dural 
puncture with concordant headache, cauda equina syndrome, 
and vertebral body osteonecrosis [64]. The acceleration of 
disc degeneration and a higher incidence of subsequent disc 
herniation have been described in several pre-clinical stud-
ies [67–72] and some clinical studies [73–75]. The incidence of 
these complications and discitis depends in part on needle di-
ameter, with a higher risk when using large-bore needles (18G 
and 21G) [66, 76–78]. However, using too small of a needle 
may increase the difficulty of disc puncture and increase the 
risk of the needle bending or even breaking [77]. Therefore, 
one should consider the “double-needle technique” in which 
a larger introducer and guide needle is inserted through the 
skin until the annulus is reached, after which a smaller needle 
(25G) is advanced through the first needle into the disc. In 
addition to reducing the risk of disc injury and persistent pain, 
the double-needle technique may also reduce the infectious 
risk since the needle entering the disc is not directly enter-
ing the skin [66]. In addition to a higher rate of false-positive 
blocks, the use of higher injection pressures (e.g., ≥ 100 psi) 
appears to be associated with a greater risk of disc injury and 
disc herniation than the use of lower injection pressures (e.g., 
≤ 50 psi) [79–81]. Taking the risk of discitis into consideration, 
discography should only be performed in patients with debil-
itating pain being considered for a procedural intervention in 
whom a discogenic origin is suspected but unproven.

FIGURE 2    |    Sagittal magnetic resonance images showing types I, II, and III Modic changes. Type I: Low intensity on T1-weighted images (T1WI), 
high on T2-weighted images (T2WI). Type II: High intensity on both T1WI and T2WI. Type III: Low intensity on both T1WI and T2WI. Retrieved 
from Manabe et al. [48].
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4.9   |   Criteria

Considering the invasiveness and false-positive rate of provoca-
tive discography as described above, standards for indications, 
technique, and interpretation should be followed.

4.9.1   |   Patient Selection

Provocative discography should only be performed as a diagnos-
tic tool if the patient meets all the following conditions:

1.	 Debilitating low back pain that remains unrelieved or un-
controlled after at least 3 months of conservative treatment 
(see following chapter “Treatment options”) and is not 
accompanied by obvious radicular pain extending to the 
lower extremities.

2.	 In clinical evaluations, as well as X-ray and MRI exam-
inations, there is evidence of disc degeneration, but the 
source of pain is unclear. Pre-procedure imaging should 
ideally be conducted no more than 1 year prior to the 
procedure.

3.	 (Diagnostic) intra-articular or posterior sacral network 
local anesthetic blocks for the SI joint pain, and intra-
articular blocks or medial branch blocks for facet joint pain 
are ineffective in relieving pain since pain reduction of 50% 
or more was not achieved.

4.	 The pain is severe enough that the patient wants (mini-
mally) invasive treatment, and provocative discography is 
being used to guide decision-making.

Absolute contra-indications include pregnancy, suspected local 
or systemic infectious diseases, previously fused intervertebral 
body or transverse fusion at the same level, spinal cord, or cauda 
equina compression at the same level. Relative contra-indications 
include coagulation disorders, use of anti-coagulants, cardiovas-
cular instability, a history of allergy to contrast agents and renal 
failure.

4.10   |   Procedure

4.10.1   |   Preparation

Provocative discography is performed under strict sterile con-
ditions. Thirty minutes before the intervention, the patient 
is administered intravenous antibiotics (2 g cephazolin, iv). 
Many interventionalists also mix antibiotics within the intra-
discally injected contrast agent at a concentration between 1 
and 10 mg/mL (e.g., 3 mg/mL cephazolin). In the operation 
room, the patient lies in the prone position on an X-ray perme-
able table. In systematic reviews, the use of prophylactic an-
tibiotics has not been shown to definitively decrease the risk 
of infection [66, 82], and their use should depend on a careful 
risk–benefit evaluation.

The skin of the low back and the gluteal region is thoroughly dis-
infected. After the injection point has been marked, the patient, 
as well as the C-arm, is covered with a sterile drape. Due to the 

limited rotation of the C-arm, the drape must be located on the 
side of the patient where the needle will be inserted.

The levels to be examined are chosen based on a combina-
tion of patient history, physical examination, and additional 
examinations. The symptomatic level(s) and up to two adja-
cent levels are examined, serving as control levels. Typically, 
the least degenerated or more likely asymptomatic levels are 
studied first. The patient should be blinded to the disc level 
and unaware of the start of the disc stimulation. Patients 
should not be overly sedated for the procedure, but those on 
high doses of opioids should be given opioids, or take their 
baseline opioids, so their pain sensitivity is not exaggerated. 
The patient must be awake and able to reliably report during 
the disc stimulation.

The C-arm is first positioned with the direction of the radiation 
beam parallel to the subchondral plate of the lower vertebra to 
create an optimal view.

For discs above L5-S1, the C-arm is rotated ipsilaterally to align 
the anterolateral edge of the superior articular process with the 
mid-portion of the disc and so that the disc height is at its maxi-
mum. In patients with a lateral disc collapse or scoliosis, adjust-
ment of the C-arm may be necessary.

At the L5-S1 level, the iliac crest (especially in males) may ob-
struct access to the disc in a co-axial view. The fluoroscopy 
tube is rotated until the lateral edge of S1 superior articular 
process is positioned approximately 25% over the posterior to 
anterior distance of the vertebral body. To facilitate needle 
placement in the NP at this level, curved (or bent) needles are 
sometimes used.

4.10.2   |   Needle Positioning

A new sterile needle should be used for each disc examined. 
Needles should not be re-used to decrease the risk of discitis. 
After anesthetizing the skin and underlying tissue with local 
anesthetic, a single- or double-needle technique can be used to 
approach the disc. In the double-needle technique, a 20G needle 
is advanced over the medial edge of the superior articular pro-
cess. A 25G hollow needle is then inserted through this needle 
and into the AF until it reaches the center of the NP.

Then, the needle can be inserted parallel to the direction of 
the radiation beam and brought into position (tunnel view). 
The target for puncturing the AF is the lateral-middle side 
of the disc, just lateral to the edge of the superior articular 
process.

The small discography needle is carefully advanced to the end 
of the introducer. Beyond the superior articular process, the dis-
cography needle passes through the intervertebral foramen in 
the vicinity of the ventral ramus. In case of paresthesia, which is 
particularly common at L5-S1, the needle must be repositioned. 
An increase in resistance may be appreciated as the needle 
passes through the annulus. The needle is pushed through the 
annulus to the center of the NP, confirmed in numerous views. 
Figure 3 shows the needle positioning during discography.
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4.10.3   |   Disc Stimulation

After verification of correct needle position, the stylet is removed, 
and the needle is connected to a contrast agent delivery system 
which can measure the intradiscal pressure (manometry). Check 
if the manometer reads zero pressure and zero volume. The con-
trast agent used can be iohexol, iodine, or gadolinium (in case 
of iodine allergy), though the risk of serious complications with 
inadvertent intrathecal administration has limited the use of the 
latter (contrast often diffuses epidurally during discography and 
there are connections in the form of arachnoid villi between the 
epidural and intrathecal space). At this point one can choose to 
see if there is a “placebo”-response by telling the patient they 
might feel something or ask if they feel something different, 
while nothing is done.

The rate of infusion of the contrast agent should not exceed 
0.05 mL/s [83–85]. This reflects a static flow rate that corre-
sponds to the distension pressure in the IVD. If a higher flow is 
used, false-positive discographies are more likely to occur due to 
the resultant pressure peaks. Pain is often provoked by pressure 
peaks due to VEP compression and distention of the adjacent 
facet joint.

Many experts agree that the disc expected to be most painful is 
stimulated last; the patient should not be aware of which disc 
is being stimulated. If the painful disc is stimulated first, it is 
possible that the provoked pain persists long enough to make 
adequate stimulation at other levels impossible. Once these con-
ditions have been met, stimulation can begin.

During the injection of the contrast solution, the following pa-
rameters must be carefully monitored to assess the diagnostic 
criteria mentioned in Table 1:

•	 The opening pressure, or the pressure at which contrast is 
first observed to enter the disc;

•	 The provocation pressure, or the pressure greater than the 
opening pressure at which complaints of pain arise;

•	 The peak pressure or the final pressure at the end of the 
procedure;

•	 The type of endpoint reached, or what limits the final 
stimulation pressure (i.e., pain endpoint or an injection is 
halted because of pain; a pressure endpoint or increased 
resistance at a certain pressure; a volume endpoint, where 
the total volume is exceeded which may occur in a diffuse 
degenerated disc in which extravasation of contrast limits 
pressurization);

•	 The type of pain reproduction, often graded as no pain, non-
concordant pain, partially concordant pain, or fully concor-
dant pain.

Ideally, the pressure, volume, and provocation details are re-
corded at 0.5 mL increments, with additional notations made for 
the aforementioned events. Furthermore, the morphology of the 
discs is graded according to the modified Dallas Classification, 
as described later in this chapter [86].

The procedure, per level, is continued until one of the following 
occurs [83]:

•	 Concordant pain is reproduced at a level exceeding its base-
line level, and subsequently injected contrast confirms the 
response.

FIGURE 3    |    Discography at three levels: L3–4 and L4/5 normal discs and L5-S1 with tear.

TABLE 1    |    Certainty of positive result for discogenic pain.

Certainty

At psi above 
opening 
pressure

Positive two 
adjacent discs

Absolute < 15 None

Highly probable < 15 One

Probable < 50 None

Possible < 50 One at psi > 50 
and discordant
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•	 The volume infused reaches 3.0 mL (up to 4 mL may be in-
jected into a very degenerated disc when pressures remain 
< 15 pounds per square inch).

•	 The pressure rises to 50 pounds per square inch above open-
ing pressure in discs with a grade 3 annular tear.

•	 If contrast agent leaks through the outer annulus or 
through the endplates, one may not be able to sufficiently 
pressurize the disc to assess disc sensitivity. In these 
cases, rapid manual injection may be acceptable but must 
be noted.

4.11   |   Postoperative Care

After discography, the patient is admitted to the recovery room. 
The patient is discharged home if the pain is managed and there 
are no signs of complications. The patient may experience wors-
ening of pain symptoms in the first few postoperative days, which 
can be treated with analgesics. The patient should be instructed to 
contact the doctor immediately if she/he experiences an increase 
in symptoms, loss of neurological function, and/or fever.

4.12   |   Diagnostic Criteria

Regarding provocative discography, the International 
Association for the Study of Pain (IASP)/International Pain 
and Spine Intervention Society (IPSIS) describes the following 
criteria:

•	 The stimulation of the target disc is positive when it leads 
to concordant pain with an intensity exceeding its baseline 
pain score or being at least 70% of the maximum sponta-
neous pain.

•	 The certainty of this positive result is rated as described in 
Table 1.

Given that stringent selection may improve the outcomes of 
minimally invasive and surgical treatments, the goal must be 
to identify 1 or 2 discs with a high probability of being the 
primary source of pain. This way the risk of false-positive re-
sults and unnecessary (minimally) invasive treatment is re-
duced. According to O'Neill & Kurgansky, when the threshold 
for pain provocation is above 50 psi, the probability of a false-
positive disc is almost 100%; at 25 psi, it is 50%; at 19 psi, it 
is 25%; and at 14 psi, it is reduced to 10% [83]. Subjects with 
concordant pain provoked between 0 and 10 psi and evidence 
of pathology on CT or plain discography are most likely to be 
true positives for discogenic pain.

Provocative discography can be followed by a post-discogram 
CT to identify the exact location and extent of annular dis-
ruption. Whether using the X-ray with the C-arm or CT, the 
discogram can be categorized using the modified Dallas 
Classification, describing the severity of radial annular tears 
(Figure 4) [86, 87]:

•	 Grade 0: the contrast remains entirely in the NP.

•	 Grade I: the contrast leaks into tears in the innermost 1/3 of 
the AF.

•	 Grade II: the contrast extends into tears in the middle 1/3 of 
the AF.

•	 Grade III: the contrast extends into tears in the outer 1/3 of 
the AF.

•	 Grade IV: full thickness (grade 3) radial tear with contrast 
also spreading concentrically/arc-shaped around or in the 
innermost ring of the AF. The concentric diffusion must be 
> 30°.

•	 Grade V: the contrast leaks out of the disc. This type of 
tear may be associated with “chemical radiculopathy” 
where the disc content leaks toward and irritates the 
nerve root(s).

FIGURE 4    |    Gradation of the radial fissures visible on CT discography. Illustration: Rogier Trompert Medical Art. http://​www.​medic​al-​art.​eu.

 15332500, 2025, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/papr.70062 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [27/07/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.medical-art.eu


9 of 31

5   |   Treatment Options

Treatment options can roughly be divided into conservative 
treatment, minimally invasive treatment, and surgical treat-
ment. This review focuses on minimally invasive treatments.

For managing CDLBP, one should consider its natural course. 
Peng et al. [88] prospectively followed 131 patients with CDLBP 
for 4 years. The improvement rates of both pain (7.6%) and dis-
ability (5.2%) were very low, and compared to baseline there was 
no significant change over the study course.

It is also important to consider the significant placebo effect 
of minimally invasive procedures in patients with chronic low 
back pain [89]. Therefore, conclusions should ideally be drawn 
based on sham- or placebo-controlled clinical trials.

5.1   |   Conservative Treatment

Regarding conservative non-pharmacological treatment of CDLBP, 
only a few studies have been published. A review by Adams et al. 
asserts that exercises, mobilization, and spinal loading and unload-
ing may cause some degree of pain relief [25]. Traction therapy 
(delivered manually by a therapist or via gravity with the pelvis 
secured) is theorized to increase the nutrient flow to degenerated 
discs through cycles of distraction and relaxation, but its clinical 
effectiveness has not been demonstrated [90, 91]. No RCT was able 
to demonstrate a positive long-term effect for the intervention, with 
only marginal differences observed between the groups. Case series 
have reported the highest degrees of improvement but are limited 
by the lack of a control group and high heterogeneity (variable 
time, number of sessions, weights used, and equipment).

In non-specific chronic low back pain, various options for con-
servative treatment are available as indicated in multiple system-
atic reviews and meta-analyses: exercise therapy [92] including 
motor control exercise [92–94], pilates [95, 96], McKenzie ex-
ercises [97, 98], and yoga [99–101], Virtual Reality [102], spinal 
manipulation therapy [103, 104] and psychological interventions 
(cognitive behavioral therapy, pain education programs, and 
mindfulness-based stress reduction) [105, 106]. Multidisciplinary 
biopsychosocial rehabilitation—at least those containing a vali-
dated pain education program, structured exercise therapy, and 
psychological interventions as indicated—seems to be most fa-
vorable in non-specific chronic low back pain [107–110]. This 
multidisciplinary approach is in line with the definition of 
chronic pain by the International association of the Study of Pain 
(IASP): “a personal experience that is influenced to varying de-
grees by biological, psychological, and social factors”.

In conclusion, there are no known studies demonstrating the ef-
ficacy of conservative non-pharmacological treatment for patients 
with CDLBP, so the interventions on non-specific chronic low back 
pain mentioned above should be extrapolated to these patients.

5.1.1   |   Pharmacological Management

Pharmacological management should be considered if the de-
scribed conservative treatment options prove insufficient, or 

for pain exacerbations. Pain medications are generally recom-
mended for limited periods of time to reduce the pain sufficiently 
to exercise again. There are no known studies demonstrating 
efficacy for any analgesic specifically in patients with CDLBP, 
so results of studies for non-specific chronic back pain or other 
indications are extrapolated for specific back pain disorders. 
Nonsteroidal anti-inflammatory drugs (NSAIDs) including cy-
clooxygenase-2 inhibitors, are the main pharmacological agents 
used to treat chronic discogenic pain as they reduce inflamma-
tion and may be combined with other analgesic medications 
such as paracetamol/acetaminophen and “weak” opioid anal-
gesics. Anti-neuropathic medication, serotonin-noradrenaline 
reuptake inhibitors (such as duloxetine), and tricyclic antide-
pressants can be considered as other pharmacological options 
[111–113]. If the pain is characterized by nociplastic mecha-
nisms, the use of opioids is strongly discouraged as they may 
exacerbate central sensitization [114]. Corticosteroids and skele-
tal muscle relaxants such as benzodiazepines, dantrolene, tiza-
nidine and baclofen are not recommended in chronic discogenic 
pain. There is no evidence to support the use of gabapentin or 
other membrane stabilizers and strong opioids, which carry the 
potential for significant side effects.

The use of oral antibiotics has been recommended in refractory 
cases. It is hypothesized that Modic type 1 changes occur as a 
result of inflammation secondary to a low-grade infection of the 
disc [115]. The basis for this hypothesis rests in the fact that a 
high percentage of herniated and degenerated discs with type 
1 Modic changes contain anaerobic bacteria on biopsy [116]. 
To test this hypothesis, Albert et al. conducted a double-blind 
RCT in 126 patients with chronic low back pain and Modic type 
1 changes at the level of a previous disc herniation and found 
that a 100-day treatment with amoxicillin and clavulanic acid 
significantly improved pain and disability at 1-year follow-up 
[115]. Braten et al. reproduced this study with amoxicillin with-
out clavulanic acid in patients with both Modic type 1 and 2 
changes, finding similar results [117]. However, other investi-
gations have failed to find efficacy for long-term antibiotic use, 
with failures attributed to different indications, poor selection 
(i.e., discography was not used to select patients) different treat-
ment regimens, and multifactorial mechanisms for disc degen-
eration. Given these issues and the side effects of long-term 
administration, including the potential for antibiotic resistance, 
antibiotics should not be considered standard care but may be 
considered in certain circumstances.

5.2   |   Minimally Invasive Interventional 
Treatments

Various minimally invasive treatments have been used 
throughout the years to manage CDLBP such as intradiscal 
injections with multiple agents, various intradiscal thermal 
therapies and therapies targeting structures surrounding the 
disc, including spinal cord stimulation (SCS) and ramus com-
municans blocks. Despite the potential of minimally invasive 
treatments as effective alternatives to surgical intervention, 
their experimental status persists due to limited consensus 
and inconsistent evidence. However, interventions where the 
level of evidence is established (with at least prospective co-
hort trials) are outlined below.
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5.2.1   |   Intradiscal Injections

Intradiscal injection (IDI) is a minimally invasive technique 
with scarce or conflicting evidence that continues to be rec-
ommended in some guidelines despite the risks of disc punc-
ture and the chondrotoxicity of some of the agents injected 
[118, 119].

5.2.2   |   Intradiscal Corticosteroid Injections

The goal of intradiscal corticosteroid injections is to counteract 
the inflammatory effect that is considered responsible for dis-
cogenic pain.

5.2.2.1   |   Evidence.  Five double-blind RCTs have been 
published on the use of intradiscal corticosteroids in chronic 
discogenic pain. In 1992, Simmons et  al. published an RCT 
in which 25 patients with positive discography received either 
80 mg methylprednisolone or 1.5 mL bupivacaine 0.5% intra-
discally [120]. Neither group fared well, with no significant 
difference observed between groups, although the follow-up 
period was only 2 weeks. In 2004, Khot et al. published a sim-
ilar RCT comparing intradiscal methylprednisolone to steroid 
in 120 patients. Similar to Simmons et  al. neither group did 
particularly well, though the only follow-up time point was at 
1 year, which is much longer than any expected benefit of ste-
roids should last [121]. In 2011, Cao et al. conducted an RCT 
in 120 patients who had positive discography and endplate sig-
nal changes on MRI, showing that intradiscally administered 
steroids, with or without songmeile (a cervus and cucumis 
polypeptide) yielded clinically significant improvements in 
pain and function at 3 and 6 months post-treatment com-
pared to a control group, but no statistical significance was 
assessed [122]. In 2017, Nguyen et al. conducted an RCT in 120 
patients with chronic low back pain and Modic type 1 endplate 
changes on MRI, without pre-injection discographic confir-
mation [123]. During discography, patients received either 
25 mg of prednisolone or no steroid. They found that the mod-
est benefit in pain reduction (1.5 on the 0–10 Numeric Rating 
Scale (NRS)), but not secondary outcomes afforded by steroid, 
lasted only 1 month, though the only other follow-up was at 
12 months. In 2021, Tavares et al. showed the same short-term 
efficacy of 50 mg prednisolone intradiscally compared with 
lidocaine in 39 patients with chronic low back pain and Modic 
type 1 changes on MRI, also without discographic confir-
mation of DP: 2.8 on the 0–10 Visual Analog Scale (VAS) at 
1 month, but not at 3 and 6 months follow-up [124]. Overall, 
the current literature shows conflicting results on effective-
ness and provides no clarity on safety. Hence, the use of intra-
discal steroids remains experimental.

5.2.3   |   Methylene Blue Injection

Methylene blue is a low-molecular weight, partially liposoluble 
dye that may provide pain relief through three pathways: anti-
inflammatory effects (i.e., by inhibition of free radical generation, 
deactivation of xanthine oxidase, and inhibition of the production 
of nitric oxide) [125, 126], sodium channel blockade and inhibition 
of neuronal excitability, and through denervation of nociceptive 

nerve endings [127]. It is therefore hypothesized that methylene 
blue injection (MBI) reduces CDLBP. MBI consists of 1 mL methy-
lene blue (10 mg/mL), with or followed by 0.5 to 1 mL lidocaine (20 
or 40 mg/mL) to alleviate procedure-related pain [128–133].

5.2.3.1   |   Evidence.  In 2021, Deng et  al. [134] conducted a 
meta-analysis of three RCTs, concluding that MBI exerts ben-
eficial effects on pain reduction (mean difference (MD) 0.71 at 
3 months and 13.92 at 6 months) and functional improvement 
(MD 3.66 at 3 months, but not at 6 months) in patients with 
CDLBP. However, it is important to note that one of the included 
RCTs employed an active control group (ozone ablation). More-
over, the two sham-controlled RCTs yielded conflicting results: 
while one trial [131] reported a statistically significant and clin-
ically meaningful reduction in pain and disability persisting up 
to 24 months compared to the sham group (approximately a 4.5 
point reduction on the 0–10 NRS and a 33-point reduction in 
the Oswestry Disability Index (ODI) on a 0–100 scale), a simi-
lar study [130] found no significant differences up to 6 months 
of follow-up.

Expanding the scope to prospective, non-controlled trials, 
a meta-analysis by Guo et  al. [135] in 2019 (n = 5 studies, 121 
patients) demonstrated significant reductions in pain scores of 
3.61, 2.95, and 3.19 on the VAS and significant ODI score reduc-
tions of 24.64, 23.21, and 29.51 at 3, 6, and 12 months, respec-
tively, compared to baseline.

5.2.3.2   |   Complications.  There is theoretically a risk 
of methylene blue toxicity if the methylene blue leaks epidur-
ally through annular tears and affects surrounding neural 
structures  [127, 136]. Although clinical studies have thus far 
not reported this complication, extravasation into the epidural 
space is common [130, 131, 135]. Moreover, a recent in  vitro 
study showed that MBI can induce apoptosis of the AF cells (in 
a concentration-dependent matter) [137]. Given the time frame 
for induced disc degeneration and small numbers of patients, 
studies with short follow-up periods would probably not be able 
to detect this.

5.2.3.3   |   Considerations.  The present research contains 
a low level of evidence that intradiscal methylene blue injec-
tion could be considered in a carefully selected patient group 
with refractory CDLBP. However, due to the conflicting results 
and potential for accelerated degeneration, we do not currently 
recommend this outside of a study setting.

5.2.4   |   Ozone Discolysis and Ethanol Gel-Based 
Chemonucleolysis

Ozone discolysis, involving the intradiscal injection of an ozone-
oxygen mixture, is hypothesized to reduce disc volume and en-
hance the endogenous anti-inflammatory response. However, 
its primary application is in patients with spinal disc hernia-
tion [138–142]. The evidence supporting its use in patients with 
CDLBP is limited to small, low-quality, and uncontrolled studies 
[143–145].

Ethanol gel-based chemonucleolysis is proposed to reduce in-
tradiscal pressure by inducing NP shrinkage and to facilitate 
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denervation/denaturation of nerve endings within the disc. 
The available evidence is largely derived from a single prospec-
tive cohort study [146] involving 18 carefully selected patients, 
which reported significant pain reduction (5-point decrease on 
the VAS), functional improvement (14-point increase on the a 
0–24 Roland-Morris Disability Questionnaire scale), and en-
hanced quality of life (34-point increase on the 0–100 EQ-5D 
scale) at 12 months. Subsequently, Latka et al. [147] conducted 
another uncontrolled prospective study in a larger but less well-
defined patient cohort.

Due to the limited evidence regarding both efficacy and safety, 
ozone discolysis and ethanol gel-based chemonucleolysis are 
rarely utilized in clinical practice.

5.2.5   |   Regenerative Medicine: Mesenchymal Stem 
Cells and Platelet Rich Plasma

Recently, the intradiscal injection of regenerative biologi-
cals—mesenchymal stem cells (MSC) and platelet-rich plasma 
(PRP)—have been increasingly utilized. Whereas the current 
treatment options all focus on symptomatic pain relief, these 
therapies have the potential to not only reduce pain, but also 
to slow down degenerative processes and restore the structure 
of the disc (i.e., have the potential for disease modification) 
[148]. In these treatments, a set volume of MSC or PRP is in-
jected directly into the degenerated disc(s). PRP is derived 
from centrifuged autologous whole blood and contains plate-
lets, fibrin, and growth factors. After in vitro activation, the 
platelets have the ability to release platelet-derived growth 
factors (PDGFs), including PDGF AA, BB and AB, resulting 
in a high concentration of growth factors [149–153]. This mi-
lieu is then thought to activate the remaining functional cells 
within the disc to proliferate and differentiate. The denoue-
ment of this sequence of events is supposed to enhance revas-
cularization and downregulate matrix-degrading enzymes, 
thereby restoring the extracellular matrix; to upregulate anti-
inflammatory and downregulate pro-inflammatory medi-
ators; and ultimately to preserve or restore the function and 
structure of degenerated discs [151, 154–163].

MSC are undifferentiated multipotent cells that are able to self-
renew tissue in the disc by differentiating into mature NP cells 
(osteoblasts, adipocytes, and chondroblasts), secreting growth 
factors and cytokines to chemotactically activate the remain-
ing functional cells, secreting anti-inflammatory mediators to 
reduce inflammation and catabolism, and promoting the syn-
thesis of proteoglycans and (type II) collagen to restore the ex-
tracellular matrix [164–175].

MSC are derived from either bone marrow (iliac crest), ad-
ipose tissue, peripheral blood or umbilical cord and can be 
in  vitro amplified, conditioned, pre-differentiated and modi-
fied using different biological stimuli or scaffolds to acquire an 
NP cell phenotype before being injected into the damaged disc 
[174, 176–183].

5.2.5.1   |   Evidence.  Multiple systematic reviews have 
been published regarding the effectiveness of injections 
of MSC and PRP for CDLBP [155, 184–190]. They generally 

conclude that there is a (very) low quality of evidence that 
MSC and PRP injections reduce pain (respectively and approx-
imately 3.7 and 4 points on the VAS) and disability (respec-
tively and approximately 26 and 13 point decrease in ODI) 
after 12 months. The (very) low-quality evidence designa-
tion was based on one negative and one marginally positive 
RCTs [191, 192] and multiple observational studies [193–197] 
for MSC and two (negative) RCTs [152, 198] and multiple 
observational studies for PRP [199–203], all with heteroge-
nous interventions, different ways of deriving and preparing 
the MSC and PRP, wide variations in reporting and outcome 
measures, poor patient selection (provocation discography 
was seldom used), and a high risk of bias. Most did not quan-
tify or qualify (i.e., viability) of the products injected. There 
was negative evidence for the restoration of disc function 
and structure for both treatments. The short follow-up times 
may also not be sufficient to generate conclusions about effi-
cacy. The activation of residual functional cells can theoreti-
cally result in a reversal of disease progression, but this may 
take months or even years to realize [204, 205].

5.2.5.2   |   Complications.  Besides the generic complica-
tions of intradiscal injections (see sections Diagnosis, Complica-
tions of discal puncture), specific risks of biological treatments 
are aberrant growths such as hyperplastic gliosis, osteophyte 
formation, and malignancy, as well as an altered immune milieu 
resulting in infection/inflammation and immune rejection 
of autologous/allogenic biologicals [206, 207].

Whereas none of the patients in the reviewed studies developed 
such complications during their limited follow-up, government 
regulators are concerned enough that they have mandated sur-
veillance for these events, as there is still insufficient data to ac-
curately assess safety.

5.2.5.3   |   Considerations.  Regarding the lack of high-quality 
evidence and insufficient complication data, PRP and MSC 
should currently not be considered standard care in the treat-
ment of chronic discogenic pain. Before PRP or MSC treatments 
can be recommended for clinical practice, future high-quality 
clinical trials with longer follow-up periods and more complete 
complication data should demonstrate efficacy and safety. In 
addition to methodological quality, studies should seek to deter-
mine the optimal source for stem cells, the optimal injectate 
composition (the density of fibrin networks and the presence 
of leukocytes in PRP/purity of PRP) dose, and refine injectate 
preparation (the phenotypic changes and the expression of cyto-
kines and related genes). The ideal window (i.e., timing) for ther-
apy is another unknown. Despite these limitations, the expected 
development of biological technology may result in a significant 
future role for cell-based therapy in the treatment of CDLBP.

5.2.5.4   |   Hypertonic Dextrose (Prolotherapy).  Pro-
lotherapy has been widely introduced for various indications 
and is hypothesized to promote soft tissue regeneration. How-
ever, the evidence supporting its use in patients with CDLBP 
remains scarce and of low quality. In 2004, Derby et  al. [208] 
prospectively followed 35 patients treated with a solution pri-
marily composed of dextrose 50%, mixed with chondroitin sul-
fate, glucosamine hydrochloride, dimethyl sulfoxide (DMSO), 
bupivacaine, and a non-ionic contrast agent. At an average 
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follow-up of 7.7 months, patients reported a mean pain reduction 
of 2.2 points. In 2006, Miller et al. [209] conducted a prospective 
study on 76 patients who received biweekly injections of a dex-
trose solution (25% dextrose and 0.125% bupivacaine) for up to 
five sessions. Among these patients, 33 (43.4%) demonstrated a 
sustained treatment response, with an average pain reduction 
of 71% at 18 months. To date, no RCTs have been conducted, 
and intradiscal hypertonic dextrose (or other forms of prolother-
apy) should not be used outside of a study setting.

5.2.5.5   |   Hydrogel-Based Biomaterials.  Hydrogels 
are biomaterial products that are intended to provide both phys-
ical stability to the NP and an ideal environment for MSC to 
exert their effects. They are hypothesized to become more vis-
cous in response to increased temperature or acidity, reduce 
the likelihood of an adverse immune reaction against MSC, 
restore biomechanical properties, decrease inflammatory con-
ditions, and reduce the risks of osteophyte and tumor formation 
by MSC [148, 210–213]. Various hydrogels have been manufac-
tured using natural or synthetic materials (e.g., alginate, gela-
tin, fibrin, collagen, chitosan, hyaluronic acid, silk, polyamides, 
and polyethylene glycol). Multiple pre-clinical studies show 
promising results [206, 207, 210–213], with 4 small clinical stud-
ies having been published thus far. In 2014, Yin et al. published 
a prospective uncontrolled study showing that the intradis-
cal injection of fibrin sealant improved pain scores and func-
tion at 6-, 12-, and 24-month follow-ups [214]. In 2017, Kumar 
et  al. combined MSC with hyaluronic acid and demonstrated 
adequate safety, tolerability, and effectiveness at 12 months 
post-treatment compared with conventional treatments [196]. 
In 2019, Ceylan et al. conducted a prospective cohort study in 
29 patients with MRI-diagnosed discogenic pain and found that 
GelStix resulted in a clinically relevant improvement in pain 
and function at 12 months [215]. In 2021, Amirdelfan et al. led 
a multicenter randomized study comparing 4 groups: (1) 18 mil-
lion STRO-3+ adult allogeneic mesenchymal precursor cells 
combined with hyaluronic acid; (2) 6 million mesenchymal pre-
cursor cells and hyaluronic acid; (3) a hyaluronic acid vehicle; 
(4) and a saline placebo injection. One hundred patients with a 
diagnosis of discogenic pain diagnosed by MRI, the exclusion 
of other sources of LBP with negative diagnostic injections, an 
absence of any full thickness annular tear on pre-treatment 
disc injection, and, if needed, provocative discography, were 
included. The two treatment groups showed significant improve-
ments in pain scores along with a lower need for post-treatment 
interventions than the active and placebo-control groups at var-
ious time points through 3-year follow-up [191]. Future research 
should clarify the effect of adding other biomaterials, such as 
hydrogel-based products, to stem cells and stem cell precursors.

5.2.6   |   Cytokine Antagonists

The inflammatory response plays an important role in fo-
menting extracellular matrix degradation and disc degenera-
tion. The pro-inflammatory cytokines tumor necrosis factor 
(TNF)-α and interleukin (IL)-1 and 6 are particularly highly 
expressed in degenerative discs and play an important role 
in the pathological process. Therefore, cytokine antagonists 
have been hypothesized to be a potential treatment target in 
slowing this cycle.

5.2.6.1   |   Evidence.  The clinical evidence regarding intra-
discal cytokine antagonists in the treatment of CDLBP is scarce. 
A placebo-controlled RCT by Cohen et al. [216] showed no evi-
dence of efficacy to the TNF-α antagonist etanercept, but this 
may have been because of the small study population size (n = 36) 
and the low dose of etanercept (escalating doses from 0.1 to 
1.5 mg). A later RCT by Sainoh et al. [217] showed that the addi-
tion of 10 mg etanercept to 2 mL 0.5% bupivacaine reduced 
the pain scores and improved function scores at 4 weeks, though 
this effect diminished at 8 weeks. The same group showed in a 
similar set-up that 40 mg of tocilizumab, an IL-6 monoclonal 
antibody, showed a similar short-term effect, separating from 
placebo for pain through 2 weeks and for function at 4 weeks 
post-injection. At 8 weeks, the difference between groups was 
no longer significant [218].

5.2.6.2   |   Complications.  In the studies described above, 
only one patient (tociluzimab) had discitis. Theoretical com-
plications such as immune-related infections (leukopenia) 
and systemic inflammatory response syndrome (SIRS) were 
not observed at the low doses injected intradiscally.

5.2.6.3   |   Considerations.  Considering that only the study 
by Sainoh et al. demonstrated meaningful short-term efficacy, 
the injection of intradiscal cytokine inhibitors should be limited 
for use in experimental settings [217, 218].

5.3   |   Intradiscal Thermal Procedures

Intradiscal procedures applying heat in an effort to ablate no-
ciceptors have been collectively termed intradiscal thermal 
procedures. They apply electricity or radiofrequency (RF) en-
ergy to generate heat. Multiple procedural variants have been 
developed, with small differences between them. In the liter-
ature, many terms are used interchangeably for the same pro-
cedures. In this article, we describe the main ones: intradiscal 
electrothermal therapy (IDET), biacuplasty, Disctrode, pulsed 
radiofrequency (PRF), percutaneous intradiscal radiofrequency 
thermocoagulation (PIRFT), and nucleoplasty.

5.3.1   |   Intradiscal Electrothermal Therapy

In 2000, Saal and Saal published the first use of IDET for patients 
with CDLBP [219]. IDET is a minimally invasive procedure in 
which heat (90°C) is applied to the AF through a percutaneous 
thermocoil, inserted and placed under radiographic examina-
tion at the anterolateral annular-nuclear interface. It is a form 
of annuloplasty.

The working mechanism is not yet clarified. Some proposed hy-
potheses involve the denervation of the (upregulated) nocicep-
tors in the AF resulting in less pain transmission, modification 
of the collagen fibers resulting in a reduction or sealing of an-
nular fissures and stiffening of the segment(s), dehydration and 
stabilization of the disc, a decrease of vascularity of the AF, and 
possibly retraction of small contained herniations [219–223].

5.3.1.1   |   Indication.  Strict criteria have been proposed 
for treatment with IDET: more than 3 months (predominantly) 
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low back pain, failing conservative treatment for at least 6 weeks 
(see conservative treatment section) with an MRI showing a 
maximum of 2 desiccated discs with at least 50% remaining disc 
height without large or uncontained herniations (< 3–4 mm pro-
trusions) and positive provocation discography showing annu-
lar disruption [223–225]. The fact that no more than 2 discs 
are degenerative is important because the outcomes in cases 
of more extensive disc degeneration are significantly worse 
[225]. Absolute contra-indications include spinal stenosis, spi-
nal infections, uncorrected coagulopathy, and spinal instability 
(such as spondylolisthesis). Proposed relative contra-indications 
are non-specific inflammatory arthritis, obesity, previous lum-
bar spine surgery or IDET in the last 6 months [226–228].

5.3.1.2   |   Technique.  The procedure takes place under 
sterile OR conditions with the patient lying prone with the aid 
of radiographic examination using biplanar or C-arm fluoros-
copy. A hollow 17G introducer needle is inserted via the safe 
triangle located at the anterior border of the ascending facet 
and then posterolaterally into the disc, generally on the side 
with the least complaints. Thereafter, a 30-cm long catheter 
with a 5 (1.5–6) cm long flexible tip [226, 229], which can be 
heated, is advanced through the needle. This tip is advanced 
through the NP and circumferentially around the inner annulus 
until it ideally covers the entire posterior section of the annulus 
(Figure 5). In patients with a large tear in the annulus, it may 
be impossible to maneuver the catheter into the correct posi-
tion. After coil placement has been checked radiographically, 
the introducer needle is withdrawn and the catheter is fixed 
and connected to the IDET generator; the active tip is heated 
to 90°C to conform with the standardized radiofrequency abla-
tion (RFA) protocol. This temperature is reached after approxi-
mately 14 (12.5–14) minutes and is maintained for 4 min at this 
level if the pain is bearable [226, 229]. Afterward, the needle 
and the catheter are removed after the temperature in the nee-
dle decreases.

If the patient reports (radicular) leg pain during the procedure, 
it is possible that a spinal nerve is being irritated and the heating 
process should be terminated immediately.

Prophylactic antibiotics (either intravenously or intradiscally) 
should be considered on a case-to-case basis in high-risk indi-
viduals to prevent (spondylo)discitis [66, 82, 229].

5.3.1.3   |   Postoperative.  The patient can be discharged after 
an adequate recovery period. After the procedure, the patient 
must follow a strict 12-week-long rehabilitation protocol, includ-
ing physical therapy. In the first month, the patient should only 
walk or lie down and do stretches of the hamstring, gastrocne-
mius, and soleus. During the first 2–3 months, patients extend 
the intensity and length of their activities and progressively per-
form increasingly rigorous stabilization floor exercises but still 
avoid lifting, bending, and prolonged sitting. After 5–6 months, 
patients are able to return to sports such as skiing, running, 
or tennis [219, 229].

5.3.1.4   |   Evidence.  Two moderate-to-high-quality older RCTs 
have been published so far. In recent years, no new RCTs have 
been published. Pauza et al. screened 1360 patients with low back 
pain. After applying strict inclusion criteria, 37 patients under-
went IDET and 27 patients sham therapy, in which the IDET cath-
eter was also inserted but without applying the RF current. After 
6-month follow-up, the improvement in pain and function scores 
was significantly higher, although the clinical relevance of the dif-
ference is debatable (1.3 point difference in VAS pain reduction 
and 7-point difference in ODI score reduction). The proportion 
of patients in the treated group who improved by at least 50% in 
pain scores was only 40% versus 33% in the control group, for a 
number needed to treat of 5 [230]. Interestingly, stratified analy-
sis suggested that patients with poor physical function and high 
disability were more likely to benefit from IDET, though the study 
population was relatively less disabled. Limitations are the small 
sample size, baseline differences in important variables, and a 
high lost-to-follow-up rate. In 2005, Freeman et al. [231] published 
an RCT in 57 patients with greater disability than in the study 
by Pauza et  al. [230]. After 6 months, no significant differences 
between IDET (n = 38) and sham therapy (n = 19) were observed 
for any outcome measure [231]. The main limitations are the small 
sample size and the absence of a placebo response suggesting inef-
fective blinding.

In 2006, two meta-analyses were published showing contradic-
tory results. Appleby et al. [232] analyzing seventeen prospec-
tive and retrospective cohort studies found a significant mean 
improvement in pain of 2.9 on the 0–10 VAS and 7 points on 
the ODI and asserted there was sufficient evidence of “relative 
effectiveness”. Freeman et al. [233] included eleven prospective 
cohort studies and reported a significant mean improvement in 
pain of 3.4 on the VAS and 5.2 points on the ODI, but concluded 
(while also considering the two described RCTs and other ret-
rospective studies) that the current published evidence does not 
provide clear evidence of benefit. Furthermore, a more recent 
systematic review by Helm et al. [234] concluded that more re-
cent observational trials are not of sufficient quality and that 
based on the described RCTs, the evidence for the use of IDET 
is level III (fair).

FIGURE 5    |    Intradiscal electrothermal therapy at level L5-S1 in an-
terior–posterior view.
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Andersson et al. [227] performed a systematic review comparing 
IDET with spinal fusion in 2006. They concluded that pain, spi-
nal function, and quality of life improved comparably between 
the 2 procedures, but spinal fusion resulted in more complica-
tions. Since no comparative studies have been published, this 
systematic review was based only on cohort studies investigat-
ing one of the interventions, with much different selection crite-
ria and outcome endpoints. As such, the quality of this evidence 
is very low.

5.3.1.5   |   Complications.  IDET technically requires 
large-bore needles (in contrast to the needles used in discogra-
phy) with a potential greater risk of complications (see “Compli-
cations of discal puncture” in chapter Diagnosis).

However, IDET procedure-related complications rarely arise 
and include [226, 227, 232–235]:

•	 Neural damage such as radiculopathy and cauda equina 
syndrome

•	 Accelerated disc degeneration

•	 Endplate deformation

•	 Infection, that is: (spondylo)discitis and epidural abscess

•	 Dural puncture route may result in post-procedural 
headache

•	 Vertebral osteonecrosis

•	 Breakage of the catheter within the disc

•	 Disc herniation

5.3.1.6   |   Considerations.  In conclusion, one weakly pos-
itive RCT, one negative RCT, multiple positive and two nega-
tive non-randomized prospective studies have been published 
to date, all over 15 years ago. Based on the limited database, 
the evidence of IDET is low to moderate, and we cannot recom-
mend the routine use of IDET. One confounder with the vari-
ous IDET studies is that the selection criteria are inconsistent, 
making generalization difficult. Larger, high-quality studies 
with internationally defined inclusion criteria are needed to 

arrive at definitive judgments about the clinical effectiveness 
of the IDET procedure.

5.3.2   |   Biacuplasty or Cooled Radiofrequency

Biacuplasty was first described in 2006 and is a form of in-
tradiscal radiofrequency thermocoagulation (IDRT). The 
principle is simple: electricity is transmitted between two RF 
probes, creating a thermal lesion through the posterior annu-
lus of the IVD. The thermistor temperature is raised gradu-
ally up to 50°C or 55°C [226, 235]. Biacuplasty is also referred 
to as cooled RF because the probes themselves are internally 
cooled. The proposed mechanism is the same as in IDET: the 
ablation of nociceptive nerve endings. In biacuplasty, there 
is minimal disruption to the native tissue architecture (due 
to the lower temperature) with a larger area that receives the 
energy and thus the biomechanics of the spine are likely un-
changed [234]. Compared to IDET, there is also a lower tech-
nical failure rate as in many cases the IDET catheter cannot 
be circumferentially positioned around the posterior annulus. 
Thus, the relative ease of electrode placement into the pos-
terior annulus eliminates the need to thread a long heating 
catheter (e.g., IDET).

5.3.2.1   |   Technique.  The procedure is performed in a prone 
position, with the patient awake. Two TransDiscal 17G elec-
trodes are placed bilaterally through introducers into the pos-
terior annulus, using a posterolateral, oblique approach under 
fluoroscopic guidance (Figure  6). The temperature increases 
gradually over a period of 7–8 min to 50°C, maintaining this tem-
perature for 7 min. An alternative method uses 18G electrodes, 
increasing the temperature over 11 min to 55°C and maintaining 
it for 7 min. It should be noted that although the temperature 
is set to 50°C on the RF generator, similar to IDET, the tissue 
temperature is higher, reaching 65°C due to ionic heating. 
After the needle is removed, the patient is observed for 45 min 
and then discharged [236].

5.3.2.2   |   Evidence.  In 2013, Kapural et al. [237] published 
a high-quality RCT in 59 patients. At 6-month follow-up, physi-
cal function, pain, and disability were significantly improved in 

FIGURE 6    |    Biacuplasty at level L4-L5 in anterior–posterior and lateral view.
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the biacuplasty group compared to the sham group. At 6 months, 
pain reduction and improvement in disability in the biacuplasty 
group exceeded that in the sham group significantly (respectively 
2.19 vs. 0.6 points on the 10 point NRS and 7.43 vs. −0.24 points 
in ODI scores). This RCT excluded obese (BMI > 30) patients 
and smokers. Since obesity and smoking are known risk fac-
tors for IVD degeneration, this subset of patients may have been 
missed, though obesity appears to be a risk factor for complica-
tions after intradiscal heating [228, 238–241]. In 2015, Kapural 
et al. [242] reported follow-up data on the original 22 patients 
in the biacuplasty group through 12 months. In this cohort, 
the improvement in pain and physical function remained sig-
nificant: NRS reduction of 2.73, ODI reduction of 7.93 and SF-36 
improvement of 21.82 points, compared to baseline.

Another RCT compared biacuplasty and conventional medical 
management (CMM) to CMM-alone in 63 subjects [243]. At 
6 months, VAS pain reduction in the biacuplasty + CMM group 
exceeded that in the CMM group significantly (2.4 vs. 0.56 points 
on the VAS), and the proportion of patients who experienced at 
least a 2-point or 30% decrease in their VAS pain score was sub-
stantially greater (50% vs. 18%). Forty-two percent of subjects in 
the biacuplasty + CMM group reported ≥ 50% relief of symptoms 
compared to only 7% in the CMM-alone group. Functional out-
comes also favored the biacuplasty + CMM group, including a 
mean difference in ODI scores of 8 points and a mean difference 
in SF-36 of 12 points at 6 months.

Similar to Kapural et al. [242] Desai et al. [244] also reported a 
12-month follow-up data on 22 of the original 29 patients in the 
intervention group. In this cohort, they found that the reduction 
in pain compared to baseline was 2.4 at 6 months and remained 
nearly unchanged at 2.2 at 12 months. Furthermore, a higher 
proportion of patients (55%) experienced at least a 2-point or 30% 
decrease in VAS pain scores, while the percentage of patients 
achieving at least 50% improvement remained steady at 41%. 
Significant improvements were also noted in terms of function 
and disability when compared to baseline measurements: ODI 
reduction of 12 and SF-36 improvement of 14 points compared 
to baseline. However, due to attrition in the CMM-only group, 
the study lacked the power to compare outcomes between the 
two groups.

In both follow-up studies, the control group was offered bi-
acuplasty after unblinding. A significant majority, 89% and 80%, 
respectively, opted for crossover and demonstrated clinically 
meaningful improvements at the final follow-up similar to pa-
tients initially randomized to biacuplasty.

Elawady et  al. [245] conducted another RCT comparing bi-
acuplasty with conservative management in 44 patients with 
CDLBP, diagnosed by clinical findings and MRI. At follow-ups 
up to 6 months, the mean differences in NRS and ODI were sig-
nificantly lower in the biacuplasty group, with clinically rele-
vant reduction in mean NRS (5 vs. 2.4 points) and ODI scores 
(22.5 vs. 10.1 points) at 6 months.

5.3.2.3   |   Complications.  The safety profile of the proce-
dure and the absence of perioperative and postoperative com-
plications have been reported [234, 242, 246]. The published 

literature regarding biacuplasty has not reported any com-
plications, and thus the procedure should be considered 
low risk for adverse events. However, the generic com-
plications for disc-heating procedures (e.g., the potential 
for subsequent disc injury, neurological complications from 
cannula placement and heating, see “IDET”) can occur, 
and the paucity of complication data regarding this procedure 
warrants caution.

5.3.2.4   |   Considerations.  Based upon evidence from three 
high-quality RCTs, biacuplasty seems to provide a clinically 
relevant reduction in CDLBP and commensurate functional 
improvement. However, more RCTs with longer follow-up peri-
ods are needed to confirm these findings as well as the safety. 
Based on dated literature, biacuplasty may be considered as a 
treatment option for patients with discogenic back pain refrac-
tory to other treatments.

5.3.3   |   Disctrode

Another described RF technique is Disctrode. It functions by 
utilizing a wire placed across the posterior annulus to gener-
ate a unipolar RF lesion. In a sense, it is a unipolar variant 
of biacuplasty. Disctrode does not solve the technical chal-
lenges involved in passing a wire across a diseased annulus. 
The evidence supporting Disctrode is very limited. One case–
control study reported added benefit over stand-alone conser-
vative treatment in patients who either refused the treatment 
or could not get the procedure paid for by insurance, but did 
not include a sham control [247]. Kvarstein et  al. published 
an RCT comparing Disctrode with a sham treatment [248]. 
Although the study had only 20 patients, there was no benefit 
observed for Disctrode, with increased pain reported in the 
Disctrode group. Another prospective matched-control trial 
found that Disctrode was ineffective compared to IDET [225]. 
A systematic review including these studies concluded that 
there was no (or limited evidence) supporting the Disctrode 
and that it should not be considered standard of care [234]. 
Although they found no published cases of complications, 
the potential complications are similar to those of other disc-
heating devices.

5.3.4   |   Percutaneous Intradiscal Radiofrequency 
Thermocoagulation

Percutaneous intradiscal radiofrequency thermocoagulation 
(PIRFT) uses RF energy to heat the disc in the center/nucleus 
and is hypothesized to coagulate collagen fibers, repair annular 
fissures, and ablate nociceptive nerve endings.

5.3.4.1   |   Technique.  Under fluoroscopic guidance, a 20-G 
15 cm cannula with a 10 mm active tip is directed into the NP 
and after negative motor (2 Hz) and sensory (50 Hz) stimula-
tion, an alternating current (250–500 kHz) is produced by an RF 
generator. This causes ionic movement and heat generation in 
the area close to the active tip. The temperature of the active tip 
is continuously measured and when it rises to 70°C–90°C, it is 
maintained from 90 to 360 s [249–252].
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5.3.4.2   |   Evidence.  Clinical effectiveness of the PIRFT 
procedure has been reported in two RCTs. In a randomized, 
double-blind, sham-controlled trial by Barendse et  al. that 
included 28 patients, no differences were reported for pain, 
global perceived effect, and ODI between the two groups 
8 weeks after treatment [250]. It should be noted that this 
study was underpowered, and a diagnosis of discogenic pain 
was made by ruling out facetogenic pain followed by analgesic 
discography. In an RCT by Ercelen et al. 39 patients selected 
by provocative discography were randomized to either PIRFT 
for 120 s or 360 s. Similar to the study by Barendse et  al. 
the authors found no significant differences in pain reduction 
and functionality between groups. Although improvement 
in both groups was noted at 1 month, at 6 months there was 
no meaningful benefit in either group compared to baseline 
[252].

Sun et al. performed a retrospective analysis comparing PIRFT 
with nucleoplasty (later described in this article) in 85 patients 
with CDLBP confirmed by provocative discography. They re-
ported better pain reduction and functional improvement in the 
nucleoplasty group compared to the PIRFT group at 6- and 12-
month follow-ups. In the PIRFT group, they reported 3.00, 2.50 
and 2.30 points pain reduction on the VAS and at, respectively, 
3, 6, and 12 months [251].

5.3.4.3   |   Complications.  Sun et  al. reported an increased 
intensity of low back pain in three patients and new and per-
sistent numbness in the leg and foot in two other patients [251]. 
No complications or side effects were mentioned in other stud-
ies, but it must be noted that the numbers of patients in these 
studies were small [249, 250, 252].

5.3.4.4   |   Considerations.  As discussed in the pathophysi-
ology section, discogenic pain primarily originates from noci-
ceptors located predominantly in the annulus's outermost layer. 
Thus, targeting the center of the nucleus with heat may not effec-
tively reach and neutralize the intended nociceptors. Moreover, 
the current literature lacks comprehensive data on potential 
complications or side effects associated with PIRFT, suggesting 
a cautious approach to its clinical application. Although a study 
by Zhang et al. [253] suggests the possibility of improved out-
comes with bipolar over monopolar PIRFT, the evidence is still 
lacking. More research on bipolar PIRFT is essential to better 
ascertain its efficacy and safety.

5.3.5   |   Pulsed Radiofrequency of the Nucleus Pulposus

Pulsed radiofrequency (PRF) creates an electric field by brief 
electrical stimulations followed by longer resting phases. This 
electrical field results in a temperature increase up to 42°C, 
without damaging neural or tissue structures. In CDLBP, PRF 
of the NP is hypothesized to provide benefit by: (1) creating 
an electric field which reaches and halts conduction in nerve 
endings residing in the AF because of the low impedance of 
the NP; (2) creating heat that reaches the AF due to the ther-
mal isolating properties of the VE; (3) enhancing descending 
modulatory pathways and favorably altering gene expression. 
The heat and electric field created modify nociceptors, re-
duce the conductivity of nerve endings, increase and decrease 

the production of anti- and pro-inflammatory cytokines, re-
spectively, thus reducing inflammation and pain [254–256]. 
Furthermore, PRF may affect the composition of the NP it-
self and thus reduce the triggering of nerve endings in the 
AF [254].

5.3.5.1   |   Technique.  In CDLBP, PRF is applied intradis-
cally. In the center of the NP, PRF is applied for 15–20 min (pulse 
width 5-20 ms, 2–5 Hz, 60 V) through a 20-G electrode with a 
large active tip.

5.3.5.2   |   Evidence.  The evidence regarding intradiscal PRF 
is of (very) low quality. Until 2014, three prospective single-arm 
studies showed promising results at 6 or 12 months follow-up, 
but no placebo-controlled RCTs followed [255–257]. Fukui 
et  al. retrospectively compared intradiscal PRF with IDET 
and found a small, but not statistically significant difference 
favoring IDET [255]. Papadopoulos et al. conducted an RCT to 
evaluate the additional value of PRF directly after intradiscal 
treatment with jellified ethanol and showed that the combined 
treatment resulted in significantly greater pain reduction at 6 
and 12 months follow-ups [258].

5.3.5.3   |   Complications.  No significant adverse effects 
were reported in these studies.

5.3.5.4   |   Consideration.  Regarding this evidence, intra-
discal PRF should not be performed as a standard treat-
ment in chronic discogenic lumbar pain, with randomized 
placebo-controlled trials needed to elucidate its effectiveness.

5.3.6   |   Nucleoplasty

This percutaneous minimally invasive technique is known by 
several names, including radiofrequency coblation, plasma dis-
cectomy, or plasma disc decompression. The procedure employs 
a process called “coblation,” wherein a bipolar RF probe gener-
ates a high-energy plasma field. This field has the capability to 
disrupt molecular bonds, allowing for the evaporation of tissue 
at relatively low temperatures. Consequently, intradiscal pres-
sure is reduced while maintaining the integrity of surrounding 
tissues. However, it is important to note that the effectiveness of 
this plasma field is contingent upon a conductive environment; 
thus, the procedure may not be suitable for dehydrated discs 
that have lost more than 50% of their height, often referred to as 
“black discs” on MRI scans. Additionally, contra-indications for 
this treatment include conditions such as spinal stenosis, spinal 
fractures, or tumors.

5.3.6.1   |   Technique.  After positioning the patient prone, 
a 16- or 17-G needle is positioned in the nucleus fluoroscop-
ically guided via posterolateral approach. The probe is moved 
back and forth and rotated intradiscally, generating a tempera-
ture of 40°C–70°C. In this way, six or more tunnels are made 
in the nucleus and approximately 1 cm of the NP is removed. 
As the needle is withdrawn, coagulation takes place thermally 
treating channels and adjacent nerve fibers.

5.3.6.2   |   Evidence.  It has been suggested that nucleop-
lasty and plasma disc decompression techniques are best suited 
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for patients with radicular pain secondary to contained disc 
herniations with protrusion sizes up to one-third the sagittal 
diameter of the spinal canal, or ≤ 5 mm [259, 260]. However, 
for CDLBP, the evidence is limited. Four prospective observa-
tional studies have reported favorable clinical outcomes [261–
264]. The mean reduction in VAS was approximately 3 until a 
follow-up of 12 months [262, 263]. There was 50% or more pain 
relief in 53%–74% of the patients until a follow-up of 12 months 
[261, 262, 264]. The mean reduction in ODI score was 25 and 21, 
and the mean increment in the SF-36 score was 14 and 12, at, 
respectively, 6 and 12 months [263]. One study reported results 
on 16 patients with radicular symptoms secondary to a con-
tained disc and radiculopathy; in 7 with sitting intolerance 
and a positive discogram, IDET was also performed at the same 
visit. In these 16 patients, only 1 (who underwent only nucle-
oplasty) experienced at least 50% pain relief at 6-month fol-
low-up [265]. Because of the limited evidence for effectiveness, 
placebo-controlled trials are still needed.

5.3.6.3   |   Complications.  This treatment has been utilized 
on a large scale, and the complication rate appears to be low 
and acceptable [259, 260]. The most significant side effect is tem-
porary soreness at the point of needle insertion [266].

5.3.6.4   |   Consideration.  Although some cohort trials 
report favorable outcomes, randomized placebo-controlled tri-
als are lacking. Therefore, this intervention should only be per-
formed in the context of research.

5.4   |   Extradiscal Invasive Treatment Options

5.4.1   |   Ramus Communicans Block

Except for the posterior disc, the sensory innervation of the disc 
is through rami communicantes and sympathetic trunk. A ther-
apeutic approach might therefore involve RFA of the rami com-
municantes of the affected and contiguous disc(s). RFA causes 
denervation due to coagulation necrosis of neural tissue, thereby 
interrupting neural pathways.

5.4.2   |   Diagnostic Block

The C-arm is positioned such that the direction of the radia-
tion beam in the transverse plane is approximately 20° oblique 
with the facet joints projected away, and the vertebral column 
clearly visible. For the angle in the sagittal plane, the C-arm 
is rotated laterally on its axis. As a result, the transverse pro-
cess changes location relative to the vertebral body. The di-
rection of the radiation beam must be such that the axis of the 
transverse process lies slightly above the middle of the verte-
bral body.

Usually, an SMK-C15 cannula is used for this procedure. The 
injection point is marked just caudally to the transverse process 
and somewhat medially to the lateral edge of the vertebral body. 
After local anesthetization of the skin, the needle is advanced 
in a co-axial view until contact is made with the vertebral body. 
On the lateral projection, the point of the needle lies somewhat 
ventral to the posterior side of the vertebral body.

Half a milliliter of contrast agent is injected. In an anteroposte-
rior projection, this usually results in a very compact shadow; 
on the lateral projection, the contrast agent spreads anteriorly 
over the vertebral body. In case of intravascular uptake, a small 
change in position is necessary. Finally, 1 mL of a local anes-
thetic is injected.

5.4.3   |   Radiofrequency Ablation

An SMK-C15 cannula with a 5 mm active point is used. The in-
sertion of the needle for RFA should be the same or similar as that 
described for the diagnostic block (Figure 7). When the needle is 
correctly positioned, stimulation at 50 Hz should cause sensations 
in the back at a voltage of ≤ 0.5 V. Thereafter, 2 Hz stimulation is 
applied. Contractions of the leg muscles should not occur at below 
twice the value of the sensory threshold, or < 1.5 V. If these condi-
tions are not met, then the needle is adjusted slightly until concor-
dant stimulation without distal leg contractions has been achieved. 
An RF treatment is made for 120 s at 80°C.

FIGURE 7    |    Radiofrequency ablation of the rami communicantes at levels L3–L4 and L4–L5 in lateral view.
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5.4.3.1   |   The L5 Level.  This level deserves special men-
tion since the anatomical relationships can require a modi-
fied approach. This can stem from a high iliac crest or a broad 
transverse process. In these cases, the L5 segmental nerve exits 
the intervertebral foramen more horizontally than the other 
lumbar nerves do. While adjusting the C-arm axially, it is best 
to project the transverse process as high as possible. By doing 
so, a safe needle position can often be found for this level. Nev-
ertheless, the intervention at this level may not be possible in 
all cases.

5.4.3.2   |   Evidence.  In 2004, Oh and Shim published 
a randomized sham (with lidocaine)-controlled trial in 49 
patients with CDLBP confirmed by provocative discography 
and limited to a single level. These patients had failed IDET 
and experienced ≥ 50% pain relief after a diagnostic ramus 
communicans block [11]. At 4-month follow-up, the patients 
treated with RF (60 s at 65°C) experienced greater reduction 
in VAS pain scores (3.3 vs. 0.7) and improvement in function 
(15.2 vs. 2.4 on the 36-Item Short-Form Health Survey) com-
pared to the control group.

In 2016, Tilburg et al. conducted a non-inferiority randomized 
sham-controlled, double-blind trial using RF during 60 s at 80°C 
and found no significant difference between groups at 3-month 
follow-up [12]. They included 60 patients with chronic discogenic 
pain, diagnosed by medical history, physical examination, a CT 
or MRI as indicated, and a positive diagnostic block. However, 
provocative discography was not used, which is an important 
methodological pitfall.

5.4.3.3   |   Complications.  The possible complications 
include mild to severe neuritis, numbness, and transient dyses-
thesia and weakness in the affected limb caused by thermal 
damage of the nerve root. Only the RCT by Oh and Shim men-
tioned possible complications, describing one patient with tran-
sient complaints of mild lower limb dysesthesia and weakness 
[11].

5.4.3.4   |   Consideration.  In conclusion, the current evi-
dence is based on one positive but methodologically limited 
RCT and one negative RCT that did not use diagnostic provoc-
ative discography, both with limited follow-up periods. More 
high-quality RCTs with longer follow-up are needed to better 
determine whether ablation of the ramus communicans can pro-
vide meaningful benefit and provide more information on com-
plications. Therefore, the use of RF of the ramus communicans 
should be reserved for research studies.

5.4.4   |   Radiofrequency Ablation of the Sinuvertebral 
and Basivertebral Nerves

RFA of the sinuvertebral nerve (SVN) and RFA of the basiverte-
bral nerve (BVN) are relatively new techniques to denervate the 
disc. The BVN is a paired nerve arising from the SVN, which 
enters the vertebral body posteriorly and branches out into it, 
innervating it, including the VEPs.

5.4.4.1   |   Technique.  RFA of the BVN is performed in 
the prone position under general anesthesia or conscious 

sedation. With fluoroscopic or CT guidance in a true anterior–
posterior view, an introducer trocar is placed transpedicularly, 
and with the help of a mallet, reaches and breaches the poste-
rior aspect of the vertebral body, through which a curved bipolar 
RFA electrode is placed. RFA is performed at 85°C for 15 min. 
Sayed et al. [267] and Khalil et al. [268] described the procedure 
in detail for further reference.

RFA of the SVN is described by Kim et al. [269] with endoscopic 
visualization using a transforaminal or interlaminar approach. 
However, no clear RFA method was described.

5.4.4.2   |   Evidence.  RFA of the BVN have been investi-
gated in patients with chronic vertebrogenic low back pain 
(CVLBP), but scarcely in patients with CDLBP. CVLBP is 
not clearly defined, but recent literature seems to agree that 
it is caused by endplate injury, resulting in chronic inflamma-
tion, high bone turnover and fatty infiltrates. The symptoms 
consist of predominantly (para)midline low back and buttock 
pain without lower leg symptoms, and Modic changes types 1 
and 2 [270]. It is difficult to discriminate CVLBP and CDLBP, 
and it is not yet clear whether positive provocative discog-
raphy rules out CVLBP [271]. Thus, it is plausible that these 
seemingly distinct pathologies overlap with similar nocicep-
tive pathways.

Therefore, interventions described for CVLBP might be ef-
fective in patients with CDLBP. Several (systematic) reviews 
[272, 273] describe moderate-quality evidence (multiple RCTs 
with multiple years follow-up) that RFA of the BVN reduces 
pain and disability and improves function significantly in pa-
tients with CVLBP.

In 2021, Kim et  al. published a prospective case series de-
scribing 30 patients with CDLBP (confirmed by provocative 
discography) and spinal stenosis or disc protrusion who un-
derwent RFA of the SVN and BVN with a uniportal—either 
transforaminal or interlaminar—endoscopic approach [269]. 
In 14 patients who also had a disc protrusion, nucleoplasty 
was performed as well. A statistically and clinically signifi-
cant reduction in pain was observed after 3 months and at the 
end of a mean follow-up time of 14.9 months (6–31 months), 
with NRS reductions of 5.4 and 5.7, respectively. At these fol-
low-up points, ODI scores also reduced from 68.3 at baseline 
to, respectively, 22.3 and 21.4 points.

5.4.4.3   |   Complications.  RFA of the BVN appears to have 
a good safety profile, as adverse events are rare and mostly 
self-limiting. In 2022, Conger et al. published a single-arm sys-
tematic review and meta-analysis that included a total of 414 
participants with CVLBP who underwent RFA of the BVN [272]. 
The most commonly reported adverse events were lumbar/but-
tock pain (1.0%), leg pain or leg paresthesia due to radiculopathy 
(3.4%) and dysesthesia (0.7%), which were usually temporary. 
Rare complications included retroperitoneal hemorrhage (n = 1), 
psoas hematoma (n = 1) and iliopsoas hematoma (n = 1, treated 
with embolization).

In the current literature, little is known about the complication 
rate regarding RFA of the SVN. In the study by Kim et al. only 
1 complication in 30 patients was reported—a foot drop—which 
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was self-limiting. Whether this was caused by the RFA of the 
BVN or the SVN was unclear [269].

5.4.4.4   |   Considerations.  RFA of the BVN appears to be 
an effective treatment for patients with CVLBP. However, given 
the paucity of evidence for efficacy, RFA of the SVN or the BVN 
should not be offered to patients with CDLBP. Conducting 
non-industry-funded RCTs focusing solely on these therapies 
(without additional therapy) and in patients with CDLBP is a 
necessary first step. Another avenue of interest is determining 
whether RFA of the SVN and/or the BVN is more effective in 
specific subgroups of patients with CDLBP, for example those 
with severe Modic changes or fissures posteriorly or close to 
the endplates.

5.4.5   |   Spinal Cord Stimulation

In SCS, implanted leads in the epidural space conduct an electri-
cal field transmitting and stimulating the dorsal column of the 
spinal cord. It is hypothesized that activation of mechanorecep-
tors in the dorsal column inhibits the transmission of nocicep-
tive pain signals in second order neurons in the dorsal horn (also 
known as the “gate-control mechanism”). Furthermore, the in-
creased release of serotonin, norepinephrine, and acetylcholine 
in the dorsal horn, the activation of spinal gamma-aminobutyric 
acid (GABAergic) pathways, the depression of glial cells, and 
the modification of supraspinal pathways, have been proposed 
as additional mechanisms [274, 275]. Over the years, different 
modes of SCS have been developed. Two of the new variants 
of SCS include “subthreshold” or “high-frequency”, defined as 
tonic stimulation at 1–10 kHz, and “burst”, defined as intermit-
tent bursts of stimulation [276–278].

5.4.5.1   |   Evidence.  SCS has been proven to be a safe 
and effective treatment for certain chronic pain indications, 
including non-operated low back pain [279–283]. For spe-
cific CDLBP, only a few cohort studies have been conducted. 
In 2012, Vallejo et al. prospectively followed ten patients with 
CDLBP (confirmed by provocative CT discography and refrac-
tory to other treatments) treated with a 10-day SCS trial [284]. 
Nine patients had a positive trial (at least 50% pain reduction on 
the NRS) and received a permanent SCS. After 12 months with 
one patient lost to follow-up, a 62% pain reduction was observed 
(NRS pain score declined from 7.7 to 2.9). The disability scores, 
however, were not significantly improved. The mode of SCS 
was not specified in the published article. In 2023, Mons et al. 
prospectively followed 17 patients with severe CDLBP (proven 
with provocative discography and refractory to conservative 
and minimally invasive treatments) treated with a 10-to-14-day 
SCS trial. Fifteen patients had a positive trial (at least 50% reduc-
tion on the NRS) and received a permanent SCS [285]. After 
12 months, disability and pain remained significantly reduced 
(ODI score declined from 41.2 to 25.8 and NRS pain score 
declined from 7.2 to 4.3). Patient satisfaction and quality of life 
did not improve significantly.

5.4.5.2   |   Complications.  General complications of SCS 
for CDLBP are the same as SCS complications for different indi-
cations. In 2023, Rauck et al. published the results of a global reg-
istry that included 1881 patients with an implanted SCS device 

for multiple indications, prospectively followed for 3 years [286]. 
A total of 1289 received a permanent SCS implant after a posi-
tive trial. During follow-up, 7.6% of the permanent devices were 
explanted, of which 2.5% indicated inadequate pain relief as 
the cause for removal. 6.2% underwent revision due to technical 
problems such as device migration or high impedance. Among 
the 1881 consenting patients, 38 (2%) patients had an infection 
(one of which was bacterial meningitis), four patients (0.2%) 
had an epidural hematoma, and 25 patients (1.3%) complained 
of pain. Rarer adverse events (< 0.3%) included migraine, (pul-
monary and intracranial) hypotension, muscular weakness, 
and bradycardia.

5.4.5.3   |   Consideration.  Only two small prospective 
cohort trials performing SCS in patients with CDLBP have 
been published. Furthermore, pre-clinical and clinical stud-
ies both suggest a higher likelihood of success for neuropathic 
than non-neuropathic pain states [287, 288]. Therefore, SCS 
should not be considered as standard therapy for CDLBP. None-
theless, given the promising results, the safety, and revers-
ibility of this therapy, we encourage future large-scale RCTs 
and cost-effectiveness analyses.

5.4.6   |   Dorsal Root Ganglion Stimulation

Dorsal root ganglion stimulation (DRG-S) has been proposed 
as an alternative to SCS. It uses a similar stimulation strategy, 
but the leads are placed near the affected DRGs in the inter-
vertebral foramen. DRG-S is a safe and effective treatment for 
different neuropathic pain syndromes, including failed back 
surgery syndrome (FBSS) and FBSS with a discogenic com-
ponent [289].

The mechanism of action is poorly understood but several 
mechanisms may be involved. These include the modulation of 
nociceptive signals at the bifurcation of sensory neuron axons, 
potentially covering multiple dermatomes by the convergence of 
peripheral nerves and orthodromic propagation of signals into 
the dorsal horn; Aδ-fiber stimulation that causes down regula-
tion of pain neurotransmitters and increased gate-control in the 
dorsal horn [10, 290].

It has been hypothesized that the L2 level serves as an important 
relay station in the conduction of painful stimuli from the lum-
bar spinal cord and therefore is a therapeutic target. Pain signal-
ing from the lower lumbar discs follows the sympathetic trunk 
and converges via the caudal-most white ramus communicans 
nerve to the dorsal horn [291–294].

Due to the proximity of DRG to the lead, lower frequencies 
and amplitudes, and thus smaller electric fields, are sufficient 
for analgesia than with SCS. It is possible that frequencies as 
low as 1 Hz are effective, but the optimal programs are still un-
known [10].

5.4.6.1   |   Evidence.  For several indications, DRG-S has been 
proven to be an effective therapy [293, 295–300]. In 2020, Kalle-
waard et  al. [292] conducted an observational study in which 
twenty patients with CDLBP confirmed by provocative discog-
raphy and a negative medial branch block without a history 
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TABLE 2    |    Evidence of interventional pain management of CDLBP.

Technique
Level of 

evidence Best available evidence + effect (size)a Recommendation

Biacuplasty Moderate 3 RCTs [237, 243, 245]: reduced pain (1.6, 1.8 and 
2.6) and ODI scores (8 and 12) at 6 months. The 
effects in the intervention cohorts sustained at 

12 months (not sham-controlled) [242, 244]

Can be performed for 
refractory cases in 

selected centers

Spinal cord 
stimulation

Moderate No RCTs
Prospective cohort [284]: positive outcome in 

9/10 patients, reduced pain scores (4.8), but no 
improvement in disability at 12 months.

Prospective cohort [285]: positive outcome 
in 15/17 patients, reduced pain scores (2.9) 

and ODI (15.4), but no improved patient 
satisfaction or quality of life at 12 months

Could be considered only in 
severe cases when all other 

treatments have failed

IDET Low RCT [231]: sham-controlled trial negative at 6 months
RCT [230]: sham-controlled trial reduced 

pain (1.3) and ODI scores (7) after 6 months 
with a number needed to treat of 5

2 single-arm MA [232, 233]: reduced pain scores 
(2.9–3.4) and ODI (5.2–7.0) at 6–34 months

Can be considered for 
refractory cases with 
debilitating pain, but 

ideally in a study setting

DRG stimulation 
(L2)

Very low No RCTs
Prospective cohort [292]: 68.3% of patients had 
significant pain reduction, reduced ODI (21.99) 
and increased EQ-5D index (0.23) at 12 months

Should not be considered 
as standard treatment but 

may be considered as rescue 
therapy for refractory cases 
or as part of a clinical study

Intradiscal 
corticosteroid 
injection

Low 2 RCTs [120, 121]: negative at 2 weeks and 12 months
RCT [122]: reduced pain scores and 

ODI at 3 and 6 months
RCT [123]: reduced pain scores (1.5 points), but not 

functional outcomes at 1 month, negative at 12 months
RCT [124] (control group: lidocaine): reduced pain 

scores (2.8 points) at 1 month, but not at 3 or 6 months

Should not be used outside 
of a study setting

Intradiscal 
methylene blue 
injection

Low RCT [130]: negative at 6 months
RCT [131]: reduced pain and ODI scores (approx. 
4.5 and 33, respectively) at 6, 12 and 24 months
1 single-arm MA [135]: reduced pain and ODI 

scores (3.6 and 25, respectively, at 3 months, 3.0 
and 23 at 6 months, 3.2 and 30 at 12 months)

Should not be used outside 
of a study setting

PIRFT Low RCT [250]: negative at 8 weeks Should not be used outside 
of a study setting

Mesenchymal 
stem cells 
injection

Very low RCT [192]: negative at 3, 6 and 12 months
RCT [191]: improvement in VAS and ODI until 36 months

Single-arm MA [186]: reduced pain scores 
(3.7) and ODI (26) at 12 months

Should not be used outside 
of a study setting

Platelet rich 
plasma injection

Very low RCT [198]: negative at 2 months
RCT [152]: reduced “best pain scores” (0.7), but 
no improved functional outcomes at 2 months

4 single-arm MA [184–186, 188]: 
reduced pain scores (approx. 4)

Should not be used outside 
of a study setting

Cytokine 
antagonists

Very low 2 RCTs [216, 217]: negative at 1–2 months Should not be used outside 
of a study setting

(Continues)
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Technique
Level of 

evidence Best available evidence + effect (size)a Recommendation

Disctrode Very low RCT [248]: negative at 6 and 12 months Should not be used outside 
of a study setting

Pulsed RF of the 
disc

Very low No RCTs
Prospective cohort [257]: reduced pain 
scores (2) and ODI (10.6) at 12 months

Prospective cohort [255]: reduced 
pain scores (4.7) at 6 months

Prospective cohort [256]: 38% of patients had 
significant pain reduction at 3 months

Should not be used outside 
of a study setting

Nucleoplasty Very low No RCTs
4 prospective cohorts [261–264]: 53%–74% of patients 
had significant pain reduction, reduced pain scores 
(3) and ODI (21), increased SF-36 (12) at 12 months

Primary indication is 
radicular pain from a 
contained herniation. 

Should not be used outside 
of a study setting

RFA of the ramus 
communicans

Very low RCT [12]: negative at 1 and 3 months
RCT [11] (control group: lidocaine): reduced pain scores 

(2.6) and improved SF-36 scores (12.8) at 4 months

Should not be used outside 
of a study setting

RFA of the SVN/
BVN

Very Low No RCTs
Prospective cohort [269]: reduced pain scores 

(5.7) and ODI (52.7) at 6–31 months

Should not be used outside 
of a study setting

Abbreviations: BVN, basivertebral nerve; CDLBP, chronic discogenic low back pain; COMI, Core Outcome Measures Index (0–10); DRG, dorsal root ganglion; IDET, 
intradiscal electrothermal therapy; MA, meta-analysis; ODI, Oswestry Disability Index (0–100); PIRFT, percutaneous intradiscal radiofrequency thermocoagulation; 
RCT, randomized controlled trial; RFA, radiofrequency ablation; RMDQ, Roland Morris Disability Questionnaire (0–24); SCS, spinal cord stimulation; SF-36, 36-Item 
Short-Form Health Survey; SVN, sinuvertebral nerve; VAS, visual analog scale.
aEffect sizes are presented as mean (change) differences between groups in the case of RCTs or MA or as mean differences from baseline in the case of prospective 
trials or single-arm meta-analyses.

TABLE 2    |    (Continued)

FIGURE 8    |    Algorithmic approach for the treatment of chronic discogenic low back pain. BVN, basivertebral nerve; CT, computed tomography; 
MRI, magnetic resonance imaging; RFA, radiofrequency ablation; SI, sacroiliac; SVN, sinuvertebral nerve.
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of back surgery underwent a 14-day trial of bilateral DRG-S at 
L2. One patient had such extensive adhesions it was impossible 
to place the lead. Fifteen patients had at least 50% pain reduc-
tion and received a permanent stimulator. Significant pain 
reduction was reported at follow-up at 2 weeks (78.7%), 3 months 
(64.8%), 6 months (63.4%), and 12 months (68.3%) and com-
mensurate improvements in disability (ODI scores decreased 
from 42.09 to 20.1) and quality of life (EQ-5D index increased 
from 0.61 to 0.84) at 12 months. In 2024, Mons et al. compared 
the results of their 2023 SCS study with those of the 2023 study 
by Kallewaard and colleagues. They concluded that DRG-S of L2 
resulted in significantly greater pain relief and disability reduc-
tion at 12 months than burst SCS. Obviously, this conclusion is 
limited by the small study populations and indirect comparison 
(i.e., different selection criteria).

5.4.6.2   |   Complications.  Rates of device-related adverse 
events with DRG-S appear to be similar to SCS, with the most 
frequently reported being lead fractures (5.9%), lead migration 
(5.9%), infections (1.1%–5.1%) and dural puncture (4.3%). Rarer 
complications include pain, CSF leaks and motor weakness [289, 
301]. In the study by Huygen et al. 6.3% of the DRG-S devices 
were explanted, mostly due to infection (3.2%) or lack of pain 
relief (2.0%) [289].

5.4.6.3   |   Considerations.  Only two small prospective 
cohort studies performing DRG-S in patients with CDLBP have 
been published. Therefore, it should not (yet) be offered as stan-
dard therapy for CDLBP. However, given the promising results, 
we encourage future, large-scale RCTs and cost-effectiveness 
analyses. Additionally, the comparison with SCS should be rep-
licated in a large RCT that utilizes state-of-the-art technology.

6   |   Summary of the Evidence

The published evidence of interventional pain management of 
CDLBP is summarized in Table 2.

A practice algorithm for the management of CDLBP is illus-
trated in Figure 8.
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