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Background: The evidence-based practice guidelines for the management of chronic spinal pain with interventional techniques
were developed to provide recommendations to clinicians in the United States.

Objective: To develop evidence-based clinical practice guidelines for interventional techniques in the diagnosis and treatment of
chronic spinal pain, utilizing all types of evidence and to apply an evidence-based approach, with broad representation by specialists
from academic and clinical practices.

Design: Study design consisted of formulation of essentials of guidelines and a series of potential evidence linkages representing
conclusions and statements about relationships between clinical interventions and outcomes.

Methods: The elements of the guideline preparation process included literature searches, literature synthesis, systematic review,
consensus evaluation, open forum presentation, and blinded peer review. Methodologic quality evaluation criteria utilized included
the Agency for Healthcare Research and Quality (AHRQ) criteria, Quality Assessment of Diagnostic Accuracy Studies (QUADAS)
criteria, and Cochrane review criteria. The designation of levels of evidence was from Level | (conclusive), Level Il (strong), Level llI
(moderate), Level IV (limited), to Level V (indeterminate).

Results: Among the diagnostic interventions, the accuracy of facet joint nerve blocks is strong in the diagnosis of lumbar and cervi-
cal facet joint pain, whereas, it is moderate in the diagnosis of thoracic facet joint pain. The evidence is strong for lumbar discography,
whereas, the evidence is limited for cervical and thoracic discography. The evidence for transforaminal epidural injections or selective
nerve root blocks in the preoperative evaluation of patients with negative or inconclusive imaging studies is moderate. The evidence
for diagnostic sacroiliac joint injections is moderate.

The evidence for therapeutic lumbar intraarticular facet injections is moderate for short-term and long-term improvement, whereas,
it is limited for cervical facet joint injections. The evidence for lumbar and cervical medial branch blocks is moderate. The evidence
for medial branch neurotomy is moderate.

The evidence for caudal epidural steroid injections is strong for short-term relief and moderate for long-term relief in managing chronic
low back and radicular pain, and limited in managing pain of postlumbar laminectomy syndrome. The evidence for interlaminar
epidural steroid injections is strong for short-term relief and limited for long-term relief in managing lumbar radiculopathy, whereas,
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Among the various techniques utilized for percutaneous disc decompression, the evidence is moderate for short-term and limited
for long-term relief for automated percutaneous lumbar discectomy, and percutaneous laser discectomy, whereas it is limited for
nucleoplasty and for DeKompressor technology.

For vertebral augmentation procedures, the evidence is moderate for for both vertebroplasty and kyphoplasty.

The evidence for spinal cord stimulation in failed back surgery syndrome and complex regional pain syndrome is strong for short-
term relief and moderate for long-term relief. The evidence for implantable intrathecal infusion systems is strong for short-term
relief and moderate for long-term relief.

Conclusion: These guidelines include the evaluation of evidence for diagnostic and therapeutic procedures in managing chronic
spinal pain and recommendations for managing spinal pain. However, these guidelines do not constitute inflexible treatment
recommendations. These guidelines also do not represent a “standard of care.”

Key words: Interventional techniques, chronic spinal pain, diagnostic blocks, therapeutic interventions, facet joint interventions,
epidural injections, epidural adhesiolysis, discography, radiofrequency, disc decompression, vertebroplasty, kyphoplasty, spinal cord
stimulation, intrathecal implantable systems
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1.0 InTRODUCTION

1.1 Purpose

Evidence-based clinical practice guidelines for in-
terventional techniques in the management of chron-
ic spinal pain are statements developed to improve
quality of care, patient access, treatment outcomes,
appropriateness of care, efficiency and effectiveness,
and achieve cost containment by improving the cost-
benefit ratio (1-4).

1.2 Rationale

Interventional pain management is an emerg-
ing specialty. Consequently, the problems faced by
this specialty may be disproportionate compared to
established specialties. Interventional pain manage-
ment is also faced with increased utilization. The data
for interventional techniques in the Medicare popula-
tion shows that from 1998 to 2005, overall growth in
interventional techniques has been 179%, increasing
from 1,406,417 procedures in 1998 to 3,925,467 pro-
cedures in 2005 (5,6). Extrapolation of the Medicare
statistics suggests that 4 times as many procedures are
performed in the general U.S. population.

Available evidence documents a wide degree of
variance in the definition and the practice of interven-
tional pain management (1-6). Application of inter-
ventional techniques by multiple specialties is highly
variable for even the most commonly performed pro-
cedures and treated condition(s) (6).

National Uniform Claims Committee (NUCC) (7)
defined interventional pain management as the disci-
pline of medicine devoted to the diagnosis and treat-
ment of pain and related disorders by the application
of interventional techniques in the management of
subacute, chronic, persistent, and intractable pain, in-
dependently or in conjunction with other modalities
of treatments.

Medicare Payment Advisory Commission (Med-
PAC) (8) described interventional techniques as
minimally invasive procedures including percuta-
neous precision needle placement, with placement
of drugs in targeted areas or ablation of targeted
nerves; and some surgical techniques such as laser or
endoscopic discectomy, intrathecal infusion pumps
and spinal cord stimulators, for the diagnosis and
management of chronic, persistent or intractable
pain.

1.3 Importance
Many of the causes of spinal pain and other

chronic pain conditions are considered as either
acute recurrent problems that are characterized by
periods of quiescence punctuated by flare-ups, or
chronic diseases, like diabetes or hypertension, re-
quiring long-term treatment with ongoing care. On
the basis of advances in imaging, neural anatomic
findings, new discoveries in chemical mediation, the
development of precision diagnostic and therapeu-
tic injection techniques, and reported non-operative
treatment successes, the importance of intervention-
al techniques in managing chronic spinal pain has
been defined.

Many guidelines, systematic reviews, Cochrane
Reviews, and other articles pertaining to interven-
tional pain management have been published (1-4,9-
82). Neither cancer pain nor spine surgery guidelines
may be applied to manage chronic spinal pain. The
debated quality of the systematic reviews, guidelines,
and policies, along with non-applicability across the
populations, bias, with alleged major shortcomings,
resulting in potentially harmful healthcare implica-
tions for patients in the United States have been high-
lighted (1-4,9-97). Consequently, the American Society
of Interventional Pain Physicians (ASIPP) has devel-
oped an ongoing process of evidence synthesis and
guideline preparation and appropriate updating since
1999 (1-4). The interventional techniques guidelines
and opioid guidelines developed by the American
Society of Interventional Pain Physicians have been
listed on AHRQ/NGC website (98,99). ASIPP guidelines
have been developed with vigorous quantitative and
qualitative methodology with literature review and
synthesis.

This is the fourth revision and update of guide-
lines to address the issues of systematic evaluation
and ongoing care of chronic or persistent pain. Pri-
marily, these guidelines provide information about
the scientific basis of recommended procedures. The
guidelines, properly applied, should increase compli-
ance, dispel misconceptions, contribute to appropri-
ate patient expectations, and facilitate the relation-
ship between patients, physicians, and the payers.

1.4 Population and Preferences

The population covered by these guidelines in-
cludes all patients suffering with chronic spinal pain
eligible to undergo commonly utilized and effective
interventional technique(s). A treatment plan must be
established taking into consideration the evidence,
patient preferences, and risk-benefit ratio.

www.painphysicianjournal.com
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1.5 Implementation and Review
The dates for implementation and review were
established:
¢ Effective date — February 1, 2007
4 Expiration date - January 31, 2009
4 Scheduled review — April 1, 2008

1.6 Application

These guidelines are intended for use by inter-
ventional pain physicians and other physicians trained
in interventional pain management. However, these
guidelines do not constitute inflexible treatment rec-
ommendations. It is expected that a provider will es-
tablish a plan of care on a case-by-case basis, taking
into account an individual patient’s medical condi-
tion, personal needs, and preferences, and the phy-
sician’s experience. Based on an individual patient'’s
needs, treatment different from that outlined here
could be warranted. These guidelines do not repre-
sent a “standard of care.”

The goal of these guidelines is to provide practi-
tioners and payors information to determine whether
the available evidence supports the notion of a “stan-
dard” for interventional techniques. “Standard” re-
fers to what is applicable to the majority of patients,
with a preference for patient convenience and ease of
administration without compromising the treatment
efficacy or morbidity (100). It is essential to recognize
the difference between “standard” and “standard of
care,” as utilized by a legal definition.

1.7 Focus

These updated and revised guidelines focus on a
range of interventions that are the essential elements
of effective management of chronic spinal pain. It is
recognized that management of chronic spinal pain
takes place in a wide context of healthcare settings,
involving multiple specialists, and multiple tech-
niques which also include non-interventional tech-
niques. Consequently, the decision to implement a
particular management approach should be based
on a comprehensive assessment of the patient’s over-
all health status, medical requirements, and patient
preferences.

1.8 Technology

These guidelines describe multiple interventional
techniques available in the management of chronic
spinal pain, both diagnostic and therapeutic.

The diagnostic interventional techniques include

facet joint blocks, provocative discography, sacroiliac
joint blocks, and transforaminal epidural injections or
selective nerve root blocks.

Therapeutic interventional techniques in-
clude facet joint interventions which encompass
intraarticular injections, medial branch blocks, and
medial branch neurotomy; sacroiliac joint interven-
tions, including sacroiliac joint blocks, and radio-
frequency neurotomy; epidural injections including
caudal epidural injections, interlaminar epidural
injections, and transforaminal epidural injections;
epidural adhesiolysis including percutaneous adhe-
siolysis, and spinal endoscopic adhesiolysis; intradis-
cal therapies including intradiscal electrothermal
therapy (IDET) and radiofrequency posterior an-
nuloplasty; percutaneous disc decompression with
automated percutaneous lumbar discectomy, per-
cutaneous laser discectomy, nucleoplasty and de-
compression utilizing mechanical high RPM device
or DeKompressor technology; vertebral augmen-
tation techniques including vertebroplasty, and
kyphoplasty; and implantable therapies, which in-
clude spinal cord stimulation and intrathecal drug
administration systems.

These guidelines also describe evaluation and
management services, delivery of interventional tech-
nology, and an algorithmic approach to diagnosis and
management of chronic spinal pain.

1.9 Methodology

In developing these guidelines, all types of evi-
dence are utilized. The methodology utilized was
the best scientific approach available with compre-
hensive evidence synthesis. Further, if an evidence-
based approach failed to provide adequate levels of
evidence, consensus and expert opinions have been
utilized. Those approaches have been described
in separate publications (86,87,93,101-118). These
guidelines include both patient and physician focus
to understand the issues and the guidelines easily,
so that appropriate care may be provided and the
guidelines may be followed in overall management
plan.

While an evidence-based approach may seem to
enhance the scientific rigor of guideline development,
recommendations may not always meet the highest
scientific standards. Evidence-based medicine is de-
fined as the conscientious, explicit, and judicious use
of current best evidence in making decisions about
the care of individual patients (103).

10
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1.9.1 Practice of Evidence Based Medicine
The practice of evidence-based medicine requires

the integration of individual clinical expertise with
the best available external evidence from systematic
research. Decisions that affect the care of patients
should be made with due weight accorded to all valid,
relevant information. This includes valid and relevant
clinical evidence derived from randomized, controlled
trials, and all types of evidence, patient preferences,
and resources. Thus, it is emphasized that no one sort
of evidence should necessarily be the determining fac-
tor in decision-making. All implies that there should
be an active search for all that is valid, relevant infor-
mation and that an assessment should be made of the
accuracy of information and the applicability of the
evidence to the decision in question (85,86,87,112).

1.9.2 Guidelines
Clinical practice guidelines present statements of

best practice based on a thorough evaluation of the

evidence from published studies on the outcomes of
treatment. In these guidelines, multiple methods used
for collecting and evaluating evidence are applied for

a wide range of clinical interventions and disciplines

to a wide range of interventional procedures, both di-

agnostic and therapeutic.

The guidelines are based on the practice of evidence-
based medicine which is based on four basic contingen-
cies originally defined evidence-based practice (112).

4 First, the recognition of the patient’s problem and
the construction of a structured clinical question.

4 Second, the ability to efficiently and effectively

search the medical literature to retrieve the best

available evidence to answer the clinical question.

Third, critical appraisal of the evidence.

4 Fourth, integration of the evidence with all as-
pects of individual patient decision making to de-
termine the best clinical care of the patient.

1.9.3 Development of Guidelines
In the development of these clinical practice

guidelines, multiple resources were utilized to cre-

ate principles for developing guidelines. Of particu-
lar importance are the National Health and Medical

Research Council criteria (113) with 9 basic principles

as follows:

4 Outcomes (survival rates to quality-of-life attri-
butes)

4 Best available evidence (according to its quality,
relevance and strength)

¢ Appropriate systems to synthesize the available
evidence (judgment, experience and good sense)

<*

Multidisciplinary process of development
Flexibility and adaptability

Cost-effectiveness of treatments

Appropriate dissemination

Evaluation of implementation and impact of
guidelines

Appropriate revision of the guidelines on a regu-
lar basis

* o oo

<>

As recommended by the National Health and
Medical Research Council (113) and Shaneyfelt et al
(94), the present guidelines include the following:

1. Documentation of the purpose of the guidelines

2. Description of the natural history of chronic spinal
pain and treatments and various interventional
techniques that are available

3. Identification of various conditions where recom-
mendations might not apply

4. Detailed description of the probable out-comes

5. Maintenance of flexibility and comprehensive na-
ture of the guidelines

6. Description of the support services required for
each potential treatment

7. Inclusion of the information for consumers and
clinicians, on all special clinical training or equip-
ment that is needed

8. Cost-effectiveness and cost comparisons of vari-
ous options

9. Reference to the type and strength of evidence
on which recommendations are based

10. Documentation of certainty or uncertainty of any
conclusions

11. Documentation of the economic appraisals used
in formulating the guidelines

12. Acknowledgment of consensus-based recommen-
dations whenever applied

1.9.4 Mechanism of Development of Guidelines

A policy committee, with broad representation,
consisting of academic and clinical practitioners rec-
ognized as experts in one or more interventional tech-
niques of concern and representing a variety of practic-
es and geographic areas, were included and convened.
This committee formalized the essentials of guidelines.
This was followed by formulation of a series of poten-
tial evidence linkages, representing conclusions and
statements about relationships between clinical inter-
ventions and outcomes. The elements of the guideline
preparation process included literature searches, litera-
ture syntheses, systematic review, consensus evaluation,
open forum presentations, and blinded peer review.

www.painphysicianjournal.com
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Descriptions of evidence synthesis and guideline
preparation are described in multiple documents
(84,86,87,101-118). In addition, multiple systematic,
narrative, and/or best evidence synthesis reviews per-
taining to interventional techniques have been con-
sidered and included. In synthesizing the evidence,
systematic reviews, randomized clinical trials, ob-
servational studies, and diagnostic accuracy studies
were evaluated utilizing reporting criteria and qual-
ity evaluation criteria. For a particular technique, if
at least ten randomized trials were not available,
nonrandomized or observational studies were also
included.

1.9.5 Level of Evidence

Systems for grading the strength of a body of
evidence are much less uniform and consistent than
those for rating study quality. Consequently, the
guideline committee designed levels of evidence
from Level | through Level V, modified from vari-
ous publications (Table 1) (86,87,104-108,114,116-
118).

2.0 Curonic Pain

2.1 Definitions
Chronic pain is a complex phenomenon. Conse-

quently, it is difficult to define. A combination of defi-

nitions is utilized (1-4):

4 Pain that persists beyond the usual course of an
acute disease or a reasonable time for any injury
to heal that is associated with chronic pathologic
processes that cause continuous pain or pain at
intervals for months or years

¢ Persistent pain that is not amenable to routine
pain control methods

4 Pain where healing may never occur

2.2 Prevalence

The prevalence of chronic pain in the adult popu-
lation ranges from 2% to 40%, with a median point
prevalence of 15% (119). Persistent pain has been re-
ported with an overall prevalence of 20% of primary
care patients, with approximately 48% reporting
back pain (120). The literature also has consistently

Table 1. Designation of levels of evidence

Level 1

analyses.

Conclusive: Research-based evidence with multiple relevant and high-quality scientific studies or consistent reviews of meta-

Level 11

Strong: Research-based evidence from at least 1 properly designed randomized, controlled trial; or research-based evidence
from multiple properly designed studies of smaller size; or multiple low quality trials.

Level II1 Moderate:

series without a parallel control group.

a) Evidence obtained from well-designed pseudorandomized controlled trials (alternate allocation or some other method);
b) evidence obtained from comparative studies with concurrent controls and allocation not randomized (cohort studies,
case-controlled studies, or interrupted time series with a control group);

¢) evidence obtained from comparative studies with historical control, two or more single-arm studies, or interrupted time

Level IV

Limited: Evidence from well-designed nonexperimental studies from more than 1 center or research group; or conflicting
evidence with inconsistent findings in multiple trials.

Level V

committees.

Indeterminate: Opinions of respected authorities, based on clinical evidence, descriptive studies, or reports of expert

12
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described the high prevalence of chronic pain in chil-
dren, adults and the elderly with associated functional
disability (119-126). In an evaluation of the prevalence
and determinants of pain and pain-related disability in
urban and rural setting in Southeastern Ontario, 76%
reported some pain over the past 6 months (127). High
pain intensity with low pain interference was seen in
26% (Grade Il) and high pain intensity with high pain
interference was seen in 17% (Grades IlIl and 1V). Of
those reporting pain, 49% reported chronic pain (i.e.,
pain for a minimum of 90 days over the past 6 months)
which represented 37% of the sample. In children it
was shown that the prevalence of any pain within the
previous 6 months was 70%, while chronic pain was
reported by 14%, and 7% of the children suffered
with Grade Ill or Grade IV pain with high intensity as-
sociated with moderate to severe disability (126).

Chronic pain with the involvement of multiple re-
gions is a common occurrence in more than 60% of
patients (123,128-130).

2.3 Spinal Pain

Among chronic pain disorders, pain arising from
various structures of the spine constitutes the majority
of problems. The lifetime prevalence of spinal pain has
been reported as 54% to 80% (1-4,119,122,125,131-
137). Annual prevalence of chronic low back pain
ranges from 15% to 45%, with a point prevalence of
30% (124,125,131,133). Studies of the prevalence of
low back pain and neck pain (131,133) and its impact
on general health showed 25% of patients reporting
grade Il to IV low back pain (high pain intensity with
disability) vs 14% with neck pain. The studies evaluat-
ing chronic low back pain estimated the average age
related prevalence of persistent low back pain in ap-
proximately 15% in children, adolescents, and adults,
and 27% in the elderly (119,124-127). Historically,
even though back pain research has primarily focused
on younger, working adults, there is clear evidence
that back pain is one of the most frequent complaints
in older persons (119,124,138), and is an independent
correlate of functional limitations (124,139), perceived
difficulty in performing daily life activities (140), and a
risk factor for future disability.

2.4 Chronicity

Conventional beliefs are that most episodes of
low back pain will be short-lived, with 80% to 90%
of attacks resolving in about 6 weeks irrespective of
the administration or type of treatment, with only 5%

to 10% of patients developing persistent back pain.
However, this concept has been questioned, as the
condition tends to relapse, so that most patients will
experience recurrent episodes. Modern evidence has
shown that chronic persistent low back pain and neck
pain in children, adults, and elderly are seen in 25%-
60% of patients, one year or longer after the initial
episode (141-167).

2.5 Health and Economic Impact

Spinal pain is associated with significant econom-
ic, societal, and health impact (168-200). Estimates
and patterns of direct healthcare expenditures among
individuals with back pain in the United States have
reached $90.7 billion for the year 1998 (184). On av-
erage, individuals with back pain incurred healthcare
expenditures about 60% higher than individuals with-
out back pain ($3,498 versus $2,178). In the United
States, it was estimated that the cost of treatment in
the first year after failed back surgery for pain was
approximately $18,883 in 1997 (193). Further, annual
healthcare cost incurred by chronic pain patients, ex-
cluding cost for surgical procedures, may range from
$500 to as high as $35,400, with the average ranging
from $12,900 to $18,883 annually (193,194). However,
the majority of these costs are associated with disabil-
ity compensation, lost productivity, and lost tax rev-
enue. Disability secondary to spinal pain is enormous
(179,184,186,196-197). In the United Kingdom, low
back pain was the largest single cause of absence from
work in 1988 to 1989 and accounting for 12.5% of all
sick days and over £11 billion in direct and indirect
costs in 2000 (195).

Among the various factors contributing to costs
in the United States workers functional impairment,
activity limitations, reduced quality of life, disabil-
ity, underemployment, reduced work productivity
and direct medical costs have been described (180).
Among the United States workers, back pain exacer-
bations and lost productive time (LPT) costs evaluation
showed back pain in workers between 40 to 65 years
of age costs employers an estimated $7.4 billion per
year. Workers with back pain exacerbations account-
ed for 71.6% of this cost. It was also estimated that
back pain related LPT in workers 18 to 65 years of age
costs employers $19.8 billion per year (180). Moreover,
50% of the annual cost of the back pain-related LPT in
these workers was associated with pain exacerbation
(179). However, these estimates do not capture other
costs associated with the work force “ripple effect,”

www.painphysicianjournal.com
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such as the potential hiring and training of replace-
ment workers, impact of coworkers’ productivity, and
forfeiture of leisure time (179).

Frequent use of opioids in managing chronic non-
cancer pain has been a major strain on US health care
(99,177,178,181,199-208). With the majority of patients
receiving opioids for chronic pain combined with in-
creased production of opioids, costs of opioid use have
been much higher even when patients were not abus-
ing. Evaluation of direct costs of opioid abuse in the
insured population in the United States showed pre-
scription drug claims for opioids of approximately 20%,
whereas opioid abusers had drug claims of almost 60%
(99, 201). Mean annual direct healthcare costs of the
total prescription bill for opioid abusers were more
than 8 times higher than for non-abusers with $15,884
for abusers versus $1,830 for non-abusers.

Costs of abuse and addiction are enormous (204).
Multiple investigators (204) have shown a prevalence
of drug abuse in 18% - 41% in patients receiving opi-
oids for chronic pain. Between 1992 and 2002, the
population of the United States increased by 13%. The
number of prescriptions written for non-controlled
drugs increased by 57% and the number of prescrip-
tions filled for controlled drugs increased by 154%
(200, 201, 206). In addition, there was a 90% increase
in the number of people who admitted to abusing
controlled prescription drugs during the same period.

Comorbidities among patients with spinal pain are
substantial (206). Opioid abusers, compared with non-
abusers, had significantly higher prevalence rates for a
number of specific comorbidities including non-opioid
poisoning, hepatitis, psychiatric illness, and pancreati-
tis, which were approximately 78, 36, 9, and 21 times
higher, respectively, than to non-abusers (206).

Psychological and physical comorbidities and risk
factors are common in spinal pain. There is extensive
evidence associating chronic pain and psychopathol-
ogy (199, 209-216). Consequently, unrecognized and
untreated psychopathology can interfere with the
successful management of chronic pain and patient
rehabilitation, can be predictive of poor surgical out-
comes, and may increase pain intensity and disability,
thus serving to increase pain related dysfunction, dis-
ability, and costs (209). A multitude of physical ele-
ments also lead to increased morbidity and mortal-
ity along with increased costs in spinal pain patients.
These include lack of fitness, poor health, obesity,
smoking, drug dependence, and other comorbidities
such as heart disease, diabetes, thyroid disease, etc.

(177,197-200,217). The prevalence of comorbidities,
analgesic use, and healthcare service use, varied by
the number of back pain episodes with the highest
in patients with more than 6 episodes of back pain.
Diabetes, rheumatoid arthritis, anxiety, psychotic
iliness, depression, use of opiates and nonsteroidal
anti-inflammatory agents were associated with sig-
nificant incremental increases in costs. In a study of
cardiovascular risk factors for physician-diagnosed
lumbar disc herniation (197), cardiovascular risk fac-
tors significantly and independently were associat-
ed with symptomatic lumbar disc herniation. Thus,
physical and psychological comorbidities and mea-
sures of analgesic use are associated with chronicity,
increased healthcare utilization, and costs. Given the
association of comorbidities and exploding costs for
patients with spinal pain specifically low back pain,
management approaches that are effective across
chronic ilinesses may prove to be beneficial.

3.0 STrRUCTURAL BAasis

Chronic spinal pain is a multifactorial disorder
with many possible etiologies. The biopsychosocial
model, which emerged in the 1980s, views chronic spi-
nal pain as a biopsychosocial phenomenon, in which
biological, psychological and social factors dynami-
cally interact with each other. In the 1990s, the bio-
psychosocial approach dominated chronic spinal pain
management, at least among academicians, with the
introduction of “psychosocial” approaches. Medically
unexplained pain is the subject of controversy with
numerous publications in the medical literature (218).

Modern technology, including magnetic reso-
nance imaging (MRI), computed tomographic axial
scanning (CT), neurophysiologic testing, and compre-
hensive physical examination with psychological eval-
uation, can identify the cause of low back pain in only
15% of patients in the absence of disc herniation and
neurological deficit (1-4, 219-227).

The majority of painful conditions include various
types of pain originating from the spine with pain in
the neck, upper back, mid back, low back, and upper
or lower extremities. It was postulated that, for any
structure to be deemed a cause of back pain (224):
¢ The structure should have a nerve supply
¢ The structure should be capable of causing pain

similar to that seen clinically, ideally demonstrat-

ed in normal volunteers
¢ The structure should be susceptible to diseases or
injuries that are known to be painful
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¢ The structure should have been shown to be a
source of pain in patients, using diagnostic tech-
niques of known reliability and validity.

Kuslich et al (228) identified intervertebral discs,
facet joints, ligaments, fascia, muscles, and nerve
root dura as tissues capable of transmitting pain in
the low back. Facet joint pain, discogenic pain, and
sacroiliac joint pain also have been proven to be
common causes of pain with proven diagnostic tech-
niques (1-4,23,32-36,46,48-50,128,129,229,230). In
contrast, vertebrae, muscles and ligaments have not
been proven to be common sources of spinal pain
with proven diagnostic techniques. In one prospec-
tive evaluation (229), consecutive adult patients with
intractable low back pain (who had failed conserva-
tive therapy) of undetermined etiology (by medical
history, physical examination, x-ray, CT, MRI, EMG/
NCV) had pain from facet joint(s) in 24%, combined
lumbar nerve root and facet disease in 24%, com-
bined facet(s) and sacroiliac joint(s) in 4%, lumbar
nerve root irritation in 20%, internal disc disorder in
7%, sacroiliac joint in 6%, and sympathetic dystrophy
in 2%. In a second study (230), the relative contri-
butions of various structures in patients with chronic
low back pain who failed to respond to conservative
modalities of treatments (physical therapy, chiro-
practic and drug therapy), with lack of radiological
evidence to indicate disc protrusion or radiculopathy,
were evaluated utilizing controlled, comparative,
double diagnostic blocks. In this study, 40% of the
patients were shown to have facet joint pain, 26%
discogenic pain, 2% sacroiliac joint pain, and possi-
bly 13% segmental dural/nerve root pain. No cause
was identified in 13% (229) and 19% (230) of the pa-
tients.

3.1 Facet or Zygapophysial Joints

The facet or zygapophysial joints are paired diar-
throdial articulations between posterior elements of
adjacent vertebrae (231). Spinal facet joints have been
shown to be a source of pain in the neck and referred
pain in the head and upper extremities (232-236); up-
per back, mid back and referred pain in chest wall
(237, 238); as well as the low back and referred pain in
the lower extremity (239-244) in normal volunteers.

Facet joints are well innervated by the medial
branches of the dorsal rami (245-264). Neuroanatom-
ic studies have demonstrated free and encapsulated
nerve endings in facet joints, as well as nerves contain-
ing substance P and calcitonin gene-related peptide

(264-279).

Neurophysiologic studies have shown that facet
joint capsules contain low-threshold mechanorecep-
tors, mechanically sensitive nociceptors and silent no-
ciceptors (264-283). Inflammation leads to decreased
thresholds of nerve endings in facet capsules as well
as elevated baseline discharge rates (264,277-279,
284-286). Biomechanical studies have shown that lum-
bar and cervical facet joint capsules can undergo high
strains during spine-loading (264,287-298).

Based on controlled diagnostic blocks of facet
joints, in accordance with the criteria established by
the International Association for the Study of Pain
(IASP) (299), facet joints have been implicated as re-
sponsible for spinal pain in 15% to 45% of patients
with low back pain (128,129,230,300-308), 36% to 67 %
of patients with neck pain (128,129,309-312), and 34%
to 48% of patients with thoracic pain (128,129,313).

3.2 Intervertebral Disc

The human intervertebral disc (IVD) is a unique
structure, composed of two major regions — the outer
ring, called the annulus fibrosus (AF), and the inner
part, called the nucleus pulposus (NP), with a transi-
tional zone that merges these two regions together
(314-316). Even though it is controversial whether or
not the lumbar intervertebral discs receive innervation,
early studies failed to demonstrate nerve fibers or nerve
endings within the discs (317-320). Consequently, it has
been concluded that the lumbar discs lack innervation
(317,321-323). In subsequent studies, it was reported
that in a normal intervertebral disc, the nucleus pulpo-
sus is devoid of nerve fibers, whereas the outer annu-
lus fibrosus contains an extensive network of sensory
nerve fibers (243,317,324-330). Since then, it has also
been demonstrated that a variety of free and complex
nerve endings were present in the outer third of the
annulus (315,317,331-344). Nerve endings in degener-
ated discs have been found in the deeper layers of the
annulus fibrosus; in some studies, nerve endings have
been found extending even into the nucleus pulposus
(314,334-337). The nerve fibers have been found both
in anterior, and posterior parts of the disc specimens fol-
lowing a vascularized zone of granulation tissue (334).
The ingrowth of nerve endings has been suggested
to be the pathoanatomic correlate to the dull chronic
ache, which is exacerbated by the mechanical load-
ing of the spine that is experienced by patients with
chronic low back pain and which is often referred to as
discogenic pain (314). In a quantitative analysis of the
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innervation of the intervertebral disc in a sheep model,
there was no significant difference between endplate
and annulus innervation densities (344). The endplate
innervation was concentrated centrally adjoining the
nucleus. The richest area of innervation was in the peri-
annular connective tissue. Consequently, these authors
(344) concluded that in the sheep, the lumbar interver-
tebral disc has a meager innervation, which is concen-
trated in the periannular connective tissue and the cen-
tral endplate. However, they also stated that receptor
threshold is more closely related to nociceptive func-
tion than innervation density. This innervation also has
been demonstrated to cervical and thoracic interverte-
bral discs, synonymous to lumbar discs. However, these
have not been studied well (325,327,330,331,333,338-
351). These nerve fibers transmit both nociceptive and
non-nociceptive information (243,246,325,330,331,333,
338,339,348,352-354). In addition, many of these nerve
fibers, identifiable by immunochemistry, are accompa-
nied by blood vessels; this process of neovascularization
is associated with inflammation. Neural structures that
express substance P and have the morphology of no-
ciceptive nerve terminals are found in the nucleus of
painful discs; this may distinguish painful versus pain-
less disc degeneration (349).

Degeneration of the intervertebral disc is associ-
ated with the development of fissures in the outer an-
nular fibrosus, which may be ingrown by vascular tissue
and nerve endings (315,345,355). Disc cells are capable
of producing a complex mixture of neurotransmitters,
cytokines, and other inflammatory mediators that may
stimulate free nerve endings (356-358). While neuro-
transmission pathways for discogenic pain remain
poorly understood, nociceptive neuropeptides, which
are present within the nerve fibers in the outer annu-
lus and dorsal root ganglion, may likely play a role in
discogenic pain transmission (315,346,359-361).

Clinically, the intervertebral disc (IVD), depend-
ing on location, can produce pain in the neck, upper
extremities, posterior thorax, chest wall, abdominal
wall, low back, and lower extremities (228,362-378).
IVD-related pain can be caused by structural abnor-
malities, such as disc degeneration or disc herniation;
correspondingly, biochemical effects, such as inflam-
mation, and neurobiological processes may play a
role. Nerve growth factor (NGF) dependent neurons
are the main neuronal subgroup within the dorsal
root ganglion (DRG), that transmit and modulate pain
in response to inflammation. This subgroup is respon-
sible for sensitizing the DRG to NGF and is present in

the painful IVD. NGF may play an important role in
discogenic back pain (350,371-374). The nucleus pulp-
osus is a biologically active tissue that can respond to
pro-inflammatory stimuli (374).

The first to create widespread interest in the disc
as a source of pain in American literature were Mixter
and Barr (364) with their 1934 hallmark description of
the herniated nucleus pulposus. However, soon after,
Mixter and Ayers (370) in 1935 demonstrated that ra-
dicular pain can occur without disc herniation. Sub-
sequently, numerous investigators (229,230,367,352-
354,375-377) have described pain syndromes
emanating from the lumbar intervertebral disc, with-
out mechanically compressing neural structures. Con-
sequently, the pathophysiology of spinal radicular
pain is a subject of ongoing research and controversy
and discogenic pain has assumed a major role as a
cause of nonspecific low back pain, beyond the more
specific disc herniation. Thus, in addition to the me-
chanical component, inflammation of the compressed
nerve root is an important factor in the pathophysiol-
ogy of radicular and discogenic pain (377-385). Other
proposed etiologies include neural compression with
dysfunction and vascular compromise (386-390). While
neurotoxicity has been attributed to many agents in-
cluding phospholipase A: (PLAz), metalloproteinases,
and interleukin-6, both prostaglandin E: (353,380-
384,391-396), and tumor necrosis factor (TNFo) have
been shown to have an essential role in intervertebral
disc-induced nerve root damage (397-400).

Cartilage oligomeric matrix protein (COMP) (401)
may play a role in maintaining the normal structure of
intervertebral disc. The course of macroscopic degener-
ation in the human lumbar intervertebral disc was de-
scribed to start in the nucleus. The temporal sequence
suggests a strong correlation of cleft and tears forma-
tion starting with the formation of clefts in the second
decade (402). It was also shown that in rats, by creat-
ing static and dynamic posterior instability of the cervi-
cal spine, rapid intervertebral disc degeneration starts,
which is characterized by increased apoptosis and lo-
cal inflammation (403). TFNo, also has been shown to
contribute to the degenerative changes that occur in
the disc disease (404) as well as producing endplate ab-
normalities related to inflammation and axon growth
(405).

The etiology of discogenic pain is unclear
(225,360-406). Internal disc disruption (IDD) is a con-
dition in which the internal architecture of the disc
is disrupted, but its external appearance remains es-
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sentially normal (407). IDD can be experimentally in-
duced by endplate damage (408). Likewise, experi-
mentally induced annular tears can lead to adverse
and progressive mechanical changes in the disc. An-
nular degeneration has been shown to appear at
an early age in lumbar discs and is clearly related to
back pain (409). Disrupted discs may not exhibit either
bulging or herniation. These features with a normal
or near normal contour of discs producing back pain,
but with no evidence of herniation or prolapse were
described by Crock (407) in 1976 as internal disc dis-
ruption. It has been suggested that endplate damage
would precede disc degeneration (405,410). Further,
diminution of blood supply in the endplate initiates
tissue breakdown, first in the endplate and thereaf-
ter in the nucleus, starting in the first half of the sec-
ond decade of life (402,411), with visible tears in the
nucleus in the 11 to 16 year age group. The removal
of proteoglycans from the endplate, which regulates
the movement of solutes into and out of the disc, ac-
celerates the loss of proteoglycans from the nucleus
(412). It also has been shown that reduced lumbar ar-
tery blood flow may diminish nutrition through the
endplates, leading to an increased incidence of disc
degeneration (197,413). Discs with internal disc dis-
ruption are rendered painful by either chemical no-
ciception or mechanical stimulation. Explanted discs,
obtained during posterior lumbar interbody fusion in
patients with lumbar discogenic pain, demonstrated a
vascularized strip lesion extending from the NP to the
AF; this lesion was accompanied by extensive innerva-
tion in the posterior disc (414).

In a controlled study, the prevalence of pain due
to internal disc disruption was reported as 39% in
patients suffering with chronic low back pain (367).
Primary discogenic pain was reported in 7% (229) to
26% (230) when no other cause was suspected. The
prevalence of cervical discogenic pain in patients with
chronic neck pain of traumatic origin in informal stud-
ies was estimated to be 20% (415). Discogenic and ra-
dicular pain syndromes continue to pose challenges to
patients, physicians, and the society-at-large.

3.3 Dorsal Root Ganglion

The dorsal root ganglion (DRG) plays an impor-
tant role in the mechanism of spinal pain. This holds
true, when the DRG itself is injured or when other
spinal structures are injured. Experiments have sug-
gested that edema in the dorsal root ganglion is the
basis of the production of nerve root pain in patients

with disc herniation (350,356,357,371,416-434). Mech-
ano- and chemosensitivity of dorsal root ganglia have
been described (393,394,419-421). Experimentally ap-
plied nucleus pulposus from both healthy and degen-
erative discs reduces nerve root conduction velocity,
suggesting a pathomechanism of neural injury (422-
428). The NP can induce excitatory changes, rising
endoneurial pressures-compartment syndrome, and
cause intraneural thrombi in the DRG or the nerve
roots (394,397,423). Anti-inflammatory agents, such
as tumor-necrosis factor alpha inhibitors, may protect
against NP-induced DRG and nerve root injury (393).

3.4 Sacroiliac Joint

The sacroiliac joint is a diarthrodial, synovial joint
(435-440). However, the innervation of the sacroiliac
joint remains a subject of much debate. The lateral
branches of the L4 to S3 dorsal rami are cited by some
experts as comprising of the major innervation to the
posterior Sl joint (437,441). Other investigators claim
that L3 and S4 contribute to the posterior nerve sup-
ply (437,442,443). The innervation of the anterior joint
is also controversial. The early literature asserted that
the anterior sacroiliac joint is supplied by the obtura-
tor nerve, superior gluteal nerve, and