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Low back pain is considered to be chronic if it has been present for longer than three months. 
chronic low back pain may originate from an injury, disease or stresses on different structures of 
the body. the type of pain may vary greatly and may be felt as bone pain, nerve pain or muscle 
pain. the sensation of pain may also vary. For instance, pain may be aching, burning, stabbing or 
tingling, sharp or dull, and well-defined or vague. The intensity may range from mild to severe. Many 
different theories try to explain chronic pain. the exact mechanism is not completely understood. 
the specialty of interventional pain management continues to emerge. there is a wide degree 
of variance in the definition and practice of interventional pain management and interventional 
techniques. application of interventional techniques by multiple specialties is highly variable for 
even the most commonly performed procedures and treated conditions1-12.

Diagnostic Approach to Low Back Pain
appropriate history, physical examination, and medical decision-making are essential to 

provide appropriate documentation and patient care. the socioeconomic issues and psychosocial 
factors are important in the clinical decision-making process.

Kuslich et al identified intervertebral discs, facet joints, ligaments, fascia, muscles, and nerve 
root dura as tissues capable of transmitting pain in the low back13. Facet joint pain, discogenic 
pain, nerve root pain, and sacroiliac joint pain have been proven to be common causes of pain with 
proven diagnostic techniques14-23. in a prospective evaluation24, the relative contributions of various 
structures in patients with chronic low back pain who failed to respond to conservative modalities 
of treatments, with lack of radiological evidence to indicate disc protrusion or radiculopathy, were 
evaluated utilizing controlled, comparative, diagnostic blocks. in this study, 40% of the patients 
were shown to have facet joint pain, 26% discogenic pain, 2% sacroiliac joint pain, and possibly, 
13% segmental dural nerve root irritation. No cause was identified in 19% of the patients. If there 
is evidence of radiculitis, spinal stenosis, or other demonstrable causes resulting in radiculitis, 
one may proceed with diagnostic transforaminal or therapeutic epidural injections23. otherwise, 
the approach should include the diagnostic interventions with facet joint blocks, sacroiliac joint 
injections, followed by discography.

Lumbar discography at the present time suffers from significant controversy with Level 
ii-2 evidence14. in contrast, facet joint nerve blocks in the diagnosis of lumbar facet joint pain 
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provide higher evidence with Level i or Level ii-115. 
however, sacroiliac joint injections provide Level ii-2 
evidence16.

the investigation of chronic low back pain without 
disc herniation commences with clinical questions, 
physical findings, and findings of radiological 
investigations. radiological investigations should be 
obtained if the history and physical exam findings 
indicate their need. controlled studies have illustrated a 
prevalence of lumbar facet joint pain in 21% to 41% of 
patients with chronic low back pain15,17-20,24-29 and 16% 
in post laminectomy syndrome30. thus, facet joints 
are entertained first because of their commonality as a 
source of chronic low back pain, available treatment, 
and ease of performance of the blocks. Further, among 
all the diagnostic approaches in the lumbosacral spine, 
medial branch blocks have the best evidence (Level i) 
with the ability to rule out false-positives (27% to 47%) 
and demonstrated validity with multiple confounding 
factors, including psychological factors31,32, exposure 
to opioids33, and sedation34-36. in this approach, 
investigation of facet joint pain is considered as a prime 
investigation, ahead of disc provocation and sacroiliac 
joint blocks. Multiple studies have indicated that facet 
joint pain may be bilateral in 60% to 79% of cases, 
involving at least 2 joints and involving 3 joints in 21% 
to 37% of patients26-28. due to the innocuous nature of 
lumbar facet joint nerve blocks, it is recommended 
that all blocks be performed in one setting. however, 
based on the clinical examination, only 2 blocks are 
performed provided the first block was positive, thus 
avoiding a screening block and repeat blocks for 
separate joints37. if a patient experiences at least 80% 
relief with the ability to perform previously painful 
movements within a time frame that is appropriate 
for the duration of the local anesthetic used and the 
duration of relief with the second block relative to the 
first block is commensurate with the respective local 
anesthetic employed in each block, then a positive 
diagnosis is made.

the sacroiliac joint as the pain generator, pain 
must be caudal to L5 and must be positive with flexion 
and abduction of the hip, along with tenderness over 
the sacroiliac joint on palpation16,38,39. sacroiliac joint 
blocks have a Level ii-2 evidence in the diagnosis of 
sacroiliac joint pain utilizing comparative controlled 

local anesthetic blocks. the prevalence of sacroiliac 
joint pain is estimated to range between 2% and 
38% using a double block paradigm in specific study 
populations16,21,22,24,39-44. the false-positive rates of 
single, uncontrolled, sacroiliac joint injections have 
been shown to be 20% to 54%16. however, there has 
been a paucity of the evidence in the evaluation of the 
effectiveness of sacroiliac joint blocks in the diagnosis 
of sacroiliac joint pain16,21,22. the relief obtained should 
be 80% with the ability to perform previously painful 
movements and also should be concordant based on 
the local anesthetic injection16,38.

if pain is not suggestive of facet joint or sacroiliac 
joint origin, then an epidural is to be considered. caudal 
and lumbar interlaminar epidurals are non-specific as 
far as identifying the source of pain. if a patient fails to 
respond to epidural injections, the discogenic approach 
may be undertaken.

Provocation lumbar discography is performed 
as the first test in only specific settings of suspected 
discogenic pain and availability of a definitive 
treatment is offered solely for diagnostic purposes 
prior to fusion. otherwise, once facet joint pain, and 
if applicable sacroiliac joint pain, is ruled out and the 
patient fails to respond to at least 2 fluoroscopically 
directed epidural injections, discography may be 
pursued if determination of the disc as the source 
of pain is crucial. Moreover, lumbar provocation 
discography is the last step in the diagnostic algorithm 
and is utilized only when appropriate treatment can 
be performed if disc abnormality is noted. Magnetic 
resonance imaging (MRI) will assist in ruling out any 
red flags and disc herniation, but will not determine if 
the disc is the cause of the pain. Lumbar provocation 
discography has been shown to reveal abnormalities 
in asymptomatic patients with normal MRI scans45,46. 
thus, when performed appropriately, discography 
can enhance sensitivity and specificity compared to 
non-provocational imaging. discography continues 
to be the only diagnostic tool capable of establishing 
whether or not a particular disc is painful, irrespective 
of the presence or absence of degenerative pathology 
observed on other imaging modalities. Provocation 
discography continues to be controversial with 
respect to diagnostic accuracy14, 47-49, utilization4-11,50, 
and its impact on surgical volume51,52. however, 
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lumbar discography has been refined substantially 
since its inception and its diagnostic accuracy has 
been established as Level ii-214,53,38,49. in order to be 
valid, the provocation discography must be performed 
utilizing strict criteria of having concordant pain in 
one disc with at least 2 negative discs, one above and 
one below except when the L5/s1 is involved. studies 
have shown the effectiveness of epidural injections in 
discogenic pain, with or without the use of steroids, 
after facet joint pain and other sources of low back 
pain have been eliminated54-56. in addition, the relief 
derived from discogenic pain with caudal epidural 
injections, with or without steroids, was equivalent to 
relief in managing disc herniation and superior to the 
relief obtained by patients with either spinal stenosis or 
post lumbar laminectomy syndrome54-59.

Given the realities of health care in the United 
states and the available evidence from the literature, 
it appears that lumbar facet joints account for 30% of 
cases of chronic low back pain, sacroiliac joint pain 
accounts for less than 10% of cases, and discogenic 
pain accounts for 25% of cases.

Approximately 70% of low back pain patients 
would undergo investigations of their facet joints, with 
approximately 30% proving positive and requiring 
no other investigations. Of the 70% remaining, 
approximately 10% will require sacroiliac joint 
blocks and perhaps 30% will prove to be positive. 
The remaining 60% of 70% and original 30% not 
undergoing facet injections - overall 60% to 70% 
- will probably undergo epidural injections and 
approximately 65% will respond to epidural injections 
and the remaining 20% of 35% will be candidates 
for provocation discography if a treatment can be 
provided1,60-63,54-59.

Treatment of Somatic Pain
the patients testing positive for facet joint pain 

may undergo either therapeutic facet joint nerve 
blocks or radiofrequency neurotomy based on the 
patients’ preferences, values, and physician expertise. 
however, there is no evidence for lumbar intraarticular 
facet joint injections15. in contrast, based on the review 
of included therapeutic studies64-66, Level ii-1 to ii-2 
evidence is presented for lumbar facet joint nerve 
blocks with an indicated level of evidence of ii-2 to 

ii-3 for lumbar radiofrequency neurotomy15, 64-68.

the next modality of treatment is epidural 
injections. epidural injections have been shown to 
present with variable evidence. a recent systematic 
review of caudal epidural injections in the management 
of chronic low back pain54 showed Level i evidence for 
relief of chronic pain secondary to disc herniation or 
radiculitis and discogenic pain without disc herniation 
or radiculitis55-57. Further, the indicated evidence 
was Level ii-1 or ii-2 for caudal epidural injections 
in managing chronic pain of post lumbar surgery 
syndrome and spinal stenosis54,58,59.

the indicated evidence for therapeutic sacroiliac 
joint interventions16,21,22 is Level ii-2 with no evidence 
for sacroiliac joint neurotomy.

Treatment of Radicular Pain
while disc protrusion, herniation, or prolapsed 

resulting in sciatica are seen in less than 5% of 
the patients with low back pain69,70, approximately 
30% of the patients presenting to interventional 
pain management clinics will require either caudal, 
interlaminar, or transforaminal epidural injections 
as an initial treatment. Many patients with post-
surgery syndrome, spinal stenosis, and radiculitis 
without disc protrusion may respond to epidural 
injections54,60,61,63,71-74. Patients non-responsive to 
epidural injections will require either mechanical disc 
decompression75-78, percutaneous adhesiolysis79,71,73, 
spinal endoscopic adhesiolysis71,73,80, implantation 
of spinal cord stimulation81, or intrathecal infusion 
systems82 depending on the clinical presentation, 
pathology, and other biopsychosocial factors. 
transforaminal epidural injections may be performed 
for diagnostic purposes; however, these also lead to 
therapeutic improvement. Buenaventura et al63 in a 
systematic review of therapeutic lumbar transforaminal 
epidural steroid injections showed the indicated level 
of evidence as ii-1 for short-term relief of 6 months or 
less and Level ii-2 for long-term relief of longer than 
6 months in managing chronic low back and lower 
extremity pain. conn et al54 in a systematic review of 
caudal epidural injections in the management of chronic 
low back pain showed variable evidence for various 
conditions causing low back and lower extremity pain. 
the evidence level shown is Level i for short- and long-
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term relief in managing chronic low back and lower 
extremity pain secondary to lumbar disc herniation and 
radiculitis and discogenic pain without disc herniation 
or radiculitis. the indicated level of evidence is Level 
ii-1 or ii-2 for caudal epidural injections in managing 
low back pain of post-lumbar laminectomy syndrome 
and spinal stenosis.

in contrast to lumbar transforaminal epidural and 
caudal epidural injections, the evidence for lumbar 
interlaminar epidural injections in managing chronic 
low back and lower extremity pain is limited due to 
the lack of availability of studies utilizing fluoroscopy. 
the evidence is delivered from blind interlaminar 
epidural injections. Based on Parr et al’s60 systematic 
review, the indicated evidence is Level ii-2 for short-
term relief of pain of disc herniation or radiculitis 
utilizing blind interlaminar epidural steroid injections 
with a lack of evidence with Level iii for long-term 
relief of disc herniation and radiculitis. Furthermore, 
the evidence at present is lacking for short- and long-
term relief of spinal stenosis and discogenic pain 
without radiculitis or disc herniation utilizing blind 
epidural injections.

if a patient presents with unilateral, single, 
or 2 level involvement, one may proceed with 
transforaminal epidural injections (diagnostic and 
therapeutic). Bilateral or extensive involvement of 
multiple segments will lead to either interlaminar 
or caudal based on the upper or lower levels being 
involved, extensive stenosis (central or foraminal) and 
lack of response to caudal or interlaminar approaches. 
Except in specific documented circumstances with 
spinal stenosis, the approach also is based on the same 
philosophy as described above for transforaminal 
epidurals. For postsurgery syndrome, a caudal epidural 
is preferred and one may consider a transforaminal 
epidural if essential in patients without obstructing 
hardware.

the evidence for intradiscal procedures with 
thermal annular technology is also limited. the 
systematic review of the effectiveness of thermal 
annular procedures in treating discogenic low back 
pain62 showed an indicated level of evidence of ii-2 
for idet, Level ii-3 for radiofrequency annuloplasty, 
and limited or lack of evidence for intradiscal 
biacuplasty.

Treatment of Chronic Pain non responsive to 
conventional management

Patients non-responsive to epidural injections 
may be considered for mechanical disc decompression, 
percutaneous adhesiolysis, spinal endoscopic 
adhesiolysis, spinal cord stimulation, or implantation 
of intrathecal infusion systems.

Percutaneous mechanical disc decompression 
lacks evidence. there are 4 modalities, namely 
automated percutaneous lumbar discectomy, 
percutaneous laser discectomy, a high RPM device 
utilizing dekompressor, and coblation nucleoplasty or 
plasma decompression. recent systematic reviews75-78 
showed the evidence to be Level ii-2 for short- and 
long-term (> 1 year) improvement for percutaneous 
automated lumbar discectomy and laser discectomy. 
the evidence for coblation nucleoplasty (Level ii-3) 
and dekompressor (Level iii) is only emerging.

in patients with post-lumbar surgery syndrome 
after failure to respond to fluoroscopically directed 
epidural injections, percutaneous adhesiolysis is 
considered79. Despite a paucity of efficacy and 
pragmatic trials, the systematic review by epter et 
al79 indicated the evidence as Level i or ii-1 with 
short term relief being considered as 6 months or less 
and long-term longer than 6 months83-89, in managing 
post-lumbar laminectomy syndrome. another type of 
adhesiolysis is spinal endoscopic adhesiolysis, which 
is considered to be an experimental procedure. it also 
showed the indicated level of evidence of ii-1 for short-
term and Level III for long-term relief (≤ 6 months or 
> 6 months)80.

the next step in the radicular pain is implantable 
therapy. Frey et al81 in a systematic review of spinal 
cord stimulation for patients with failed back surgery 
syndrome (FBss) indicated the level of evidence as 
ii-1 or ii-2 for long-term relief (> 1 year) in managing 
patients with FBss. in this systematic review81, 2 
randomized trials90,91 and 8 observational studies were 
included92-99. despite early increased expense, cost-
effectiveness has been demonstrated for spinal cord 
stimulation100-104.

Finally, long-term management of chronic 
noncancer pain may be achieved with intrathecal 
infusion systems82. intrathecal infusion systems are also 
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utilized for non-cancer pain in FBss as an advanced 
stage intervention. while there is a lack of conclusive 
evidence due to the paucity of quality literature, Patel 
et al concluded that the level of evidence for intrathecal 
infusion systems was indicated as Level ii-3 or Level 
iii with longer than one-year improvement considered 
as long-term response82.

Interventional Pain Management
there is no consensus among interventional 

pain management specialists with regards to type, 
dosage, frequency, total number of injections, or other 
interventions. the literature provides some guidance 
even though not conclusive. the recent literature 
shows no significant difference in the outcomes with 
or without steroids with medial branch blocks15,64,105,106 
and epidural injections60,61,63,54,55,57-59. Many of the 
techniques including radiofrequency neurolysis and 
disc decompressions do not require any steroids.

the most commonly used formulations of long 
acting steroids include methylprednisolone (depo-
Medrol), triamcinolone acetonide (Aristocort or 
kenalog), and betamethasone acetate107-132.

soon after the historic introduction of cortisone 
in 1949, steroids were used for various other 
purposes including placement in the epidural space, 
facet joints, sacro-iliac joints, and for infiltration of 
other nerves127,133-135. The first published report of 
the injection of steroids into an arthritic joint was in 
1951133, followed by the application of transforaminal 
epidural steroid injections in 1952 and 1953. Since 
then, the use of spinal steroids has been reported with 
various approaches127,136-140. simultaneous with the 
introduction of neuraxial steroids in interventional 
pain management, various complications related 
to steroid therapy, including systematic effects 
of particulate steroids, have been described with 
increasing frequency, cautioning against use of spinal 
steroids in interventional pain management1,72,74,127-138. 
the rationale for the use of epidural steroids into 
various joints and epidural space has been based on the 
strong anti-inflammatory effects of corticosteroids138. 
However, while inflammation is an issue with 
discogenic pain and radiculitis, no inflammation has 
been proven to be present in other cases. it is postulated 
that corticosteroids reduce inflammation either by 

inhibiting the synthesis of or release of a number of 
pro-inflammatory substances or by causing irreversible 
local anesthetic effect on C-fibers141-156. the role of 
epidural steroids has been evaluated in experimental 
models with betamethasone reducing the nerve root 
injury produced by epidural application146,149, with 
suppression of disc resorption by high dose steroids153, 
the depression of heat hyperalgesia and mechano-
allodynia155, prevention of neuropathic edema and 
blockade of neurogenic extravasation154, inhibition of 
phospholipase a2 activity150, protection of C-fibers 
from damage151, prevention of endoneural vascular 
permeability induced by nucleus pulposus152, and 
decrease of the extent of intramedullary spinal cord 
injury secondary to spinal cord hemorrhage156. the 
chemistry of neuraxial steroids has taken center stage 
in recent years due to devastating complications 
following epidural injections, specifically 
transforaminals128-131,157-168,169. steroid particle 
embolization into small radicular arteries is believed 
to be an important causative factor131,163. tiso et al128 
and Benzon et al129 extensively evaluated chemical 
properties and their relationship to interventional pain 
management. data from tiso et al and Benzon et al 
regarding particle sizes were in general agreement 
with regards to methylprednisolone, triamcinolone, 
and commercial betamethasone. however, there were 
some differences pertaining to dexamethasone and 
betamethasone sodium phosphate. nonetheless, based 
on the available literature and scientific applications, 
all the formulations of steroids may be considered 
clinically safe; however important physiochemical 
characteristics distinguish one compound from the 
others (table 1). though all formulations of steroids 
may be considered safe, formulations of betamethasone 
appear to be safer with no significant difference 
in the effectiveness127. Formulations of commonly 
used epidural steroids are shown in table 1 and the 
pharmacologic profile of commonly used epidural 
steroids is shown in table 1.

steroids lead to suppression of the hypothalamic 
pituitary axis with decreased plasma cortisol, decreased 
plasma adrenocorticotropic hormone (acth), and 
adrenal atrophy127,170,171. other side effects may 
be specific to the site of injection which includes 
arachnoiditis, intrathecal injection, and particulate 
embolism. numerous arguments of steroid toxicity to 
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the nervous system stem from the potential toxicity of 
multiple chemical entities used mostly as preservatives 
in the formulations of epidural steroids. nelson132 
spearheaded the crusade against intraspinal therapy 
using steroids and argued that methylprednisolone 
acetate was neurotoxic. Betamethasone does not 
contain either polyethylene glycol or benzyl alcohol.

similarly, single dose vials of methylprednisolone 
(DepoMedrol) are available without alcohol. Latham 
et al119 reported that when injected deliberately into the 
subarachnoid space in sheep, betamethasone caused no 
reaction in the meninges or neural structures when small 
doses of 1 mL were used, even on repeated occasions. 
other central nervous system (cns) events described 
are worrisome. these are based on the particle size of 
epidural steroids and the risk of vascular obstruction 
and ischemic cns injury as a result of embolization. 
there have been several reported cases of cns injuries 
after transforaminal epidural injections172,173,128,129,160-167. 
one of the postulated mechanisms of these events is 
occlusion of the segmental artery accompanying the 
nerve root by the particulate steroid or embolization 
of the particulate steroid through the vertebral 
artery128,129,165,168,171. consistent with the present 
literature of the pharmacology of steroids, it appears 
that non-particulate steroids may be the agents of 
choice for transforaminal epidural injections, though 
no trials have compared particulate to non-particulate 
steroids. however, particulate steroids may be safely 
utilized for interlaminar or caudal epidural injections. 
caution must be exercised in the use of particulate 
steroids in transforaminal epidural injections and 

specifically for cervical transforaminal epidural 
injections, particularly if sharp needles are used.

the frequency and total number of injections 
have been considered important issues, even though 
controversial and poorly addressed. these are based 
on flawed assumptions from non-existing evidence. 
over the years, some authors have recommended one 
injection for diagnostic as well as therapeutic purposes. 
some have preached 3 injections in a series, irrespective 
of a patient’s progress or lack thereof, whereas others 
suggest 3 injections followed by a repeat course of 3 
injections after 3-, 6-, or 12-month intervals. there are 
also proponents of an unlimited number of injections 
with no established goals or parameters. a limitation 
of 3 mg per kilogram of body weight of steroid or 210 
mg per year in an average person and a lifetime dose of 
420 mg of steroid also have been advocated, however, 
with no scientific basis. The review of the literature 
and of all the systematic reviews has not shown 
any basis for the above reported assumptions and 
limitations. the administration must be based solely 
on the patients’ responses, safety profile of the drug, 
experience of the physician, and pharmacological and 
chemical properties such as duration of action and 
suppression of adrenals.

Indication and frequency of interventional 
pain management techniques

some criteria should be considered carefully 
before performing any interventional technique. 
the physician has to complete an initial evaluation, 

Table 1 
Epidural Steroids

drug equivalent
dose

epidural
dose

anti-
Inflammatory

Potency

sodium
retention
capacity

duration of adrenal suppyression

IM single
epidural

three
epidurals

hydrocortisone 20 mg n/a 1 1 n/a n/a n/a

Depo-Methylprednisolone
(Depo-Medrol)

4 mg 40–80 mg 5 0.5 1–6 weeks 1–3 weeks n/a

triamcinolone acetonide
(kenalog)

4 mg 40–80 mg 5 0 2–6 weeks n/a 2–3 months

dexamethasone
(decadron)

0.75 mg 8–16 mg 27 1 n/a n/a n/a

n/a = not available
Data adapted and modified from McEvoy et al (109), Jacobs et al (161) Kay et al (158), Hsu et al (159), Manchikanti et al (105,106), 
Schimmer and Parker (108), and Benzon et al (129).
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including history and physical examination, with 
a psychosocial and functional assessment. the 
indications are a suspected organic problem, 
nonresponsiveness to less invasive modalities of 
treatments except in acute situations such as acute 
disc herniation, herpes zoster, complex regional pain 
syndrome (crPs), and intractable cancer-related 
pain. these techniques are applied when the pain and 
disability are of moderate-to-severe degree and when 
there is no contraindication such as severe spinal 
stenosis resulting in intraspinal obstruction, infection, 
impaired coagulation, or predominantly psychogenic 
pain. the responsiveness to prior interventions with 
improvement in physical and functional status is a 
must to justify repeat blocks or other interventions. the 
interventions are repeated only upon return of pain and 
deterioration in functional status with a documented 
decreased pain and increased function after the initial 
intervention. the indications are variable for various 
types of interventional techniques.

Facet Joint interventional procedures
Lumbar facet joints are a well-recognized source 

of low back and referred pain in the lower extremity in 
patients with chronic low back pain. Facet joints are 
well innervated by the medial branches of the dorsal 
rami174,175. kalichman et al176 evaluated facet joint 
osteoarthritis and low back pain in the community-
based Framingham heart study. they concluded that 
there is a high prevalence of facet joint osteoarthritis in 
the community-based population with a prevalence of 
59.6% in males and 66.7% in females. The prevalence 
of facet joint osteoarthritis increased with age and 
reached 89.2% in individuals 60 to 69 years old 
with highest prevalence of facet joint osteoarthritis 
found at the L4/5 spinal level. Facet joint pain may 
be managed by intraarticular injections, facet joint 
nerve blocks, and neurolysis of facet joint nerves. 
Facet arthrosis has been suggested as a cause of low 
back pain for decades. however, the exact source of 
pain in the facet joints is ambiguous. theories on the 
generation of pain range from mechanical alterations to 
vascular changes and molecular signaling. while disc 
degeneration can clearly cause low back pain, some 
patients may not experience pain until degenerative 
changes in the facet joints alter mechanical alignment 

sufficiently to produce “articular” low back pain177. 
Most publications agree that 2 diagnostic blocks must 
be performed before radiofrequency denervation and 
many payors are requiring 80% or more pain relief. 
Consequently, a single block will definitely increase 
costs of care as the single diagnostic block will lead to 
an increase in number of radiofrequency denervations, 
which are more expensive and time consuming. the 
most common and worrisome complications of facet 
joint interventions are related to needle placement 
and drug administration. Potential complications 
include dural puncture, spinal cord trauma, infection, 
intraarterial or intravenous injection, spinal anesthesia, 
chemical meningitis, neural trauma, pneumothorax, 
radiation exposure, facet capsule rupture, hematoma 
formation, and steroid side effects178-179. Potential 
side effects with radiofrequency denervation include 
painful cutaneous dysesthesias, increased pain due 
to neuritis or neurogenic inflammation, anesthesia 
dolorosa, cutaneous hyperesthesia, pneumothorax, and 
deafferentation pain. Unintentional damage to a spinal 
nerve during medial branch radiofrequency, causing 
a motor deficit, is also a complication of a neurolytic 
procedure180.

common indications for diagnostic facet joint 
interventions are somatic or nonradicular low back, 
midback, or upper back and/or lower extremity pain. 
this pain should be intermittent or continuous in 
nature, causing functional disability and is present at 
least for the past 3 months. those blocks are performed 
after eliminating a disc herniation or evidence of 
radiculitis and when more conservative management, 
including physical therapy modalities with exercises, 
chiropractic management, and nonsteroidal anti-
inflammatory agents fails.

in the diagnostic phase, a patient may receive 
two procedures at intervals of no sooner than one 
week or preferably two weeks, with careful judgment 
of response. a positive response to controlled local 
anesthetic blocks (<1 mL) is associated with 80% 
pain relief and the ability to perform prior painful 
movements without any significant pain. In the 
therapeutic phase (after the diagnostic phase is 
completed), the suggested frequency would be two to 
three months or longer between injections, provided 
that ≥ 50% relief is obtained for 6–8 weeks. If the 
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interventional procedures are applied for different 
regions, they may be performed at intervals of no 
sooner than one week or preferably two weeks for most 
types of procedures. it is suggested that therapeutic 
frequency remain at least a minimum of 2 months for 
each region; it is further suggested that all the regions 
be treated at the same time provided that all procedures 
can be performed safely. in the treatment or therapeutic 
phase, facet joint interventions should be repeated 
only as necessary according to the medical necessity 
criteria, and it is suggested that these be limited to 
a maximum of 4 to 6 times for local anesthetic and 
steroid blocks over a period of one year, per region. 
Under unusual circumstances with a recurrent injury, 
procedures may be repeated at intervals of 6 weeks 
after stabilization in the treatment phase. For medial 
branch neurotomy, the suggested frequency would be 
3 months or longer (maximum of 3 times per year) 
between each procedure, provided that 50% or greater 
relief is obtained for 10 to 12 weeks. the therapeutic 
frequency for medial branch neurotomy should remain 
at intervals of at least 3 months per each region with 
multiple regions involved. it is further suggested that 
all regions be treated at the same time, provided all 
procedures are performed safely.

Epidural Infiltrations
epidural injections in the lumbar spine 

are provided by caudal, lumbar interlaminar, or 
transforaminal routes. while interlaminar entry is 
considered to deliver the medication closely to the 
assumed site of pathology, the transforaminal approach 
is considered as target-specific requiring the smallest 
volume to reach the primary site of pathology. caudal 
epidurals are considered as the safest and easiest, 
with minimal risk of inadvertent dural puncture, even 
though re quiring relatively high volumes. they have 
also been shown to be significantly effective compared 
to interlaminar epidural injections181,182. even then, 
controversy continues with regards to the medical 
necessity and indications of lumbar epidural injections. 
these guidelines apply to all epidural injections 
including caudal, interlaminar, and transforaminal.

complications and side effects include 
infection, intravascular injection, extra epidural 
placement, hematoma formation, abscess formation, 

subdural injection, intracranial air injection, epidural 
lipomatosis, dural puncture, nerve damage, headache, 
increased intracranial pressure, vascular injury, 
cerebral vascular or pulmonary embolus and effects of 
steroids.

Caudal
the caudal approach to the epidural space 

via the sacral hiatus is often the preferred injection 
method in the treatment of low back pain caused by 
lumbosacral root compression. Many nonanesthetists 
prefer this injection method because it carries a lower 
risk of inadvertent thecal sac puncture and intrathecal 
injection. successful caudal epidural injection relies 
on the proper placement of the needle in the epidural 
space. the most common method used to identify the 
caudal epidural space is by detecting the characteristic 
“give” or “pop” when the sacrococcygeal ligament 
is penetrated. in the event of unaided or blind needle 
insertion, incorrect needle placement has been reported 
to occur in 25% to 38% of cases, even in the hands 
of experienced physicians. Furthermore, even when 
physicians are confident with their injection technique, 
incorrect needle placement has been observed in about 
1 of 7 caudal injection procedures. an incorrect needle 
position would most likely result in deep subcutaneous 
injections. In clinical practice, the “whoosh” test, 
nerve stimulation, and fluoroscopy are the 3 methods 
that can be used to identify the caudal space before 
the injection of medications. approximately 3% of 
the studied population has closed sacral canals, thus 
making caudal epidural injections impossible for these 
subjects.

the common indications are chronic low back 
and/or lower extremity pain which has failed to 
respond or poorly responded to noninterventional 
and nonsurgical conservative management resulting 
from disc herniation, lumbar radiculitis, lumbar spinal 
stenosis, post lumbar surgery syndrome, epidural 
fibrosis, degenerative disc disease and discogenic low 
back pain. the facet joint pain should be eliminated by 
controlled local anesthetic blocks.

Lumbar Interlaminar
in a randomized, double-blind, controlled trial 

of lumbar interlaminar epidural injections in chronic 
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function-limiting low back pain without facet joint 
pain, disc herniation, and/or radiculitis, Manchikanti et 
al demonstrated an effectiveness in 74% of the patients 
receiving local anesthetic only and 63% of patients 
receiving local anesthetic and steroids with an average 
of 4 procedures per year.

the indications are the same as for caudal 
epidural injections, except for post-surgery syndrome 
where caudal epidural is the modality of choice183.

Lumbar Transforaminal
Lumbar transforaminal epidurals are provided 

for diagnostic and therapeutic purposes. the aim of 
the diagnostic procedure is to identify an inflamed 
nerve root in a patient with a history of radicular 
pain when results of visual anatomic studies and 
neurophysiologic studies are not collaborative. it also 
helps to identify the pain generator when patients have 
multiple abnormalities on visual anatomic studies and 
to determine a primary pain generator in the spine-
hip syndrome, the symptomatic level in multilevel 
disc herniation or stenosis and the irritated root in 
patients with documented postoperative fibrosis or 
spondylolisthesis.

the therapeutic indications are an intermittent or 
continuous pain causing functional disability. a chronic 
low back and/or lower extremity pain which has failed 
to respond or poorly responded to non-interventional 
and non-surgical conservative management, resulting 
from disc herniation, failed back syndrome without 
extensive scar tissue and hardware, spinal stenosis 
with radiculitis and discogenic pain with radiculitis.

the guidelines of frequency of interventions 
apply to epidural injections caudal, interlaminar, and 
transforaminal. in the diagnostic phase, a patient may 
receive two procedures at intervals of no sooner than 
one week or preferably two weeks except in cancer-
related pain or when a continuous administration of 
local anesthetic is employed for crPs.

in the therapeutic phase (after the diagnostic 
phase is completed), the suggested frequency of 
interventional techniques should be two months or 
longer between each injection, provided that > 50% 
relief is obtained for six to eight weeks. if the neural 
blockade is applied for different regions, they may be 

performed at intervals of no sooner than one week and 
preferably two weeks for most types of procedures. 
the therapeutic frequency may remain at intervals 
of at least two months for each region. it is further 
suggested that all regions be treated at the same time, 
provided all procedures can be performed safely. in the 
treatment or therapeutic phase, the epidural injections 
should be repeated only as necessary according to 
medical necessity criteria, and it is suggested that these 
be limited to a maximum of 4–6 times per year. Under 
unusual circumstances with a recurrent injury, cancer-
related pain, or crPs, blocks may be repeated at 
intervals of 6 weeks or less after diagnosis/stabilization 
in the treatment phase.

Percutaneous Adhesiolysis
adhesiolysis of epidural scar tissue, followed by 

the injection of hypertonic saline, has been described 
by racz and coworkers in multiple publications. 
the technique described by racz and colleagues 
involved epidurography, adhesiolysis, and injection of 
hyaluronidase, bupivacaine, triamcinolone diacetate, 
and 10% sodium chloride solution on day one, 
followed by injections of bupivacaine and hypertonic 
sodium chloride solution on days 2 and 3. Manchikanti 
and colleagues modified the Racz protocol from a 
3-day procedure to a one-day procedure. the goal 
of percutaneous lysis of epidural adhesions is to 
assure delivery of high concentrations of injected 
drugs to the target areas. thus, percutaneous epidural 
lysis of adhesions is the first and most commonly 
used treatment to incorporate multiple therapeutic 
goals184,185. Inflammation, edema, fibrosis, and 
venous congestion; mechanical pressure on posterior 
longitudinal ligaments, annulus fibrosus, and spinal 
nerve; reduced or absent nutrient delivery to the 
spinal nerve or nerve root; and central sensitization 
may be present in patients with radiculitis with disc 
herniation, stenosis, and epidural fibrosis. Hence, it has 
been postulated as reasonable to treat back pain with or 
without radiculopathy with the local application of anti-
inflammatory medication agents (e.g., corticosteroids) 
aimed at reducing edema (e.g., hypertonic sodium 
chloride solution, corticosteroids), local anesthetics, 
and hyaluronidase to promote lysis185,186. thus, 
percutaneous lysis of adhesions is indicated in patients 
with appropriate diagnostic evaluation and after the 
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failure or ineffectiveness of conservative modalities of 
treatment have been proven.

the most common and worrisome complications 
of adhesiolysis in the lumbar spine are related to 
dural puncture, spinal cord compression, catheter 
shearing, infection, steroids, hypertonic saline, and 
hyaluronidase187, 188-191. spinal cord compression 
following rapid injections into the epidural space, 
which may cause large increases in intraspinal pressure 
with a risk of cerebral hemorrhage, visual disturbance, 
headache, and compromise of spinal cord blood flow, 
has been mentioned.

the indications for an epidural adhesiolysis 
are chronic low back and/or lower extremity pain 
resulting from a failed back surgery syndrome or 
epidural fibrosis, spinal stenosis, disc herniation with 
radiculitis and failure to respond or poor response 
to noninterventional and non-surgical conservative 
management and fluoroscopically-directed epidural 
injections. adhesiolysis can be performed after 
eliminating a facet joint pain by controlled local 
anesthetic blocks. the number of procedures is 
preferably limited to two interventions per year.

Spinal Endoscopic Adhesiolysis
There is insufficient evidence to conclude that 

epiduroscopy can improve patient management or 
disease outcomes. the available studies primarily 
evaluated the feasibility of the procedure and the 
ability to visualize normal and pathological structures 
with an epiduroscope. some studies concluded that 
epiduroscopy could identify the cause of pain and 
other neurological signs in some patients who had 
been either undiagnosed or incorrectly diagnosed by 
radiography or magnetic resonance imaging (MRI). 
Geurts et al. reported that epiduroscopy outperformed 
MRI in 8 out of 20 patients with chronic sciatica with 
or without failed back syndrome (Geurts, 2002). in 
this study, MRI findings agreed with epiduroscopy 
observations in 11 patients, while epiduroscopy 
identified an adhesion on the nerve root in 8 patients 
in whom MRI detected no abnormalities of the spinal 
structures. There is insufficient evidence to conclude 
that epidural lysis of adhesions can provide sustained 
reduction in chronic back pain in patients with a 
presumptive diagnosis of epidural adhesions. the 

common indications of this procedure are chronic 
low back and lower extremity pain nonresponsive or 
poorly responsive to conservative treatment, including 
fluoroscopically directed epidural injections and 
percutaneous adhesiolysis with hypertonic saline 
neurolysis. the procedures are preferably limited to a 
maximum of two per year provided the relief was > 
50% for > 4 months.

Intradiscal Procedures
the lumbar intervertebral discs have been 

shown to be sources of chronic back pain without 
disc herniation in 26% to 39%. Lumbar provocation 
discography, which includes disc stimulation and 
morphological evaluation, is often used to distinguish 
a painful disc from other potential sources of 
pain. conversely, there is evidence that subtle but 
painful lesions may be present in discs that appear 
morphologically normal on MRI. Discography has 
been shown to reveal abnormalities in symptomatic 
patients with normal MRI scans192,193. Lei et al194 
concluded that MRI should continue to supplement 
discography rather than replace it. in a meta-analysis 
by wolfer et al195, the authors concluded that the 
false-positive rate was acceptably low and indicated 
the level of evidence for discography was Level ii-2. 
in a therapeutic attempt, a steroid might be injected 
to decrease inflammation and swelling that may be 
present within a disc. the steroid usually starts to work 
in 2-3 days, but the optimal effects are not known until 
1-2 weeks after the injection. the duration and extent 
of pain relief from therapeutic intradiscal injection is 
associated with variable results. the indications are 
axial low back pain of at least 6 months duration with 
failure to respond to conservative treatment, abnormal 
nucleus signal on T2-weighed MRI images with > 
60% residual disc height and no evidence of root 
compression, tumor, or infection. Finally, even though 
lumbar provocation discography with a double needle 
technique is considered safe196, discitis is a serious 
problem. Further, needle puncture injury was shown 
to affect intervertebral disc mechanics and biology in 
an organ culture model197. in addition, incidence of 
intravascular uptake during fluoroscopically guided 
lumbar disc injections also has been demonstrated198.
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Mechanical Disc Decompression
Lumbar disc prolapse, protrusion, or extrusion 

account for less than 5% of all low back problems, 
but are the most common causes of nerve root pain 
and surgical interventions. the primary rationale for 
any form of surgery for disc prolapse is to relieve 
nerve root irritation or compression due to herniated 
disc material. the primary modality of treatment 
continues to be either open or microdiscectomy, but 
several alternative techniques including nucleoplasty, 
automated percutaneous discectomy, and laser 
discectomy have been described199. disc herniations 
consist of both contained and non-contained types. 
while for non-contained disc herniations, open 
discectomy is the approach of choice200, partial 
removal of the nucleus pulposus in contained discs 
has been shown to decompress herniated discs and 
relieve pressure on nerve roots in a much less invasive 
manner201,202.

nucleoplasty, a minimally invasive procedure, 
uses radiofrequency energy to remove nucleur material 
and create small channels within the disc. nucleoplasty 
utilizing coblation technology dissolves the nuclear 
material through molecular dissociation, and is thought 
to lower nuclear pressure, thereby reducing the nerve 
root tension and allowing a protrusion to implode 
inward. However, epidural fibrosis may develop with 
nucleoplasty203. at present, the common indication 
is unilateral leg pain with radicular symptoms in a 
specific dermatomal distribution that correlates with 
MRI findings. Imaging studies (CT, MRI, discography) 
should indicate a subligamentous contained disc 
herniation with a well maintained disc height of 
60%. nucleoplasty may be considered prior to open 
discectomy, however, automated percutaneous lumbar 
discectomy and laser discectomy have been shown to 
have better evidence with extensive experience201.

Sacroiliac Joint Injections
the sacroiliac joint is a diarthrodial joint, 

receiving innervation from the lumbosacral nerve 
roots204. controlled local anesthetic blocks continue 
to be the best available tool to identify either the 
intervertebral discs, facet, or sacroiliac joints as 
the source of low back pain205,206. sacroiliac joint 
pain may be managed by intraarticular injections or 

neurolysis of the nerve supply. a retrospective review 
by Borowsky and Fagen207 conducted in 120 patients 
found the combination of intra- and peri-articular 
injectate deposition provided superior analgesia than 
intraarticular injection alone.

the common indications are somatic or 
nonradicular low back and lower extremity pain below 
the level of L5 vertebra which failed to respond to more 
conservative management, including physical therapy 
modalities with exercises, chiropractic management, 
and non-steroidal anti-inflammatory agents. For 
therapeutic sacroiliac joint interventions with 
intraarticular injections or radiofrequency neurotomy, 
the joint should have been positive utilizing controlled 
diagnostic blocks.

in the diagnostic phase, a patient may receive two 
si joint injections at intervals of no sooner than one 
week or preferably two weeks. in the therapeutic phase 
(after the diagnostic phase is completed), the suggested 
frequency would be two months or longer between 
injections, provided that >50% relief is obtained for six 
weeks. if the procedures are done for different joints, 
they should be performed at intervals of no sooner 
than one week or preferably two weeks. it is suggested 
that therapeutic frequency remain at two months for 
each joint. it is further suggested that both joints be 
treated at the same time, provided the injections can 
be performed safely. in the therapeutic phase, the 
interventional procedures should be repeated only as 
necessary according to the medical necessity criteria, 
and it is suggested that they be limited to a maximum 
of 4 – 6 times for local anesthetic and steroid blocks 
over a period of one year, per region. Under unusual 
circumstances with a recurrent injury, procedures 
may be repeated at intervals of six weeks after 
stabilization in the treatment phase. For sacroiliac joint 
radiofrequency neurotomy the suggested frequency 
is three months or longer between each procedure 
(maximum of 3 times per year), provided that >50% 
relief is obtained for 10 to 12 weeks.

Trigger-Point and Ligamental Injections
Limited evidence was found suggesting that a 

combination of corticosteroid injections and local 
anaesthetic injections in trigger points and phenol-
injections in lumbar ligaments were effective in 



474  M. RIzK ET AL.

chronic low back pain. 15 One RCT (n=57) compared 
‘trigger-point’ injections with methyl-prednisolone 
plus lidocaine versus triamcinolone plus lidocaine 
versus lidocaine alone. 60-80% of patients with a 
combination of lidocaine and corticosteroid had 
complete relief of pain after three months compared 
to 20% in the lidocaine group. the other rct (n=81) 
compared ligamental dextrose-glycerine-phenol 
injections with saline. the decrease in pain and 
improvement in functional status was larger with 
phenol than with saline at one, three and six months.

Spinal Cord Stimulator
Patients may have persistent disabling low 

back pain despite use of several standard therapies 
or following back surgery (i.e, failed back surgery 
syndrome). chronic opioids may be used in such 
patients to manage pain, but responses are incomplete, 
long-term outcome unknown, and side effects can be 
serious. opioids should only be used after adequate 
risk assessment and with appropriate monitoring 
and supervision. spinal cord stimulation involves 
the placement of electrodes in the epidural space 
adjacent to the spinal area presumed to be the source 
of pain. an electric current is then applied to achieve 
sympatholytic and other neuromodulatory effects. 
The resulting impulses in the fibers may inhibit the 
conduction of pain signals to the brain according to 
the pain gate theory. Moreover, the number and type 
of leads (unipolar, bipolar, or multipolar) and the 
parameters of stimulation (amplitude pulse wide 
electrode sensation) may vary depending on the nerve 
roots involved and the intensity of the pain being 
experienced by the patient. Further, the electrodes 
may be implanted percutaneously or by laminectomy, 
and power for the spinal cord stimulator is supplied 
by an implanted battery or transcutaneously through 
an external radiofrequency transmitter. the implanted 
source of power is equipped with a computerized 
telemetry system that allows transcutaneous 
programming of the specific pattern of stimulation208. 
in the randomized trials, 26 to 32 percent of patients 
experienced a complication following spinal 
cord stimulator implantation, including electrode 
migration, infection or wound breakdown, generator 
pocket-related complications, and lead problem. 

currently, the common indications for a spinal cord 
stimulator implantation are a documented lumbosacral 
arachnoiditis that has not responded to medical 
management. the best candidates are those with 
intractable pain caused by nerve root injuries, including 
the postlaminectomy syndrome, this umbrella term 
overlies a constellation of different symptoms and 
etiologies, predominantly neuropathic extremity 
pain209. demonstration of pain relief stipulates a 
screening period using temporary percutaneous 
placement of leads and an external generator210.

Intrathecal Pump Insertion
intrathecal drug delivery systems are implanted for 

chronic pain when conservative therapies have failed, 
surgery is ruled out, no active or untreated addiction 
exists, psychological testing indicates appropriateness 
for implantable therapy, medical contraindications 
have been eliminated (coagulopathies, infections), and 
a successful intrathecal drug trial has been completed211. 
intrathecal pumps deliver small doses of medication 
directly to the spinal fluid. It consists of a small battery-
powered, programmable pump that is implanted under 
the subcutaneous tissue of the abdomen and connected 
to a small catheter tunneled to the site of spinal entry. 
sophisticated drug dose regimens can be instituted. 
Implanted pumps need to be refilled every 1 to 3 
months. there is no evidence showing whether it is 
more clinically effective to use bolus or continuous 
dosing. no intrathecal device should be implanted for 
pain management of chronic low back pain without 
first performing a trial. This phase determines whether 
a patient will benefit from an implant212. The first line of 
treatment includes morphine and hydromorphone. the 
second protocol may actually be chosen as first line in 
cases where an individual has prominently neuropathic 
symptoms. this consists of either hydromorphone 
or morphine with the addition of bupivacaine or 
clonidine. After failure of first and second line drug 
combination treatments, either due to intolerable side 
effects or inadequate analgesia, the physician might 
consider using lipophilic opioid agents such as fentanyl 
and gamma-aminobutyric acid (GaBa) agonists such 
as baclofen and midolazam. Bleeding, neurological 
injury, infection, cerebral spinal leaks, shredded 
catheters, and malpositioned subcutaneous pockets 
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are the surgical complications during the insertion 
of an intrathecal pump. Drug refills must be done by 
trained individuals who are able to accurately assess 
pain and subtle changes in the patient condition. drug 
tolerance is caused by psychological, pharmacological 
or physiological aspects and can best be described 
as the need for dose escalation for equivalent effect. 
a canadian study in 2002 showed that patients who 
responded to intrathecal drug treatment for failed 
low back syndrome is cost-effective in the long term, 
despite high initial costs of the implantable devices213.

Conclusion
in this chapter, we described the most common 

modalities of management. however, there is no 
single approach that covers every patient. Further, 
typical patients present with multiple problems. thus, 
this should not be construed as the entire evaluation. 
only relevant descriptions are provided. abuse and 
overuse of multiple procedures is a major concern. 
these guidelines must not be used to justify multiple 
procedures, without documentation of medical 
necessity.

Biography
Dr. Marwan Rizk is an instructor of clinical 

anesthesiology at the department of anesthesiology at 
AUB-MC.

Dr. Rizk received his MD from St. Joseph 
University of Beirut in 1997. Following graduation, 
he completed four years of residency training in 
anesthesiology at the FM/AUBMC from 1998-2002. 
he subsequently completed a year of advanced training 
in pain management and regional anesthesia at wayne 
State University School of Medicine. He also attained 
a DISS and Masters degree in Hospital Management 
from Denis Diderot University, Paris in 2007.



476  M. RIzK ET AL.

References

1. boswEll MV, trEsCot aM, datta s, sChultz dM, hansEn hC, 
abdi s, sEhgal n, shah rV, singh V, bEnyaMin rM, PatEl Vb, 
buEnaVEntura rM, Colson Jd, CordnEr hJ, EPtEr rs, JasPEr JF, 
dunbar EE, atluri sl, bowMan rC, dEEr tr, swiCEgood Jr, staats 
Ps, sMith hs, burton aw, kloth ds, giordano J, ManChikanti l: 
interventional techniques: evidence based practice guidelines in the 
management of chronic spinal pain. Pain Physician; 2007, 10:7-111.

2. US Department of Health and Human Services. Office of Inspector 
General (OIG). Medicare Payments for Facet Joint Injection 
Services (OEI-05-07-00200). September 2008. www.oig.hhs. gov/
oei/reports/oei-05-07-00200.pdf

3. estimate based on oiG analysis of facet joint injection procedure 
codes in the following Medicare claims files: (1) 2003 1-percent 
sample of NCH outpatient and physician/supplier files, and (2) 2006 
100-percent NCH outpatient and physician/supplier files.

4. FriEdly J, Chan l, dEyo r: increases in lumbosacral injections in 
the Medicare population: 1994 to 2001. Spine; 2007, 32:1754-1760.

5. FriEdly J, Chan l, dEyo r: Geographic variation in epidural steroid 
injection use in Medicare patients. J Bone Joint Surg Am; 2008, 
90:1730-1737.

6. ManChikanti l, giordano J: Physician payment 2008 for 
interventionalists: current state of health care policy. Pain 
Physician; 2007, 10:607-626.

7. ManChikanti l, boswEll MV: interventional techniques in 
ambulatory surgical centers: a look at the new payment system. 
Pain Physician; 2007, 10:627-650.

8. ManChikanti l, singh V, PaMPati V, sMith hs, hirsCh Ja: analysis 
of growth of interventional techniques in managing chronic pain in 
Medicare population: A 10-year evaluation from 1997 to 2006. Pain 
Physician; 2009, 12:9-34.

9. ManChikanti l, MCMahon Eb: Physician refer thyself: is stark ii, 
Phase III the final voyage? Health Policy Update. Pain Physician; 
2007, 10:725-741.

10. ManChikanti l: health care reform in the United states: radical 
surgery needed now more than ever. Pain Physician; 2008, 11:13-
42.

11. ManChikanti l, hirsCh Ja: obama health care for all americans: 
Practical implications. Pain Physician; 2009, 12:289-304.

12. EdEn J, whEatlEy b, MCnEil b, sox h: Knowing What Works in 
Health Care: A Roadmap for the Nation. national academies Press, 
washington, dc, 2008.

13. kusliCh sd, ulstroM Cl, MiChaEl CJ: the tissue origin of low 
back pain and sciatica: a report of pain response to tissue stimulation 
during operation on the lumbar spine using local anesthesia. Orthop 
Clin North Am; 1991, 22:181-187.

14. ManChikanti l, glasEr s, wolFEr l, dErby r, CohEn sP: 
systematic review of lumbar discography as a diagnostic test for 
chronic low back pain. Pain Physician; 2009, 12:541-560.

15. datta s, lEE M, FalCo FJE, bryCE da, hayEk sM: systematic 
assessment of diagnostic accuracy and therapeutic utility of lumbar 
facet joint interventions. Pain Physician; 2009, 12:437-460.

16. ruPErt MP, lEE M, ManChikanti l, datta s, CohEn sP. evaluation 
of sacroiliac joint interventions: a systematic appraisal of the 
literature. Pain Physician; 2009, 12:399-418.

17. boswEll MV, singh V, staats Ps, hirsCh Ja: accuracy of precision 
diagnostic blocks in the diagnosis of chronic spinal pain of facet 
or zygapophysial joint origin: a systematic review. Pain Physician; 

2003, 6:449-456.
18. sEhgal n, shah rV, MCkEnziE-brown a, EVErEtt Cr: diagnostic 

utility of facet (zygapophysial) joint injections in chronic spinal 
pain: a systematic review of evidence. Pain Physician; 2005, 8:211-
224.

19. sEhgal n, dunbar EE, shah rV, Colson Jd: systematic review of 
diagnostic utility of facet (zygapophysial) joint injections in chronic 
spinal pain: an update. Pain Physician; 2007, 10:213-228.

20. bogduk n: international spinal injection society guidelines for the 
performance of spinal injection procedures. Part 1. zygapophysial 
joint blocks. Clin J Pain; 1997, 13:285-302.

21. MCkEnziE-brown aM, shah rV, sEhgal n, EVErEtt Cr: a 
systematic review of sacroiliac joint interventions. Pain Physician; 
2005, 8:115-125.

22. hansEn hC, MCkEnziE-brown aM, CohEn sP, swiCEgood Jr, 
Colson Jd, ManChikanti l: sacroiliac joint interventions: a 
systematic review. Pain Physician; 2007, 10:165-184.

23. datta s, EVErEtt Cr, trEsCot aM, sChultz dM, adlaka r, abdi 
s, atluri sl, sMith hs, shah rV: an updated systematic review 
of diagnostic utility of selective nerve root blocks. Pain Physician; 
2007, 10:113-128.

24. ManChikanti l, singh V, PaMPati V, daMron k, barnhill r, bEyEr 
C, Cash k: evaluation of the relative contributions of various 
structures in chronic low back pain. Pain Physician; 2001, 4:308-
316.

25. ManChikanti l, hirsCh Ja, PaMPati V: chronic low back pain of 
facet (zygapophysial) joint origin: is there a difference based on 
involvement of single or multiple spinal regions? Pain Physician; 
2003, 6:399-405.

26. ManChukonda r, ManChikanti kn, Cash ka, PaMPati V, 
ManChikanti l: Facet joint pain in chronic spinal pain: an evaluation 
of prevalence and false-positive rate of diagnostic blocks. J Spinal 
Disord Tech; 2007, 20:539-545.

27. ManChikanti l, boswEll MV, singh V, PaMPati V, daMron ks, 
bEyEr Cd: Prevalence of facet joint pain in chronic spinal pain of 
cervical, thoracic, and lumbar regions. BMC Musculoskelet Disord; 
2004, 5:15.

28. ManChikanti l, singh V, PaMPati V, daMron ks, bEyEr Cd, 
barnhill rC: is there correlation of facet joint pain in lumbar and 
cervical spine? An evaluation of prevalence in combined chronic 
low back and neck pain. Pain Physician; 2002, 5:365-371.

29. sChwarzEr aC, wang s, bogduk n, MC- naught PJ, laurEnt r: 
Prevalence and clinical features of lumbar zygapophysial joint pain: 
a study in an australian population with chronic low back pain. Am 
Rheum Dis; 1995, 54:100-106.

30. ManChikanti l, ManChukonda r, PaMPati V, daMron ks, 
MCManus Cd: Prevalence of facet joint pain in chronic low back 
pain in postsurgical patients by controlled comparative local 
anesthetic blocks. Arch Phys Med Rehabil; 2007, 88:449-455.

31. ManChikanti l, PaMPati V, FEllows b, riVEra JJ, daMron ks, 
bEyEr Cd, Cash ka: Influence of psychological factors on the 
ability to diagnose chronic low back pain of facet joint origin. Pain 
Physician; 2001, 4:349-357.

32. ManChikanti l, Cash ka, PaMPati V, FEllows b: Influence of 
psychological variables on the diagnosis of facet joint involvement 
in chronic spinal pain. Pain Physician; 2008, 11:145-160.

33. ManChikanti l, boswEll MV, ManChukonda r, Cash ka, 



M.E.J. ANESTH 21 (4), 2012

477Low Back Pain as Perceived By the Pain sPeciaList

giordano: Influence of prior opioid exposure on diagnostic facet 
joint nerve blocks. J Opioid Manage; 2008, 4:351-360.

34. ManChikanti l, daMron ks, riVEra J, MCManus Cd, JaCkson 
sd, barnhill rC, Martin JC: evaluation of effect of sedation as 
a confounding factor in the diagnostic validity of lumbar facet joint 
pain: a prospective, randomized, double-blind, placebo-controlled 
evaluation. Pain Physician; 2004, 7:411-417.

35. ManChikanti l, PaMPati V, daMron k: the role of placebo and 
nocebo effects of perioperative administration of sedatives and 
opioids in interventional pain management. Pain Physician; 2005, 
8:349-355.

36. sMith hs, ChoPra P, PatEl Vb, FrEy ME, rastogi r: systematic 
review on the role of sedation in diagnostic spinal interventional 
techniques. Pain Physician; 2009, 12:195-206.

37. bogduk n: an algorithm for the conduct of cervical synovial joint 
blocks. Practice Guidelines for Spinal Diagnostic and Treatment 
Procedures. international spine intervention society (isis). san 
Francisco, 2004, pp. 152-160.

38. ManChikanti l, boswEll MV, singh V, dErby r, FEllows b, FalCo 
FJE, datta s, sMith hs, hirsCh Ja: comprehensive review of 
Neurophysiologic Basis and Diagnostic Interventions in Managing 
spinal Pain. Pain Physician; 2009, 12: E71-E120.

39. hanCoCk MJ, MahEr Cg, latiMEr J, sPindlEr MF, MCaulEy Jh, 
laslEtt M, bogduk n: systematic review of tests to identify the 
disc, SIJ or facet joint as the source of low back pain. Eur Spine J; 
2007, 16:1539-1550.

40. irwin rw, watson t, MiniCk rP, aMbrosius wt: age, body mass 
index, and gender differences in sacroiliac joint pathology. Am J 
Phys Med Rehabil; 2007, 86:37-44.

41. MaignE Jy, aiVakiklis a, PFEFEr F: results of sacroiliac joint double 
block and value of sacroiliac pain provocation test in 54 patients 
with low back pain. Spine; 1996, 21:1889-1892.

42. laslEtt M, young sb, aPrill Cn, MCdonald b: diagnosing 
painful sacroiliac joints: A validity study of a McKenzie evaluation 
and sacroiliac provocation tests. Aust J Physiother; 2003, 49:89-97.

43. Van dEr wurFF P, buiJs EJ, groEn gJ: a multitest regimen of pain 
provocation tests as an aid to reduce unnecessary minimally invasive 
sacroiliac joint procedures. Arch Phys Med Rehabil; 2006, 87:10-14.

44. rubinstEin sM, Van tuldEr M: a best-evidence review of 
diagnostic procedures for neck and low-back pain. Best Pract Res 
Clin Rheumatol; 2008, 22:471-482.

45. horton wC, daFtari tk: which disc as visualized by magnetic 
resonance imaging is actually a source of pain? A correlation 
between magnetic resonance imaging and discography. Spine; 1992, 
17:S164-S171.

46. zuChErMan J, dErby r, hsu k, PiCEtti g, kaisEr J, sChoFFErMan J, 
goldthwaitE n, whitE a: normal magnetic resonance imaging with 
abnormal discography. Spine; 1988, 13:1355-1359.

47. shah rV, EVErEtt C, MCkEnziE-brown a, sEhgal n: discography 
as a diagnostic test for spinal pain: a systematic and narrative 
review. Pain Physician; 2005, 8:187-209.

48. buEnaVEntura rM, shah rV, PatEl V, bEnyaMin r, singh V: 
systematic review of discography as a diagnostic test for spinal 
pain: an update. Pain Physician; 2007, 10:147-164.

49. wolFEr l, dErby r, lEE JE, lEE sh: systematic review of lumbar 
provocation discography in asymptomatic subjects with a meta-
analysis of false-positive rates. Pain Physician; 2008, 11:513-538.

50. Carrino Ja, Morrison wb, ParkEr l, sChwEitzEr ME, lEVin 
dC, sunshinE Jh: spinal injection procedures: volume, provider 
distribution, and reimbursement in the U.s. medicare population 

from 1993 to 1999. Radiology; 2002, 225:723-729.
51. Specialty Utilization data files from CMS: www.cms.hhs.gov
52. sChoEllEs k, rEston J, trEadwEll J, noblE M, snydEr d: spinal 

fusion and discography for chronic low back and uncomplicated 
lumbar degenerative disc disease. health technology assessment. 
Washington State Health Care Authority, October 19, 2007.

53. ManChikanti l, singh V, dErby r, sChultz dM, bEnyaMin rM, 
PragEr JP, hirsCh Ja: reassessment of evidence synthesis of 
ccupational medicine practice guidelines for interventional pain 
management. Pain Physician; 2008, 11:393-482.

54. Conn a, buEnaVEntura r, datta s, abdi s, diwan s: systematic 
review of caudal epidural injections in the management of chronic 
low back pain. Pain Physician; 2009, 12:109-135.

55. ManChikanti l, Cash ka, MCManus Cd, PaMPati V, sMith hs: 
Preliminary results of randomized, equivalence trial of fluoroscopic 
caudal epidural injections in managing chronic low back pain: 
Part 1. discogenic pain without disc herniation or radiculitis. Pain 
Physician; 2008, 11:785-800.

56. ManChikanti l, singh V, riVEra JJ, PaMPati V, bEyEr Cd, daMron 
ks, barnhill rC: effectiveness of caudal epidural injections 
in discogram positive and negative chronic low back pain. Pain 
Physician; 2002, 5:18-29.

57. ManChikanti l, singh V, Cash ka, PaMPati V, daMron ks, 
boswEll MV: Preliminary results of randomized, equivalence trial 
of fluoroscopic caudal epidural injections in managing chronic low 
back pain: Part 2. disc herniation and radiculitis. Pain Physician; 
2008, 11:801-815.

58. ManChikanti l, Cash ka, MCManus Cd, PaMPati V, abdi s: 
Preliminary results of randomized, equivalence trial of fluoroscopic 
caudal epidural injections in managing chronic low back pain: Part 
4. spinal stenosis. Pain Physician; 2008, 11:833-848.

59. ManChikanti l, singh V, Cash ka, PaMPati V, datta s: Preliminary 
results of randomized, equivalence trial of fluoroscopic caudal 
epidural injections in managing chronic low back pain: Part 3. Post 
surgery syndrome. Pain Physician; 2008, 11:817-831.

60. Parr at, diwan s, abdi s: Lumbar interlaminar epidural injections in 
managing chronic low back and lower extremity pain: a systematic 
review. Pain Physician; 2009, 12:163-188.

61. bEnyaMin rM, singh V, Parr at, Conn a, diwan s, abdi s: 
systematic review of the effectiveness of cervical epidurals in the 
management of chronic neck pain. Pain Physician; 2009, 12:137-
157.

62. hElM s, hayEk s, bEnyaMin rM, ManChikanti l: systematic 
review of the effectiveness of thermal annular procedures in treating 
discogenic low back pain. Pain Physician; 2009, 12:207-232.

63. buEnaVEntura rM, datta s, abdi s, sMith hs: systematic review 
of therapeutic lumbar transforaminal epidural steroid injections. 
Pain Physician; 2009, 12:233-251.

64. ManChikanti l, singh V, FalCo FJ, Cash ka, PaMPati V: Lumbar 
facet joint nerve blocks in managing chronic facet joint pain: one-
year follow-up of a randomized, double-blind controlled trial: 
Clinical Trial NCT00355914. Pain Physician; 2008, 11:121-132.

65. ManChikanti l, PaMPati V, bakhit C, riVEra J, bEyEr C, daMron 
k, barnhill r: effectiveness of lumbar facet joint nerve blocks in 
chronic low back pain: a randomized clinical trial. Pain Physician; 
2001, 4:101-117.

66. nath s, nath Ca, PEttErsson k: Percutaneous lumbar 
zygapophysial (facet) joint neurotomy using radiofrequency 
current, in the management of chronic low back pain: a randomized 
doubleblind trial. Spine; 2008, 33:1291-1298.



478  M. RIzK ET AL.

67. goFEld M, JitEndra J, FaCliEr g: radiofrequency facet denervation 
of the lumbar zygapophysial joints: 10-year prospective clinical 
audit. Pain Physician; 2007, 10:291-300.

68. drEyFuss P, halbrook b, Pauza k, Joshi a, MClarty J, bogduk 
n: Efficacy and validity of radiofrequency neurotomy for chronic 
lumbar zygapophysial joint pain. Spine; 2000, 25:1270-1277.

69. gibson Jn, waddEll g: surgical interventions for lumbar disc 
prolapse: Updated cochrane review. Spine; 2007, 32:1735-1747.

70. gibson Jna, waddEll g: surgical interventions for lumbar disc 
prolapse. Cochrane Database Syst Rev; 2009, (1):CD001350.

71. trEsCot aM, ChoPra P, abdi s, datta s, sChultz dM: systematic 
review of effectiveness and complications of adhesiolysis in the 
management of chronic spinal pain: an update. Pain Physician; 
2007, 10:129-146.

72. abdi s, datta s, trEsCot aM, sChultz dM, adlaka r, atluri sl, 
sMith hs, ManChikanti l: epidural steroids in the management 
of chronic spinal pain: a systematic review. Pain Physician; 2007, 
10:185-212.

73. ChoPra P, sMith hs, dEEr tr, bowMan rC: role of adhesiolysis 
in the management of chronic spinal pain: a systematic review of 
effectiveness and complications. Pain Physician; 2005, 8:87-100.

74. abdi s, datta s, luCas lF: role of epidural steroids in the 
management of chronic spinal pain: a systematic review of 
effectiveness and complications. Pain Physician; 2005, 8:127-143.

75. hirsCh Ja, singh V, FalCo FJE, bEnyaMin rM, ManChikanti l: 
automated percutaneous lumbar discectomy for the contained 
herniated lumbar disc: a systematic assessment of evidence. Pain 
Physician; 2009, 12:601-620.

76. singh V, ManChikanti l, bEnyaMin rM, hElM s, hirsCh Ja: 
Percutaneous lumbar laser disc decompression: a systematic review 
of current evidence. Pain Physician; 2009, 12:573-588.

77. singh V, bEnyaMin rM, datta s, FalCo FJE, hElM s, ManChikanti 
l: systematic review of percutaneous lumbar mechanical disc 
decompression utilizing dekompressor. Pain Physician; 2009, 
12:589-600.

78. ManChikanti l, dErby r, bEnyaMin rM, hElM s, hirsCh Ja: a 
systematic review of mechanical lumbar disc decompression with 
nucleoplasty. Pain Physician; 2009, 12:561-572.

79. EPtEr rs, hElM s, hayEk sM, bEnyaMin rM, sMith hs, abdi s: 
systematic review of percutaneous adhesiolysis and management 
of chronic low back pain in post lumbar surgery syndrome. Pain 
Physician; 2009, 12:361-378.

80. hayEk sM, hElM s, bEnyaMin rM, singh V, bryCE da, sMith 
hs: effectiveness of spinal endoscopic adhesiolysis in post lumbar 
surgery syndrome: a systematic review. Pain Physician; 2009, 
12:419-435.

81. FrEy ME, ManChikanti l, bEnyaMin rM, sChultz dM, sMith hs, 
CohEn sP: spinal cord stimulation for patients with failed back 
surgery syndrome: a systematic review. Pain Physician; 2009, 
12:379-397.

82. PatEl Vb, ManChikanti l, singh V, sChultz dM, hayEk sM, sMith 
hs: systematic review of intrathecal infusion systems for long-term 
management of chronic non-cancer pain. Pain Physician; 2009, 
2:345-360.

83. ManChikanti l, riVEra J, PaMPati V, daMron ks, MCManus Cd, 
brandon dE, wilson sr: one day lumbar epidural adhesiolysis and 
hypertonic saline neurolysis in treatment of chronic low back pain: 
a randomized double blind trial. Pain Physician; 2004, 7:177-186.

84. hEaVnEr JE, raCz gb, raJ P: Percutaneous epidural neuroplasty. 
Prospective evaluation of 0.9% NaCl versus 10% NaCl with or 

without hyaluronidase. Reg Anesth Pain Med; 1999, 24:202-207.
85. VEihElMann a, dEVEns C, trouillEr h, birkEnMaiEr C, gErdEsMEyEr 

l, rEFior hJ: epidural neuroplasty versus physiotherapy to relieve 
pain in patients with sciatica: a prospective randomized blinded 
clinical trial. J Orthop Science; 2006, 11:365-369.

86. ManChikanti l, PaMPati V, FEllows b, riVEra JJ, bEyEr Cd, daMron 
ks: role of one day epidural adhesiolysis in management of chronic 
low back pain: a randomized clinical trial. Pain Physician; 2001, 
4:153-166.

87. ManChikanti l, Pakanati r, bakhit CE, PaMPati V: role of 
adhesiolysis and hypertonic saline neurolysis in management of 
low back pain. Evaluation of modification of Racz protocol. Pain 
Digest; 1999, 9:91-96.

88. gErdEsMEyEr l, laMPE r, VEihElMann a, burgkart r, gobEl M, 
gollwitzEr h, wagnEr k: chronic radiculopathy. Use of minimally 
invasive percutaneous epidural neurolysis according to racz. Der 
Schmerz; 2005, 19:285-295.

89. ManChikanti l, PaMPati V, bakhit CE, Pakanati rr: non-
endoscopic and endoscopic adhesiolysis in post lumbar laminectomy 
syndrome. a one-year outcome study and cost effective analysis. 
Pain Physician; 1999, 2:52-58.

90. kuMar k, taylor rs, JaCquEs l, EldabE s, MEglio M, MolEt J, 
thoMson s, o’Callaghan J, EisEnbErg E, Milbouw g,

buChsEr E, Fortini g, riChardson J, north rb: the effects of spinal 
cord stimulation in neuropathic pain are sustained: a 24-month 
follow-up of the prospective randomized controlled multicenter trial 
of the effectiveness of spinal cord stimulation. Neurosurgery; 2008, 
63:762-770.

91. north rb, kidd dh, Farrokhi F, Piantadosi sa: spinal cord 
stimulation versus repeated lumbosacral spine surgery for chronic 
pain: a randomized, controlled trial. Neurosurgery; 2005, 56:98-
107.

92. Van buytEn JP, Van zundErt J, VuEghs P, VanduFFEl l: Efficacy of 
spinal cord stimulation: 10 years of experience in a pain centre in 
Belgium. Eur J Pain; 2001, 5:299-307.

93. dE la PortE C, Van dE kElFt E: spinal cord stimulation in failed 
back surgery syndrome. Pain; 1993, 52:55-61.

94. dEVuldEr J, dE laat M, Van bastElaErE M, rolly g: spinal cord 
stimulation: a valuable treatment for chronic failed back surgery 
patients. J Pain Symptom Manage; 1997, 13:296-301.

95. north rb, EwEnd Mg, lawton Mt, kidd dh, Piantadosi s: 
Failed back surgery syndrome: 5-year follow-up after spinal cord 
stimulator implantation. Neurosurgery; 1991, 28:692-699.

96. dario a: treatment of failed back surgery syndrome. 
Neuromodulation; 2001, 4:105-110.

97. dE la PortE C, siEgFriEd J: Lumbosacral spinal fibrosis (spinal 
arachnoiditis). its diagnosis and treatment by spinal cord stimulation. 
Spine; 1983, 8:593-603.

98. burChiEl kJ, andErson VC, brown Fd, FEsslEr rg, FriEdMan 
wa, PEloFsky s, wEinEr rl, oaklEy J, shatin d: Prospective, 
multicenter study of spinal cord stimulation for relief of chronic 
back and extremity pain. Spine; 1996, 21:2786-2794.

99. ohnMEiss dd, rashbauM rF, bogdanFFy gM: Prospective outcome 
evaluation of spinal cord stimulation in patients with intractable leg 
pain. Spine; 1996, 21:1344-1350.

100. taylor rs, taylor rJ, Van buytEn JP, buChsEr E, north r, 
bayliss s: the cost effectiveness of spinal cord stimulation in the 
treatment of pain: a systematic review of the literature. J Pain 
Symptom Manage; 2004, 27:370-378.

101. bala MM, riEMsMa rP, nixon J, klEiJnEn J: systematic review of 



M.E.J. ANESTH 21 (4), 2012

479Low Back Pain as Perceived By the Pain sPeciaList

117. bEnzon ht, gissEn aJ, striChartz gr, aVraM MJ, CoVino bg: 
the effect of polyethylene glycol on mammalian nerve impulses. 
Anesth Analg; 1987, 66:553-559.

118. abraM sE, Marsala M, yaksh tl: analgesic and neurotoxic 
effects of intrathecal corticosteroids in rats. Anesthesiology; 1994, 
81:1198-1205.

119. lathaM JM, FrasEr rd, MoorE rJ, bluMbErgs PC, bogduk n: 
the pathologic effects of intrathecal betamethasone. Spine; 1997, 
22:1558-1562.

120. robustElli dElla Cuna Fs, MElla M, Magistrali g, riCCi 
M, losurdo a, goglio aM: stability and compatibility of 
methylprednisolone acetate and ropivacaine hydrochloride in 
polypropylene syringes for epidural administration. Am J Health 
Syst Pharm; 2001, 58:1753-1756.

121. swai Ea, rosEn M: an attempt to develop a model to study the 
effects of intrathecal steroids. Eur J Anaesthesiol; 1986, 3:127-
136.

122. dunbar sa, Manikantan P, PhiliP J: epidural infusion pressure 
in degenerative spinal disease before and after epidural steroid 
therapy. Anesth Analg; 2002, 94:417-420.

123. sluCky aV, saCks Ms, PallarEs Vs, Malinin ti, EisMont FJ: 
effects of epidural steroids on lumbar dura material properties. J 
Spin Disord; 1999, 12:331-340.

124. stanCzak J, blankEnbakEr dg, dE sMEt aa, FinE J: Efficacy of 
epidural injections of kenalog and celestone in the treatment of 
lower back pain. AJR Am J Roentgenol; 2003, 181:1255-1258.

125. noE CE, haynsworth rF Jr: comparison of epidural depo-
medrol vs. aqueous betamethasone in patients with low back pain. 
Pain Pract; 2003, 3:222-225.

126. bEnyaMin rM, VallEJo r, kraMEr J, raFEyan: corticosteroid 
induced psychosis in the pain management setting. Pain Physician; 
2008, 11:917-920.

127. ManChikanti l: Pharmacology of neuraxial steroids. in: 
Manchikanti L, Singh V (eds). Interventional Techniques in 
Chronic Spinal Pain. ASIPP Publishing, Paducah, KY, 2007, pp. 
167-184.

128. tiso rl, CutlEr t, Catania Ja, whalEn k: adverse central 
nervous system sequelae after selective transforaminal block: the 
role of corticosteroids. Spine J; 2004, 4:468-474.

129. bEnzon ht, ChEw tl, MCCarthy rJ, bEnzon ha, walEga dr: 
comparison of the particle sizes of different steroids and the effect 
of dilution. Anesthesiology; 2007, 106:331-338.

130. dErby r, lEE sh, datE Es, lEE Jh, lEE Ch: size and aggregation 
of corticosteroids used for epidural injections. Pain Med; 2008, 
9:227-234.

131. huntoon Ma: complications associated with chronic steroid 
use. In: Neal JM, Rathmell JP (eds). Complications in Regional 
Anesthesia & Pain Medicine. Saunders: Philadelphia, PA, 2007, 
pp. 331-339.

132. nElson d: dangers from methylprednisolone acetate therapy by 
intraspinal injection. Arch Neurol; 1988, 45:804-806.

133. hollandEr Jl, brown EM Jr, JEssar ra, brown Cy: 
hydrocortisone and cortisone injected into arthritic joints; 
comparative effects of and use of hydrocortisone as a local 
antiarthritic agent. J Am Med Assoc; 1951, 147:1629-1635.

134. robEChhi a., CaPra r: L’idrocortisone (composto F). Prime 
esperienze cliniche in campo reumatologico. Minerva Med; 1952, 
98:1259-1263.

135. liEVrE Ja, bloCh-MiChEl h, PEan g, uro J: L’hydrocortisone en 
injection locale. Rev Rhum; 1953, 20:310-311.

the (cost-) effectiveness of spinal cord stimulation for people with 
failed back surgery syndrome. Clin J Pain; 2008, 24:757-758.

102. north rb, kidd d, shiPlEy J, taylor rs: spinal cord stimulation 
versus reoperation for failed back surgery syndrome: a cost 
effectiveness and cost utility analysis based on a randomized, 
controlled trial. Neurosurgery; 2007, 61:361-368.

103. kuMar k, Malik s, dEMEria d: treatment of chronic pain 
with spinal cord stimulation versus alternative therapies: 
costeffectiveness analysis. Neurosurgery; 2002, 51:106-115.

104. ManCa a, kuMar k, taylor rs, JaCquEs l, EldabE s, MEglio 
M, MolEt J, thoMson s, o’Callaghan J, EisEnbErg E, Milbouw 
g, buChsEr E, Fortini g, riChardson J, taylor rJ, goErEE r, 
sCulPhEr MJ: Quality of life, resource consumption and costs of 
spinal cord stimulation versus conventional medical management 
in neuropathic pain patients with failed back surgery syndrome 
(Process trial). Eur J Pain; 2008, 12:1047-1058.

105. ManChikanti l, singh V, FalCo FJE, Cash ka, PaMPati V: 
effectiveness of thoracic medial branch blocks in managing 
chronic pain: a preliminary report of a randomized, double-blind 
controlled trial: Clinical Trial NCT00355706. Pain Physician; 
2008, 11:491-504.

106. ManChikanti l, ManChikanti kn, ManChukonda r, PaMPati V, 
Cash ka: evaluation of therapeutic thoracic medial branch block 
effectiveness in chronic thoracic pain: a prospective outcome 
study with minimum 1-year follow up. Pain Physician; 2006, 
9:97-105.

107. Mikhail gr, swEEt lC, MEllingEr rC: Parenteral long-acting 
corticosteroid effect on hypothalamic pituitary adrenal function. 
Ann Allergy; 1973, 31:337-343.

108. sChiMMEr bP, ParkEr kl: adrenocorticotropic hormone; 
adrenocortical steroids and their synthetic analogs; inhibitors of 
the synthesis and actions of adrenocortical hormones. in: hardman 
JG, Limbird LE (eds). Goodman & Gilman, The Pharmacological 
Basis of Therapeutics, Tenth Edition. McGraw-Hill, New York, 
2001, pp. 1649-1679.

109. MCEVoy gk, snow Ek, MillEr J, kEstEr l, wElsh oh: AHFS 
Drug Information 2009. american society of health system 
Pharmacists, Bethesda, 2009.

110. boonEn s, Van distEl g, wEsthoVEns r, dEquEkEr J: steroid 
myopathy induced by epidural triamcinolone injection. Brit J 
Rheumatol; 1995, 34:385-386.

111. MaillEFErt JF, aho s, huguEnin MC, Chatard C, PEErE t, 
Marquignon MF, luCas b, taVErniEr C: systemic effects of 
epidural dexamethasone injections. Revue du Rhumatisme; 1995, 
62:429-432.

112. ward a, watson J, wood P, dunnE C, kErr d: Glucocorticoid 
epidural for sciatica: Metabolic and endocrine sequelae. 
Rheumatology; 2002, 41:68-71.

113. wEissMan dE, duFEr d, VogEl V, abEloFF Md: corticosteroid 
toxicity in neurooncology patients. J Neurooncol; 1987, 5:125-
128.

114. dElanEy tJ, rowlingson JC, Carron h, butlEr a: epidural 
steroid effects on nerves and meninges. Anesth Analg; 1980, 
58:610-614.

115. MaCkinnon sE, hudson ar, gEntili F, klinE dg, huntEr 
d: Peripheral nerve injection injury with steroid agents. Plast 
Reconstr Surg; 1982, 69:482-489.

116. Chino n, awad Ea, kottkE FJ: Pathology of propylene glycol 
administered by perineural and intramuscular injection in rats. 
Arch Phys Med Rehab; 1974, 55:33-38.



480  M. RIzK ET AL.

in rats, but has no effect on nociceptive thresholds. Pain; 1999, 
80:555-566.

155. Johansson a, bEnnEtt gJ: effect of local methylprednisolone 
on pain in a nerveinjury model. a pilot study. Reg Anesth; 1997, 
22:59-65.

156. lEyPold bg, FlandErs aE, sChwartz Ed, burns as: the impact 
of methylprednisolone on lesion severity following spinal cord 
injury. Spine; 2007, 32:373-378.

157. soMayaJi hs, saiFuddin a, CasEy ath, briggs twr: spinal cord 
infarction following therapeutic computed tomography-guided left 
L2 nerve root injection. Spine; 2005, 30:e106-e108.

158. brouwErs PJaM, kottnik EJbl, siMon MaM, PrEVo rl: a 
cervical anterior spinal artery syndrome after diagnostic blockade 
of the right c6- nerve root. Pain; 2001, 91:397-399.

159. houtEn Jk, ErriCo tJ: Paraplegia after lumbosacral nerve root 
block: report of three cases. Spine J; 2002, 2:70-75.

160. bakEr r, drEyFuss P, MErCEr s, bogduk n: cervical 
transforaminal injection of corticosteroids into a radicular artery: 
a possible mechanism for spinal cord injury. Pain; 2003, 103:211-
215.

161. MCMillan Mr, CroMPton C: cortical blindness and neurological 
injury complicating cervical transforaminal injection for cervical 
radiculopathy. Anesthesiology; 2003, 99:509-511.

162. rozin l, rozin r, koEhlEr sa, shakir a, ladhaM s, barMada 
M, doMiniCk J, wECht Ch: death from transforaminal epidural 
steroid nerve root block (C7) due to perforation of the left vertebral 
artery. Am J Forensic Med Pathol; 2003, 24:351-355.

163. huntoon MC, Martin dP: Paralysis after transforaminal epidural 
injection and previous spinal surgery. Reg Anesth Pain Med; 2004, 
29:494-495.

164. karasEk M, bogduk n: Temporary neurologic deficit after 
cervical transforaminal injection of local anesthetic. Pain Med; 
2004, 5:202-205.

165. rathMEll JP, aPril C, bogduk n: cervical transforaminal 
injection of steroids. Anesthesiology; 2004, 100:1595-1600.

166. rathMEll JP, bEnzon ht: transforaminal injection of steroid: 
Should we continue? (editorial). Reg Anesth Pain Med; 2004, 
29:397-399.

167. huntoon Ma: anatomy of the cervical intervertebral foramina: 
vulnerable arteries and ischemic neurologic injuries after 
transforaminal epidural injections. Pain; 2005, 117:104-111.

168. hoEFt Ma, rathMEll JP, MonsEy rd, Fonda bJ: cervical 
transforaminal injection and the radicular artery: variation in 
anatomical location within the cervical intervertebral foramina. 
Reg Anesth Pain Med; 2006, 31:270-274.

169. kay Jk, Findling Jw, raFF h: epidural triamcinolone suppresses 
the pituitary adrenal axis in human subjects. Anesth Analg; 1994, 
79:501-505.

170. JaCobs a, Pullan Pt, PottEr JM, shEnFiEld gM: adrenal 
suppression following extradural steroids. Anaesthesia; 1983, 
38:953-956.

171. hsu d, Fu P, gyErMEk l, tan C: comparison of plasma cortisol and 
ACTH profile after a single lumbar epidural dose of triamcinolone 
40 mg, 80 mg respectively in low back pain patients. Anesth 
Analg; 1996, 82:S191.

172. sCanlon gC, MoEllEr-bErtraM t, roManowsky sM, wallaCE 
Ms: Cervical transforaminal epidural steroid injections. More 
dangerous than we think? Spine; 2007, 32:1249-1256.

173. glasEr sE, FalCo F: Paraplegia following a thoracolumbar 
transforaminal epidural steroid injection. Pain Physician; 2005, 

136. CaPPio M: il trattamento idrocortisonico per via epidurale sacrale 
delle lombosciatalgie. Reumatismo; 1957, 9:60-70.

137. goEbErt hw, Jallo sJ, gardnEr wJ, wasMuth CE: Painful 
radiculopathy treated with epidural injections of procaine and 
hydrocortisone acetate results in 113 patients. Anesth Analg; 1961, 
140:130-134.

138. bogduk n, ChristoPhidis n, ChErry d: epidural Use of steroids 
in the Management of Back Pain. Report of the Working Party on 
Epidural Use of Steroids in the Management of Back Pain. National 
Health and Medical Research Council: Canberra, Commonwealth 
of Australia, 1994, pp. 1-76.

139. MCClain rF, kaPural l, MEkhail na: epidural steroid therapy 
for back and leg pain: Mechanisms of action and efficacy. Spine J; 
2005, 5:191-201.

140. ManChikanti l: role of neuraxial steroids in interventional pain 
management. Pain Physician; 2002, 5:182-199.

141. FowlEr rJ, blaCkwEll gJ: Anti-inflammatory steroid induced 
biosynthesis of a phospholipase a2 inhibitor which prevents 
prostaglandin generation. Nature; 1979, 278:456-459.

142. dEVor M, goVrin-liPPMann r, rabEr P: corticosteroids suppress 
ectopic neural discharges originating in experimental neuromas. 
Pain; 1985, 22:127-137.

143. hua sy, ChEn yz: Membrane receptor mediated 
electrophysiological effects of glucocorticoid on mammalian 
neurons. Endocrinology; 1989, 124:687-691.

144. Johansson a, hao J, sJolund b: Local corticosteroid application 
blocks transmission in normal nociceptor C-fibers. Acta 
Anaesthesiol Scand; 1990, 34:335-338.

145. FabEr lE, wakiM ng, duhring Jl: evolving concepts in the 
mechanism of steroid action: current developments. Am J Obstet 
Gynecol; 1987, 156:1449-1458.

146. olMarkEr k, byrod g, CornEFiJord M, nordborg C, rydEVik b: 
effects of methylprednisolone on nucleus pulposus induced nerve 
root injury. Spine; 1994, 19:1803-1808.

147. niCol gd, klingbErg dk, Vasko Mr: Prostaglandin e2 enhances 
calcium conductance and stimulates release of substance in avian 
sensory neurons. J Neurosci; 1992, 12:1917-1927.

148. CodErrE t: contribution of protein kinase c to central sensitization 
and persistent pain following tissue injury. Neurosci Lett; 1992, 
140:181-184.

149. hayashi n, wEinstEin Jn, MEllEr st, lEE hM, sPratt kF, 
gEbhart gF: the effect of epidural injection of betamethasone or 
bupivacaine in a rat model of lumbar radiculopathy. Spine; 1998, 
23:877-885.

150. lEE hM, wEinstEin Jn, MEllEr st, hayashi n, sPratt kF, gEbhart 
gF: the role of steroids and their effects on phospholipase a2. an 
animal model of radiculopathy. Spine; 1998, 23:1191-1196.

151. lundin a, Magnuson a, axElsson k, nilsson o, saMuElsson l: 
Corticosteroids preoperatively diminishes damage to the C-fibers 
in microscopic lumbar disc surgery. Spine; 2005, 30:2362-2367.

152. byrod g, otani k, brisby h, rydEVik b, olMarkEr k: 
Methylprednisolone reduces the early vascular permeability 
increase in spinal nerve roots induced by epidural nucleus pulposus 
application. J Orthop Res; 2000, 18:983-987.

153. MinaMidE a, taMaki t, hashizuME h, yoshida M, kawakaMi 
M, hayashi n: effects of steroids and lipopolysaccharide on 
spontaneous resorption of herniated intervertebral discs. an 
experience study in the rabbit. Spine; 1998, 23:870-876.

154. kingEry ws, CastEllotE JM, MazE M: Methylprednisolone 
prevents the development of autotomy and neuropathic edema 



M.E.J. ANESTH 21 (4), 2012

481Low Back Pain as Perceived By the Pain sPeciaList

190. dagi tF: comments on myelopathy after the intrathecal 
administration of hypertonic saline. Neurosurgery; 1988, 22:944-
945.

191. abraM sE, o’Connor tC: complications associated with epidural 
steroid injections. Reg Anesth; 1996, 212:149-162.

192. horton wC, daFtari tk: which disc as visualized by magnetic 
resonance imaging is actually a source of pain? A correlation 
between magnetic resonance imaging and discography. Spine; 
1992, 17: S164-S171.

193. zuChErMan J, dErby r, hsu k, PiCEtti g, kaisEr J, sChoFFErMan 
J, goldthwaitE n, whitE a: normal magnetic resonance imaging 
with abnormal discography. Spine; 1988, 13:1355-1359.

194. lEi d, rEgE a, koti M, sMith Fw, wardlaw d: Painful disc 
lesion: can modern biplanar magnetic resonance imaging replace 
discography? J Spinal Disord Tech; 2008, 21:430-435.

195. wolFEr l, dErby r, lEE JE, lEE sh: systematic review of lumbar 
provocation discography in asymptomatic subjects with a meta-
analysis of false-positive rates. Pain Physician; 2008, 11:513-538.

196. FalCo FJE, zhu J, irwin l, onyEwu Co, kiM d: Lumbar 
discography. In: Manchikanti L, Singh V (eds.) Interventional 
Techniques in Chronic Spinal Pain. asiPP Publishing, Paducah, 
KY, 2007, pp. 527-552.

197. korECki Cl, Costi JJ, iatridis JC: needle puncture injury affects 
intervertebral disc mechanics and biology in an organ culture 
model. Spine; 2008, 33:235-241.

198. goodMan bs, linColn CE, dEshPandE kk, PoCzatEk rb, 
landEr Ph, dEViVo MJ: incidence of intravascular uptake during 
fluoroscopically guided lumbar disc injections: A prospective 
observational study. Pain Physician; 2005, 8:263-266.

199. dErby r, bakEr rM, lEE Ch: evidenceinformed management 
of chronic low back pain with minimally invasive nuclear 
decompression. Spine J; 2008, 8:150-159.

200. gibson Jna, waddEll g: surgical interventions for lumbar disc 
prolapse. Cochrane Database Syst Rev; 2009, (1):CD001350.

201. hirsCh Ja, singh V, FalCo FJE, bEnyaMin rM, ManChikanti l: 
automated percutaneous lumbar discectomy for the contained 
herniated lumbar disc: a systematic assessment of evidence. Pain 
Physician; 2009, 12:601-620.

202. kloth ds, singh V, ManChikanti l: Percutaneous mechanical disc 
decompression. In: Manchikanti L, Singh V (eds). Interventional 
Techniques in Chronic Spinal Pain. asiPP Publishing, Paducah, 
KY 2007, pp. 601-622.

203. sMuCk M, bEnny b, han a, lEVin J: Epidural fibrosis following 
percutaneous disc decompression with coblation technology. Pain 
Physician; 2007, 10:691-696.

204. Fortin Jd, kissling ro, o’Connor bl, VilEnsky Ja: sacroiliac 
joint innervations and pain. Am J Orthop; 1999, 28:687-690.

205. hansEn hC, MCkEnziE-brown aM, CohEn sP, swiCEgood Jr, 
Colson Jd, ManChikanti l: sacroiliac joint interventions: a 
systematic review. Pain Physician; 2007, 10:165-184.

206. boswEll MV, trEsCot aM, datta s, sChultz dM, hansEn hC, 
abdi s, sEhgal n, shah rV, singh V, bEnyaMin rM, PatEl Vb, 
buEnaVEntura rM, Colson Jd, CordnEr hJ, EPtEr rs, JasPEr 
JF, dunbar EE, atluri sl, bowMan rC, dEEr tr, swiCEgood 
Jr, staats Ps, sMith hs, burton aw, kloth ds, giordano 
J, ManChikanti l: interventional techniques: evidencebased 
practice guidelines in the management of chronic spinal pain. Pain 
Physician; 2007, 10:7-111.

207. borowsky Cd, FagEn g: sources of sacroiliac region pain: 
insights gained from a study comparing standard intraarticular 

8:309-314.
174. CaVanaugh JM, lu y, ChEn C, kallakuri s: Pain generation in 

lumbar and cervical facet joints. J Bone Joint Surg Am; 2006, 
88:63-67.

175. Masini M, PaiVa ws, arauJo as, Jr: anatomical description of 
the facet joint innervation and its implication in the treatment of 
recurrent back pain. J Neurosurg Sci; 2005, 49:143-146.

176. kaliChMan l, li l, kiM dh, guErMazi a, bErkin V, o’donnEll 
CJ, hoFFMann u, ColE r, huntEr dJ: Facet joint osteoarthritis 
and low back pain in the community-based population. Spine; 
2008, 33:2560-2565.

177. gilEs lg, taylor Jr: osteoarthrosis in human cadaveric lumbo-
sacral zygapophyseal joints. J Manipulative Physiol Ther; 1985, 
8:239-243.

178. windsor rE, Pinzon Eg, gorE hC: complications of common 
selective spinal injections: Prevention and management. Am J 
Orthop; 2000, 29:759-770.

179. raJ PP, shah rV, kayE ad, dEnaro s, hooVEr JM: Bleeding risk 
in interventional pain practice: assessment, management, and 
review of the literature. Pain Physician; 2004, 7:3-51.

180. korniCk C, kraMariCh ss, laMEr tJ, todd sitzMan b: 
complications of lumbar facet radiofrequency denervation. Spine; 
2004, 29:1352-1354.

181. boswEll MV, trEsCot aM, datta s, sChultz dM, hansEn hC, 
abdi s, sEhgal n, shah rV, singh V, bEnyaMin rM, PatEl Vb, 
buEnaVEntura rM, Colson Jd, CordnEr hJ, EPtEr rs, JasPEr 
JF, dunbar EE, atluri sl, bowMan rC, dEEr tr, swiCEgood 
Jr, staats Ps, sMith hs, burton aw, kloth ds, giordano 
J, ManChikanti l. interventional techniques: evidencebased 
practice guidelines in the management of chronic spinal pain. Pain 
Physician; 2007, 10:7-111.

182. abdi s, datta s, trEsCot aM, sChultz dM, adlaka r, atluri sl, 
sMith hs, ManChikanti l: epidural steroids in the management of 
chronic spinal pain: a systematic review. Pain Physician; 2007, 
10:185-212.

183. laxMaiah ManChikanti, Md1, kiMbErly a. Cash, rt1, Carla d. 
MCManus, rn, bsn1, Vidyasagar PaMPati, MsC1 and raMsin M. 
bEnyaMin, Md2: Preliminary results of a randomized, double-
Blind, controlled trial of Fluoroscopic Lumbar interlaminar 
Epidural Injections in Managing Chronic Lumbar Discogenic Pain 
without disc herniation or radiculitis. Pain Physician; 2010, 
13:E279-E292, ISSN 2150-1149.

184. ManChikanti l, boswEll MV, riVEra JJ, PaMPati V, daMron 
ks, MCManus Cd, brandon dE, wilson sr: a randomized, 
controlled trial of spinal endoscopic adhesiolysis in chronic 
refractory low back and lower extremity pain. BMC Anesthesiol; 
2005, 5:10.

185. ManChikanti l, bakhit CE: Percutaneous lysis of epidural 
adhesions. Pain Physician; 2000, 3:46-64.

186. hEaVnEr JE, raCz gb, raJ P: Percutaneous epidural neuroplasty. 
Prospective evaluation of 0.9% NaCl versus 10% NaCl with or 
without hyaluronidase. Reg Anesth Pain Med; 1999, 24:202-207.

187. aldrEtE Ja, zaPata JC, ghaly r: arachnoiditis following 
epidural adhesiolysis with hypertonic saline report of two cases. 
Pain Digest; 1996, 6:368-370.

188. hitChCoCk Er, Prandini Mn: hypertonic saline in management of 
intractable pain. Lancet; 1973, 1:310-312.

189. luCas Js, duCkEr tb, PErot Pl: adverse reactions to intrathecal 
saline injections for control of pain. J Neurosurg; 1975, 42:557-
561.



482  M. RIzK ET AL.

210. Mailis-gagnon a, Furlan ad, sandoVal Ja, taylor r: spinal 
cord stimulation for chronic pain. Cochrane Database Syst Rev; 
2004, 3:CD003783. 534.

211. kraMEs Es: intraspinal opioid therapy for chronic nonmalignant 
pain: current practice and clinical guidelines. J Pain Symptom 
Manage; 1996, 11:333-52.

212. karEn h. knight, FranCEs M. brand, ali s. MChaourab and 
giorgio VEnEziano: implantable intrathecal Pumps for chronic 
Pain: highlights and Updates. Croat Med J; 2007, February, 
48(1):22-34.

213. kuMar k, huntEr g, dEMEria dd: treatment of chronic pain 
by using intrathecal drug therapy compared with conventional 
pain therapies: a cost-effectiveness analysis. J Neurosurg; 2002, 
97:803-10.

injection with a technique combining intra- and peri-articular 
injection. Arch Phys Med Rehabil; 2008, 89:2048-2056.

208. MiChaEl E. FrEy, Md, laxMaiah ManChikanti, Md, raMsin M. 
bEnyaMin, Md, daVid M. sChultz, Md, howard s. sMith, Md, 
and stEVEn P. CohEn, Md: spinal cord stimulation for Patients 
with Failed Back surgery syndrome: a systematic review, Pain 
Physician; 2009, 12:379-397.

209. dworkin rh, baCkonJa n, rowbothaM MC, allEn rr, 
argoFF Cr, bEnnEtt gJ, bushnEll MC, Farrar Jt, galEr bs, 
haythornthwaitE Ja, hEwitt dJ, loEsEr Jd, Max Mb, saltarElli 
M, sChMadEr kE, stEin C, thoMPson d, turk dC, wallaCE 
Ms, watkins lr, wEinstEin sM: advances in neuropathic pain: 
diagnosis, mechanism and treatment recommendations. Arch 
Neurol; 2003, 60:1524-1.


