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 Introduction

Degenerative changes of the lumbar spine are 
one of the major causes of pain, disability, fall, 
and depression in the elderly. There is an associ-
ated negative impact on the quality of life compa-
rable to other conditions such as cardiovascular 
disease, cerebrovascular disease, or respiratory 
disease [1, 2]. Direct and indirect economic costs 
ranging from $560 to $630 billion are related to 
the decrease in productivity, treatments, and 
comorbidities in the United States alone [3, 4]. 
Disk degeneration and spinal canal stenosis are 
the two most frequent diagnoses seen in patients 
with degenerative spine disease [5].

Disk degeneration is a frequent diagnosis 
affecting at least 40% of patients with stable axial 

low-back pain (LBP) [6] and the most frequent 
cause of stable LBP in the young adult. Other fre-
quent pain generators in stable axial LBP are 
related to facet joint syndrome (~15–30%) and 
sacroiliac dysfunction (~13–19%). Frequently, 
combinations of all the above pain generators are 
seen together.

A combination of disk and facet degeneration 
will often result in spinal canal stenosis [7]. 
Given the wide variation in accepted criteria for 
defining lumbar spinal stenosis and the frequent 
prevalence of asymptomatic imaging finding, 
especially asymptomatic disk degeneration [8], 
treatment of such lumbar conditions is solely 
driven by the patient’s symptoms. Most fre-
quently, the first line of treatment should include 
conservative management with physiotherapy; 
should there be no improvement with time, many 
minimally invasive interventional techniques are 
now available. The following chapter will review 
some of the minimally invasive techniques avail-
able to alleviate pain related to these frequent spi-
nal diagnoses.

 Disease and Clinical Diagnosis

 Disk Degeneration

Intervertebral disk (IVD) degeneration is associ-
ated with disk disruption, phenotype alteration of 
healthy cells, and the release of pro-inflammatory 
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cytokines such as lactate and other pain media-
tors [9]. This process is influenced by factors 
such as changes in diffusion of nutrients and oxy-
gen across the IVD matrix, variations in soluble 
regulators of cell function, genetic predisposi-
tion, aging and senescence, and mechanical load 
[10]. A pathologic disk becomes densely inner-
vated, compared to its healthy state, with an 
increase in neurotrophins. These neurotrophins 
play a pro-inflammatory role and contribute to 
amplifying the pain cascade [11–13].

The diagnostic criteria for patients with disco-
genic pain remain unclear; most frequently, vari-
ous testing is needed to make an accurate 
diagnosis. The best combination of tests is lum-
bar magnetic resonance imaging (MRI) per-
formed with a provocative discography. Physical 
examination is not sensitive or specific for disco-
genic back pain [14].

Macroscopic changes can be seen on MRI 
with a grading system that helps quantify disk 
degeneration [15, 16]. Using this system, disk 
degeneration can be graded on MRI T2 spin-echo 
weighted images. The acquired signal intensity 
correlates with water and proteoglycan content. 
This system was first described by Pfirrmann 
et al., describing five grades of disk degeneration 
(Table 19.1) [15], and subsequently modified by 
Griffith et al., further dividing the grading system 
into eight categories (Table 19.2) [16].

 Disk Herniation

Disk herniation happens when the pressure con-
tained by the disk nucleus pulposus surpasses the 
concentric forces of the annulus fibrosus. Annular 
fissure is considered to mark the first step of the 

Table 19.1 Pfirrmann grading for lumbar disk degeneration [15]

Grade Structure Distinction Signal intensity
Height of 
intervertebral disk

I Homogeneous, bright white Clear Hyperintense, isointense to 
cerebrospinal fluid

Normal

II Inhomogeneous with or without 
horizontal bands

Clear Hyperintense, isointense to 
cerebrospinal fluid

Normal

III Inhomogeneous, gray Unclear Intermediate Normal to slightly 
decreased

IV Inhomogeneous, gray to black Lost Intermediate to hypointense Normal to slightly 
decreased

V Inhomogeneous, black Lost Hypointense Collapsed disk space

Table 19.2 Modified Pfirrmann grading for lumbar disk degeneration [16]

Grade
Signal from nucleus and inner fibers of 
annulus

Distinction between inner and outer 
fibers of annulus at posterior aspect of 
disk Height of disk

1 Uniformly hyperintense, equal to CSF Distinct Normal
2 Hyperintense ( > presacral fat and < 

CSF) ± hypointense intranuclear cleft
Distinct Normal

3 Hyperintense though < presacral fat Distinct Normal
4 Mildly hyperintense (slightly > outer fibers 

of anulus)
Indistinct Normal

5 Hypointense (= outer fibers of anulus) Indistinct Normal
6 Hypointense Indistinct <30% reduction in 

disk height
7 Hypointense Indistinct 30–60% reduction 

in disk height
8 Hypointense Indistinct >60% reduction in 

disk height

CSF Cerebral spinal fluid
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degeneration cascade resulting in herniation. 
Mechanical loading and genetic susceptibility are 
important markers in this degeneration cascade. 
Also, major risk factors for disk herniation 
include male gender, age (30–50 years), heavy 
lifting or twisting, stressful occupation, lower 
income, and cigarette smoking. The majority of 
lumbar disk herniation happens within the lowest 
segments with 95% at L4–L5 or L5–S1 and only 
5% at L3–L4.

Disk herniations are classified as protrusions 
or extrusions. Disk protrusions are contained by 
the annulus fibrosus and involve less than 25% of 
the disk circumference. The criterion for disk 
protrusion is that the greatest dimension 
between the edges of the disk material presenting 
beyond the disk space is less than the distance 
between the edges of the base of that disk mate-
rial that extends outside the disk space. On the 
other hand, disk extrusion is defined as disk 
material migrating through the annulus fibrosus 
but contained by the posterior longitudinal liga-
ment. This type of herniation appears in at least 
one plane; any one distance between the edges of 
the disk material beyond the disk space is greater 
than the distance between the edges of the base 
measured in the same plane, or when no continuity 
exists between the disk material beyond the disk 
space and that within the disk space. An extruded 
disk fragment is referred to as sequestrated if there 
is no continuity with the disk origin.

The nomenclatures related to anatomic 
“zones” and “levels” of the disk herniations have 
been well defined in the literature [17]. On the 
horizontal (axial) plane, these landmarks deter-
mine the boundaries of the central zone, the sub-
articular zone (lateral recess), the foraminal zone, 
the extraforaminal zone, and the anterior zone. 
On the sagittal (craniocaudal) plane, they deter-
mine the boundaries of the disk level: the infrape-
dicular level, the pedicular level, and the 
suprapedicular level [17].

 Spinal Canal Stenosis

In comparison to disk degeneration, which can be 
seen in younger patients, spinal canal stenosis 

tends to develop at a later stage in life. Two types 
of spinal canal stenoses are described: congenital 
or degenerative types. Congenital lumbar spinal 
stenosis has been largely attributed to an abnor-
mal anatomic development of the spinal canal. A 
“normal” spinal canal for some unidentifiable 
reason does not fully develop, predisposing these 
patients to spinal stenosis with fewer degenera-
tive changes [18].

Degenerative lumbar spinal stenosis (DLSS) 
develops in the setting of normally developed 
spinal canal and may lead to narrowing of the 
central spinal canal and/or neuroforaminal steno-
sis. Disk degeneration, dehydration, and bulging 
contribute to this phenomenon by narrowing of 
the spinal canal, resulting in an increased insta-
bility of the spinal segments and incremental 
pressure between facets, which leads to degener-
ation and osteophyte formation, often more pro-
nounced on the superior articular process 
[19–22]. These hypertrophic changes in addition 
to osteo-cartilaginous/ligamentous redundancy 
lead to neural and/or vascular compression [23, 
24] (Fig. 19.1).

Clinical symptoms of patients with spinal 
canal stenosis include LBP, stiffness, leg pares-
thesia/weakness, lower-extremity radicular pain, 
and “neurogenic intermittent claudication” 
(NIC). Typically, lower-extremity pain associ-
ated with NIC is relieved by sitting and lumbar 
flexion [25].

DLSS based on the location of the pathological 
process can be classified as central canal, lateral 
recesses, and neuroforaminal stenoses. Although 
most patients have a combination of symptoms 
due to narrowing of more than one zone, the dom-
inant zone affected may predispose to specific 
symptoms. For instance, patients with central 
canal stenosis caused by disk and facet degenera-
tion frequently present with NIC and discomfort 
with standing. This is explained by mechanical 
compression of the veins, arteries, and descending 
nerve roots leading to ischemic neuritis (see 
Fig. 19.1) [26]. The patient’s ability to walk a long 
distance can be increased by ambulating with a 
flexed posture, often seen when pushing a shop-
ping trolley [27], referred to as the “shopping cart 
sign.” On the other hand, patients with lateral 
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recess narrowing have facet osteoarthritis, liga-
mentum flavum infolding, and paracentral disk 
bulging/protrusion/extrusion resulting in narrow-
ing of the subarticular zone. These are often seen 
in conjunction with neuroforaminal narrowing 

(see Fig.  19.1) [19]. These patients experience 
pain in a dermatome distribution especially at rest 
or nighttime. Also, they tend to have a greater 
walking tolerance in  comparison to patients with 
central canal stenosis [20].

Fig. 19.1 MR axial T2-weighted images demonstrate 
different causes of degenerative lumbar spine stenosis. 
Left: volumetric reconstruction. Right top corresponds 
with the space between lines C and D at left: central ste-
nosis (white arrow) with involvement of the area between 
the facet joints occupied by the dura mater and its con-
tents. Right middle corresponds with the space between 
lines B and C at left: lateral stenosis related to the involve-

ment of foraminal area, also known as “Lee’s midzone,” 
[20] occupied by the ganglion and the ventral motor root 
(white arrow). Left bottom corresponds with the space 
between lines A and B at left: lateral stenosis represented 
by the involvement of the lateral recess, also known as 
“Lee’s entrance zone,” [20] anatomically described from 
the lateral border of the dura to the medial border of the 
pedicle (white arrow)

S. Marcia et al.
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Radiologic findings of spinal canal stenosis do 
not always correlate with symptoms; the diagno-
sis is typically based on accurate clinical history 
and physical examination. Imaging studies are 
useful to confirm the diagnosis [28], while the 
degree of impingement on the nerve roots in the 
lateral recess and neuroforamina seen on imaging 
has better correlation with clinical symptoms [29, 
30]. Patients with degenerative spondylolisthesis 
may benefit from functional radiographs with 
flexion-extension to determine the degree of 
instability.

MRI is seen as the most appropriate, noninva-
sive test to confirm the presence of spinal canal 
stenosis or nerve root impingement [25]. 
Computed tomography (CT) myelography can 
also be performed as a great alternative. This 
technique is considered to be as good as the lum-
bar MRI; however, it requires an intrathecal 
injection of iodine contrast. In a patient with spi-
nal hardware or contraindication to MRI, this 
technique improves the accuracy of the diagnosis 
[31]. When MRI and CT myelography are con-
traindicated, inconclusive, or inappropriate, CT 
scan imaging is the preferred modality to confirm 
the presence of spinal canal stenosis and/or nerve 
root impingement [25].

Upright MRI is a vertical open magnet able to 
scan an anatomical region with a weight-bearing 
position. It has been demonstrated to be useful to 
assess more accurately lumbar spine instability in 
patients with concomitant spondylolisthesis and 
lumbar spinal canal stenosis [32].

Multiple DLSS grading systems have been 
proposed, but no system has been demonstrated 
to be superior to another [33, 34]. Most com-
monly, subjective qualitative criteria are used. 
Other objective, measurable, and quantitative 
criteria have been developed (Tables 19.3  
and 19.4).

The average spinal canal size has been defined 
as having a mid-sagittal diameter of more than 
11.5 mm and an area of more than 1.45 cm2 [20]. 
An absolute stenosis is reported when the mid- 
sagittal diameter of the canal is less than 10 mm 
and relative stenosis when the mid-sagittal diam-
eter of the canal is between 10 and 13 mm [20].

 Image-Guided Percutaneous 
Techniques for Degenerative 
Lumbar Spinal Canal Stenosis

Physical therapy, self-care, and medication are 
the first steps to manage the symptoms of spinal 
canal stenosis prior to any intervention [24]. 
However, when conservative treatments fail to 
improve the patient’s pain, function, and quality 
of life, interventional therapies can be consid-
ered. Several options are now available for 
patients with spinal canal stenosis: corticosteroid 
injections, percutaneous image-guided lumbar 
decompression, interspinous spacers, and surgi-
cal decompression. As with all interventional 
therapies, the success of the intervention highly 
depends on patient selection [30]. Patient history, 
physical examination, and accurate imaging 
review are keys to adequately select the treatment 
plan [35].

Table 19.3 Qualitative criteria for degenerative lumbar 
spine stenosis based on minimally invasive spine treat-
ment (MIST) guidelines [32]

Central stenosis Lateral stenosis
Foraminal 
stenosis

Central zone 
compromise

Lateral recess 
nerve 
compression

Foraminal nerve 
root 
impingement 
[25, 30]

Relationship 
between fluid 
around the cauda 
equina

Foraminal area 
compromise

Table 19.4 Quantitative radiologic criteria for DLSS 
based on minimally invasive spine treatment (MIST) 
guidelines [32]

Central stenosis Lateral stenosis
Foraminal 
stenosis

Antero-posterior 
diameter of dural/
thecal sac < 10 mm. 
Thecal sac area 
compression in % of 
normal mid-sagittal 
diameter

Lateral recess 
height < 2 mm

None 
found

Cross-sectional area of 
dural tube/sac

Lateral recess 
depth < 2–3 mm
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 Corticosteroid Injections

Corticosteroid injections are widely used in the 
treatment of spinal pain due to their effect on 
local inflammation and subsequent pain decrease 
[35, 36]; various medication regimens are 
described in the literature, varying from injection 
of anesthetic alone to various concentrations of 
anesthetic and steroids [37]. Also, analysis of the 
lumbar corticosteroid injection literature is chal-
lenging due to significant variation in random-
ized controlled trial (RCT) design. For instance, 
variation in approaches (transforaminal, inter-
laminar, or caudal), control design (active control 
versus placebo control), technical performance 
(with or without fluoroscopy), alternative tech-
niques, and outcomes assessment are seen in 
published papers.

Interlaminar epidural steroid injection (ESI) 
demonstrated improvement of short to intermedi-
ate length for pain related to lumbar spinal steno-
sis. Systematic reviews support the benefit of 

caudal, ESI, and transforaminal injections 
(TFESI) performed with anesthetic alone or with 
anesthetic in addition to steroid [38–44]. In a 
recent systematic review, caudal/interlaminar 
injections received a Level 2 recommendation, 
and TFESI received a Level 3 recommendation 
for the treatment of symptomatic lumbar spinal 
stenosis [38]. RCTs assessing the efficacy of epi-
dural injections in lumbar central spinal stenosis 
are described in Table 19.5 [41, 45–49].

Image-guided injections are preferred over 
blindly performed procedures: blindly performed 
caudal epidural injections have a rate of inaccu-
rate needle tip placement ranging from 25 to 
53%, and lumbar interlaminar epidural injections 
have a rate of inaccurate placement ranging from 
17% to 30% [38, 40]. Image guidance is most 
frequently performed with fluoroscopy or CT, 
although other techniques such as ultrasound and 
MR guidance have been described in the litera-
ture [50] (Fig. 19.2a, b). Fusion imaging is also 
gaining in momentum; these post-processing 

Table 19.5 Description of study characteristics and results of randomized control trials assessing the efficacy of epi-
dural injections in lumbar central spinal stenosis

Study Population Outcomes
Caudal epidural
Manchikanti et al. (2012) 
[41]
R, AC, F
Lidocaine 0.5% vs. 
lidocaine mixed with 
steroid

Total = 100 patients
Lidocaine = 50 patients
Lidocaine + steroid = 50 patients
Average number of injections: 5–6 for 
2 years

NPRS, ODI, employment status, opioid 
intake; responsive category was defined 
as those patients responding with at least 
3 weeks of significant improvement with 
the first two procedures. Significant 
improvement: 50% improvement in pain 
and function
Results: No significant difference 
between local anesthetic and local 
anesthetic + steroid; significant 
improvement in the overall assessment or 
in the responsive group participants

Interlaminar epidural
Manchikanti et al. (2014) 
[45]
R, AC, F
Local anesthetic or local 
anesthetic with non- 
particulate (Celestone®)

Total = 120 patients
Local anesthetic = 60
Local anesthetic and steroid = 60
Average number of injections: 5–6 for 
2 years

NPRS, ODI, employment status, opioid 
intake; responsive category was defined 
as those patients responding with at least 
3 weeks of significant improvement with 
the first two procedures. Significant 
improvement: 50% improvement in pain 
and function
Results: No significant difference 
between local anesthetic and local 
anesthetic + steroid; significant 
improvement in the overall assessment or 
in the responsive group participants

S. Marcia et al.



335

Table 19.5 (continued)

Study Population Outcomes
Lee et al. (2009) [46]
R, AC, F
Transforaminal vs 
interlaminar

Total = 99 patients
Interlaminar (8 mL of lidocaine 0.5% and 
40 mg of triamcinolone) = 42 patients
Bilateral transforaminal (4 mL of lidocaine 
0.5% and 0.5 mL or 20 mg of triamcinolone 
acetonide on each side) = 57 patients
Number of injections: 1–3

NPRS, PSI, Roland 5-point pain score
Results: Both transforaminal and 
interlaminar epidural steroid injections 
accomplish significant pain reduction 
from 2 weeks to 4 months after treatment; 
in spinal stenosis, a more significant 
reduction in the Roland 5-point pain 
score was seen with more successful pain 
improvement using the transforaminal 
technique as compared with the 
interlaminar technique

Wilson-MacDonald et al. 
(2005) [47]
R, B, AC
Interlaminar epidural vs 
placebo

Total = 32 patients
Treatment group (epidural injection of 8 mL 
of 0.5% bupivacaine with 40 mg of 
methylprednisolone) = 18 patients
Control croup (8 mL of bupivacaine 0.5% 
and 80 mg of methylprednisolone placed 
outside the epidural space described as 
intramuscular) = 14 patients
Number of injections: 1–2

Oxford Pain Chart and ODI
Results: Significant difference in pain 
relief between the two groups at 35 days 
with the epidural group being better 
(P < 0.0004). This difference had become 
significant 10 days after the injection. 
Patients with spinal stenosis responded 
equally to disk herniation patients

Fukusaki et al. (1998) 
[48]
R, B, AC
Saline or mepivacaine or 
a combination of 
mepivacaine and 
methylprednisolone

Total = 53 patients
Epidural saline = 16 patients
Mepivacaine = 18 patients
Mepivacaine and methylprednisolone = 19 
patients
Number of injections: 1–3

Walking distance; excellent >100 m; 
good 20–100 m
Results: The steroid group showed 
significantly superior results after 1 week 
compared to epidural saline or epidural 
mepivacaine. At 3 months, there was no 
significant difference, and the effect 
dissipated in all patients to less than 10% 
effectiveness level. There was no 
significant difference between epidural 
saline, local anesthetic, and steroid

Tranforaminal injection
Lee et al. (2009) [46]
R, AC, F
Transforaminal vs 
interlaminar

Total = 99 patients
Interlaminar (8 mL of lidocaine 0.5% and 
40 mg of triamcinolone) = 42 patients
Bilateral transforaminal (4 mL of lidocaine 
0.5% and 0.5 mL or 20 mg of triamcinolone 
acetonide on each side): 57 patients
Number of injections: 1–3

NPRS, PSI, Roland 5-point pain score
Results: Both transforaminal and 
interlaminar epidural steroid injections 
accomplish significant pain reduction 
from 2 weeks to 4 months after treatment; 
in spinal stenosis, a more significant 
reduction in the Roland 5-point pain 
score was seen with more successful pain 
improvement using the transforaminal 
technique as compared with the 
interlaminar technique

Nam and Park (2011) [49]
R, AC, F

Total = 36 patients
Lidocaine = 19 patients
Lidocaine with steroid = 17 patients
Local anesthetic 0.5%; lidocaine 2 mL or 
1.5 mL of 0.5% lidocaine and 20 mg of 
0.5 mL of triamcinolone; either lidocaine 
0.5% 2 mL or 1.5 mL of 0.5%; lidocaine 
with 20 mg of 0.5 mL of triamcinolone
Number of injections: 1 to3

VAS, ODI
Results: Local anesthetic only or local 
anesthetic with steroid is effective; local 
anesthetic with steroid showed 
significantly greater improvement

Abbreviations: R Randomized, AC active control, F fluoroscopy, B blind, PC placebo control, NPRS Numeric Pain 
Rating Scale, ODI Oswestry Disability Index, LA local anesthetic, IPM-QRB Interventional Pain Management 
Techniques-Quality Appraisal of Reliability and Risk of Bias Assessment, PSI Patient Satisfaction Instrument, SI 
Significant Improvement, NA not applicable, VAS Visual Analogue Scale
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techniques are able to integrate different imaging 
modalities, such as ultrasound, with cross- 
sectional imaging such as MR and/or CT images 
[36, 51] (Fig. 19.2c).

The ESI can be performed via interlaminar 
approach using an 18- or 20-gauge Tuohy needle; 
after passing the ligamentum flavum, an epiduro-
gram is obtained with a small amount of iodine 
contrast to confirm the adequate needle tip posi-
tion within the epidural space [36]; when the 
needle is correctly placed, injection of 1.0–
1.5 mL of particulate long-acting steroid solution 
(i.e., triamcinolone acetonide or methylpredniso-
lone acetate) mixed with 3  mL of bupivacaine 
0.25% and 7  cc of normal saline 0.9% is done 
[36] (Fig. 19.3). Although rare, severe complica-

tions such as infections and epidural hematoma 
have been reported. The most frequent adverse 
effect related to ESI is a dural puncture (2.5%) 
with or without transient headache (2.3%) [52].

The TFESI is performed via an oblique pos-
terolateral approach, slipping along the lateral 
border of the facet joints and targeting the most 
inferior part of the foramen in order to avoid the 
nerve root and the arterial vessel [36] (Fig. 19.4). 
A small amount of iodine contrast is injected in 
order to verify adequate positioning of the 
22-gauge Quincke needle, followed by slow 
injection of 1.0–1.5  mL of particulate-free ste-
roid solution (i.e., dexamethasone sodium phos-
phate) mixed with 1  ml of lidocaine 1% or 
bupivacaine 0.25%. Dexamethasone sodium 

a

b

Fig. 19.2 Image-guided injections. (a) Anteroposterior view of epidural injection fluoroscopically guided. (b) Axial 
computed tomography (CT)-guided injection; fusion imaging ultrasound CT with virtual needle positioning

S. Marcia et al.
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a

b

Fig. 19.3 Image-guided epidural steroid injection (ESI). 
(a) Anteroposterior (AP) and lateral view of ESI via inter-
laminar approach using a 22-gauge needle. (b) AP and 

lateral view of ESI via trans-articular approach with 
epidurogram
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phosphate particle size is approximately 10 times 
smaller than red blood cells, the particles do not 
aggregate, and they have the lowest density 
compared to other commonly used steroid prep-
arations (e.g., triamcinolone acetonide, methyl-
prednisolone acetate, betamethasone sodium 
phosphate, and betamethasone acetate). The use 
of particulate-free corticosteroid has not been 
related to paraplegia/neurological deficit or any 
other severe complication [52]. Also, the reported 
neurologic complications are most likely the 
results of injury on a low dominant radiculomed-
ullary artery. Typically, the artery of Adamkiewicz 
is present between T9 and L1; however, in a 
minority of cases, it can be seen between T7 and 
L4. The use of particulate-free corticosteroid is 

recommended for TFESI above L3. One of the 
trade-offs to the use of a particulate- free cortico-
steroid may be a shorter duration of action and 
pain relief.

 Percutaneous Image-Guided Lumbar 
Spinal Canal Decompression

Percutaneous image-guided (CT or fluoroscopy) 
lumbar decompression (PILD) of the spinal canal 
is defined as a noninvasive technique to debulk 
the posterior elements of the spine (lamina and 
ligamentum flavum). It does not involve the use of 
implants and is performed ipsilaterally through a 
6-gauge introducer. An epidurogram is performed 

a

b

Fig. 19.4 Image-guided transforaminal epidural steroid 
injection (TFESI). (a) Oblique (with “Scottie dog” visual-
ization), anteroposterior, and lateral view in order to 
check the correct placement of the needle for TFESI. (b) 

Transverse oblique foraminal view for ultrasound-guided 
TFESI: M multifidus, E erector spinae, Q quadratus lum-
borum, P psoas, NF neuroforamen, FJ facet joint, VB ver-
tebral body

S. Marcia et al.
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to document the decompression of the spinal 
canal throughout the procedure and the improved 
contrast flow. This procedure can be performed 
bilaterally and at multiple levels. To our knowl-
edge, MILD® (Minimally Invasive Lumbar 
Decompression, Vertos Medical, Aliso Viejo, CA, 
USA) is the only image-guided device currently 
available; moreover, it is the only PILD treatment 
that has been studied by RCT [19]. Within this 
study, at 1-year follow-up, Oswestry Disability 
Index (ODI), Numeric Pain Rating Scale (NPRS), 
and all three domains of the Zurich Claudication 
Questionnaire (ZCQ) (symptom severity, physical 
function, and patient satisfaction) demonstrated 
statistically significant superiority of MILD ver-
sus the active control [53].

 Interspinous Spacers

Interspinous spacers or interspinous process 
devices (IPD) are minimally invasive devices 
placed under fluoroscopic guidance between two 
adjacent spinous processes. The goal of the IPD 
is to relieve nerve compression due to lumbar spi-
nal canal stenosis using distractive forces applied 
by the spacer and resulting in subsequent seg-
mental height restoration [54].

The IPD positioning decreases facet join over-
load through a “shock-absorber” mechanism, 
shifting forces to the posterior column and reduc-
ing the intradiscal pressure [54]. Segmental 
enlargement of the central canal and lateral 
recesses with the unloading of the facet joint and 
posterior annulus, resulting in the restoration of 
normal foraminal height, was reported in cadav-
eric studies after IPD placement [55, 56].

In the last 10 years, various IPD designs using 
different materials such as allograft, titanium, 
and polyetheretherketone (PEEK) have been 
proposed.

Based on their biomechanical characteristics, 
the IPDs can be divided into two groups:

• Interspinous distraction devices (IDD) that act 
to separate adjacent spinous processes

• Interspinous stabilizers devices (ISD) that are 
affixed statically (i.e., X-STOP® Spacer, 
Medtronic, Minneapolis, MN, USA; Wallis®, 
Zimmer Biomet, Warsaw, IN, USA; and 
 Superion™, Vertiflex™, Clemente, CA, USA) 
or dynamically (i.e., coflex®, Paradigm Spine, 
New  York, NY, USA, and Device for 
Intervertebral Assisted Motion, DIAM®, 
Medtronic)

A new, completely percutaneous device has 
been proposed (Lobster® Project, Techlamed, 
Firenze, Italy). However, no trial has yet been 
performed with this device (Fig. 19.5). IPDs are 
more effective than conservative treatments for 
DLSS.  Complications seemed to be more fre-
quent for the implant group compared to the con-
servative treatment [57, 58]. Table  19.6 
summarizes the literature available on current 
IPDs [59–64].

Low-quality evidence indicated that the 
pain, function, and quality of life outcomes are 
comparable when comparing IPD with surgical 
procedures. However, treatment failure is sig-
nificantly higher in the IPD group in comparison 
to decompressive surgery. This is due to device 
dislocation and spinous process erosion/fracture 
[58, 62–65]. Some of those complications are 
also device and patient dependent; also, spinous 
process fractures can be avoided with PMMA 
spinoplasty. Indeed, a retrospective evaluation of 
256 patients treated with IPD alone in compari-
son to 432 patients treated with IPD + PMMA 
spinoplasty found that the symptom recurrence 
rate from complications in the spinoplasty group 
was significantly reduced at 9 years (<1% ver-
sus 11.3%) [66]. Also, laminectomy, the alterna-
tive intervention, can effectively decompress the 
offending neural elements and provide symptom 
relief. However, it can destabilize the spine, 
leading to re-emergence of symptoms requiring 
reoperation with instrumented fusion. A recent 
RCT reported that  one- third of laminectomy 
patients required reoperation with fusion within 
4 years [67, 68]. The cost-effectiveness of IPD is 
still debated [69].
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Fig. 19.5 Lobster® device placement procedure. (a) 
Fluoroscopic anteroposterior (AP) and (b) lateral views 
show the dilatation tube placed between the spinous pro-
cesses, keeping it parallel to the coronal plane and cen-
tered between the two spinous processes until it reaches 
the interspinous ligament, which gives a slightly increased 
resistance. (c) Fluoroscopic AP view shows dilatation 
tube 02 and the dilatation tube 03; (d) subsequently, the 
first two dilation tubes (01 and 02) are removed in order to 
implant the Lobster® device. (e) Fluoroscopic AP view 
shows the evaluation of the implant size with the probes, 
starting from the smallest size (yellow handle); the dilata-
tion tube gently pushes the trial implant through the liga-

ment between the two spinous processes in order to 
evaluate the correct size of the implant. (f) The Lobster® 
device is subsequently placed on the holder and inserted 
through the dilatation tube. (g) Fluoroscopic AP view 
shows the correct implant placement with the saddle 
reaching the spinous processes; (h) once the device is in 
the correct position, the wings can be opened. (i, l) 
Fluoroscopic lateral and AP views show the correct place-
ment of the Lobster® device with the saddle between the 
two spinous processes. (m) Axial and (n) sagittal multi-
planar reformation (MPR) computed tomography shows 
the correct placement of the device

Table 19.6 Literature regarding interspinous process devices (IPD)

Study Study design Population Outcomes
Zucherman et al. 
(2005) [59]

RCT, multicenter
IPD (X-STOP®) vs. nonsurgical 
treatment

Mean age 70 (IPD), 69.1 
(control)
Clinical or radiographic 
DLSS confirmation
1 or 2 levels affected
Able to sit 50 min and walk 
>50 ft
Nonoperative treatment >6 
mo

ZCQ [15, 17]
SF-36 [16]
Patient satisfaction

Azzazi (2010) [60] RCT, single center
IPD (X-STOP®) vs. surgery 
(decompression and arthrodesis)

Mean age 57 (IPD), 56.3 
(control)
DLSS + grade I listhesis
1 or 2 affected levels
Leg pain > back pain
Nonoperative treatment  
>3 mo

VAS back pain
VAS leg pain
ODI
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 Image-Guided Percutaneous 
Techniques for Disk Degeneration

Multiple treatments for discogenic back pain are 
currently under investigation. A significant inter-
est for orthobiologics was seen in the last few 
years. Although the treatment protocols are not 
yet clearly defined, it is thought that low-to- 
intermediate- grade disk degeneration (i.e., modi-
fied Pfirrmann grade 3–6) could potentially 
benefit from intradiscal platelet-rich plasma 
(PRP) treatments or stem cell treatments. For 
more advanced disk degeneration (modified 
Pfirrmann grade 7 and 8) and/or patients with 

painful endplate degenerative changes Modic 
type I or II, basivertebral plexus ablation can be 
performed.

 Platelet-Rich Plasma

Platelet-rich plasma is a concentrated form of 
plasma containing higher content of platelets 
(approximatively 400% the peripheral blood 
platelet count). PRP is initially derived from 
blood by centrifugation, and various protocols 
can be used to concentrate the number of platelets 
in the plasma. Until now, PRP was mainly used to 

Study Study design Population Outcomes
Stromkvist (2013) 
[61]

RCT, multicenter
IPD (X-STOP®) vs. surgery 
(decompression)

Mean age 67 (IPD), 71 
(control)
NIC and DLSS confirmation 
on MRI
>6 mo symptoms
1 or 2 affected levels
Up to grade 1 listhesis

ZCQ
VAS back pain
VAS leg pain
SF-36

Davis (2013) [62] RCT, multicenter
IPD (coflex®) vs. surgery (decompression 
and arthrodesis)

Mean age 62.1 (IPD), 64.1 
(control)
NIC and radiographic 
confirmation of DLSS
1 or 2 affected levels
VAS back pain >50
ODI >20/50

ZCQ
VAS back pain
VAS leg pain
ODI
SF-12

Moojen (2015) [63] RCT, multicenter
IPD (coflex®) vs. surgery 
(decompression)

Median age 66 (IPD), 64 
(control)
NIC and DLSS
Confirmation on MRI
1 or 2 affected levels

ZCQ
VAS back pain
VAS leg pain
McGill pain 
questionnaire
RMQ
SF-36
HADS
Shuttle walking test

Lønne et al. (2015) 
[64]

RCT, multicenter
IPD (X-STOP®) vs. surgery (minimally 
invasive decompression)

Mean age 67 (IPD), 67 
(control)
NIC and DLSS
Confirmation on MRI
1 or 2 affected levels
Up to grade I listhesis

ZCQ
Numerical pain 
scale
ODI
EQ-5D
QALY

RCT Randomized controlled trial, ZCQ Zurich Claudication Questionnaire, SF-36 Medical Outcomes Study 36-Item 
Short-Form Health Survey, DLSS degenerative lumbar spine stenosis, VAS Visual Analogue Scale, ODI Oswestry 
Disability Inventory, NIC neurogenic intermittent claudication, MRI magnetic resonance image, EQ-5D EuroQol Five 
Dimension Scale, SF-12 Medical Outcomes Study 12-Item Short-Form Health Survey, HADS Hospital Anxiety and 
Depression Score

Table 19.6 (continued)
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treat lesions of the cartilage, ligaments, and ten-
dons [70]. By injecting PRP, various growth fac-
tors are released from the platelet α-granules, 
including epidermal growth factor, fibroblastic 
growth factor, insulin-like growth factor 1 (IGF-
1), vascular endothelial growth factor, platelet-
derived epidermal growth factor, transforming 
growth factor (TGF-β), and platelet- derived epi-
dermal growth factor [71]. Other proteins, cyto-
kines, and chemokines are also released from the 
α-granules in the platelet cytoplasm. These pro-
teins and growth factors, when activated, partici-
pate in complex physiological events leading to 
tissue repair and regeneration [72].

The use of intradiscal PRP injection for pro-
moting regeneration in patients with IVD disease 
is relatively new and still controversial. In vivo 
and in  vitro intradiscal PRP injection studies 
have demonstrated some promising results [12]. 
For example, TGF-β1 promotes the synthesis of 
proteoglycans [73, 74] and stimulates the prolif-
eration of annulus fibrosus cells [75]. TGF-β1 
and IGF-1 could stimulate the synthesis of sul-
fated glycosaminoglycans in addition to collagen 
types I and II [76]. Intradiscal PRP injection was 
used to decrease LBP in a clinical trial for 14 
patients with degenerative disk disease. Patients 
included in this study had at least one lumbar 
disk affected that was confirmed with MRI (more 
than Pfirrmann grade III), and they must have 
been symptomatic for more than 3 months. The 
PRP was injected into the center of the nucleus 
pulposus under fluoroscopic guidance. No imag-
ing abnormalities were found after injection of 
PRP. No adverse effects were observed, and the 
pain scores were profoundly decreased at 1 
month and sustained throughout the observation 
period (6 months). Nonetheless, other RCTs 
should be explored to enable evaluating the effi-
ciency of this method [77].

Another RCT involving 47 patients demon-
strated significant pain relief at 8 weeks and sig-
nificant function improvement at 12  months 
after the injection of intradiscal PRP [78]. 
Adipose tissue-derived stem cells suspended in 
PRP were also used for treating degenerative 
disk disease, and the benefits of these treatments 
are currently being studied in ongoing clinical 

trials [79]. Other clinical studies have demon-
strated the potential of using PRP, but RCTs are 
needed to fully evaluate the efficacy of this 
treatment [77, 80].

 Mesenchymal Stem Cells

Although the amount of published data on intra-
discal injection of mesenchymal stem cells 
(MSCs) is still limited, clinical studies that 
employed cell therapy have demonstrated prom-
ising results across multiple stem cell injectable 
strategies [79, 81]. For instance, injection of 
autologous MSCs was previously evaluated in 
patients with discogenic back pain and degenera-
tive disk disease. Significant improvement in 
terms of pain and disability was observed. Also, 
improvement in disability and disk hydration was 
seen, although disk height was not restored [82]. 
Containment of MSCs within the disk after per-
cutaneous injection was demonstrated [83].

Similarly, injection of autologous disk-derived 
chondrocytes resulted in reduced pain and better 
hydration of the disk but, again, no change in disk 
height [84]. The injection of colony-forming unit 
fibroblasts of marrow aspirate also seems to pro-
vide significant pain relief in patients with disco-
genic back pain [85]. The inclusion/exclusion 
criteria for intradiscal injection of MSC are not 
yet clearly defined; however, it is likely that those 
will rely heavily on MRI.  For instance, novel 
clinical trials utilize the modified Pfirrmann grad-
ing system to determine eligibility of patients 
(i.e., modified Pfirrmann grade 3–6) [16].

 Basivertebral Plexus Ablation

Intraosseous ablation of the basivertebral nerve 
(BVN) is a safe and effective minimally invasive 
treatment for the relief of chronic axial LBP 
(Modic type I and II endplate degenerative 
changes). Patients with severely degenerated and 
painful disks (modified Pfirrmann grading 7 and 
8) also have high incidence of endplate degenera-
tion and might be candidates for this minimally 
invasive procedure.
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The BVN exits the vertebral body posteriorly 
via the basivertebral foramen before communi-
cating with the sinuvertebral nerve and then the 
ventral rami of the spinal nerves or by nerves 
derived from the gray rami communicantes. In 
patients with endplate degeneration, higher den-
sity of nerve termination is seen within the end-
plates [86]. By performing ablation of the BVNs 
above and underneath the degenerated end-
plates/disk, there is interruption on the painful 
afferents passing through the BVNs [80]. The 
procedure is supported by Level I evidence, 
including two RCTs demonstrating a statisti-
cally significant decrease in pain and an 
improvement in function with outcomes sus-
tained to at least 24 months [87].

 Image-Guided Percutaneous 
Techniques for Disk Herniation

Percutaneous treatments can be used in the treat-
ment of small- to medium-sized hernias of inter-
vertebral disks. This is achieved by reducing the 
volume of the nucleus pulposus. Various methods 
are described, including mechanical, thermal, or 
chemical techniques. Reduction of the compres-
sion/irritation on the nerve root is noted after the 
intervention [49, 88].

Indications of percutaneous ablative tech-
niques are the following: small- to medium-sized 
contained intervertebral disk herniation con-
firmed by MRI; back pain of discogenic origin; 
sciatica or crural pain that limits activity for at 
least 6 weeks (leg pain should be of greater inten-
sity than back pain); specific dermatomal pain 
distribution; neurologic findings referring to a 
single nerve root involvement (positive Lasègue 
sign; decreased tendon reflex, sensation, motor 
responses); no significant improvement after 
conservative therapy (6 weeks of bed rest, anal-
gesics, anti-inflammatory drugs, muscle relax-
ants, physiotherapy)—significant improvement 
is defined as any pain reduction and mobility 
improvement of >3 units on the Visual Analogue 
Scale; reproduction of patient’s usual pain in the 
cases in which provocative discography is per-

formed before any percutaneous intervertebral 
disk ablative technique [54].

Contraindications include sequestered (free) 
disk fragment, segmental instability (spondylo-
listhesis), stenosis of neural foramen or spinal 
canal, asymptomatic intervertebral disk bulging 
discovered as incidental finding in CT or MRI, 
infection and/or diskitis, and pregnancy (radia-
tion exposure of the fetus must be avoided) [54].

Imaging-guided percutaneous intervertebral 
disk therapies can be divided according to the 
following techniques.

 Percutaneous Mechanical Disk 
Decompression

Percutaneous disk decompression (PDD) utilizes 
the Archimedes pump principle in physics to 
extract a small portion of nucleus pulposus. One 
example is the Dekompressor® (Stryker, 
Kalamazoo, MI, USA), which uses a 1.5  mm 
diameter cannula after insertion of a hollow 17G 
needle into the disk. This technique does not 
accelerate disk degeneration (Fig. 19.6) [89].

 Percutaneous Laser Disk 
Decompression

Percutaneous laser disk decompression (PLDD), 
performed with a laser fiber introduced fluoro-
scopically, results in vaporization of a small por-
tion of the nucleus pulposus (Fig. 19.7). PLDD 
involves inserting an 18-gauge needle into the 
nucleus pulposus followed by an optical fiber 
through which a laser is activated. There are sev-
eral types of laser such as Nd:YAG, KTP, CO2, 
Ho:YAG, and diode.

Percutaneous laser disk coagulation therapy 
(PDCT) is characterized by a particular targeted 
laser source, so-called plasma light (range of 
550–1800 nm), condensed at the tip of the fiber 
with a typical dome shape; the temperature 
ranges from 160  °C (center of the fiber) to 
164  °C (3  mm round the fiber) and less than 
40 °C at over 3 mm around the fiber in order to 
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accomplish coagulation, evaporation, and disk 
decompression.

Euthermic diskolysis with holmium (Ho) 
yttrium-aluminum-garnet (YAG) (Ho:YAG) laser 
is performed with a particular cool laser (average 

temperature <45  °C) able to extract pieces but 
also the fluid portion of the nucleus pulposus, 
sparing the peripheral portion and the anatomical 
location of the residual viable fibroblasts, thus 
avoiding disk collapse.

a c

b

d

Fig. 19.6 Dekompressor® procedure. (a) Axial and (b) 
sagittal multiplanar reformation (MPR) computed tomog-
raphy (CT) shows the placement of the device. (c) Coronal 
MPR CT shows the correct placement of the device reach-

ing the nucleus pulposus central portion. (d) 
Dekompressor® device utilizes the Archimedes pump 
principle in physics to extract a small portion of nucleus 
pulposus
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 Percutaneous Disk Decompression 
with Radiofrequency

Disk nucleoplasty (NP) (Coblation®, ArthroCare 
Spine, Sunnyvale, CA, USA) is a RF ablation 
with focused high energy able to destroy intra- 
molecular bonds within the nucleus; it is a non- 
heat- driven process, so thermal damage and 
tissue necrosis are avoided.

Continuous or pulsed radiofrequency generates 
an electrical current able to obtain necrosis of tar-
get tissue through a generator with two elec-
trodes—an active electrode placed in the center of 
the disk and a dispersive electrode positioned on 
the patient’s skin. Continuous radio frequency 
(CRF) involves the constant output of pulses, 
while pulsed radiofrequency (PRF) consists of 
short RF pulses applied in the target area with 
interval of pauses, able to reach below the tem-
perature of 42 °C (temperature of tissue necrosis).

Quantum molecular resonance disk decom-
pression (QMR) is a new RF that combines dif-
ferent frequencies—alternating current with 
high-frequency waves dispensed through a bipo-
lar electrode (fundamental wave at 4  MHz fol-
lowed by waves at 8, 12, 16  MHz) in order to 
destroy the molecular bonds of the nucleus pulp-
osus, sparing the adjacent tissue.

 Chemodiskolisys

Chemodiskolysis with ethanol gel (DiscoGel®, 
Gelscom SAS, Champhol, France) utilizes ethyl 
alcohol and cellulose derivative products associ-
ated with a contrast agent (tungsten); the injec-
tion of ethanol gel within the nucleus pulposus 
causes molecular scission of proteoglycans and 
glycosaminoglycans, leading to degradation of 
these components and loss of their water- 

a b c

Fig. 19.7 Percutaneous laser disk decompression proce-
dure. (a) Fluoroscopic anteroposterior (top) and sagittal 
(bottom) images show the needle placement. (b) Coronal 
(top), axial (bottom), and (c) sagittal images show the 

vaporization of a small portion of nucleus pulposus per-
formed with a laser fiber introduced fluoroscopically into 
the nucleus pulposus
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retaining capacity, resulting in dehydration and 
chemical decompression of the disk.

Chemodiskolysis with oxygen-ozone is able to 
reduce inflammation as a result of its oxidizing 
effect on pain-producing mediators; moreover, 
the injection of ozone can also inhibit synthesis 
and secretion of collagen molecules, leading to 
rapid pain relief. The ozone has direct action on 
the mucopolysaccharides of the nucleus pulposus 
with rupture of water molecules and shrinkage of 
the disk exerting compression on the nerve roots; 
moreover, it improves microcirculation due to 
resolution of venous stasis and lack of oxygen-
ated blood supply following mechanical 
 compression of the herniated disk and disk pro-
trusion on the vessel components.

 Intradiscal Electrothermal Therapy

Intradiscal electrothermal therapy (IDET) is per-
formed by placing a thermal catheter in the pos-
terior part of the annulus fibrosus by an introducer 
needle connected to a generator; the fiber achieves 
90° for 17 minutes in order to obtain thermoco-
agulation of nerve fibers and nocireceptors.

A 17-gauge Crawford needle is used for NP, 
PDD, QMR, and IDET, the 18- or 21-gauge Chiba 
needle for PLDD, and an 18-gauge Chiba for che-
modiskolysis with ethanol gel and Ho:YAG laser, 
while a 21-gauge Chiba needle is necessary for 
chemodiskolysis with oxygen ozone.

The intradiscal advancement of the needle is 
monitored fluoroscopically by anteroposterior 
and lateral projections, since the tip must reach 
the nucleus pulposus central portion. The opera-
tor can expect mild/hard elastic resistance in 
crossing the annulus, which the patient may pos-
sibly experience as pain in this highly innervated 
zone [54].

A recent review demonstrated that PDD and 
NP have the best level of evidence with a score of 
2B+ [82]. The PDD series demonstrated good 
clinical outcomes in a selected population, with 
success rate up to 75%; the NP series reported a 
success rate of 80% with a complication rate of 
1.8% [90]. The other techniques are supported 

mainly by observational studies with scores rang-
ing between 0 and 2B± [89].

PLDD reported a high success rate (78%), 
with improvement of patient function with imme-
diate and sustained significant pain relief (up to 
71% at 53 months of follow-up). However, a high 
rate of complication is seen in comparison to the 
other laser treatments [91].

PDCT has recently demonstrated a high effec-
tive and safety profile for cervical and lumbar 
hernia resistant to conservative treatment [92].

Research publications devoted to Ho:YAG 
laser treatment demonstrated pain relief and 
improvement of quality of life with a success rate 
of 80%. Moreover, the technique showed a high 
safety profile, as it delivers less energy in com-
parison with conventional PLDD, which adopts a 
non-selective laser. Thus, Ho:YAG laser inter-
ventions are recommended for young patients 
and with a single-level disease [93].

PRF is more effective than CRF in discogenic 
LBP; however, its efficacy decreases with time. 
At 6 months, 22.9% of patients have 50% of pain 
relief versus 13.1% at 12 months. Other studies 
reported a good efficacy of DRG-PRF to treat 
chronic sciatic pain [94].
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