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B Preface

The subspecialty of pain management has advanced considerably over the last
20 years. Once considered the domain of anesthesiology, it has now become an inte-
gral part of many specialties. This is reflected in the opening of the subspecialty
board in pain medicine to multiple disciplines. The “fourth vital sign” concept
has advanced pain medicine one step further to the point that it is a basic part of
medical management. This book is a compilation of chapters regarding interven-
tional pain management from a variety of subspecialties. It is our hope that the
management of pain continues to grow in a multidisciplinary direction. There are
a variety of interventional and noninterventional pain management techniques.
The critical issue is not that any one mode of treatment is employed consistently
by any certain physician, but that the correct strategy or combination of strategies
is employed for the individual patient.

We have collected a number of experts in the field of musculoskeletal
intervention and pain management, in a cooperative effort from the disciplines
of physical medicine and rehabilitation, sports medicine, and radiology. The
chapters in this book discuss the topics of pharmacology, office-based injections,
viscosupplementation, trigger point injection, acupuncture, botulinum treatment,
joint injection, and bone biopsies using image guidance, ultrasound-guided inter-
ventions, thermoablation, epidural injections, zygapophyseal joint intervention,
and discography.

Imaging guidance plays an important role in many musculoskeletal interven-
tions. Fluoroscopy, computed tomography, ultrasound, and magnetic resonance
imaging can be used as tools to safely and accurately position needles, biopsy
devices, radiofrequency probes, and other instruments in the optimal location.
Proper selection of the guidance modality and approach requires knowledge of
indications and contraindications of each as well as relevant anatomy. Proper
technique is essential to ensure success, patient safety, and comfort. This book
discusses the basics of many such image-guided procedures, and the chapters
herein provide the reader with a framework for this practice. However, reading
is not a substitute for hands-on training with an experienced practitioner. Further-
more, success with the most effective intervention must complement appropriate
patient selection based on comprehensive evaluation and teleological thinking
about the goal of any given procedure.

Mitchell K. Freedman
William B. Morrison

Marc I. Harwood
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B1 Pharmacology of Low Back Pain

Leonard B. Kamen
Moss Rehabilitation Hospital, Albert Einstein Healthcare Network, Temple University
Hospital, Philadelphia, Pennsylvania, U.S.A.

Adam L. Schreiber
Thomas Jefferson University Hospital, Philadelphia, Pennsylvania, U.S.A.

INTRODUCTION

Treating low back pain (LBP) with pharmacological agents is first and foremost a
limitedproposition.Despite an estimated $26billionper year (1998) spent on treating
LBP in theUnited States, with $3.9 billion for pharmaceuticals alone, there is a lack of
evidence-based studies demonstrating any singular or collective advancements in
our medical or surgical treatment of this common malady (1,2). To effectively
provide a pharmaceutical treatment plan to a collection of spinal disorders, the
practitioner must conceptualize the broad scope of structural, physiologic, and
psychological pathologies that contribute to acute and chronic pain of spinal
etiology. When the right medication is chosen, based on this sifting of information,
rewards are reaped by improvement in pain and function.

This chapter will provide a practical review of the pharmaceutical agents
used to treat acute and chronic pain secondary to spinal disorders. It is the intent
of the authors to construct a rationale for use of pharmacologic agents based on
the knowledge of the pathology contributing to pain of spinal origin as well as a
working knowledge of how these agents may modulate the many factors that con-
tribute to and sustain a pain syndrome. Evidence-based material is cited whenever
it is available.

Conceptual Models of Low Back Pain
Pain perception has been likened to a multidimensional holograph with projection
of multiple constructs known as qualia composed of sensory and memory com-
ponents into each individual’s pain experience (3). This spectrum of acute to
chronic LBP conditions exists at three hierarchical levels: a sensory-discriminatory
component, that is, acute lumbar sprain, a motivational-affective component, that
is, work-related lumbar disc herniation, and a cognitive-evaluative component,
that is, failed spinal surgery syndrome. The accepted time frame for this
evolution from acute to chronic stages is stated by the International Association
for the Study of Pain (IASP) as “. . .pain that has persisted beyond the normal
tissue healing time (usually taken to be 3 months).” These models must be con-
sidered and determined on initial presentation of the patient in order to discern
the impact of acute to chronic pain on each individual. Primary and secondary
pain generators (i.e., degenerative disc disease leading to radiculopathy with
weakness and fear of collapse on weight bearing) need to be elicited during
initial patient interviews.
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An anatomical view of LBP generators and medication classes typically
employed for treatment is presented in Table 1. With an integrated knowledge of
the anatomy, physiology, chronology, and functional categories of LBP, the prac-
titioner can best decide what pharmaceutical, physical medicine, or surgical tools
may then be used to modify the nocioceptive pathways that evolve into our
patient’s perception of pain.

Targeting Sites of Pharmaceutical Action
Clinical examination of LBP is a stepwise interpretation of presenting symptoms
and physical signs. Underlying this assessment is a biologically driven change in
physiology at a histochemical and neuroanatomical level. Low back pain represents
a continuum of peripheral nocioception to central perception. Behavioral response
to this perception is the summation of this individual’s experience of pain. Each
step along the way represents an opportunity for pharmacological modification.
A schematic listing of sites of neuroanatomical processes, reactions, and behavioral
responses to spinal pain is presented in Table 2. Pharmacological agents from one or
more of these classes listed in Table 3 may be considered in order to target these pro-
cessing sites in the treatment of LBP.

PHARMACEUTICAL AGENTS EMPLOYED IN THE TREATMENT OF
ACUTE LOW BACK PAIN

The World Health Organization (WHO) ladder of analgesic (Table 4, WHO 1986)
management of cancer pain has provided a graphic algorithm for stepwise appli-
cation of analgesics to malignant pain syndromes. Nonmalignant conditions such
as LBP have been widely applied to this model. This graduated approach to

TABLE 1 Anatomical Models of Low Back Pain Which May Be Employed as a Foundation for
Pharmaceutical Intervention

Anatomical pain
generator model

Examples of structural
components

Pharmacological agents with
potential for modulation at this site

Anterior spinal elements Vertebral body compression,
discal pathology, infection,
tumor, or dysvascular state in
bone or disc

nsNSAIDs, biphosphonates,
salmon calcitonin, opioids, and
antibiotics

Posterior spinal
elements

Facet joint hypertrophy with
degenerative joint disease,
spondylosis, spondylolithesis,
and spinal stenosis

nsNSAIDs, steroidal agents,
opioids, glucosamine, and
chondroitin sulfate

Soft tissue structures Spinal ligaments, bursae, muscle
groups surrounding spine and
pelvis

Muscle relaxants, AEDs, and
NSAIDs

Neuropathic pain
generators

Nerve root compression,
ischemia, and metabolic
neuropathies

AEDs, alpha-2 blockers, opioids,
single- and dual-action
antidepressants

Visceral pain
generators

Referred renal lithiasis pain,
abdominal organ disturbances,
infections, and tumors

Opioids, cathartics, cholinergic
agents, antibiotics, and
chemotherapeutic agents

Abbreviations: AED, antiepileptic drug; NSAID, nonsteroidal anti-inflammatory drug; nsNSAID, nonselective
nonsteroidal anti-inflammatory drug.
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chronic pain has served as a standard of care. The WHO model has been revised
and adapted by many in the ensuing two decades but has come under some criti-
cism for not being aggressive enough in the early stages of an acute pain syndrome
threatening to become a chronic condition (4,5).

An additional model of stepwise introduction of analgesics for acute LBP
was promoted by the Agency for Health Care Policy and Research (AHCPR) in
1994 (6). This federally funded agency with a mission to develop evidence-based
health care standards underwent a name change to become the current Agency
for Healthcare Research and Quality (AHRQ). The AHCPR Clinical Practice Guide-
line for acute LBP was an evidence-based meta-analysis of literature authored by a

TABLE 2 Nocioceptive Mechanisms at the Peripheral to Central Nervous System Level

Nocioceptive process Localization Comments

Transduction Cellular level in peripheral to
axial musculoskeletal
system including pain-
sensitive lumbo-sacral spine
and associated structures.

Release of nocioceptor chemicals:
bradykinin, glutamate, calcitonin,
gene-reactive proteins

Transmission Primary afferents, A delta and
unmyelinated C fibers

Chemical, thermal, or mechanical
pain signals transmitted to dorsal
root ganglion

Translation Dorsal horn of spinal cord Peripheral to central sensitization,
wind-up occurring in rexed layers of
dorsal horn

Transmission Ascending spinal cord, spino-
thalamic tracts

Activation of spinal cord transmission
pathways

Perception Thalamic and peri-aqueductal
gray areas of cerebrum

Registration of peripheral
nocioceptive stimulation in central
nervous system

Descending inhibition Dorsal lateral funiculus to
dorsal horn

Inhibition mediated via serotonergic or
possibly norepinephrine
neurotransmitters

Cognitive-behavioral
response

Higher cortical levels Response to threat of either acute
pain or persistence of chronic pain

TABLE 3 Classes of Pharmacologic Agents (Commonly Known as Adjuvants Except Opioids)
with Potential to Treat Low Back Pain and Potential Sites of Activity

Transduction Transmission Perception Behavior

Alpha-2 blockers 3
Antidepressants 3 3
Antiepileptic drugs 3 3
Antipsychotics 3
Antispasticity agents 3
Anxiolytics 3
Botulinum toxins 3
Capsaician 3
Corticosteroids 3
COX-2 inhibitors 3 3
Local anesthetics 3
nsNSAIDs 3
Opioids 3 3 3 3

Abbreviations: COX-2, cyclo-oxygenase-2; nsNSAIDs, nonselective nonsteroidal anti-inflammatory drugs.
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multidisciplinary group of practitioners and researchers. Ultimately, from a field of
several thousand articles on acute LBP management, 360 references were scored as
valid for inclusion in this project. This guideline became mired in controversy as
practices of treating andmedicating acute backpain variedwidely on a regional, spe-
cialty orientation, and perhaps individual bases. The AHRQ now discredits this
report based on evolution of new treatments and medications but likely because of
this public controversy as well. Nevertheless, there is statistical power to this
review. The AHRQ has not redone this analysis. However, with regard to acute
LBP, and pharmacological treatment, many of the recommendations are applicable
today and therefore included here with the caveat that no major changes in medi-
cations cited have occurred to date. Recommendations of the 1994 AHCPR for
acute LBP are considered in Table 5. These findings are based on the following
strength of evidence criteria established by this panel.

Additional statements were made by the AHCPR group regarding the lack of
measured efficacy of colchicine and antidepressant medications for the treatment of
acute LBP. This material is dated by the aforementioned development of new agents
such as the cyclo-oxygenase selective inhibitors (COX-2) and dual mechanism anti-
depressants marketed for treatment of diabetic and postherpetic neuropathic
(PHN) pain. However, neither of these agents is specifically indicated or demon-
strated as clinically more effective than the existing traditional nonselective
nonsteroidal anti-inflammatory drugs (nsNSAIDs) or antidepressants available in
the 1990s for treatment of acute LBP. Tramadol was not available for use in the
1994 meta-analysis. Several studies have demonstrated that this nonscheduled
mild opioid has been found to be effective in treatment of acute to chronic LBP
(7). Statements regarding use of opioids and muscle relaxants remain valid today
for treatment of acute LBP. Oral steroids may have a role in acute sciatic pain for
rapid induction of anti-inflammatory effect and edema reduction (8).

CHRONIC LOW BACK PAIN MEDICATION OVERVIEW

In the rationale selection of medication, chronic LBP presents a challenge to even the
most experiencedpractitioner. Eliciting a careful history, especiallywith regard to pre-
vious medication use, yields the most valuable information with regard to treatment
decisions. Identifying pertinent medical comorbidities with potential for negative
drug interactions is an essential part of today’s defensive medicine strategy. Treating
chronic LBP without a diligent medical review is tantamount to missing the trees
when viewing the forest.

Red flags, with regard to pharmacological treatment of chronic pain, are
usually found in the medical history. This would likely demonstrate failure of
prior medication owing to poor compliance, too rapid titration, and timing with
regard to layering of medications. Starting treatment with a potent opioid and
then expecting efficacy with weaker opioids alone may be better managed by

TABLE 4 Three-Step Analgesic Ladder (WHO) Caps

Step Pain Medication

III Moderate to severe pain Nonopioids plus strong opioidsa

II Mild to moderate pain Nonopioids plus opioids for moderate paina

I Mild pain Nonopioids

aIn each step, adjuvants should be prescribed according to the clinical situations.
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using a daily NSAID or COX-2 agent and then sequentially adding a weaker opioid.
Using an analgesic to treat an anxiety syndrome or sleep disturbance is often
fraught with frustration, misunderstanding, and failure to achieve the goals of
pharmaceutical intervention.

The following statements are provided as a review of the most current medi-
cations used in the pharmacological management of chronic LBP. All medication
doses have been reviewed but require careful individualization by each prescribing
physician and are subject to changes as knowledge and applications develop
demanding a disclaimer with regard to doses stated by the authors.

TABLE 5 AHCPR Panel Ratings of Available Evidence Supporting Guideline Statements

NSAIDs: panel findings and recommendations
1. Acetaminophen is reasonably safe and is acceptable for treating patients with acute low back

problems (Strength of evidence ¼ C)
2. NSAIDs, including aspirin, are acceptable for treating patients with acute low back problems

(Strength of evidence ¼ B)
3. NSAIDs have a number of potential side effects. The most frequent complication is

gastrointestinal irritation. The decision to use these medications can be guided by comorbidity,
side effects, cost, and patient and provider preference (Strength of evidence ¼ C)

4. Phenylbutazone is not recommended based on an increased risk for bone marrow suppression
(Strength of evidence ¼ C)

Muscle relaxants: panel findings and recommendations
1. Muscle relaxants are an option in the treatment of patients with acute low back problems. While

probably more effective than placebo, muscle relaxants have not been shown to be more
effective than NSAIDs (Strength of evidence ¼ C)

2. No additional benefit is gained by using muscle relaxants in combination with NSAIDs over using
NSAIDs alone (Strength of evidence ¼ C)

3. Muscle relaxants have potential side effects, including drowsiness in up to 30% of patients. When
considering the optional use of muscle relaxants, the clinician should balance the potential for
drowsiness against a patient’s intolerance of other agents. (Strength of evidence ¼ C)

Opioid analgesics: panel findings and recommendations
1. When used only for a time-limited course, opioid analgesics are an option in the management of

patients with acute low back problems. The decision to use opioids should be guided by
consideration of their potential complications relative to other options (Strength of evidence ¼ C)

2. Opioids appear to be no more effective in relieving low back symptoms than safer analgesics,
such as acetaminophen or aspirin or other NSAIDs (Strength of evidence ¼ C)

3. Clinicians should be aware of the side effects of opioids, such as decreased reaction time,
clouded judgment, and drowsiness which lead to early discontinuation by as many as 35% of
patients (Strength of evidence ¼ C)

4. Patients should be warned about potential physical dependence and the danger associated with
the use of opioids while operating heavy equipment or driving (Strength of evidence ¼ C)

Oral steroids: panel findings and recommendations
1. Oral steroids are not recommended for the treatment of acute low back problems (Strength of

evidence ¼ C)
2. A potential for severe side effects is associated with the extended use of oral steroids or the

short-term use of steroids in high doses (Strength of evidence ¼ D)

Note: A ¼ strong research-based evidence (multiple relevant and high-quality scientific studies). B ¼ moderate
research-based evidence [one relevant, high-quality scientific study or multiple adequate scientific studies (met
minimal formal criteria for scientific methodology and relevance to population and specific method addressed in
guideline statement)]. C ¼ limited research-based evidence (at least one adequate scientific study in patients with
low back pain). D ¼ panel interpretation of information that did not meet inclusion criteria as research-based
evidence.
Abbreviations: AHCPR, Agency for Health Care Policy and Research; NSAID, nonsteroidal anti-inflammatory drug.

Pharmacology of Low Back Pain 5



Nonsteroidal Anti-inflammatory Drugs
Introduction
A large percentage of the population presenting to a physician’s office with LBP
already self-medicate with over-the-counter (OTC) NSAIDs. Once a patient with
backpainhas seenadoctor, there is an increased likelihood that theywill beprescribed
a NSAID (9).

With this class ofmedication used so commonly, it is imperative to have a strong
working knowledge of indications andmore recently published contraindications for
use of NSAIDs including the more controversial COX-2 inhibitors.

Mechanism of Action
The primary property of this class of drugs is inhibition of COX. There are two
major classes of COX enzymes. Cyclo-oxygenase-1 is expressed in most tissues,
whereas COX-2 is elicited during inflammation. Both enzymes use arachidonic
acid to generate the prostaglandin H2 (PGH2). A number of enzymes further
modify this product to generate bioactive lipids (prostanoids) such as prostacyclin,
thromboxane A2, and prostaglandins D2, E2, and F2, which influence several
different organ systems.

Nonselective COX inhibition (i.e., ibuprofen and naproxen) block both COX-1
and COX-2 enzymes providing anti-inflammatory relief but carry the risk of erosive
gastritis and gastrointestinal (GI) bleeding. Selective COX-2 inhibitors were devel-
oped to minimize GI toxicity because of the relative small expression of COX-2
enzymes in the GI tract and their abundant role in the inflammatory process.

Indications
Both traditional NSAIDs and selective COX-2 inhibitors have analgesic, anti-
inflammatory, and antipyretic activity. There is strong evidence for the efficacy of
NSAIDs in acute back pain, but only moderate support in chronic back pain (10).
In randomized trials, the differences in pain after a patient has taken any NSAID
as compared with placebo have generally been minimally detectable (11).
Particularly, there are marginal improvements documented with use of a COX-2
inhibitor over placebo in chronic back pain (12). Despite this disarming information,
a discussion of this class of drugs is warranted by the common use of these agents.

In selecting NSAID therapy, it should be noted that there is interindividual
variation among patients in their response to a specific choice of drug. If a patient
with chronic LBP does not respond to one NSAID, there is an equal likelihood that
the patient may respond to another NSAID (Table 6) (13).

Contraindications
Nonselective NSAIDs (nsNSAIDs) inhibit platelet aggregation through inhibition
of COX-1; therefore anticoagulation, coagulopathy, and thrombocytopenia are
relative contraindications to their use. Gastrointestinal side effects, such as dys-
pepsia, ulceration, bleeding, and perforation are most commonly associated
with the older nsNSAIDs. The addition of proton pump inhibitors or the
synthetic prostaglandin analog misoprostol can provide some protection (14).

Risk factors for development of NSAID-associated gastroduodenal ulcers are
advanced age, history of ulcer, concomitant use of corticosteroids, use of multiple
NSAIDs, concomitant use of anticoagulants, and serious systemic disorders.
Possible risk factors include infection with Helicobacter pylori, cigarette smoking,
and alcohol consumption (15). There are some nsNSAIDs that are preferential to
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COX-2 inhibition that have less incidence of GI injury (nebumetone, etodolac, and
meloxiam) (16–18).

COX-2 inhibitors are thought of as having a better safety profile with regard
to adverse GI effects (19), although there is some contradictory evidence to this
concept (20). Either selective or nsNSAIDs can induce renal insufficiency,
especially with underlying renal disease. All NSAIDs can cause an increase in
blood pressure or water retention. Celecoxib cannot be used with people having
sulfa allergy.

Considerations
With the limited evidence regarding NSAIDs versus placebo in treating LBP and
the risk factors associated with nonselective and selective classes, what should
physicians and their patients do? Current evidence and standards of care indicate
that whether a nsNSAID or COX-2 inhibitors are used for treating chronic LBP,
medical risk factors from the patient’s history need to be carefully documented
and calculated.

TABLE 6 Nonopioid Oral Analgesics for Use in Chronic Low Back Pain

Medication
Average adult
dose (mg)

Dose interval
(hr)

Maximal daily
dose (mg) Comments

Acetaminophen 500–1000, 1250
in extended
doses

4–6, extended
8-hr dose
available

4000 Renal and
hepato-toxicity
considerations

Salicylates
Aspirin

500–1000 4–6 4000 Avoid in children ,12
with viral illness

Nonacetylated
choline
magnesium
trisalicylate

1000–1500 12 2000–3000 No increase in
bleeding time

Classes of NSAIDs
Propionic acids
Ibuprofen 200–400 4–6 2400 Available OTC
Naproxen 250–500 6–8 1500 OTC
Ketoprofen 25–50 6–8 300 OTC
Oxaprozin 600 12–24 1200

Indolacetic acids
Indomethacin 25–75 8–12 200 High incidence of

GI and CNS
intolerance

Etodolac 300–400 8–12 1000
Enolic acids
Meloxicam 7.5–15 24 15 Nonselective
Piroxicam 20–40 24 40 anti-inflammatories

with both Cox-1
and Cox-2
associated risks

Napthylalkanlone
Nabumetome 500–750 8–12 2000 More alkaline

COX-2
Celecoxib 200–400 12–24 400 Additional

cardiovascular
considerations

Note: All doses are oral.
Abbreviations: CNS, central nervous system; COX-2, cyclo-oxygenase selective inhibitions; GI, gastrointestinal;
NSAIDs, nonsteroidal anti-inflammatory drugs; OTC, over-the-counter.
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Without Concomitant Risk Factors
Adult patients with no known cardiovascular, hepatic, or renal disease may be
started on either an nsNSAID or a COX-2 agent with medical oversight for two
to four weeks. Symptoms should dictate the continuation of the agent based on
the response of the patient to the medication. Potential intolerance to GI, hepatic,
or renal side effects may be medically monitored with appropriate testing.
Adverse symptoms alone should not be the sole factor in making a decision as to
whether or not to discontinue the medication. Periodic re-evaluation of both
positive (i.e., less back pain) and negative parameters (i.e., peripheral edema or
GI intolerance) should be documented for those continuing therapy for more
than 8 to 12 weeks. In the elderly, with no active cardiovascular, GI, or renal risk
factors, an nsNSAID or COX-2 agent with a proton pump inhibitor or misoprostol
may be used even for short-term (,10 days) therapy (21). Addition of a cyto-
protective agent and cardiovascular risks of this class of medication should be
discussed with patients and documented in the medical record.

Gastrointestinal Risk Factor
If anti-inflammatory treatment with a known healed gastroduodenal ulcer is
necessary, concomitant administration of a COX-2 inhibitor with misoprostol or
proton pump inhibitor is preferred (22). COX-2 inhibitors remain a rational
choice for patients with low cardiovascular risk who have had serious GI events,
especially from NSAIDs in the past (23).

Cardiovascular Risk Factors
With cardiovascular risk factors or chronic renal insufficiency, NSAIDs and the
COX-2 agent celecoxib may be used cautiously with monitoring of clinical signs,
symptoms, and laboratory values (24–27).AFederalDrugAgency (FDA)-sponsored
joint meeting of the Arthritis Advisory Committee and the Drug Safety and Risk
Management Committee in February 2005 recognized the relative risks and benefits
of the COX-2 inhibitors, with pragmatic conclusions using available data (28).
Cardiovascular risks of the available COX-2 medication were not deemed adverse
when used in lower doses (i.e., 200 mg daily for celecoxib). Higher doses of these
agents when used for long durations in high-risk individuals were discouraged.
The cardiovascular effects of both COX-2 inhibitors and nsNSAIDs should be con-
sidered and prioritized in the total health picture for each individual. These agents
should be used at the lowest dose for a limited duration and carefully reassessed
for efficacy and safety in back pain patients (29).

These recommendations are far from straightforward, nor conclusive.
Reviews of the literature strongly suggest a need for a reappraisal of the role of
these agents with regard to different categories of LBP. Patients with mechanically
inflamed or arthritic-related lumbar dysfunction may have greater pain relief from
NSAIDs. Adverse events may likewise be minimized by a diligent medical history
and clinical examination.

Muscle Relaxants
Introduction
Up to 80% of patients seeking a physician’s consultation for LBP will receive a pre-
scription for some type of medication. One-third of these patients will be prescribed
some form of muscle relaxant, usually in concert with an NSAID (30). Evidence
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available from the acute pain population studies for use with chronic LBP will be
helpful in determining whether your patient will benefit from this class of drugs.

Mechanism of Action
“Muscle relaxants” are a heterogeneous group of medications that can be used
to treat LBP. This group of drugs covers several specific classes of medications.
The two main categories are antispasmotics and antispasticity medications
(Table 7).

Antispasmotics are used to reduce muscle spasm in painful LBP. In this cat-
egory, there are benzodiazepines and nonbenzodiazepines. Benzodiazepines are
used in many different areas of medicine to treat conditions such as anxiety, sei-
zures, and for the purposes of our discussion on skeletal muscle relaxants. Typi-
cally for this class of medication, diazepam (Valiumw, Hoffman-La Roche,
Nutley, New Jersey, U.S.A.) is utilized extensively. Diazepam’s mechanism of
action is by facilitating postsynaptic effects of gamma aminobutyric acid
(GABA)-A, resulting in an increase in inhibition at the presynaptic level. This
benzodiazepine acts indirectly with a GABA-mimetic effect when GABA
transmission is functional (31).

Nonbenzodiazepines are a class of sedative drugs working at the brain stem
or spinal cord. The mechanism of action within the central nervous system is
not well understood. Cyclobenzaprine (Flexerilw, McNeil, Fort Washington,
Pennsylvania, U.S.A.) has structural similarities to tricyclic antidepressants with
some antimuscarinic effects. Carisoprodol (Somaw, Medpointe, Somerset, New
Jersey, U.S.A.), which metabolizes to meprobamate, has a moderate antispasmotic
effect. Orphenadrine (Norflexw, 3M Pharmaceuticals, St. Paul, Minnesota, U.S.A.),
similar to cyclobenzaprine, has anticholinergic activity but may more specifically
function as an antagonist in N-methyl-D-aspartic acid (NMDA) channel pain mech-
anisms (32). Other common medicines include: metaxalone (Skelaxinw, King
Pharmaceuticals, Bristol, Tennessee, U.S.A.) and methocarbamol (Robaxinw,
Schwarz Pharma, Milwaukee, Wisconsin, U.S.A.).

Tizanidine (Zanaflexw, Acorda, Hawthorne, New York, U.S.A.) has spasmoly-
tic actions as an alpha-2-adrenoreceptor agonist, similar to clonidine with fewer
effects on blood pressure. It acts at both pre- and postsynaptic inhibition at the
spinal cord. It also inhibits nocioceptive transmission at the dorsal horn in animal
models (33). Interestingly, it has gastroprotective effects, which may make it syner-
gistic with NSAIDs (34). Antispasticity medications work at several places as well.
Dantrolene sodium (Dantriumw, Procter & Gamble, Cincinnati, Ohio, U.S.A.)
blocks calcium release from the sarcoplasmic reticulum, which interferes with exci-
tation and contraction (actin–myosin interaction) coupling in skeletal muscle.
Baclofen (Lioresalw, Novartis, Basel, Switzerland) is a presynaptic inhibitor; it is
an analog of GABA (35). This acts as a neurotransmitter at the GABA B receptor.
This agonist activity inhibits calcium influx into presynaptic terminals and sup-
presses release of excitatory neurotransmitters (36).

Indications
Several studies show that nonbenzodiazepine muscle relaxants are effective for
acute LBP (37–41). There is limited evidence of any skeletal muscle relaxant
being efficacious in chronic LBP. The only study found showed limited evidence
effect with tetrazepam, which is not available in the United States (42).
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Contraindications/Side Effects
In this class of drugs, the benefit of muscle relaxation, which may compliment rehabi-
litation efforts, is offset by frequent sedating side effects. Of course, many sleep-
deprived individuals may respond well to this sedation although quality of sleep on
these agents has not been well studied. Some of the more common toxicities are
included in Table 7. There may be some concern about abuse and dependency with
all of the skeletal muscle relaxants (43). From a functional perspective, they may
increase risk of falls and impair ability to drive automobiles or operate heavy
machinery.

Considerations
Nonsteroidal anti-inflammatory drugs and muscle relaxants are widely used medi-
cations for back pain (44). Muscle relaxants have more side effects than traditional
NSAIDs and do not show superior efficacy (45–48). Generally, they are not used as
a monotherapy; usually these agents are taken with NSAIDs or opiates (49).
Although as many as 40% of patients use muscle relaxants for greater than a
year, there is little evidence-based medicine to support these prescription practices
as being beneficial (50). Empirically, the authors have found that clinicians tend to
prescribe these drugs as a once-a-day bedtime medication, but the manufacturer’s
package insert literature generally recommends that the medication be taken up to
two to three times a day.

Opioids
Introduction
Opioids used to treat chronic LBP have created controversy in the clinical practice
of pain medicine just as they have been controversial in the treatment of cancer pain
worldwide (51). The use of opium, and subsequently its derivatives (opiates are
semisynthetic opium alkaloids and opioids are synthetic preparations), for medic-
inal purposes goes back over 3000 years (52). Barriers to the use of opioids in LBP
include fear of addiction or abuse, side effects including respiratory depression,
lack of education in long-term management, that is, awareness of opioid rotation,
and legal repercussions of prescribing a highly regulated and controlled substance.
Nevertheless, opioids for chronic LBP remain in the current clinical treatment
paradigm of severe nonmalignant back pain. There is growing data on the contri-
bution of opioids to quality of life but not necessarily productivity or return to
work with a chronic LBP impairment (53,54).

Mechanism of Action
Opioid receptors (mu, kappa, and delta) are glycoproteins identified at several sites
of the peripheral nervous system, GI tract, bladder, and cardiopulmonary system
to the central nervous tracts through the dorsal spinal column to the brain (55). Acti-
vation of these receptors endogenously or by exogenous opioids causes inhibition
of pain impulses at any of these sites. Stimulation of opioid receptors is associated
with hyperpolarization, causing reduction of excitatory neurotransmitter release.
Agonist activity has a stabilizing effect making the cell membrane less susceptible
to neurotransmitters. The action of morphine at selected opioid receptors is
mediated by a second messenger G-protein (56). Equivalent oral doses of
common opioids and half-life information is included in Table 8 with estimated
ratios of morphine to equianalgesic doses of oral or transdermal opioid.
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Indications
Use of opioids has traditionally been associated with the loss of hope for recovery.
On the contrary, opioids in the context of chronic LBP rehabilitation may provide a
window of opportunity. These agents may facilitate renewed efforts at physical
exertion that would otherwise be painfully improbable. Randomized, double
blind trials of morphine in doses up to 120 mg a day in the treatment of musculos-
keletal pain was shown to convey analgesic benefit with limited risk of addiction
after nine weeks (57). However, psychological and functional improvements were
less likely to be measured positively in this same study. Transdermal fentanyl
was equal to oral sustained release morphine in a study demonstrating significant
relief of chronic LBP (58). Breakthrough opioid pain medications are utilized to
keep pace with the day-to-day fluctuations in pain thresholds. Maintaining a
chronic LBP patient on the lowest daily dose of a combination of sustained and
immediate release opioids is a goal of chronic pain management schemes. Short-
acting opioids were recognized by the AHCPR as having a limited role in treatment
of acute back pain. Short-acting agents alone without a sustained opioid may suffice
for individual circumstances of chronic pain allowing a reduction in total daily
dosage of potent opioid agents (59).

Contraindications
Opioid use was associated with greater self-reported disability and poorer function
in both women and men with chronic spine pain (60). The frequently stated caveats
of prescribing opioids often begin with the dictum “balance risks and benefits.”
High-risk individuals are identified by a careful medical history and in particular
a careful medication history. Previous substance use and addiction behavior
raises red flags as does rapid self-titration of medications previously prescribed.
A history of hepatitis raises the specter of intravenous drug abuse now or in the

TABLE 8 Oral Estimated Equivalents

Opioid

Estimated oral/
transdermal 20–30 mg of
morphine to equianalgesic

relative potency

Duration of activity
expected/plasma

half life (hrs) Comments

Morphine 20–30 mg (1 : 1) 4–7/1.5–4.5 Sustained release
morphine available in
variety
of formulas with 8–24-hr
duration

Codeine 200 mg (1 : 0.1) 3–6/2.5–3.5 With or without APAP (+)
Tramadol 100–150 mg (1 : 0.2) 4–6/6 Inhibits 5HT and NE

reuptake
Hydromorphone 7.5 mg (1 : 5) 3–4/2.5 Short acting only
Oxycodone 10–20 mg (1 : 2) 3–6/3.5 APAP (+)
Oxycodone CR 20 mg (1 : 2) 12 Same as above
Levorphanol 4 mg (1 : 5) 3–6/12–16 Half-life sustained
Methadone 10–20 mg (1 : 5–10) 4–8/8–75 Accumulates in tissues with

high volume of
distribution and protein
binding

Fentanyl 25–50 mcg patch (1 : 150) 72/22 Steady state after 36–48 hr

Abbreviations: 5HT, serotonin; APAP, acetaminophen; CR, controlled release; NE, norepinephrine.
Source: From Ref. 56.
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past. Any of these scenarios set the stage for further investigations as to the risks
and benefits of opioid prescription.

Considerations
Opioids for the treatment of a nonmalignant condition have suffered pendulum
swings of patients’ demands and societal concerns over the years. The pain prac-
titioner working in the realm of LBP is frequently faced with the dilemma of choos-
ing the medical agent that will rapidly address the suffering of a LBP patient.
Opioids fit the bill for many but create a new dilemma for a significant few.
Portnoy has said there is “no litmus test” for the use of opioids in any pain con-
dition (61). At present, we are treating the behavior of pain, which varies consider-
ably, without guidelines based on the objective pathology of lumbar spine
dysfunction (62). Development of an entrance and exit strategy for the introduction
and eventual weaning from opioids for these patients must be constructed by the
responsible pain practitioner. This includes patient education and narcotic agree-
ments. Documentation and opioid-oriented progress notes are required to sub-
stantiate legitimate use of these controlled substances. Without the support of
informed office staff members and the ability to meet documentation criteria, this
prescription practice should be deferred to pain specialists who have demonstrated
their capacity to meet these regulations.

Adjunctive Pharmaceutical Agents for the Treatment of
Chronic Low Back Pain
Over the last decade, there has been a burgeoning off-label practice of treating chronic
pain (63). In 2003 when total U.S. prescription-drug spending was about $216 billion,
studies found that off-label use accounted for 40% to 50% of all prescriptions (64).
Studies supporting the off-label medical management of LBP have been extensively
reported. Nevertheless, FDA approval for the use of antineuropathic pain agents
such as the antiepileptic drugs (AEDs) in the treatment of chronic radicular nerve
pain from lumbar stenosis or other compressive spinal lesions is lacking. A review
of the most frequently prescribed albeit “off-label” agents employed in the treatment
of LBP is therefore provided for use at the reader’s discretion.

Topical Agents
Topical agents have always had an appeal to the patient who could self apply a
focal treatment and the practitioner in the avoidance of many systemic side
effects of pain medications. Topical lidocaine 5% in the form of an adhesive patch
(Lidodermw, Endo Pharmaceuticals, Chadds Ford, Pennsylvania, U.S.A.) has been
demonstrated in the treatment of LBP. In an effort to supplant the loss of COX-2
agents, a head-to-head study with lidocaine patches 5% and celecoxib for LBP
patients (n ¼ 36) was conducted by Endo. Fifty percent of the patients receiving
topical lidocaine reported a 30% or greater improvement in daily pain intensity
compared with 42% of the celecoxib group. Both groups also reported an
improvement in mood, walking ability, and sleep after four weeks of treatment (65).

Antidepressants
Antidepressants have long been employed for treatment of chronic pain. LBP has
responded to tricyclic antidepressants (imipramine, desipramine, and doxepin) in
placebo-controlled studies (66,67). Questions remain regarding the role of these
agents as singularly antinocioceptive without the mechanism of the antidepressant
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effect. The advent of dual action, norepinephrine and serotonergic venlaflaxin
(Effexorw, Wyeth, Madison, New Jersey, U.S.A.), and duloxitine (Cymbaltaw,
Lilly, Indianapolis, Indiana, U.S.A.) reuptake inhibitors appears to offer an advan-
tage over single neurotransmitter active agents for treatment of pain. Duloxitine has
been FDA approved for both depression and painful diabetic neuropathy (PDN)
and PHN. There are frequent mentions in the marketing literature for these
agents regarding somatic pain complaints associated with depression. Logic
would lead us to conclude that neuropathic pain from PDN or PHN may be
similar enough to painful lumbar radiculopathy or lumbar spinal arachnoiditis to
apply this pharmaceutical class of agents to these conditions. However, there are
no convincing studies to date that support this line of thought (68).

Antiepileptic Drugs
These are increasingly used in the treatment of neuropathic pain as indicated by the
U.S. FDA for trigeminal neuralgia (carbamazepine), PHN (gabapentin and pregaba-
lin), and PDN (pregabalin) seen in Table 9. The second and most recent generation
of AEDs created a firestorm of professional and public attention in part because of
their documented effectiveness (69) and owing to alleged marketing of “off-label”
uses. Both first- and second-generation AEDs target the transmission pathways
referred to earlier in this chapter in Tables 1 and 2. These agents are thought to
limit neuronal excitation and enhance inhibition (70). Relevant sites of action
include voltage-gated ion channels (i.e., sodium and calcium channels), ligand-
gated ion channels, the excitatory receptors for glutamate and N-methyl-D-aspar-
tate, and the inhibitory receptors for GABA and glycine (71). Despite the opportu-
nity for employing these agents in the neuropathic component of acute or chronic
low back with sciatic nerve symptoms, there are no randomized, placebo-controlled,
cross-over studies that support monotherapy or a protocol for combined therapy in
treatment of these disorders (72).

ESTABLISHING OUTCOMES OF PHARMACOLOGIC TREAMENT
OF LOW BACK PAIN

As in all medication decisions, establishing goals and determining outcomemeasures
for medication treatment is fundamental to any rehabilitative approach. Gathering
functional information at the onset of therapy sets a foundation for measuring the
success or failure of a particular pharmaceutical agent. A core set of information
for outcome measurement includes a patient perception of quality of pain via a
verbal or visual analog scale. This may evaluate pain at the moment of the interview
or in general over the preceding days or weeks. A skilled practitioner will sometimes
be challenged to draw out even these basic concepts from patients whomay not have
the language to describe their very personal experience of pain.

Standards have been established for quality of life measures in the assessment
of chronic LBP that are reasonably easily implemented in most office settings. The
Oswestry, Rowland-Morris, McGill, and other validated LBP-oriented question-
naires are in the public domain requiring no special permissions for reproduction
(73–75). Justification for instituting pharmaceutical management with long-term
implications on each individual’s health increasingly demands this level of docu-
mentation. Comparison of this type of quantitative data set often spells the differ-
ence to insurers and third parties who may have to foot the bill for expensive
long-term pharmacotherapy.

Pharmacology of Low Back Pain 15



ADVANCES IN ANALGESIC MEDICATIONS USED IN TREATMENT
OF CHRONIC LOW BACK PAIN

The major classes of analgesic agents available to treat chronic LBP have not
changed much over the last decade (76,77). Analgesics (narcotic and non-narcotic),
anti-inflammatories, muscle relaxants, and adjuvants are applied to the problem of
LBP countless times each day despite the lack of evidence-based studies in this
important area. In the last 10 years, the pharmaceutical industry has focused on

TABLE 9 Antiepileptic Drugs as Proposed Off-Label Adjuncts in Treatment of Low Back Pain with
Neuropathic Features

Antiepileptic medicationsa

Typical dosages for
neuropathic low back

pain
Proposed mechanism of

action Comments

First-generation agents
Carbamazepine 200 mg/day � 7 days

up to 1200 mg/day
in divided doses

Blockade of sodium
channels

Therapeutic serum
levels may be
obtained. Side
effects include:
dizziness,
diplopia, nausea,
and aplastic
anemia

Phenytoin 100 mg at bedtime;
increase weekly up
to 500 mg/day

Decrease high-frequency
repetitive firing of action
potentials by enhancing
sodium-channel
inactivation

Therapeutic serum
levels may be
obtained. Side
effects include:
dizziness,
nystagmus,
ataxia, nausea,
rash, hematologic
dyscrasias, and
hepatotoxicity

Second-generation agents
Gabapentine 100–300 mg at

bedtime; increase
by 100–300 mg
increments
every three days to
1800 mg in 3–4
divided doses

Blockade of sodium and
calcium channels

Somnolence,
dizziness, GI
symptoms,
peripheral
edema, and
weight gain

Pregabalin 50–150 mg up to
twice daily

Blockade of ligand-gated
sodium and calcium
channels

Somnolence,
dizziness, GI
symptoms,
peripheral edema,
and weight gain

Lamotrigine 50 mg per day;
increase by 50 mg
every two weeks up
to 400 mg daily in
divided doses

Blockade of calcium
channels

Dizziness, ataxia,
constipation,
nausea, and
rarely life-
threatening
rashes

aTitrate each agent to efficacy and tolerance of side effects.
Abbreviation: GI, gastrointestinal.
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repackaging more than producing commercially available alternatives to the stan-
dards of the WHO analgesic ladder. Opioids have been reformulated to provide
extended-release packaging. This does allow more potent doses in time released
delivery systems. Although this strategy is deemed effective for analgesia, it is
fraught with controversy and potential for misuse (78). Transdermal, transmucosal,
intranasal, and proposed effervescent delivery systems for opioids have been
devised. Another key area in the pharmacological treatment armamentarium of
chronic LBP will be the intrathecal delivery of novel antinocioceptive agents such
as ziconotide, a conotoxin derived from a sea snail. These developments were not
covered in this chapter, which focused on available oral or transdermal compounds.
Because of the ubiquitous penetration of LBP in society, the allure of this market
to scientists, clinicians, and pharmaceutical companies will no doubt produce
new, effective, and hopefully ever safer analgesics, anti-inflammatories, muscle
relaxants, and adjunctive medications.

In conclusion, LBP, whether it is acute or chronic, appears to be an inherent
part of the human experience. For this, there is no cure. Back pain must be recog-
nized and treated as a multifaceted disease not an anatomical aberration that can
be simply ablated by procedural intervention. Perhaps the best tincture to apply
to this condition is the proverbial ounce of prevention. To date, we have yet to
reach an evidence-based consensus as to what a more specific prevention or
pharmaceutical pathway should entail. This chapter should provide the reader
with the stem cells of information regarding the pharmacological treatment of
LBP from a multidimensional perspective. Utilizing medication, based on the out-
lines provided here in the context of the hologram of pain, can be a mutually and
reasonably satisfying experience for the patient with LBP as well as the clinician.
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INTRODUCTION

This chapter reviews general principles and proper techniques of aspiration and
injection of joints and soft tissues. Indications and contraindications, preparation
and materials, interpretation of aspirate fluid, postprocedural care, and possible
side-effects are also discussed.

Aspiration and injection of joints and soft tissues are important adjunctive
or, at times, definitive diagnostic and therapeutic procedures. The diagnosis of
infectious or crystal-induced arthritis is made upon synovial fluid analysis, and
aspiration of a tensely swollen joint may immediately relieve discomfort. Both
the immediate and long-term response to a properly placed injection can further
support a diagnosis and guide management, while a corticosteroid injection can
provide dramatic pain relief. Inflammatory and crystal-induced arthritides, bursi-
tis, and other conditions typically respond very well to corticosteroid injections.
Corticosteroid or hyaluronic acid injections are also considered for degenerative
conditions when other measures have failed to provide adequate relief or return
of function (1).

With appropriate knowledge of anatomy and procedural technique, aspiration
and injection of joints and soft tissues can be easily and safely performed. Despite
this, many primary practitioners complete residency feeling uncomfortable
performing these procedures. A study byNelson et al. (2) found that 65%of practicing
general internists in the United States felt that they needed more training in per-
forming arthrocenteses. Overall, 35% did not perform this service. This statistic has
been replicated internationally, demonstrating that only 54% to 68% of primary care
providers perform aspiration or injection of joints or soft tissues. Among the most
commonly cited barriers was a lack of practical training or confidence in skills (3–5).

HISTORY

The diagnosis and treatment of musculoskeletal and rheumatic disorders date to
the time of Hippocrates. A review by Rodnan details writings by Hippocrates,
Celsus, Galen, and others that describe synovial fluid, and the anatomy and physi-
ology of joints and synovial membranes (6). Diagnostic aspiration began to be prac-
ticed with increasing frequency in the early twentieth century, with texts describing
the procedure first being published at this time. Initial attempts at using injection
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therapy to ameliorate symptoms and halt or reverse disease progression had poor
results, often with significant side-effects. Agents used early on included formalin,
glycerin, lipiodol, lactic acid, liquid petrolatum, and autologous liquefied fat (7).
Since then, many other agents, such as intra-articular salicylates, antibiotics,
phenylbutazone, gold, and orgotein superoxide dismutase, have been tried (8).
Local anesthetics demonstrated temporary relief, but it was not until corticosteroids
were injected in the 1950s that a medication providing substantial benefit was
found (7).

Thorn was first credited with intra-articular injection of steroids in 1950 (9).
The first cortisone intra-articular injections, performed in rheumatoid arthritis
patients, showed disappointing, inconsistent results. In 1951, Hollander injected
its active metabolite, hydrocortisone into the knees of rheumatoid arthritis sufferers
and noted dramatic, prolonged relief (10). Numerous publications have since
chronicled the response of hundreds of thousands of patients to intra-articular
and soft-tissue corticosteroid therapy and demonstrated the beneficial effect of
these medications on the many inflammatory and noninflammatory conditions
listed in Table 1. Hyaluronic acid viscosupplementation has been the most recently
developed class of widely used intra-articular therapy. It has been used in Europe
for several decades, and was approved for use in the United States in 1997.

GENERAL PRINCIPLES
Aspiration
Any joint, either with or without effusion, should be aspirated if synovial fluid
analysis will assist in determining the etiology of an arthropathy. Aspirate analysis

TABLE 1 Joint and Soft Tissue Disorders Amenable to Office-Based Aspirations or Injections

Osteoarthritis
Inflammatory arthritis/synovitis
Crystal-induced arthropathies
Rheumatoid arthritis, juvenile rheumatoid arthritis
Collagen vascular disorders (systemic lupus erythematosus, mixed connective tissue disorder)
Sarcoidosis
Seronegative spondyloarthropathies (psoriatic arthritis, Reiter’s syndrome, inflammatory bowel
disease, ankylosing spondylitis)
Traumatic

Hemarthrosis
Tendonitis/tenosynovitis
Supraspinatus, bicipital tendonitis
de Quervain’s, digital flexor (trigger finger), intersection tenosynovitis

Epicondylitis
Medial (golfer’s elbow), lateral (tennis elbow) epicondylitis

Bursitis
Subacromial, olecranon, trochanteric, ischiogluteal, prepatellar, pes anserine bursitis

Adhesive capsulitis
Plantar fasciitis
Entrapment neuropathies
Carpal, cubital tunnel syndromes

Ganglion/synovial cysts
Myofascial pain syndromes/trigger points
Morton’s neuroma

Source: From Refs. 7, 18, 21, 22, 33, 42, 107.
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will clarify if an arthropathy is inflammatory or not, definitively diagnose crystal-
induced and septic arthridites, and support the diagnosis of traumatic ligamentous
injury or prove occult intra-articular fracture. Aspiration of an effusion frequently
relieves pain of a tensely swollen joint, and is commonly performed prior to injec-
tion of corticosteroids or hyaluronic acid. This practice has been demonstrated to
improve response and duration in various arthridites (11–13). Some have proposed
that aspiration of hemarthrosis prevents possible adhesion or band formation, but it
has been noted that a single occurrence of hemarthrosis in an otherwise healthy
knee will spontaneously reabsorb, and does not cause long-term joint damage
(14–16).

Contrary to injection, there are no absolute contraindications to aspiration.
Indications and relative contraindications, and the interpretation of various syno-
vial fluid properties are presented in Tables 2–4. Of particular note, aspiration is
considered to be relatively safe even in the presence of anticoagulation therapy
or bleeding disorders. Thumboo et al. (17) have estimated the risk of significant
hemarthrosis in patients receiving warfarin therapy within international normal-
ized ratio (INR) values up to 4.5 to be less than 10%.

Complications encountered in aspiration are very rare, but do include iatro-
genic infection, articular cartilage injury, bleeding and hemarthrosis, injury to soft
tissue or neurovascular structures, vaso-vagal episodes, and hypersensitivity to
cleansing solutions or anesthetics. Rates of these complications parallel those
noted for corticosteroid injection in Table 5.

Local Anesthetics
Local anesthetics are used alone in diagnostic injections, or in combination with
corticosteroids for therapeutic injections. As a diagnostic modality, the response
to a properly administered local anesthetic can be used to either support or
refute a tentative diagnosis. A common example would be injecting the subacro-
mial bursa to discern intrinsic shoulder pathology from extrinsic causes of shoulder
pain (15). As a therapeutic modality, local anesthetics serve to provide immediate
relief from pain, to dilute the corticosteroid and ensure widespread dispersion
within the joint or tissue, and to confirm proper placement (18). Typically used
local anesthetics are 1% lidocaine without epinephrine and 0.5% bupivicaine.

TABLE 2 Indications/Contraindications to Aspiration

Indications
Undiagnosed arthritis with or without effusion
Suspected septic arthritis (may be repeated for as part of treatment course)
Suspected ligamentous injury or occult intra-articular fracture
Symptomatic relief of tense effusion or hemarthrosis
Improve effect of corticosteroid or hyaluronic acid injections
Determination if laceration communicates with joint space

Relative contraindications
Overlying cellulitis, psoriasis, or abraded skin
Bacteremia
Bleeding disorder
Joint prosthesis
Joint anatomically inaccessible without imaging
Noncooperative patient

Source: From Refs. 7, 15, 22, 74, 108.
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As both anesthetics have onset within two to five minutes, the principal difference
is duration of action. Lidocaine provides effective local anesthesia for one to two
hours, whereas the effects of bupivicaine last between four and six hours (19,20).

Adverse reactions to local anesthetics are rare, occurring in 0.1% to 0.4% of
patients, and may include allergic or toxic reactions. Most allergic reactions are
due not to the anesthetic, but rather the paraben preservatives found in multidose
vials (20,21). Allergic reactions should be handled as per common practice. Toxic
reactions are especially rare with the relatively low doses used in musculoskeletal
procedures. Symptoms that would be most likely encountered include tongue
numbness or metallic taste, lightheadedness or dizziness, tinnitus, sweating, or
pallor. The patient should be reclined, reassured, and offered cool compresses.
Most symptoms resolve within a few minutes. Intravascular injection should
be avoided. Symptoms occurring with intravascular administration at higher
doses include drowsiness, slurred speech, respiratory depression, seizures, cardio-
vascular collapse, and cardiac arrest. Toxicity resulting in these symptoms requires
expedient monitoring and treatment (19,20).

TABLE 5 Adverse Reactions to Corticosteroid Injections

Abnormal uterine bleeding/disturbance of menstrual cycle May be as high as 50%
Soft-tissue atrophy 1–14%, may occur 1–6 mo later
Steroid flare 1–6%
Steroid arthropathy 0.8%
Tendon rupture ,1%
Facial flushing ,1%
Hypopigmentation ,1%, may occur 1–6 mo later
Hypersensitivity reaction ,1%
Iatrogenic septic joint 1:10,000–50,000
Local nerve damage Rare
Transient paresis of injected extremity Rare
Avascular necrosis Rarea

Hyperglycemia Not documented
Suppression of hypothalamic-pituitary-adrenal axis Not documented
Vaso-vagal reaction Not documented

aCase reports are of patients also on systemic corticosteroids.
Source: From Refs. 7, 19, 22, 107, 111.

TABLE 4 Crystal Analysis

Crystal Length Appearance Birefringence

Monosodium urate
(gout)

0–20 mm Needle-shaped Strongly negative

Calcium pyrophosphate
dihydrate
(pseudo-gout)

3–15 mm Rod or rhomboid-
shaped

Weakly positive

Calcium hydroxyapatite
(osteoarthritis,
nonspecific synovitis)

0–5 mm Individual crystals
may not be seen
by light
microscopy;
clumps may
appear as
amorphous,
globular matter

Nonrefringent

Source: From Refs. 15, 107, 109.
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Corticosteroids
Corticosteroids provide powerful pain-relieving effects and are the most potent
class of anti-inflammatory medications; however, corticosteroid injections should
always be considered an adjuvant therapy to systemic treatment, physical
therapy, and lifestyle or activity modification. Corticosteroid injections should
never be performed without a working diagnosis and a specific treatment plan.
Indiscriminate injection of corticosteroids places a patient at an increased risk of
complications (22).

The mechanism of action of corticosteroids is complex and not completely
known. Corticosteroids inhibit the production of prostaglandins, interleukins,
thromboxane, and proteolytic enzymes (8,23–26). They also appear to inhibit neu-
trophil chemotaxis and phagocytosis, decrease synovial membrane permeability to
leukocytes, and stabilize lysosomal membranes (8,26–32). Effects seen on synovial
fluid include an increase in viscosity and hyaluronic acid concentration, and
decreased leukocyte counts (26,32,33). How these mechanisms of action may
relieve pain in chronic tendinopathy or bursitis is unclear, as histology shows no
inflammation. It is possible that corticosteroids interact with nociceptive receptors,
substance P, and chondroitin sulfate (34).

Indications for corticosteroid injection are wide-ranging. Corticosteroids
provide prompt, efficient, and long-lasting relief in inflammatory conditions, and
may be disease-modifying (35–40). Their effect on noninflammatory arthropathies
or soft-tissue disorders is much more variable. Clinical experience and many
studies show that corticosteroids often provide substantial relief, but the duration
is often short-lived. In these instances, injections are of benefit to patients with con-
ditions failing noninvasive treatment, or to allow participation in adjunctive thera-
pies. Compared with aspiration, there are several absolute contraindications to
corticosteroid injection. A list of indications and contraindications are presented
in Table 6.

Despite the amount of literature discussing corticosteroid injection use, no
available data substantively clarifies the most efficacious or safest choice and
dose of corticosteroid (18). As no evidence-based consensus exists, choice and
dose of corticosteroid largely depends upon practitioner training. Dosages are
chosen by joint or structure size. The authors prefer triamcinolone or betametha-
sone to be used for injections because they are less soluble and, hence, longer
acting. Dexamethasone is another longer acting agent that may be used in practice.
For soft-tissue injections, shorter acting, more soluble corticosteroids, such as
methylprednisolone, is also appropriate. Tables 7 and 8 compare a variety of
steroids used in joint and soft tissue injections, and provide recommended dosages.

In general, it is recommended to avoid exceeding four injections per year, and to
wait six to eight weeks between injections (19,33,41,42). Response to previous injec-
tions should be considered in deciding whether or when to proceed with a repeat
injection (43). Repeat injections should not be performed if there has been neither
relief nor functional improvement after two injections by the same practitioner. Injec-
tions repeatedwithout benefitmay place a patient at risk for adverse reactions or side-
effects. Intratendinous or peritendinous injections of weight-bearing tendons, such as
the patella andAchilles tendons should be avoided or performedwith caution—there
may be an increased risk of rupture following injection.

Adverse reactions are uncommon, but can be quite severe. The most com-
monly occurring side-effects are postinjection “steroid flare,” hypopigmentation,
subcutaneous atrophy, and menstrual irregularities (7,8,44,45). Steroid flare is a
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synovitis that begins shortly after injection, and may persist for 24 to 48 hours. The
joint swells and becomes painful, erythematous, and warm, mimicking a septic
joint. It occurs much more commonly than iatrogenic infection (commonly reported
to occur in 2% vs. 1:10,000 to 50,000 of patients, respectively) (46–48), and may be
difficult to differentiate. Surrounding regional or systemic complaints, such as lym-
phangitis, fever, or malaise, do not occur with steroid flare and should raise concern
of a septic joint. Any concern of septic arthritis requires immediate evaluation.

The most concerning adverse events include the aforementioned iatrogenic
infection, tendon rupture, and the controversial entity called steroid arthropathy.
The incidence of steroid-associated tendon rupture is difficult to accurately
ascribe, but has been reported—most frequently in weight-bearing tendons, such
as the Achilles and patellar tendons (49–59). Steroid arthropathy is a Charcot-
like arthropathy, involving gradual destruction of the joint. Anecdotal case
reports were described in the 1950s and 1960s involving patients usually receiving
10 to hundreds of steroid injections over many years. It is postulated that

TABLE 6 Indications/Contraindications to Medication Injections

Indications
Local anesthetics
To facilitate examination or establish diagnosis
To dilute corticosteroids and confirm accurate placement

Corticosteroids
Mono- or oligoarticular inflammatory arthritides
Inflammatory soft-tissue disorders
Noninflammatory joint or soft-tissue conditions failing conservative treatment
Patients unable to tolerate systemic treatments
To facilitate participation in other treatment modalities
Flexion deformities accompanying joint inflammation

Hyaluronic acid
Knee arthritis failing conservative treatment

Absolute contraindications
Infection
Septic joint, periarticular cellulitis, adjacent osteomyelitis, and bacteremia

Hypersensitivity
Osteochondral fracture
Joint prosthesis
Uncontrolled coagulopathy
Injection into weight-bearing tendons (Achilles, patellar)
Overlying abraded skin or psoriasis
Noncooperative patient
Anatomically inaccessible without imaging

Relative contraindications
Joint instability
Poorly controlled diabetes
Minimal/lack of efficacy following two injections
Internal derangement of knee
Hemarthrosis
Distant chronic foci of infection
Surrounding osteoporosis
Skeletal immaturity

Source: From Refs. 7, 8, 15, 18, 19, 22, 26, 76, 107, 110.
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steroid-mediated pain reduction prevents a patient from recognizing injury to the
joint, and that repeated corticosteroid injection may have a deleterious effect on
bone. There is conflicting evidence, however, as it has never been demonstrated
in primate models. It is also difficult to discern joint destruction attributed
to steroid arthropathy from that associated with the natural progression of degen-
erative disease (39,40,47,60–68). A complete list of adverse reactions is presented
in Table 5. For a more detailed discussion, please refer to the chapter on
corticosteroids.

Viscosupplementation
Hyaluronic acid is an important component of synovial fluid. It has both viscous
and elastic properties that are shear force-dependent. With high shear forces, it
has increased elasticity and lowered viscosity, hence serving as a shock absorber.
Its characteristics are opposite with low shear forces, increasing its lubricating
ability. In addition, it serves to provide nutrients to, and remove waste products
from, the articular cartilage, and exhibits anti-inflammatory effects. In arthritides,
the concentration of hyaluronic acid is decreased which impairs its functioning
(21,26). Viscosupplementation with exogenous hyaluronic acid appears to restore
some of its intra-articular function and provide symptomatic relief. It may
also stimulate endogenous production of healthy synovial fluid (21). A Cochrane
Database review suggests that viscosupplementation provides short-term pain
relief and improved functioning, but that it has not been shown to halt disease

TABLE 8 Recommended Corticosteroid Dosages per Anatomic Site

Corticosteroid
Concentration

(mg/mL)
Soft tissues

(mg)
Small joints

(mg)
Medium joints

(mg)
Large joints

(mg)

Short-acting preparations
Hydrocortisone 10–50 10–25 25–50 50–100
Acetate 25, 50
Sodium phosphate 50

Intermediate-acting preparations
Prednisolone 5–40 2–10 10–40 20–80
Sodium phosphate 20
Tebutate 20

Methylprednisolone 5–40 2–10 10–40 20–80
Acetate 20, 40, 80
Sodium succinate 40, 125

Long-acting preparations
Triamcinolone N/Aa 2–10 5–30 20–80
Acetonide 10, 40
Diacetate 25, 40
Hexacetonide 5, 20

Dexamethasone N/Aa 1–3 2–4 4–16
Sodium phosphate 4, 24
Acetate 8

Betamethasone N/Aa 1–3 3–6 6–12
Phosphate/acetate 6

Note: Small joints refer to joints within the fingers or toes. Medium joints refer to the elbow, wrist, and ankle. Large
joints refer to the knee and shoulder.
aLong-acting corticosteroids are not recommended for injection into soft-tissue structures.
Source: From Refs. 8, 15, 19, 22, 24, 26, 33, 76.
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progression (69). In the United States, viscosupplementation is currently approved
only for knee injections. Adverse reactions are similar to those presented for
aspiration. For a more detailed discussion, please refer to the chapter on
viscosupplementation.

GENERAL TECHNIQUE

Any attempt at aspiration or injection requires knowledge of the targeted anatomy,
the techniques of the procedure, and medications used. Verbal or signed consent
should be obtained, and the patient then situated such that the area of interest is
supported, the tissue or joint is positioned to facilitate entry, and the patient safe-
guarded against possible vaso-vagal events. Most procedures can be performed
with the patient sitting in a chair, or lying supine or prone. As with all medical pro-
cedures, preparation is important. All materials should be within easy reach,
including items to address possible complications. Some practitioners find it con-
venient to have an arthrocentesis tray prepared in advance. Materials that should
be included in such a tray are listed in Table 9.

Aseptic technique should be observed to avoid introduction of bacteria into the
joint or tissue. Once the entry site is palpated and marked by pressing with needle
cap, the skin should be cleansed. Traditionally, this has involved one or two appli-
cations of povidone-iodine solution, allowing this to dry, and then wiping twice
with isopropyl alcohol starting from the injection site and circling outward.
Studies, however, have demonstrated that the use of alcohol alone is sufficient.
While Glaser et al.’s study (70) demonstrated the introduction of skin tissue into
the knee joint in almost all arthrocenteses,Hollander’s review (48) of 250,000patients
and Gray et al.’s review (47) of 100,000 patients injected with alcohol-based aseptic
techniques demonstrated only 18 and two incidences of septic arthritis, respectively.
Finally, a controlled study by Cawley et al. (71) showed that a comparison of a chlor-
hexidine preparation and a preparation using only isopropyl alcohol demonstrated
no difference in outcomes (71).

TABLE 9 Equipment Tray Contents for Joint/Soft-Tissue Injection or Aspiration

Povidone-iodine (Betadinew, Purdue, Stamford, Connecticut, U.S.A.) wipes
Alcohol wipes
Disposable gloves (need not be sterile)
Sterile drapes
25- to 30-gauge, 0.5- to 1-inch needle for local skin anesthesia
18- to 20-gauge, 1.5-inch needle for aspirations
22- to 25-gauge, 1- to 1.5-inch needle for injections
3-inch spinal needle for large knee or hip aspirations or injections
1 mL- to 10 mL-syringe for injections
3 mL- to 60 mL-syringe for aspirations
Local anesthetic (1–2% lidocaine without epinephrine or ethyl chloride vapo-coolant)
Corticosteroid preparation
Plain test tubes for culture and chemistry tests
Test tubes w/liquid anticoagulant (purple or green top) for cell count and crystal
analysis

Hemostat (if joint is to be aspirated and then injected using same needle)
Adhesive bandage/dressing
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Universal precautions should be followed, but if the needle tip and injection
site are not touched, the gloves need not be sterile. Sterile gloves and drapes may
be used as per the discretion of the physician. Local anesthesia may be achieved
by either injecting 1% lidocaine without epinephrine subcutaneously via a 25-
gauge needle to form a wheal, or spraying a vapo-coolant, such as ethyl chloride.
Vapo-coolants have been shown not to contaminate the sterile field (72). In some
instances, particularlywith children, sedation or general anesthesiamay be required
for a safe and accurate aspiration or injection.

When aspirating an effusion, the seal of the syringe should be broken prior to
the procedure. Several syringes should be at hand in case the volume of the effusion
is greater than the capacity of the syringe, and a hemostat should be available to
facilitate exchanging syringes without necessitating removal of the needle. If
aspiration is performed for diagnostic purposes, the aspirate should be sent to
the lab in citrate (blue-topped), ethylenediaminetetraacetic acid (EDTA, purple-
topped), or heparin (green-topped) tubes to prevent coagulation of inflammatory
fluids for accurate cell counts and crystal analysis. Plain tubes may be used for
chemistries. Aspirate for gram stain and culture should be sent in a sterile tube.
If less than 2 mL is sent, it should be performed in a bacterial culture bottle. Two
milliliter or more of aspirate has been shown to maintain bacterial viability for
24 hours at standard temperatures. It should not be refrigerated (21).

If an effusion is detected, but no or minimal fluid is obtained with aspiration,
several problems could exist. Tissue may be obstructing the needle bore, the needle
may be up against the bone or not in the target cavity, or the needle may not be of a
sufficient gauge. A hemarthrosis may be coagulated, tensed muscles may be
obstructing flow, or soft-tissue swelling may have been mistaken for true intra-
articular or intrabursal fluid. Attempts to correct this may be made by rotating or
flushing the needle, slightly advancing or withdrawing the needle, withdrawing
and redirecting the needle, ensuring the patient has relaxed the surrounding
musculature, and sometimes replacing the needle with a larger bore (lower gauge).

If injection of local anesthetic or corticosteroid is to follow aspiration, it may
easily be performed by leaving the needle in the joint or tissue space. The needle
hub is grasped with a hemostat, and the aspirating syringe carefully removed. The
syringewith the local anesthetic or corticosteroid is attached, and after gentle aspira-
tion has ensured the needle has notmigrated into a vessel, the solution is injected.All
injections should bewithout significant resistance. If significant resistance or patient
discomfort is encountered, it suggests that the needle is improperlyplaced.Agitation
of a corticosteroid and local anesthetic mixture immediately prior to injection will
help prevent layering, and ensure full corticosteroid deployment and more equal
dispersion within the space.

Postprocedural care involves applying direct pressure after the removal
of the needle. This should be done until hemostasis is achieved, followed by
an adhesive bandage or other dry sterile dressing. The authors instruct the
patient to ice the site for 15 to 20 minutes three times a day for at least three
days. Relative rest for 24 to 48 hours may be recommended and has been
shown to improve both degree and duration of relief (73). The patient should
be instructed about both the possibility of steroid flare and iatrogenic infection.
Any warmth, erythema, and swelling that persists for greater than 24 hours, is
increasing, or that is accompanied by lymphangitis, fevers, or chills, should be
immediately evaluated.
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REGIONAL ASPIRATION AND INJECTION TECHNIQUES

The proceduralist needs to decide on several items: the approach to the site, the cor-
ticosteroid and dose, the syringe size, and the needle gauge and length. Most
approaches are based on ease of anatomic access and avoiding important neurovas-
cular structures. Practitioner preference of one approach over another usually
depends on training, as most evidence is anecdotal; few studies comparing
various approaches exist. When material does exist, this will be noted.

The authors use 40 mg/mL triamcinolone preparations, as this is a commonly
used steroid with a long intra-articular duration and great intra-articular potency.
The authors prefer 0.5% bupivicaine for the local anesthetic because of its longer
half-life. As noted before, there is no one standard corticosteroid or dosage for
any of these procedures. Alternate corticosteroids and suggested dosages are
listed in Table 8. It is not necessary to know all of the drugs listed, but rather be
comfortable with one or two preparations. Ten cubic centimeter syringes are used
most commonly for injections, with 3 and 5 cc syringes used for smaller joints.
Sixty cubic centimeter syringes are used for aspiration of large joints (e.g., knee),
and 20 or 33 cc syringes for aspiration of medium joints (e.g., elbow) or bursae.

What follows is a description of a number of aspiration and injection
approaches, with the authors’ preferred method emphasized. It is by no means
meant to be an exhaustive list of possible injections or approaches, but rather a
practical how-to guide for the busy practitioner.

Shoulder
Glenohumeral Joint
The glenohumeral joint may be approached by either an anterior or a posterior
approach. A 22-gauge 1.5-inch needle is used along with 40 to 80 mg of triamcino-
lone and 2 to 6 mL of local anesthetic (7,8).

Anterior Approach
The patient should be seated. External rotation of the arm may further open the
joint space. Mark a spot just medial to the head of the humerus and 1 to 2 cm
lateral and inferior to the coracoid process. The needle is directed posteriorly and
slightly upward and laterally. Entry into the joint space is usually made after
approximately 2 cm in normal-sized individuals (7,8,15,21,42,74).

Posterior Approach (Authors’ Preferred Method)
The patient should be seated and the arm internally rotated with the forearm across
the chest or resting in the lap. The needle is inserted two to three fingerbreadths
below the posterolateral corner of the acromion, at the level of the mid-humeral
head. The needle is directed anteriorly and slightly superiorly toward the coracoid
process. The joint space is entered after the needle is advanced 2 to 3 cm (7,8,21,74).
This approach is easy to perform and poses less risk of damaging neurovascular
structures (Fig. 1) (42).

Acromioclavicular Joint
The acromioclavicular joint is a superficial joint that can be palpated at the lateral
end of the clavicle. Most commonly, a depression can be felt, but soft-tissue swel-
ling, dislocation, or arthritic changes may alter the landmarks. Palpation of the con-
tralateral acromioclavicular joint may facilitate proper positioning. Entering the
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joint with the needle takes practice and patience. An arthritic joint may have a
tough fibrous capsule, joint hypertrophy, and joint space collapse, making an
intra-articular injection challenging. The joint is entered from directly superior
with a 25-gauge 1-inch needle (8,19). If the joint space is not initially entered,
“walk” the needle tip down the clavicle laterally until it slips into the joint. It
should not be necessary to advance much more than one-half inch to enter the
joint. Ten to twenty milligrams of triamcinolone with 1 mL of local anesthetic
may be injected into the joint (Fig. 2) (7,21,24,75).

Subacromial Space
Rotator cuff tendonopathy and subacromial bursitis are conditions along the same
spectrum, for which corticosteroid injection may be an important adjunctive
therapy. The bursa lies just superior to the supraspinatus tendon, and inflammation
usually involves both the bursa and tendon. Corticosteroid injected into the suba-
cromial space will diffuse into both the bursa and rotator cuff, and because of the
ease in injecting the space, this method is generally recommended (21,24,76).
Several approaches, all utilizing a 22-gauge 1.5-inch needle, are possible. The
patient should be seated for each. Forty to eighty milligrams of triamcinolone
with 5 to 9 mL of local anesthetic may be injected (1,7,19).

FIGURE 2 Acromioclavicular joint injection. The
borders of the acromion and the distal clavicle
are identified, and the needle is inserted
perpendicularly to the joint.

FIGURE 1 Glenohumeral joint injection—posterior approach. The posterolateral corner of the
acromion is identified with the injection site marked three fingerbreadths below. Notice that the
practitioner has identified the coracoid process with his index finger and is directing the needle
toward it.
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Anterior Approach
With the patient’s arm resting in the lap, insert the needle over the depression palp-
able inferior and lateral to the coracoid process and medial to the head of the
humerus (19).

Lateral Approach
Enter the sulcus between the midpoint of the lateral acromion and the superior
aspect of the humeral head. Direct the needle anteromedially as the bursa lies
under the anterior–inferior aspect of the acromion (8,21,24,76).

Posterior Approach (Authors’ Preferred Method)
The needle is inserted one fingerbreadth below the posterolateral corner of the acro-
mion and directed anteriorly. In a posterior to anterior orientation, the acromion
angles upward with the subacromial space superior to the injection site. As such,
once the needle is underneath the acromion, the practitioner’s hand is dropped,
directing the needle superiorly and slightly medially. The needle should be
advanced 2 to 3 cm to its hilt (19,42). If the injection is not free flowing, the
needle tip may be against the underside of the acromion. The needle should then
be withdrawn slightly and redirected (Fig. 3).

Bicipital Tendon
Injection into a tendon sheathmay be performed in twomanners. The first technique
involves advancing the needle into the substance of the tendon and then slightly
withdrawn, attempting to leave the needle within the sheath (1). If properly posi-
tioned, the solution should be injected easily. The injection may also be infiltrated
in a fan-like distribution along the outer surface of the tendon sheath (21). The
area of maximal tenderness within the bicipital groove is targeted, but the injection
should not be intratendinous (18,19).

With the arm internally rotated 208, the groove and tendon lie directly anterior
(8). Its location may easily be palpated, and confirmed by rolling the tendon under-
neath one’s finger, or by internally and externally rotating the arm and feeling the
groove pass beneath (7,21,76,77). The walls of the groove can be used to guide the
course of the injection. Twenty to forty milligrams of triamcinolone and 2 to 4 mL of
local anesthetic are infiltrated via a 22-gauge, 1.5-inch needle. One-third is injected
at the site of maximal tenderness, with the other two-thirds injected just superior

FIGURE 3 Subacromial space injection—posterior approach. The posterolateral corner of the
acromion is identified with the injection site marked one fingerbreadth below. Once the needle
passes the acromion border, the needle should be angled superiorly.
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and inferior along the course of the tendon (19). Rarely, the short head of the biceps
requires injection at the coracoid process. The needle should be advanced to the
bone, withdrawn 1 to 2 mm, and injected (21).

Elbow
Elbow Joint
The elbow is easily entered with the patient lying prone, the elbow flexed 908, and
the forearm pronated and hanging over the table’s edge. If this position is difficult
for the patient, the patient may be seated with the palm resting on the patient’s lap,
or laid supine with the palm on the abdomen. The olecranon, lateral epicondyle,
and radial head form a triangle, the center of which is the target site for aspiration
or injection (7,8,15,21,74). An 18-gauge, 1.5-inch needle is used for aspirations,
while a 22-gauge needle is used for injections. The needle is positioned perpendi-
cularly to the skin and parallel to the surface of the radial shaft, and advanced
1 to 2 cm toward the hand (7,74,75). Forty to eighty milligrams of triamcinolone
may be injected with 6 to 8 mL of local anesthetic. An alternative approach is to
insert the needle superior to the olecranon process just laterally to the triceps
tendon (74). A medial approach is not recommended because of concern for the
ulnar nerve and superior ulnar collateral artery (Fig. 4) (15).

Medial and Lateral Epicondylitis
Controlled studies have demonstrated that corticosteroid injections performed for
the treatment of recalcitrant medial and lateral epicondylitis provide significant
relief, but that it is short-lived. Stahl et al. (78) showed that corticosteroid injection
for medial epicondylitis was superior to placebo at six weeks, but that by three
months, there was no difference in symptoms or function.

Approaches for both medial and lateral epicondylitis are similar. The elbow is
flexed to 458 or 908 and supported by a table. A 22-gauge, 1.5-inch needle is inserted
in the area of maximal tenderness over the insertion of the flexor or extensor
tendons, respectively (7,19,42). This area is typically at the distal of the epicondyle.
The needle enters the skin perpendicularly, advanced until bone is encountered,
and then withdrawn 1 to 2 mm (21). A combination of 40 to 80 mg of triamcinolone
and 4 to 8 mL of local anesthetic are distributed in a stellate distribution (Fig. 5)
(1,7,19,24). Some experts advocate repetitive insertion to bone and withdrawal as
the solution is injected, or “needling” of the tendon (1,7).

Care must be taken when injecting either medial or lateral epicondylitis to
avoid injuring the ulnar or radial nerves. The ulnar nerve lies behind the medial

FIGURE 4 Elbow joint aspiration and injection.
The olecranon, lateral epicondyle, and radial head
form a triangle identifying the region easily entered
for aspirations or injections.
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epicondyle in the cubital tunnel and the radial nerve lies posterior to the lateral epi-
condyle. These nerves or their branches may be inadvertently anesthetized. Both
procedures carry a greater risk of subcutaneous atrophy and hypopigmentation
owing to the tissue’s superficial nature. Repeated injections may predispose the
tendons to rupture (76); however, this may be of little clinical significance.

Olecranon Bursa
The olecranon bursa is located just under the skin over the tip of the olecranon
process. As such, it is predisposed to infection and, while this occurs infrequently,
the olecranon is the most common site of septic bursitis (21). Most patients with
septic bursitis have risk factors including diabetes, chronic alcohol abuse, gout,
uremia, or immunosuppression (19). Overlap with inflammatory bursitis may
exist, but painful range of motion and a surface temperature greater than 2.28C
compared with the contralateral surface typically differentiates the clinical
picture of septic bursitis (79,80). If there is a concern for septic bursitis, the aspirate
should be sent for gram stain and culture. The role of empiric oral antibiotics is con-
troversial. Septic bursitis should not be injected with corticosteroids.

Aseptic bursitis may resolve spontaneously, but if it is large and particularly
inflamed, corticosteroids have been shown to speed resolution and decrease
the incidence of recurrence at six months (81). Corticosteroid injection may also
be considered for chronic or recurrent cases of aseptic bursitis.

When indicated, the olecranon bursa is easily aspirated and injected. The
elbow may be flexed to 908 and is supported on a table (1,19,42). For aspiration,
an 18-gauge, 1.5-inch needle is positioned parallel to the surface of the olecranon,
and after insertion, as much fluid as possible is aspirated (7). If injection is to be per-
formed, a 22-gauge needle, 20 mg of triamcinolone, and 2 mL of local anesthetic are
used (7,19). Following aspiration or injection, ice should be applied and an elastic
compressive dressing should be worn for five to seven days. If required, a
second injection may be performed in one to three months (1,18,19).

Wrist and Hand
The wrist is a complex articulation involving the radioulnar, radiocarpal, ulnocar-
pal, and intercarpal articulations. Most of these articulations communicate freely
with one another. The wrist and hand are sites commonly involved in inflammatory
arthritides, such as rheumatoid arthritis—the second most common arthritis in the
United States. Noninflammatory arthritis, several well-known tenosynovitides, and

FIGURE 5 Lateral epicondylitis injection. The
margins of the lateral epicondyle are identified and
the area of maximal tenderness is injected
repeatedly in a stellate pattern.
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nerve impingement syndromes commonly occur at the wrist or hand. Some of the
most satisfying results to corticosteroid injection are experienced when treating
these conditions.

Wrist Joint
Thewrist should be approached from the dorsal aspect. Positioning it on a table in 208
to 308 of flexion with a rolled-up towel beneath it, and in slight ulnar deviation will
facilitate entry of the radiocarpal joint (15,74). A 25-gauge, 1-inch needle is inserted
perpendicularly to the skin just distal to the dorsal radial tubercle (Lister’s tubercle)
and on theulnar side of the extensorpollicis longus (8,15,21,42). Tractionmay facilitate
entry (15). Alternately, the ulnocarpal joint may be accessed dorsally, just distal to
the ulnar styloid with the wrist in radial deviation (8,74). When injecting either site,
the needle should be advanced approximately 1 cm (74). Ten to twenty milligrams
of triamcinolone may be injected along with 1 to 2 mL of local anesthetic (7). The
anatomic snuff box located radially to the extensor pollicis longus should be
avoided, as the radial artery, radial nerve, or musculocutaneous nerves contained
within may be injured (15).

de Quervain’s Tenosynovitis
The abductor pollicis longus and extensor pollicis brevis travel together through the
first extensor compartment on the dorsal aspect of the wrist. Injection with cortico-
steroid can provide dramatic and long-lasting relief in a majority of patients, and
should be considered as first line treatment once symptoms interfere with activities
of daily living. A collection of studies has demonstrated 83% to 91% resolution of
symptoms with one to two injections. Only 10% failed treatment and required
surgery (82–84).

A 25-gauge, 1-inch needle with 10 mg of triamcinolone and 0.5 mL of local
anesthetic should be angled 308 and introduced at the point of maximal tenderness,
usually 1 cm distal to the radial styloid (7,19,42,76). The solution should be injected
peritendinously within the first extensor compartment (24). Ideally, the injection
can be seen traveling along the tendon sheath. A generous volume of local anes-
thetic may help dispersal of the corticosteroid (19). A thumb spica splint may be
considered for the next several weeks, but some evidence exists that it may
worsen outcomes (84). While it is usually recommended to wait eight weeks until
reinjection with corticosteroid, some experts recommend repeat injection within
one week if there is not a significant initial response (Fig. 6) (76).

Intersection Syndrome
This is another tenosynovitis that is similar to, and may be confused with, de
Quervain’s tenosynovitis. Anatomically, this is inflammation or compression of
the second dorsal compartment of the wrist, which houses the extensor carpi
radialis longus and brevis tendons (85). Tenderness, edema, and occasionally cre-
pitus occur about 4 to 8 cm proximal to the radial styloid (19). If two to three
weeks of conservative therapy does not relieve symptoms, 10 mg of triamcinolone
and 0.5 to 1 mL of local anesthetic may be administered to the site of maximal
tenderness in a fashion otherwise similar to that for de Quervain’s tenosynovitis.
Corticosteroid injection provides relief in approximately 60% of the patients (19).
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Carpal Tunnel
Corticosteroid and local anesthetic injection into the carpal tunnel may provide sig-
nificant relief of pain and paresthesias, and may obviate the need for a surgical
release. A study by Gelberman et al. found that, with one injection of corticosteroids
and three weeks of splinting, 76% of patients had complete resolution of symptoms
by six weeks. By 12 months, however, only 22% remained asymptomatic. Patients
with recurrent symptoms were more likely to have initially exhibited severe
symptoms with atrophy, weakness, and sensory deficits that were present for
greater than one year (86). If severe symptoms are absent, several attempts
at achieving permanent relief may be attempted before ultimately referring to
surgery (87). Coincidentally, an initial positive response to injection has been
found to be a positive prognosticator of response to release, if ultimately required.
Injection may safely be performed despite the presence of nine flexor tendons, the
median nerve, and superficial vasculature within the carpal tunnel.

Authors’ Preferred Method
The forearm should be placed on a table with the forearm supinated and the wrist
in 308 of extension and resting on a towel. A 22-gauge, 1.5-inch needle with 20 to
40 mg of triamcinolone and 1 to 2 mL of local anesthetic is used (1,7,8,19). The
approach is at the volar surface between the second and third distal creases of
the wrist, on the ulnar side of the palmaris longus tendon to avoid the median
nerve. The palmaris longus tendon may be identified by having the patient
oppose the thumb and little finger, and flex the wrist. In 15% of the people, palmaris
longus is absent making the injection more difficult in these patients. The needle is
angled 458, directed toward the tip of the middle finger, and advanced 1 to 2 cm
before injection (Figs. 7 and 8) (7,19,21,42).

Alternative Methods
Alternately, the needle may be inserted: (i) perpendicularly through the flexor
retinaculum and directly into the median nerve space, (ii) immediately radial to
the pisiform bone and pointed dorsally and distally to pass beneath the transverse
carpal ligaments and enter the carpal tunnel, or (iii) more obliquely at an angle of
108 to 208 from the skin surface, but at 4 cm proximal to the wrist crease, and

FIGURE 6 de Quervain’s tenosynovitis injection. The first extensor compartment containing the
abductor pollicis longus and extensor pollicis brevis tendons is identified. The injection is
peritendinous at the site of maximal tenderness.
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between the palmaris longus and radial flexor tendon. It has been claimed that this
last approach may minimize chance of injury to the nerve (21). In all cases, if the
patient experiences increased pains or paresthesias in a median nerve distribution,
the needle should be withdrawn and redirected.

First Carpometacarpal Joint
The first carpometacarpal joint is frequently involved in osteoarthritis, and is
amenable to local injection. Long-lasting and significant relief has been documen-
ted with corticosteroid injection of this joint. Aspiration is seldom possible, and
rarely indicated (7).

The thumb should be flexed across the palm and the wrist ulnarly deviated to
open the dorsal aspect of the joint. Traction provided by an assistant may further
ease this procedure (15). A 25-gauge, 1-inch needle with 5 to 10 mg of triamcinolone
and 0.25 to 0.5 mL of local anesthetic is inserted dorsally, just radial to the abductor
pollicis longus tendon (7,8). Using an approach from the radial side, and avoiding
the anatomic snuff box to the ulnar side of the abductor pollicis longus, minimizes
risk to the radial artery (8,15). If the carpometacarpal (CMC) joint is not easily
appreciable, “walk” the needle tip down the metacarpal to enter the joint (Fig. 9).

Metacarpophalangeal and Interphalangeal Joints
These joints arealsocommonlyaffectedby inflammatoryandnoninflammatoryarthri-
tides. Approach is to either side of the extensor tendon mechanism on the dorsal
surface, but avoiding the nerves and vessels, which run laterally along the digits
(7,8,21,76). Flexing the joint 158 to 208, and having an assistant either apply traction

FIGURE 8 Carpal tunnel syndrome injection. The
injection is performed to the ulnar side of the
palmaris longus tendon between the second and
third wrist creases and directed toward the middle
finger.

FIGURE 7 Palmaris longus tendon. The palmaris
longus tendon is identified by having the patient
oppose the thumb and little finger and flex the wrist.
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distally or pressure on the joint line opposite the intended insertion site may further
open the joint space and facilitate entry (15,74). Five milligrams of triamcinolone
and 0.25 to 0.5 mL of local anesthetic are injected with a 25-gauge, 1-inch needle
(7,8). It is not alwayspossible to enter the joint space, but subcutaneous orpericapsular
deposition should allow rapid dissemination into the joint (76).

Trigger Finger (Tenosynovitis of the Digital Flexor Tendon)
Triggering occurs most commonly at the metacarpophalangeal joint at the level of
the A1 tendon pulley. Swelling, induration, and tenderness can be palpated.
Corticosteroids offer 60% to 65% of patients significant and long-lasting relief
(vs. 16–20% for placebo) when injected after a trial of noninvasive measures
fails. Repeated injections can be performed after two weeks. Patients are most
likely to derive benefit when symptoms have been present less than four months
(88–90). Patients may be referred for surgical evaluation if one to three injections
do not provide relief (19).

To inject, the forearm should be supported and the palm supinated. A 25-
gauge, 1-inch needle is introduced at a 458 angle proximal to the finger flexion
crease directed at the level of the A1 tendon pulley (or A2 if the PIP joint is
involved). The needle should parallel the course of the tendon toward the swelling
(7,8,21,24,76). Ten milligrams of triamcinolone and 0.25 to 0.5 mL of local anesthetic
can be injected within the sheath after the needle has been advanced about one-half
inch (7,19).

Ganglion Cysts
Ganglion cysts grow slowly and rarely cause pain or disability. They are most com-
monly found dorsally, arising from the scapholunate joint. Other locations include
volar ganglia over the distal radius, and flexor tendon sheath ganglia. In the case
that a ganglion cyst causes discomfort, or if the patient is unhappy with its appear-
ance, aspiration and injection often provide resolution. Studies show that 69%
resolve with a single aspiration, and that an additional 19% resolve if the aspiration
is repeated once or twice. Only 12% required surgery, and 6% to 50% of ganglion
recur after the surgery (91,92).

Aspiration may be attempted with an 18- or 22-gauge, 1-inch needle and
5-cc syringe. Even if no fluid is obtained, the puncture itself often causes gradual
expulsion of the contents. Corticosteroid injection can further improve the rate of
resolution (92). Injection of 5 to 10 mg of triamcinolone and 0.25 to 0.5 mL of
local anesthetic is used (1,7,19,76).

FIGURE 9 First carpometacarpal joint injection.
The base of the first metacarpal is identified and
the needle is inserted perpendicularly on the radial
side of the abductor pollicis longus tendon.
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Back
Trigger Points
The most common sites of muscle spasms and trigger points are the cervicothoracic
and lumbosacral areas. Commonly involved muscles include the trapezius, para-
scapular, and paravertebral muscles. When other noninvasive methodologies
have not provided relief, trigger point injections may be considered (76). This pro-
cedure has been noted to provide up to 95% immediate relief with a 75% permanent
reduction in pain (1).

A 25-gauge, 1.5-inch needle is used to administer 20 mg of triamcinolone and
5 mL of local anesthetic. The needle should be passed repeatedly through the
muscle belly in a stellate pattern while the mixture is injected (1,76). This procedure
should be viewed as an adjunct to physical therapy and home exercise programs.

Hip and Pelvis
Femoral-Acetabular Joint
Aspiration and injection of the hip is essentially a blind process. Two approaches—
an anterior and lateral—exist, but a cadaver study by Leopold et al. (93) found that
rates of success are poor for both (60% and 80% success, respectively). Additionally,
the anterior approach resulted in insertions neighboring the femoral neurovascular
bundle. As such, fluoroscopic or ultrasound guidance by an experienced prac-
titioner is recommended (7,8,74). If an aspiration must be attempted (e.g., to
rule out a septic joint), and imaging is not available, the two approaches are
listed subsequently. Both utilize an 18- to 22-gauge, 3-inch spinal needle.

Anterior Approach
The patient is supine with the hip extended and externally rotated. The insertion
point is at the intersection of the line drawn vertically from the anterior superior
iliac spine (ASIS) with the line drawn horizontally from the proximal aspect of
the greater trochanter. This point should be approximately 2 to 3 cm inferior to
the ASIS and at least 2 to 3 cm lateral to the femoral pulse. The needle is angled
at 608 in a posteromedial direction (toward the umbilicus) and inserted until
bone is felt. The needle is withdrawn slightly and aspirated (7,8,74,75).

Lateral Approach
The patient is supine with the hip extended and internally rotated—knees apart and
toes touching. The needle is inserted anterior to the proximal tip of the greater tro-
chanter and directed medially and slightly cephalad to a point below the middle of
the inguinal ligament between the symphysis pubis and the ASIS. Once bone is
encountered, the needle is withdrawn slightly and aspirated (7,8,74).

Iliotibial Band Syndrome/Trochanteric Bursa
The iliotibial band (ITB) runs from the pelvic crest down along the lateral thigh, past
the knee and inserts on Gerdy’s tubercle on the proximal lateral tibia. The point of
maximal tenderness in ITB syndrome is usually at the level of the greater trochan-
ter. Several bursae are also located around the greater trochanter. Which is princi-
pally irritated is not important to the injection technique as the 22-gauge, 1.5-inch
needle is inserted at the point of maximal tenderness (most often posterior to the
greater trochanter) (7,8,19). The patient should lie on the unaffected side with
the hips and knees slightly flexed, and the greater trochanter of interest exposed.
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The needle is inserted perpendicularly and advanced until bone is felt. It is then
withdrawn 2 to 3 mm, and 40 to 80 mg of triamcinolone with 6 to 10 mL of local
anesthetic is injected in a wide stellate pattern (19,21). A study by Shbeeb et al.
(94) demonstrated 77% improvement after injection, with 61% demonstrated con-
tinued improvement at 26 weeks. As such, injection may play an important role
in facilitating patient participation in physical therapy designed to address
the lumbar spine, pelvis, and hip muscle group deficiencies and imbalances that
typically accompany these disorders (19,24).

Ischiogluteal Bursa
The ischiogluteal bursa may be directly palpated over the ischial tuberosity as the
patient lies on the opposite side with knees fully flexed. It is more easily palpated
when the gluteus muscles are displaced from the area. If other etiologies of lumbro-
sacral pain have been excluded, injection with 20 to 40 mg of triamcinolone and 6 to
10 mL of local anesthetic may be performed. A 22-gauge, 1.5-inch needle is inserted
horizontally at the area of maximal tenderness. It is advanced until bone reached,
slightly withdrawn, and the solution is injected (7,19). Care should be taken to
avoid the sciatic nerve (24).

Knee
Knee Joint
The knee is a very accessible joint, and there are many satisfactory approaches to
aspiration and injection. An 18-gauge 1.5-inch needle is used for aspiration,
while a 22-gauge needle is used for injection. Corticosteroids play an important
role in both inflammatory and noninflammatory arthritides of the knee; however,
successful sustained relief is more common in inflammatory arthritides. A
Cochrane Database review found that, for osteoarthritis, corticosteroids provided
relief for four to six weeks, but that they were not better than placebo at later
times (95). Factors associated with better response to corticosteroid injection in
osteoarthritis include less severe radiographic changes, presence of an effusion,
and successful aspiration of that effusion prior to injection (7). As such, any
substantial effusion should be drained prior to corticosteroid or hyaluronic acid
administration (12,13). If corticosteroids are to be administered, 40 to 80 mg of
triamcinolone are usually injected with 4 to 6 mL of local anesthetic (1,7).

Authors’ Preferred Method for Aspiration
Aspiration should be performed with the knee in extension. With the knee in exten-
sion, either patellofemoral facet can be accessed anywhere along its course
(7,8,15,74,76). The authors recommend entering laterally, approximately one-third
the distance down the patella. The needle should be directed posteromedially
along the undersurface of the patella, toward the superior pole of the patella.
Gently externally, rotating the leg or placing a small roll behind the knee may
help the patient relax their leg and open the retropatellar space. If there is
minimal or no effusion and joint fluid is necessary to establish a diagnosis, this
approach is most likely to provide an aspirate (96). Jackson et al. (97) demonstrated
that the lateral mid-patellar approach had a first attempt success rate of 93% in
entering the joint (Fig. 10).

If there is a substantial effusion, an approach preferred by many is to access
the suprapatellar pouch located superior and posterior to the patella. With the
knee extended, the needle is introduced perpendicularly to the skin at a point 2
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to 3 cm posterior to the superior pole of the patella. It is directedmedially just above
the superior edge of the patella (75). When this is performed, rather than entering
solely through a skin wheal, the entire tract should first be anesthetized with a sep-
arate 25-gauge 1.5-inch needle and local anesthetic. This approach is often better
tolerated, and may allow more fluid to be aspirated.

Authors’ Preferred Method for Injection
Injection can be performed with the knee in either extension or flexion. In extension,
the method is the same as for aspiration. The authors, however, prefer injecting the
knee in flexion. The patient may either be seated or lying supine with the
knee flexed 908. Injection is performed inferior to the patella in the recess lateral
to the patellar tendon. The needle should be inserted parallel to the tibial
plateau, and angled toward the center of the knee, behind the patellar tendon
(74,75). Despite one study by Jackson et al. (97) questioning correct intra-articular
placement with this approach, many practitioners—including the authors—find
this approach technically easy and well tolerated by patients. If the injection is
performed without significant resistance and without the patient experiencing
significant discomfort, the practitioner should feel comfortable in its proper
placement. Either resistance encountered with injection or pain felt by the patient
suggests injection into an intra-articular structure, such as the infrapatellar fat
pad or plicae (8). If this occurs, the needle should be slightly withdrawn and
redirected (Fig. 11).

Prepatellar Bursa
Prepatellar bursitis is readily differentiated from a knee effusion, and is usually
easily aspirated. An 18- to 22-gauge 1.5-inch needle is used for this. With the
patient supine and knee extended, the needle is advanced from the side toward
the center of the bursa in a manner parallel to the surface of the patella (21). The
bursa may be multilocular, and milking the bursa may facilitate more complete
aspiration (19). While uncommon overall, this site—like the olecranon bursa—is
predisposed to septic bursitis (98). If a minimal fluid collection is present and
only injection is planned, a 25-gauge 1.5-inch needle may be used to instill 20 to
40 mg of triamcinolone and 2 to 4 mL of local anesthetic (7,19).

FIGURE 10 Knee joint aspiration—lateral patellar facet approach. The lateral patellar facet is
identified with the aspiration site approximately one-third the distance down the patella. The
needle is directed under the patella toward its superior pole.
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Pes Anserine Bursa
Aspiration of the pes anserine bursa is generally not performed. Injection is typi-
cally reserved for failure of noninvasive measures (8). With the patient supine,
the knee may be kept in extension or flexed to 908. A 22-gauge, 1.5-inch needle is
inserted perpendicularly to the skin at the area of maximum tenderness and
advanced to the bone. It is then withdrawn 2 to 3 mm and 20 to 40 mg of triamci-
nolone and 2 to 4 mL of local anesthetic are injected (1,7,19). Efficacy may be
variable, although an injection can be useful in conjunction with other modalities.

Ankle and Foot
Ankle (Tibiotalar) Joint
Aspiration or injection is usually performed at one of two locations, either medial to
the tibialis anterior tendon and lateral to the medial malleolus (the medial malleolar
sulcus), or just lateral to this between the extensor hallucis longus and tibialis
anterior tendons (7,8,15,42,74,75). These tendons may be identified by having the
patient extend the great toe and dorsiflex the foot, respectively. Arthrocenteses
should be performed with the patient supine and the foot positioned at 908, with
the insertion site immediately proximal to the talus (7,15).

A 22-gauge, 1.5-inch needle needs to be advanced approximately 2 to 3 cm
before entering the joint, at which time 10 to 20 mg of triamcinolone and 2 to
4 mL of local anesthetic can be injected (1,7,8,99). If the superior aspect of
the talus cannot be palpated, radiographs may be of assistance in estimating
its position.

Lateral and Anterior Ankle Impingement
Lateral and anterior ankle impingement typically occurs from repetitive injury to
the ankle, and is characterized by chronic pain located below the lateral malleolus
or along the anterior ankle joint line. Increasing valgus positioning of the heel or
dorsiflexion of the foot exacerbates the pain.

Impingement can be caused by the accumulation of scar tissue or osteophytes.
Impingement symptoms related to scar tissue are frequently improved by cortico-
steroid injections performed as an adjuvant treatment to physical therapy.
Symptoms related to osteophytes, however, are typically less responsive. Injection
and infiltration of the soft tissue along the lateral gutter or anterior ankle joint line

FIGURE 11 Knee joint injection—anterolateral approach. The knee is flexed 908 and the recess
inferior to the patella and lateral to the patellar tendon is identified. The needle is angled toward
the center of the knee and behind the patellar tendon.
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utilizes a 22-gauge, 1.5-inch needle with 40 mg of triamcinolone and 1 to 2 mL
of local anesthetic. This procedure can be repeated once or twice at four-week
intervals (Fig. 12).

Sinus Tarsi Syndrome
The sinus tarsi are an anatomical space on the lateral aspect of the ankle bounded by
the talus, navicular, and calcaneus. Trauma to the foot or ankle can injure the deep
soft tissues within the tarsi, resulting in sinus tarsi syndrome. Complaints of
chronic pain localized to this area and tenderness to palpation of the sinus tarsi
are two clinical findings. Injection of the sinus tarsi can provide substantial relief
(100), and should be performed in the palpable depression located just anteroinfer-
ior to the anterior talofibular ligament. A 22-gauge, 1.5-inch needle is used to inject
20 mg of triamcinolone and 1 mL of local anesthetic (Fig. 13).

Retrocalcaneal Bursa
As this bursa may communicate with the Achilles tendon sheath, it is rec-
ommended that it not be injected with corticosteroids. Intra- and peritendinous cor-
ticosteroid injections have been associated with reports of Achilles tendon ruptures
(55). If an aspiration or diagnostic injection needs to be performed, a 25-gauge,
1-inch needle may be passed perpendicularly through the skin just anterior to the
Achilles tendon (7). If, after carefully consideration, a corticosteroid injection is
still thought to be necessary, 10 to 20 mg of triamcinolone with 1 to 2 mL of local
anesthetic may be injected (7,19).

FIGURE 13 Sinus tarsi syndrome injection. The
palpable depression located anteroinferior to
the anterior talofibular ligament is identified and
the needle is inserted perpendicularly to the skin.

FIGURE 12 Lateral ankle impingement injection.
The inferior border of the lateral malleolus is
identified and the lateral gutter below is infiltrated.
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Plantar Fascia
If plantar fasciitis pain persists after a comprehensive noninvasive treatment
program, corticosteroid injection into the origin of the plantar fascia may be con-
sidered (24). This treatment has been reported to have a 70% success rate in reliev-
ing symptoms and improving functioning, however there is a risk of plantar fascial
rupture and fat pad atrophy (101). The risk of rupture is thought to be greatest in
athletic individuals receiving repeated injections (102).

A 22-gauge, 1.5-inch needle is inserted perpendicularly to the medial aspect
of the heel, and directed to the area of maximal tenderness below the midpoint of
the calcaneus at the plantar fascia insertion (19,21). Ten to twenty milligrams of
triamcinolone and 1 to 2 mL of local anesthetic are injected in several passes
through the area (19).

First Metatarsophalangeal Joint
The first metatarsophalangeal joint is a commonly involved site for gout, rheuma-
toid arthritis, osteoarthritis, or bunion. Any aspirate should be examined for crys-
tals (76). With the patient supine, the toe is flexed 158 to 208, traction is applied, and
a 25-gauge, 1-inch needle is inserted just medial to the extensor hallucis longus
tendon (15). Five to ten milligrams of triamcinolone with 0.5 to 1 mL of local anes-
thetic is injected (7). If the joint line is obscured by swelling, the other foot may be
compared with the estimated correct placement (Fig. 14).

Metatarsophalangeal and Interphalangeal Joints
Aswith the fingers, these joints are approached from the extensor surface either just
medial or lateral to the extensor tendons. The patient is supine, and the toe is flexed
158 to 208. Traction facilitates entry into the joint space via a perpendicularly
directed, 25-gauge, 1-inch needle. Five to ten milligrams of triamcinolone and
0.5 to 1 mL of local anesthetic may be introduced (7,8,15,75).

Morton’s Neuroma
This condition is most commonly encountered in individuals exhibiting a hypermo-
bile forefoot and excessive pronation. Pain is located between the second and third,
or third and fourth metatarsal heads, and can cause significant pain and disability.
Injection may provide substantial relief, and is most easily performed from the
dorsal aspect. A 25-gauge, 1.5-inch needle is inserted 1 to 2 cmproximal to the affected
web space (7,21). The needle is oriented perpendicularly to the skin and, after

FIGURE 14 First metatarsophalangeal joint injec-
tion. The head of the first metatarsal is identified
and the needle is inserted perpendicularly on the
medial side of the extensor hallucis longus tendon.

46 Dassel and Hong



advancing 0.5 to 1 in to the level of themetatarsal heads, 10 to 20 mg of triamcinolone
and 0.5 to 1 mL of local anesthetic are injected (7).

SUMMARY

The management goals of a patient with a musculoskeletal or sports medicine con-
dition owing to injury or illness are to relieve discomfort and preserve, restore, and
maximize function. As with all conditions, accurate diagnosis is the precursor to
optimal management. In the case of musculoskeletal and sports medicine, accurate
diagnosis and optimal management frequently depend on competently and
judiciously performed aspirations and injections.

In the future, these skills will likely become even more important. Various
studies are using biologic agents or genetic manipulation to target distinct biological
processes in inflammatory and noninflammatory arthritides. Insulin-like growth
factor, transforming growth factor-b, interleukin receptor antagonists, and tumor
necrosis factor inhibitors may prevent inflammation and bony destruction, and
promote healing or growth of articular cartilage (103–105). It is possible that these
agentsmay eventually be injected into joints and soft tissues, or that thedevelopment
of a safe and effective vector may allow delivery to, and incorporation of, these
genes into synovial membranes (106). Being comfortable with performing these
procedures will enable a practitioner to skillfully make use of this ever-growing
armamentarium.
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INTRODUCTION

Arthritis has a tremendous impact on the U.S. economy and a substantial impact on
functional capacity and activities of daily living of those who are affected. In 1997
alone, arthritic conditions cost the U.S. economy an estimated $86.2 billion, or
nearly 1% of the entire U.S. gross domestic product for that same year (1). An
estimated 40 million Americans had some form of arthritis in 1995. By the year
2020, an estimated 59.4 million will be affected (2). Specifically, osteoarthritis
(OA) of the knee affects 6.1% of persons over age 30 (3). Osteoarthritis is the
most common rheumatic disease, and it is second only to cardiovascular diseases
in producing chronic disability (4).

Conservative treatments of OA include use of oral medications, physical
therapy, weight loss, and dietary supplements (i.e., glucosamine). When these
modalities fail to relieve pain, injection therapy is often recommended. Currently,
the primary injectable options for knee OA include steroids and joint fluid
therapy products [i.e., intra-articular hyaluronic acid (IA HA)]. Steroid injections
relieve pain for a variable amount of time, and effects may wear off prior to their
recommended readministration period. In these patients, IA HA therapy may be
the next appropriate step in management.

Viscosupplementation is the exogenous administration of HA for the treat-
ment of OA. IA HA injections should be considered if conservative treatment
options fail, are not tolerable, or for patients who are not good candidates for a
knee replacement (5,6). Viscosupplementation is a useful tool in the armamentarium
of physicians dealing with OA in their daily practice.

INTRA-ARTICULAR FLUID CHANGES IN ARTHRITIS

Synovial fluid functions as a joint lubricant, and HA is one of its major components.
It also functions as a transport medium for nutrients, protein, and intra-articular
degradation products (7). It is made up of repeating disaccharides of D-glucuronic
acid and N-acetylglucosamine forming a large glycosaminoglycan (8,9) and is
present in many tissues throughout the body including synovial fluid, aqueous
humor, skin, and articular cartilage. It contributes to the gel-like consistency
of the extracellular matrix and helps cartilage resist compression and shear
forces (10).

In OA, the synovial fluid properties are altered. Its overall molecular weight
diminishes, and the concentration of HAwithin the joint fluid decreases as well (11).
Depolarization of HA also occurs, which may help explain some of these structural
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changes (12). It is unknown whether these changes are secondary to dilution of
the joint fluid, degradation of the HA, or problems with its production (13,14).
As a result, the synovial fluid loses its protective effects, including viscosity
and elasticity, which affects its ability to absorb and transmit shock as well as
lubricate the joint. These changes leave the articular cartilage more vulnerable to
damage (4,11,14).

Synovial inflammation has been noted in OA and is thought to play an
important role. Synovial fluid in OA also contains high levels of inflammatory
mediators (15–19) and elevated levels of C-reactive protein (20,21).

HISTORY OF THE VISCOSUPPLEMENTATION CONCEPT

Viscosupplementation is the exogenous administration of HA for the treatment of
OA. Balazs (9,14) proposed that exogenous administration of HAmight help restore
synovial fluid properties and promote its synthesis within the joint. Balazs assumed
this would result in better joint function and decreased pain (14).

Meyer and Palmer gave HA its name in 1934 after isolating it in bovine vitr-
eous humor. They derived the name from the Greek word “hylos,” which means
glass-like. In 1986, Balazs introduced the term “hyaluronan” (14). As a result, the
terms HA, sodium hyaluronate, and hyaluronan all describe the same substance.

Hyaluronic acid has been utilized in veterinary medicine for many years. It
has been used in race horses for treatment of OA through intravenous adminis-
trations (11). Its approval by the Food and Drug Administration (FDA) for use in
humans occurred in 1997 (8).

The HA used for exogenous administration is obtained primarily from rooster
and chicken combs. It has also been obtained from human umbilical cord and
through bacterial cultures. Preparation for use includes purification and removal
of inflammatory, immunogenic, and chemotactic fractions (14).

MECHANISM OF ACTION

The exact mechanism of action of administered HA is unclear. Proposed theories
regarding mechanism of action include the following: (i) HA restores the physical
and biomechanical properties (i.e., viscoelasticity) of synovial fluid, (ii) it acts as a
nocioceptor analgesic, (iii) it stimulates endogenous HA production by synovio-
cytes, (iv) it acts as an anti-inflammatory, and/or (v) stimulates chondrocyte
growth and collagen biosynthesis and decreases chondrocyte apoptosis.

In vitro studies utilizing human synoviocytes have demonstrated that the
addition of exogenous HA stimulates de novo HA production within the synovio-
cyte. It also diminishes the concentration of arachidonic acid and prostaglandin E2

in the human synoviocyte. It also has many direct effects on the leukocyte. It
influences leukocyte adherence, proliferation, migration capacity, and phagocytic
function (22), all of which protect against cellular damage (4).

Studies have demonstrated that IA HA reduces proinflammatory cytokines,
prostaglandin E2 levels, and cyclic adenosine monophosphate (AMP) in the syno-
vial fluid of OA patients (7,14,23,24). This may play a large role in its efficacy.

Once administered, IA HA usually clears from the synovial fluid compart-
ment within 24 to 48 hours, on average (11). For this reason, it has been suggested
that higher molecular weight formulations may be more effective in keeping the
HA within the joint for a longer period of time. Higher molecular weight
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formulations have been utilized, but these have been shown to last only 17 hours to
one-and-a-half days, which is not much longer than the lower molecular weight
predecessors (24).

EMPIRICAL EVIDENCE
Animal Studies
Hyaluronic acid has been used to enhance performance in animals since the early
1970s (25). It was first used in track horses for traumatic arthritis, and its proven
success sparked its wide use in veterinary medicine. Cartilage preservation has
been demonstrated following HA administration in these animal studies
(7,13,14,26). The evidence of the effects of HA primarily comes from animal
testing. These animal studies, as well as some human studies, suggest that HA
may have a protective effect on cartilage. It certainly has a direct effect on the
inflammatory process (14). It is also thought to reduce pain by acting directly on
cell receptors.

Human Study
Listrat et al. (27) reported that patients who received a series of three IA HA injec-
tions at an interval of three months showed a statistically significant difference for
two of three structural parameters in favor of HA when compared with controls
who received conventional treatment without IA HA injection. Deterioration was
less in the IA HA group in overall assessment by a blinded arthroscopy reviewer
utilizing a Visual Analog Scale (VAS) (VAS scores 5.1+ 12.7 vs. 16.7+ 18.3,
P ¼ 0.016, n ¼ 36). The Société Française d’Arthroscopie (SFA) scoring system
also demonstrated less deterioration in favor of the IA HA group (SFA
scores ¼ 3.7+ 7.3 versus þ9.0+ 11.5, P ¼ 0.05) (27). Quality of life was improved
in the IA HA group using the Arthritis Impact Measurement Scale (AIMS2) (AIMS2
scores ¼ 20.42+ 0.67 versus þ0.18+ 0.88, P , 0.05). Bellamy et al. (28), writing
for the Cochrane group, reanalyzed Listrat’s data and detected no statistical signifi-
cance with these findings. Listrat’s study (27) has also been criticized because of its
small sample size and the possible treatment effect of joint lavage during the arthro-
scopic procedure. Furthermore, arthroscopy was used to assess the degree of OA,
and cartilage thickness is not directly measured during this procedure (14).

Mixed Trial Results
The efficacy of viscosupplementation is still under scrutiny. There seems to be some
disparity among study results regarding its value (Table 1). There is, however, sub-
stantial evidence that IA HA is at least as effective as treatment with nonsteroidal
anti-inflammatory medications, but without the significant side effects associated
with these. Altman et al. (4) conducted a double blind, multicenter trial with
three treatment groups comparing IA HA, IA placebo (saline), and naproxen
(n ¼ 495). Altman reported that gastrointestinal problems resulted in discontinu-
ation of 14 patients (8%) from the naproxen group versus four (2%) from the HA
and placebo groups (P , 0.0001, Fisher exact test). One meta-analysis of HA
trials (5) by Modawal et al. suggested HA treatment is moderately effective at 5
to 12 weeks (change in VAS at 5–7 weeks ¼ 17.6, 95% CI ¼ 7.5–28; change in
VAS at 8 to 12 weeks ¼ 18.1, 95% CI ¼ 6.3–29.9); but not at 15 to 22 weeks
(change in VAS ¼ 4.4, 95% CI ¼ 15.3–24.1, P. 0.05) (5). Other studies suggest
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that maximum therapeutic effects are achieved at 8 to 12 weeks and last nearly six
months (7,29). For patients who perceive improvement, relief may not be fully
experienced until five to seven weeks after the last injection (5).

Some studies have also compared HA treatment with intra-articular steroid
injections. These studies have shown various outcomes. Some report that there is
no difference between the two (30–32), while others have suggested that HA treat-
ment is superior (4,8,33,34). The consensus seems to be that corticosteroids
show improvement more rapidly than HA treatment, but HA treatment seems to
have a longer lasting effect (up to six months). Huskisson (33) demonstrated the
prolonged effects of IA HA by measuring VAS at six months after final injection
of HA (Hyalganw, Sanofi-Aventis, Bridgewater, New Jersey, U.S.A.) versus a
control arm [receiving IA placebo (saline); age matched with the HA group] and
showed better VAS scores in the HA-treated group than the control group [VAS
score (lower numbers represent less pain) for HA vs. control ¼ 39.4+ 27.8 vs.
53.7+ 29.9, respectively, P ¼ 0.012, n ¼ 80] (33).

Hyaluronic acid treatment seems to be more effective in relieving symptoms
when used in earlier stages of OA. Patients with advanced arthritis, on average,
receive minimal benefit from IAHA injections. Studies suggesting that IAHA injec-
tions delay OA progression have used evolution of radiographic findings as a
surrogate endpoint (27,34). Luissier (35) reported that radiographic grade of OA
(grading scale used was not specified) influenced response to IA HA. More of the
early and intermediate stage subjects reported better or much better results than
those with late stage OA (per unvalidated five-point ordinal scale, chi-squared
analysis, P , 0.05) (35). These findings suggest that early intervention with these
injections may be more beneficial for OA patients (36,37).

Synergistic Effects
Patients with joint effusion experience symptomatic pain relief with arthrocentesis.
There has also been a noted relief in control groups receiving placebo injections
(i.e., saline). Kirwan (38) suggested that benefits obtained by IA HAmay be second-
ary to a knee arthrocentesis placebo effect.

An analysis by Lo et al. (8) suggests that the efficacy of IA HA is controversial.
A total of 22 trials were compared (HA vs. placebo). It was noted that HA patients
did marginally better than patients treated with placebo (pooled effect ¼ 0.32, 95%
CI ¼ 0.17–0.47, P , 0.001). As a frame of reference, a large effect is generally 1.0 or
more, and a total knee replacement effect size is between 1.0 and 1.8 (8,39). It has
also been noted that outcomes in various studies vary significantly.

Most studies have demonstrated that viscosupplementation is effective in
about 70% of treated patients for varying periods of time (13). Treatments repeated
every six months have provided relief for about two years, but its effects may be
even longer (33).

Low- vs. High-Molecular Weight Formulations
Intra-articular hyaluronic acid therapy is not classified as a drug. Its approval was
obtained through consideration as a medical device. There are many that believe
that its mechanism of action involves more than just mechanical effects. This
raises the question of whether or not its molecular weight truly plays an important
role (21,40).
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Because IA HA usually dissipates from the joint space within 24 to 48 hours
after administration, some believe that utilizing a higher molecular weight IA HA
might allow it to remain in the joint longer. Theoretically, this may produce a
superior effect. Studies have been performed to help validate this theory.
However, variability in their results has made it difficult to reach a conclusion.

Currently, there are five FDA-approved IA HA products available in the
United States (Table 2). Hylan G-F 20 (Synviscw, Genzyme Biosurgery, Cambridge,
Massachusetts, U.S.A.) is an example of a high-molecular weight formulation. It
was noted to have statistically significantly greater efficacy and duration of action
compared with low-molecular weight HA. Wobig et al. (25) compared Hylan G-F
20 with low-molecular weight HA and used VAS to measure pain. There was
reported improvement in overall symptoms by study subjects at week 12 [38 mm
(high-molecular weight preparation) vs. 25 mm (low-molecular weight prep-
aration), P , 0.05, n ¼ 73] (25). The authors directly attributed pain relief to the
elastoviscosity of the material used in the product (14,25,41).

INDICATIONS AND USAGE

The economic cost of gastrointestinal adverse effects secondary to nonsteroidal anti-
inflammatory use has been estimated to be greater than $500 million annually (42).
The American College of Rheumatology recommends the use of IA HA for
OA treatment in patients who have not responded to nonpharmacologic therapy,
or patients who have a contraindication to nonsteroidal anti-inflammatories or
COX-2 inhibitors (Fig. 1) (6).

Patients who require multiple corticosteroid injections are also good candi-
dates, as excessive corticosteroid may accelerate OA and joint damage (7). Corticos-
teroid arthropathy has been demonstrated in rabbit studies (43,44), but this has not
been reproducible in primates (45), and has not been noted to affect outcomes such
as a need for earlier knee replacement (46). The authors agree that steroid injections
should not exceed three to four per year. Young and middle-aged patients with pre-
mature knee OA that need to delay joint replacement may also be good candidates
for IA HA (47).

As with all IA HA injections, any suggestion of infection within the joint or in
the overlying skin at the injection sight is a contraindication for their use. These
products should also be avoided in patients with overlying skin conditions such

TABLE 2 Viscosupplementation Agents Available in the United States

Trade name Component
Number of
Injections

Molecular
Weight (Daltons)

Euflexxaw (Bio-Technology General
(Israel), Kiryat Malachi, Israel)

Sodium hyaluronate 3 weekly 2.4–3.6 million

Hyalganw (Sanofi-Aventis, Bridgewater,
New Jersey, U.S.A.)

Sodium hyaluronate 3–5 weekly 0.50–0.73 million

Orthoviscw (DePuy Mitek, Inc.,
Raynham, Massachusetts, U.S.A.)

High-molecular
weight hyaluronan

3–4 weekly 1.0–2.9 million

Supartzw (Orthopedics Smith & Nephew,
Inc., Memphis, Tennesse, U.S.A.)

Sodium hyaluronate 5 weekly 0.62–1.17 million

Synviscw (Genzyme Biosurgery,
Cambridge, Massachusetts, U.S.A.)

Hylan G-F 20 3 weekly 6.0 million
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as psoriasis. Additionally, IA HA should not be used in patients with known hyper-
sensitivity (allergy) to sodium hyaluronate preparations or avian proteins, feathers,
and egg products.

Intra-articular hyaluronic acid is not indicated for inflammatory-type arthritis
(i.e., rheumatoid arthritis or gout). In theory, its anti-inflammatory effect may be
beneficial for these patients but data is lacking (13).

Some concerns about these injections include their high cost and the inconve-
nience of three to five weekly injections (5). Additionally, these multiple injections
and missed work for office visits can cause patient anxiety. However, the author’s
(Vitanzo PC) own extensive clinical experience with these injections has shown
this to be a relatively infrequent occurrence.

ADMINISTRATION
Technique
Any significant effusion should be aspirated prior to administering the IA HA. This
will minimize any potential dilution of the IA HA product (13). It should be admi-
nistered in the appropriate intra-articular compartment. This is more challenging in
obese patients and those without an effusion. While various knee joint injection
sites can be utilized (i.e., anterolateral, anteromedial, and the lateral mid-patellar
approach), Jackson et al. (48) demonstrated that the lateral mid-patellar approach
had the highest accuracy rate for administration (Fig. 2).

FIGURE 1 Algorithm demonstrating treatment options for patients with osteoarthritis Abbreviations:
ROM, range of motion; IA, intra-articular; NSAIDs, nonsteroidal anti-inflammatory drugs. Source:
Adapted from American College of Rheumatology Subcommittee on Osteoarthritis Guidelines.
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Adverse Reactions
Overall, HA products are extremely safe. Trials with up to one year follow up have
not demonstrated any systemic adverse effects (14). Local flares, including pain and
swelling at the injection site, occur in 1% to 3% of patients and tend to be self-
limited, resolving within one to three days (35,42). Hylan G-F 20 (Synviscw) has
been known to cause a greater amount of reactions than lower molecular weight
HA (i.e., Supartzw, Hyalganw). Hylan G-F 20 undergoes a process utilizing formal-
dehyde and vinylsulfone during its development. This process involves covalent
cross-linking (Hylan A and Hylan B) to increase its molecular weight (12). This
may help explain why it produces more adverse reactions than its counterparts,
but this theory has yet to be proven. These reactions have been termed severe
acute inflammatory reactions (SAIRs), and they seem to differ from typical allergic
type reactions. Marino et al. (49) suggest reactions related to Hylan G-F 20 are a type
IV (cell-mediated) hypersensitivity reaction. Clinical characteristics of a typical
SAIR include severe inflammation with an effusion and pain in the joint usually
within 24 to 72 hours of injection. Generally, such a reaction requires exposure to
more than one IA HA injection in a series (50). These reactions can resemble a
septic knee but joint fluid analyses in these patients are negative for crystals and
organisms both on gram stain and culture. Therefore, they have also been labeled
“pseudoseptic reactions” (12).

Local Reactions
Some common local reactions include mild to moderate pain and swelling near the
injection site in up to 20% of patients (42). Therefore, it is very important to counsel
patients on these possible adverse effects. Many theories have been proposed on
these side effects, such as an immune-mediated response, stimulation of inflamma-
tory mediators, and induction of pyrophosphate dehydrate (51).

Granulomatous Reactions
A few cases of local granulomatous reactions have been reported following IA HA
injection (42). All have been in patients who received Hylan G-F 20 (Synviscw).
Some have been severe enough to require surgical intervention. Chronic synovitis
and foreign body giant cell reaction was observed in these patients. These patients
developed symptoms within two days of the last injection, and gradually resolved
within one to two weeks after the last injection. Chen et al. (42) believe that the
highly cross-linkedmolecular structure is directly responsible for its higher reaction

FIGURE 2 Intraarticular injection demonstrating
the anterolateral approach.
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rate, but also felt that contaminants during its preparation may play a role. These
reactions do not seem to be related to crystal deposition (50).

Treatment
Reactions are uncommon and may be treated with standard treatments such as
nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroid injections, arthro-
centesis, or arthroscopic intervention (rarely) (13).

Acute Care
Pressure, rest, ice, compression, and elevation (PRICE) in addition to NSAIDs are
first-line treatment options. If a patient is nonresponsive to these measures and a
septic joint is suspected, joint aspirate should be sent for gram stain/cultures,
and antibiotics should be started until culture results are available (12). A septic
joint is extremely rare following IA injection, but patients should not receive
corticosteroid injection as a method of treatment unless septic joint has been
ruled out (52).

Chronic Care
Many clinicians continue to treat these patients with IA HA despite prior reactions.
However, labeling lists prior adverse reactions as a contraindication. Chen et al. (42)
report that these patients may be at an increased risk for forming local granulomas.

ADDITIONAL RESEARCH
Study Design Issues
Some difficulties with research involve the use of placebo, as there is improvement
with placebo injections as well. Blinding is also an issue, because many of these
substances are much thicker than the placebo substance that is used, making it
easy for the clinician to differentiate the two simply by feeling during the injection.
Many of the trials also allow the use of rescue medications such as acetaminophen
and NSAIDs, which may also alter results.

Use in Other Joints
Intra-articular hyaluronic acid is currently FDA-approved only for knee OA, but
there are various clinical studies in progress evaluating the use of IA HA in other
OA joints including the hip (53), shoulder, elbow, ankle (54), foot, and first carpo-
metacarpal joint of the thumb. Preliminary outcomes in the shoulders and hips
seem to demonstrate similarities to knee studies. Future IA HA use may include
these other joint indications (13,14,40).

Long-Term Studies
More long-term studies are required to assess IA HA. Currently, the Measurement
of Outcomes fromViscosupplementation Effectiveness (MOVE) Study is measuring
the outcome of 1301 patients compared with 559 control subjects. It is a multicenter,
prospective study comparing Hylan G-F 20 with IA corticosteroid. It is the longest
trial thus far measuring outcomes for a total of four years and results are not
available at the time of publication.
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The Future of Viscosupplementation
In the near future, IA HA therapy will likely receive FDA approval for other joints,
given its similar performance in recent trials. Further data is required to determine
whether or not these treatments should be given much earlier than currently
indicated. The findings in animal studies, and a few human studies suggest that
there may be a delay in progression of disease with these agents. If this is the
case, IA HA may, ultimately, be indicated repeatedly in patients at six-month inter-
vals, regardless of whether they are symptomatic or not.

Grecomoro et al. (55) discovered a possible synergistic effect by co-adminis-
tration of low-dose corticosteroids along with HA. It may be worth investigating
the possibility of administering these agents along with a low-dose corticosteroid
in patients who are resistant to IA HA treatment alone. This may decrease the
amount of damage that higher-dose steroids may inflict on the joint. Also, Tyther-
leigh-Strong et al. (56) administered IA HA shortly after osteochondral grafting
surgery in sheep, and reported that IA HA may help improve articular cartilage
flow at the graft edge when compared with a control group (IA buffer solution).
Although this was a small trial (n ¼ 12), these findings illustrate the importance
of further investigation into other important uses for IA HA.

CONCLUSION

Intra-articular hyaluronic acid injections are a safe and effective treatment option
for patients with knee OA. They should definitely be considered after acetamino-
phen and nonpharmacologic approaches have failed. It is at least as effective as
treatment with NSAIDs with a much better safety profile, and it may even help
diminish OA disease progression. It is a great option for patients who are not
candidates for joint replacement. It is still unclear whether higher- versus lower-
molecular weight formulas impact their efficacy, but they all seem to add some
clinical benefit to patients with knee OA.
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INTRODUCTION

Trigger points are tender, irritable areas found in muscle, which can be active or
latent and can cause local or referred pain. They are the key feature of myofascial
pain syndrome. This pain syndrome is encountered in clinical practice in 30% (1)
to 85% (2) of patients. This chapter will discuss the treatment of trigger points
with the emphasis on interventional options.

CLINICAL PRESENTATION

Myofascial pain syndrome and trigger points are often confused with fibromyal-
gia and tender points. The diagnosis of fibromyalgia is based on a history of
widespread pain, defined as pain present bilaterally, in the upper and lower
body, as well as the axial skeleton, and the presence of excessive tenderness on
applying pressure to 11 of 18 specific tender point sites (3,4). These tender
points by definition become painful at 4 kg of pressure and are not all over the
muscle (4). Myofascial pain is characterized by the presence of trigger points. It
is in a regional distribution, owing to muscle only, and refers to specific patterns.
Fibromyalgia is more frequently accompanied by sleep disorders and emotional
distress.

Myofascial trigger points are defined as hyperirritable areas in skeletal muscle
that are associated with hypersensitive palpable nodules in a taut band, a rope-like
component of affected muscles. When a taut band is found, the examiner palpates
along the taut band parallel to the fiber direction (5). The trigger point is a firm
nodular density about 2 to 5 mm in diameter (6). In an active trigger point, this
palpation will elicit the patient’s pain complaint, including pain in the muscle’s
referral pattern, and may yield a “jump sign” (7). An active trigger point is
further confirmed by a “local twitch response,” a transient contraction of the
muscle fibers associated with the trigger point. The local twitch response is trig-
gered by manipulation of the trigger point either manually or with a needle.
Latent trigger points may have the characteristics of active trigger points except
that they are painful only when palpated (5).

The diagnosis of myofascial pain is determined by the examination of trigger
points (Table 1).Gerwin et al. (8) reported a failure to establish a high degree of
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agreement among novice examiners for any of the features of the myofascial trigger
points. In Phase II of the study, examiners received training where definitions of the
features of the trigger points were reviewed. After completion of this training, exam-
iners established a highdegree of agreement (74%) for identification of the presence of
trigger points.

DIAGNOSTIC TESTING

At present, there are no universally accepted tests that are diagnostic for the identi-
fication of a trigger point. Several studies have investigated the use of electromyo-
graphy as a diagnostic test but the results remain controversial. Weeks and Travell
(9), as well as Hubbard and Berkoff (10) identified high-frequency potentials in
trigger points while the remainder of the muscle was electrically silent. Simons
and Hong (11) identified high-amplitude endplate spike potentials in addition to
low-voltage endplate potentials after increasing the amplification fivefold and the
sweep speed 10-fold (11). Electromyographers often identify these same findings
as normal endplate potentials or endplate noise.

Ultrasound is an evolving imaging modality in musculoskeletal medicine.
Ultrasound, though, has not been proven useful in locating trigger points (12).
One method to confirm and monitor trigger point location is by using algometry
(13–16). An algometer is used to measure the amount of pressure needed to elicit
pain. The area over trigger points will be more sensitive to pressure than normal
tissue. One can also objectively monitor treatment progress using this tool.

PATHOPHYSIOLOGY

The etiology of trigger points is unclear. Travell and Simons proposed the “Inte-
grated trigger point hypothesis,” which was updated in 2004 (17). It postulates
that in injured muscle, there is facilitation of acetylcholine (ACh) release at the
neuromuscular junction, decreased ACh break down, and upregulation of ACh
receptors. This leads to persistent muscle contraction, a trigger point. In the
process, there is muscle ischemia and damage from the prolonged contraction
causing release of inflammatory and nociceptive mediators. An additional area of

TABLE 1 Palpation Techniques

Palpation type Method Muscle type Examples

Flat palpation Examiner uses the fingertip to slide over
muscle tissue

Superficial
muscles that
have only one
surface
available

Extensor
digitorum
communis

Pincer palpation Examiner rolls muscle between the
thumb and index finger

Easily accessible
muscles

Upper
trapezius,
biceps
brachii

Deep palpation Examiner exerts finger pressure over the
motor point and attachment areas
trying to evoke tenderness that is
specific to a direction of pressure

Muscles that are
relatively
inaccessible

Quadratus
lumborum

Source: From Ref. 5.
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interest is how peripheral nociception, such as pain from a trigger point, might
cause central nervous system upregulation of pain sensitivity (17).

PERPETUATING FACTORS

The clinical importance of perpetuating factors is often neglected in the evaluation
and treatment of patients with trigger points. Perpetuating factors can be classified
as mechanical (structural asymmetry, posture, ergonomics, and the like), nutri-
tional, metabolic (hypothyroidism, hypoglycemia, and the like), psychologic, or
infectious. These factors must be addressed to have an optimal outcome from the
treatment.

TREATMENT
Physical Interventions
The mainstay of treatment for myofascial pain syndrome and trigger points centers
around physical interventions. The first goal is to restore normal motion to muscles
and then to strengthen them while retraining maladaptive postural habits that
precipitated the whole process. Restoring normal kinetics to a muscle is accom-
plished by two complementary approaches, stretching and inactivating trigger
points. Initiating a strengthening program too early can overload muscles and
exacerbate trigger points.

“Spray and stretch” entails spraying a stream of vapo-coolant in the direction
of the muscle fibers as it is placed in a prolonged stretch (Table 2). It is an efficient
and minimally painful technique to treat a single muscle or muscle group trigger
point and re-establish normal muscle length. The coolant spray minimizes pain
and reflex spasm and thereby facilitates a maximal stretch. Common vapo-
coolant spray options include ethyl chloride and flouri methane. Ethyl chloride is
cooler than flouri methane but is also potentially toxic, flammable, and explosive.
Flouri methane is not toxic or flammable but older preparations contained ozone-
depleting pollutants. Ozone-safe products are now available. Ice can also be
used, but it may be more cumbersome. The ice can be wrapped in plastic to
avoid dripping as the wetness will diffuse the cooling effect (5,13).

Spray and stretch can be coupled with injection therapy or combined with
“postisometric relaxation,” a stretch technique described by Lewit and Simons
(18). In this technique, the muscle is passively brought to its end point, gently acti-
vated isometrically for about five seconds, and then passively stretched to the new
end point. This cycle is repeated three to five times.

TABLE 2 Spray and Stretch Technique

1. The patient is placed in a comfortable position with limbs and back supported.
2. Vapo-coolant spray is held about 45 cm away from the target body area. The stream is applied in

long, slow (10 cm/sec) sweeps in a single direction over the entire muscle, moving parallel to the
muscle fibers. The stream is most effective if it contacts the skin at an angle of about 308.

3. After several sweeps of the spray, the muscle is stretched by placing steady tension, avoiding
force strong enough to cause pain; jerky, rapid movements should be avoided.

4. The stretch is enhanced by having the patient take slow deep breaths while looking upward and
exhaling fully while gazing downward.

5. Following the spray and stretch, the muscle should be warmed with heating pads and then
moved through a full active range of motion.

Source: From Refs. 5,13.
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Stretching is contraindicated in hypermobile joints. Alternative techniques
should be utilized. Coolant treatments should be avoided in patients where the
skin is already cold, there is a history of sensitivity to the cold, the patient has a
history of allergy to the substances being used, or Raynaud’s syndrome (5).

“Ischemic compression” is another means of inactivating a trigger point. It is
effective and noninvasive, the major drawback is that it is painful for the patient
and may be tiring for the clinician. Pressure is applied with one’s thumb to a
trigger point causing a tolerable but moderate amount of pain. The pressure is
increased to keep the pain at a constant level. When the trigger point is pain-free,
15 seconds to one minute later, the pressure is relieved. A more gentle variation
is “trigger point pressure release” where the clinician gently palpates the trigger
point while stretching the muscle. Only mild pressure is placed on the trigger
point, causing mild discomfort as the muscle is passively lengthened (5).

There are many additional physical techniques than can be used to treat
trigger points, from osteopathic muscle energy strategies to Shiatsu massage.
They all revolve around the premise of stretching the muscle and restoring
normal mobility (5).

Modalities can also be employed in the treatment of myofascial pain.
Ultrasound, transcutaneous electrical nerve stimulation, hot packs, and cold
packs have all been used to treat myofascial pain syndrome with varying suc-
cesses (19,20). Physical therapy is prescribed to teach proper stretching and pos-
tural techniques as well as to teach the patient a home exercise program. Proper
posture and good body mechanics is a lifetime endeavor and must be an
ongoing process.

Medication
Medication is best used as an adjuvant therapy for myofascial pain syndrome
to treat comorbid or complicating conditions (sleep disorders, depression, and so
on) and as a temporizing measure while the other, more active therapies are insti-
tuted. Research-validating specific medications in myofascial pain are wanted.

Nonsteroidal anti-inflammatory drugs (NSAIDs) combined with other medi-
cations for the treatment of fibromyalgia, have only shown a small contribution to
symptom relief (21,22). Tramadol has been shown to be efficacious in fibromyalgia
(23), osteoarthritis (24), and low back pain (25), although it has not been studied
directly in myofascial pain. It has also shown efficacy when used in combination
with acetaminophen (26).

The antidepressants commonly used in treatment of pain are the tricyclic anti-
depressants (TCA), the selective serotonin reuptake inhibitors (SSRI), and the selec-
tive serotonin norepinephrine reuptake inhibitors (SSNRI). TCA medications have
been shown to be effective in nociceptive and neuropathic pain (27–29) and fibro-
myalgia (28). These agents are associated with significant anticholinergic and
cardiac side effects, which limit their use. SSRIs have shown to be of some
benefit in fibromyalgia, but the literature is mixed as to their efficacy (30,31).
SSNRIs are a newer class of medication that have demonstrated some utility in
treating neuropathic pain (31) and in fibromyalgia (32).

Membrane stabilizers (antiepileptics), particularly gabapentin, have shown
usefulness in the management of neuropathic pain (30,33). Only one retrospective
study found gabapentin to be useful in the treatment of myofascial pain (34).

Muscle spasmolytics or “relaxants” are commonly prescribed for musculos-
keletal pain complaints. This broad category of medication includes barbiturates,
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benzodiazepines, baclofen, cyclobenzaprine, carisoprodolol, methocarbamol,
chlorzoxazone, and metaxalone. There is no data documenting the efficacy of
these medications in myofascial pain syndrome and their use is discouraged by
Travell and Simons (5).

Opiate analgesia may increase the ability of a patient to participate in physical
and psychological therapies (35–37) and as such, may have a role in the manage-
ment of myofascial pain. Opiates do not address the underlying pain generators
and should only be used as part of a comprehensive rehabilitation program.
This should be discussed with the patient, who would then be required to sign
an opiate contract that outlines the responsibilities of both the clinician and
patient (27).

Injection Therapy
Injection treatments are used in myofascial pain syndromes when more conserva-
tive treatments fail, or when it is decided that aggressive treatment is needed
because of the severity of the pain. “Trigger point injections” can be performed
safely in an office setting, using aseptic technique, provided that the clinician has
a thorough understanding of the anatomy and is able to recognize and treat poten-
tial complications. These injections should be used as a component of a broader
treatment plan and are often maximally effective when immediately followed by
stretching exercises.

Contraindications to injection therapy include the presence of systemic infec-
tion or a local infection in the area of the contemplated injection. Injections should
be avoided in patients who are pregnant or appear to be ill. Caution must be exer-
cised in injecting patients who are taking anticoagulants or have coagulopathies
(13). Injection pain can be minimized by using a vapo-coolant spray and by insert-
ing the needle with a quick motion of the wrist. The patient should be warned that
there may be pain involved, especially with dry needling, and that muscle twitches
may be elicited. The pain can last for several days before resolving.

Needle selection is determined by the body habitus of the patient, the anatom-
ical areas to be injected, and which, if any, medication is to be injected. Larger diam-
eter needles (i.e., 22 gauge) are less likely to bend and provide more tactile
feedback. Smaller bore needles (i.e., 27 gauge) cause less pain and ecchymosis
but may be difficult to use in dense tissue. The needle should be long enough to
reach the trigger point without being inserted to the hub, the most common break-
ing point of a needle (5). An 1.5-inch 25 to 27-gauge needle is sufficient for most
patients (38).

There are a variety of medications and injection options. Sterile water, isotonic
saline, local long- and short-acting anesthetics, diclofenac, steroids, or botulinum
toxin (BTX) can be injected into trigger points. “Dry needling” is the most basic
form of “trigger point injection.” A small bore needle or acupuncture needle is
used to mechanically break up the trigger point without injecting anything into
the site. There is no agent that has been proven to be more efficacious than any
other option or consistently better than dry needling (5,39,40). Performing the injec-
tion with a local anesthetic does decrease the postinjection soreness (40,41). Epi-
nephrine should be avoided as it can increase the myotoxicity and postinjection
pain. Another strategy to manage postinjection pain is to prescribe NSAIDs or acet-
aminophen prospectively or following the injection. Corticosteroids are widely
used in trigger point injections but there is no consistent data that supports this
practice (5,19,20).
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Cummings and White (39) demonstrated that the efficacy of the trigger point
injection is not dependent on the individual technique. However, a local twitch
response with injection has been associated with a better outcome (41). Techniques
for the injection of specific muscles are reviewed at length elsewhere and are
beyond the scope of this chapter (5,42).

A common method of injection is:

1. Prepare the patient and equipment using usual aseptic technique.
2. Palpate a trigger point within a taut band and trap it between two fingers.
3. Insert a needle at 308, between the two fingers, directed toward the trigger

point.
4. Pierce the trigger point, which should feel like mobile dense fibrotic tissue,

reproducing the patient’s pain and eliciting a local twitch response.
5. Once the trigger point is reached, about 1 mL of lidocaine is injected, depending

on the muscle size and amount of trigger points to be injected. (Pull the syringe
plunger out before injecting to minimize the risk of intravascular injection.)

6. The needle is withdrawn to the subcutaneous level and redirected so that the
trigger point is injected in a fan-like distribution, with about 1 mL being
injected in each quadrant until the “local twitch response” ceases and the
taut band softens. Ten milliliter of 1% lidocaine is a typical amount of injectate
(5,13,43,44).

Variations of injection techniques include Hong’s “fast in-fast out,” preinjec-
tion blocks, solid needle, or hollow, beveled needle (18). Hong’s fast in-fast out
simply refers to the innovation of trying to spear the trigger point with rapid move-
ments to try to elicit local twitch responses. A “drop” of local anesthetic is injected
after each twitch response (5,41). Preinjection block refers to the method developed
by Andrew Fischer where local anesthetic is deposited along the trigger point and
taut band in the area of innervation. The anesthetized trigger point is then vigor-
ously needled. The purpose of this technique is to minimize the pain associated
with needling (45). Acupuncture needles have a solid rounded tip, which causes
less tissue damage. A hollow needle is typically beveled and is used to inject
pharmacologic agents (19).

Postinjection care allows activity but strenuous exercise should be avoided for
three to four days (44). Stretching after injection is encouraged and at a minimum,
the muscle which is injected should be slowly moved through its full range of
motion three times. Multiple trigger points may be injected at one visit depending
on the severity of trigger point involvement and patient tolerance. Injections can be
repeated once the postinjection soreness resolves in three to four days. Trigger
points may require multiple injections. If three injections have not helped relieve
the pain, then re-evaluation of the diagnosis is warranted (5).

Botulinum toxin is being used more frequently for the treatment of trigger
points and myofascial pain. It is used to treat spasticity; it prevents ACh release
from the presynaptic terminal. It is injected in the symptomatic muscle and it dif-
fuses throughout the muscle. The injection should be performed under electromyo-
graphic guidance to ensure proper placement. BTX is found in multiple serotypes:
BTX-A and BTX-B are commercially available at present. These serotypes are dosed
differently and guidelines for dosing are different. These injections can be given
every three months to avoid the formation of antibodies. There is some evidence
that BTX has a pain-modulating effect and may provide prolonged relief from
trigger point pain (43,46). The best technique for BTX administration has yet to
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be ascertained, but it would stand to reason that the BTX should be injected into the
motor endplate and not into the trigger point itself (5). There is experimental evi-
dence that is consistent with this conclusion. BTX can be injected in a grid
pattern in a muscle to provide relief (47) whereas BTX injected into trigger points
was not better than lidocaine, dry needling (40), or placebo, though the placebo
was not inert (saline injections) (48).

Acupuncture is often successfully used in the treatment of pain (49). Interest-
ingly, it has been found that 71% of trigger points share location and pain distri-
bution patterns with acupuncture points (50). The role of acupuncture in
myofascial pain treatment must still be determined (19).

Resuscitation equipment and drugs should be available. The most common
complication of trigger point injection is vasovagal syncope. One must be aware
of the cardiac complications of vasovagal episodes. Anxious patients or patients
with a tendency to be come vasovagal should lay down for the injection. Pneu-
mothorax can occur during cervical or thoracic injections. The presentation can
be subtle, so the patient and the clinician should take any respiratory complaints
seriously. Coughing or chest pain may signal pleural irritation. Bubbling during
needle aspiration may indicate that the needle is in the lung space. A chest X-ray
should be obtained if there is any suspicion of a pneumothorax. Intravascular com-
plications are generally avoided by aspirating prior to injection and by injecting low
volumes and concentrations. Local anesthetics are myotoxic, proarrythmogenic,
and can rarely precipitate seizures. The shorter-acting local anesthetics such as
procaine, an ester anesthetic, tend to be less myotoxic than the longer-acting medi-
cations (5), but also tend to cause more anaphylaxis then amide anesthetics, such as
lidocaine (43). Lidocaine toxicity can cause ringing in the ears and tingling in the
face and mouth. More severe symptoms are seizures and cardiac arrhythmias.
Hematomas can also develop secondary to puncture of a vein or artery. Direct
pressure should be placed on the area if bleeding is suspected. Care should be
taken that a hematoma does not compress other structures or cause a compartment
syndrome. Abdominal injections can injure the kidney when injecting the quadra-
tus lumborum or the liver during an intercostal injection. Neurologic injuries can
occur if peripheral nerves are injured either by the needle or by a toxic reaction
to the injected medication. If any paresthesia is reported during needle placement,
the needle should be repositioned prior to the injection. Trigger point infiltration
can cause a benign paresthesia sensation. However, this will not usually occur in
a specific nerve distribution. Other complications include infection, allergic reac-
tion, and anaphylaxis. Patients should report any skin changes, warmth, or swel-
ling. An allergy history should be obtained prior to injection and dry needling
can be used if there is any question of allergy to the injectable medication (13,43).

Long-term outcome studies of trigger point injection are scarce and do not
isolate the efficacy of the injection itself (19). The success of trigger point injection
is dependent on many factors including postinjection physical therapy and comor-
bidities. In the short term, trigger point injection improves pain, function, and range
of motion in up to 100% of patients (51). A review of needling therapies concluded
that any effect of the needling intervention is secondary to the needle or placebo as
opposed to the substance, which is injected. It is not clear as to whether or not these
procedures provide any special beneficial effect (39). Treatment failure may be
because of inadequate treatment of perpetuating factors, misdiagnosis of the under-
lying pain generator, or undertreatment of the trigger points owing to technical
issues such as nonpenetration of the trigger point with the needle. If treatment
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fails, it would be reasonable to repeat the interventions while re-evaluating the
perpetuating factors and diagnosis.

Myofascial pain syndrome is a common and important cause of pain. The
treatment modalities used are physical interventions, trigger point injections, and
medication. The treatment plan must be individualized to the patient and must
revolve around the successful management of perpetuating factors. Patient compli-
ance is important in successful treatment and the patient should be engaged as a
part of the treating team (5).
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B5 Acupuncture for Musculoskeletal Pain

Geoffrey Gustavsen
Sports Medicine, University of Delaware, Newark, Delaware, U.S.A.

INTRODUCTION

Acupuncture is an ancient technique in which thin hair-like needles are placed at
specific points of the body to prevent or treat illness. It has been used to care for
a quarter of the world’s population for thousands of years, and it not only
endures but is expanding into new parts of the world like North America and
Europe. A 1996 survey of health insurance companies revealed acupuncture to be
the most frequently requested alternative therapy in the United States, and a
large percentage of these patients are seeking help for musculoskeletal problems
(1,2). The 2002 National Health Interview Survey, the largest and most comprehen-
sive survey of complementary and alternative medicine use by American adults to
date, estimated that over eight million U.S. adults have tried acupuncture, and
more than two million had used acupuncture in the previous year (3).

Well accepted by patients, acupuncture does not enjoy the same popularity
among physicians who remain skeptical. Bizarre claims that a single needle in
the hand can relieve a toothache (4) or one in the wrist can help nausea (5) fly in
the face of accepted physiologic principles and are written off by most as the
placebo effect. Additionally, evidence from clinical trials to support acupuncture’s
efficacy has been sparse and contradictory. This chapter will address these issues
and review what we know to date about acupuncture. It will start with a brief
look at the historical origins of this technique and include a very basic discussion
on how the ancient Chinese believed acupuncture worked. The majority of the
chapter will focus on what recent biomedical research has found with regard to
possible physiological mechanisms and clinical efficacy in the realm of musculoske-
letal pain medicine. It will conclude with information that healthcare providers can
convey to patients about acupuncture treatment.

HISTORICAL REFERENCES

Acupuncture has a clearly recorded history of about 2200 years, but there is evi-
dence which suggests that it has been practiced for much longer. Archeological
findings of stone needles in China indicate that the beginnings of acupuncture
may be as early as 4000 B.C. The recent discovery of the “Iceman,” a Neolithic shep-
herd who froze to death in the Italian Alps around 3300 B.C., supports that notion
that acupuncture may have been in use long before the earliest known written
records. A series of nondecorative tattoos found on his body correspond to tra-
ditional acupuncture points commonly used for back pain and abdominal pro-
blems. Extensive medical evaluations performed on the body of the Iceman
support the possibility that he may have sought treatment for such problems as
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he was found to have severe lumbar osteoarthrosis and a colonic infestation of
whipworms (6).

The earliest written record about acupuncture is the Chinese medical treatise,
the Huang Di Nei Jing (translated, Yellow Emperor’s Classic of Internal Medicine). The
book describes discussions about Chinese medicine between the legendary Yellow
Emperor, Huang Di (circa 2600 B.C.), and his physician. Compiled around 200 B.C., it
is thought to be one of the oldest medical books in the world and it forms the foun-
dation of traditional Chinese medicine.

The earliest European reports about acupuncture came from Jesuit mission-
aries in Asia during the sixteenth century, and it was they who coined the term acu-
puncture from the Latin words “to puncture with needles.” Through these
missionaries and traders in Asia, knowledge of acupuncture filtered back to
Europe and eventually to North America (7). References to acupuncture can be
found scattered across the writings of nineteenth-century America with the most
notable by Sir William Osler. He recommended acupuncture for sciatica and
acute lumbago in his classic text The Principles and Practice of Medicine (8). Despite
Osler‘s support, acupuncture was largely forgotten as a treatment modality in
North America until the early 1970s when previously closed Communist China
began tentative cultural exchanges with the West.

Widespread public awareness of acupuncture in the United States began in
1971, when a reporter for the New York Times, in China for a ping pong tourna-
ment, described in a front page article how his postoperative pain from an emer-
gency appendectomy was relieved with three acupuncture needles (9). Over the
next five months, both a team of U.S. physicians and President Nixon’s White
House physicians each reported favorably on their observations of acupuncture
used as a surgical analgesia technique in Chinese hospitals. The excitement and
interest generated by these events fueled calls for research into these phenomena
and in the summer of 1972 the National Institutes of Health launched a program
to look into the use of acupuncture for surgical anesthesia and the relief of chronic
pain (10).

THE CHINESE PARADIGM

A very basic understanding of the ancient Chinese theory behind acupuncture
requires knowledge of three concepts: Yin and Yang, Qi (pronounced “chee’’),
and meridians. The notion of Yin and Yang comes from the philosophy of
Taoism, which holds that all things in the universe are composed of conflicting,
yet harmonious forces that balance one another. Yin and Yang are not “things”
but descriptors of this dynamic polarity of the natural world. Yin represents the
more feminine characteristics of life: softness, passivity, nourishing, cold, darkness,
and stillness, while Yang embodies more masculine qualities such as hardness,
assertiveness, dominance, heat, light, and activity. In the medical realm, Yin
disorders are chronic and are conditions of depletion or degeneration, while
Yang problems are characterized as acute, inflamed, and conditions of excess. Main-
taining or re-establishing balance between the opposing forces of Yin and Yang in
the body is the goal of Chinese medicine.

Qi is the Chinese term for the life force or vital energy of the body. It concen-
trates and flows throughout a system of channels, or meridians, that regulate bodily
functions. In classical theory, there are 365 acupuncture points found on the 14 main
channels that cover the body in a web-like interconnecting matrix. Disruption of the
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flow of Qi can cause pain along the trajectory of the channel and dysfunction of the
related organ system associated with the channel.

The purpose of acupuncture is to rebalance the flow of Qi and restore health.
If the cause of pain or dysfunction is because of deficiency or blockage of Qi (Yin in
nature) the needles are stimulated (Yang treatment). Rebalancing can be achieved in
states of excess (Yang presentation) by simply placing the needles in the appropri-
ate channel and letting them sit in place for several minutes to disperse excess
energy (Yin treatment).

The ancient Chinese had two ways to put energy into the meridian system
with acupuncture. Once the acupuncture needles were in place, they could be
twirled continuously in a back and forth manner or the needles could be warmed
with a burning herb called moxa (moxibustion) (11). A third method was added
in the late 1950s, when physicians in China experimented with electroacupuncture
(EA) as amethod of surgical anesthesia. Attempts in using acupuncture for anesthe-
sia prior to this were technically difficult, as it required one or two acupuncturists
beneath the surgical drapes twirling needles continuously for long periods of time.
This logistical hurdle was overcome when electricity was passed through alligator
clips attached to the acupuncture needles. After several years of use in China for
surgical anesthesia, EA was introduced into clinical practice in the 1960s. Initially
used in chronic pain and neurologic conditions, it is now used routinely in clinical
practice for a wide range of problems (12). The development of EA also sparked a
revolution in acupuncture research as it gave basic science researchers a muchmore
quantifiable research tool to use in the laboratory.

BASIC SCIENCE RESEARCH

There has been little reproducible evidence supporting the existence of Qi or mer-
idians. Additionally, several histological studies of acupuncture points reveal no
unique structures under acupuncture points. Anatomic studies of acupuncture
points do reveal some clues as to how acupuncture may work. In one review of
the anatomy of acupuncture points, 10 structures were consistently found in the
vicinity of acupuncture points (Table 1) (13). The common theme that runs through-
out this list is the presence of nerves, be they in large nerve bundles or nerve
endings. This finding, consistent with the review of basic science research that
follows, supports the contention that many of acupuncture’s effects are achieved
through stimulation of the peripheral nervous system.

TABLE 1 Anatomic Structures Found Near Acupuncture Points (in Order of Decreasing
Importance)

Large peripheral nerves
Nerves transition from a deeper to more superficial location
Cutaneous nerves emerging from deep fascia
Nerves exiting bony foramina
Motor points of neuromuscular attachments
Blood vessels near neuromuscular attachments (rich in autonomic nerve innervation)
Nerves composed of fibers of varying diameters (more often muscular than cutaneous nerves)
Bifurcation point along a peripheral nerve
Ligaments (rich in mechanoreceptors)
Suture lines of the skull
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Acupuncture Analgesia
The most thoroughly investigated area in acupuncture is how it stimulates the
nervous system to relieve pain. The first major experiments to open up the field
of acupuncture analgesia (AA) to research were those using morphine/endorphin
antagonists. In the late 1970s, two different groups of researchers were able to
demonstrate that naloxone could block the effects of AA (4,14). These results
suggested that the pain relief generated by acupuncture is in part mediated by
endorphins, a group of endogenous polypeptides found in the central nervous
system (CNS) that competitively bind to opiate receptors and raise the
pain threshold.

Since these initial papers, over 30 other endorphin antagonism experiments
have been performed. The overwhelming majority of these studies support the
concept that a significant portion of AA is mediated by endorphins (15). The nalox-
one experiments have also been bolstered by an additional 16 different lines of evi-
dence, which support the endorphin hypothesis of AA (16). Examples of these lines
of evidence include: mice genetically deficient in opiate receptors do not respond to
AA (17), protecting endorphins from enzyme degradation enhances AA (18), the
pain relief of AA can be transferred by cerebrospinal fluid (CSF) or blood to a
second animal and can be blocked by naloxone (19), and so on.

A comprehensive theory for the generation of AA was published in the late
1980s by Pomeranz of the University of Toronto (20). This theory is based on
work performed in his laboratory over 20 years (over 60 publications) and over
150 other papers from western scientific literature. This hypothesis holds that AA
is achieved by stimulation of small diameter nerves (type II and III afferents) in
muscles, which send impulses to the spinal cord that trigger the release of neuro-
transmitters (endorphins and monoamines) from three centers: the spinal cord,
the midbrain, and the hypothalamic/pituitary complex. In the spinal cord, presyn-
aptic release of endorphin and dynorphin prevents the ascension of pain messages
in the spinothalamic tract. In the midbrain, stimulation of the periaqueductal gray
matter and the raphe nucleus cause messages to be sent back down the cord via the
dorsolateral tract. These impulses cause the release of monoamines (serotonin and
norepinephrine), which act pre- and postsynaptically in the spinal cord to block the
transmission of pain through the spinothalamic tract. Finally, the stimulation of the
hypothalamic/pituitary complex causes release of B endorphin into the blood-
stream and CSF to provide general analgesia (Fig. 1). This release of endorphins
by the pituitary is accompanied by the corelease of adrenocorticotropic hormone
(ACTH) on an equimolar basis. The ACTH then travels to the adrenal glands to
stimulate the release of cortisol into the bloodstream, which may explain why acu-
puncture is helpful in blocking the inflammation of arthritis and the bronchospasm
of asthma.

The placement of acupuncture needles and type of stimulation used on them
achieve different effects through this three-level system. Needles placed close to the
site of pain maximize spinal circuitry illustrated by the cross-hatched nerve cell in
Figure 1, but also take advantage of the other two centers as well. This local need-
ling generally gives a more intense analgesic effect because it utilizes all three
centers, while needling at sites anatomically distant from the painful area activates
only the midbrain and hypothalamus–pituitary. Typically, local and distal needling
are used together on a patient to enhance one another. The use of electrical currents
of different frequencies to stimulate the needles is also employed to achieve distinct
clinical effects.
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Numerous studies have shown that the use of low (2–8 Hz) and high (50–
200 Hz) frequencies achieves two different types of analgesia (21–23). Low-
frequency electrical stimulation generates an endorphin-mediated analgesia
through activation of all three centers. This endorphinergic analgesia is supra-
segmental; relieving pain not only in the territory of the nerve being stimulated
but also providing pain relief to the entire body. It is slow in onset (initiated after
approximately 20–30 minutes of electrical stimulation), long-lasting, and the
effects of repeated treatments are cumulative (repeated placebo treatments typically
see a dimunition of therapeutic effect). The analgesia of high-frequency stimulation
bypasses the endorphin system activating primarily the neural pathway illustrated
by the cross-hatched nerve cell in Figure 1, and to a lesser degree through the mid-
brain. This pathway is monoamine-dependent and segmental, relieving pain only
in the distribution of the spinal segment of the stimulated peripheral nerve. The
onset of pain relief is rapid, of short duration, and the effects of repeated treatments
are not cumulative. Stimulation with high-frequency currents is considered to be
similar to conventional transcutaneous electrical nerve stimulation (TENS).

Persistent Inflammatory Pain
Muchof thewealth of information learned aboutAAover thepast 30 years is derived
from animal models with acute and transient laboratory-induced pain. Pain models
in rats have been developed recently, which create a persistent inflammatory con-
dition, through the injection of inflammatory agents under the skin. This produces
inflammation that can last months, and gives researchers pain models that more
closely approximate to clinically relevant disorders such as rheumatoid arthritis
and other inflammatory conditions. These pain models also allow more time
to evaluate posttreatment effects of EA and the dose response effect of multiple EA
treatments.

FIGURE 1 Acupuncture analgesia. Abbreviations: A, adrenocorticotrophic hormone; ALT,
anterolateral tract; DLT, dorsolateral tract; E, endorphins; M, monoamines; STT, spinothalamic
tract. Source: Adapted from Ref. 85.
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The effect of different EA frequencies on chronic inflammatory pain seems to
be consistent with results seen in acute transient pain, namely that lower frequency
currents provide analgesia of slow onset and long duration, while the analgesia of
higher frequency stimulation is of more rapid onset and shorter duration (24). In
addition to increasing pain thresholds, EA at low-frequency stimulation has also
been demonstrated to decrease edema in rats’ paws when compared with
placebo controls (25). The persistent inflammatory pain model has also been used
to assess the efficacy of EA and drugs used in combination. It was recently demon-
strated that EA at both high and low frequencies, combined with lower doses of
morphine and indomethacin, produced better analgesic effects than EA or either
drug alone (26,27).

Autonomic Regulatory Therapy
The endorphin hypothesis offers an explanation of how acupuncture can relieve pain,
but it does not explainhow it canhelp relievenauseaor themyriadofotherproblems it
is used for. The ability of acupuncture to inhibit gastric acid secretion (28), stimulate
intestinal motility (29), and impact blood pressure (BP) (30) and heart rate (HR) (31)
in animal models all point towards the involvement of the autonomic nervous
system (ANS). The western correlate to the Chinese concept of Yin and Yang is the
idea of homeostasis, a process largely controlled by the sympathetic and parasympa-
thetic nervous systems. One of the ways acupuncture seems to “re-establish balance”
in the body is through manipulation of the ANS.

Peripheral nerve stimulation with acupuncture needles appears to have
bidirectional “balancing” effects in some disturbances of systems controlled by
the ANS. Needling the same acupuncture points can normalize disturbed physio-
logical parameters like HR and BP, from conditions of hypo- or hyperfunctioning.
For example, it has been demonstrated that strains of rats bred to be congenitally
hyper- or hypotensive have their BP and HR normalized with acupuncture (32).
Pharmacologic studies indicate that the pressor effects of acupuncture are
mediated by central cholinergic mechanisms, while the BP-lowering effects in
hypertensive rats involve release of endorphins and serotonin (33). These normal-
izing effects have also been noted in laboratory animals whose BPs have been
acutely manipulated. Rats made hypotensive by withdrawing blood and dogs
made hypertensive by intravenous infusions of epinephrine had their BP
brought back near baseline with acupuncture (34,35). Studies on cardiovascular
function in normal human subjects meanwhile have shown little effect on mean
HR and BP, suggesting that an “imbalance” is necessary for acupuncture to
have a significant effect (36).

More germane to the topic of this book is how acupuncture, by stimulation of
the ANS, can impact the cardiovascular system to relieve musculoskeletal pain.
There is evidence from animal models that the placement of a needle into a
spastic, painful skeletal muscle causes it to relax by improving blood flow to the
contracted area. The needling of a spastic muscle has been shown in an elegant
series of animal experiments (37) to trigger a sympathetically mediated vasodila-
tion with subsequent relief of spasm and pain in the involved muscle. This auto-
nomic reflex was achieved both locally with needles directly into the spastic
muscle, and at a distance with needles placed into the ipsilateral paravertebral mus-
culature overlying the nerve roots supplying the spastic muscle. The relief of
muscle spasm and myofascial pain with needling has also been independently
observed in humans with the treatment of trigger points.
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First described by Dr. Janet Travell (38), trigger points are hyperirritable loci in
myofascial structures which when compressed can cause characteristic referred
pain, tenderness, motor dysfunction, and autonomic phenomena. Travell et al.
(39,40) observed that dry needling (needling without injection of drugs) produced
pain relief and muscle relaxation. Several authors (41,42) have noted that a majority
of acupuncture points correspond to Travell’s trigger points. Melzack et al. (42)
found a concordance of 71% between classical acupuncture points and trigger
points. This overlap of acupuncture points and disturbed areas of muscle should
not be that surprising when we recall that small-diameter muscle afferents are
necessary components for pain relief with acupuncture.

Summary
There is strong basic science evidence that acupuncture is a peripheral nerve stimu-
lation technique that achieves effects like analgesia, muscle relaxation, and
improved blood flow in treated areas through a variety of neural pathways. The
AA model reveals that pain relief achieved by peripheral nerve stimulation with
acupuncture needles can have segmental effects through the action of endorphins
andmonoamines in the spinal cord andmidbrain, as well as suprasegmental or sys-
temic effects with the release of B-endorphin and ACTH into the blood and spinal
fluid by the hypothalamus/pituitary complex. Acupuncture analgesia seems to
work on both acute transient and persistent inflammatory pain induced in the lab-
oratory. Finally, relief of musculoskeletal pain and improved range of motion and
blood flow in areas with tight spastic muscles can be achieved with an acupuncture
needle directly in the affected muscles or in distant anatomically relevant para-
spinal muscles via a sympathetically mediated vasodilation. Despite the strides
made in understanding some of the physiological mechanisms of acupuncture,
the results of clinical research to date have been less than clear.

CLINICAL RESEARCH

The acupuncture treatments used in most research trials are not a particularly accu-
rate reflection of what is used in daily practice. The clinical practice of acupuncture
involves individualized acupuncture point selection based on patient-specific sys-
temic imbalances determined by oriental diagnostic techniques. To adhere to gen-
erally accepted research guidelines, the majority of acupuncture trials use fixed
protocol treatments (same acupuncture points and the same number and duration
of treatments) to treat a problem defined by biomedical diagnostic criteria. While
not ideal, this “cookbook” approach to acupuncture is currently the best solution
available to begin to elucidate the clinical effects of acupuncture.

The National Institutes of Health Consensus Conference
Since the early 1970s, almost 500 randomized controlled trials (RCTs) have
evaluated acupuncture’s efficacy. More than half of these trials were placebo- or
sham-controlled, with the remainder comparing acupuncture alone or in combi-
nation with conventional care to standard conventional care alone. The National
Institutes of Health (NIH) held a consensus conference (43) in 1997 to evaluate
the scientific and medical data on the uses, risks, and benefits of acupuncture for
a variety of conditions. A panel of experts representing the fields of acupuncture,
pain, psychology, drug abuse, psychiatry, physical medicine and rehabilitation,
family medicine, internal medicine, health policy, statistics, epidemiology,
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physiology, and biophysics reviewed data and heard testimony from 25 experts in
these same fields.

The consensus conference found clear evidence of acupuncture’s efficacy in
adult postoperative nausea and the nausea of chemotherapy aswell as for postopera-
tive dental pain. They also found evidence that acupuncture may be useful as an
adjunct treatment, an acceptable alternative, and can be considered in a comprehen-
sive management program for conditions such as addiction, stroke rehabilitation,
headache, menstrual cramps, tennis elbow, fibromyalgia, myofascial pain, osteoar-
thritis (OA), low back pain, carpal tunnel syndrome, and asthma. It was their
conclusion that many of the acupuncture studies to date provide equivocal or contra-
dictory results because of design, sample size, inadequate follow-up, and other meth-
odological issues shared by studies in other areas of medicine.

Unique Methodological Issues
In addition to the usual difficulties inherent in any clinical trial there are also
problems unique to performing acupuncture RCTs. There are relatively few acu-
puncturists with biomedical training and even fewer that work in academic insti-
tutions. The blinding of acupuncturists to avoid performance bias is difficult, if
not impossible. Blinding patients is also challenging in situations where subjects
are familiar with true acupuncture treatment.

The lack of uniformity in what makes up an acupuncture treatment is a sig-
nificant obstacle to consistent research. First, there are numerous styles of acupunc-
ture which makes it possible to have a variety of treatments, using different points,
for the same problem. Second, within a given style of acupuncture, there is also
variability in the number, frequency, and duration of treatments, as well as the
depth of puncture used. It is no surprise then, that the most consistent and repro-
ducible evidence for acupuncture comes from trials that use a single point for a par-
ticular symptom (emesis or dental pain), even though this method bears little
resemblance to clinically practiced acupuncture (44).

Problem of Placebo
Finding a matching control for an acupuncture treatment, one that is identical in
appearance and sensation, practical, and physiologically inert has been a challenge
for researchers. The wide variety of control techniques used in acupuncture trials
over the years can be divided into two major categories: noninvasive (placebo)
and invasive (sham). Placebo acupuncture creates the appearance of needle inser-
tion without ever penetrating the skin. Past attempts at placebo techniques, such
as rubbing or affixing blunted needles over the skin, were not thought to be very
credible. The recent development of a validated placebo needle is a significant
breakthrough in this area. The placebo needle is blunted and has a shaft that
telescopes into the handle of the needle giving the appearance that it has been
shortened and inserted into the skin. In several randomized trials, patients with
these needles were unable to discern whether they had received true or placebo
acupuncture (45,46).

Themost commonlyused control treatment in acupuncture trials has been sham
needling or the needling of sites irrelevant to the condition being treated. Sham need-
lingwas initially thought to be ineffective and the ideal placebountil researchers noted
that needling of these nonacupuncture points had amuchhigher rate of response than
expected for an inert placebo. In 1983, Lewith and Machin (47) made the observation
that in some trials sham acupuncture appeared to have an analgesic effect in
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40% to 50% of patients compared with a 60% response rate with real acupuncture.
Further investigation of this phenomenon has indeed revealed that the needling of
nonacupuncture points can produce some analgesia through anatomically distinct
brain pathways and theuse ofdifferent neurotransmitters than thoseusedby true acu-
puncture points (48,49).

This finding puts into question much of the earlier research using sham need-
ling as a control. The potential physiological effects of sham needling may produce
treatment outcomes that are intermediate between those of true acupuncture and
no treatment making statistical significance of results more difficult to achieve.
Many real versus sham acupuncture trials then, may only offer information
about the most effective sites of needling, not about the specific effects
of acupuncture.

The act of needling alone then appears to have some physiological effects, but
does it reallymatter where the needles are placed? In the treatment of acute pain, the
answer appears to be yes. Numerous animal studies (50,51) demonstrate that stimu-
lation of true acupuncture points works better than sham needling in acute labora-
tory-induced pain. Several experimenters have also shown for acute lab-induced
pain in humans, the needling of true acupuncture points providedmarked analgesia
while stimulation of shampoints had onlyweak effects (52–54).While the specificity
of acupuncture points has been well documented in acute pain studies in humans it
has yet to be studied properly in patients with chronic pain.

Studies suggest that sham points seem to be more effective than placebo in
relieving chronic pain working 33% to 50% of the time, while true acupuncture
points are effective in 55% to 85% of patients in chronic pain. To detect differences
in response rates on this order of magnitude requires over 120 subjects per study,
and until recently there were no clinical acupuncture trials of this size (47). It
appears then that until larger clinical trials are completed, analyzing pooled data
from acupuncture RCTs may be the best way to evaluate acupuncture’s efficacy
for chronic conditions.

Systematic Reviews
The past 30 years have seen significant advances in the understanding of the neu-
rophysiology of acupuncture, with the majority of information coming from animal
studies. Clinical efficacy, however, requires the demonstration in humans of a favor-
able treatment effect as compared with placebo or another treatment using a rigor-
ous methodological design. The gold standard for assessing clinical efficacy is a
large, well-designed, RCT; however, most acupuncture trials to date have been
small studies with few meeting the description of a large RCT. As a result, the
best measure of acupuncture efficacy currently is a systematic review (SR).

The Cochrane collaboration was formed in 1993 with the sole purpose of con-
ducting, maintaining, and disseminating SRs relevant to all areas of healthcare. In
the future, it should be one of the most important sources of comprehensive sum-
maries on the clinical effectiveness of acupuncture (55). In the area of musculo-
skeletal medicine we will look briefly at recent SRs examining the effects of
acupuncture on chronic pain, low back and neck pain, OA, lateral epicondylar
pain, and fibromyalgia.

Chronic Pain
The most recent SR assessing the efficacy of acupuncture for chronic pain (defined
as pain present for longer than three months) looked at 51 RCTs published in
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English (56). Study quality was assessed using the validated Jadad Scale (57). Three-
fourths of the studies received a low-quality score and low-quality scoreswere signifi-
cantly associated with favorable results. The substantial clinical heterogeneity of
conditions, treatments, control groups, and outcome measures did not allow
meta-analysis or statistical pooling. The best evidence synthesis method (58)
(Table 2), which takes into account both the quality and outcome of studies, was
used instead. The authors found limited evidence that acupuncture was better than
no treatment (waiting list) and inconclusive evidence that acupuncture was better
than sham/placebo acupuncture or standard of care. An interesting secondary
finding was observed related to the number of treatments needed for a good clinical
effect. Sixormoreacupuncture treatmentswere significantlyassociatedwith favorable
outcomes (P ¼ 0.03) even after adjusting for study quality.

Low Back Pain
Prior to 1999, evidence supporting acupuncture’s efficacy in low back pain was
inconclusive owing to low quality, small size, and heterogeneity of the existing
trials (59). Since 1999, there have been a number of larger, methodologically rigor-
ous trials completed that have been incorporated into a recent meta-analysis and
SR. Both of these publications suggested that acupuncture effectively relieved
chronic low back pain.

The meta-analysis by Manheimer et al. (60) evaluated 33 RCTs, and used the
standardized mean difference (SMD) as the principal measure of effect size as the
trials assessed the same outcome but measured it in various ways. For the SMD, 1
unit of effect size corresponds with a 25-point difference on the Visual Analog Scale
(VAS) and a 2-point difference on the Roland Disability Score (RDS). Using the stan-
dards established by the Cochrane Back Group Editorial Board, a minimum of a
10 mm difference on the VAS and a 2-point difference on the RDS was considered to
beclinically significant.Using short-termpain relief as theprimaryoutcome, acupunc-
turewasmore effective than shamacupuncture [SMD ¼ 0.54, 95% confidence interval
(CI) ¼ 0.35 to 0.73, seven trials] and no additional treatment (SMD ¼ 0.69, 95%
CI ¼ 0.40 to 0.98, eight trials) for providing short-term relief of chronic low back
pain. This short-term relief seems to be sustained in the long-term, but follow-up
datawas limited in quality and quantity. The data also suggested enhanced functional
capacity in the short-term compared with no additional treatment (SMD ¼ 0.62, 95%
CI ¼ 0.30 to 0.95, 14 trials). The evidence comparing acupuncture with other active
treatments in chronic low back pain was inconclusive, as was the evidence for its
efficacy in acute low back pain.

Furlan et al. (61) evaluated 35 RCTs covering 2861 patients in their SR. They
also reported pain relief and improved function in patients with chronic low

TABLE 2 Best Evidence Synthesis Method

Strong evidence: multiple, relevant, high-quality RCTs with generally consistent outcomes
Moderate evidence: one relevant high quality RCT and one or more relevant low-quality RCTs with
generally consistent outcomes

Limited evidence: one relevant, high-quality RCT or multiple relevant, low-quality RCTs with
generally consistent outcomes

Inconclusive evidence: only one relevant low-quality RCT, no relevant RCTs or RCTs with
inconsistent outcomes

Abbreviation: RCT, randomized control trial.
Source: Adapted from Ref. 56.
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back pain treated with acupuncture compared with those with no treatment or
sham treatment. The pooled analysis of two lower quality RCTs (n ¼ 90) comparing
acupuncture treatment with no treatment found that acupuncture was more effec-
tive for short-term pain relief with an SMD of20.73 (95% CI ¼ 21.19 to20.28) and
short-term functional improvement with an effect size of 0.63 (95% CI ¼ 0.19 to
1.08). There is also limited evidence (one lower quality RCT, n ¼ 40) that acupunc-
ture was also more effective at intermediate follow-up for outcomes of pain. The
pooled analysis comparing acupuncture treatment with sham therapy revealed
strong evidence that acupuncture was more effective for the relief of pain
immediately after treatment [weighted mean difference (WMD) ¼ 210.21, 95%
CI ¼ 214.99 to25.44, n ¼ 314] and for the three month period following treatment
(WMD ¼ 217.70, 95% CI ¼ 225.5 to 210.07, n ¼ 138).

Furlan et al. (61) further reported that while acupuncture was not more effec-
tive than other conventional and alternative treatments, when added to other con-
ventional therapies it relieved pain and improved function better than conventional
therapies alone. Four higher-quality trials (n ¼ 281 subjects) assessed the additive
effects of acupuncture with other therapies (exercises, nonsteroidal anti-inflamma-
tory drugs, aspirin, nonnarcotic analgesic, mud packs, infrared heat, back care edu-
cation, ergonomics, and behavioral modification) and compared them with these
therapies alone. The pooled analysis shows that acupuncture used in combination
with the other therapies was more effective; immediately after sessions (four
higher-quality trials, SMD ¼ 20.76, 95% CI ¼ 21.02 to 20.5, n ¼ 289), at short-
term follow-up (three higher-quality trials, SMD ¼ 21.1, 95% CI ¼ 21.62 to
20.58, n ¼ 182), and at the intermediate follow-up (two higher-quality trials,
SMD ¼ 20.76, 95% CI ¼ 21.14 to20.38, n ¼ 115). These effects were also observed
for functional outcomes immediately after sessions (three higher-quality trials,
SMD ¼ 20.95, 95% CI ¼ 21.27 to 20.63, n ¼ 173), at the short-term follow-up
(SMD ¼ 20.95, 95% CI ¼ 21.37 to 20.54), and at the intermediate follow-up
(SMD ¼ 20.55, 95% CI ¼ 20.92 to 20.18).

Although the conclusions found positive results with acupuncture, the mag-
nitude of the effects was thought to be relatively small. The average pain reduction
(measured on scales like VAS) in the acupuncture groupwith chronic low back pain
was 32% (16 studies), versus 23% in the sham group (six studies) versus 6% in the
no treatment group (six studies). Finally, there was again insufficient evidence to
make any recommendations for acupuncture’s use in acute low back pain.

Neck Pain
There have been two recent SRs of trials of acupuncture for neck pain. One found
that trials were equally split between positive and negative outcomes (62). The
other, using a newly developed tool to assess validity of findings of RCTs, found
no convincing evidence for the analgesic efficacy of acupuncture in chronic neck
and back pain (63). Both reviews noted that the methodologic quality of the trials
was poor. As these reviews were published, a large (n ¼ 177), methodologically
rigorous RCT examining the effect of acupuncture on neck pain was performed
comparing true acupuncture with massage and a sham laser treatment (64). One
week after five treatments, the acupuncture group showed significantly greater
improvement in motion-related pain compared with massage on a 100-point VSA
(SMD ¼ 24.22, 95% CI ¼ 16.5 to 31.9; P ¼ 0.0052), but not compared with sham
laser. This finding suggests that while acupuncture may relieve neck pain its
success is likely because of the placebo effect. A subsequent reanalysis of this
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raw data (65) using a regression analysis model rather than paired t-tests came to a
different conclusion. This reanalysis adjusted for baseline score and depression and
found true acupuncture reduced pain scores 11.5 points (95% CI 3.5 to 19.5 points;
P ¼ 0.005) more than those in the sham or massage group. When the analysis of the
data was limited to just those who had received sham laser or true acupuncture,
acupuncture resulted in a reduction of pain score of 9.4 points greater than sham
laser (95% CI 0.9 to 18.0 points; P ¼ 0.031).

Osteoarthritis
The most recent SR was published in 1997, and found highly contradictory results
in the 13 OA trials evaluated (66). There were positive results found in seven trials
and no significant results in the remaining six studies. Most of the studies with posi-
tive findings had a number of methodological flaws; no placebo control, no ran-
domization, small sample size, or no formal statistical analysis. Ezzo et al. (67)
identified seven trials (n ¼ 393) for inclusion in an SR looking specifically at OA
of the knee. A best evidence synthesis was performed to determine the strength
of evidence by control group. Compared with waiting list or treatment, there was
limited evidence that acupuncture was superior when using pain relief and func-
tional status as endpoints. Compared with sham acupuncture, there was strong evi-
dence that real acupuncture is more effective for pain relief but inconclusive
evidence that it was any better in improving the function. There was also
insufficient evidence for determining whether acupuncture was as efficacious as
other treatments.

These SRs were completed before the largest randomized placebo-controlled
acupuncture trial ever undertaken (n ¼ 570) was published (68). This trial, evaluat-
ing the use of acupuncture in knee OA, involved a more intensive acupuncture
regimen (23 sessions) for a longer period (26 weeks) than any other trial to date.
In this three-armed study, patients either received true EA, sham treatment, or edu-
cation. Patients were allowed to stay on their usual pain medicines or pursue any
nonpharmacologic therapy they or their physicians wished. The primary
outcome measures were changes in the validated Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) pain and function scores and a
patient global assessment at 8 and 26 weeks (refer Table 3 for subjects’ baseline
values). At eight weeks, subjects in the true acupuncture group experienced
greater improvement in WOMAC function scores (mean difference ¼ 22.9, 95%
CI ¼ 25.0 to 20.8; P ¼ 0.01), but not in WOMAC pain score or the patient global

TABLE 3 Baseline Scores

True
acupuncture
(n ¼ 190)

Sham
acupuncture
(n ¼ 191)

Education control
(n ¼ 189) Total (n ¼ 570)

WOMAC pain score
(0–20a)

8.92+ 3.42 8.90+ 3.39 9.01+ 3.70 8.94+ 3.50

WOMAC function
score (0–68a)

31.31+ 12.06 31.29+ 12.00 32.48+ 11.81 31.69+ 11.96

Patient global
assessment (1–5a)

2.95+ 0.97 3.08+ 0.88 2.94+ 0.88 2.99+ 0.91

aRange.
Abbreviation: WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
Source: Adapted from Ref. 68.
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assessment. At 26 weeks, true acupuncture saw a significant decrease in WOMAC
pain (mean difference ¼ 20.87, 95% CI ¼ 21.58 to 20.16; P ¼ 0.003) and function
scores compared with sham at 26 weeks (mean difference ¼ 22.5, 95% CI ¼ 24.7
to 20.4; P ¼ 0.01). This decrease in WOMAC pain and function scores was in the
order of 40% from baseline in each. There was also a significant improvement in
patient global assessment at 26 weeks (mean difference ¼ 0.26, 95% CI ¼ 0.07 to
0.45; P ¼ 0.02).

Lateral Epicondylar Pain
The only SR published in the Cochrane review series evaluating lateral epicondylar
pain concluded that there was insufficient evidence to support or refute the use of
acupuncture in the treatment of lateral elbow pain (69). This review did demon-
strate needle acupuncture to be of short-term benefit with respect to pain, but this
conclusion was based on the results of two small trials, the results of which were
not able to be combined in meta-analysis because of study heterogeneity. No
benefit lasting more than 24 hours post-treatment was demonstrated. Four new
clinical trials meeting the inclusion criteria have been published since this Cochrane
review, and a new SR evaluating the evidence in all six trials has been completed
(70). All six of the studies included in this review were rated as high-quality RCTs,
and five of these six indicated that acupuncture treatment was more effective than
control treatments in the short-term relief of pain (Table 4). A best evidence synthesis
approach was used and determined that there was strong evidence suggesting that
acupuncture was effective in short-term relief of lateral epicondylar pain.

The Molsberger study (82) cited in Table 4 is a good example of suprasegmen-
tal pain relief with acupuncture. In this study, a single treatment with one needle
placed below the head of the fibula reduced the pain scores by 55.8% in patients
with chronic tennis elbow compared with 15% in the placebo group (P , 0.01,
X2-test).

Fibromyalgia
A recent SR of acupuncture for the treatment of fibromyalgia included both RCTs
and cohort studies (71). Quality assessment of these studies revealed only one
methodologically rigorous RCTof the three studies reviewed (72). This randomized
single-blinded study involving 70 subjects, evaluated the effects of six acupuncture
or sham treatments administered over a three-week period. Assessment after the
final treatment found that true acupuncture was more effective than sham acupunc-
ture in relieving pain (VAS), increasing pain thresholds (as measured by blinded
assessors using algometry), improving subjective global ratings, and reducing
morning stiffness (Tables 5A, 5B). The pain threshold, considered to be the
primary outcome measure, improved by 70% in the EA group and 4% in the
control group. The lower quality studies’ results were also positive. The duration
of benefit following treatment is not known.

Summary
Much of the clinical evidence for acupuncture’s effectiveness is inconclusive
(Table 6). There is some emerging evidence of clinical efficacy; however, there is
still a great need for better quality research. Large-scale multicenter trials that
address the issues of adequate placebo control, uniformity of the definition of the
problem and treatment, and the use of objective outcomes are needed to further
validate this technique.
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ADVICE FOR PATIENTS
Practitioners
Many styles of acupuncture have evolved over the millennia. China, Japan, and
Korea all have their own distinct versions of acupuncture as do many western
countries. There is also a wide variety of acupuncture practitioners in North
America. In 1987, the American Academy of Medical Acupuncture was formed
as the first national physician and surgeon organization dedicated to the advance-
ment of acupuncture within America. Approximately 3000 physicians have under-
gone acupuncture training, usually completing 300 hours of formal education. A
physician’s approach is more often a synthesis of traditional practice combined
with a western understanding of myofascial trigger points, the nervous system,
and recent scientific discoveries about the potential mechanisms of acupuncture.
Practitioners with a more traditional approach to acupuncture include Oriental
Medical Doctors (OMDs) and Licensed Acupuncturists (LAcs). To become an
OMD, a four-year training course in traditional Chinese medical therapies includ-
ing herbal medicine, therapeutic massage (tuina) and exercise (Qi gong), and acu-
puncture must be completed. The two years of training required to become an LAc
is limited to acupuncture only. Finally, chiropractic and naturopathic physicians
often perform acupuncture as part of their clinical practice.

Treatment
People have different experiences with acupuncture needling, but it is not thought
to be particularly painful by most. One usually feels a slight jab when the needle is
inserted, and it is then manipulated briefly to achieve a brief sensation of numbness
or fullness known as “de qi.’’ “De qi’’ or the “arrival of qi’’ is associated with the
activation of nerve afferents that mediate acupuncture’s effects. Once the needles
are in place, there should be no discomfort felt. Depending on the problem, the
needles can be either left in place undisturbed, or stimulated manually, with a
burning herb (moxa) or electricity.

Acupuncture needles produce much less tissue trauma than hypodermic
needles. They are solid with a smooth point designed to push tissue aside as
opposed to hypodermic needles, which are hollow with beveled edges that cut
through the tissue. Acupuncture needles are also significantly thinner, with the
average needle able to fit easily inside the lumen of a 25-gauge hypodermic
needle. Anywhere from 5 to 15 needles are used in an average session and most
acupuncturists now use disposable needles which minimizes the risk of infection.

Patients can expect to be seen once or twice a week initially with treatments
being spaced out or stopped as clinical improvement is observed. A fair trial of
treatment in most chronic musculoskeletal problems is about six visits (55) and if
there is significant improvement, treatments should continue until the problem is
completely resolved or symptoms plateau. In acute soft-tissue injuries, treatments
can be performed as frequently as once or twice a day at the outset with the
frequency of treatment decreasing with improvement.

Adverse Effects
Treatment with acupuncture, generally speaking is very safe if performed by a com-
petent practitioner. Reports of serious side-effects like pneumothorax, infection,
spinal lesions, and problems associated with organ punctures and broken
needles beneath the skin have been reported in the literature but are rare. A
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recent SR of prospective studies of acupuncture safety found only two cases each of
pneumothorax and broken needles in a quarter of a million treatments (73). Two
recent prospective surveys in the United Kingdom found no serious adverse
events in over 66,000 treatments (74,75). To put this in perspective, gastropathy
caused by nonsteroidal anti-inflammatory drugs, the most popular medicines in
the world for musculoskeletal pain, is responsible for an estimated 100,000 hospi-
talizations and 10,000 deaths annually in the United States alone (76). Minor com-
plications with acupuncture are also infrequent (in the order of 14 per 10,000
treatments) and transient, seldom lasting more than a week. The most common
minor adverse events noted in these British studies were fainting, nausea, forgotten
needles, and headache.

CONCLUSION

Patients with musculoskeletal pain can sometimes be faced with unappealing
therapeutic options like surgery, or the long-term use of narcotics, antiseizure, or
psychotropic medications. Acupuncture offers practitioners and their patients a
low cost, low risk, drug-free alternative, or adjunct treatment with almost no
side-effects. Extensive laboratory evidence of physiological mechanisms suggests
that it can not only relieve pain and inflammation but it can also relax tight,
spastic muscles by improving blood flow. Despite 3000 years of empirical evidence
suggesting that acupuncture may relieve musculoskeletal pain, its clinical efficacy
has yet to be firmly established largely because of methodological shortcomings of
RCTs performed over the last 30 years. For the time being then, acupuncture
remains a therapeutic intervention of great practical potential still in need of
proper clinical validation.
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B6 Botulinum Toxin in Pain, Spasticity,
and Dystonia

M. Dholakia and Guy W. Fried
Thomas Jefferson University Hospital, Philadelphia, Pennsylvania, U.S.A.

INTRODUCTION

Botulinum toxin (BTX) is an exotoxin produced by the anerobic bacteriumClostridium
botulinum that has effects on motor, sensory, and autonomic nerves. Botulinum toxin
has been used clinically for over a decade in the management of various disorders,
including spasticity, dystonia, achalasia, benign prostatic hypertrophy, blepharos-
pasm, dysphonia, dystonia, hyperhidrosis, kyphoscoliosis, low back pain, migraine,
and tension-type headache, myofascial pain, nystagmus, pancreatitis, pelvic floor
disorders, rectal fissures, sialorrhea, TMJ syndrome, tremor, and urinary sphincter
dysfunction (1,2).

There are seven serotypically different strains of BTX (types A, B, C1, D, E, F,
and G), all of which cause motor paralysis and autonomic dysfunction via
inhibition of acetylcholine (ACh) release from presynaptic nerve terminals. Only
BTX type A (BTX-A) and BTX type B (BTX-B) are available for commercial use.
BTX-A is the most potent, widely used, and extensively studied strain of BTX.

BTX-A is available in the United States as the product Botoxw (Allergan Inc.,
Irvine, California, U.S.A.) and in Europe as Dysportw (Ipsen Ltd., UK).
Botulinum toxin type B is available in the United States as Myoblocw (Solstice
Neurosciences Inc., Malvern, Pennsylvania, U.S.A.) and in Europe as NeuroBlocw

(Solstice Neurosciences, Malvern, Pennsylvania, U.S.A.).

HISTORY

In 1817, the German physician Justinus Kerner first described foodborne
botulism, a disease characterized by symmetric descending paralysis with intact
sensation, abdominal pain, nausea, vomiting, dizziness, blurred vision, dry mouth,
ptosis, decreased pupillary and deep tendon reflexes, diplopia, dysphagia, dysar-
thria, dysphonia, constipation, and urinary retention. C. botulinum was identified
in 1897 by Emile van Ermangen as the organism responsible for this disease.
Edward Schantz isolated BTX in 1920. In 1949, it was shown that BTX-A blocked
transmission at the neuromuscular junction. In 1989, the United States Federal
Drug Administration (USFDA) approved Botox for the treatment of strabismus,
blepharospasm, and hemifacial spasm. In 2000, Botox and Myobloc were both
approved for use in treating cervical dystonia and pain related to cervical dystonia.
Botox cosmetic was approved in 2002 for treatment to reduce the appearance of
glabellar frown lines. Most recently, in 2004, Botox was approved for use in the
management of hyperhidrosis.
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MECHANISM OF ACTION

The BTX molecule is a 150-kDa dichain consisting of a 100-kDa heavy chain and a
50-kDa light chain, linked by a disulfide bond. In its native state, the toxin is com-
plexed to one or more nontoxic molecules that serve to stabilize it and protect it
from denaturation. Within hours of ingestion or injection, the carboxyl terminal
of the heavy chain binds irreversibly to a specific receptor on the membrane of
the presynaptic nerve. The toxin is then endocytosed into a vesicle. The light
chain portion of the toxin molecule is subsequently released into the cytosol of
the nerve terminal where it cleaves one or more of a group of proteins, collectively
termed the SNARE proteins, which facilitate the binding of ACh-containing
vesicles to the presynaptic nerve membrane. The specific protein disrupted varies
based on the serotype of the toxin; BTX-A cleaves the protein SNAP-25 (synaptoso-
mal protein of 25 kDa), and BTX-B cleaves the protein synaptobrevin. By interfering
with the exocytosis of ACh, BTX prevents the release of ACh into the synaptic cleft,
thereby preventing neuromuscular junction (NMJ) transmission and muscle con-
traction. The onset of action occurs within a few days to two weeks. Peak effect is
generally seen at approximately six weeks. The duration of action averages three
months in skeletal muscle, seven to nine months in the autonomic nervous
system, and up to one year in smooth muscle (e.g., detrusor).

The motor end plates that have been affected by the toxin may take up to one
year to regain normal function (3). However, the recovery of neuromuscular func-
tion occurs sooner, via axonal sprouting. This circumvents the deactivated motor
end plates and establishes new neuromuscular junctions.

When injected intramuscularly with the appropriate dose and localization,
BTX causes a localized, partial, temporary chemical denervation that weakens the
force of involuntary contraction without paralyzing the muscle. Muscle histology
reveals atrophy of muscle fibers and increased variation in fiber size during the
peak effect of the toxin. These effects appear to be temporary; muscle fiber size
(and theoretically, neuromuscular function) returns to normal, even after repeated
cycles of injection and recovery (1,4,5).

In addition to blocking the release of ACh at the NMJ of extrafusal muscle
fibers, BTX reduces spasticity by decreasing intrafusal fiber contraction within
the muscle spindle via inhibition of ACh release from the presynaptic terminal of
the gamma motor neuron. This reduces afferent input to the spinal cord, dampen-
ing the tonic stretch reflex (i.e., decreasing activation of the alpha motor neuron)
and resulting in decreased spasticity (5).

IMMUNOLOGY

In some cases, after repeated treatments, the patientmay develop immunologic resist-
ance to BTX. Blocking antibodies directed against the binding portion of the heavy
chain prevent the toxin molecule from being internalized into the presynaptic nerve
terminal. Clinically, the practitioner may note decreased paralytic or antiautonomic
effect compared with prior treatments. The development of blocking antibodies
seems to be associated with a higher dose and greater frequency of injection, in
addition to a larger protein load of the toxin complex.

The heavy chain-binding portion of each BTX serotype is unique; hence,
blocking antibodies directed against one serotype will not interfere with the activity
of another serotype. For a patient who develops resistance to BTX-A, for example,
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the activity of BTX-B should not be affected. However, cross-reactivity, although
rare, is possible.

COMMERCIAL PREPARATIONS

Botox is BTX-A, which is purified from bacterial cultures to create a complex of the
toxin and several accessory proteins. This complex is dissolved in a solution of
sodium chloride and human albumin and then vacuum dried. Each vial of Botox
contains 100 units of the toxin/protein complex, 0.5 mg of albumin, and 0.9 mg of
sodium chloride. Botox should be stored in a freezer (,258C), and should be
used within four hours of opening the vial, to reduce the risk of protein denatura-
tion or contamination. The product should be reconstituted with preservative-free
normal saline, prior to use.

Myobloc, BTX-B, is available in 2500, 5000, or 10,000 U per vial. Unlike Botox,
which is a powder that must be reconstituted prior to use, Myobloc is a liquid sol-
ution of 5000 units/mL. Myobloc can be stored at room temperature for nine
months, or in refrigeration (2–88C) for 30 months. Like Botox, Myobloc should be
used within four hours of opening the vial (Table 1).

Although only approved in the United States for the treatment of cervical dys-
tonia and pain caused by cervical dystonia, Myobloc appears in most cases to have
a similar efficacy, duration of action, and side-effect profile when compared with
Botox (3). Data directly comparing the two products is scant. Botulinum toxin
type B has been noted to cause more dry mouth than BTX-A, especially when
injected into the head and neck musculature. This side-effect is thought to be the
result of a greater affinity of BTX-B for sympathetic nerves (3).

Although the manufacturers of both Botox and Myobloc recommend that
only preservative-free normal saline be used to dilute their products, the use of pre-
servative-free local anesthetic has not been shown to cause protein denaturation,
and may reduce injection-site pain (1,3).

BTX is dosed in units, one unit being the amount of toxin that would kill 50%
of a standardizedmouse model (LD50) when injected intraperitoneally. It is import-
ant to note that although there are suggested conversions between the different
brands of BTX (30–50:1 for Myobloc to Botox, 3–5:1 for Dysport to Botox), these
are guidelines only. Owing to differences in chemical composition, manufacturing,
and biological activity of the types of BTX, there is no simple conversion between
units of one brand of BTX and units of another. In other words, 100 units of
Botox and 5000 units of Myobloc should not be expected to produce identical clini-
cal responses in the same patient. Thus, care must be taken when the clinician
wishes to substitute one product for another.

TABLE 1 Comparison of Commercially Available (in the United States) Botulinum Toxins

Serotype
Target
protein Form Storage

Units
per vial

Approved
uses

Botox A SNAP-25 Vacuum-dried ,258C 100 Strabismus,
blepharospasm,
hemifacial spasm,
cervical dystonia

Myobloc B Synapto
brevin

Solution 2–88C 2500/5000/
10,000

Cervical dystonia
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ADVERSE REACTIONS AND CONTRAINDICATIONS

The presence of motor neuron disease or any condition that affects the neuromus-
cular junction (e.g., myasthenia gravis, Eaton–Lambert syndrome, use of aminogly-
coside antibiotics, etc.) is a contraindication to the injection of BTX. In addition, BTX
should not be used in patients who are pregnant or breastfeeding or in those with
progressive myopathy or systemic illness.

The adverse events associated with BTX (Table 2) are generally dose depen-
dent and transient. The most common adverse event after BTX injection is exces-
sive weakness in the target muscle or local spread of the toxin causing weakness
in adjacent muscles. Injection into the muscles of the head and neck carries the risk
of local spread of toxin to the salivary glands causing dry mouth and/or spread to
the muscles of the pharynx and larynx, causing dysphagia. A flu-like syndrome
(muscle soreness, fever, chills) can also occur after BTX injection, and is thought
to be caused by the nontoxin portion of the injected molecule. Systemic spread
of BTX-A can also occur, as evidenced by the finding of increased jitter on
single-fiber electromyography (EMG) in muscles remote from the injection site
(4,6). One author has reported three cases of local BTX-A injection causing gener-
alized paresis (7). This systemic spread of BTX is thought to be via a hematogen-
ous or lymphatic route. It is not yet clear whether or not BTX-B carries the same
risk of systemic spread. Botulinum toxin does not enter the central nervous system
to any significant degree; thus, central nervous system side-effects (e.g., sedation)
are rare.

DOSING

The estimated lethal dose of Botox for the average patient is 3000 units (8). In order
to decrease the risk of formation of blocking antibodies, the current recommen-
dation for Botox is a maximum of 400 to 600 units, no more frequently than once
every three months (9,10). However, doses as high as 800 units every three
months have been used clinically without an apparent increase in adverse effects
or more frequent development of immunologic resistance. The maximum recom-
mended dose of Myobloc is no more than 10,000 to 15,000 units every three
months (9,11), although, like Botox, higher doses have been used clinically. In chil-
dren, a recent literature review suggests a maximum of 20 to 23 units/kg of Botox
no more often than every three months with less than 10 units/kg in a single large
muscle, divided into single injection sites of 50 units or less (12).

The selection of a dose of BTX for hypertonia should be based on several
factors, including the severity of the condition, the number of muscles involved,

TABLE 2 Potential Adverse Reactions to Botulinum Toxin Injection

Adverse reaction Reference

Focal weakness (8,24)
Generalized weakness (7)
Dysphagia (1,2,25)
Dry moutha (3,1)
Dyspepsia (3,1)
Flu-like syndrome (8,39)
Injection site pain (3,35)

aMore common with botulinum toxin (BTX) type B than with BTX-A injection.
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the length of time that hypertonia has existed in a certain muscle, patient age, body
mass, response to previous injections of BTX, concurrent use of other medications to
control hypertonia, use of adjunctive modalities or therapies after injection, and
cost. Severe hypertonia and greater patient body mass may warrant a higher
dose of toxin. Use of other medications (e.g., oral or intrathecal Baclofen) to
control hypertonia and/or the use of adjunctive modalities (e.g., electrical stimu-
lation of antagonist muscles) may potentiate the effects of BTX, decreasing the
amount of BTX that is necessary. More chronic hypertonia increases the likelihood
that some muscle fibrosis has occurred. The presence of muscle fibrosis makes the
injection of BTX less effective. The practitioner should let the clinical response to
previous injections guide the selection of the appropriate dose of BTX. Dosage
guidelines are outlined in Table 3.

DILUTION

Animal studies have demonstrated that dilution of injected BTX increases the
degree of resultant muscle paralysis (9,13,14). On muscle histology, muscles that
received a less concentrated solution of BTX showed more atrophy. The mechanism
by which this effect occurs is unclear but may involve greater diffusion of BTX
throughout the muscle when a larger volume of injectate is used, allowing the
toxin to affect a greater number of neuromuscular junctions (9). The advantage of
dilution is not only the potentially increased efficacy of the injection, but also a
decrease in the amount of toxin necessary and the possibility of treating more
muscle sites in a single session without exceeding the maximum suggested total
dose of toxin. The disadvantages of dilution include an increased potential for
spread of toxin from the target muscle to adjacent muscles, and the possibility of
increased injection site pain owing to the larger volume of injectate (9). In
general, no more than 0.5 cc should be injected per muscle site (10,11).

BOTULINUM TOXIN IN SPASTICITY

Spasticity is defined as a velocity-dependent increase in muscle tone. Spasticity is
caused by the loss of central descending inhibitory pathways causing disinhibition
of local spinal cord excitatory neurons. Spasticity can cause pain and inhibit func-
tion, in addition to predisposing the patient to the development of joint contractures
and pressure ulcers. Botulinum toxin has been shown to decrease spasticity in a
variety of central nervous system disorders, including stroke (15–17), spinal cord
injury (SCI) (18), cerebral palsy (CP) (19,20), traumatic brain injury (TBI) (21), and
multiple sclerosis (MS) (22). As explained earlier, BTX reduces spasticity through
its dual effects on the alpha motor-innervated extrafusal muscle fibers and the
gamma motor-innervated intrafusal muscle fibers of the muscle spindle.

Care must be taken in selecting the spastic muscles that are to be treated with
BTX. In some patients, especially those with SCI and CP, spasticity may be necess-
ary to enhance certain volitional movements. For example, some patients with SCI
might utilize spasticity in the triceps muscles to aid with transfers; injecting BTX
into these muscles might result in a loss of function. A diagnostic anesthetic
block using a local anesthetic should be considered before BTX injection in such
cases to determine the potential effect on function.

In treating spasticity, it is recommended that 10 to 50 units of Botox be injected
per muscle site, depending on the variables previously mentioned. In large

Botulinum Toxin in Pain, Spasticity, and Dystonia 103



T
A
B
L
E
3

S
u
g
g
e
st
e
d
D
o
s
e
R
a
n
g
e
s
fo
r
B
o
to
x
a
n
d
M
yo

b
lo
c
in

S
p
a
s
ti
c
ity

a
n
d
D
y
s
to
n
ia

P
o
s
iti
o
n

M
u
sc
le

S
p
a
st
ic
it
y
(u
n
its

p
e
r
v
is
it)

D
y
st
o
n
ia

(u
n
its

p
e
r
v
is
it)

A
p
p
ro
x
.
n
o
.
o
f
in
je
c
ti
o
n
s
it
e
s

B
o
to
x

M
y
o
b
lo
c

B
o
to
x

M
y
o
b
lo
c

A
d
d
u
ct
e
d
/i
n
te
rn
a
lly

ro
ta
te
d
s
h
o
u
ld
e
r

P
e
c
to
ra
lis

c
o
m
p
le
x

5
0
–
2
0
0

2
5
0
0
–
5
0
0
0

7
5
–
1
6
0

N
A

2
–
5

L
a
tis
s
im

u
s
d
o
rs
i

5
0
–
2
0
0

2
5
0
0
–
5
0
0
0

6
5
–
1
2
5

N
A

2
–
5

T
e
re
s
m
a
jo
r

2
5
–
1
0
0

1
0
0
0
–
3
0
0
0

5
0
–
1
0
0

N
A

1
–
3

S
u
b
sc
a
p
u
la
ri
s

5
0
–
1
0
0

1
0
0
0
–
3
0
0
0

N
A

N
A

1
–
2

F
le
xe

d
e
lb
o
w

B
ra
c
h
io
ra
d
ia
lis

2
5
–
1
0
0

1
0
0
0
–
3
0
0
0

2
5
–
9
0

N
A

2
–
3

B
ic
e
p
s

5
0
–
2
0
0

2
5
0
0
–
5
0
0
0

2
5
–
1
7
5

N
A

2
–
4

B
ra
c
h
ia
lis

4
0
–
1
5
0

1
0
0
0
–
3
0
0
0

2
5
–
7
5

N
A

2
P
ro
n
a
te
d
fo
re
a
rm

P
ro
n
a
to
r
q
u
a
d
ra
tu
s

1
0
–
5
0

1
0
0
0
–
2
5
0
0

1
0
–
3
5

5
0
0
–
1
5
0
0

1
P
ro
n
a
to
r
te
re
s

2
5
–
7
5

1
0
0
0
–
2
5
0
0

1
0
–
3
5

5
0
0
–
1
5
0
0

1
–
2

F
le
xe

d
w
ri
s
t

F
le
xo

r
c
a
rp
i
ra
d
ia
lis

1
0
–
1
0
0

1
0
0
0
–
3
0
0
0

1
5
–
5
0

5
0
0
–
2
5
0
0

1
–
2

F
le
xo

r
c
a
rp
i
u
ln
a
ri
s

1
0
–
1
0
0

1
0
0
0
–
3
0
0
0

1
5
–
5
0

5
0
0
–
2
5
0
0

1
–
2

C
le
n
c
h
e
d
fi
st

F
le
xo

r
d
ig
.

s
u
p
e
rfi
c
ia
lis

(p
e
r
fa
s
c
ic
le
)

2
0
–
6
0

1
0
0
0
–
3
0
0
0

1
5
–
4
0

2
5
0
–
1
5
0
0

1
–
2

F
le
xo

r
d
ig
.

p
ro
fu
n
d
u
s

(p
e
r
fa
s
c
ic
le
)

2
0
–
6
0

1
0
0
0
–
3
0
0
0

1
5
–
4
0

2
5
0
–
1
5
0
0

1
–
2

T
h
u
m
b
-i
n
-p
a
lm

F
le
xo

r
p
o
lli
c
is

lo
n
g
u
s

1
0
–
5
0

1
0
0
0
–
2
5
0
0

5
–
2
5

1
0
0
0
–
2
5
0
0

1
–
2

A
d
d
u
ct
o
r
p
o
lli
c
is

5
–
3
0

5
0
0
–
2
5
0
0

5
–
2
5

5
0
0
–
1
5
0
0

1
O
p
p
o
n
e
n
s
p
o
lli
c
is

5
–
3
0

5
0
0
–
1
5
0
0

5
–
2
5

1
2
5
–
2
5
0

1
–
2

F
le
xe

d
h
ip

Il
io
p
s
o
a
s

5
0
–
2
0
0

3
0
0
0
–
7
5
0
0

N
A

N
A

2
R
e
c
tu
s
fe
m
o
ri
s

5
0
–
2
0
0

2
5
0
0
–
5
0
0
0

N
A

N
A

2

104 Dholakia and Fried



F
le
xe

d
k
n
e
e

M
e
d
ia
l
h
a
m
s
tr
in
g
s

5
0
–
2
0
0

2
5
0
0
–
7
5
0
0

N
A

N
A

3
L
a
te
ra
l
h
a
m
s
tr
in
g
s

7
5
–
2
0
0

2
5
0
0
–
7
5
0
0

N
A

N
A

3
G
a
s
tr
o
c
n
e
m
iu
s

5
0
–
1
5
0

3
0
0
0
–
7
5
0
0

N
A

N
A

3
E
x
te
n
d
e
d
k
n
e
e

Q
u
a
d
ri
c
e
p
s

5
0
–
3
0
0

5
0
0
0
–
7
5
0
0

N
A

N
A

2
–
6

E
q
u
in
o
-v
a
ru
s
fo
o
t

G
a
s
tr
o
c
n
e
m
iu
s

5
0
–
2
5
0

3
0
0
0
–
7
5
0
0

5
0
–
2
0
0

N
A

2
–
4

S
o
le
u
s

5
0
–
2
0
0

2
5
0
0
–
5
0
0
0

5
0
–
1
0
0

N
A

1
–
3

T
ib
ia
lis

p
o
s
te
ri
o
r

5
0
–
1
5
0

3
0
0
0
–
7
5
0
0

5
0
–
2
0
0

2
5
0
0
–
7
5
0
0

1
–
3

T
ib
ia
lis

a
n
te
ri
o
r

5
0
–
1
5
0

2
5
0
0
–
5
0
0
0

5
0
–
2
0
0

2
5
0
0
–
5
0
0
0

1
–
3

F
le
xo

r
d
ig
.
lo
n
g
u
s

5
0
–
1
0
0

2
5
0
0
–
5
0
0
0

5
0
–
1
0
0

2
5
0
0
–
5
0
0
0

1
–
2

F
le
xo

r
d
ig
.
b
re
vi
s

2
0
–
4
0

2
5
0
0
–
5
0
0
0

3
0
–
8
0

2
5
0
0
–
5
0
0
0

1
–
2

F
le
xo

r
h
a
llu
c
is

lo
n
g
u
s

2
5
–
7
5

1
5
0
0
–
3
5
0
0

2
0
–
1
0
0

N
A

1
–
2

E
x
te
n
s
o
r
h
a
llu
c
is

lo
n
g
u
s

5
0
–
1
0
0

N
A

2
0
–
1
0
0

2
0
0
0
–
4
0
0
0

1
–
2

A
d
d
u
ct
e
d
th
ig
h

H
ip

a
d
d
u
c
to
r
g
ro
u
p

7
5
–
4
0
0

5
0
0
0
–
1
0
,0
0
0

N
A

N
A

2
–
6

E
x
te
n
d
e
d
/r
o
ta
te
d

n
e
c
k

L
e
va

to
r
s
ca

p
u
la
e

N
A

N
A

2
5
–
1
0
0

1
0
0
0
–
4
0
0
0

1
–
4

S
e
m
is
p
in
a
lis

c
a
p
it
is

N
A

N
A

5
0
–
1
5
0

1
0
0
0
–
5
0
0
0

1
–
4

S
te
rn
o
c
le
id
o
m
a
s
to
id

N
A

N
A

1
5
–
7
5

1
0
0
0
–
3
0
0
0

1
–
4

S
p
le
n
iu
s
c
a
p
it
is

N
A

N
A

5
0
–
1
0
0

1
0
0
0
–
5
0
0
0

2
–
6

T
ra
p
e
z
iu
s

N
A

N
A

5
0
–
1
5
0

1
0
0
0
–
5
0
0
0

2
–
4

L
o
n
g
is
s
im

u
s
c
a
p
it
is

5
0
–
1
5
0

1
0
0
0
–
5
0
0
0

1
–
4

F
le
xe

d
n
e
ck

S
te
rn
o
c
le
id
o
m
a
s
to
id

N
A

N
A

1
5
–
7
5

1
0
0
0
–
3
0
0
0

1
–
4

S
c
a
le
n
u
s
c
o
m
p
le
x

N
A

N
A

1
5
–
5
0

1
0
0
0
–
3
0
0
0

1
–
4

A
b
b
re
v
ia
ti
o
n
:
N
A
,
d
a
ta

u
n
a
v
a
ila
b
le
.

S
o
u
rc
e
:
A
d
a
p
te
d
fr
o
m

R
e
fs
.
3
,
9
,
1
0
,
1
1
,
2
5
,
2
6
.

Botulinum Toxin in Pain, Spasticity, and Dystonia 105



muscles, especially those in which the motor end plates are concentrated in mul-
tiple regions (e.g., gastrocnemius), multiple injection sites may produce better
results than a single injection site.

BTX injection into the detrusor has been shown to be effective in SCI patients
in treating refractory detrusor hyperreflexia, resulting in increased bladder
capacity, increased postvoid residual volume with decreased voiding pressure,
bladder compliance, and urge incontinence (23). In addition, transperineal injection
of BTX into the external urethral sphincter has been used to treat detrusor-external
sphincter dyssynergia, resulting in decreased maximum urethral pressure and
postvoid residual volume (23).

In treating large muscle groups, the practitioner is limited by the amount of
BTX that may be used at a given treatment session. In some muscles, especially
the bulky muscles of the lower limb, the spasticity may be too great to be treated
with BTX injection alone, even when maximal doses of toxin are used. In these
cases, it may be possible to use injections of phenol, an inexpensive neurolytic
agent, to block the alpha motor neuron and reduce spasticity in larger muscles,
reserving BTX for treatment of smaller muscles. In addition, the effects of BTX
may be enhanced by the use of physical modalities, such as splinting of the
spastic muscle or electrical stimulation of antagonist muscles, after injection.

In terms of pain management, it is estimated that 75% of patients with painful
spasticity will obtain some pain relief as a result of BTX injection (1). Joint or muscle
pain after treatment of weight-bearing limbs may occur, and is probably a conse-
quence of changes in the biomechanics of gait or posture. This pain should
resolve with ice, rest, stretching, and the use of nonsteriodal anti-inflammatory
medications (24). Another potential, though rare, complication of BTX injection
for spasticity is the development of urinary retention after injection of the bilateral
hip adductor muscles (24).

BOTULINUM TOXIN IN DYSTONIA

Unlike spasticity, dystonia is abnormally increased muscle tone that is not depen-
dent on velocity. The sustained muscle contraction of dystonic muscles causes irre-
gular, involuntary, and often painful twisting movements of the trunk, neck, and/or
limbs that result in abnormal fixed or shifting body positions. The pathogenesis of
dystonia is unknown, but is thought to be associated with impaired output from the
basal ganglia and/or thalamus. Dystonia can occur idiopathically, as an inherited
disorder, or in association with trauma, structural brain or spinal cord lesions, infec-
tion, Wilson’s disease, neuroleptic medications, metaclopramide, or complex
regional pain syndrome (CRPS). Typically, dystonic movements worsen during
volitional motor activity or periods of emotional stress and improve with relaxation
or sleep.

Dystonia is characterized as focal (involving one body part, e.g., cervical dys-
tonia), segmental (involving two contiguous body parts, e.g., craniocervical dysto-
nia), multifocal (involves noncontiguous body parts), or generalized (characterized
by segmental lower limb dystonia and involvement of at least one other body part).
The two most common focal dystonias are cervical dystonia and writer’s cramp.
Focal dystonias generally remain stable over time, rarely spreading to involve
other body areas.

Cervical dystonia involves abnormal tone in the sternocleidomastoid, trape-
zius, scalenus complex, semispinalis capitis, splenius capitis, and other neck
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muscles. Most patients are females between the ages of 30 and 50. In the majority of
cases, there is a gradual onset and progression of symptoms. The most common
form of cervical dystonia is isolated rotation of the head to one side, or torticollis.
Other common forms include forward neck flexion (antecollis), neck extension
(retrocollis), lateral neck flexion (laterocollis), or any combination of these
movements. On EMG evaluation, motor unit activity is seen in most of the
muscles that are agonists in the direction of movement with relative relaxation in
antagonist muscles.

Controlled clinical trials indicate that treatment with BTX is very effective in
improving both the limitation inmovement and pain associatedwith this condition.
The usual starting dose is 100 to 200 units of Botox (25) or 5000 to 10,000 units of
Myobloc (26), total for the muscles involved in cervical dystonia (Table 3).
Smaller doses should be used when treating the anterior neck muscles, especially
the bilateral sternocleidomastoid muscles, to decrease the risk of dysphagia
owing to local spread of toxin to the muscles of the pharynx.

Another possible adverse effect of BTX use in cervical dystonia is weakness of
the neckmusculature, resulting in difficulty maintaining head posture. This compli-
cation can be managed by wearing a soft cervical collar until the effects of the toxin
abate. It should also be noted that themuscles of the neck overlap inmultiple layers,
sometimes with agonist and antagonist muscles overlying each other. For this
reason, awareness of the depth of needle insertion is critical for the treatment of
cervical dystonia. Furthermore, the localization of muscles based on anatomical
landmarks can be less accurate when the head is held in an abnormal position
(25). Electromyographic evaluation can be useful to determine which muscles
should be injected. Other potential complications of BTX injection, though rare,
are pneumothorax, vascular injury, or neurologic injury (owing to the proximity
of the cervical muscles to the lung apices, carotid arteries, jugular veins, and
cervical nerve roots).

Writer’s cramp, a form of occupational dystonia, has been described in musi-
cians and other individuals whose activities necessitate repetitive movements of the
hands. The condition typically begins with a sensation of clumsiness of the hands
during fine motor activity, and progresses to slowing of movement and tightness of
the grip. Involuntary muscle tone can cause abnormal posturing of the hand. In
general, hyperextension or hyperflexion of the wrist and fingers occurs, associated
with activity. Once the activity is ceased, the muscle contraction subsides and the
symptoms should resolve. Writer’s cramp can be associated with tremor, torticollis,
and pain in the hand extending to the forearm or shoulder. It responds poorly to
treatment with oral medications or physical therapy. BTX is the treatment of
choice, and has been found to be effective in alleviating both the abnormal
muscle contraction and the pain associated with this focal dystonia (27–29).

BOTULINUM TOXIN EFFECT ON NOCICEPTION

An emerging use of BTX is as an analgesic agent. In clinical use, especially in the
treatment of cervical dystonia, a dissociation between muscle relaxation and pain
relief has been noted. That is, the patient may experience pain relief before any
muscle relaxation effects are seen, and pain relief may persist after the muscle relax-
ation effect has dissipated (30). This observation suggests that BTX modulates pain
via amechanism that is distinct from its mechanism of reducingmuscle contraction.
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Animal models support the theory that BTX has direct effects on nociception.
In culture, BTX has been shown to inhibit the release of substance P—a neuropep-
tide involved in nociception and the neurogenic inflammatory response—from the
dorsal root ganglion of embryonic rat sensory neurons (31). In this study, all sub-
types of BTX tested (types A, B, C, and F) were found to decrease substance P
release. However, BTX-A had the most pronounced effect. Botulinum toxin type
B had the least significant effect. The inhibition of substance P release occurred as
early as four hours after exposure to BTX-A, and was sustained for 15 days. In a
rat model, Cui et al. (32) demonstrated that Botox reduces neurogenic inflammation
and inflammation-induced pain (known as the delayed, or phase II, pain response),
although it does not reduce pain caused by direct stimulation of chemical or
thermal nociceptors. Current theories postulate that BTX inhibits the release of
certain neuropeptides, which are important in inducing neurogenic inflammation,
such as substance P, CGRP, or calcitonin gene-related peptide, from the peripheral
nerve terminals of sensory neurons. The target proteins responsible for facilitating
the fusion of ACh-containing vesicles with the motor neuron presynaptic mem-
brane are thought to also facilitate the fusion of neuropeptide-containing vesicles
with the peripheral sensory nerve terminal membrane. Thus, by cleaving the
same target protein, BTX reduces muscle contraction, and may also reduce nocicep-
tion. Furthermore, the neuropeptides that mediate neurogenic inflammation are
thought to sensitize the afferent neuron, resulting in spinal cord hyperexcitabil-
ity—also known as central sensitization—which may enhance the perception of
pain. By blocking the release of these neuropeptides, BTX may prevent or decrease
the development of central sensitization, thereby reducing the perception of
pain (32,33).

BOTULINUM TOXIN IN MYOFASCIAL PAIN SYNDROME

Myofascial pain syndrome (MPS) is a regional pain disorder diagnosed by the pal-
pation of one or more trigger points. A trigger point is a palpable, hyperirritable
band of muscle which, when compressed, causes pain in a characteristic referral
pattern. Dry-needling or lidocaine injection of trigger points are currently accepted
treatments for MPS. However, BTX injection has become a treatment option in cases
in which these measures have failed to provide adequate pain relief. BTX-A and B
appear to have similar efficacy in MPS in case reports and in retrospective analyses
(3). Patient selection, injection techniques, and BTX dose can all affect the success of
treatment.

BOTULINUM TOXIN IN MIGRAINE HEADACHE

Several placebo-controlled trials have shown reduction in the frequency and sever-
ity of migraine headaches and a decrease in the use of rescue medications, after
injection of BTX-A into muscles of the head and neck (frontalis, temporalis, pro-
cerus, corrugator, and/or trapezius) (34,35). Most of the studies used a total of
100 units of Botox or less, and the duration of effect was approximately three
months. Transient brow ptosis, blepharoptosis, diplopia, and injection site pain
and/or ecchymosis are potential complications of BTX injection for the treatment
of migraine headaches. In the treatment of chronic tension-type headache, BTX-A
has not been found more efficacious than placebo (35).
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At this time, BTX cannot be considered a first-line treatment for any of the
aforementioned pain disorders. Rather, its use should be reserved for those cases
in which more conservative treatments have failed. A small number of reported
cases describe the use of BTX in treating residual limb pain in amputees (36) and
zone of injury allodynia in patients with spinal cord injuries (37). However,
further studies are required to establish the efficacy of BTX in treating these dis-
orders. Ongoing clinical trials are examining the effect of intra-articular BTX injec-
tion on joint pain owing to osteoarthritis, and the use of BTX for the treatment of
painful interstitial cystitis. It seems likely that the role of BTX in pain management
will continue to expand in the coming years.

INJECTION LOCALIZATION TECHNIQUES

Muscles to be injected can be grossly identified on the basis of anatomic landmarks,
by using surface or needle electrical stimulation to elicit a twitch response, or with
the use of EMG. Once the target muscle has been identified, the practitioner must
then decide the location in the muscle to inject BTX. It has been shown in a
canine model that localizing BTX-A injections at or near the neuromuscular junc-
tion maximizes the paralytic effect of the toxin (38). In most striated muscles, the
greatest concentration of neuromuscular junctions (i.e., the motor end plate zone)
is at the midpoint of the muscle. In these muscles, anatomic localization may
suffice to identify the motor end plate zone.

In some muscles, such as those originating from the abdominal wall or those
located deep in other structures, the midpoint of the muscle may not be easily dis-
cernable by palpation. In muscles with multiple sites of origin (e.g., gastrocnemius)
or with fibers of varying lengths (e.g., sartorius, gracilis) the motor end plates may
not be located at the anatomic midpoint of the muscle, but may, instead, be scat-
tered throughout the muscle (38). In such cases, EMG may be used to locate the
end plate region or electrical stimulation to identify the motor point. The motor
point is defined as the area where a small motor nerve enters the muscle. The
motor point should not be confused with the motor end plate, where the neuromus-
cular junction is located and ACh is released. In most muscles, the location of the
motor point and the motor end plate zone are the same. However, in some
muscles, such as the gastrocnemius and peroneus longus, this is not the case (38).
Needle EMG is the most accurate method to identify the neuromuscular junction,
allowing the smallest needed dose of BTX to be deposited closest to its site of
action. Electromyography also helps to identify viable muscle, especially in patients
with chronic spasticity or dystonia, in whom the muscles may have undergone
fibrotic change. In patients with active spasticity or dystonia, the presence of con-
stant motor unit activity may make identification of the end plate with EMG
impossible. In these cases, the areas of the muscle with the greatest amount of
motor unit activity are injected.

REFERENCES
1. Raj PP. Botulinum toxin therapy in pain management. Anes Clin North Am 2003; 21(4).
2. Jankovic J. Botulinum toxin in clinical practice. J Neurol Neurosurg Psychiatry 2004;

75:951–957.
3. Royal MA. Botulinum toxins in pain management. Phys Med Rehabil Clin N Am 2003;

14:805–820.

Botulinum Toxin in Pain, Spasticity, and Dystonia 109



4. Klein AW. Complications and adverse reactions with the use of botulinum toxin. Disease
Month 2002; 48:5.

5. Rosales R, et al. Extrafusal and intrafusal muscle effects in experimental botulinum
toxin-A injection. Muscle Nerve 1996; 19:488–496.

6. Olney RK, Aminoff MJ, Gelb DJ, et al. Neuromuscular effects distant from the site of
botulinum neurotoxin injection. Neurology 1988; 38:1780–1783.

7. Bhatia KP, Munchau A, Thompson PD, et al. Generalised muscular weakness after
botulinum toxin injections for dystonia: a report of three cases. J Neurol Neurosurg
Psychiatry 1999; 67:90–93.

8. Childers MK, Aoki KR. Pharmacology in pain relief. In: Childers MK, ed. The Use of
Botulinum Toxin Type A in Pain Management, 2nd ed. Columbia: Academic Infor-
mation Systems, 2002:35.

9. Francisco GE. Botulinum toxin: dosing and dilution. Am J Phys Med Rehabil 2004;
83:S30–S37.

10. http://www.mdvu.org/library/dosingtables/btxa_adg.html (WeMove: Management of
spasticity with Botulinum Toxin Type A).

11. http://www.mdvu.org/library/dosingtables/btxb_adg.html (We Move: Botulinum
Toxin Type B Adult Dosing Guidelines).

12. Kinnett DK. Botulinum toxin A injections in children: technique and dosing issues.
Am J Phys Med Rehabil 2004; 83:S59–S64.

13. Shaari C, Sanders I. Quantifying how location and dose of botulinum toxin injections
affect muscle paralysis. Muscle Nerve 1993; 16:964–969.

14. Kim HS, Hwang JH, Jeong ST, et al. Effect of muscle activity and botulinum toxin
dilution volume on muscle paralysis. Dev Med Child Neurol 2003; 45:200–206.

15. Childers MK, Brashear A, Jozefczyk P, et al. Dose-dependent response to intramuscular
botulinum toxin type A for upper-limb spasticity in patients after a stroke. Arch Phys
Med Rehabil 2004; 85:1063–1069.

16. Brashear A, Gordon MF, Elovic E, et al. Intramuscular injection of botulinum toxin for the
treatment of wrist and finger spasticity after a stroke. N Engl J Med 2002; 347:395–400.

17. Gordon MF, Brashear A, Elovic E, et al. Repeated dosing of botulinum toxin type A for
upper limb spasticity following stroke. Neurology 2004; 63:

18. Fried GW, Fried KM. Spinal cord injury and use of botulinum toxin in reducing spasti-
city. Phys Med Rehabil Clin N Am 2003; 14:901–910.

19. Koman LA, Mooney JF III, Smith BP, et al. Management of spasticity in cerebral palsy
with botulinum A toxin: report of a preliminary, randomized, double-blind trial.
J Pediatr Orthop 1994; 14:299–303.

20. Gaebler-Spira D, Revivo G. The use of botulinum toxin in pediatric disorders. Phys Med
Rehabil Clin N Am 2003; 14:703–725.

21. Yablon SA, et al. Botulinum toxin in severe upper extremity spasticity among patients
with traumatic brain injury: an open-labeled trial. Neurology 1996; 47:939–944.

22. Hyman N, et al. Botulinum toxin (Dysport) treatment of hip adductor spasticity in mul-
tiple sclerosis: a prospective, randomized, double-blind, placebo controlled, dose
ranging study. J Neurol Neurosurg Psychiatry 2000; 68:707–712.

23. Frenkl TL, Rackley RR. Injectable neuromodulatory agents: botulinum toxin therapy.
Uro Clinics N Am 2005;

24. Bell KR,Williams F. Use of botulinum toxin type A and type B for spasticity in upper and
lower limbs. Phys Med Rehabil Clin N Am 2003; 14:821–835.

25. Walker FO. Botulinum toxin therapy for cervical dystonia. Phys Med Rehabil Clin NAm
2003; 14:749–766.

26. http://www.mdvu.org/library/dosingtables/btxa_adg_dys.html (We Move: Manage-
ment of dystonia with Botulinum Toxin Type A).

27. Wissel J, et al. Botulinum toxin in writer’s cramp: objective response evaluation in 31
patients. J Neurol Neurosurg Psychiatry 1996; 61:172–175.

28. Tsui JKC, Bhatt M, Calne S, Calne DB. Botulinum toxin in the treatment of writer’s
cramp: a double-blind study. Neurology 1993; 43:183–185.

29. Cole R, Hallett M, Cohen LG. Double-blind trial of botulinum toxin for treatment of focal
hand dystonia. Mov Disord 1995; 4:466–471.

110 Dholakia and Fried



30. Freund B. Temporal relationship of muscle weakness and pain reduction in subjects
treated with botulinum toxin A. J Pain 2003; 4:159–165.

31. Welch MJ, Purkiss JR, Foster KA. Sensitivity of embryonic rat dorsal root ganglia
neurons to Clostridium botulinum neurotoxins. Toxicon 2000; 38:245–258.

32. Cui M, Khanijou S, Rubino J, Aoki RK. Subcutaneous administration of botulinum toxin
A reduces formalin-induced pain. Pain 2004; 107:125–133.

33. Silberstein S. Botulinum neurotoxins: origins and basic mechanisms of action. Pain Pract
2004(suppl); 4:S19–S26.

34. Silberstein S, et al. Botulinum toxin type A as a migraine preventive treatment. Head-
ache 2000; 40:445–450.

35. Winner P. Botulinum toxins in the treatment of migraine and tension-type headaches.
Phys Med Rehabil Clin N Am 2003; 14:885–899.

36. Kern U, et al. Effects of botulinum toxin type B on stump pain and involuntary move-
ments of the stump. Am J Phys Med Rehabil 2004; 83:396–399.

37. Jabbari B. Botulinum toxin A improved burning pain and allodynia in two patients with
spinal cord pathology. Pain Med 2003; 4:206–210.

38. Childers MK. The importance of electromyographic guidance and electrical stimulation
for injection of botulinum toxin. Phys Med Rehabil Clin N Am 2003; 14:781–792.

39. Jankovic J, Brin MF. Therapeutic use of botulinum toxin. N Engl J Med 1991; 324:
1186–1194.

Botulinum Toxin in Pain, Spasticity, and Dystonia 111





B7 Arthrography and Joint Injection/Aspiration:
Principles and Techniques

Eoin Kavanagh
Department of Musculoskeletal Radiology, University of Pittsburgh Medical Center,
Pittsburgh, Pennsylvania, U.S.A.

William B. Morrison
Thomas Jefferson University Hospital, Philadelphia, Pennsylvania, U.S.A.

INTRODUCTION

For physicians interested in diagnosis and treatment of joint disease, it is important to
study the methods for needle access. Once a reliable joint access is achieved, one can
inject therapeutic substances, such as lidocaine or steroid; aspirate joints suspected
of harboring infection; and perform diagnostic arthrograms. Image guidance is the
basis for reliable articular procedures, as definitive placement can be documented.
This chapter will discuss the techniques and approaches for image-guided needle
placement into the major and minor joints.

GENERAL TECHNIQUES
Conventional Arthrography
Conventional arthrography involves the percutaneous injection of contrast material
into a joint followed by a series of radiographs, with specific views depending on
the joint being imaged. As a diagnostic technique, conventional arthrography has
been replaced by other imaging modalities in nearly all cases. Conventional arthro-
graphy is rarely performed today; however, it is essential for the practicing muscu-
loskeletal radiologist to be familiar with the techniques used, as the injection
methods employed can be applied to any advanced form of arthrographic
imaging. In patients with severe claustrophobia and in centers without computed
tomography (CT) or magnetic resonance imaging (MRI) technology, it may be
necessary to employ the use of conventional arthrography. Many textbooks have
addressed the finer nuances of the art of arthrography, and these provide a
useful reference guide should one of these procedures need to be performed. The
techniques used in conventional arthrography can also be applied to joint aspira-
tion. For joint aspiration, fluoroscopy, ultrasound, or CT guidance can be used.
Fluoroscopy is the most common technique to use owing to its versatility, relatively
low cost, and ease of use.

For aspiration of suspected septic arthritis, an 18-gauge or larger needle is rec-
ommended for joint access, as infected joint fluid usually has a higher viscosity
compared with regular joint fluid. When performing a joint aspiration, it is essential
to inject a small volume of iodinated contrast material to verify the intra-articular
location of the needle tip and to assess any potential abnormal communications
of the joint space. If aspiration of a suspected septic joint yields no fluid, it may
be useful to instill sterile saline into the joint followed by aspiration, thereafter
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sending any aspirated material for culture. When infection is suspected, it is best to
avoid the initial intra-articular administration of iodinated contrast material which
has bacteriostatic properties.

Computed Tomographic Arthrography
Computed tomographic arthrography (CTA) is useful for the demonstration of car-
tilaginous and osseous intra-articular bodies, cartilage defects, fracture fragments,
synovial abnormalities, and ligamentous disruption (Fig. 1). It is usually reserved
for patients with contraindications to MRI. The most common contraindications
to MRI include patients with claustrophobia—those with implanted pacemaker/
defibrillator devices, and patients with any other internal metallic objects that
specifically exclude the possibility of MRI owing to their composition or location.
CTA involves the intra-articular injection of iodinated contrast material typically
followed by axial CT scanning. Using multidetector CT technology, very thin
sections allow for acquisition of volumetric data, therefore allowing reconstructions
to be performed in any plane without loss of resolution. The newer generation mul-
tidetector CT scanners generate a higher proton flux decreasing the streak artifact
that often limited CTA on older scanners. Therefore, 300-mg I/ml nonionic iodi-
nated contrast should be used without the need for intra-articular air injection
when a multidetector scanner is used, and excellent quality images can be acquired.
With older generation CTscanners, it is prudent to dilute contrast with sterile saline
or to use a less concentrated iodinated contrast preparation to avoid streak artifact.
Many authors in the past have advocated injection of variable amounts of air as a
negative contrast agent. This is useful to distend the joint without creating signifi-
cant artifact, and the air can be moved about the joint by putting the patient in
different positions. Some authors “coat” the synovium with only a few cubic centi-
meters of contrast, filling the rest of the joint with air. These techniques have fallen
by the wayside with the advent of multidetector CT technology.

The techniques used for accessing the joint are exactly the same as for conven-
tional arthrography and MR arthrography (MRA). Contraindications to CTA
include patients with a history of severe contrast allergy and pregnant patients

FIGURE 1 Computed tomographic arthrography. (A) Sagittal reformatted image shows contrast
distending the joint. Cartilage is visualized at high resolution; note small cartilage defect at the
trochlea (arrow). (B) Coronal reformatted image shows contrast outlining the intact anterior
cruciate ligament (arrow) and menisci (arrowheads).
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(owing to the teratogenic effects of radiation). As the spatial resolution achieved
with CTA is greater than that of MRA, some authors feel that CTA is superior to
direct MRA for the detection of subtle cartilage lesions. Computed tomographic
arthrography has been studied in the evaluation of the postoperative knee, with
excellent visualization of meniscal re-tears. It is also very useful in patients who
have metallic orthopedic hardware in situ. Using high mAs techniques, beam-
hardening artifact from implanted metal hardware can be almost completely
eliminated. Such patients would typically not be candidates for MRA owing to
the distortion of MR images secondary to metallic susceptibility artifact. It is
likely in the near future that the use of multidetector CTA would enjoy increased
use in the imaging of the postoperative joint.

Magnetic Resonance Arthrography
Direct MRA
Conventional MRI has enjoyed great success in imaging the musculoskeletal
system, and has deservedly become the “gold-standard” imaging technique for sus-
pected internal derangement of joints. There are, however, several limitations of
conventional MRI examinations, including the inability to visualize small intra-
articular structures, and the fact that many pathologic processes have similar
signal intensity to normal anatomical structures. Postoperative findings may also
be similar in signal intensity to pathological changes. Unless there is an effusion
present, conventional MRI may be somewhat limited owing to nondistention of
the joint.

Direct MRA involves the direct injection of dilute gadolinium, followed by
MR imaging. This leads to improved intra-articular contrast owing to the T1 short-
ening effect of gadolinium, and also provides distention of the joint, allowing
smaller intra-articular structures to be visualized (Fig. 2). The distention effect
alone of saline injection has proved better than conventional MRI in some
studies. The distention effect also forces intra-articular contrast through and
around pathologic entities. With adequate distention, intra-articular gadolinium

FIGURE 2 Direct magnetic resonance arthrography (MRA). Dilute gadolinium contrast is injected
directly into the joint followed by MR imaging. (A) Coronal image of the hip shows bright contrast
in the joint, undermining a superior labral detachment (arrow). (B) Coronal image of the knee
shows an unstable osteochondral lesion of the medial femoral condyle, with high signal contrast
extending under the fragment (arrows).
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will enter any pathologic entity in communication with the joint space. Magnetic
resonance arthrography provides excellent soft-tissue contrast and demonstrates
many abnormalities beyond the resolution of conventional MRI. One of the main
disadvantages of MRA is the artifacts seen in patients with implanted prostheses
and metallic hardware.

To perform direct MRA, the gadolinium injected should be diluted to 2.5 mM.
To achieve this concentration, we add 0.1 cc of gadopentetate dimeglumine to 20 cc
of normal saline. This admixture is then shaken to allow for uniform dilution. The
final gadolinium dilution ratio should be 1:200. It has been demonstrated that iodi-
nated contrast reduces the T1 shortening effect of gadolinium. This effect is seen on
both high and low field-strength systems. It is therefore advisable to use as little
iodinated contrast as is needed when performing direct MRA examinations. For
direct MRA, the quality of the examination is not affected by patient exercise. We
therefore encourage patients to ambulate normally to the MRI suite postinjection,
but do not routinely prescribe nor avoid exercise postinjection for direct MRA.

Current indications for direct MRA include assessment of the glenoid labrum
in the shoulder and acetabular labral tears in the hip. Direct MRA is also useful for
the imaging of cartilage lesions. Magnetic resonance arthrography can also be used
for accurate determination of the congruity of the rotator cuff and to distinguish
between rotator cuff tendonosis and a full thickness tear (when gadolinium
would pathologically enter the subacromial-subdeltoid bursa). Direct MRA is
useful in imaging the postoperative joint (especially the shoulder and knee).
Direct MRA is also useful in assessing intraosseous ligament tears in the wrist
and the ligament tears about the elbow joint. In the ankle, direct MRA can deter-
mine the patency of the anterior talo-fibular ligament in patients with ankle
sprain. Direct MRA is a safe procedure with no adverse effects reported with the
use of intra-articular gadolinium over a 15-year period.

Indirect MRA
Indirect MRA involves the injection of a standard dose of 0.1 mmol/kg of intrave-
nous gadolinium, followed by delayed imaging, to create an “arthrographic effect”
as the contrast diffuses into the joint (Fig. 3). As the gadolinium diffuses from the
blood stream into the synovial compartment of the joint being imaged, the
degree of arthrographic effect will depend on the volume of synovial fluid
present within the joint and the degree of synovial vascularity. One of the main dis-
advantages of indirect arthrography is the lack of joint distention (unless a pre-
existing effusion was present). Typically, patients with small to moderate joint
effusions will achieve a better arthrographic effect using this technique. A tense
effusion may prevent or delay contrast uptake owing to increased intra-articular
pressure. In addition, a large effusion may cause heterogeneous or incomplete
filling of the joint with gadolinium. Smaller joints, such as the wrist and ankle,
and the small joints of the hands and feet achieve a more consistent arthrographic
effect owing to the high synovial area/joint volume ratio. Patient exercise postinjec-
tion of intravenous gadolinium will increase diffusional flow into the joint and
improve the arthrographic effect. One of the main advantages of indirect arthrogra-
phy is the fact that it can be performed offsite without the need for an invasive
procedure. This technique may also be more acceptable to patients as it involves
an intravenous injection only.

Indirect arthrography is not optimal for the evaluation of the acetabular labrum.
Heterogeneous enhancement within large joints can lead to misdiagnosis, and
optimally cases should be monitored and additional delay or exercise employed if
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this is the case. Interpreter errors can occurwith this technique owing to enhancement
of normal intra-articular structures (such as the periphery of the triangular fibrocarti-
lage complex). Indirect arthrography is also useful in the postoperative patient, but is
considered less useful than direct MRA because postoperative granulation tissue can
also enhance and may be confused for recurrent tear.

Complications
Complications of direct arthrography are rare and usually self-limiting. The
most commonly reported complications are transient pain and restricted range of
motion of the joint injected. These complications will usually resolve several
hours postarthrography as the injectate is absorbed and the degree of joint
distention abates.

Infection is a potential risk of arthrography, but with appropriate sterile tech-
nique, this complication is rarely encountered in clinical practice. Hemarthrosis is
another potential risk of arthrography, which is rarely encountered, except in
patients on anticoagulant therapy. There is also a potential risk of iatrogenic
damage to normal articular or extra-articular structures with arthrography. In
general, arthrography is a safe procedure. Proper patient positioning and technique
will ensure that arthrography of any joint will be a safe procedure with very few
complications encountered.

Contraindications
Relative contraindications to arthrography include coagulopathy (International
Normalized Ratio .1.4 or platelets ,50,000/mm3), systemic infection, contrast
allergy and pregnancy. In patients with an increased tendency for bleeding, a
smaller access needle can be used, and ultimately, the radiologist should weigh
the benefits versus the risks to the patient in conjunction with the referring clinician.
Smaller, compressible joints are less problematic than deep joints in this setting.

FIGURE 3 Indirect magnetic resonance arthrography (MRA). This technique involves the injection
of a standard dose of gadolinium contrast intravenously. The contrast accumulates in the joint and
MR imaging is performed after a delay, usually 30 minutes or greater. Unlike direct MR
arthrography, vascular and hyperemic structures outside the joint also enhance. (A) Indirect MR
arthrogram of the shoulder in oblique coronal plane shows enhancement of the joint fluid and
pericapsular structures. Note irregular enhancement under the superior labarum (arrow) consistent
with tear. (B) Coronal indirect MR arthrogram of the wrist shows contrast extending through the
scapholunate ligament (arrow) representing a tear.
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Systemic infection is only a relative contraindication, as in some cases, aspiration
with arthrography may be indicated to determine an occult source of sepsis (e.g.,
in a patient with sepsis after total hip arthroplasty). For those patients with a
history of prior allergy to iodinated contrast material, it is advisable to prescribe
pretreatment with 32 mg of oral methylprednisolone at 12 and two hours prior
to the procedure. Pregnancy is also a relative contraindication to arthrography
owing to the potentially teratogenic effects of radiation. In pregnant patients
who require arthrography, consideration should be given to ultrasound-guided
joint injection.

There are very few absolute contraindications to arthrography, but they
include; patient/caretaker unwilling or unable to consent to the procedure and
active infection at the site of skin puncture.

General Fluoroscopic Technique (Table 1)
The procedure, its risks, alternatives, and potential complications are explained to
the patient. A consent form is signed. The patient is positioned on the fluoroscopy
table, and once the desired patient position is achieved, preliminary radiographs
are obtained. It is essential to review the preliminary radiographs prior to commen-
cing the arthrographic procedure. A metallic marker is placed over the expected
needle entry site. Using real-time or intermittent fluoroscopy, the desired position
is marked using a pen or by making a skin impression using, for example, the cir-
cular end of a needle cover. The skin over the needle entry site is prepped and
draped in the usual fashion. Lidocaine is administered to the skin and subcu-
taneous tissues. The arthrography needle is then advanced into the joint in question
using real-time or intermittent fluoroscopy. Upon entry to the joint, a small
volume of iodinated contrast material can be injected via soft tubing to confirm
intra-articular placement of the needle tip. If an effusion is present, it should be
drained to completion. Some authors advocate the intra-articular injection of a
small (1–2 cc) volume of lidocaine to provide additional diagnostic information if
pain relief is achieved postarthrography. Thereafter, the injectate of choice is admi-
nistered to the joint, depending on the desired arthrographic technique. Some
centers advocate the addition of a small volume of epinephrine to the injectate if

TABLE 1 Equipment Needed for Fluoroscopic Guidance of Joint Injection or
Aspiration

Fluoroscopy table or C-arm with facility for spot radiographs
Various sizes and shapes of cushions and bolsters for patient positioning
Metallic markers
2�10-cc syringes (for lidocaine and iodinated contrast—Fig. 1)
1�20-cc syringe (for the injectate—depending on the arthrography technique)
Insulin syringe (for gadolinium + epinephrine)
Soft connector tubing
Sterile gloves
Sterile gauze
Sterile drapes
Various sized needles, 22, 20, and 18 gauge
Adhesive bandage
20-cc sterile saline
10-cc 1% lidocaine
10-cc iodinated contrast 300 mgI/ml.
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imaging is to be performed after a delay (e.g., at an “off-site” MRI facility). The
administration of intra-articular epinephrine results in synovial vasoconstriction,
and delays resorption of the injectate. To add epinephrine draw 0.1 cc of 1:1000
epinephrine using an insulin syringe and add it to the injectate.

In general, low resistance is a useful sign of intra-articular position (which is
why a 20-gauge needle is recommended for most joint injections), but this is limited
in obese patients. If fluoroscopy shows the needle tip to lie within the joint but high
resistance is encountered, then the operator should try turning the needle tip when
injecting. If that is not successful, the needle should be pulled back 1 to 2 mm, as the
needle tip may be embedded in cartilage. Injection should be stopped if any signifi-
cant pain is encountered or when the capsule is fully distended (the operator will
note a rapid increase in resistance). Injection should also be terminated when the
target intra-articular injection volume has been achieved.

Ultrasound Guidance Technique
Many practicing radiologists use ultrasound-guided techniques for joint aspiration
or for arthrographic joint injection (prior to CTA or MRA). The advantages of ultra-
sound are that it is readily available; it does not employ ionizing radiation; and it is
a relatively quick and simple technique.

The procedure, its risks, alternatives, and potential complications are
explained to the patient. A consent form is then signed. The patient is then
placed in a comfortable position on the examination couch to allow for easy
access to the joint for injection. Typically, a 5- to 12-MHz linear array transducer
is used for ultrasound-guided joint access techniques. The appropriate location
and window is then chosen based on known joint recesses or by targeting a specific
pocket of joint fluid. Doppler evaluation is recommended to assess for vascular
structures surrounding the joint for injection or along the projected potential
needle approach path. Some operators find it useful to mark the chosen transducer
position with indelible ink on the skin surface. The skin is then prepped and draped
in the usual fashion. A sterile cover is placed over the ultrasound probe. Using a
strict aseptic technique, 1% lidocaine is administered to the skin and subcutaneous
tissues, and then a 20- to 22-gauge needle is inserted oblique to the skin and along
the long axis of the probe in order to achieve optimal needle visualization, under
direct ultrasonic guidance. The needle tip itself should be identified as a moving
reflector (Fig. 4). The needle can be “jiggled” slightly, and if not immediately
observed then movement of the surrounding tissues can be easily detected. The
path of the needle is then adjusted under real-time ultrasonic guidance. Passage
of the needle tip into a joint is generally associated with a feeling of transient cap-
sular resistance followed by a sensation of a resistance-free space. Joint injection can
then be performed under real-time sonographic observation.

Specific Fluoroscopic Joint Access Techniques
Shoulder
The most common technique used is the anterior approach with insertion of a needle
at the junction of themiddle and lower thirds of the glenohumeral joint. For shoulder
arthrography, a 20-gauge 3.5-inch spinal needle is used for joint access.

The patient is positioned in the supine position with the arm in a position of
external rotation. A sandbag is placed in the patient’s upturned palm to maintain a
position of external rotation. Using a metallic marker, the preferred access point is

Arthrography and Joint Injection/Aspiration 119



marked at the lower third of the glenohumeral joint (Fig. 5). Following the admin-
istration of local anesthetic to the skin and subcutaneous tissues, the needle is
placed straight down to the joint erring to the side of the humeral head to avoid
abutting the glenoid labrum. This method, originally described by Schneider, is
probably the most widespread technique in use today by radiologists. With this
technique, the needle must traverse the subscapularis myotendinous junction
and the inferior glenohumeral ligament. Therefore, there are associated potential
risks of distorting or damaging anatomical structures, such as the glenoid
labrum. We routinely use this approach for shoulder arthrography, and find it a
safe and relatively easy technique, acceptable to patient and operator alike.

For shoulder arthrography, approximately 12 to 14 cc of injectate is instilled
into the shoulder joint when assessing the glenoid labrum (depending on the

FIGURE 4 Ultrasound as guidance method. (A) Transverse image of the posterior aspect of the
glenohumeral joint (G, glenoid; H, humeral head) shows an effusion distending the joint capsule
(arrows). (B) Placement of needle creates echogenic line (arrows) as it is observed passing into
the joint. (C) Aspiration with resolution of capsular distension. Note echogenic needle tip (arrow)
remaining in posterior joint. Source: Images courtesy Levon Nazarian, M.D., Philadelphia,
Pennsylvania, U.S.A.
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volume of the capsule). Volumes of up to 16 cc can be used when assessing the
integrity of the rotator cuff.

Some authors have advocated a modified anterior approach via the rotator
interval. With this technique, the needle is directed from a position on the skin
just anterior to the acromion toward the medial upper quadrant of the humeral
head, entering the joint capsule via rotator interval. We have found this technique
useful in obese patients in whom breast tissue overlies the shoulder in the supine
position. A smaller 22- to 25-gauge needle is used for joint access using this tech-
nique. The potential difficulty with this technique of injection is that the subacro-
mial-subdeltoid bursa overlies the superior aspect of the rotator interval, and this
technique may result in inadvertent puncture of the bursa leading to difficulties
with diagnostic interpretation.

A posterior approach to the joint capsule can be used, but this is most com-
monly used by nonradiologists without image guidance, often leading to inadver-
tent injection of the overlying muscle or subacromial-subdeltoid bursa. This
approach has been advocated in patients with suspected anterior instability and
in muscular patients. The needle tip is aimed at the upper one-third of the posterior
glenohumeral joint. Positioning for fluoroscopic guidance is more challenging than
for anterior approaches, as an oblique view along the glenohumeral joint must be
acquired with the patient in the prone position. This position can be achieved
with bolsters under the shoulder and by using a C-arm.

Conventional shoulder arthrography is still used for the detection of full
thickness rotator cuff tears. For this technique, 8 cc of intra-articular contrast is
administered, followed by the administration of 8 cc of intra-articular air. Both
the contrast and the air can be drawn into a 20-cc syringe, and injected without
disconnecting the tubing. Once the air is injected and intra-articular position is
verified, the needle is withdrawn without disconnecting the syringe and tubing
(otherwise air will leak out though the needle). The patient then exercises by swing-
ing the arm. Anteroposterior views of the shoulder are obtained in internal and

FIGURE 5 Technique for shoulder arthrography using an anterior approach. The patient is lying
supine on the fluoroscopy table with the arm externally rotated. (A) Anteroposterior (AP)
radiograph of the shoulder shows the preferred site for access at the lower third of the
glenohumeral joint (circle). (B) AP radiograph of the shoulder shows needle in position and
iodinated contrast in the glenohumeral joint (arrow).
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external rotation with and without the use of counterweights. If a full thickness
rotator cuff tear is present, then contrast and air will be seen to extend from the
glenohumeral joint into the subacromial-subdeltoid bursa. Sonography and MR
guidance have also been used for needle positioning in shoulder arthrography.

Hip
When addressing the topic of hip arthrography, it is essential to review the anatomy
of the femoral canal. The femoral canal overlies the hip joint, and is the passageway
by which femoral neurovascular structures exit from the abdomen into the upper
thigh. The boundaries of the femoral canal are anteriorly the inguinal ligament,
medially the pubic bone and the lacunar ligament, laterally the iliopsoas muscle,
and posteriorly the pubic ramus and pectineus muscle. The femoral canal is
divided into two compartments by the medial border of the femoral vein. The
medial compartment is termed the femoral ring. The lateral compartment contains
the following structures from medial to lateral; lymphatic channels, the femoral
vein, the femoral artery, and most laterally the femoral nerve. The femoral artery
and vein are enclosed by the femoral sheath, an extension of the transversalis
fascia. It is essential to palpate and mark the course of the femoral artery in each
patient undergoing hip arthrography, to ensure that inadvertent puncture of
these vessels does not occur. Reliance on anatomical landmarks is not a safe prac-
tice, as anatomical variations in this region can occur and differences in patients’
body habitus can lead to misjudgment of where the femoral vessels lie.

Hip arthrography is commonly used to assess the articular cartilage for the
presence of intra-articular bodies and labral tears, which may be associated with
femoral-acetabular impingement. Therapeutic hip injection and diagnostic aspiration
are also major indications for this technique.

Hip arthrography is most commonly performed using a direct anterior
approach, with the needle inserted toward the lateral aspect of the junction of the
femoral head and neck (Fig. 6). The reason for this approach is that the joint

FIGURE 6 Technique for hip arthrography. (A) Anteroposterior (AP) radiograph of the hip shows
the preferred site of needle access for hip arthrography at the lateral aspect of the junction of the
femoral head and neck (circle). (B) AP radiograph of the hip shows iodinated contrast within the
hip joint after needle removal.

122 Kavanagh and Morrison



capsule is a thick structure which is best approached at an angle. The medial joint
should be avoided, as the femoral nerve and vein overlie this region. Many different
techniques for hip arthrography have been reported in the radiology literature.
Some authors have recommended a lateral or steep oblique supratrochanteric
approach, which may be useful in obese patients with abdominal pannus. Targeting
the center of the femoral neck is a commonly used technique; however, a direct
approach onto the femoral neck can pinch the capsule onto the bone, resulting in
high resistance or injection into the bursa. Some authors recommend caudal or
cranial angulation of the needle tip during its approach. For hip arthrography,
10 to 12 cc of injectate is instilled into the hip joint, depending on the tolerated
volume of the joint.

Total Hip Arthroplasty Aspiration
Aspiration of a total hip arthroplasty is a frequently requested radiological investi-
gation. Postoperative patients with sepsis or pain may be referred for this
technique. The technique of total hip aspiration is relatively straightforward,
employing the use of fluoroscopic guidance.

The procedure is explained to the patient, and informed consent is obtained.
Using sterile technique, the skin is prepped and draped in usual fashion. The course
and position of the femoral artery is marked on the patient’s skin. This is important
as anatomical markers may have changed secondary to scarring of the superficial
tissues in a postoperative patient. Following this, an 18-gauge needle is advanced
toward the metallic femoral head or neck component of the hip prosthesis. It
may be difficult to visualize the needle on the fluoroscopic images owing to the met-
allic nature of the total hip prosthesis. Angulation of the tube may aid visualization
of the needle tip. Once the needle is felt to impress on a metallic surface, an aspira-
tion sample is obtained. If no fluid is obtained, the needle should be “walked”
around the medial and lateral aspects of the femoral neck. An alternative access
method has been described, which involves advancing the aspiration needle past
the lateral aspect of the shaft of the prosthesis and into the dependent portion of
the joint.

If no fluid is obtained after this, then 10 cc of sterile saline should be injected
through the needle and an immediate aspiration taken. The fluid obtained is then
sent for culture and sensitivity, and microbiological analysis. Once the aspiration
is completed, a small volume of iodinated contrast is injected to verify intra-articular
position, and to evaluate for abnormal communication into any pathological entities,
such as sinus tracts and abscesses, and around the prosthesis, indicating loosening.
Postaspiration radiographs are then obtained.

Any fluid obtained should be placed in a sterile container and sent for Gram
stain, microscopy, culture, and sensitivity. A sample of the fluid collected should
also be sent for a cell count by placing a small amount of fluid within an appropriate
collection tube that can be centrifuged in the microbiology laboratory.

Knee
Conventional arthrography of the knee is now rarely performed owing to the super-
iority of conventional MRI for the detection of internal derangement; however,
injection of the knee remains common as a part of MRA or CTA. For anterolateral
access to the knee joint, the patient is placed in the supine position and the knee is
placed in a position of slight flexion with a roll under the popliteal fossa (Fig. 7).
After the administration of subcutaneous anesthesia, the patella is then pulled
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medially and the puncture is made at the level of the mid-patella using a 1.5-inch 20-
gaugeneedle (someoperatorsfind thatplacing thepatienton their side in the“running
man”position is useful for this approach). The knee joint can alternatively be accessed
via a medial approach, also at the level of the mid-patella. The needle is then aimed
beneath the surface of the patella. An anterior approach for knee arthrography,
which mimics the route used for arthroscopy, has also been employed with success.
When using this technique, the knee is imaged in the lateral plane (in the “running
man”position), and followingpalpation of the patellar tendon, the needle is advanced
medial to the tendon, in the direction of the trochlear cartilage. To perform knee
arthrography via an anterior approach, a 3.5-inch 20-gauge needle is recommended.

After injection, concentric elastic bandage can be wrapped around the knee
above the patella in order to prevent contrast from pooling in the suprapatellar
recess. The total amount of injectate for knee arthrography is 20–30 ml.

FIGURE 7 Technique for knee arthrography via the patellofemoral joint (A, B) and the alternative
anterior approach (C, D). (A) Lateral radiograph of the knee shows the preferred site for needle
access to the knee joint via the patellofemoral joint (circle). (B) Lateral radiograph of the knee with
needle in position (arrow) and iodinated contrast in the knee joint. (C) Lateral radiograph of the
knee shows site of access for knee arthrography via an anterior approach with the entry site
medial to the patellar tendon (circle). (D) Lateral radiograph of the knee shows needle (arrow) in
position at the trochlea and iodinated contrast within the knee joint.
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One of the main indications for direct MRA of the knee is the assessment of
the postoperative knee. Meniscal re-tears will be manifest as areas where gadoli-
nium penetrates the substance of the meniscus. Joint distention is therefore critical
when performing direct MRA of the knee, to allow for passage of gadolinium into
meniscal retears.

Wrist
Wrist arthrography is typically performed for the assessment of a suspected triangu-
lar fibrocartilage complex tear or an interosseous ligament tear of either the scapho-
lunate or lunatotriquetral ligament. Tears of these small ligaments are diagnosed by
direct visualization of the tear or by extension of contrast into an adjacent compart-
ment. There are three joint components that can be potentially evaluated in a
complete wrist arthrogram—the radiocarpal joint, the midcarpal joint, and the
distal radioulnar joint. Unlike arthrography of most other joints in the body, as
there are multiple sites of potential communication, it is beneficial to radiographi-
cally evaluate the early flowof iodinated contrast (whether performing conventional
arthrography,MRA, or CTA). Small perforations and abnormal communications can
be detected on early spot radiographs. It is important to point out that these abnorm-
alities will also be evident on later films, but the exact location of a perforation has
become obscured.

The administration of subcutaneous lidocaine is optional when assessing the
radiocarpal joint, as the needle used is typically a short 25-gauge needle. The
patient’s hand is placed with the palm facing downward (Fig. 8). When injecting
the radiocarpal joint, a roll can be used to place the wrist in a small degree of
flexion. The needle is then advanced into the radiocarpal joint via a dorsal
approach, aiming between the distal radius and the mid scaphoid. Pitfalls of radio-
carpal injection include injection into the superficial extensor tendons and targeting
the osseous surface of the radial rim. A three-compartment wrist arthrogram
involves initial injection of the radiocarpal joint followed by exercise. The patient
is then brought back three to four hours later, and undergoes injection of the mid-
carpal joint, followed by injection of the distal radioulnar joint, each injection fol-
lowed by exercise. The target location for injection of the midcarpal joint is at the
joint space at the junction of the triquetral, capitate, hamate, and lunate bones.
The location for injection of the distal radioulnar joint is at the distal aspect of the
articulation between the radius and the ulna. If the distal radioulnar joint requires
injection, it should be performed last, as it can be a painful procedure owing to the
sensitivity of the adjacent periosteum.

Typical injection volume is 3 cc for the radiocarpal joint, 2 to 3 cc for the mid-
carpal joint and 1 cc for the distal radioulnar joint (the latter two joints are typically
injected until resistance is felt).

Elbow
For arthrographic access to the elbow joint, the patient should be placed lying prone
with the arm over their head, or sitting in a chair with their arm placed on a table
with the elbow flexed to 908 (Fig. 9). The joint can be entered laterally over the radio-
capitellar joint using fluoroscopic guidance or posterolaterally between the olecra-
non and the humerus. The advantage of the latter technique is that no major
structures, including the lateral collateral ligament, need to be traversed. An 1.5-
inch 20- or 22-gauge needle is used to access the radiocapitellar joint. Seven to
ten cubic centimeters of the injectate is then instilled.
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Ankle–Tibiotalar Joint
Initially, the course of the dorsalis pedis artery is palpated andmarked. The artery is
positioned lateral to the anterior tibialis tendon (Fig. 10). After injection of a small
volume of subcutaneous lidocaine and under fluoroscopic guidance, a 1.5-inch 20-
gauge needle is introduced with use of sterile medial to the anterior tibial tendon
aiming for the talar dome. Approximately, 7 to 12 ml of injectate is injected into the
joint. Contrast material may extend into the flexor hallucis longus tendon sheath,
and may also extend into the subtalar joint (6–25% of individuals). If this occurs,
then a greater volume of contrast may be required to distend the joint adequately.

Pubic Symphysis
Arthrography of the pubic symphysis is best performed under sonographic or
fluoroscopic guidance. After subcutaneous injection of local anesthesia, a 22-
gauge needle is targeted toward the symphyseal cleft at the upper margin of the
joint, using a cranial to caudal approach (Fig. 11). Once the needle reaches the
outer margin of the joint, signified by increased resistance with a firm consistency,

FIGURE 8 Technique for wrist arthrography (radioscaphoid, midcarpal, and distal radioulnar
joints). (A) Anteroposterior radiograph of the wrist shows site for injection of the radioscaphoid
(circle), the midcarpal (arrow), and distal radioulnar joint (arrowhead). (B) Needle within the
radioscaphoid joint. Iodinated contrast is seen throughout the radiocarpal joint. (C) Needle within
the midcarpal joint. Iodinated contrast is seen within the midcarpal joint which normally
communicates with the second through fourth carpometacarpal joints. (D) Needle within the distal
radioulnar joint (arrow) with iodinated contrast.
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the needle is advanced 1 cm farther into the cleft of the fibrocartilaginous disk. After
positioning the needle, 1 cc of nonionic contrast material is injected into the
symphyseal cleft to confirm the needle’s position, show the morphology of
the disk, and to potentially provoke symptoms. A single anteroposterior radio-
graph should be performed to record the appearance of the disk. Lack of
imaging guidance may lead to a periarticular injection and diagnostic inaccuracy.
For the treatment of osteitis pubis, an aqueous suspension composed of steroid
and long-acting local analgesic can be injected into the cleft.

Acromioclavicular Joint
Arthrography of the acromioclavicular joint is typically performed under fluoro-
scopic guidance with a 1.5-inch 22-gauge needle introduced anterior-superiorly
using cranial to caudal angulation with the patient in the supine position. A tiny
volume of contrast is injected into the joint to confirm intra-articular placement
of the needle tip. This procedure is usually performed for the administration of
local anesthesia to the joint for documentation of symptom relief.

Metatarsophalangeal Joint
Diagnostic arthography of the metatarsophalangeal joints is rarely performed, but
can be very useful for accurate evaluation of plantar plate tears and other pathologi-
cal conditions affecting these joints. Using fluoroscopic guidance, an 1.5-inch

FIGURE 9 Technique for elbow arthrography. (A) Lateral radiograph of the 908-flexed elbow shows
site for access to the elbow joint laterally at the radiocapitellar joint (circle). (B) Needle in position
(arrow) and iodinated contrast within the elbow joint (arrowhead ).

FIGURE 10 Technique for ankle arthrography. (A) Lateral ankle view showing location for access
to the ankle joint anteriorly (line). The needle is placed medial to the dorsalis pedis artery and is
directed toward the talar dome. (B) Contrast within the ankle joint. Often there is communication
with the subtalar joint (arrow).
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22-gauge needle is advanced into the joint using a dorsal approach and a small
volume of contrast medium injected.
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INTRODUCTION

The use of sonography to guide for interventional procedures in themusculoskeletal
system has been increasing in frequency in the United States over the past few years
(1–3). This may be attributed, in part, to increased familiarity of musculoskeletal
radiologists with the modality and the acceptance of sonography as a diagnostic
imaging tool by orthopedic surgeons and rheumatologists. The documented accu-
racy of sonography for diagnosing various conditions in the musculoskeletal
system, and the proven reliability of sonography to guide for diagnostic and thera-
peutic interventions, has helped to strengthen and broaden sonography’s role in
musculoskeletal imaging (1–13).

This review will outline the current status of musculoskeletal sonography in
performing various percutaneous interventions in the musculoskeletal system,
with an emphasis on extra-articular applications, as intra-articular interventions
are discussed elsewhere in this text.

This review received Institutional Review Board approval.

GENERAL CONSIDERATIONS

In general, a medium- or high-frequency linear transducer is of universal utility in
performing musculoskeletal ultrasound procedures (6). The smaller structures of
the hands and feet necessitate the use of a higher-frequency transducer, whereas
the larger joints, such as the shoulder and hip, which are at a relatively increased
depth, require a lower-frequency transducer for visualization. Depending on the
patient’s body habitus, a lower-frequency curved sector transducer may be
employed to increase the imaging depth of penetration (9). In general, at our insti-
tution, a standoff pad is not utilized for the evaluation of superficial structures,
in favor of the liberal use of ultrasound gel, although some find a standoff
pad helpful.

Direct visualization of the linear echogenic needle tip entering the target of
interest is the most reliable confirmation of accurate medication delivery to the area
of interest. Additional confirmation of accurate needle placement can be performed
with the injection of trace amounts of air mixed with saline, and observing the echo-
genic air bubbles within the tendon sheath, joint, or other area of interest (10,14).
Test injections of local anesthetic, as well, can result in observing fluid distention of
the area of interest, often with visualizing echogenic microbubbles, depending on
the viscosity of the injected fluid and synovial fluid, be it fluid distending a tendon
sheath or joint (1,6,14). Delivery of the therapeutic anesthetic/steroid mixture,
owing to its viscosity, can result in the formation ofmicrobubbles, yielding essentially
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an inherent contrast effect (“sono-arthrographic effect” in the cases of intra-articular
injections), further confirming accurate needle placement (14,15).

Power Doppler is a useful adjunct in the evaluation of conditions in the mus-
culoskeletal system. Areas of questionable inflammation can demonstrate increased
power Doppler activity, thus directing therapeutic intervention to the appropriate
area (16). In certain rheumatologic conditions, a quantitative and subjective
change in power Doppler activity has been demonstrated in areas of inflammation
status postsonographic guided steroid injections (17,18). In some rheumatological
studies, the use of intravenous contrast agents [e.g., Levovistw, Berlex, Canada
(99.9% galactose, 0.1% palmitic acid)] with power Doppler imaging has proven to
be effective in documenting responses in synovial perfusion after intra-articular
steroid injection (18). The daily clinical use of sonographic contrast agents in the
musculoskeletal system, however, has not been defined.

Tendons
The majority of the tendons (tendon sheaths) throughout the musculoskeletal
system can be addressed for sonographic-guided injection. The most directly
approachable tendons are those that are the most superficially located, such as
the ones about the wrist or ankle.

For tendon sheath injections, a preliminary scan should be performed to
evaluate the presence of a tendon sheath effusion; whereas the presence of fluid
in the tendon sheath enables a technically easier injection, the absence of fluid
does not preclude performing an injection in the appropriate clinical setting.

Tendons are best approached in short axis (1,2) (Fig. 1). The shortest distance
from the patient’s skin to the tendon sheath should be determined and that route,
barring any intervening neurovascular structures, should, in general, be chosen.
The needle should be directed to a position circumferential to the tendon, within
the tendon sheath. Ideally, if the tendon sheath of interest is directly apposed to
bone, the needle should be directed deep to the tendon into the tendon sheath,
directly apposed to bone, which will allow for better needle stability.

During real-time evaluation in a tendon sheath injection, the fluid being
injected should flow quite readily and easily, and be visualized distending the
tendon sheath. Turning the transducer along the long axis of the tendonduring injec-
tion of the anesthetic steroidmixture often allows formore reliable confirmation that
the tendon sheath is being distending appropriately.

FIGURE 1 Ultrasound-guided PTT sheath
injection. Short-axis sonographic image of the
PTT demonstrates mild enlargement of the
tendon with decreased echogenicity, consistent
with tendinosis (PTT). The echogenic linear
needle tip is seen within the hypoechoic tendon
sheath (arrow). Abbreviation: PTT, posterior
tibial tendon.
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The same procedure can be used for diagnostic tendon sheath aspirations, in
the setting of inflammation or potential infectious tenosynovitis. In this setting,
power Doppler is often useful, usually demonstrating marked increased vascular-
ity along the course of the tendon and tendon sheath in the setting of active
inflammation or infection (16). A slightly lower gauge (larger bore) needle
might be employed for diagnostic aspirations in the setting of questionable
infection, as the material may be somewhat thick.

Soft-Tissue Masses
Most soft-tissue masses, and occasionally, osseous lesions, which are cortically based
or those that have a significant soft-tissue component, can be addressed for sono-
graphic guided aspiration or biopsy. Characterization of the lesion in question
should be performed prior to the procedure, and correlation of the sonographic
appearance of the lesion with other cross-sectional imaging studies (e.g., magnetic
resonance imaging or computed tomography), should be done, as the sonographic
echo characteristics may often be nonspecific (4,19).

The echotexture of the lesion; relationship to nearby neurovascular structures;
and vascularity of the lesion, should all be taken into account before planning a
sonographic-guided biopsy. Close communication with the referring oncologic
orthopedic surgeon is vital for presurgical planning with a discussion as to the
projected path of needle placement and trajectory, which generally is crucial for
presurgical planning (4,19).

Large core samples, such as those obtained with standard biopsy guns, and
needle aspirated for cytology can be obtainedwith sonographic guidance, depending
on individual pathology laboratory preference.

Other soft-tissue masses that can be addressed for sonographic-guided injec-
tion include Morton’s neuromas, which are not truly “tumors,” but mass-like
lesions in the intermetatarsal webspaces formed by chronic irritation with resultant
proliferative fibrosis forming about the interdigital nerves (20) (Fig. 2). These
lesions may be visualized either from the dorsal or the plantar aspect of the foot
depending on the site in the webspace they are located, usually with a medium fre-
quency linear transducer. Depending on the location where the neuroma is best
visualized, the needle can be placed along the more plantar margin of the foot
(usually with the patient positioned supine, with the foot dorsiflexed) or through
the dorsal margin of the webspace (with the patient supine and the affected foot
flat on the examining table); the latter position affords slightly greater stability
of the foot with less ability of the patient to abruptly move the foot during the
procedure (2).

Periarticular Conditions (Ganglia, Bursae, Calcific Tendinitis)
Various periarticular pathologies can be addressed for sonographic guided inter-
ventions. Periarticular ganglion or synovial cysts are common causes of pain, and
can occasionally present clinically with an, often concerning, palpable mass. These
structures are usually in close proximity to, if not directly arising from, a joint.
Ganglion cysts are commonly encountered in the wrist, foot, and ankle.
The ability of ultrasound to localize and define boundaries of fluid-filled struc-
tures, such as cysts has been established throughout the body, and periarticular
ganglion or synovial cysts can be seen and decompressed with sonographic
guidance (11).
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One of the most common periarticular cystic lesions often treated with sono-
graphically guided injection and aspiration is a synovial cyst about the knee,
located between the semimembranosis and medial head of the gastrocnemius
tendons (popliteal cyst or Baker’s cyst). These collections of fluid often decompress
from the joint. These cysts can become quite large, and can cause mechanical symp-
toms, pain and often clinical concern of a more aggressive process, as a mass may be
felt clinically. Cysts that are relatively simple can be readily addressed for aspiration
with a short needle, as these are often localized close to the skin surface. A relatively
large bore (18 gauge) needle is suggested barring other clinical contraindications,
such as a bleeding diathesis, as the fluid in these cysts can be quite viscous. A
spinal needle can be used for larger cysts (Fig. 3). Popliteal cysts can be internally
complex, containing synovial debris, whichmay be calcified or ossified, occasionally
limiting the applicability of sonographic-guided aspiration.

True and adventitial bursae can be injected with sonographic guidance. These
can include the greater trochanteric bursa, adventitial bursae in the webspaces of
the toes, often associated with intermetatarsal neuromas, and the retrocalcaneal
bursa. As with other applications throughout the musculoskeletal system, directly
visualizing the needle entering the fluid collection (bursa) of interest confirms
accurate needle placement.

Periarticular calcification (calcium hydroxyapatite deposition) within
tendons or bursae can be a cause of, occasionally fairly severe, pain and limited

FIGURE 2 (A) Longitudinal ultrasound image of the third webspace of the forefoot with a medium-
frequency linear transducer with color optimization demonstrates a focal hypoechoic nodule
consistent with a neuroma (N). (B) Ultrasound-guided injection of the neuroma using a short 25-
gauge needle demonstrates the needle tip (arrow) to be within the center of the lesion. (C)
Injection of the neuroma with steroid/anesthetic mixture demonstrates filling of the neuroma and
associated adventitial bursa with echogenic material (arrow) confirming accurate delivery of
medication.
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range of motion (21). This most often occurs about the shoulder. Calcium deposits
can be seen with sonography as areas of focal increased echogenicity, often
demonstrating posterior acoustic shadowing if well mineralized and dense. Sub-
jectively, the less well mineralized, somewhat amorphous and softer, calcifications,
are most amenable to percutaneous treatment (13,22,23). Occasionally, with rela-
tively acute onset of disease symptoms, regional flow can be seen about the calcific
deposits with color or power Doppler sonography, indicating an inflammatory
response (23).

Once the calcific deposit is localized with sonography, one or two needles can
be inserted into the calcific deposit for injection and aspiration (Fig. 4). We rec-
ommend an 18- or a 20-gauge spinal needle. If a two-needle system is used, the
needles are placed perpendicular to one another, with one needle used for injection
and the other for aspiration. Ideally, mechanical lavage of the calcific deposit with
1% lidocaine results in gradual disintegration of the calcium deposit, with resultant
aspiration of milky white material back into the syringe, usually with partial disper-
sement of the calcium into the bursa where it eventually is resorbed. Following
mechanical lavage, injection of the pericalcific area with a mixture of 1% lidocaine
and corticosteroid is performed. There have been several studies reporting on the
excellent success of this technique, with the best results encountered when patients
present relatively acutely.

Miscellaneous
Chronic heel pain owing to plantar fasciitis can be treated with sonographic-guided
injections. Traditionally, blind plantar fascia injections have been performed by pal-
pating the calcaneal tuberosity, and directing the needle into the planta fascia fibers.
This has been shown to be associated with chronic dehiscence and potential tear of
the plantar fascia (24). Sonography, in contrast, can be used to directly visualize the
plantar fascia fibers, and thus avoid direct intrafascial injections (2,6).

Other applications of sonographic-guided interventions in the muscu-
loskeletal system include various sclerosing therapies and sonographic guided
percutaneous tenotomy. Alcohol injections of various peripheral vascular
lesions, such as venous malformations, pseudoaneurysms and aneurysmal bone
cysts with sonographic guidance have been demonstrated to be a reliable means
of imaging guidance (25). Sonographic-guided sclerosing injections of regional

FIGURE 3 (A) Short axis view of the popliteal fossa with a linear transducer in a sector format
demonstrates a curvilinear anechoic fluid collection in the expected distribution of a popliteal cyst
(PC) coursing around the semimembranosis tendon. (B) Ultrasound-guided aspiration and
injection of the cyst demonstrates the linear echogenic needle (arrow) with characteristic
reverberation artifact within the cyst cavity.
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vessels about the Achilles tendon, proposed to be implicated in the pain of
Achilles tendinopathy, have also been performed with some success (26,27). Some-
what slightly more involved, sonographic-guided tendon debridements have
resulted in reasonably good clinical outcomes, including ultrasound-guided
percutaneous longitudinal tenotomy (28).

Sonography can be used to guide for procedures in the setting of global pain
management, often stemming from irritation of peripheral nerves, perhaps from
post-traumatic or postsurgical scar encasement. Nerves can be visualized with
sonography as predominantly hypoechoic structures, with internal hyperechoic
perineural tissue with nerve abnormalities, often demonstrating nerve enlargement
(29–31). The same procedure used for tendon sheath injections can essentially be

FIGURE 4 Calcific tendinitis aspiration. (A) Oblique coronal fast spin-echo and fat-suppressed
magnetic resonance (MR) images of the far anterior margin of the shoulder in a patient with
relatively acute onset shoulder pain reveals a focal, curvilinear focus of low signal intensity just
anterolateral to the subscapularis tendon insertion, with moderate regional surrounding
hyperintensity (arrow). (B) Axial fast spin-echo MR image, mildly motion degraded, in the same
patient, demonstrates the calcific deposit just anterolateral to the subscapularis tendon insertion
(arrow). Ultrasound-guided calcific tendinitis aspiration was requested. (C) Short-axis image of the
anterior margin of the shoulder demonstrates the curvilinear focus of calcification as a mildly
heterogeneous focus of hyperechogenicity with no posterior acoustic shadowing (arrow),
suggesting it is relatively poorly mineralized. Regional hypoechogenicity is seen about the calcific
deposit, consistent with regional inflammation and edema. (D) An 18-gauge needle was placed in
the calcific deposit (arrow), and several attempts at mechanical lavage and aspiration were
performed with the return of cloudy white fluid that demonstrated frank sediment in the syringe,
consistent with aspirated calcium. After mechanical lavage and fragmentation, a mixture of steroid
and anesthetic was injected into the pericalcific region. Patient noted significant improvement in
symptomatology postprocedure.
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applied to perineural injections, with visualization of the nerve in short axis and
directing the needle in a perineural location (32) (Fig. 5).

Posttraumatic or postsurgical collections, such as hematomas or seromas can
also be addressed with sonographic-guided aspiration (33,34) (Fig. 6). Preliminary
gray scale evaluation of fluid collections, such as these, can help in preprocedure

FIGURE 5 (A) Ultrasound of the cubital tunnel in a patient with ulnar nerve symptoms reveals mild
enlargement of the ulnar nerve, marked with calipers, in the cubital tunnel. (B) Perineural injection
was requested for pain relief and sonography was used for accurate delivery of the medication in an
immediate perineural location (thin arrow). The linear echogenic needle can be seen (thick white arrow).

FIGURE 6 (A) Longitudinal extended field of view image of the thigh in a patient status post
adductor strain demonstrates a mildly heterogeneous elliptical hypoechoic fluid collection, with
linear internal septations and debris consistent with a hematoma (H). (B) Ultrasound-guided
aspiration of the cyst yielded minimal return of serosanguinous fluid owing to the viscous nature of
the fluid. The needle (arrow) can be seen within the hematoma cavity. (C) Ultrasound-guided
lavage of the collection with a mixture of 1% lidocaine and normal saline resulted in some
loosening of the thick clotting hematoma. Reverberation artifact from injection (arrows) of the
saline/1% lidocaine mixture can be seen.
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planning and providing prognostic information. The internal complexity of the col-
lection can indicate the potential success of performing sonographic aspiration,
with older, more complex and resolving hematomas, often resulting in poor yield
with sonographic-guided aspiration, even with a large bore needle.

The role of sonography in guiding for articular injections throughout the mus-
culoskeletal system, ranging from the small joints of the hands and feet to larger
joints, such as the hip, traditionally performed under fluoroscopic guidance, has
been documented, though is outside the scope of this chapter (1,2,6,9).

CONCLUSIONS

In summary ultrasound is a readily available, reliable, and relatively low-cost
method of imaging guidance for musculoskeletal interventional procedures. The
absence of ionizing radiation makes sonography a fairly universal and globally
accepted imaging modality across all patient populations, including pregnant
and pediatric patients. The large majority of soft-tissue structures and joints can
be visualized and therefore addressed for injection with sonographic guidance.
Tendons throughout the musculoskeletal system can be treated with sono-
graphic-guided interventions. Soft-tissue masses, with appropriate preprocedure
consultation with other imaging modalities and the oncologic orthopedic
surgeon, can result in reliable accurate soft-tissue biopsies.
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INTRODUCTION

Image-guided percutaneous biopsy of bone and soft-tissue lesions has become an
integral part of modern medical care (1–12). There are a number of advantages
to this technique: first, imaging guidance increases the likelihood that the biopsy
will be acquired from the lesion if small, or viable regions of the lesion if large.
Imaging also enables the operator to avoid vessels, nerves, organs, and other sensi-
tive structures during passage of the needle. Conscious sedation (or in some cases,
just local anesthetic) may be used, instead of general anesthesia associated with
surgery. Therefore, percutaneous biopsy can also reduce risk of complications.
Percutaneous biopsy has been shown in numerous studies to be safe and effective
(3–12). However, biopsy must be performed by an experienced practitioner with
knowledge of equipment, use of the imaging modalities and relevant anatomy,
approaches and potential complications and limitations of the procedure. This
chapter will attempt to outline these issues.

EVALUATION OF THE PREBIOPSY IMAGING STUDIES

There are a number of considerationswhen a percutaneous biopsy is requested. These
considerations are strongly influenced by findings on recent imaging exams in which
the lesion was diagnosed. These exams should always be reviewed. The clinical
service requesting biopsy should provide all relevant imaging exams performed,
and the available radiology information system should be searched for prior studies.

EQUIPMENT
Guidance Modalities
One essential aspect to keep in mind when planning a biopsy is that the lesion
should be visible on the guidance modality. Alternatively, for extensive or infiltra-
tive lesions, the lesion itself need not be visible, but the region involved [e.g., by
magnetic resonance imaging (MRI)] should be accessible on the modality. Fluoro-
scopy has definite advantages over other modalities: imaging is easily performed
real time. The limitation of projectional radiographic imaging is not a major one
considering the ease to alter the angle craniocaudally or transversely in order to
acquire a different viewpoint. Biopsies using fluoroscopy are often easier to sche-
dule as well. However, the room and configuration of the fluoroscopy equipment
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(C-arm, fixed image intensifier, angiography room) can create problems with access
to the biopsy area, and must be considered in advance. Many angiography units
have a narrow work area which can cause problems if a long biopsy needle is
used; in addition, some C-arms and angiography units cannot achieve the
angulations needed for the desired approach.

For most lesions, computed tomography (CT) is the preferred guidance
method. Simultaneous visualization of the lesion and soft-tissue structures, such
as blood vessels, is extremely helpful for planning the approach, especially for
small or deep lesions. The angle of approach can be planned to avoid vital struc-
tures, and assessment of the depth to the lesion assists in needle selection. Repeat
scans can be acquired in the plane of the needle when changes in needle position
are made. Computed tomographic fluoroscopy assists in speeding this process;
instead of leaving the suite for each scan, the operator remains in protective lead
and steps on a foot pedal to almost instantly acquire a small series of images
through the needle. Disadvantages of CT include relatively high radiation dose
and limitation regarding craniocaudal angulation.

Ultrasound is very versatile, and can also be used for localization of soft tissue
lesions (10,11). Evidently, as ultrasound does not visualize within bone, it generally
cannot be used for bone biopsy localization except for superficial lesions or those
with cortical breakthrough (12). Ultrasound with Doppler easily visualizes blood
vessels, and can improve the safety of the desired approach. Solid and vascular
regions of soft-tissue masses can also be accurately targeted. The needle passage
can be directly visualized in real time, instead of periodically, after repositioning.

Magnetic resonance imaging is used in some centers for localization, but
requires special preparation (13,14). If equipment is needed (e.g., to provide seda-
tion and monitoring), it must be MRI compatible (e.g., all components must be non-
ferromagnetic). Additionally, needles must be MRI compatible, and should be
made of a material that creates relatively little artifact so that the needle tract is
well visualized with reference to surrounding anatomy. Magnetic resonance
imaging can be useful for ablation as the destroyed tissue can be visualized (e.g.,
ice ball formation in cryoablation).

Needles
Fine-needle aspiration
Fine-needle aspiration needles are used for collection of cytology samples; needles are
small gauge and collect groups of cells rather than core samples. The needle is placed
within the lesionwith stylet in place; the stylet is removed, and using an “in-and-out”
motionwithin the lesion, changing direction each passwhile pulling the stylet out col-
lects the sample. Alternatively, a syringe can be attached to the needle hub and aspira-
tion performed while the needle is manipulated. The sample is placed into cytology
fluid; in the lab, the sample is spun down into a block and evaluated.

Fine-needle aspiration is useful, especially because low-profile needles may
reduce risk of damage to adjacent tissues. However, unless real-time imaging is per-
formed during needle manipulation (i.e., ultrasound) the in-and-out motion is per-
formed blind, and may not be advised for lesions near vital structures. Another
disadvantage is that the architecture of the lesion is altered and the sample volume is
small, making it more difficult to make the diagnosis, especially for primary lesions.
Nevertheless, some authors have recommended that a cytology sample be acquired
inaddition to the corebiopsy sent tohistology for increaseddiagnostic yieldoverall (15).

Diagnostic yield is highly dependent on the experience of the interpreting
cytologist or pathologist. Close communication between the radiologist and
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pathologist is important to give feedback in both directions. The radiologist should
discuss radiological findings with the pathologist, especially for atypical cases, and
the pathologist should provide feedback to the radiologist regarding the quality of
the samples acquired that may require a change in needle type or methodology.

Needles have a variety of configurations and tips designed to offer different
advantages. As there are many needles, and vendors are continually modifying
them, it is difficult to discuss the specific features of each. However, there are
some general features that can be outlined with reference to their intended purpose.

Coaxial systems
These are needles intended for either soft tissue or bone that have an outer sheath
and an inner cutting needle. The cutting needle extends a certain distance beyond
the sheath. This is almost universally used in musculoskeletal biopsies, as it
requires only one localization/placement procedure to position the sheath/stylet
at the margin of the lesion, after which multiple passes can be obtained. The only
situation in which a noncoaxial system may be used is a very superficial lesion
that is easy to localize, and that is not near any vital structure.

Soft-tissue guns
Soft-tissue guns collect a core of tissue unlike fine aspiration needles. They are
larger gauge, typically 14–18 G. Instead of a hollow cutting needle design, they
incorporate a solid inner core with a recess near the tip. This portion of the
needle is advanced into the lesion, after which an inner sheath “shoots” over it,
cutting the tissue filling the recess; the system is withdrawn from the outer
sheath and the sample is collected. Therefore two components are advanced in suc-
cession—the solid inner needle and the inner sheath. In some needles, this is auto-
mated, triggered by a button that is pressed when the needle is in position.
However, it is not always desired to shoot the inner needle without feel
or control; if the lesion is near a vital structure, or not as large as the “throw” of
the needle, it is better to retain control of the first step. Some needles have a
setting or alternate triggering mechanism that allows the radiologist to slowly
advance the inner needle as far as desired; when in position, the sheath is triggered
to advance.

Bone biopsy needles
Various techniques are used to cut and hold the sample in the needle. The Elson and
Ackermann needles (Cook, Bloomington, Indiana, U.S.A.) have a serrated tip that is
useful for cutting through cortex. Trephine needles, such as the Jamshidi type have
a simple, beveled tip that facilitates purchase on bone. These needles have a straight
inner bore without tapering. However, most needles have a tapered tip, in which
the end of the needle is curved slightly inward. After the needle is advanced into
the lesion, the end is “wobbled” or rotated in order to cut the tip of the core. The
disadvantage of this is that the actual inner gauge of the needle is smaller than
advertised on the package. If the needle is used as a sheath for another needle,
this must be taken into account; there may be a two- to three-gauge difference in
what can actually fit through the needle. The Ostycut needle (Bard, Tempe,
Arizona, U.S.A.) has a threaded tip that is screwed into the lesion; altering the
course and advancing further is supposed to cut the sample. A syringe can be
used to provide negative pressure in the needle in order to assist retention of the
core. The Traplok system (MD Tech, Gainesville, Florida, U.S.A.) has a thin,
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curved implement that hugs the inner margin of the needle, and is advanced
around the core, “trapping” it in as the needle is withdrawn.

The Bonopty needle system (Radi, Uppsala, Sweden) is a coaxial system in
which the radiologist can substitute the stylet for a small drill. The drill is slightly
eccentric and “wobbles,” thereby cutting a hole large enough to accommodate the
sheath. The drill is excellent for accessing lesions within sclerotic bone or through
thick cortex. In addition, lesions that are deep within bone (e.g., anterior vertebral
body lesion approached through the pedicle) can be difficult to access coaxially
with other systems. With Bonopty, the sheath/stylet is placed at the outer margin
of bone, lined up with the lesion; the stylet is replaced with the drill, which
creates a pathway. The sheath is advanced over the drill, and this process is contin-
ued until the lesion is reached. Subsequently, the drill is replaced with the cutting
needle, and multiple samples are acquired through the sheath.

With all bone biopsy needles, the core can occlude the needle, making it difficult
to advance. This is especially truewhena thick cortex ispenetrated. If there isdifficulty
advancing the needle at any point, the boremay be occluded and the needle should be
withdrawn and cleared. If this is not done, the biopsy is made more difficult, and the
sample can be damaged with crush artifact seen at histology.

Stylets
Stylets are kept in the needle and function to occlude the barrel (avoiding
extraneous tissue damage and sampling); help guide the needle in place (for
beveled stylets); and achieve “purchase,” or initiation of entry into bone. Although
different vendors sell a number of configurations, the point can either be in the
center (diamond tip) or at the edge with a flat, tilted surface (bevel).

Diamond point tips make the needle more difficult to “steer.” However, this
has the advantage of being deflected less than a beveled tip by fascia and muscle.
This type of tip may also be easier to achieve “purchase” in bone.

A beveled tip can be very useful to guide the needle in place by directing open
aspect of bevel away from desired direction. This can be useful for deflection within
bone as well (especially useful for vertebroplasty). When the desired angle of
approach is achieved, some needles allow for trading out with a diamond tip
stylet, facilitating straight advancement toward the lesion.

When guiding a needle into place through the soft tissue, it should be recog-
nized that the fascia serves as a fulcrum. If proper guidance cannot be achieved
and the needle continues along the same course, it may need to be pulled back
beyond the primary fascia, or a deeper skin/fascial cut should be made (instead
of just skin nick).

Selection of appropriate needle
The optimal needle should always be selected ahead of time, with an alternate
choice kept to the side. The prebiopsy imaging is very useful for planning needle
selection. Axial CT or MR images are especially useful; the angle and
distance from the skin can be evaluated. The depth of the lesion within bone and
thickness of the cortex should be noted (a drill-type needle may be needed). If
the lesion is lytic and near the cortex, a combination of bone and soft-tissue
biopsy needles can be used. For example, a large-bore bone biopsy needle can be
used to punch a hole in the intact cortex positioned at the superficial margin of
the lesion; the stylet is removed and a soft-tissue gun is passed coaxially into the
lesion, and samples acquired. If this method is used, care should be taken not to
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use the automatic needle throw. Some soft-tissue guns function by cocking the
needle back and pressing a button, causing the needle to shoot out 2–4 cm followed
immediately by the sheath, cutting the sample. If this is done within or onto bone,
the end of the needle can bend or break.

It can be difficult to acquire a solid sample from very aggressive, lytic lesions
using a bone biopsy needle alone. One technique is to pass the needle completely
through the lesion (assuming the opposite cortex is intact), impacting bone into
the tip of the needle, holding the sample in the needle. If the lesion is lytic and
the cortex is permeated or thinned, a soft-tissue gun inserted through a sheath
may be the best option. The sheath of a soft-tissue gun with sylet in place can be
used to punch through the weakened cortex, and the sample acquired as earlier
(16,17).

Length: On the preliminary imaging studies, an estimation should be made
regarding the depth of the lesion through soft tissue, and how much bone should
be traversed to reach the lesion at the planned angle of approach. Obviously, the
needle selected should be long enough to reach the bone. Some needles are more
easily able to traverse bone than others. For lesions deep within bone, an eccentric
drill system (Bonopty) is very useful; for example, a lesion in the anterior vertebral
body, for which a transpedicle approach is planned. However, the needle is quite
short, and this may be a limiting factor in obese patients.

Gauge/number of passes: In general, for all lesions, the larger the cores and the
more cores are acquired, the better. The core sent to histology will shrink 25% to
50% during decalcification; hence, the actual sample size is smaller than the
needle width would suggest. However, attention should always be given to the
safety of the patient, and if the lesion is near vessels, nerves, or other important
structures, a smaller-gauge needle may be a better choice. Similarly, more passes
with the needle may increase potential for complications if the lesion is near a
vital area. Typically three to five passes are taken.

Whenever possible, it is beneficial to have a cytologist present to verify that an
adequate sample has been acquired. Although this increases the time of the pro-
cedure, it helps prevent the need for rebiopsy. The experience of the pathologist
is important as well. If there is no bone pathologist at the institution, the “yield”
or “success” of biopsy may be artificially low owing to hedging with a high ratio
of “inadequate samples.” On the other hand, the radiologist can help avoid this
by providing as much relevant clinical information as possible on the request. A
good pathologist will review imaging studies on cases that are not clear-cut.
Similarly, for cases of infection, yield may be increased if the sample is sent for
both histological and microbiological evaluation. Even if no bacteria are cultured
from the sample, histological evaluation can confirm the presence of osteomyelitis
(18). Lidocaine, once thought to be inhibitory toward the growth of bacteria, has
been found to have no significant effect on growth (19).

LESION TYPES/APPROACHES

There have been a number of techniques and approaches described for various
lesion types and locations (1–17). Needle or needle combination used is depen-
dent on the location and the type of lesion in addition to practitioner comfort
and experience (20). One general concept is that the adjacent vital structures,
such as the spinal canal, the pleura, or the aorta, must be directly visualized or
location easily surmised using the modality selected. For all lesions under CT
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guidance, one must always measure from the skin straight to the closest “danger
point” (e.g., pleura, aorta, and the like); the needle must not be inserted beyond
this point before checking position and angle.

Superficial Lesion
The problem here is that the needle flops against the skin and does not stay in line
after positioning. If imaging is truly needed for localization, this can be a challen-
ging situation. Ultrasound guidance may be the best option in this situation. If
CT or fluoroscopy is used, it is helpful to use the shortest needle available (e.g.,
5 cm), and park the sheath at the lesion, acquiring samples via coaxial technique
(Fig. 1). If the small sheath does not stay in place, a small needle (e.g., 22 g, 1.5
inch) can be localized at the margin of the lesion by imaging, and the orientation
of this needle can be used as a guide for the biopsy needle orientation. If the
lesion is large enough, a coaxial technique may not be needed at all, and a
simple biopsy needle can be passed repeatedly into the lesion and samples collected
through the same skin site.

Rib Lesion
Rib lesions can be challenging to biopsy. The bone is small and rounded, and
needles can “slip” off with pleura and lung underneath. Additionally, the ribs
pass obliquely through the axial plane, making them hard to localize on CT,
especially with breathing motion. Fluoroscopy can be difficult as well; a C-arm
can be used to triangulate the needle tip relative to the lesion, but this technique
requires some experience. If the lesion can be seen by ultrasound, this may be
useful. Computed tomography is commonly used by musculoskeletal radiologists,
because the pleural margin is most easily seen. Two popular approaches are directly
perpendicular and tangential to the rib (Fig. 2). The tangential approach is useful to
avoid the pleura but it may be more difficult to acquire a core sample. Depending

FIGURE 1 Biopsy of a superficial lesion. This 67-year-old male presented with back pain. A
computed tomography (CT) scan showed an expansile and lytic lesion within the spinous process
of T12, which proved to be a myelomatous deposit at histology. (A) Axial CT image from
percutaneous biopsy of T12 lesion shows an expansile mass replacing the spinous process
(arrow). The coaxial biopsy device has been placed adjacent to the lesion via an oblique approach
so as to avoid the underlying central canal and spinal cord when deploying the soft-tissue biopsy
gun. (B) Axial CT image from percutaneous biopsy of T12 lesion shows deployment of the soft-
tissue gun via the coaxial device. The tip of the cutting portion of the biopsy gun is seen within the
lesion (arrow).
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on the location, there may be limited choice. Rib lesions under the scapula, to a
certain extent, can be uncovered by changing arm position. Rib lesions present
different problems in thin people (superficial location) versus obese people (deep
location). In thin people, it can be tough to keep the sheath in place between
sampling and scanning. As mentioned earlier, it may be helpful to place a small
needle at the lesion for orientation which will remain in place better. In obese
people, it can be difficult to place the needle on the rib, confident the pleural
margin has not been transgressed. Measuring the depth of the pleura from the
skin using the desired approach is essential, with the needle marker or block
placed to prevent entry to this depth. Computed tomographic fluoroscopy can be
very useful for rapid checks of needle-tip position. For CT, breath-holding during
scanning can be detrimental, as the degree of inspiration varies, especially with con-
scious sedation, and this can move the rib out of the scanned field. It is often better
to have the patient just breathe shallow and naturally.

Lesion Near Vital Structures
For lesions near vital structures (Fig. 3), careful planning of the approach is essen-
tial. Use of a smaller gauge needle is prudent. Frequent checks using the guidance
modality are recommended. If a soft-tissue gun is used, the “manual throw” setting
is the best; instead of the needle shooting out of the sheath, the manual throw
setting allows the user to slowly push the needle out manually as far as desired.
The sheath is triggered, which shoots over the needle cutting the sample. The
needle tip advances no farther than manually placed.

Deep Soft-Tissue Lesion
For deep soft-tissue lesions (Fig. 4), a soft-tissue gun is generally used, and a coaxial
system is essential; the outer sheath is placed at the margin of the lesion, and
multiple samples can be acquired.

Deep, Small Lesion in Bone
A lesion deep within bone (Fig. 5) presents a special challenge. A coaxial system is
essential, again, to allow acquisition of multiple samples through the same sheath.

FIGURE 2 Tangential approach to rib biopsy. A 64-year-old male presented with posterior chest
wall pain. Biopsy of this lesion revealed metastatic carcinoma from a primary lung carcinoma. An
axial image from a biopsy of the right tenth rib shows the lytic lesion in the posterior rib (arrow),
with the biopsy needle placed via a tangential approach.
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However, most sheaths cannot be advanced into bone, but rather are “parked” at
the outer margin of the bone, with the cutting needle placed into the lesion. With
many coaxial systems, the cutting needle cannot pass a long way through the
sheath, making it difficult to reach the lesion through the sheath. The radiologist
must make sure the cutting needle is long enough to access the lesion with the
system used. An alternative to this is the Bonopty drill system, in which an eccentric
drill makes a channel larger than the sheath, allowing advancement of the sheath
into bone, facilitating access of deep lesions.

Spine Lesions—Approaches
Transpedicular Approach
The transpedicular approach (Fig. 6) is very useful for lesions in the anterior ver-
tebral body. Using this route, the radicular nerves, major blood vessels, and the

FIGURE 3 Lesion near vital structures. A 78-year-old male with osteomyelitis of the sternum
(arrow) and a retrosternal mass (arrowhead ). Note the close proximity of the great vessels to the
area of interest. In this case, a steep oblique approach with a 20-gauge biopsy needle was used
to avoid vascular injury.

FIGURE 4 Deep soft-tissue lesion. This 68-year-old female with insulin-dependant diabetes
mellitus presented with thigh pain. Biopsy showed diabetic myonecrosis. (A) Axial computed
tomography (CT) image (bone windows) from deep soft-tissue biopsy of the thigh shows coaxial
biopsy device in position. (B) Same axial CT image as (A) on soft-tissue windows. The low density
changes and edema of diabetic myonecrosis in the quadriceps muscle can be seen.
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spinal canal are avoided, Additionally, the walls of the pedicle, tangential to the
needle course, tend to keep the needle/stylet on track, with the medullary
cavity being the path of least resistance to needle advancement. The disadvantage
is that the needle can be difficult to guide toward the lesion once in the pedicle,
and unless the lesion is lined up with the pedicle, a different approach may be
needed. A beveled stylet can be useful for guiding the needle once in bone.
Another disadvantage is that the needle passes close to the walls of the pedicle,
and if the wall is transgressed, there is a high risk of complication involving the
spinal canal (medial wall) or neural foramen (superior or inferior wall).
Whether CT or fluoroscopy is used, the walls of the pedicle must not be trans-
gressed. This gets harder to accomplish the higher in the spine it is attempted,
as the pedicle size diminishes significantly above the midthoracic region. In
addition, in patients with kyphosis and osteoporosis, it can be difficult to visualize
the upper thoracic pedicles.

FIGURE 5 Deep, small lesion in bone. This 48-year-old female with a history of breast carcinoma
presented with an incidental finding of a sclerotic lesion in the mid tibia (arrow). Biopsy proved this
lesion to be a small bone island. Axial computed tomography (CT) image shows the coaxial
biopsy device in position. A drill was used to access this deep tibial lesion.

FIGURE 6 Transpedicular approach for spinal lesions using computed tomography (CT) guidance.
This 60-year-old female with a history of breast carcinoma presented with back pain. Workup showed
a lytic lesion in the L4 vertebral body (arrow), which proved to be ametastatic deposit. Axial CT image
from transpedicuar biopsy shows the transpedicular approach used and the biopsy device traversing
the lesion.
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Vertebroplasty Fluoroscopic Approach
Using fluoroscopy (Fig. 7), the vertebral body can be accessed using a transpedicle
approach by means of a steep or shallow trajectory. For the steep trajectory, the ver-
tebra is imaged in the anteroposterior (AP) plane, angled craniocaudally, so the
pedicles come sharply into view. A slight degree of rotation can help visualize
the pedicle on the side being accessed. The needle is advanced to the lateral
margin of the pedicle, midway from top to bottom. The needle is advanced into
the bone, and the correct orientation of the needle in craniocaudal direction is
assessed on the lateral view. Back on the AP view, the needle is advanced further
toward the center of the pedicle more medially. When the medial wall of the
pedicle is approached, the lateral projection is again checked to make sure that
the needle tip is at or beyond the posterior vertebral body margin. If so, the
needle can be advanced into the vertebral body without the fear of traversing the
spinal canal. However, if on the AP view, the tip of the needle is near the medial
wall of the pedicle, and on the lateral view, it is not yet at the posterior vertebral
body wall, the needle must be repositioned more laterally to avoid the canal.

Paravertebral Approach
The paravertebral approach (Fig. 8) is very straightforward. This can be started just
lateral to the pedicle at the crux, or dip in the cortex between the facet joint and the
pedicle. This location is excellent for achieving needle “purchase” into bone. From
this location, the needle enters the lateral pedicle and then into the vertebral body.
The needle can alternatively be started lateral to the facet joint, avoiding bone
altogether until the posterolateral margin of the vertebral body is reached. This
approach makes it easier to guide the needle toward a focal lesion in the vertebral

FIGURE 7 Transpedicular approach for spinal lesions using fluoroscopy. A 67-year-old male
presented with back pain; imaging showed a pathological fracture of the L5 vertebral body. Biopsy
revealed metastatic adenocarcinoma from a primary lung carcinoma. (A) Anteroposterior (AP)
fluoroscopic image from L5 transpedicular biopsy shows placement of a transpedicular biopsy
needle at L5 on the left. (B) Lateral fluoroscopic image from L5 transpedicular biopsy shows the
biopsy needle tip to be in the mid L5 vertebral body.
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body, as less bone must be passed to get to the lesion. However, this approach is
only feasible when there is enough paraspinal soft tissue to accommodate the
needle track. In the thoracic spine, the pleural margin may prevent this approach.
Some authors have reported injecting saline or air into the paraspinal soft tissues to
push the pleural surface away from the needle tip.

Discographic Approach
When using fluoroscopy, the discographic approach is an excellent way to access
intervertebral discs for aspiration. With the patient in prone position, the image
intensifier is obliqued so that the superior articular process is near the junction of
the middle and posterior thirds of the vertebral body at the level to be aspirated.
Subsequently, the image intensifier is angled craniocaudally to make the disc tan-
gential to the beam. The needle is passed straight down the beam just anterior to
the superior articular process, into the center of the disc. This approach is quite
straightforward in the lumbar spine, except that it may be difficult at L5-S1.
Some individuals have a low L5-S1 junction, and during rotation and angulation
of the image intensifier to the appropriate position, the iliac crest overlies the
disc. In this case, the beam is progressively rotated to a steeper approach until a
small triangle appears, bounded by the iliac bone, the superior articular process
and the inferior L5 endplate. In the thoracic spine, a similar approach can be
used, but the ribs and pleural margin must also be avoided.

Cervical spine
In the cervical spine, the posterior elements can be accessed using an oblique
posterior approach under CT. The vertebral bodies can be difficult to access
using a posterior or lateral approach, as there is little space in the soft tissues
without important blood vessels or nerves. Pedicles are usually too small to use
as a needle guide. The anterior approach is limited by the trachea in addition to
vessels and nerves. Computed tomography is very useful for these biopsies, as
the major structures can be seen. An intravenous contrast bolus can be used to
delineate the major vessels prior to biopsy, but this is usually not needed. The
route is determined by the location of the lesion relative to overlying structures.

FIGURE 8 Paravertebral approach for spinal lesions. A 60-year-old male presented with back pain,
and sclerotic replacement of the T9 vertebral body was noted (arrow). Axial computed tomography
(CT) image shows Bonopty coaxial biopsy device placed via a paravertebral approach.
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An anterior approach has been described, and is similar to the technique used for
placing needles into the discs for cervical discography (Fig. 9). The carotid is pal-
pated with the tips of the fingers of one hand, whereas the needle is held in the
other. Using gentle pressure, the carotid is deflected laterally, and the needle
placed just medial to it, lateral to the trachea. The thyroid may be transgressed,
but this is not usually problematic and often cannot be avoided. Obviously, a
coaxial needle is necessary and a small gauge needle is recommended.

Thick bone
Biopsy of a thick bone (e.g., femur) requires a coaxial system, as it often takes mul-
tiple passes at the same point to traverse the cortex into the medullary cavity
(Fig. 10). A needle with serrated tip (such as the Cook Ackermann or Elson) can
be helpful, as can the Radi Bonopty drill system.

Small bone
The biopsy of a small bone (e.g., toe) which is superficially located may not require
a coaxial system; often the approach is fairly obvious through the same skin entry
site, and initial fluoroscopic verification of needle position may be all that is needed,
followed by multiple passes along the same approach. A short needle is usually
desirable in this situation, because it is easier to control and position (Fig. 11).

Disc Aspiration/Biopsy
Disc aspiration (Figs. 9, 12, 13) is performed for infection. However, for aspiration
alone, the yield of Gram stain/culture is quite low, in the order of 20% to 50%. If the
patient is already on antibiotics, this figure drops even lower. A trial period of 48
hours off antibiotics may be used if the patient is stable enough, in order to increase
yield. Similar to joint aspiration, if no fluid can be aspirated, a few cubic centimeters

FIGURE 9 Anterior discographic approach in the cervical spine. A 49-year-old female presented
with pyrexia of unknown origin. A magnetic resonance imaging (MRI) of the cervical spine (not
shown) showed features suspicious for discitis/osteomyelitis at the C3/C4 level. This lateral
fluoroscopic image shows placement of an aspiration needle into the C3/C4 disc space via an
anterior cervical approach.
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of sterile saline can be injected and reaspirated immediately. This is a common prac-
tice, but it is unclear whether it is effective; in addition, similar to septic arthritis, a
dry tap of a disc may imply lack of infection. To assure that the fluid present will be
aspirated, a larger gauge needle (at least 18 G) must be used. The infected fluid is
often very viscous, and may not be able to be drawn through smaller needles.
Because of the low yield of aspiration alone, most authors advocate acquiring
samples of the area of signal abnormality in the endplate as well. To accomplish
this, it is useful to use a bone biopsy needle and a paravertebral approach (by

FIGURE 11 Percutaneous biopsy of a small bone. This 42-year-old male had a long history of
diabetes mellitus, and presented with a heel ulcer and suspected osteomyelitis of the calcaneus.
This axial computed tomography (CT) image shows the foot placed in the lateral position with
perpendicular placement of the biopsy device. Note the abnormal areas of permeative bony
destruction within the calcaneus (arrows). This biopsy confirmed osteomyelitis of the calcaneus.

FIGURE 10 Percutaneous biopsy of a large bone. A 55-year-old man with a known history of renal
carcinoma presented with left hip pain. Computed tomography (CT) showed a large lytic lesion in the
left femoral neck (arrow), which proved to be a focus of metastatic disease. This axial CT image
shows the coaxial biopsy device in good position within the lytic lesion of the left femoral neck.
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CT, described earlier) or a discography approach (by fluoroscopy). Advantages of
fluoroscopy are: (i) imaging to check needle position is performed more quickly;
(ii) the plane can be more easily tilted parallel to the disc, especially useful at
L5-S1; (iii) the needle can be observed in real time, as it is deflected toward the
endplate for bone biopsy. The pleural margin is seen easily using both techniques.

Biopsying a primary tumor
Primary tumors of bone or soft tissue may require definitive surgery by a special-
ized bone tumor surgeon. If amputation or limb-salvage surgery is required, they
may need adjacent tissue for a myocutaneous flap, covering the resected area or

FIGURE 12 Anterior discographic approach in the cervical region. This 54-year-old lady presented
with neck pain and had imaging features suggestive of discitis at the C5/C6 level. The axial
computed tomography (CT) image shows placement of the aspiration needle via an anterior
approach (anterior discographic approach). The needle is seen to traverse the left lobe of the
thyroid gland (arrow). Aspiration failed to show evidence of infectious discitis.

FIGURE 13 A 42-year-old male intravenous drug abuser presented with lower back pain. Imaging
revealed fluid in the L3/L4 disc space with features suggestive of osteomyelitis. A computed
tomography (CT)-guided biopsy was performed, which confirmed discitis. This axial CT image
shows the destructive end plate changes at L3/L4 (arrow). In this case, a paravertebral approach
was used for access.
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stump. If the passage of the biopsy needle traverses this adjacent tissue, it may be
considered contaminated and necessitate a more extensive surgical procedure.
Therefore, it is essential for the radiologist to discuss the intended approach to a
presumed primary lesion with the surgeon who would perform the definitive
surgery. Often the agreed-upon approach is more technically difficult than the
direct approach through the myocutaneous flap tissue.

Biopsy-assist devices
Some institutions have developed tracking software linked to preprocedure
imaging which establishes fiducial markers and allows dynamic localization
without frequent rescanning. These systems are predominantly used for placement
of screws, but in the future may be available commercially for biopsy procedures.
The SeeStar (Radi, Uppsala, Sweden) is an external guide that holds the needle in
position outside the patient (preventing deflection of the needle when let go
during scanning), making it very useful for biopsy of superficial lesions or for
biopsy of lesions using a horizontal approach. In addition, the metallic needle
guide creates a dark, linear artifact on CT images, which can be aligned to the
lesion, facilitating the approach prior to needle placement.

Percutaneous needle localization
Occasionally, a lesion is in a dangerous location, or there is a lesion in the soft tissues
that is hard or calcified, and a core biopsy is difficult or inadvisable. Other situations
occur in which the patient is scheduled for an open surgical biopsy, but the anatomy
is distorted by scar tissue, or the lesion is small enough where it may be difficult to
localize at surgery, preoperative localization may be preferred (21). This is accom-
plished by using a hookwire-type breast localization needle. The needle is placed
(within the sheath) into or adjacent to the lesion using the guidance modality.
The needle tip position is verified and the sheath is withdrawn. The hook
deploys as it is unsheathed, holding the needle in position. The wire extending
from the skin is coiled and steri-stripped against the sterilized skin, and is
covered with a sterile gauze cover. A final scan is acquired and printed for the
surgeon to use for planning in the operating room.

SEDATION/MONITORING

The choice of local anesthetic only versus conscious sedation versus monitored
anesthesia care (MAC) depends on a number of factors, including location of the
biopsy, inherent level of sensation (e.g., diabetic neuropathy or paraplegia), cardi-
opulmonary status, ability to cooperate, and patient pain tolerance, among other
things. For most musculoskeletal biopsies, conscious sedation is used, with a com-
bination of versed and fentanyl. In the event of oversedation, versed can be
reversed, and fentanyl is short acting. Monitoring patients is important to assess
for oxygenation and heart rate and rhythm.
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INTRODUCTION

The advances in image-guided thermoablation continue to expand the treatment
options for many oncology patients, reflecting the growing trend toward minimally
invasive cancer therapy. Having established its efficacy for the treatment of benign
osteoid osteomas, radiofrequency ablation (RFA) has become an increasingly recog-
nized and applied alternative for malignancies affecting the musculoskeletal
system. Although vastly different in terms of prognosis and therapeutic aims, the
benign and malignant skeletal tumors have in common the potential for causing
severe, debilitating pain throughout their course. For the typical patient diagnosed
with osteoid osteoma, it is the impact of this pain on an often active, normal level of
functioning that prompts early referral. For patients experiencing the pain of bone
metastases, effective and durable symptom relief is similarly urgent, but in the
setting of an often terminal disease. Together, these tumors represent a disease spec-
trum where the efficacious, minimally invasive therapy offered by thermoablation
may provide the best outcomes, for local cure and palliation alike. This chapter
offers a brief introduction to the percutaneous image-guided thermoablation
techniques that are currently being applied within the musculoskeletal system.
Radiofrequency ablation and its related modalities, including microwave ablation
(MWA) and cryoablation, are discussed individually, and in the context of the
traditional therapies with which they are increasingly being integrated.

BENIGN BONE TUMORS—BACKGROUND AND
TRADITIONAL THERAPY

Osteomas, including osteoid osteomas and osteoblastomas, are the second most
common matrix-producing tumors of bone, following the chondromas (1). First
characterized in 1935 (2), osteoid osteomas account for 5% of all primary bone
tumors (3) (10–12% of benign bone tumors) (3,4), being diagnosed before 25
years of age in 75% of cases (5), and showing at least a 2:1 male predominance
(3). Arising within the cortex of the tibial or femoral diaphysis in over 50% of
cases (6), they are also found in the intramedullary and subperiosteal zones.
Although differentiated from the osteoblastomas by their smaller size (generally
less than 1.5 cm) (5) and predilection for the appendicular skeleton, at least 10%
of osteoid osteomas are known to occur in the spine (7,8). The severe, nocturnally
worsening pain shows an often dramatic response to cyclo-oxygenase blockade,
reflecting the pathophysiological role of prostaglandins elaborated by the tumor
cells (9,10). Although the exceedingly low malignant potential (11) and reasonably
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frequent resolution over time (12) argue for an initial trial of salicylates alone,
patient concerns (6,13,14) and the appearance of location-related sequelae in ske-
letally immature patients (4,15–18) often necessitate earlier, definitive treatment.

Surgical resection has been the standard for osteoid osteoma, since its earliest
descriptions (4). Predictably, success rests on the removal of the true focus of neo-
plastic osteoblasts or “nidus,” which can be substantially more difficult to identify
grossly than the dense, reactive bone surrounding it (13,19,20). Although recurrence
following pathologically confirmed removal has been reported (21,22), higher rates
of recurrence, or persistence more appropriately, have been shown in series where
the nidus was not identified after resection and where preoperative or intraopera-
tive localization was not possible (16,21). Given their cortical and potentially
periarticular location, the generous en bloc resection or curettage supported by
these data can result in significant morbidity. More than 50% of tumors arise
within the femoral head and neck in some series, increasing the risk for insuffi-
ciency, avascular necrosis, and fracture postoperatively, as a result of the cortical
osteotomies and periosteal disruption (4,13,14,23).

Intraprocedural, rather than pathological localization of the nidus initially
focused on preoperative labeling, using agents, such as tetracycline (24,25) and 99-
Technetium (24,26), to guide resection via UV-fluorescence and intraoperative scinti-
graphy, respectively. These methods were gradually replaced by the range of tech-
niques enabled by computed tomography (CT) guidance (4). Guide-wire placement
prior to open resection (27), arthroscopic removal (28), and percutaneous removal
using biopsy techniques (29,30,31) or drilling (32,33) were each facilitated by prepro-
cedural or intraprocedural CT, with varied results. Localization of the nidus
improved, but the size of the resulting bone defects and the associated risk of compli-
cations both remained substantial (4,29–31). Among themore recent minimally inva-
sive interventions to have emerged, including laser interstitial thermal therapy (LITT)
(34,35), magnetic resonance imaging (MRI)-guided cryoablation (36), and the aug-
mentation of drilling techniques with percutaneous ethanol instillation (PEI) (37),
RFA remains one of the most effective, well-tolerated, and best-studied technique.

HISTORY OF THERMOABLATION

The seminal concept of thermoablation, that of killing tumor cells in situ using
heat, can be traced back to Hippocrates’ teachings regarding alternatives to
surgery (38). Controlled thermal injury first came into widespread use in
modern medicine with the implementation of Bovie’s electrocoagulation device
in the late 1920s (39). Similar electrodes capable of thermal ablation, powered
by alternating current with frequencies in the range of radiowaves (460–
480 kHz) were developed in the 1950s (40). Initially used in the treatment of
pain syndromes (41,42), RFA was also studied and successfully applied in place
of direct current shock for the ablation of arrhythmogenic cardiac foci (43). Follow-
ing early studies of its effects in porcine hepatic tissue (44,45), Tillotson et al. (46)
characterized the in vivo results of RFA in canine bone, with respect to size, zonal
consistency, and the expected course of healing of the thermally induced lesions.
These findings within normal tissues, together with the steadily improving gui-
dance afforded by real-time CT and ultrasound (US) imaging, heightened the
growing interest in minimally invasive alternatives for what were traditionally
surgical pathologies. Rosenthal et al. (47) were the first to treat osteoid osteomas
using percutaneous image-guided RFA in 1992. The observed symptom
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resolution, achieved after a single treatment in three of their four patients, rep-
resented the first report of the successful and continually expanding applications
of thermoablation in the musculoskeletal system.

RADIOFREQUENCY ABLATION: UNDERLYING PHYSICS

The independent variable affecting tumor cell death, for any thermoablation
modality, is temperature (48). The bulk of the improvements in RFA technology
and the challenges to its implementation have related to the effective delivery of
cytotoxic heat. The threshold temperature for coagulative necrosis, which varies
by tissue (48), has been defined as 508C, sustained for 30 seconds, for osteocytes
(46). The standard RFA electrode is composed of an insulated shaft, typically 21-
14 gauge, and an exposed tip that is advanced into the substance of the tumor
under image guidance. The radiofrequency (RF) power source is connected to
this electrode and to one or more grounding pads on the patient’s body. Applying
alternating current sets up a circuit of ionic collisions within the surrounding tissue,
causing friction and generating resistive heat (40,48). As active heat deposition
decreases by a power of four with distance from the active tip, thermal conduction
is essential for heating beyond this narrow zone (40). The volume of necrosis
achievable by these electrodes was initially quite limited, approximately 1.6 cm at
maximum (49), and with its roughly cylindrical shape, was not optimally suited
for the irregular geometry of solid tumors (48,50).

Various modifications have increased the volume of thermal necrosis achiev-
able by RF electrodes. Heat deposition has been intensified directly through the use
of generators of higher power (48,51), and pulsed energy delivery (52). Although
seemingly beneficial, maximal heating around the active tip can have a paradoxi-
cally restrictive effect on the diameter of the ablation zone. Sustained temperatures
above 1008C cause tissue carbonization or “charring,” resulting in an abrupt
increase in impedance that limits additional energy deposition (49). Tissue
boiling and vaporization also occur at these temperatures, producing gases that
insulate the electrode and interfere with conduction. Electrodes cooled by continu-
ous internal perfusion, designed to maintain treatment temperatures between 508C
and 1008C, have produced reliably larger volumes of coagulative necrosis (53). The
size and geometry of the ablation zone have been improved further through the use
of larger monopolar electrodes, electrodes with multiple deployable tines or cluster
arrays, and bipolar arrays involving a nearby second electrode functioning as the
ground (48). Ablation zones of approximately 5 cm using a single internally
cooled electrode (54), and up to 7 cm using an internally cooled cluster probe
with 0.5-cm interelectrode spacing, can be achieved (Fig. 1) (55).

Despite these advances, the periphery of the ablated volume remains vulner-
able to inadequate heat deposition. Adapting the bioheat transfer equation for ther-
moablation points out that the diameter of necrosis achieved is dependent not only
on the thermal energy delivered, but on its interactions with the properties of the
tissue being heated (51). Inadequate heating owing to the convective “heat-sink”
effects of nearby vessels, in addition to premature cooling owing to conductive
losses, are most problematic in highly vascular organs, namely the kidney and
liver (48,50). Insulation, caused by variable densities of stromal fat or interdigitating
air-filled compartments, can limit the consistency of energy deposition throughout
breast and lung lesions, respectively (48,50). These same factors may act beneficially
to shield ablation zones from heat-sink losses, however, termed the “oven effect” in
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studies of RFAwithin areas of cirrhotic liver (56). Decreases in blood flow through
the ablation zone by surgical (57–59) and pharmacological (60) means have
resulted in larger and more homogenously treated RF lesions in hepatic tissue,
with the drawbacks of a more invasive and dangerous procedure. Regardless of
the site or sophistication of the RFA system used, intratumoral temperature moni-
toring provides an important gauge for assessing the adequacy of cytotoxic heating.

Bone is a unique medium for RFA, in the way of conduction properties and
procedural approach, related to its structure. Bone is subject to perfusion-
mediated heat dissipation via blood flow within the medullary canal, analogous
to normal liver and kidney, but may also demonstrate insulative properties
owing to decreased heat transmission across its substance (61), as encountered
in healthy lung and fibrotic liver tissue (48,49,56). By virtue of their small size
(5), osteoid osteomas are treated quite effectively within approximately 1.6 cm
of thermal necrosis (49) produced by single conventional (i.e., noninternally
cooled) RFA electrodes. The use of these monopolar probes has continually
met with success for the treatment of osteoid osteomas, and remains the standard
practice at most centers (4).

RADIOFREQUENCY ABLATION OF OSTEOID OSTEOMAS:
PROCEDURE AND CLINICAL RESULTS

Minor variations exist between institutions and clinicians regarding the logistics of
the RFA procedure. Percutaneous thermoablations are performed in the main radi-
ology department at the authors’ institution after medical clearance and at least one
week’s cessation of anti-inflammatory medications to avoid bleeding sequelae.

FIGURE 1 (A) Different thermoablation systems are currently available to clinicians in the United
States. An argon-based cryoablation system with 1.7 to 2.4-mm cryoapplicators is used at the
authors’ institution (Endocare; Irvine, California, U.S.A.). (B) Multiple types of RFA electrodes have
been used clinically, as detailed in the text, including those with internally cooled cluster arrays
(Radionics/Valley Lab; Boulder, Colorado, U.S.A.) and (C) with multiple deployable tines (Boston
Scientific; Boston, Massachusetts, U.S.A.). There is currently one FDA-approved system for MWA,
the Vivawave system (D, Vivant Medical Inc; Mountain View, California, U.S.A.). Abbreviations: FDA,
Food and Drug Administration; MWA, microwave ablation; RFA, radiofrequency ablation.
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Conscious sedation with agents, such as midazolam and fentanyl, is the preferred
mode of anesthesia. General endotracheal or laryngeal mask anesthesia is reserved
for pediatric populations or patients who need deeper anesthesia for pain control
during ablative therapy. Following localization of the tumor by CT, the skin is
sterilely prepared over the site felt to offer the most direct and perpendicular
approach that can safely avoid critical structures. Image-guided access to the
nidus is initially obtained using a trephine-type biopsy needle, the outer cannula
of which is then used to pass the 5- to 10-mm active tip of the electrode (4). A
typical treatment lasts six minutes, with a target temperature of 908C generally
agreed upon (4,14,47,62). Additional treatments after repositioning are dictated
by the size and shape of the tumor and by temperature readings.

Postprocedural pain, anecdotally reported as more severe in patients under-
going repeat RFA for recurrent symptoms (4), has been rated at 50% the severity of
the pain prompting referral (14). Resolution of symptoms after a single RFA treat-
ment has been reported in 90% to 100% of patients (62–64), falling to 60% of
those being treated for pain recurrence after pervious RFA or open resection
(Fig. 2) (65). At least 85% of patients would experience a substantial decrement
in pain within the first three days following RFA, and importantly, equally sub-
stantial numbers will go on to report the desired improvement in function
(14,64,66). Without concerns of significant bone weakening or of malignant trans-
formation, follow-up imaging is not indicated in the absence of recurrent symp-
toms (4,50,62). In a retrospective study comparing the outcomes of surgical
resection and RFA, Rosenthal et al. (13) found the techniques to be equivalent,
in terms of clinical success, for the osteoid osteomas treated. Although recurrence
was slightly higher among those treated with RFA (12% vs. 9% treated with
surgery), there were two complications requiring several additional operations
in the surgical group, and an average postoperative stay of 4.7 days versus 0.18
days following RFA. In addition to clearly demonstrating its equivalent efficacy,
these findings reiterated the safety advantages and rapid convalescence offered
by this minimally invasive alternative.

SAFETY CONSIDERATIONS

Most osteoid osteomas of the extremities are effectively and safely treated with
RFA. Their occurrence within the vertebrae in roughly 10% of cases; however,
often within the posterior elements, they present several unique challenges.
Apart from the low but finite risk of bleeding, infection, and burns from improper
grounding pad placement at any treatment site (48,50,67), RFA performed in the
vicinity of critical structures risks serious iatrogenic injury (48,68). The spinal
cord and nerves are especially susceptible to thermal damage, as might be encoun-
tered during RFA of a mass arising within the adjacent vertebral body or arch.
Sustained temperatures above 458C are known to cause irreversible injury to the
cord and associated structures (69,70) and to peripheral nerves (71).

Following a report that the substance of the intervertebral disc could act as a
heat buffer for nearby spinal nerves (72), Dupuy et al. (61) sought to investigate the
vertebral bone itself for potential insulating capabilities. They demonstrated that
intrathecal temperatures could remain subtoxic during RFA of a nearby vertebral
body, despite using an internally cooled electrode at maximal power. The expansive
plexus of epidural veins and the investing layer of cerebrospinal fluid (CSF) pre-
senting unique features of this region were postulated to further supplement the
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heat-sheltering capabilities of the intact bone. The clinical arm of this study
involved RFA of an osteoid osteoma in the pedicle of T11, and of a lytic hemangio-
pericytomametastasis in a lumbar vertebral body, both of which resulted in durable
pain resolution, without neurological injury (61). Importantly, the cortical bone pos-
terior to the lumbar lesion was visibly intact in both cases. Sequelae including
incomplete hemiplegia have been reported after similar procedures in which
tumor had invaded the posterior cortex of the vertebral body (73).

These findings, together with additional clinical reports (64,74–77) and
increasing experience with the control of ablation volumes in living bone (78)

FIGURE 2 A 14-year-old male noticed the insidious onset and gradual progression of pain above
his right ankle. There was no history of trauma. The pain worsened to the point that his gait
became antalgic, and became less responsive to the aspirin that had previously been beneficial.
He was evaluated by an orthopedic tumor specialist after plain radiographs revealed an
abnormality within the right lower tibia suspicious for osteoid osteoma. The patient was referred
for radiofrequency ablation. (A) A scout topogram of the right lower extremity shows a lucency
within the cortex of the distal tibia (arrow) above the syndesmotic ligament, with mild periosteal
reaction (arrowhead ). (B) A transverse non–contrast-enhanced CT image demonstrates a lucent
subcortical focus with sclerotic margins in the medial area of the distal tibia consistent with osteoid
osteoma (arrow). Following the administration of general anesthesia, a core biopsy was performed
using a 14-gauge Ackerman needle before advancement of the RFA electrode. (C) A transverse
CT-fluoroscopy image shows placement of the RFA electrode’s 1-cm active tip within the
substance of the tumor (arrow). Two 6-minute treatments were given, each achieving a maximal
temperature above 948C, and averaging a power of 4.5 W, a current of 0.2 A, and a tissue
impedance of 142 Ohms. The patient was discharged home on acetaminophen/codeine tablets.
His right leg pain had effectively disappeared within 36 hours of treatment, and he remains pain
free at two-month follow-up. Abbreviations: CT, computed tomography; RFA, radiofrequency
ablation.
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have led to the conclusion that RFA can be performed safely when an intact
layer of “shielding” bone separates the spinal canal from the electrode tip
(50,61). Regardless of the sophistication of preprocedural planning and imaging,
meticulous intraprocedural assessment remains essential. Intraprocedural temp-
erature monitoring adjacent to neurovascular structures using a routine thermo-
couple (Fig. 3) (79) or the emerging technique of MR thermometry (80), and the
titration of sedation, such that radicular symptoms can be reported, are of
obvious importance.

SKELETAL METASTASES—BACKGROUND

Primary bone tumors are relatively rare (81). Bone’s involvement by systemic
cancer is far more common, made vulnerable by its rich vasculature and by the
“seed in soil” effect of growth factors concentrated within its matrix (82,83). The
skeleton is by far the most likely organ to be affected by metastases, of which
more than 80% arise from a lung, breast, or prostatic primary (84,85). Skeletal
metastases signify advanced disease, and almost uniformly, a prognosis where
maximizing the quality of the patient’s remaining time deserves priority over

FIGURE 3 Thermoablation performed near critical structures places these structures at risk for
injury. (A) Procedural photograph and (B) corresponding transverse CT-fluoroscopy image
demonstrate RFA of a vertebral body metastasis from renal-cell carcinoma. Given the proximity of
the electrode (arrowhead) to the spinal canal, an external thermocouple (arrow) was positioned to
ensure adjacent temperatures remained below 508C. The patient tolerated the procedure well, and
had no signs or symptoms of nerve injury in the postprocedure period. (C) During the MWA
treatment of a different patient with renal-cell carcinoma metastases, the antenna (arrowhead ) is
placed within a thoracic vertebral body at the same time as the thermocouple is directed toward
the intervertebral foramen (arrowhead ). Abbreviations: CT, computed tomography; RFA,
radiofrequency ablation; MWA, microwave ablation.
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curative therapy. Appropriate care is directed at the expeditious relief of the most
debilitating symptom, which in the vast majority of cases is intractable pain (85).
Despite multidisciplinary advances, factors, such as inadequate pain assessment,
communication failure, and concerns about regimen toxicity leave an estimated
50% to 70% of patients with uncontrolled pain owing to skeletal metastases (86,87).

MALIGNANT BONE PAIN: PHYSIOLOGY AND
TRADITIONAL THERAPIES

In addition to the direct irritation and infiltration of afferent fibers, much of the
severe pain of bone metastases is caused by microfractures and associated intrinsic
motion within bone, destabilized by tumor-driven osteoclast activity (88,89).
Pressure, owing to this mechanical distortion or to local hemorrhage caused by
osteolysis, is a potent noxious stimulus to the periosteum, which possesses
the highest density of pain fibers in the skeleton (90). Opioid analgesics, used
ubiquitously and lacking many of the long-term complications of nonsteroidal anti-
inflammatory drugs (NSAIDs), have shown efficacy and tolerability that are variable
at best (86,91). Targeting nociception alone, their effects may become blunted by the
“viscous cycle” of neural sensitization and altered neurotransmitter expression that
distinguishes the pain state of bone cancer from those of inflammatory or neuropathic
origins (92).

External-beam radiation therapy (XRT) is considered the standard for meta-
static bone pain (87,93,94), exerting its effects through a direct decrease in tumor
burden (88), and through a diminution of the inflammatory response potentiating
pain (87,94,95). Generally reported as effective in 70% of cases (94), various
reviews have specified that although up to 90% of patients will experience some
degree of relief from palliative XRT, results approaching complete analgesia
would be expected in only 40% to 60% (93,94,96). Apart from toxicity concerns,
independent of benefit and often precluding retreatment, it is the potential delay
of up to 12 weeks to attain maximal benefit that remains problematic (93). With
pain relapse in 30% to 50% during this same period (88,96), and with the estimated
survival often less than 24 weeks following the diagnosis of bonemetastases (50,85),
the intended result remains unattainable. In their comprehensive and widely
acknowledged meta-analysis, Ratanatharathorn et al. (97) reported the treatment
success, durability, and overall practices of palliative radiotherapy to be largely
inadequate. Their summary finding that the “median duration of relief” was signifi-
cantly shorter than the “median duration of survival” after treatment in the
majority of cases is salient to the evaluation of any palliative therapy, used alone
or in combination.

Hormonal- or chemotherapy-induced tumor regression can reduce the narco-
tic dose required, typically in the order of months, prior to the emergence of resist-
ant clonogens (87). Adverse effects vary widely, any of which are amplified in the
setting of a limited functional reserve. Bisphosphonates, now the standard for
malignant hypercalcemia, act at multiple levels to inhibit osteoclastic bone resorp-
tion (95), the rate of which relates directly to the severity of bone pain (98). Having
been shown to decrease the incidence of additional skeletal complications owing to
metastases from multiple tumor types (95), they may also potentiate the effects of
hormonal and chemotherapy in breast cancer (99). Radiopharmaceuticals, such as
89strontium, are beneficial for widespread metastases, and lack a substantial
portion of the marrow irradiation encountered with palliative XRT. They are
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generally not indicated for patients with one or a few painful bone lesions, however,
and are contraindicated in patients with myelosuppression of any etiology or with a
life expectancy less than three months (95). With benefits potentially delayed up
to 12 weeks for any of these antineoplastic agents (86), a safe, effective treatment
permitting rapid assessment of the desired results would have an indication
independent of prognosis.

PALLIATIVE THERMOABLATION OF BONE METASTASES

Dupuy et al. (100) were the first to investigate the utility and potential analgesic
benefits of RFA when applied to malignant rather than benign bone lesions. The
1998 study followed 16 patients who had undergone RFA to 18 bone metastases
(1–8 cm in diameter), of various histologies and skeletal locations. Prior treatment
failure had occurred with at least one traditional agent in each case, with patients
rating their average day-to-day pain and worst pain at 6.5 and 8.5, respectively,
by 10-point visual analog scale. Average pain ratings had fallen to 4.62 at one
week (P ¼ 0.039) and 4.64 at one month (P ¼ 0.036). Worst pain ratings improved
even further, to 6.93 (P ¼ 0.005) and 5.64 (P ¼ 0.003), at one week and one month,
respectively, with the only adverse events referable to local inflammation, and for
self-limited flu-like symptoms termed “postablation syndrome,” lasting a few
days after treatment. When grouped according to the preablation diameter and
body region of the tumor, patients having tumors of small size and with chest
wall involvement had significant relief (Fig. 4), whereas patients with larger
tumors located in and around the pelvic bones did not.

Callstrom et al. (101) examined these benefits further in a group of 12 patients,
each undergoing RFA to single analgesia-resistant bone metastasis (1–11 cm in
diameter). Significant improvements in average and worst-pain ratings were
observed at four weeks. There was also a significant reduction in perceived interfer-
ence of pain with daily activities during this period, paralleling the reduction in dis-
ability reported by a group of patients who underwent RFA for painful vertebral
metastases (75). The single reported complication (101) was a second-degree
grounding pad burn, reiterating the importance of safety considerations, but
adding to the data that such outcomes are infrequent. These early results provided
an important foundation, but allowed relatively limited interpretation owing to
short follow-up periods and varying study population characteristics.

Goetz et al. (76) performed a multi-institutional investigation to characterize
the efficacy of RFA in further detail, for a larger number of patients who had failed
or were otherwise poor candidates for standard therapy for bone metastases (1.4–
18.0 cm in diameter). A total of 95% of the patients (43 of the 45 treated) experienced
at least a 2-point decrease in reported pain from pre-RFA levels. Most importantly,
the significance of the reported pain decrement was maintained at 12 and 24 weeks
of follow-up. Complications included a burn of moderate severity at a grounding
pad site, an episode of transient incontinence following RFA of a sacral lesion,
and a pelvic insufficiency fracture following ablation of an acetabular metastasis.
Despite the adverse events, the conclusions were a powerful argument for the effec-
tiveness, durability, and overall safety of RFA for the palliation of painful osteolytic
tumors. These data have been supported by additional positive results following
RFA of painful osseous metastases, performed alone (Fig. 5) (102,103) or in conjunc-
tion with percutaneous osteoplasty (73,104), or followed by palliative surgery made
feasible by the “debulking,” accomplished via RFA (77).
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PROCEDURAL OBJECTIVES: LOCALLY CURATIVE
VERSUS PALLIATIVE

Compared with procedures having curative intention, palliative thermoablation
has objectives that are similar at the level of the target lesion, but substantially
different at the level of the patient being treated. These patients typically have a
medical complexity that is markedly increased over those with osteoid osteoma
that must factor into appropriate preprocedural clearance. In addition to being
substantially larger than benign tumors in most cases, symptomatic metastases
virtually always have some degree of involvement, if not frank invasion, of the
surrounding soft tissues and neurovascular structures that must be carefully con-
sidered during treatment planning. The effects of metastases on the bony structures

FIGURE 4 A 62-year-old female with advanced-stage adenocarcinoma of the left lung was referred
for palliative thermoablation. Despite a positive intraparenchymal response to XRT and
chemotherapy, the tumor went on to invade the adjacent thoracic vertebrae causing severe pain.
(A) Transverse contrast-enhanced CT image through the thorax shows an ill-defined pleural mass
eroding the body of the adjacent vertebral body (arrow). (B) Transverse CT-fluoroscopy image
during the subsequent RFA procedure shows the electrode positioned within the mass (arrow). A
total of three 4-minute treatments were given, with intratumoral temperatures exceeding 708C in
each case. Treatments averaged a current of 1.76 A, a power of 176 W, and a tissue impedance
of 64 Ohms. The patient experienced dramatic relief of pain symptoms in the proceeding weeks.
(C) Transverse contrast-enhanced CT image at 18 months post RFA shows the tumor mass to be
without enhancement and regressing in size with nearby pleural thickening consistent with post-
RFA changes (arrowhead). The patient remains pain-free and without any evidence of disease
progression. Abbreviations: CT, computed tomography; RFA, radiofrequency ablation; XRT,
external-beam radiation therapy.
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themselves are also important. Disruption of the cortex by lytic or mixed lytic blastic
lesions may obviate the use of a biopsy device to gain access for the electrode.
Although the approach may be simplified, such cortical discontinuity may signifi-
cantly increase the risk of injury to local structures during thermoablation, owing
to the loss of insulation, as detailed earlier (61,73). Curative and palliative thermoa-
blation may vary the most with respect to the extent of thermal coagulation that is
necessary. Complete tumor necrosis, mandatory for curative ablation, is obviously
the ideal for cases of palliation as well. It is advocated that when size, irregularity,
or proximity to neurovascular structures would make complete treatment of
themetastasis dangerous, attention should be focused on areas judged to be respon-
sible for the bulk of symptoms, such as the advancing margin or bone–soft-tissue
interface (4,76,101).

Palliative thermoablation, a local therapy in the midst of systemic disease, is
not performed with the expectation of increasing survival. It can be reasoned,
however, that an improved level of activity, a decreased narcotic requirement,
and an overall sense of improved status are far from trivial prognostic factors.
Regardless, the degree of subjective improvement remains the sole measure of
success in this setting. This success can be remarkable for even the latest stages
of disease, as highlighted in the report of two patients who developed a reversible
overuse neuropathy of the lower extremities after the dramatic analgesia obtained
after RFA of pelvic metastases (103). It should be noted that the majority of patients
described in the earlier studies were already facing severe therapy-resistant bone
pain at the time of RFA. Treating earlier, less-advanced symptoms could yield an
even higher rate of success, but has had virtually no study in this regard, owing

FIGURE 5 A 66-year-old male with widely disseminated squamous cell lung carcinoma began to
complain of increasingly severe pain and tenderness over the cervical spine accompanied by
decreased range of motion. (A) A transverse noncontrast-enhanced CT image through the neck
demonstrates an aggressive lytic mass invading the C2/C3 arch on the left side (arrow) (B) A CT-
fluoroscopy image shows the RFA electrode advanced into the substance of the mass, through a
posterior approach (arrow). One 2-minute and two 3-minute ablations were performed, with
maximal temperatures between 58 and 68 dC. Measured parameters averaged a current of
0.90 A, a power of 66 W, and an impedance of 111 Ohms. The patient reported significant
improvements in pain and range of motion after treatment. Despite rapidly progressing systemic
disease, he remained without recurrence of neck symptoms prior to his death, approximately three
months post RFA. Abbreviations: CT, computed tomography; RFA, radiofrequency ablation.
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to issues of availability and technical experience, and to current practice parameters
emphasizing maximization of traditional therapy. A Phase I/II prospective trial
currently underway through the American College of Radiology Imaging
Network will examine analgesic responses following RFA of a single metastatic
tumor, in patients with persistent bone pain. Analysis of the outcomes will
provide a framework for further study of thermal ablation as a primary rather
than delayed treatment alternative.

MICROWAVE ABLATION

Microwave ablation, one of the more recently studied thermoablation modalities,
has identical principles but multiple mechanistic advantages over RFA. The high
frequencies of microwaves, at or above 900 MHz (105), act on the permanent
dipoles within a tissue’s water molecules, causing rapid oscillation and the pro-
duction of intense heat. Heat is actively generated throughout a field, rather than
being focused immediately adjacent to the probe as with RFA. Thus, MWA is not
dependent on conduction, and grounding pads are unnecessary. Microwave abla-
tion achieves consistently higher intratumoral temperatures over larger volumes
(106,107), in a shorter time (108). As a result, partially cystic and air-filled tumors
are coagulated more reliably, as are tumors bordering large blood vessels, with
heat-sink effects largely eliminated (107,108). Thus, temperatures need only be
monitored, via external thermocouple, when the tumor mass is abutting critical
neurovascular structures (Fig. 3C). Multiple antennae can be run simultaneously,
when dictated by tumor size or geometry. Reports of successful hepatobiliary
applications of MWA are accumulating (109–111), and its potential efficacy for
pulmonary tumors is being investigated.

Clinical experience with MWA has been limited in general, particularly so for
bone tumors. Although lacking formal study, it is unlikely that attempting to treat
osteoid osteomas with MWAwould improve on the predictable and largely favor-
able outcomes achieved using RFA. High rates of local control have been reported
using intraoperative MWA for a variety of skeletal tumors, but were qualified by
several postprocedure fractures (112). At our institution, several patients have
undergone palliation of bone metastases using percutaneous MWA. One was an
84-year-old man with resistant pain in the region of T10 and L1 owing to metastases
from renal cell carcinoma. He underwent uncomplicated MWA of both lesions, fol-
lowed by vertebroplasty, and reported improved pain at twomonths post-treatment
(Fig. 6). Another patient, aged 70 years, underwent successful MWA of a severely
painful transitional-cell carcinoma metastasis to the acetabular rim. He remains
pain- and complication free at 1.5 years of follow-up.

CRYOABLATION

Cryoablation, applied in various forms to many pathologies over the last century
(113,114), has come into widespread use for the treatment of liver tumors (115).
It was considered a strictly intraoperative modality in its earlier forms, given
the large-caliber, incompletely insulated probes and the difficulty of controlling
the liquid nitrogen being applied (116). Modern cryoablation generates thermal
injury using the extreme cold of argon gas decompression, with cryoapplicators
adapted for percutaneous use. Real-time visualization of the hypoechoic frozen
region or “ice ball” (117) and reports of decreased procedural pain (118)
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are some of the noted advantages over RFA. In addition to frostbite injury and
potential skin necrosis surrounding the treatment sites, serious complications
have been reported at a higher frequency than with equivalent RFA procedures
in hepatic tissue, including hemorrhage (116), infection (113), and rarely, death
(113). These have not detracted from additional studies, however, and successful
applications for liver (119), kidney (120), and lung neoplasms (121) continue to
be reported.

Cryoablation, in the form of cryosurgery, has long been studied as a poten-
tially curative therapy for various bone tumors. Usually performed after curettage
or operative exposure, cryoablation has seen gradual improvements in safety
profile and in the observed rates of success over time (122). After following a
group of over 300 patients treated with cryosurgery for primary bone tumors,
Dutch researchers concluded that combining cryosurgery with intralesional
excision could yield local control outcomes equivalent to those of marginal exci-
sion for many tumors, including grade I chondrosarcoma (114). As with
the other studies, the variability of the protocols and of the combinations
with other percutaneous or open procedures prevents more than a cursory com-
parison between RFA and cryoablation procedures intended for cure. Recent
studies noting the beneficial results of palliative cryoablation have included case
reports (123) and an ongoing prospective trial following 14 patients after under-
going cryoablation for painful lytic metastases (124). Preliminary results
have been positive, with a significant decrement in worst pain reported at one

FIGURE 6 An 85-year-old male with known T11 and L2 metastases from renal cell carcinoma was
referred for possible thermoablation after his back pain became intolerable, despite radiation therapy.
A transverse CT-fluoroscopy image during MWA of the L2 lesion shows two of the three microwave
antennae placed within the mass for simultaneous treatment (arrows). Gas is visible within the lesion
(arrowhead ), released by the vaporization of tissue during treatment. One 10-minute and one
4-minute MWA were performed, at 45 W of power. A single MWA antenna was advanced into the
T11 lesion, and one 4-minute treatment was performed at 45 W (not shown). The antennae were
then removed, and vertebroplasty was performed at both levels. Postprocedure plain film
demonstrates appropriate placement of the cranioplast material at the T11 site (arrow). The
patient experienced substantial pain relief and without vertebral sequelae. and remained pain free
before succumbing to complications of systemic disease. Abbreviations: CT, computed
tomography; MWA, microwave ablation.
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month postprocedure, and 50% of patients reporting complete disappearance of
pain symptoms.

Of interest, in the setting of pain palliation, is the preservation of the connec-
tive tissue and myelin sheath of local sensory axons during the cryoablation
process, as documented by postprocedure histology (125). To the analgesia and
cytoreduction offered by RFA and MWA, cryoablation thus adds the potential for
regeneration of sensory afferents following eradication, in theory, of the malignant
stimulus. On the order of time of the typical patient’s life expectancy with bone
metastases, the latter effect may be inconsequential. In the case of patients with
a small number of symptomatic lesions amid reasonably preserved health,
however, there is the potential for remarkable benefit. As with the other thermal
ablation procedures, skeletal cryoablation may be carried out in conjunction with
biopsy, osteoplasty, or even operative stabilization (114,124), if the latter is sup-
ported by sufficiently low surgical risk and evidence of impending fracture that
would negate the analgesia achieved.

ADDITIONAL THERMOABLATION MODALITIES

The additional thermoablation modalities have various advantages and shortcom-
ings with respect to RFA, but have had very limited comparative study (113). Laser
ablation, noted briefly earlier as an alternative for osteoid osteoma (34,35), main-
tains the minimally invasive nature of RFA, but offers precise control over the
photo-coagulated area, allowing a finer delineation between tumor and normal
tissue (126). The fine lesion size requires that multiple overlapping treatments be
performed for larger tumors, which would add further to the inhomogeneity in
heating caused by irregular vascularization, as experienced with RFA. Further,
the equipment and procedures are costly, and have no proven benefits over RFA,
as of yet (113). High-intensity focused US (127) is gaining momentum as another
method for minimally invasive thermoablation, particularly since its integration
with MR guidance, for breast and brain tumors, and for tumors arising within
the pelvis (128). The utility of US waves capable of penetrating deep within
tissues, guided by superior imaging, has raised interest in HIFU for several
benign and malignant disease processes. To date, experience in the musculoskeletal
system has been minimal, and its efficacy remains to be demonstrated (113).

COMBINED THERAPY

Thermoablation has typically been studied as one step or stage amid the sequence
of traditional treatments for cancer, rather than as an isolated, prospectively inves-
tigated therapy. Given the unlikely event that a single modality will achieve a 100%
cure rate, for any malignancy, interest has been growing in regard to the intentional
combination of thermoablation with traditional modalities (48). The objective
driving such investigations has been the achievement of synergistic results,
without similarly compounded morbidity. Synergism between chemotherapy
and thermoablation would be especially relevant to patients with late-stage
disease, who may experience a greater benefit from palliative thermoablation of
bone metastases when performed at a particular time during further systemic
therapy. The benefits of combining chemotherapy (129,130) with controlled
hyperthermia (42–458C) have been previously reported, leading to studies substi-
tuting RFA as the source of potentially sensitizing thermal injury. Synergistically
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larger ablation volumes have been demonstrated by performing RFA within
30 minutes of intratumoral doxorubicin injection (131), or immediately following
PEI in an animal tumor model (132). The postulated mechanisms relate to
improved thermal conduction through chemically manipulated tissue. Percuta-
neous ethanol instillation has met with success, but limited the acceptance for
the treatment of osteoid osteoma (37). Given the favorable outcomes of osteoid
osteomas treated with RFA alone, PEI may prove more beneficial in combined
therapy for the larger malignant lesions.

As with chemotherapy, radiation therapy has been increasingly studied in
temporal and spatial combination with thermoablation, with proposed complimen-
tarity based on tumor biology and tissue properties. One case study has reported
achieving a larger RFA volume in liver tissue previously treated with XRT than
in the nonirradiated area, in the same patient (133). More recently, synergistically
increased rates of local control and survival were noted, in an animal tumor
model, after combined treatment with XRT and RFA, over either modality alone
(134). It is known that tumor oxygenation is directly related to radiation sensitivity,
and that the central, irregularly vascularized and often necrotic region of many
solid tumors is less radiosensitive. This zone harbors increasingly resistant clono-
gens that may contribute to treatment failure and tumor cell repopulation over
time (135,136). As detailed earlier, the well-vascularized periphery of such
tumors is often inadequately heated by RFA (48). The zones of reciprocal efficacy
of these modalities suggest a potential complementarity when they are temporally
combined. Further study must determine if the theoretical advantages are observed
clinically, in the way of local control and symptom palliation. Regardless of the
specifics of the regimen selected, regular follow-up assessments and imaging
after combined treatment will maximize on the crucial utility of repeating thermo-
ablation, without any increased risk or summation of tissue toxicity, in the event of
progression or symptom recurrence.

FUTURE APPLICATIONS

Image-guided thermoablation has reshaped the treatment options for benign and
malignant skeletal tumors. Its safety and reproducibility may support an analogous
but largely unexplored role for non-neoplastic disorders of the musculoskeletal
system. Radiofrequency ablation has already had substantial study for the treat-
ment of nonmalignant bone pain, being functionally equivalent to a rhizotomy,
for spine pain of discogenic and post-traumatic origin (4). In contrast, its effects
on the bone growth and remodeling have had very little study. Manipulation and
artificial arrest of longitudinal bone growth through various means directed at
the physis, termed epiphysiodesis, have become well-accepted treatments for the
disorders of skeletal development, such as limb-length discrepancy and angular
deformity (137). Disruption of the physis and contiguous bone through a percuta-
neous approach, resulting in subsequent fusion, has achieved high rates of success
(138,139), but this method carries with it the risk of significant operative and post-
operative complications, including insufficiency and fracture. A pilot study at the
authors’ institution has investigated image-guided RFA as an alternative method
for percutaneous epiphysiodesis (Fig. 7). In the weeks following RFA of the proxi-
mal tibial physis in rabbits, there was a significantly decreased rate of growth in the
treated limb compared with the contralateral control limb, and a complete cessation
of longitudinal growth in the treated limbs at two months postprocedure. Analyses
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via histological section and micro-CT demonstrated ossification of the RF-ablated
physes, with essentially normal bone surrounding the treated areas. A great deal
of study will obviously separate these preliminary findings from clinical testing.
The potential for replacing current operative and percutaneous methods with
RFA-epiphysiodesis is representative of the prominent place thermoablation will
hold for the future of musculoskeletal pathology.

CONCLUSION

Ever since its initial study within the musculoskeletal system, percutaneous image-
guided thermoablation has been increasing in applicability and in rates of clinical
success for a wide variety of benign andmalignant tumors. Byvirtue of the encoura-
ging safety profile, minimal hospitalization, and rapid convalescence these

FIGURE 7 The efficacy of percutaneous radiofrequency ablation (RFA) for epiphysiodesis was
investigated in a rabbit model by a group at the authors’ institution. In the period following
experimental RFA of the proximal tibial physis, treated limbs demonstrated a significantly
decreased rate of growth, and ultimately a premature cessation of longitudinal growth, compared
with the contralateral control limbs. (A,B) After 10 weeks, high-resolution three-dimensional
volume images of the physes were obtained using compact fan-beam tomography (mCT 40;
Scanco Medical, Bassersdorf, Switzerland). Radiofrequency ablation-treated specimens showed
the bony bridging typical of fused physes (arrowhead ), with cartilage being replaced by trabecular
bone. The sham-treated physes were normal and open in appearance, without any significant
derangement of the surrounding anatomy (arrowhead). These findings were consistent with
subsequent histological examination of the RFA-treated physes (C, arrowhead ) and sham-treated
physes (D, arrowhead ). Source: Photographs courtesy of F. Nickisch, M.D. and D. Moore, M.S.,
Department of Orthopedics, Brown Medical School and Rhode Island Hospital, Providence, Rhode
Island, U.S.A.

172 Grieco and Dupuy



techniques offer, thermoablation truly allows the patient, rather than the disease
process, to be the immediate focus of these benefits. Radiofrequency ablation has
proven itself as the preferred treatment for virtually all extraspinal osteoid osteomas,
and for those centered in the vertebrae that are adequately shielded from adjacent
neurovascular structures by intact bone. The implications of an equally primary
role for the palliation of skeletal metastases are enormous, as the survival and pro-
portion of cancer patients affected by these and other morbidities continue to rise.
The expansion of long-term follow-up data and the continued collaboration
among oncologic subspecialists will guide the selection of patients and the planning
of the thermoablation treatments that will benefit them the most.
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SACROILIAC JOINT INJECTIONS

Sacroiliac (SI) joint syndrome has been considered to be a source of low back pain for
approximately 100 years (1,2). Prior to the work of Mixter and Barr (3) in 1934, which
identified the intervertebral disc as a principal etiology of low back pain, the SI
joint was believed to be the primary pain generator. Studies utilizing injection tech-
niques for diagnosis have dramatically altered the diagnosis and treatment of SI
joint syndrome. This chapter introduces the techniques of fluoroscopically guided
SI injections, and discusses the indications, contraindications, complications, and
evidence-based literature regarding this procedure.

Patients with SI joint pain typically complain of deep aching low back pain,
buttock pain, thigh pain or groin pain of variable duration. Symptoms are com-
monly one-sided, but may be bilateral. The mechanism of injury is usually
unknown, although there can be a description of minor trauma. Symptoms are
not accompanied by neurological deficits and can be exacerbated by prolonged
sitting or standing. This pain can radiate down the leg past the knee at times, but
typically stops at the knee. Patients may achieve temporary relief by changing
positions, using modalities, such as heat and anti-inflammatory medications.

Physical exam findings in SI joint syndrome are unreliable (4). Patients
commonly exhibit tenderness over the sacral sulcus and buttocks on the sympto-
matic side. Provocative maneuvers which compress the joint space can reproduce
pain around the posterior superior iliac spine. Motions to the hips, such as
flexion, external rotation, abduction, and extension may reproduce pain, but are
not specific to the SI joint.

The differential diagnosis of SI joint syndrome is extensive. It includes lumbar
disc disease, piriformis syndrome, zygapophyseal joint pain, degenerative joint
disease of the hip, spinal metastases, gluteal bursitis, ischiorectal abscess, myofas-
cial pain syndrome, fibromyalgia, ankylosing spondylitis, sacral fractures and
spondylolysis, and pelvic inflammatory disease.

Presently, there are no diagnostic tests useful in the diagnosis of SI joint syn-
drome (5). Two recent studies examined the efficacy of computed tomography (CT)
scans and bone scans to diagnose SI dysfunction. Both studies failed to show any
correlation between radiographic findings and clinical symptoms or signs (6,7).

Sacroiliac joint injections have become an invaluable tool in confirming the
diagnosis of SI joint syndrome. Many recent studies have questioned the adequacy
of physical examination and radiographic studies in support of clinical diagnosis
(4–6). Most recently, a study by Laslett’s group (8) reaffirmed previous work by
Fortin (9) and Schwarzer (10), stating that pain relief with SI injections under
fluoroscopic guidance remains the gold standard for diagnosis of this condition.
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ANATOMY

The SI joint lies at the junction of the sacral bone and the iliacus bones. It is initially
described as an L-shaped joint, with its long arm oriented caudally and its short
arm cranially (5). As humans mature into adulthood, the joint becomes nearly
C-shaped in appearance.

In 1920, Lynch reported that the SI joint is a true synovial joint, based on a
work by eighteenth-century anatomists Bernhard Albinus and William Hunter
(11). It contains synovial fluid, has two opposing joint surfaces, and the articulating
bones possess ligamentous connections (12). There are six ligaments which span the
articular surfaces of the SI joint. These include the interosseous SI ligament, the
ventral SI ligament, the long dorsal SI ligament, the sacrotuberous ligament,
the sacrospinous and the iliolumbar ligaments.

There are several important changes that occur in the joints with aging. The
articular surfaces become rough after puberty. The joints also develop cavitations
which increase friction andenhance joint stability. Finally,with aging, the joint surfaces
erode and narrowing of the joint space occurs, although ankylosis of the joints is rare.

The SI joint is unique in that it is covered by two different types of cartilage.
The sacral surface is covered by a hyaline cartilage and the iliac surface is covered
by a fibrocartilage.

The joint is innervated on its posterior surface by lateral branches of the pos-
terior ramus from L4 to S3. There may also be a ventral contribution to the inner-
vation. This remains controversial following the recent work by Fortin in 1999
(13). Because of the diverse innervation, the pain referral patterns can easily be
confused with radicular symptoms between L4 and S1. The most common
patient complaints remain buttock, lateral hip, groin, and posterior thigh pain.
Sacroiliac pain is rarely seen above the iliac crest.

PATIENT SELECTION

Injections are performed to minimize low back pain and to confirm the diagnosis of
SI joint syndrome. Specific indications for diagnostic and/or therapeutic SI injec-
tions include discomfort at and below the iliac crest. The distribution of discomfort
secondary to SI dysfunction was mapped by Fortin in a landmark work (14). Other
indications for the procedure include patients with low back pain and MRIs nega-
tive for disc pathology or facet arthropathy. Prior to performing injections, patients
have generally failed other conservative treatments for at least four weeks.
Conservative treatments for this condition include physical therapy, medication,
SI belts, and spinal manipulation.

CONTRAINDICATIONS

Absolute contraindications for this procedure include patients with systemic
infections. Patients with localized infection near the injection site should also be
excluded. Patients should be afebrile and off all antibiotics prior to the injection.
Other patients precluded from the procedure include those with bleeding diatheses
or chronic anticoagulation. Those patients on anticoagulants should have their
medication held and prothrombin time (PT) rechecked to minimize bleeding
risks. Patients who are pregnant should not receive SI injections because of
exposure to fluoroscopy.
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Sacroiliac joint blocks should be performed cautiously in patients with known
allergies to contrast media or iodine, local anesthetics, and corticosteroids. These
patients will need prophylaxis against allergic reaction prior to the procedure. Rela-
tive contraindications to the performance of SI injections include poorly controlled
diabetes and labile congestive heart failure if steroids are to be utilized. Aspirin can
be stopped one week before the procedure and nonsteroidal anti-inflammatory
drugs (NSAIDs), except for cyclo-oxygenase-2 (COX-2) inhibitors can be held for
three days before the injection. However, this is not critical. Finally, the physician
should be aware of any potential latex allergy prior to the procedure.

TECHNIQUE

There are several techniques described in the medical literature. The first technique
was described by Miskew in 1979, for aspiration of an infected joint (15). The tech-
nique was then simplified in 1982 by Hendrix (16), and is still commonly
performed. This technique involved superimposing the anterior and superior
joint surfaces.

After informed consent is obtained, the patient is brought into the fluoroscopy
suite andplacedon theexamination table in theproneposition.TheC-armfluoroscope
is positioned obliquely to superimpose the anterior and posterior joint surfaces of
the SI joints. The patient’s contralateral hip is raised slightly to an angle of 108 to 308
to allow optimal views of the joint to be injected. The patient’s skin is then sterilely
prepped and draped in the usual fashion. The skin and soft tissues overlying
the joint surface are anesthetized with a local anesthetic. Using intermittent fluoro-
scopy, a sterile 22-gauge spinal needle is then inserted into the lower one-third of
the SI joint. Hendrix (16) described increased resistance as the needle passes
through the posterior SI ligament and decreased resistance as the needle pops into
the joint. The needle may appear to bend slightly at its tip upon entrance into the
joint space. Needle placement within the joint is then confirmed by injection of 0.5–
1 ml of water-soluble contrast. The contrast spreads in a cephalad direction from the

FIGURE 1 Fluoroscopic image of arthrogram of right sacroiliac (SI) joint utilizing the technique of
Hendrix as described in 1982. The anterior and posterior joint margins are superimposed by
rotation of the fluoroscope image obliquely. The spinal needle is observed in the bottom third of
the joint about 1 cm from the caudal-most segment. Contrast spreads superiorly in the joint space.
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inferior aspect of the joint. Pictures should be obtained and printed to be placed on the
patient chart (Fig. 1).After satisfactory arthrogram is obtained, a solution of local anes-
thetic and corticosteroid is injected into the joint. The volume of the injectate should be
less than 3 ml, because the joint can only hold maximum 2–5 ml (10,14).

During this immediate postinjection period, the patient should be encouraged
to perform activities that previously elicited the pain response. A pain diary may be
kept by the patient at various intervals following the procedure to record the degree
of pain relief. Typically, a significantly positive response to the injection is at least a
75% reduction in pain immediately following the injection during the period of
analgesia provided by the specific anesthetic (8,17,18). On another occasion, a
second injection should be performed to confirm the diagnosis of the SI joint as
the pain generator. This eliminates the possibility of a false positive response to
an initially successful diagnostic injection.

An alternative to this procedure was proposed by Fortin in 1994 (9), and
modified by Dussault (19) in 2000. The technique is varied to separate the anterior
and posterior joint surfaces by rotation of the C-arm either obliquely with the hips
elevated minimally, as described by Fortin, or by angling the C-arm by 208 to 258 in
a cephalad position (Dussault). This procedure allows easier cannulation of the
posterior joint surface. The posterior joint margin is observed medially with this
technique. The optimal injection site would be seen when the posterior joint
surface develops a hyperlucent appearance, described as a medial silhouette (20).
The procedure would then be conducted as described earlier, with the entry
point for the needle in the inferior portion of the joint space (Fig. 2).

COMPLICATIONS

Bleeding, bruising, and discomfort at the injection site are uncommon, but may
occur. Local and systemic infections are also rare complications observed with a
sterile technique. Potentially fatal anaphylactic reactions can occur with
unknown allergies to latex, contrast media, local anesthetics, and steroids.

FIGURE 2 Fluoroscopic image of arthrogram of right sacroiliac (SI) joint utilizing the technique
described by Fortin in 1994. The anterior and posterior joint margins are clearly separated and
the spinal needle is observed in the posterior joint margin. The needle is positioned in the bottom
third of the joint 1–2 cm above the caudal-most segment of the joint. Contrast spreads superiorly
in the joint space away from the needle. Contrast is also observed in the anterior joint margin
(lateral position).
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EVIDENCE-BASED LITERATURE

Medical science has studied fluoroscopic SI injections for approximately 25 years.
To date, there have been no random assigned double-blinded controlled studies
of this procedure in patients without known seronegative spondyloarthropathy
(21). Rosenberg (22) in 2000 determined that nonfluoroscopic injections rarely
enter the SI joint. This study determined that only 22% of these blind injections actu-
ally entered the joint space. Fortin previously established pain referral maps in 1994
to diagnose suspected SI joint syndrome (9,14). After diagnosis, he found that 14
out of the 16 patients studied had improvement with fluoroscopic SI injections.
Schwarzer et al. (10) studied 43 patients with idiopathic low back pain below L5
and found that 30% of this group improved with this procedure. Maigne prospec-
tively studied 54 patients with suspected SI joint pain and using a double-block
paradigm determined that 18.5% had significant improvement after two blocks.

Slipman (17) performed a retrospective study of 31 patients with SI joint
syndrome in 2001. These patients underwent fluoroscopic injections after failing
conservative treatments for four weeks. His group found statistically significant
improvements in the Visual Analog Scale, Oswestry Disability Scores, and work
status following therapeutic SI injections.

Current medical literature is quite favorable regarding the use of fluoroscopic
SI injections for the diagnosis of SI joint syndrome. History and physical examin-
ation alone are not sufficient to diagnose SI dysfunction. Further randomized,
controlled research is necessary to establish that therapeutic SI injections are ben-
eficial to our patients. This research should include a double-block paradigm to
minimize the placebo effect of a single positive injection.
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INTRODUCTION

Neck and low back pain are common, yet challenging problems affecting many
patients. The differential diagnosis is quite large and the pain generator(s) may
be difficult to tease out from the history, physical, and routine diagnostic studies.
Reasons for pain are often multifactorial, and when related to degenerative
changes, often involve multiple structures in the spine simultaneously. Diagnosis
and treatment is complicated, as numerous studies have shown a poor correlation
between imaging findings and patient symptoms (1,2,3). This chapter will discuss
the diagnosis and the treatments of cervical and lumbar zygapophyseal (Z) joints of
the spine. Zygapophyseal joints have also been implicated as a cause of thoracic
pain. We opted to focus this chapter on the cervical and lumbar Z joints as they
have been investigated more in these spine segments.

BACKGROUND

In 1911, Goldwaith first postulated that the “facet” joints (the term used in older
references) could be a source of low back pain (4). A study from Putti in 1927
first documented osteoarthritis in the facet joints of cadaveric specimens who
were over 40 years of age (5). Ghormley coined the term “facet syndrome” in
1933 in reference to low back pain caused by osteophytosis of these joints with sub-
sequent lumbar nerve root entrapment (6). In 1963, Hirsch gave credence to the
facet joint as a pain generator in and of itself (7). He and his colleagues injected
the lumbar facet joints of volunteers with hypertonic saline, and were able to
induce pain in the upper back and thighs.

The term “facet,” although still popular in the literature and amongst many
clinicians, is nonspecific. There are numerous facet joints in the human body, and
therefore, when one is referring to the spine, the more descriptive and preferred
term is zygapophyseal joint or Z joint. Zygapophyseal joint syndrome or facet
syndrome refers to the irritation of one or more of these joints, and may occur
unilaterally or bilaterally, and at one, or more commonly, multiple levels.

EPIDEMIOLOGY

Studies have quoted the overall frequency of neck pain to be as high as 34%, with
the duration and development of chronic pain increasing with age (8). In a study of
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500 patients presenting to a pain clinic with chronic, nonspecific spinal pain, the
prevalence of the Z joint as a generator was determined using diagnostic medial
branch blocks. The Z joint was implicated in 55% of those with cervical pain,
42% of thoracic pain, and 31% in lumbar pain (9).

Studies of cervical pain after whiplash injuries implicate the Z joint as a pain
generator in nearly 60% of patients (10) and the C2-3 and C5-6 joints were found to
be most commonly involved (11,12). These patients often develop significant altera-
tions in their perception of health (13). In a Finnish study of whiplash patients three
years postinjury, 11.8% of patients reported that symptoms related to the injury
caused their health to deteriorate significantly (14).

Low back pain is an extremely common problem encountered by clinicians of
nearly every specialty. In fact, it is second only to the common cold as the leading
cause of worker absenteeism, and results in more lost productivity than any other
medical condition (15). Up to 90% of adults experience low back pain at some time
in their lives (16).

Studies utilizing medial branch blocks as the gold standard for diagnosis indi-
cate the prevalence of lumbar Z-joint pain in patients with chronic low back pain to
range from 15% to 40% (9,15). A prevalence of 15% was noted in young, injured
workers, and 40% was noted in elderly patients. There may be a higher incidence
of z-joint pain with increasing age.

ANATOMY OF THE ZYGAPOPHYSEAL JOINT

The Z joint is a true synovial joint with a fibrous hyaline capsule, articular cartilage
menisci, and synovial lining. It lies between the inferior articular process of the ver-
tebrae above and the superior articular process of vertebrae below (Figs. 1–3). The
superior aspect of the Z joint faces anterolaterally, and the inferior portion faces pos-
teromedially. The Z joints’ menisci help distribute loads over greater articular areas
and provide stability.

FIGURE 1 Lumbar vertebra
(axial-oblique view).
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The capsule of the Z joint is richly innervated by the medial sensory branches
of the dorsal rami from the same level and from the level above it. The innervation
of the C2-3 joint is different. The C2-3 joint is innervated by C3 (lesser occipital
nerve), which crosses the C2-3 Z joint and a communicating branch from C2.
In addition to innervating the Z joints, the medial branches also innervate the
multifidi, interspinous muscles, and the interspinous ligaments. They contain
nocioceptive fibers that can be triggered by capsular stretch and local pressure.

The angles of the Z joints in the cervical, thoracic, and lumbar vertebrae
restrict or allow different motions. In the cervical spine, the Z joints are approxi-
mately at 458 angles to the coronal or sagittal planes. They also are obliquely
oriented in the cephalocaudad direction. The thoracic Z joints approximate the
coronal plane, thus limiting shear forces on the thoracic spine. The upper lumbar
Z joints are in a predominantly sagittal plane, and develop a more coronal orien-
tation down the spine, with the L5/S1 segment lying most coronal. This orientation
allows the upper portion of the lumbar spine to resist rotation, whereas the lower
portions resist forward displacement (16). The sagittal lumbar facet orientation
permits the facet joints to glide anteroposteriorly, and help facilitate the flexion
and extension movements of the lower back (16).

FIGURE 2 Lumbar vertebra (sagittal view).

FIGURE 3 Computed tomography with good view of
the lumbar zygapophyseal (Z) joint (arrow).
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PATHOPHYSIOLOGY

The spine is a magnificent structure. Its functions include protection of the spinal
cord, attachment sites for various muscles of the neck and back, permission and
restriction of various spinal movements, load bearing, and maintenance of an
upright posture. This is achieved through an elegant interaction between discs,
bones, joints, and ligaments in the spine. When any of these structures are compro-
mised, the result can be a disruption to the entire spinal system. It is for this reason
that one cannot discuss disorders of the Z joint without additionally considering the
other structures in the spine.

In the normal spine, the intervertebral disc and anterior segment bear 80%of the
vertical load. Only 20% of this force is transmitted through the posterior segment,
including the Z joints (17). The segments also diminish increasing axial loads in pro-
gressively caudal segments. This load reaches 12% to 25% in the lumbar spine. Both
the anterior and posterior segments are interdependent, and thus, if the integrity of
one segment is disrupted, stress or dysfunction may occur in the other.

The division of labor in the spine is such that the anterior segment primarily
serves the functions of weight bearing, shock absorbing, and flexibility. The role of
the posterior elements is primarily the protection of the neural elements, restriction
and permission of movements, and they act as a fulcrum for movements (17). When
the intervertebral disc is desiccated, the posterior elements, including the Z joints,
are forced to bear more weight.

There are many possible explanations as to why Z joints can become painful.
Theories include joint microtrauma, systemic or focal arthritic processes, synovitis,
meniscoid entrapment, synovial impingement, and joint chondromalacia.

HISTORY

The history in patients with Z-joint pain is often nonspecific. It is important to con-
sider other causes of back pain before coming to the diagnosis. Patients with Z-joint
pain syndromes classically report pain in the spinal region affected, which is worse
with extension and torsional loads. However, increased pain upon extension is cer-
tainly not sufficient to formulate a diagnosis of Z-joint pain. Z-joint pain is not
associated with motor or sensory loss.

When radiation is present, it does not follow, but may mimic, a radicular dis-
tribution. Although there is variation in the referral zones for a given affected Z
joint, investigators have found common patterns (18). It is important to keep in
mind that often times there are more than one Z joints that is a pain generator.
Evaluation and treatment may need to encompass multiple joints.

The C2-3 joint is often implicated in pain that radiates to the head causing
occipital headaches. The C3-4 and C4-5 joints have similar distributions, and typi-
cally cause pain in the mid-cervical spine that may extend to the lower cervical
spine and/or upper trapezius region. It may be particularly difficult to distinguish
pain distributions from the C3-4 and C4-5 joints. Referred pattern from the C5-6
joint extends to the ipsilateral shoulder and the cephald third of the scapula.
The C6-7 referral pattern is distinguished from the C5-6, as the C6-7 referral
pattern is considerably larger and extends to encompass almost the entire
scapula, whereas the C5-6 joint usually does not refer below the spine of the
scapula (18,19).

Pain owing to stimulation of the L1-2 joint is confined to the lumbar
region, whereas referred pain from the L2-3 joint can be experienced at the
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greater trochanter, lateral thigh and gluteals. The L3-4, L4-5, and L5-S1 joints, all
may refer pain that extends from the lumbar region to the gluteals, groin,
the great trochanter, posterior and lateral thigh. Buttock pain originates fairly
often from the lumbar Z joints, and is most likely from the L4-5 and/or L5-S1
joints (20).

As there is significant overlap in referred distribution from Z joints, it can
be hard to determine which joint(s) is a pain generator. Patients often describe Z-
joint pain as deep, dull, and aching in quality, frequently localized to the paraver-
tebral area. Pain may be aggravated by twisting movements, stretching, and lateral
bending. Pain may be worse in the morning and improve throughout the day.

Often, patients describe an inciting event. In the cervical spine, this is most
frequently a rear-end collision resulting in “whiplash.” The whiplash syndrome
often involves the cervical Z joints (11). The thoracic and lumbar Z joints may simi-
larly be compromised in an extension or rotation-type injury.

Red flags in the history for serious disease include fever, unintentional weight
loss, fatigue, saddle anesthesia, progressive neurologic deficits, difficulty in swal-
lowing, progressive gait dysfunction, difficulty with sexual function, bowel and/
or bladder incontinence or hesitancy, intractable pain, and night pain.

PHYSICAL EXAMINATION

The physical examination begins when the patient walks into the examining
room. The clinician should pay close attention to the patient’s gait, noting any
lurching, pelvic tilt, the lack or presence of lordosis, and any other altered gait bio-
mechanics. The alignment of the spine and the presence of scoliosis should be
noted. In chronic Z-joint disease, the patient may lose the normal cervical or
lumbar lordotic curvature.

Palpation should include the paraspinal muscles, and bony elements, includ-
ing vertebrae. In low back pain, the sacroiliac joint and sacrum should also be
palpated. Range of motion may suggest a facetogenic component to the patient’s
pain. In cervical pain, lateral rotation is often limited on the side of facetogenic
pain. In lumbar pain, extension may be limited. A comprehensive neurological
examination must be performed, and should include reflexes, muscle strength,
and sensory testing (21).

There is a poor correlation between physical examination and the diagnosis
of Z-joint-related pain. Although some maneuvers are suggestive, none are
specific to this entity. Schwarzer reported up to a 45% false-positive rate when
compared with medial branch blocks (15). In evaluating the patient for Z-joint
disease, it is also important to rule out other entities that could cause pain in
the neck or back.

GENERAL CONSIDERATIONS OF INTERVENTIONAL
ZYGAPOPHYSEAL-JOINT PROCEDURES

Informed consent is required before all invasive procedures. Prior to any interven-
tional procedure, the clinician should discuss risks and expected outcome. Sedative
anesthesia is often not necessary, but if needed, should be performed with cardior-
espiratory monitoring. Intravenous midazolam 1.0 to 2.0 mg is often used for this
purpose, as it has a quick onset and is short acting. It is important that the
patient not be asleep or incoherent from sedation. Sedation has been shown to
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adversely affect the validity of diagnostic zygapophyseal-joint injections (22).
Excess sedation would prevent the patient from communicating if relief is obtained,
pain is experienced from the procedure, and if a perceived new neurologic deficit or
other complication has occurred. A driver or escort should accompany the patient
upon discharge. To optimize diagnostic injections, patients are instructed to stop
pain medications on the procedure day. It is crucial that computed tomography
(CT) guidance or fluoroscopy is utilized for these procedures.

Selecting the level(s) which is more challenging is largely based upon a com-
bination of the physician’s clinical experience and pain referral patterns. It is
important to keep in mind that each Z joint (with the exception of the C2-3 joint)
is innervated by two medial branches, and that each medial branch innervates
two Z joints. For instance, the L4-5 Z joint is innervated by the L3 and L4 medial
branches, and blockade should be performed at the L4 and L5 transverse processes.
In the cervical spine, the C4-5 Z joint is innervated by the C4 and C5 medial
branches at the C4 and C5 articular pillars. Performing the procedure at one level
is not sufficient as only half the joint’s innervation is anesthetized (23).

Interpretation of diagnostic tests is based on the patient’s subjective pain
response prior to and after the procedure. Pain is subjective; utility of the test is
largely dependent on the reliability of the patient’s subjective response. Patients
should be asked about pain level on a numerical scale prior to and after the pro-
cedure in addition to what percentage relief (if any) was obtained. Many interven-
tionalists use a minimum of 70% relief on two separate diagnostic tests to warrant
proceedingwith rhizotomy (19). Some use amore stringent criteria of 80% benefit in
order to proceed with rhizotomy (9,24). Patients should attempt to reproduce
activity, such as standing and/or lumbar extension that usually provokes pain,
and see if this has changed after a diagnostic procedure. The authors typically
prefer medial branch blocks to intra-articular injections, as the response tends to
be more immediate and easier for the patient to interpret.

Reasons for false-positive responses to diagnostic injections include too much
anesthetic used and placebo response. The placebo response is significant as the
more invasive the procedure, the higher the placebo response (25). Reasons for
false-negative responses include incorrect needle position, vascular injection, and
wrong level(s) injected.

Contrast is used to assure proper needle placement. The proximity of a needle
to the Z joint or injection itself may reproduce pain. Prior to injection or rhizotomy,
the fluoroscope should be rotated to ensure that the needle is not too far medial
or anterior. Intra-articular contrast should flow in an arc-like configuration if
placement is ideal.

Zygapophyseal joints may develop cysts for unclear reasons. Although not all
Z-joint cysts are symptomatic, they can become inflamed and can grow to be fairly
large. The cysts themselves can extend to compress the thecal sac or encroach upon
exiting nerve roots in the nearby the neural foramen, causing a neurological deficit
and/or pain (26).

Findings on CT, X-ray, magnetic resonance imaging (MRI), and other forms
of imaging are nonspecific, and cannot be used to establish the Z joints as a
source of pain (9,11). Because of the ambiguity in determining whether there is a
prominent Z-joint component to the pain complaint based on history, physical
examination, and imaging, medial branch blocks are the gold standard in diagnosis.
Diagnostic Z-joint injections are indicated if the clinician has a suspicion of a
significant Z-joint etiology to the patient’s pain.
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CONTRAINDICATIONS TO ZYGAPOPHYSEAL-JOINT PROCEDURES

All interventional Z-joint procedures require extensive physician training, and
should not be taken lightly, as complications may be disastrous. Erroneous
needle positioning is the most likely reason for a bad patient outcome. For instance,
if the needle is too far anterior, structures in the neural foramen, such as the dorsal
rami, may be lesioned during rhizotomy, and the patient could end up with weak-
ness or deafferentation syndrome. Possible complications need to be discussed with
and understood by the patient prior to the procedure and include infection, weak-
ness, deafferentation pain syndrome, thecal sac puncture, and bleeding compli-
cations. Patients should be advised to stop anticoagulants in sufficient time prior
to the procedure to diminish the chance of an epidural hematoma. In the cervical
spine, vasovagal responses and ataxia may occur (27).

The procedures should not be carried out if the patient has difficulty lying
prone, infection or suspicion of infection, psychological factors that would affect
interpretation of results, the patient is on anticoagulants, or anatomy prevents
clear visualization of the Z joints to be targeted by injection. It is more likely that
the epidural space, intervertebral foramen, and vertebral artery may be inadver-
tently entered when attempting an intra-articular joint injection than medial
branch block as depth is more difficult to gauge with intra-articular injections.
This could have disastrous consequences, particularly in the cervical spine.

INTRA-ARTICULAR ZYGAPOPHYSEAL-JOINT INJECTIONS
General Overview
Intra-articular Z-joint injections provide diagnostic information, and impart thera-
peutic benefit. A pure diagnostic injection can be performed with a local anesthetic
agent alone. In diagnostic injections, a small volume (1 cc or less) is essential to
avoid inadvertent extravasation of anesthetic to nearby spinal structures, reducing
diagnostic accuracy. Steroid, if used, may well provide protracted relief of pain
pertaining to the injected joint. It is always important to keep the possibility of
a false-positive response in mind when interpreting diagnostic information from
invasive procedures. If pain persists and the diagnosis is not firmly established,
another intra-articular injection or medial branch block should be performed, as
a reproducible beneficial result lessens the chance of a false-positive response.

Anesthetics of different durations can be used for diagnostic purposes. A
prolonged response is expected with a longer-acting anesthetic agent with
a briefer response to the anesthetic from a shorter-acting agent. The normal Z
joint will accommodate 1.0 to 1.5 mL of injectate. A typical diagnostic injection
will utilize 0.5–1.0 mL of 1–2% lidocaine or 0.25% to 0.5% bupvicaine. A typical
therapeutic injection will consist of 0.5 to 1.0 mL of lidocaine or bupivicaine
and 0.5 mL of steroid. It is important to ask the patient if the injection causes
concordant pain, as this information may aid in diagnosis.

Lumbar Intra-articular Zygapophyseal-Joint Injection
Procedure
The patient is placed on the fluoroscopy table in the prone position. The skin area is
prepared in a sterile fashion. The C-arm is placed in an oblique position at 10–458
from the anteroposterior (AP) view to obtain the optimal angle of needle insertion
into the joint space. The ideal entry point is at the inferolateral edge of the inferior
articulating process, as this is the largest area for injection (Fig. 4). Once the target is
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identified, 1% lidocaine is injected subcutaneously for local anesthesia. A 22- or
25-gauge spinal needle is advanced through the facet capsule. When the Z-joint
capsule is entered, the interventionalist typically feels a loss of needle resistance
(Figs. 5 and 6). After the joint is penetrated, a small amount of contrast should be
injected into the capsule (Fig. 7) to assure the needle is not in a vessel and is
indeed in the Z joint. Once proper placement is confirmed, the injectate is slowly
delivered with attention to joint capacity.

Cervical Zygapophyseal-Joint Injection
Procedure
The patient is positioned in the lateral decubitus position with the painful side
facing upward. The neck is supported with a folded towel or small pillow so as
to keep the head in line with the table. It is more difficult to judge needle positioning
and gain joint entry when the procedure is done from a posterior approach with the
patient prone, and thus we advise that the patient be in the lateral decubitus pos-
ition. The cervical area is prepared in a sterile fashion and the C-arm is positioned
to locate the suspected Z joint(s). A local injection of 1% lidocaine is instilled
subcutaneously. Then, a 25-gauge spinal needle is advanced toward the target
Z joint, with spot films taken periodically to ensure the proper approach. A
22-gauge needle can also be used, but we utilize a 25-gauge needle as it is less
uncomfortable for the patient. The needle is advanced under fluoroscopy toward

FIGURE 4 Target entry site (pointer) at inferior aspect of
lumbar zygapophyseal joint.

FIGURE 5 Twenty-five-gauge needle entering the
zygapophyseal joint. Often, the interventionalist can “feel”
entry into the joint. This patient had a joint cyst that was
aspirated and her condition improved significantly thereafter.
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the targeted joint until bony contact is made. The needle is then withdrawn slightly
and redirected into the joint. After the joint is penetrated, a small amount of contrast
should be injected into the capsule (Fig. 8) to assure that the needle is not in a vessel
and is indeed in the Z joint. Once proper placement is confirmed, the injectate is
slowly delivered with attention to joint capacity.

Zygapophyseal Joint Cyst Aspiration
Procedure
The treatment of the cysts can be quite challenging. Cysts can be aspirated using a
small-gauge needle, although often very little or no fluid is appreciated. Even if
adequate synovial fluid is aspirated, cysts may reaccumulate.

Intra-articular steroid injection and cyst distension achieved excellent pain relief
in 75%with complete cyst regression in 67% in a case series of 12 patients. If the refer-
ral pattern related to the cyst is radicular, a transforaminal epidural steroid injection
may be beneficial (28). In another case series of 18 patients with radicular pain
related to a Z-joint cyst, transforaminal epidural injections were combined with cyst
aspiration. Fifty percent of these patients had significant long-term pain relief (29).

Medial Branch Blocks
Procedure
The patient lies prone on the procedure table for lumbar medial branch blocks, and
can be in a lateral or prone position for cervical medical branch blocks. We prefer
placing the patient in a lateral position with the painful side up for cervical
medial branch blocks. The advantage of the lateral approach is that the articular

FIGURE 6 Computed tomography showing needle entry
into lumbar zygapophyseal joint.

FIGURE 7 Excellent flow of contrast into a
zygapophyseal joint. Notice the arc-like
configuration.
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pillar can be well visualized, and definite bony contact with the pillar can be made.
It is more difficult to judge needle positioning in the AP plane from a posterior
approach, and needle placement too far anterior can be catastrophic.

The skin is thoroughly cleansed. The physician uses lidocaine to numb a small
area of skin overlying the target. From L1-4, the medial branch lies at the intersec-
tion of the superior articular process and transverse process (Fig. 9). At the sacral
groove, the L5 dorsal ramus is just adjacent to the sacral superior articular
process (Fig. 10). The C3-7 Z joints are similarly innervated by medial branches
that run along the articular pillar in the cervical spine, varying in height and pos-
ition along the vertebral body. The C2-3 joint is unique as the needle should be
placed just lateral to the joint at the location of the large third occipital nerve that
innervates the joint (Fig. 11).

Once the needle contacts the bone and appears to be in excellent position, a
small amount of contrast should be used to confirm injection is not vascular. A
small amount of anesthetic is then used to numb the targeted medial branch
(Figs. 12–14). The authors use 0.3 to 0.5 cc of 2% lidocaine at each medial branch.
It is important to not exceed 1 cc, as excess volume can spread to other structures,
such as the nearby dorsal rami.

Radiofrequency Ablation
Indications
If the patient reports profound pain relief on two separate occasions after diagnostic
Z-joint procedures, the clinician can proceed to rhizotomy of the involved joints and

FIGURE 8 Twenty-five-gauge needle in cervical zyga-
pophyseal joint with contrast confirming joint spread
with no vascular uptake.

FIGURE 9 A pointer marking the target for injection of the
medial branch at the intersection of the superior articular
process and transverse process.
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expect substantial symptomatic improvement.Diagnosticmedial branch injections on
two separate occasions or one intra-articular injection and one diagnostic Z-joint injec-
tion can be used to firmly establish the Z joints as a significant pain generator. One
diagnostic injection does not suffice in firmly establishing the Z joints as a pain gen-
erator owing to the high level of false-positive responses. Schwarzer noted a 38%
false-positive response rate with one lumbar medial branch block. The sensitivity of
a single uncontrolled cervical medial branch block has been estimated to be 95%,
and the specificity is 73% (30). Because of the high false positive rate of diagnostic
medial branch blocks, a placebo can be utilized to increase diagnostic accuracy (31).

The patient should be made aware that benefit should be long lasting, but
pain may return as the medial branch grows back. Pain from ablated Z joints
may not return for up to nine months but may be short lived (32). The procedure
involves minimum risk in the hands of an experienced physician and little or no
sedation should be used.

Procedure
A grounding pad should be placed on the patient and skin overlying the target area
prepped and draped appropriately. The C-arm is rotated so the target is clearly in
focus. The authors use direct AP C-arm positioning in the cervical spine and an AP
view with 5–108 of oblique C-arm angulation in the lumbar spine. The authors use
straight needles in the cervical spine and needles with a slight degree bend in the

FIGURE 10 A pointer marking the target for injection of
the L5 dorsa rami just adjacent to the sacral superior
articular process.

FIGURE 11 A pointer marking the target for injection of
the cervical medial branch. Note the cervical fusion below
the targeted medial branch. Fusions may increase
biomechanical forces across adjacent zygapophyseal
joints and accelerate painful spondylytic changes.
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lumbar spine. The slight bend is used as it allows easier steering of the needle, and
because the authors feel a better lesion is created. Needles should be placed in the
same position as they were during the diagnostic medial branch blocks.

In the cervical spine, the radiofrequency (RF) needle is directed ventrally to
the location of the medial branch along the articular pillar. Definite contact must
be made with the articular pillar. A lateral view should confirm proper placement,
ensuring that the needle is not too far anterior. Some clinicians perform rhizotomy
from a lateral approach. However, these authors believe a better lesion is created
when the procedure is done from a posterior approach, as the RF ablation (RFA)
needle can best approximate the medial branch from this method.

The medial branch tends to vary in location along the vertebral pillars. For
instance, the C7 medial branch tends to be more cephalad than the remaining ver-
tebral levels where the medial branch is in the mid-substance of the pillars. More
than one lesion must be done along the C2-3 Z joint to ensure adequate lesioning
of the sizeable occipital nerve.

Once the needle appears to be well positioned, motor and sensory testing are
performed. The patient should be told in advance that the machine which will
create the lesion will be used to confirm proper needle placement and that the
patient will be asked to report any sensation during testing. Most often, patients
will report a thumping, throbbing, aching, or pressure-like sensation. Any motor
or sensory symptoms in the extremities reported during testing should guide the

FIGURE 12 Needle in excellent position for lumbar
medial branch injection. Note a slight oblique view being
used.

FIGURE 13 Needle in excellent position for injection
of the L5 dorsal rami. A straight anteroposterior (AP)
view was used for this level.
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physician to reposition the needle and retest before lesioning. Sensory testing is
done at 50 Hz, with the voltage slowly increased from 0 to 1 V. Motor testing
is done at 2 Hz, with the voltage slowly increased from 0 to 1 V. If the patient experi-
ences axial symptoms at a low voltage, the needle is probably very close to the
medial branch as desired. The patient should report axial and not radicular sen-
sations. During motor testing, a thumping sensation is commonly reported by
the patient and seen by the physician. The thumping sensation reflects shared
innervation with the multifidi, and suggests good needle placement.

Upon confirmation of ideal needle placement using fluoroscopic visualiza-
tion, sensory and motor testing, the physician can proceed to RF lesioning. Prior
to lesioning, the authors advocate using a local anesthetic to numb the medial
branch. We use 1 cc of 2% lidocaine. These authors lesion at 808C for 60 seconds.
During lesioning, the patient should be questioned about the presence of radicular
symptoms, and the procedure should be terminated if radicular symptoms are
reported. Radiofrequency ablation should not be a very painful procedure; signifi-
cant pain should prompt the physician to consider whether to continue.

CONCLUSIONS

Zygapophyseal joint syndrome can be a challenging diagnosis to make and to treat.
This is a common diagnosis, and should be considered in patients with axial back
and neck pain. If the physician is confident that the pain generator is the Z joint and
noninvasive strategies have failed, consideration should be given to interventional
procedures. Once the involved level(s) is identified using diagnostic medial branch
blocks and/or intra-articular Z-joint injections on two occasions, strong consider-
ation for RFA should be given. Spinal procedures should only be performed by a
trained physician and under fluoroscopic or CT guidance. This reduces accidental
injuries and ensures needles are placed in their intended targets. These procedures
are not a panacea. Pain may not be relieved completely as multiple structures can
contribute to painful conditions.
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B13 Epidural Steroid Injections
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INTRODUCTION

Epidural steroid injections are commonly utilized in treating cervical and lumbo-
sacral pain syndromes. There are two routes to perform cervical epidural
injections; these are interlaminar and transforaminal. In the lumbar spine, epidural
steroid injections are performed via interlaminar, transforaminal, and the
caudal routes.

RATIONALE

Corticosteroid injections have become an integral part of the management of
patients with cervical and lumbar pain syndromes. The placement of corticoster-
oids as close as possible to an inflamed nerve root in patients with sciatic symptoms
related to inflammation from disc herniation, spinal stenosis, or chemical sensitivity
should help lead to relief of pain (1–3).

ANATOMY

The spine isdividedanatomically into three compartments. These compartmentshave
been defined as the anterior, neuroaxial, and posterior compartments (4). The anterior
compartment is comprised of the vertebral body and the intervertebral disc. The struc-
tures within the epidural space and neural pathways form the neuroaxial compart-
ment and the posterior compartment is composed of the posterior lamina and
zygapophyseal joints along with the bony vertebral arch structures. The neuroaxial
compartment consists of all structureswithin theosseous and ligamentousboundaries
of the spinal canal.Within this compartment is found the epidural space. The epidural
space contains fat, epidural veins, epidural arteries, and lymphatics.

The most common constituent of the epidural space is epidural fat (5). The
epidural fat acts as a shock absorber in order to protect the contents of the epidural
space and can also act as a depot for drugs and anesthetics injected into the
epidural space.

The epidural veins are primarily localized in the anterior lateral portion of the
epidural space; the veins themselves can change with an increase in intra-abdominal
pressure (5,6). Epidural arteries are also present in the epidural space and supply the
surrounding bone and ligamentous structures as well as the spinal cord. Segmental
radicular vessels enter the epidural space through the intervertebral foramina (7).
These segmental arteries are derived from the aorta, subclavian, and iliac arteries.
Onentering the spinal canal, the radicular arteries pass through thedura into the inter-
vertebral foramen at the region of the dural cuff. The anterior spinal artery receives
most of its blood via these segmental radicular arteries. These radicular arteries can
be quite large and the largest of these has been termed the artery of Adamkiewicz.
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This artery enters the spinal canal through the intervertebral foramenusually between
T8 and L3 and is localized along the left side 78% of the time (8).

The epidural space extends from the foramen magnum to the end of the dural
sac at S2. The actual size of the posterior epidural space varies greatly. It expands to
5 to 6 mm at its greatest width in the mid-lumbar spine and gradually decreases to
about 3 mm at the S1 level; the diameter is 1.5 to 2.0 mm at C7, 3.0 to 4.0 mm at T-2,
and 3.0 to 5.0 mm in the mid-thoracic region (5,9). It is widest in the midline and
narrows beneath the zygapophyseal joint.

The epidural space surrounds the dural sac. It is bordered posteriorally by the
ligamentum flavum and periosteum and anteriorly by the posterior longitudinal
ligament (PLL) and vertebral bodies. Laterally, it is bordered by the pedicles and
intervertebral foramina.

The ligamentum flavum has been proposed to be joined in the midline. There
appears to be a paired nature to the ligament having both right and left portions
(10,11). When a needle is placed in the direct midline area it may actually penetrate
through the ligamentum flavum, which may be thin in the midline and thus may
lead to a false loss of resistance (LOR). This maybe one of the reported benefits of
a paramedian approach compared with a direct midline approach for epidural
needle placement (12).

The actual size and shape of the epidural space is determined by the manner
of attachment of the dural sac to the walls of the spinal canal. There have been mul-
tiple studies that have actually demonstrated a dorsomedian connective tissue
band in the epidural space (13). The posterior epidural space is divided by this dor-
somedian connective tissue band (plica median dorsalis) and additional transverse
connective tissue bands. Thus, the space is compartmentalized which can account
for the limitation of flow of the injected substances.

Very few studies have actually been performed to anatomically dissect the
lateral and anterior epidural space. The lateral epidural compartments contain
nerves and fat, and the anterior compartment contains veins and fat. Hogan (14) eval-
uated the cryomicrotome appearance of the anterior epidural space and described
that the anterior space appears to be filledwith veins, which rarely cross themidplane
of the PLL and its lateral membrane. The epidural space is filled by a thin layer
of areolar connective tissue termed the epidural membrane (15). This membrane
surrounds the dural sac and lines the surface of the lamina and pedicles posteriorly
and laterally. Ventrally it lines the vertebral bodies and also passes medially deep to
the PLL (15). The epidural membrane is drawn laterally to form a circumneural
sheath around the dural sleeve of the nerve roots and spinal nerve. An anterior
midline septum has been identified, which divides the anterior compartment.

PATHOPHYSIOLOGY

The pathophysiologic mechanisms of action upon which corticosteroids seem to
benefit patients with radicular pain remain controversial. There have been several
proposed mechanisms of action, which include anti-inflammatory, direct neuro-
membrane stabilization effects, and modulation of peripheral nocieptor input.

The most common conditions for which epidural steroids are given include
spondylosis and herniated nucleus pulposus (HNP). In spondylotic patients, symp-
toms maybe a result of ischemic neuritis of the cauda equina or nerve root.
Impaired epidural venous return can result from an increase in cerebrospinal
fluid (CSF) pressure below the level of compression, or disruption of nerve root
microcirculation when standing (16–18).
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Nerve root edema can result frommicrovascular injury inside the nerve roots.
Edema has been noted to produce pain in nerve roots (19). In patients with stenotic
nerve root canals there can also be mechanical compression of an exiting nerve root.
The nerve roots have a poorly developed epineurium as they exit the intervertebral
foramen rendering them particularly vulnerable to mechanical and chemical inju-
ries (18).

Compression of the large venous plexus within the intervertebral foramen
may occur, leading to congestion, ischemia, intraneural edema, and increased intra-
neural pressure (16).

Patients with degenerative disc disease of the lumbar spine with annular
disruption and herniation could have leakage of neurotoxic substances. Multiple
studies have demonstrated the adverse histologic and electrophysiologic effects
of discogenic inflammatory mediators on neural structures (17,20–22).

The discovery of elevated levels of phospholipase A2 at the neural interface
with herniated disc material by Saal et al. (21), in 1990 helped confirm the role of
inflammation in painful lumbar conditions. Phospholipase A2, an enzyme found
in high concentration in the disc material, is responsible for initiating the arachido-
nic acid cascade, which results in production of leukotrienes, prostaglandins, and
other inflammatory mediators (21). The role of these inflammatory mediators in
the genesis of discogenic and neurogenic pain syndrome is well accepted. Corticos-
teroids have been noted to have potent anti-inflammatory properties (23,24). These
effects are a result of inhibition of specific leukocyte function including inhibition of
leukocyte migration, prevention of the granulation of granulocytes, mast cells, and
macrophages, along with stabilization of lysosomal membranes (25).

Corticosteroids have been shown to block nocieptor C-fiber conduction (26)
and also inhibit prostaglandin synthesis (27). Another mechanism of action
through which corticosteroids achieve pain relief is the inhibition of nerve root
edema with resultant improved microcirculation. They may also reduce ischemia
and decrease the sensitivity of the prostaglandin-sensitized dorsal horn neurons
by inhibiting inflammatorymediators such as phospholipase A2. A direct inhibition
of C-fiber neuro-membrane excitation can occur as well.

Another proposed mechanism by which corticosteroids may act is to interact
with norepinephrine and 5-hydroxytryptamine neurons within the dorsal horn
substantial gelantinosa, which are known to be involved in the transmission of
pain (28,29). This then would suggest that epidural steroids may also modulate
nociceptive input from peripheral nociceptors as well.

Overwhelming evidence seems to support that epidural steroids have a
substantial role ineliminating the inflammatory reactions,whicharepresumedrespon-
sible for the sensory symptoms associated with radiculopathy (30,31). Studies have
been performed in order to assess the effect of corticosteroids on inflamed neural
tissue and on the nucleus pulposus with good inhibition of inflammatory mediators
(32–34). Thus far, the evidence overwhelmingly seems to support an inflammatory-
mediated process, which appears to be controlled with corticosteroids. There seems
to also appear to be a direct mechanism of action on peripheral nociceptors.

OUTCOMES/EFFICACY
Cervical Epidural Injections (Interlaminar/Transforaminal)
Review of the literature (Medline/PubMed) has revealed no published randomized
controlled studies of cervical epidural steroid injections. However, there have been

Epidural Steroid Injections 205



other studies evaluating the effectiveness of cervical epidural injections, which
warrant review and analysis (35–48) (Table 1).

One randomized trial (44) evaluated the effectiveness of cervical interlaminar
epidural steroid injections and showed a positive response in treating cervical radi-
cular pain. There have been few studies evaluating the effectiveness of cervical
transforaminal epidural steroid injections. The few studies performed appear to
show evidence they are helpful in treating cervical radicular pain (48,49) (Table 2).

Lumbar Epidural Injections
The use of epidural steroid injections in the treatment of lumbar pain syndromes has
been extensively studied. There have beenmany systematic reviews of the procedure
and its efficacy in treating the patient with radiculopathy (50–63) (Table 3).

Review of the literature (Medline/Pubmed) has revealed several published
randomized controlled studies of lumbar interlaminar epidural corticosteroid injec-
tions (64–69) (Table 4).

Four of these studies showed a short-term relief (less than three months)
(65–67,70). One study by Dilke et al. (64) did show long-term relief of three
months or longer. Two of these studies were randomized and double blinded
(67,69). In Cuckler’s study in 1985 (69), pain relief was observed only once in
24 hours following the epidural steroid injections, deemed by many as too brief
in order to evaluate their full effectiveness.

TABLE 1 Studies on Cervical Interlaminar Epidural Steroid Injection

Study
Number of
patients Injectate Benefit

Shulman 1984 (35) 136 80–160 mg methylprednisolone 76% had complete or fair relief
Rowlingson 1986 (36) 25 50 mg triamcinolone 64% had complete or .75%

relief
Purkis 1986 (37) 58 120 mg triamcinolone or

methylprednisolone
65% overall improvement

Warfield 1988 (38) 16 80 mg methylprednisolone 25% relief after six months
62% decreased analgesics

Cicala 1989 (39) 58 80 mg methylprednisolone 70% excellent to good relief
Proano 1990 (40) 61 80 mg methylprednisolone 63% of patients had a 50%

reduction in pain
Mangar 1991 (41) 40 80 mg methylprednisolone 75% of patients with HNP had

at least 50% relief
Stav 1993 (42)a 42 Group 1: 80 mg

methylprednisolone epidurally
Group 2: 80 mg intramuscular

At one year, 68% of ESI group
had relief vs. 11.8% in
intramuscular injection
group

Ferrante 1993 (43) 100 80 mg methylprednisolone
50 mg triamcinolone

62% of patients with radicular
pain had 50% or more relief

Castagnera 1994
(44)a

54 Group 1: 10 mg triamcinolone
Group 2: 10 mg
triamcinoloneþ 2.5 mg
morphine

Overall 79% positive response
rate at 3, 6, and 12 mos.

Klein 2000 (47)b 62 80 mg methylprednisolone 71% of patients had positive
response rate

Note: All studies retrospective unless indicated.
aRandomized prospective.
bFluoroscopically-guided epidural injection.
Abbreviations: ESI, epidural steroid injection; HNP, herniated nucleus pulposus.
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It should be noted that none of these randomized controlled trials were
performed utilizing fluoroscopic guidance, which has been advocated in order to
completely assure that the placement of medication is indeed within the epidural
space. These studies, however, seem to concur that there appears to be short-
term benefits from corticosteroid epidural injections in patients with radicular pain.

Other studies of significant note on interlaminar lumbar epidural steroid
injections have shown short-term benefit (71–73).

Kolsi et al. (74) did a pilot prospective randomized double-blind study com-
paring lumbar transforaminal epidural steroid injections with fluoroscopically
guided lumbar interlaminar epidural steroid injections in patients with radicular
pain and found no significant difference between the two groups.

Lumbar transforaminal epidural injections have been utilized in the treatment
of radicular pain with proven success in the treatment of patients with HNP or
lumbar spinal stenosis (LSS) (75–80). There have been several randomized trials
studying the effectiveness of lumbar transforaminal epidural steroid injections
(76–81) (Table 5).

TABLE 2 Nonrandomized Studies of Cervical Transforaminal Epidural Steroid Injection

Study Number of patients Injectate Benefit

Prospective
independent clinical
review (48)

68 neck pain and
radiculopathy

40 mg triamcinolone
acetonide
1 ml 1% lidocaine

93% of patients had good
relief for up to seven
months

Retrospective
analysis (46)

15 spondylitic
radicular pain

6–9 mg betamethasone
0.5 ml 1% lidocaine

60% of patients had good
to excellent benefits up
to 20.7 mo

Retrospective
analysis (49)

30 of which were: 16
foraminal stenosis
14 HNP

15 mg dexamethasone 60% of patients had good
relief at two weeks and
six months

Note: All fluoroscopic-guided except Cyteval et al. (49), which utilized computed tomographic guidance
Abbreviation: HNP, herniated nucleus pulposus.

TABLE 3 Review of Systemic Reviews on Lumbar Epidural Injections

Study Comments

Kepes 1985 (50) Average response to 60%
Rapp 1994 (51) 14% positive treatment over placebo
Bogduk 1994 (52) Only 4 out of 4000 papers against use
Watts 1995 (53) Effective in both short- and long-term
Koes 1995 (54) Benefit in short-term only
VanTulder 1997 (56) Moderate evidence not effective for chronic low back pain without

radicular symptoms
McQuay 1998 (57) Effective for up to 3 mos.
Rosenberg 1999 (58)a Not able to determine effectiveness
Vroomen 2000 (59) Helped patients with nerve root compression
Nelmans 2001 (60)a Not effective for chronic low back pain or radicular pain
Manchikanti 2001 (61)
and Manchikanti 2003 (62)

Favorable evidence for caudal and transforaminal injections

Boswell 2003 (63) Strong evidence for transforaminal and caudal injections helped
manage radicular pain

aConcluded not beneficial in chronic low back pain.
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TABLE 4 Randomized Controlled Studies of Lumbar Interlaminar Steroid Injections

Study Number of Patients Injectate Benefit

Dilke et al.
1973 (64)

100 with low back pain
and sciatica one
week to two year
duration

Experimental group
n ¼ 51, 10 ml
salineþ 80 mg
methylprednisolone
Control group: n ¼ 48

60% of patients in
treatment group had
improvement vs. 31%
in control group. A
greater proportion of
actively treated
patients improved at
three months

Snoek et al.
1997 (65)

51 with sciatic
symptoms
compression
documented on
myelography

Experimental group:
n ¼ 27, 80 mg
methylprednisolone
Control group: n ¼ 24,
2 ml saline single
injection

No significant difference
in both groups at three
days and at 14 mo in
low back pain, SLR,
subjective
improvement, and
surgery

Cuckler et al.
1985 (69)

73 with low back pain
from HNP or stenosis
symptom more than
six weeks

Experimental group:
n ¼ 42, 5 ml 1%
procaineþ 80 mg
methylprednisolone
Control group: n ¼ 31,
2 ml salineþ 5 ml 1%
procaine

No significant short- or
long-term improvement
both groups

Ridley et al.
1988 (66)

35 with low back pain
and sciatica
symptoms on
average of eight
months

Experimental group:
n ¼ 19, 10 ml
salineþ 80 mg
methylprednisolone
Control group: n ¼ 16,
2 ml saline in
interspinous ligament

90% in control group
improved at one week,
two weeks, and 12 wk.
At 24 wks, relief
returned to
pretreatment levels

Rogers et al.
1992 (70)

30 with low back pain Experimental group:
n ¼ 15 Control group:
n ¼ 15

Experimental group had
better results than
control group

Carette et al.
1997 (67)

158 with sciatica
because of HNP

Experimental group:
n ¼ 78, 8 ml
salineþ 80 mg
methylprednisolone
acetate Control group:
n ¼ 80, 1 ml saline, 3
injections, three weeks
apart

Six weeks the
experimental group
had more significant
reduction in leg pain.
No difference at three
months

McDonald et al.
2005 (68)

92 with sciatic pain
Minimum six-week
duration MRI
consistent with HNP
or stenosis

Experimental group:
n ¼ 44, 8 ml 0.5%
bupivacaineþ 80 mg
methylprednisolone
Control group: n ¼ 48,
intramuscular steroid
and 80 mg
methylprednisolone

Significant reduction in
pain. 10–35 days
following injection. No
difference long-term
between groups

Abbreviations: MRI, magnetic resonance imaging; HNP, herniated nucleus pulposus; SLR, straight leg raise.
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All these studies reviewed the effect of the injections on radicular pain from
HNP. Riew (78), however, did also include patients with central and/or lateral
stenosis. All studies showed effectiveness except the Karppinen (82) study.

Randomized studies on caudal epidural injections have been performed
(8,83–89). The details of these studies can be seen in Table 6. Upon review of
these trials it was noted that four showed positive short-term pain relief
(83,84,86,87) and four showed long-term relief (8,83,84,87). Of these studies, three
were performed on patients with radiculopathy/sciatica (8,83,86), two studied post-
lumbar laminectomy syndrome (86,87), and the other a mixed population (84). Of
the studies performed on radiculopathy two were positive (83,86) and one was
negative (8) for pain relief. Among the studies on postlumbar laminectomy pain
syndrome, one study showed both short- and long-term positive relief (87).
Based on two systematic reviews of the literature (90,91), evidence for caudal
epidural injections reducing radicular pain is strong for short-term and moderate

TABLE 5 Randomized Studies of Lumbar Transforaminal Epidural Steroid Injection Studies

Study Number of patients Injectate Benefit

Randomized double-
blind (78)

55 patients HNP or
spinal stenosis 28
experimental group 27
control group

Experimental group:
6 mg betamethasone,
1 ml 0.25%
bupivacaine Control
group: 1 ml 0.25%
bupivacaine

20/28 decided not to
have surgery 9/27
decided not to have
surgery

Randomized double-
blind (82)

160 patients with
radicular pain

Experimental group:
2–3 ml bupivacaine,
40 mg
methylprednisolone
Control group: normal
saline

Improvement in both
groups in one-year
follow up
No significant
difference

Randomized
prospective (77)

48 patients with HNP
or radicular pain

Experimental group:
1.5 ml 2% Xylocainew,
9 mg betamethasone
Control group: saline
trigger point injections

Transforaminal epidural
steroid injection had
84% success Trigger
point has a 48%
success

Randomized double-
blind (81)

31 patients with
radicular pain

Experimental group:
transforaminal epidural
steroid injection, 5 mg
betamethasone
acetate Control group:
interspinous (blind)
epidural steroid
injection, 5 mg
dexamethasone
acetate, 2 ml saline

At six days
transforaminal
epidural steroid
injection group
significantly better as
well as at 30 days and
six months

Randomized double-
blind (76)

49 patients with
radicular symptoms,
24 in steroid group,
25 in normal saline
group

Experimential group:
10 mg triamcinolone
Control group:
paravertebral local
anesthetic and
intramuscular
corticosteroid

Epidural injections more
effective than
paravertebral
injections Epidural
perineural injection
more effective than
interlaminar epidural
injections

Abbreviation: HNP, herniated nucleus pulposus.
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TABLE 6 Randomized Studies of Caudal Epidural Steroid Injections

Study Number of patients Injectate Benefit

Randomized
double-blind (83)

35 patients with back
and sciatic pain:
duration several
months to several
years

Experimental group
n ¼ 16, 20 ml
bupivacaine 0.25%,
80 mg depomethyl-
prednisolone

56% reported
considerable relief in
experimental group
compared with 26% in
control group

Control group n ¼ 19,
20 ml bupivacaine,
0.25% 100 ml saline

Double-blind with
cross-over (84)

69 patients back
and sciatic pain. 26
out of 69 had prior
surgery for HNP
duration for five to
eight months

Two injectates: 1.80 mg
depomethylprednisolone
bupivacaine and normal
saline; if no better after
three injections received
other injectate

34 out of 58 (54%)
patients who received
caudal steroid injection
had significant
improvement 12 out of
49 (25%) who had
bupivacaine and saline
improved

Double-blind (8) 57 patients with sciatica,
median duration four
weeks

Exerimental group
n ¼ 23, 20 ml 0.125%
bupivacaine, 80 mg
methylprednisolene
acetate

No difference between
groups with short-term
relief. At three months,
experimental group
was significantly more
pain free

Control group
n ¼ 34, 2 ml lidocaine
over sacral hiatus

Randomized
double blind (86)

23 patients with lumbar
root compromise

Experimental group
n ¼ 12, 80 mg
triamcinolone, 23 ml
0.5% procaine

Significant pain relief and
straight leg raise in
experimental group
short-term. Long-term
improved straight leg
raise in experimental
randomized trial group

Control group n ¼ 11, two
injections first on
admission to trial, then
again at two weeks

Randomized trial
(87)

60 patients post lumbar
laminectomy with
chronic low back pain

Experimental group
n ¼ 29, 125 mg
prednisolone acetate,
40 ml normal saline

49% of patients in
experimental group
improved sciatic
symptoms vs. 19% in
control group

Control group n ¼ 31,
125 mg prednisolone
acetate

Randomized trial
paralled group
(88)

47 postlumbar
laminectomy
pain patients
and long-term

Experimental group:
20 ml normal
saline+ 125 mg
prednisolone acetate

No significant difference
in both short- and
long-term

Control group: 125 mg
prednisolone acetate
given once a month for
three months

(Continued)
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for long-term relief. These authors also showed that there is limited evidence in
managing chronic postlumbar laminectomy syndrome, chronic low back pain
without radiculopathy, and LSS.

INDICATIONS

Proper patient selection for epidural corticosteroid injection is important in order to
optimize outcome and clinical benefit. Essential to the selection process is a through
physical examination and review of imaging findings in order to make an accurate
assessment of the possibility that the epidural corticosteroids may aid the patient
in their functional improvement. Based on the review of imaging studies, the appro-
priate technique and route of administration of the epidural injection canbeplanned.

There are several indications for epidural corticosteroids in the cervical and
lumbar spine (Table 7). Indications include acute pain, chronic benign pain, and
cancer-related pain. Specific indications include lumbosacral radiculopathy, lower
back pain syndrome, spondylosis, postlaminectomy syndrome, phantom limb pain,
vertebral compression fractures, diabetic polyneuropathy, chemotherapy-related

TABLE 6 Randomized Studies of Caudal Epidural Steroid Injections (Continued)

Study Number of patients Injectate Benefit

Randomized (89) 36 patients with
low back pain
and leg pain

Caudal epidural vs.
Lumbar epidural

No significant
improvement. No
difference between
both techniques

Caudal epidural injection
n ¼ 19, 15 ml 0.5%
bupivaccine þ10 ml
saline 100 mg
hydrocortisone

Lumbar epidural injection
n ¼ 17, 10 ml 0.25%
bupivacaineþ 5 ml
saline

Abbreviation: HNP, herniated nucleus pulposus.

TABLE 7 Indications for Epidural Steroid Injections

Radiculopathy
Spondylosis/stenosis
Disc herniation
Lower back pain/neck pain
Postlaminectomy syndrome
Vertebral compression fractures
Phantom limb pain
Diabetic polyneuropathy
Chemotherapy-related peripheral neuropathy
Postherpetic neuralgia
Complex regional pain syndrome
Orchalgia/proctalgia
Pelvic pain syndrome
Tension headache

Epidural Steroid Injections 211



peripheral neuropathy, postherpetic neuralgia, complex regional pain syndrome or
orchalgia, proctalgia, and pelvic pain syndrome (91,92). Studies have shown lumbar
epidural administration of anesthetics combined with steroid and/or opioid are
useful in thepalliationof cancer-related lower abdominal, groin, back,pelvic, perineal,
and rectal pain (93). Epidural injections have also been utilized in the treatment
of acute herpes zoster (94). Patients with LSS may also benefit from epidural steroid
(95–100).

Jamison et al. in 1991 (101) described several features, which they believed
resulted in poor response to epidural injections. These include numerous prior
treatments for pain without any improvement, present use of multiple medications,
and back pain, which did not increase with activity.

The number of epidural injections performed depends on the clinical
response observed in the patient being treated. Some patients may require
several epidural injections. However, if a patient has received multiple epidural
injections and receives no significant relief then repeated injections may not be rec-
ommended (102,103).

CONTRAINDICATIONS

These can be divided into both absolute and relative contraindications (Table 8).
Absolute contraindications include patient unwillingness to consent to the pro-
cedure, known true anaphylactic reaction, and/or allergy to any constituent of
the epidural injection (steroid, anesthetic, or contrast agent), cauda equina
syndrome, anticoagulation, coagulopathy (INR .1.5 or platelets ,100,000), and
suspected local or systemic infection (104). Hypovolemia along with uncontrolled
diabetes mellitus and uncontrolled glaucoma are relative contraindications.
Patients who are pregnant cannot have injections utilizing fluoroscopy.

Cervical injections should be withheld if the midline sagittal diameter of the
cervical spinal canal is less than 8 mm. It is suggested that aspirin or aspirin-based
products should be withheld 7 to 10 days prior to procedure and nonsteroidal anti-
inflammatories should be halted three to five days prior to the injection. Sedation
can be administered but should not be to the point that the patient becomes
unaware or nonresponsive (105).

TABLE 8 Contraindications for Epidural Steroid Injections

Absolute contraindications
Unwillingness to consent
True anaphylactic reaction/allergy to injectates
Anticoagulant medications
Coagulopathy
Local infection
Sepsis
Relative contraindications
Hypovolemia
Uncontrolled diabetes mellitus
Glaucoma
Injection through a posterior laminectomy site
Congestive heart failure
Pregnancy cannot use fluoroscopy
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FLUOROSCOPIC RATIONALE

Proponents for fluoroscopic guidance in epidural steroid injections advocate utiliz-
ing it in order to assure that medications reach the appropriate and desired interver-
tebral space (106,107). Advocates of fluoroscopic guidance also point to several
studies, which have shown that 13% to 30% of the time during lumbar epidural
injections and 30% to 40% during caudal epidural injections, experienced injection-
ists have misidentified the epidural space (104,108–111). El Khoury et al. (104)
found that the incidence of incorrect placement of a needle during caudal
epidural injections was reduced to 2.5% when fluoroscopy is utilized. Friedman
et al. (111) has shown in patients with failed back surgery syndrome that steroids
reached the level of pathology only in 26% of the cases when epidural steroid
injections were performed without fluoroscopic guidance.

Stojanovic et al. (112) performed a study of 38 interlaminar cervical epidural
steroid injections in 31 patients using LOR technique to localize the epidural space.
Multiple contrast-enhanced fluoroscopic views were assessed to confirm a satisfac-
tory needle placement. They found a 53% rate of false LOR during the first attempt
to enter the epidural space and thus suggested that using fluoroscopy can improve
the accuracy of needle placement and medication delivery. They did find that the
success rate improved to 75% after second and third repositioning attempts.

Another significant benefit of fluoroscopic guidance is to avoid potential
intravascular injections, which can occur in 9.2% of cases despite negative aspira-
tion of blood (108). Sullivan et al. (113) found a similar overall incidence of 8.5%
intravascular uptake in lumbar spinal injections with the use of fluoroscopic gui-
dance. Sullivan also found that intravascular uptake was twice as likely to occur
in patients over 50 years of age.

The caudal and lumbar transforaminal routes revealed incidence of intravas-
cular uptake of 10.9% and 10.8% at the time while the lumbar interlaminar route
had a 1.9% incidence of intravascular injection (113). Furman et al. (114) described
the incidence of intravascular injection in lumbar transforaminal epidural injections
to be 11.2% and 19.4% in cervical transforaminal injections. Among the lumbar
transforaminal injections, there is an incidence of intravascular injection at the S1
level of up to 21.3% (113,114).

TECHNIQUE
Patient Preparation, Procedural and Postprocedural Management, and Care
Preinjection protocol should include patient education regarding the procedure
including its risks versus benefits. Informed consent, nothing per OS (NPO) status,
and intravenous access may be indicated. Patient evaluation must look at hemody-
namic status, noting cardiac, respiratory, and systemic comorbidities, allergies, and
screening for any procedural contraindications. Preprocedural preparation includes
patient positioning, attachment of cardio-respiratory monitoring equipment, sterile
preparation and draping, supplemental intravenous fluids/antibiotics, and oxygen
if needed. Postprocedural patient care includes monitoring of vital signs and brief
neurological examination to rule out any significant changes. Clinical observation fol-
lowing a spinal injection should take place until the patient is deemed to be stable
prior to discharge. Procedure-specific discharge instructions should be verbalized
along with a written copy given to all patients. Routine use of all these steps in
patients may help minimize potential complications.
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Needles
There are numerous needles of different gauges and lengths, which are appropriate
to perform interlaminar and caudal epidural injections. These needles may range in
size from 17 to 22 gauge (ga). The needles usually utilized are Tuohy (Kimberly
Clark, Roswell, Georgia, U.S.A.) needles (Fig. 1). Usually a 312-in needle is sufficient,
however, in large patients a 5- or 6-in needle maybe needed. The Tuohy needle is
specifically designed to allow easier passage of a catheter through the needle into
the epidural space. Winged Tuohy needles are best utilized when performing the
hanging drop technique, which allows the needle to be held with the fingers
away from the fluid, placed up to the needle hub during this technique (115).
Some physicians may choose to use a standard spinal needle (Quincke-Babcock,
BD Medical, Franklin Lakes, New Jersey, U.S.A.) for transforaminal, caudal, and
interlaminar approaches. However, it should be noted that this needle may result
in higher risk of dural puncture whereas blunt-tip needles such as the Tuohy or
other rounded needles such as the Green or Whitacre needles can decrease the
risk of dural puncture and headache after accidental dural puncture (116).
Smaller needle diameter has also been implicated in lessening the chances of
locating the epidural space (117).

Identification of the Epidural Space for the Interlaminar Technique
Two separate techniques exist to help gain access to the epidural space. The first of
these techniques is the loss of resistance (LOR) technique. This technique has been
described as being performedwith a lubricated glass syringe partially filled with air
or saline. Some have stated saline is better than air. Potential complications associ-
ated with the LOR air technique are pneumocephalus, subcutaneous emphysema,
or venous air embolism (118).

Once the spinal needle enters the epidural space, the hub should be observed
for any fluid dripping back from the needle, which could indicate a dural puncture
with CSF drainage. The drainage of fluid back from the needle, contrast media, local
anesthetic, or saline can occur owing to poor compliance of the epidural space,
which can worsen by a rapid rate or increased volume of injection (119). This drip-
ping back of fluids, if not CSF, will usually cease within 30 seconds as the epidural
pressure re-equlibrates.

FIGURE 1 Eighteen-gauge nonwinged (top) and winged (bottom) Tuohy, needle with centimeter
graduations.
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Volume and Rate of Injection
The volume of the injectate in cervical interlaminar injections can vary from 1.5 to
5 ml of the injectate (35–37,44). However, Cicala et al. (39) have described utilizing
10 to 15 cc in the cervical spine without a noticeable increase in complications.

The spread of injectate in the cervical spine has been evaluated by Stojanovic
et al. (112). They found in a study using 2 ml of contrast that the area covered on
average was 3.14 cervical vertebral levels. Patients who did have prior cervical
laminectomy did have a significant reduction in the number of levels of spread
compared with those without a history of prior surgery (2.51 vs. 3.14). Volume of
injectate can vary from as little as 3 ml up to 10 ml using the lumbar interlaminar
technique (120). Harley (121) stated that 10 ml of dye injected at the L4-5 interspace
usually spreads from the L1 to the S5 level. Volume of injectate in caudal injections
can be up to 50 ml and transforaminal injection is 1 to 4 ml.

Cyriax (122) reported on the use of 50 ml of procaine following 50,000 caudal
injections and had only five adverse effects; one case of hypersensitivity, two cases
of transient paraplegia, and two cases of chemical meningitis. All these recovered
without any residual damage. Bogduk (123) suggested volumes of 10 ml and 15 ml
of epidural injectate are adequate to reach L5 and L4 levels, respectively, during
a caudal approach. Bryan et al. (124) found that contrast reaches the L4–5 interver-
tebral level in 85% of patients with a volume of ,8 ml during caudal approach.

A prospective evaluation of epidurography contrast patterns in fluoroscopi-
cally guided lumbar interlaminar epidural injections showed that dorsal contrast
spread occurred in all patients and 36% of patients had ventral spread; the mean
number of levels of spread cephalad was 1.28 and 0.88 levels caudally (125).

Contrast flow in transforaminal epidural injections is ventral and unilateral
(125). The rate atwhich an injection is performeddoes not alter the pattern of contrast
flow (126).An injection administeredmore rapidlymay increase apatient’s pain (64).

Cervical Interlaminar Epidural Injection Technique
The patient can be in the seated, lateral, or prone position during the cervical interla-
minar epidural injection. The patient is usually placed in the prone position, as this is
easier for the C-arm fluoroscopic unit to be maneuvered. The spinal interventionalist
identifies the desired interlaminar space (Fig. 2). The injection can be performedwith
either a midline or a paramedian technique. The midline technique is usually per-
formed at the C7-T1 interspace but can be performed at C6-7 if necessary. Using a
guiding needle, the C-arm is situated so that the midline of the interlaminar space
is correctly identified. The skin is then anesthetizedwith 1% lidocainewithout preser-
vative or epinephrine. Then the needle (preferred Touhy with or without wing tip) is
placed in the direct midline position. For the right-handed operator, the needle hub is
held with the left thumb and index finger; and this hand should rest on the patient’s
back in order to provide stability (Fig. 3A–C). Continuous pressure is applied on the
syringe plunger with the other hand, and the needle is advanced. Intermittent use of
spot pictures on the fluoroscope can be useful in assuring proper placement and
advancement of the needle in the anteroposterior (AP) position. As the needle is
advanced through the interspinous ligament and is noted to be in direct midline,
the fluoroscope is positioned in a lateral view in order to ascertain the needle
depth. The needle is then advanced into the epidural space. Once the needle has
reached the epidural space with appropriate LOR to either air or saline, 1 to 3 ml of
nonionic contrast (Omnipaquew, GE Healthcare, Princeton, New Jersey, U.S.A. or
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Isovuew, Bracco Diagnostic Inc, Princeton, New Jersey, U.S.A.) is injected to confirm
epidural placement. A lateral fluoroscopic image is obtained (Fig. 3D) and an AP
image aswell (Fig. 3D). The contrast spread has an areolar appearance. If no intravas-
cular or soft-tissue contrast pattern is seen an injectate of local anesthetic and steroid
can be placed into the epidural space. The constituents of the injectate can vary con-
siderably. A combination of local anesthetic and steroid are usually utilized. A
common injectate is 3 to 5 ml of 0.5 or 1% lidocaine without preservative or epineph-
rine and 1.0 to 2.0 ml of corticosteroid. Commonly used corticosteroids are 6 to 12 mg
of betamethasone acetate (Celestonew, ScheringCorporation,Kenilworth,New Jersey,
U.S.A.), triamcinolone acetate (Kenalogw, Bristol-Myers Squibb Company, Princeton,
New Jersey, U.S.A.), 40 to 80 mg of methylprednisolone acetate (Depomedrolw,
Pharmacia and Upjohn Corporation, Kalamazoo, Michigan, U.S.A.), or 4 to 8 mg
of dexamethasone sodium phosphate (Decadronw, Merck & Co Inc., Whitehouse
Station, New Jersey, U.S.A.).

The cervical paramedian technique is identical to themidline approach except
for the specific site of injection. A paramedian approach can be best utilized in
patients with unilateral radicular pain syndromes. Using the fluoroscope the
needle is advanced to contact the upper edge of the inferior lamina at the target
interspace. The needle is subsequently then walked off superiorly into the

FIGURE 2 (A) (Top left) Patient in supine position prepared for fluoroscopic cervical interlaminar
epidural injection with fluoroscope in anteroposterior position. (B) (Top right) Anteroposterior
fluoroscopic image localizing the C7/T1 interlaminar space. (C) (Bottom left) An 18-gauge needle
used as a skin marker to help localize the targeted interlaminar space. (D) (Bottom right) An
anteroposterior fluoroscopic image of skin marker over C7/T1 interlaminar space.
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ligamentum flavum and subsequently into the epidural space again utilizing a LOR
technique. Following negative aspiration and no drip back of fluid, nonionic con-
tract (Omnipaquew or Isovuew) is then injected to confirm epidural placement. Fol-
lowing this, the injectate can again be slowly injected.

Cervical Transforaminal Epidural Technique
The procedure is carried out utilizing an oblique radiologic view of the targeted
intervertebral foramen. This oblique view is obtained by placing the patient
either in a supine position or in a slightly oblique position. The patient can be
placed in an oblique position by elevating the side being injected with pillows
underneath the ipsilateral shoulder and back. After the neck is prepped with
iodine-based antiseptic solution and an alcohol solution the targeted neural foram-
inal level is identified. The C2-3 foramen is the largest utilized in order to count
down to the appropriate level to be injected. Once the targeted foramen is identified
the skin is anesthetized with 1% lidocaine without preservative or epinephrine. A
25-ga 312- or a 2-in sterile needle is advanced to the posterior-inferior edge of the
foramen until bone is contacted. The needle is then redirected and slowly walked
off the bone into the foramen and advanced only a few more millimeters.

Needle depth is checked utilizing both AP views and lateral views. In the AP
view, the needle tip should not extend further medially than the midpoint of the

FIGURE 3 (A) An 18-gauge winged Tuohy needle being advanced toward targeted interlaminar
space utilizing loss of resistance technique with fluoroscope in anteroposterior position.
(B) Anteroposterior fluoroscopic paramedian cervical interlaminar epidurogram at C7/T1 level.
Note: The characteristic areolar appearance of contrast media. (C) An 18-gauge winged Tuohy
needle being advanced toward targeted interlaminar space utilizing loss of resistance technique with
C-arm in lateral position. (D) Lateral fluoroscopic cervical interlaminar epidurogram at C7/T1 level.
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adjacent pedicle. Once the needle is localized in the appropriate position, 0.5 ml of
nonionic contrast is introduced through microbare tubing under live fluoroscopy
(Fig. 4). If there is no intrasvascular or soft-tissue contrast pattern, then 1 to 2 ml
of 0.5 or 1% lidocaine without preservative or epinephrine is injected followed by
1 to 2 ml of corticosteroid such as that listed previously are injected.

Lumbar Interlaminar Epidural Injection
When performing a fluoroscopic lumbar interlaminar epidural injection the patient
can be in the seated, lateral, or prone position. The patient is usually placed in the
prone position, as it is easier for the C-arm fluoroscopic unit to be maneuvered.
Once the patient is in a proper position and is comfortable, the spinal intervention-
alist identifies the desired interlaminar space (Fig. 5A and B). The injection can be
performed with either a midline or a paramedian technique. The midline technique
is performed at the interspace most closely associated with the patients’ level of
pain. Using a guiding needle placed on the skin, the C-arm is situated, so that
the midline of the interlaminar space is correctly identified (Fig. 5C and D). The
skin is then anesthetized with 1% lidocaine without preservative or epinephrine.
Then the needle (preferred Touhy with or without wing tip) is placed in the
direct midline position (Fig. 6A and B). For the right-handed operator the needle
hub is held with the left thumb and index finger; and this hand should rest on
the patient’s back in order to provide stability (Fig. 6C and D). Continuous pressure
is applied on the syringe plunger with the other hand, and the needle is advanced.
Intermittent use of spot pictures on the fluoroscope can be useful in assuring proper
placement and advancement of the needle in the AP position. As the needle is
advanced through the interspinous ligament and is noted to be in direct midline,
the fluoroscope is positioned in a lateral view in order to ascertain the needle
depth (Fig. 6D). The needle is then advanced into the ligamentum flavum and
subsequently into the epidural space while intermittent lateral fluoroscopic views
are obtained. Once the needle has reached the epidural space with appropriate
LOR to either air or saline, 1 to 3 ml of nonionic contrast (Omnipaquew or
Isovuew) is injected to confirm epidural placement. A lateral fluoroscopic image
is obtained (Fig. 7B) as well as an AP image (Fig. 7A). The contrast spread has an

FIGURE 4 An anteroposterior fluoroscopic image of a C5-6 transforaminal epidural injection with
Isovuew contrast in the epidural space.
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areolar appearance. If no intravascular or soft-tissue contrast pattern is seen with 1
to 3 ml of contrast an injectate of local anesthetic and steroid can then be placed into
the epidural space. The constituents of the injectate can vary considerably.
A combination of local anesthetic and steroid is injected as indicated in the previous
section on cervical interlaminar injections. The lumbar paramedian technique is
similar to the cervical paramedian technique already described.

Lumbar Transforaminal Epidural Technique
Patients are placed in the prone position on a radiology table. Their back is prepped
with an iodine-based antiseptic solution and an alcohol solution. The desired inter-
vertebral foramen is identified and the skin is anesthetized with 1% lidocaine
without preservative or epinephrine; then, by using a fluoroscope a 22-ga
3.5-inch/90-mm spinal needle or blunt-tipped needle is guided under fluoroscopic
guidance to the dorsal/ventral aspect of the neural foramen at the suspected symp-
tomatic radicular level. An AP fluoroscopic view (Fig. 8) is obtained to assure that
the needle is directed to approximate the 5:30 position on the right and the 6:30
position on the left, using the pedicle as a clock face. A lateral fluoroscopic view
(Fig. 8) is obtained to confirm that the needle is positioned just beneath the
pedicle on the anterior epidural space. Aspirations are routinely performed. If

FIGURE 5 (A) Patient in supine position prepared for interlaminar epidural steroid injection with
fluoroscope in anteroposterior position. (B) An anteroposterior fluoroscopic image depicting the
targeted interlaminar space. (C) An 18-gauge needle used as skin marker over the to help localize
the targeted interlaminar space. (D) An anteroposterior fluoroscopic image of 18-gauge needle
over the L5/S1 interlaminar space.
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negative for aspirate, 1 to 2 ml of nonionic contrast is injected under real-time
fluoroscopic guidance through microbore tubing to confirm epidural flow of the
injectate and to rule out intravascular, intrathecal, or soft-tissue penetration. Once
the epidurogram/extradural myelogram is obtained, an AP and lateral radiographs
are then obtained by a radiologic technician. An injectate of 1 to 2 ml of preserva-
tive-free lidocaine and 1 to 2 ml of corticosteroid such as that listed previously
are injected.

S1 Transforaminal Epidural Injection Technique
The fluoroscope is positioned over the S1 intervertebral foramen, which will appear
as a radiolucent circle under the S1 pedicle. The fluoroscope is adjusted in a lightly
cephalo-caudal position with a slightly ipsilateral oblique position in order to
superimpose both the anterior and posterior S1 intervertebral foramina. After the
targeted foramina are identified, a 3.5-in 25- or 22-ga spinal needle is advanced
toward the middle of the caudal border of the anterior path of the S1 pedicle.
Lateral view of the sacrum is obtained in order to access the exact location of the

FIGURE 6 (A) An 18-gauge winged Tuohy needle advanced toward the targeted interlaminar
space utilizing loss of resistance technique with fluoroscope in anteroposterior position. (B) An
anteroposterior fluoroscopic image of 18-gauge Tuohy needle being advanced in (paramedian
technique) to targeted L5/S1 interlaminar space. (C) An 18-gauge winged Tuohy needle being
advanced using loss of resistance technique with fluoroscope in the lateral position. (D) Lateral
fluoroscopic image of 18-gauge needle being advance toward the epidural space at the L5/S1 level.
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needle tip. This is taken to be sure that the needle does not enter the pelvic cavity.
Once the appropriate target point has been reached, up to 2.5 ml of nonionic con-
trast is introduced through tubing under real-time fluoroscopic guidance in order
to rule out intrathecal or intravascular placement (Fig. 9). Once appropriate epi-
dural placement is achieved, then an injectate of 1 to 2 ml of 1% lidocaine

FIGURE 7 (A) An anteroposterior fluoroscopic image of a paramedian lumbar interlaminar
epidurogram at the L5/S1 level. Note: The characteristic areolar appearance of contrast media.
(B) Lateral fluoroscopic image of a lumbar interlaminar epidurogram at the L5/S1 level.

FIGURE 8 (A) An anteroposterior fluoroscopic image showing the proper location of the needle at
base of L4 pedicle. Isovuew contrast demonstrates the epidural flow medial to the pedicle. (B) A
lateral fluoroscopic image showing needle positioned in the ventral/superior aspect of the
intervertebral foramen at L4-5 with Isovuew (Bracco Diagnostics, Princeton, New Jersey, U.S.A.)
contrast demonstrating flow into the anterior epidural space.
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without preservative or epinephrine and 1 to 2 ml of corticosteroid such as that
listed previously are injected.

Caudal Technique
Patients are placed in the prone position on a radiology table. A wedge-shaped
pillow is placed under the hips to tilt the pelvis and bring the sacral hiatus into
greater prominence. The sacroccygeal areas are prepared using an iodine-based
antiseptic solution, and an alcohol solution. The interventionalist then used the
sterile-gloved middle finger of the dominant hand and localized the tip of the
coccyx through palpation. In this position, the area under the proximal interphalan-
geal joint was marked. Using a fluoroscope, a 22-ga, 3.5-inch/90-mm spinal needle
or a 20-ga Tuohy needle is guided under intermittent fluoroscopic guidance to the
midline of the sacral hiatus (Fig. 10). A lateral fluoroscopic view (Fig. 10) is used to

FIGURE 9 (A) An anteroposterior fluoroscopic image showing the proper location of the needle at
the S1 foramen. Isovuew contrast demonstrates the epidural flow. (B) A lateral fluoroscopic image
showing the proper location of the needle when performing S1 transforaminal injection.

FIGURE 10 (A) An anteroposterior fluoroscopic image showing the proper location of the needle in
the sacral hiatus. Isovuew contrast demonstrates epidural flow within the epidural space. (B) A lateral
fluoroscopic view showing needle position in the caudal epidural space with Isovuew contrast
delineating an epidural flow pattern.
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confirm that the needle was in the caudal epidural space. Aspirations are routinely
performed. If negative for aspirate, Isovuew M-300, 1 to 2 ml is instilled to
confirm epidural flow of the injectate and to rule out intravascular, intrathecal,
and/or soft-tissue infiltration. Once an epidurogram myelogram is obtained, a
solution of 10 to 30 ml of 0.5% preservative-free Xylocainew and 1 to 2 ml of corti-
costeroid such as that listed previously are injected. Plain radiographs in the AP
and lateral views are taken after all injections to document both the contrast
pattern and needle placement.

COMPLICATIONS/ADVERSE EFFECTS (TABLE 9)

Infectious complications can arise from epidural steroid injections. These compli-
cations can include epidural abscess (127–129), meningitis (130–132), and osteo-
myelits/discitis (133). Epidural hematoma may be the most serious of the
epidural injection complications. Epidural hematomas can develop spontaneously
and in patients without evidence of any bleeding tendency, anticoagulation, or
traumatic needle insertion (134,135). In a review of epidural steroid injections in
65 published series with a total of 69,047 patients receiving one or more epidural
injections, there was only one case of an epidural hematoma (136). Hematomas
have been described in the cervical spine (137). Subdural hematoma has occurred
after cervical epidural injection (138). Symptoms will vary depending on the
location and size of the hematoma. The presentation can be immediate or
delayed up to several days (139,140). Magnetic resonance imaging (MRI) is the

TABLE 9 Common Complications for Epidural Steroid Injections

Infections
Epidural abscess
Meningitis
Osteomyelitis/discitis

Neurologic
Nerve injury
Paresthesias
Seizures
Increased sciatic pain
Headaches
Complex regional pain syndrome

Opthalmologic
Retinal hemorrhage
Acute retinal necrosis

Respiratory
Pneumothorax
Recurrent laryngeal injury
Hoarseness of voice
Dysphenia

Dural puncture
Epidural hematoma
Pain at injection site
Anaphylaxis
Dysphonia
Cerebrospinal fluid—cutaneous fistula
Adverse effects from corticosteroids, anesthetics, and contrast media
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most sensitive modality in order to diagnose a hematoma, define the extent of its
spread, and distinguish it from other space-occupying lesions (139,140). Once ident-
ified, treatment of the hematoma can involve high-dose corticosteroid therapy and/
or emergency decompressive surgery in order to prevent further compromise of
neurologic function.

Neurological injury is an uncommon complication, which can occur when
performing epidural steroid injections. Several studies have shown prospectively
that the incidence of neurological injuries are approximately 0.002% to 0.7% and
are usually self-limiting (141–144). Neurological compromise can also occur from
spinal infection such as epidural abscess or epidural hematoma. Several studies
have shown prospectively that the incidence of neurological injuries are approxi-
mately 0.002% to 0.7% and are usually self-limiting (142–144). There have been
case reports of upper limb weakness and nerve root injury as well as intrinsic
spinal cord damage from cervical epidural injections (145–148). Complex regional
pain syndrome has been reported following cervical epidural steroid injection
(149). There have been case reports of transient increased sciatic pain, and parasthe-
sia following lumbar epidural injections (150,151).

Seizures can result from cervical epidural injections. These seizures may be a
result of anesthetic-, or cardiac-induced hypotension secondary to neuroblockade.
Prolonged protracted seizures can result in brain injury if they last longer than
30 minutes (152).

DURAL PUNCTURE AND POSTDURAL PUNCTURE HEADACHE

The potential complication of entering the subarachnoid space by penetration of the
dura exists in any spinal injection. This can occur in any region of the spine (cervi-
cal, thoracic, or lumbosacral). The incidence of an inadvertent dural puncture in
lumbar epidural injections has been reported to be as low as 0.5% and as high as
5% (153,154). The incidence of spinal headache following dural puncture in the
lumbar spine has been reported to be between 7.5% and 75% depending on the
technique, experience, and the size of the needle used (155,156). These headaches
may be from unrecognized dural puncture causing a leakage of CSF or they may
result from inadvertent injection of air into the subarachnoid space (157,158).

When smaller-gauge needles are used in spinal anesthesia there is less inci-
dence of postdural puncture headache. The incidence is approximately 40% with
a 22-ga needle, 25% with a 25-ga needle (158–160), 2% to 12% with a 26-ga
Quincke needle (161), and less than 2% with a 29-ga needle (162).

If a postdural puncture headache occurs, the headache will usually occur
within three days of the procedure. Up to 66% of it begin within the first
48 hours. The headache can also present immediately following a dural puncture
(163–165).

The pain associated with the headache is described as being a shearing and
severe spreading pain. Distribution of the pain appears to be in the frontal and
occipital areas, which can radiate into the neck and shoulders. There tends to be
stiffness in the neck and the pain is exacerbated with head movements and relieved
with lying down (165). Symptoms that can also appear in dural puncture headaches
include nausea, vomiting, hearing loss, tinnitus, vertigo, dizziness, paresthesias of
the scalp, and upper/lower limb pains. There have also been reports of visual
disturbances such as diplopia or cortical blindness (166,167). There are also
reports of intracranial subdural hematomas, cerebral herniation, and death (168).
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Review of the literature has revealed that spontaneous rate of recovery from
postdural puncture headache is that 85% of patients recover from postdural punc-
ture headache within six weeks (169). However, owing to the severity of the head-
aches treatment be necessary. This treatment consists of assorted therapies such as
rehydration, acetaminophen, nonsteroidal anti-inflammatory drugs, opioids, and
antiemetics (170). Caffeine has been utilized in the treatment of postdural headache
at a dose of 300 to 500 mg of oral or intravenous once or twice daily (171). The most
definitive treatment is an epidural blood patch (172). This technique has a success
rate of 70% to 98% if it is performedmore than 24 hours after a dural puncture (173).
The exact mechanism by which the epidural blood patch eliminates the headache is
unknown. Cervical epidural blood patch with 7 ml of autologous blood has been
shown to be effective in the treatment of cervical dural puncture headache (174).

Slipman et al. (175) reported that fluoroscopically guided cervical transforam-
inal epidural blood patch proved to be more effective than a cervical interlaminar
blood patch in the treatment of a cervical interlaminar epidural postdural puncture
headache. Lumbar epidural blood patch has been shown to be effective even in the
treatment of a cervical postdural puncture headache (176).

Complications can arise from the epidural blood patch. Exacerbation of symp-
toms and radicular pain may occur (177). Pneumocephalus has also been described
following epidural blood patch (178). An inadvertent subdural blood patch has
been described resulting in a nonpositional persistent headache with resulting
lower extremity discomfort (163). Contraindications for doing a blood patch
include: sepsis, active neurologic disease, and local infection near the injection site.

Respiratory complications can arise in cervical epidural injections. These
complications are very rare and can be the result of sedation, central nervous
system trauma owing to needle puncture of the spinal cord or lung (pneumothorax).

Cervical spinal injections can injure the recurrent laryngeal nerve. A patient
with such an injury may present with a reduction in their ability to protect their
airway and may also have hoarseness. This condition is usually self-limiting and
resolves. Dysphonia can result as well (179).

The most common urinary problem is urinary retention, which may follow
injections of spinal anesthetic (180). The other possible cause of urological problems
can result from an infection such as an epidural abscess or epidural hematoma,
which can compromise the spinal cord and/or cauda equina.

PROCEDURE-SPECIFIC COMPLICATION STUDIES
Cervical Interlaminar Epidural Injections
Review of studies evaluating complications/adverse effects of cervical interlaminar
epidural injections have been performed (35,37,38,147,181–183). There is one report
of superficial infection at the injection site (181). Two studies have been performed
to assess the incidence of complications utilizing fluoroscopic technique and
reported no major complications (182,183).

Cervical Transforaminal Epidural Injections
Spinal cord infarction has been reported in cervical transforaminal epidurals,
possibly through intravascular injection into a radicular artery (184). Brouwers et
al. (185) described a cervical anterior spinal artery syndrome after a diagnostic
block of the right C6 nerve. Similarly, Rosenkranz (186) described anterior spinal
artery syndrome following a left C6-7 transforaminal epidural steroid injection.
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A case of quadraparesis and brainstem herniation after a selective cervical
transforaminal injection on the right at C5-6 has been reported by Tiso et al.
(187). A case of death has been reported during a C7 nerve root block (188).
Brady et al. (189) found two complications following 357 transforaminal epidural
steroid injections. Both complications were transient loss of consciousness followed
by nausea and vomiting. A study by Slipman et al. (190) reported no complications
in 20 patients with cervical spondylitic radicular pain who underwent cervical
transforaminal injection. Slipman et al. (190) in a prospective study of 89 cervical
selective nerve root injections reported the following immediately after the
procedure: 22.7% of injections resulted in increased pain at the injection site,
18.2% had increased radicular pain, 13% had light-headedness, 9.1% had increased
spine pain, 4.5% had no specific headache, and 3.4% had nausea. Ninety-one
percent experienced no complications or side-effects during the procedure. Ma et
al. (191) showed no catastrophic complications in a series of 1036 fluoroscopically
guided extraforaminal cervical nerve blocks.

Lumbar Transforaminal Epidural Injections
Botwin et al. (192) in their study of 322 lumbar transforaminal injections reported a
9.6% incidence of minor complications, which were entirely transient and resolved
without morbidity. Complications included postprocedural back pain at the injec-
tion site, increased leg pain, and transient leg weakness.

Huston et al. (190) in a prospective study of 217 lumbosacral nerve root
injections found nomajor complications but did report an immediate postprocedure
incidence of 17.1% increased pain at injection site, 8.8% increased radicular pain,
6.5% light-headedness, 5.1% increased spine pain, 3.7% nausea, 1.4% nonspecific
headache, and 0.5% vomiting per injection. The potential complications of lumbar
transforaminal epidural injections include: infection, dural puncture, nerve injury
and vascular infiltration, and hyperglycemia in patients with diabetes.

Fluoroscopically Guided Caudal Epidural Injections
Botwin et al. (193) reported a 15.6% incidence of minor complications in fluorosco-
pically guided caudal epidural injections. The most common minor complications
observed was 4.7% insomnia on the night of injection, 3.5% nonpositional head-
ache, 3.1% increased back pain at injection site, and 0.4% increased leg pain.
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INTRODUCTION

Epidemiological reports have sometimes clustered neck and limb pain, but neck
complaints are ubiquitous. The prevalence of neck pain with or without upper limb
pain ranges from9–18% of the general population (1–4), and one out of three individ-
uals can recall at least one incidence of neck pain in their lifetime (1). Cervical pain is
more frequently encountered in clinical practice than lowback pain (5), and traumatic
neck pain becomes chronic in up to 40% of patients, with 8% to 10% experiencing
severe pain (6). The occurrence increases in the workplace, with a prevalence of 35%
to 71% among Swedish forest and industrial workers (7,8). The frequency of occu-
pational cervical complaints increases with age. Approximately 25% to 30% of
workers less than 30 years of age report neck stiffness, and 50% of workers over
45-years-old report similar complaints (2,3,9).

Cervical radiculopathy occurs less commonly, with an annual incidence of
83.2 per 100,000, and peaks at 50 to 54 years of age (10). Five to ten percent
of workers less than 30-years-old complain of pain referring into the upper limb,
whereas 25% to 40% of those over 45 years experience pain in the upper limb (9).
Overall, 23% of working men have experienced at least one episode of upper
limb pain (9). Neck pain and/or cervical radicular pain are common complaints
across different patient profiles.

The cervical intervertebral disc can become a source of chronic cervical pain
(11–13). Internal disc disruption (IDD) was first described by Crock over 30 years
ago, and is defined by an intervertebral disc that has lost its normal internal archi-
tecture, but maintains a preserved external contour, in the absence of nerve root
compression (Fig. 1) (14). In traumatically induced chronic neck pain, 20% of
patients may be suffering from cervical internal disc disruption (CIDD), and
another 41% may be suffering from CIDD and a concomitant facet joint injury at
that level (15). Physical examination findings may be underwhelming (16), and
imaging studies typically do not discriminate symptomatic from asymptomatic
cervical intervertebral discs (17–20). A significant proportion of patients experien-
cing chronic cervical axial pain will have persistent symptoms despite conservative
care (12,21,22). Functional diagnostic testing, such as provocative discography, in
which subjective feedback from the patient is mandatory helps clarify the source
of these chronic symptoms, and helps to guide surgical intervention (16).
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In the late 1950s, Smith (23), and subsequently Cloward (24) independently
developed a similar cervical disc injection technique to evaluate patients complain-
ing of cervical and shoulder girdle pain. Each investigator found that injection
of symptomatic discs reproduced the patients’ axial complaints enabling the clini-
cian to identify which segmental level should be targeted with more aggressive
therapeutic intervention. Smith and Cloward utilized discography to select
the appropriate cervical levels for their interbody fusion techniques, which are
practiced till date (25,26).

In 1964, Holt studied 148 cervical intervertebral discs in 50 asymptomatic
penitentiary inmates, concluding that “cervical discography is a painful and
expensive procedure and is without diagnostic value” (27). However, Holt
completed the procedures using an irritating contrast agent, without fluoroscopic
guidance (27,28), and utilizing an injection technique that has been described as
suspect regarding mechanical performance, discometric data, and imaging
results (29). Despite Holt’s disparaging claims, cervical discography has been
widely studied playing a viable role as a diagnostic tool to discriminate painfully
deranged intervertebral discs from nonpainful adjacent level discs (13,30–34).

INDICATIONS

Painful cervical intervertebral discs manifest clinically as axial cervical pain, some-
times associated with referred pain into the occipital, scapular, upper limb, head,

FIGURE 1 Sagittal magnetic reso-
nance imaging (MRI) of cervical spine
illustrating relatively normal disc
countour with mild loss of disc height
and mild to moderate disc desiccation of
the upper three cervical discs.
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and chest regions (11,35). Therefore, indications for cervical discography include: (i)
chronic and intractable cervical pain of several months duration despite medical
rehabilitation and interventional spine care (32,36); (ii) cervical radicular pain, posi-
tive root tension signs, and equivocal imaging studies (33); (iii) the evaluation of
discs adjacent to levels facing impending fusion for spondylolisthesis, fractures,
instability, postlaminectomy kyphosis, or myelopathy (36); and (iv) prior to thera-
peutic intradiscal procedures, such as disc decompressive techniques (37). The
treating spine specialist should thoroughly rule out the cervical joint pain or radi-
cular pain as the cause of persistent symptomatology to increase the pretest prob-
ability of discogenic pain (38).

CONTRAINDICATIONS

Cervical discography must not be performed in the presence of certain structural
spinal abnormalities. Incomplete cervical myelopathy could progress to complete
tetraplegia upon disc stimulation in the presence of a large disc protrusion (39).
Therefore, absolute contraindications to discography include spinal infection, bac-
teremia, local cellulits or ulceration, neoplasms, central canal stenosis, uncontrolled
coagulopathy (28), and symptoms of myelopathy (40). Anticoagulant therapy and
contrast dye allergy represent relative contraindications (41). Patients can be
covered on low molecular weight heparin after stopping their coumadin, both
decisions would need to be medically cleared by the patient’s treating physician.
Gadolinium followed by magnetic resonance imaging (MRI) may be substituted
for omnipague contrast dye in patients allergic to the latter (42).

TECHNIQUE

Prophylactic antibiotics may be administered, but may only be necessary in patients
with facial hair, diabetes mellitus, or mitral valve prolapse (40). Typically, 1 g of
cefazolin is administered intravenously within an hour prior to the procedure.
If a patient is allergic to cephalosporins or penicillins, 600 mg of clindamycin is
substituted intravenously for cefazolin (43). Cefazolin (0.5 mL of 10 mg/5 mL) or
clindamycin (0.5 mL of 6 mg/5 mL) may be combined with the nonionic contrast
medium (300 mg I/mL) to maximize the concentration of antibiotic within the
disc space where the infection is likely to occur (43).

The patient is placed in the supine position with two folded sheets placed
under his or her shoulders in order to position the neck in mild extension (23). Alter-
natively, a shallow triangle (28) can be utilized to achieve extension of the cervical
spine (Fig. 2). The head is rotated slightly away approximately 108 (23) from the dis-
cographer (Fig. 2) (28). After the anterolateral neck is prepped and draped with beta-
dine, or a noniodine-based solution in patients with an allergry to iodine or betadine,
and sterile towels, a segmentation count is performed using a cross-table lateral
fluoroscopic view (28). Typically, each segmental level is counted sequentially from
the C2-3 level down to one level caudad to the last level to be studied (Fig. 3) (28).
Longitudinal distraction of both upper limbs may be necessary to adequately visual-
ize C5-6 through C7-T1, as the overlying shoulder girdles can attenuate the X-ray
beam obscuring the cervical bony anatomy. This initial survey will allow the phys-
ician to judge the orientation of each intervertebral disc space and adjust needle tra-
jectory in order to place the needle tip within the nucleus.

Under a straight posteroanterior view, the targeted disc space is visualized,
and the right uncinate process is identified as a landmark (Fig. 4). The fluoroscope
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FIGURE 2 A small triangular
pillow is placed under the
cervical spine to place it into mild
extension.

FIGURE 3 Lateral fluoroscopic view of
the cervical spine obtained for segmental
level count. Black arrow depicts the C2-3
disc space and the arrowhead highlights
the C5-6 disc space.
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is rotated ipsilaterally approximately 308 to 458 depicting the proper view for initial
needle placement. The skin overlying the medial sternocleidomastoid muscle is
infiltrated with 1% lidocaine. A 23- to 25-gauge, 2- to 3.5-inch spinal needle is
then advanced under intermittent fluoroscopy into the targeted intervertebral
disc. The spinal needle is introduced approximately 308 to 458 obliquely from the
midline and slightly below the target disc (23). The left index finger is used to
push the carotid artery laterally and the esophagus medially away from the pro-
jected needle tract (Fig. 5) (23,24,28) providing a safe path for accessing the disc,
at the same time as avoiding the great vessels, larynx, thyroid, and esophagus
(44). The carotid pulsations should be felt by the finger tips as the carotid artery
is displaced laterally, and deeper digital pressure will approximate the anterolateral
surface of the spine in thin patients (24). The 25-gauge needle is held in the
dominant hand between the index finger and thumb, and advanced medial to
the uncinate process and into the central portion of the disc (23,24,28). The
needle tip encounters the superior edge of the caudad vertebral body at which
point it is walked superiorly until it enters the cephalad intervertebral disc space
(23). The novice discographer should learn to abut the subjacent vertebral endplate
with the needle tip to confirm proper depth prior to advancing superiorly and
puncturing the annular fibers. The patient will experience a sudden, but transient,
moment of cervical and/or shoulder girdle pain upon needle piercing of the
annulus (28,35). Occasionally, anterior spondylotic spurs partially obstruct entry
into the disc space and must be circumvented by the spinal needle. Although the
medial border of the sternocleidomastoid serves as a relative skin surface entry
mark, a more lateral approach may be required to avoid the hypopharynx at the

FIGURE 4 A coronal view of the
cervical spine allows detection of the
uncinate processes (arrow).
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C2-3 and C3-4 levels, whereas a more medial entry may be necessary to avoid the
apex of the lung at the C7-T1 level (28). The spinal needle will enter the nucleus of
the disc if it is directed toward the central third of the disc past the medial border of
the uncinate process of the caudal vertebrae. Caution must be exercised to avoid
advancing the needle tip through the disc into the spinal cord. Needle position
must be examined in both the posteroanterior and lateral views to ensure proper
height and depth, confirming needle placement within the central third in both
planes.

Upon successful needle placement, nonionic contrast dye is injected under
live fluoroscopy in the lateral view. Intraoperative measurements have demon-
strated that intact cervical discs will maintain high intradiscal pressures at the
same time as accepting 0.2 to 0.4 mL of solution (45). In contrast, discs that per-
mitted posterior extension of contrast dye accommodated 1.5 mL of volume at
low, wavering pressures (45). Yet, herniated or degenerated discs with intact
outer annular fibers accepted intermediate volumes of 0.5 to 1.5 mL at sustained,
yet intermediate, intradiscal pressures (45). Cervical intervertebral discs that
accept more than 0.5 ml of contrast dye typically extravasated dye from the poster-
olateral annular regions (46). Form these data, it is apparent that intact cervical
intervertebral discs hold less than 0.5 mL of contrast dye at which point in time,
a firm end point is encountered (23,24,28).

Injection of contrast medium within the cervical nuclear confines reveals the
integrity of the nuclear–annular interface, known as a nucleogram. Similar to their
lumbar counterparts, cervical nucleograms may adopt a variety of configurations,
including spherical, disc-shaped, or lobular patterns (Fig. 6). Extension of contrast
material beyond the nuclear region denotes annular disruption. However, the
fleeing of contrast material from the nucleus into the uncinate recesses
can occur with aging, and may reflect maturation of the disc’s internal architecture
(28,47). Disruption of the annular fibers allows extension of nuclear material into
the outer third of the annulus sensitizing annular nociceptive nerve fibers (48)
producing pain. A cervical intervertebral disc can only be judged to be a source

FIGURE 5 The left index finger of
the examiner displaces the trachea
and esophagus medially and the
carotid artery laterally.
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of chronic neck pain if it produces the patient’s symptoms, even as demonstrating
annular disruption in the axial plane. Hence, postdiscography computed tomo-
graphy (CT) must be performed to allow analysis of the nucleogram in the
axial plane.

Transverse imaging of the cervical intervertebral disc can be challenging
owing to the small volume of contrast agent injected and the sparse nuclear disper-
sal pattern (28). High resolution, thin-section computed axial tomography (CT)
can capture postdiscography nuclear detail not revealed by magnetic resonance
imaging (MRI) or CT alone (28). Sections are obtained at 1.5-mm slices at a gantry
angle parallel to each intervertebral disc space (28).

INTERPRETATION

Despite the early contention questioning cervical discography’s diagnostic value
(27,49), cervical discography has become a useful diagnostic tool to help guide
further therapeutic intervention (13,30–34). However, as with any diagnostic test,
the pretest probability influences the test results, and errors must be minimized
to improve the test’s accuracy. The utility of cervical discography lies in its ability

FIGURE 6 Schematic illustration of lobular (A), irregular (B),
fissured (C), and ruptured (D) nucleograms.
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to reveal which intervertebral disc is responsible for the patient’s symptoms.
Discography represents a functional diagnostic test by virtue of the fact that the
patient’s subjective response is integral in the outcome of the test. Conversely,
visual anatomic testing, such as imaging evaluations can capture diagnostic
information, regardless of the patient’s report of symptomatology.

Discography requires the diagnostician to assign clinical significance to
structural abnormalities, revealed by nucleogram patterns. The patient’s response
to stimulation of the intervertebral disc is evaluated as the contrast medium is
injected under lateral fluoroscopic monitoring. Typically, the patient is instructed
to notify the examiner if he or she experiences any cervical pain or pressure as
the contrast solution is injected. The sensation of pressure does not indicate a
symptomatic intervertebral disc. If the patient complains of pain, the examiner
immediately identifies, via targeted questioning, the precise location of the pain,
its quality, and severity on a scale of 0 to 10. We then verify if this pain is the
patient’s exact pain in location and character, and confirm that we are provoking
their usual symptomatology. Furthermore, we assess for whether or not the disc
stimulation produced all of the patient’s usual pain or just a portion of it.
During the procedure for each level interrogated, we record the pain location,
its character, severity, and whether it was concordant or partially concordant
with their typical symptoms.

As we monitor the patient’s response, it is imperative to evaluate the nuclear
pattern as the contrast dye is injected. At each segmental level, in addition to the
aforementioned criteria, the nulceogram pattern, the volume of dye injected to
reach this pattern, and the endpoint resistance are recorded as well. If the dye
reaches the outer annular fibers concurrently with the patient’s report of concor-
dant pain, and the severity of this pain is rated at least 7/10 or higher by the
patient, that segmental disc is probably the source of the patient’s neck pain.
However, the spread of the contrast pattern must be assessed in the axial plane
by postdiscography CT. Extension of the contrast to the outer annular fibers or
beyond into the epidural space indicates a structurally incompetent disc, provid-
ing evidence of internal derangement responsible for the concordant pain
described by the patient. Partially concordant pain would implicate that the seg-
mental level is responsible for a piece but not all the symptoms of the patient,
or that every portion of the internal derangement was not adequately stimulated
to provoke every aspect of the pain location (50). The need to systematically and
meticulously collect specific and precise information from the patient during the
intervention requires that the patient remain cognizant to respond to our inquiries.
It is for this reason that sedation should be avoided unless absolutely necessary. In
our experience, however, performance of provocative, cervical discography
without sedation has been proven tolerable by patients undergoing the
examination.

The physiologic status of the cervical intervertebral disc can be assessed to
confirm the nucleogram. The hydrodynamic biomechanics of the disc will typically
corroborate what the clinician is witnessing under lateral fluoroscopy. If the cervical
disc accepts more than 0.5 mL of contrast, annular disruption is likely to be present
(45). The endpoint will help indicate whether the outer annular fibers are comple-
tely disrupted. In the scenario of complete annular dysfunction, the discographer
will likely observe morphologic evidence of this as dye escapes posteriorly into
the anterior epidural space. An endpoint may never be encountered if contrast
volumes of 1.0 to 1.5 mL are infused. Conversely, a herniated or degenerate cervical
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disc that still contains intact outer annular fibers may demonstrate a soft yet still
definable endpoint upon injection of 0.5 to 1.0 mL of contrast without evidence of
epidural spread. Therefore, it is imperative that each of these data is meticulously
collected and quickly audited to assign clinical meaning to the preliminary outcome
of the diagnostic intradiscal procedure.

Examination of the nuclear contrast pattern in the axial plane via postdisco-
graphy CT will validate extension of contrast material into circumferential or
radial annular tears, which may not be fully appreciated during fluoroscopy.
Contrast material may reside within the uncinate recesses of the posterolateral
regions of the cervical intervertebral disc. On posterioanterior fluoroscopic view,
this pattern appears bulbous, and on corresponding lateral views, this dye
pattern appears to indicate a posterior protrusion (28). However, postdiscography
CT in this instance would reveal contrast within the nucleus and uncinate recesses
solely. The apparent protrusion on the lateral fluoroscopic view was created by
extension of contrast material into the posterolateral-oriented uncinate recesses
(28). Observation of a relatively firm endpoint at a volume at or near 0.5 mL
would have suggested to the discographer the fallacy of the seemingly abnormal
dye pattern on the lateral fluoroscopic view.

Intervertebral discs that do not demonstrate encroachment of the outer
annular fibers by contrast material have been observed to seemingly produce cer-
vical pain during discography. In these instances, a relatively mildly degenerate
disc with a relatively firm endpoint close to 0.5 mL of contrast dye may be associ-
ated with partially concordant neck pain. The adjacent, caudal disc probably
would reveal annular disruption and concordant symptomatology. When we
encounter this scenario, we will subsequently anesthetize the painful disc that
demonstrated the abnormal nucleogram with 0.5 mL of 2% xylocaine and repeat
stimulation of the cranial level after 10 minutes have elapsed. If no pain is repro-
duced upon repeat stimulation of the normal nucleogram disc after anesthetiza-
tion of the abnormal level, the initially painful response of the more cranial
level was a false positive response. This occurrence might be explained by a
pressure-transduction phenomenon, but this postulate has not been further
evaluated in a systematic manner.

A positive level is defined therefore, as an intervertebral disc that produces
severe, concordant or partially concordant pain upon injection of contrast material
that reaches the outer annular fibers, at the time of pain provocation, as demon-
strated during fluoroscopy, and confirmed with axial postdiscography CT.
Additionally, an adjacent control level must not produce pain upon stimulation.
If the discogram reveals one or two contiguous levels producing concordant
pain, then the patient might be a surgical candidate, provided conservative
care has failed. If three or more levels are concordant, two levels are noncontigu-
ous, or any concordantly painful discs are lobular, then the patient requires a
comprehensive chronic pain modulation program.

COMPLICATIONS

Discitis, subdural empyema, spinal cord injury, vascular injury, and prevertebral
abscess have all been reported as complications of provocative cervical discography
(31,39,51–55). Infection of the disc space is the most widely recognized compli-
cation associated with diagnostic cervical discography (31,40,52,54–55). A variety
of causes have been postulated, including inadequate skin preparation (55),
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needle contamination (39), and contamination from esophageal contents owing
to improper needle placement (24). Epidural, subdural, or retropharyngeal
abscess may occur as sequelae of disc space infection or as the primary source of
infection after penetration of the esophagus or hypopharynx (53). Yet, the incidence
of discitis per patient is low ranging from 0.1% to 1% with a per disc incidence of
0.15 to 0.2% (31,40,52,54,55). Risk factors for infectious complications appear to
include beards, thick or short necks, and male gender (40). Preprocedure prophy-
lactic antibiotics may not always prevent infectious complications after cervical
discography (40). Intradiscal antibiotics are most likely sufficient to ward
against disc-space infections related to discography, and may obviate the need
for systemic antibiotic prophylaxis (56).

Spinal cord compression and myelopathy are rare complications of cervical
discography (39). However, this has occurred in a cervical spine with significant
preprocedure cord compromise. Although potential intervertebral disc injury
from nuclear distension has been suggested (57), possibly explaining cord involve-
ment, no subsequent experimental studies have corroborated such speculation. The
overall incidence of significant complications associated with cervical provocative
discography in the largest published report that has been observed to be 0.6%
per patient, all of which were infectious (40). These findings corroborate our experi-
ence in performing 3500 diagnostic or therapeutic cervical intradiscal procedures
during which no infections were noted. Only one case of a cervical hematoma
was encountered that resolved without airway compromise. We must highlight
that these low rates of serious complications related to cervical discography can
only be expected in the hands of experienced and well-trained interventional
spine specialists.

UTILITY OF CERVICAL PROVOCATIVE DISCOGRAPHY

The only surgical treatment for CIDD or symptomatic cervical degenerative discs is
fusion (58–60), which can be accomplished by anterior cervical discectomy and
fusion or by posterior fusion. The rationale is that by fusing the bony vertebral
elements, motion is eliminated, thereby reducing discogenic pain. The utility of
provocative discography to determine the level(s) to fuse is controversial. Some
authors have reported “good or excellent” results in 70% to 96% of patients after
cervical fusion of levels determined by discography (13,31,34,61). Siebenrock (34)
observed a pain reduction of greater than 75% in 96% of 27 patients who underwent
cervical fusion of a total of 39 levels. The review was retrospective, and the authors
might have included some patients who had primarily radicular complaints.
Garvey et al. (32) found that 82% of 87 patients reported their self-perceived
outcome as good, very good, or excellent at a mean of 4.4 years after fusion.
Ninety-three percent of these patients reported greater than 50% reduction in
their pain rating postsurgically. Interestingly, a statistically significant difference
was obtained for patients who were treated based on a truly positive discogram.

CONCLUSION

Diagnostic cervical provocative discography is a useful diagnostic intervention to
aid the spine care specialist in determining the best way to treat chronic cervical
and shoulder girdle pain. When performed correctly by experienced physicians,
cervical discography poses minimal risk of significant complications. Despite
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controversy surrounding the utility of cervical discography, when performed
attentively employing meticulous fluoroscopic guidance, nonionic contrast
agents, knowledge of disc biomechanics and pathology, and appropriate imaging
modalities, it is a valuable adjunct in determining which segmental levels to
surgically fuse.
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INTRODUCTION

The intervertebral disc is now recognized as a common source of chronic axial pain
(1–3). They are endowed with necessary innervation to be a source of pain (4,5).
Cases of ruptured intervertebral discs have been reported as early as 1896 (6). In
1911, Middleton and Treacher of the United Kingdom (7) and J.E. Goldwait of
Boston (8) independently described the entity known as the ruptured intervertebral
disc. In 1929, studies by Dandy (9) and Schmorl (10) provided evidence of the poss-
ible clinical significance of the ruptured disc. In 1934, a widespread interest was
created in the disc as a source of pain (11). This mechanical model by Mixter and
Barr became the centralmodel of spine pain, which preoccupied themedical commu-
nity and diverted attention from other possible causes. The question of the existence
of an intradiscal pain mechanism arose in 1984 when Hirsch (12) injected procaine
into a herniated disc and reported relief of sciatica. It was Roofes’ description of
annulus fibrosus innervation in 1940 that provided an alternative model of the disc
as a pain generator independent of a neurocompressive paradigm (13). The clinical
validation of Roofes’ discovery came from Vanharanta et al. (14). This paper demon-
strated that only an annular fissure which extends from the mid to outer annular
region significantly correlates with pain with a provocative injection. Since then,
several studies have identified the existence of irritant chemical substances within
the disc that could cause sensitization of the disc annulus with mechanical
loading (15,16). This sensitivity has been documented both by eliciting the axial
pain by pressing on the posterior annulus during lumbar surgery in awake patients
(1) and with low pressure (chemical) activation of annular nociceptors (17). The rich
innervation of the mid to outer annular layers has been substantiated by four inde-
pendent studies (18–21) using sophisticated staining and magnification studies.

The internal disc disruption syndrome has been the most comprehensively
understood cause of low back pain. Clinical studies have determined the internal
disc disruption syndrome as a pain source in as many as 40% of patients with
chronic low back pain (20). This is a condition in which the disc has an intact per-
imeter, but an internal disc derangement (21). The initiating factor is a fatigue
failure of the vertebral end plate (22). This endplate fracture is caused by a
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product of degree of compression load which could be tolerated by the ultimate
end-plate tensile strength and number of repetitions (23,24), encountered during
daily heavy work activities. The endplate fatigue failure results in a series of bio-
chemical, biophysical, and morphological features (21). These biochemical,
biophysical, and morphological features have all been shown to correlate with
the discogenic pain. The biochemical features as studied in animal studies
(25) include de-aggregation of proteoglycans in the nucleus, a reduction in water
content, and annular delamination. The biophysical features comprise reduced
and irregular stress in the nucleus pulposus, and an increased posterior annular
stress. This is in contrast to the uniform stress seen with axial loading on these
structures (22), as evidenced on stress profilometry, a technique in which internal
stresses within a disc can be measured. The depressurization of the nucleus and
consequent increase in posterior annular stress results from a decrease in
the water content of the nucleus. The morphological features of the internal disc
disruption syndrome are characterized by the degradation of nuclear matrix
and radial fissures, which penetrate the annulus fibrosus without actually breaking
the outer lamella. These radial fissures are graded according to the extent that they
penetrate into the annular lamella: inner one-third (grade I), middle one-third
(grade II), outer one-third (grade III), and circumferential (grade IV) (26,27).

Multiple studies have shown that multidisciplinary and behavioral therapy
programs may not succeed in completely alleviating the pain; this implies a
source of persistent pain (21). The morphological features of the internal disc
disruption syndrome cannot be demonstrated by plain radiology or computed
tomography (CT) (21). Although magnetic resonance imaging (MRI) can show
morphological abnormalities of the disc, they are of limited value in demonstrating
which structure is painful. Discography remains the only test that provides physio-
logical information whether or not a given intervertebral disc is painful (28). It is
employed as a presurgical diagnostic tool by numerous physicians (29–31).

HISTORICAL BACKGROUND

In 1944, Lindblom (32) demonstrated radial annular fissures by injecting red dye
into the nucleus, and then observing the contrast leak into the annulus in cadavers.
However, he did not apply disc injections clinically because of Peases’ study (33),
which demonstrated disc damage with inadvertent disc penetration upon
attempted lumbar thecal puncture in children with purulent meningitis.
Subsequently, Hirsch et al. (34) used intraoperative disc distention with saline,
and noted concordant pain without secondary disc damage. In 1948, Lindblom
reported nucleographic patterns of 15 discs in 13 patients. By early 1960s, discogra-
phy appeared to have the potential of replacing myelography as the premier
disc-imaging study. This trend ended following the demonstration of a 37% false-
positive rate by Holt in 1964 and 1968 (35). A recent critical review found Holts’
methods of dubious validity because of poor selection criteria, high technical
failure rate, lack of sophisticated technology, and the use of hypaque, a known
neurotoxic contrast material (36). In 1968, Wiley et al. (37) found a viable role for
discography in the diagnostic evaluation of patients with axial pain and no definite
disc prolapse on myelography. However, until recently, their work had been over-
shadowed by Holts’ studies. A recent well-controlled prospective study by Walsh
et al. (38) disproved Holts’ data in a group of asymptomatic volunteers by using
stringent criteria of radiological abnormality and reproduction of patients’
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pain pattern. With a false-positive rate of 0%, they found discography to be a
highly reliable and specific method of distinguishing symptomatic versus asymp-
tomatic discs. Other investigators have also attempted to estimate the possible
false-positive rate by studying discography in asymptomatic volunteers. The
available data provided by these studies is conflicting, but also confounded by
other variables. Massie and Steven (39) found discography to be only occasionally
positive, and Carragee et al. (40,41) found a 10% false-positive in subjects without
a history of low back pain.

INDICATIONS

Most of the current literature (42–44) supports the use of discography in select
situations. According to the position statement by the North American Spine
Society diagnostic and therapeutic committee, indications for discography
include, but are not limited to:

1. Patients with unremitting severe symptoms in whom the other diagnostic tests,
includingCT,MRI, and/ormyelography have failed to reveal clear confirmation
of a suspected disc as a source of pain.

2. Further evaluation of demonstrably abnormal discs to help assess the extent of
the abnormality or correlation of abnormality with the clinical symptoms, includ-
ing recurrent pain from a painfully operated disc and lateral disc herniation.

3. Postsurgical fusion assessment. Patients who have failed to respond to pos-
terior fusion to determine if there is painful pseudoarthrosis versus sympto-
matic disc as a source of pain in the fused segment and to help evaluate for
possible recurrent disc herniation.

4. Presurgical planning for fusion. To assess the integrity of the disc(s) in the
proposed fusion segment and the adjacent discs.

5. Confirm a contained disc herniation as a part of the work-up for minimally
invasive intradiscal procedures.

CONTRAINDICATIONS

Discography is contraindicated (44) in patients with a neoplastic, infectious, or
infilterative process, and uncontrolled coagulopathy. Anticoagulant therapy and
contrast dye allergy represent relative contraindications. In the setting of patients
with iodine contrast allergy, gadolinium discography (45) has been used as a safe,
viable alternative to the conventional discography. Postdiscography CT scans ade-
quately visualize intradiscal gadolinium in a more timely and costeffective
manner than MRI.

MAGNETIC RESONANCE IMAGING CORRELATES OF PAIN RESPONSE

Typical MRI findings that correlate with concordant pain (46,47) at discography
include:

1. Moderate to severe disc degeneration (grades 4 and 5): Grade 4 disc degeneration
implies moderate disc degeneration, a loss of differentiation of the nucleus
pulposus from the annulus, and moderately decreased nuclear signal with
a hypointense zone. Grade 5 disc degeneration is characterized by severe
degeneration, a loss of nuclear and annular differentiation, and hypointense
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signal of the nucleus pulposus with or without a horizontal hyper intense band.
Grades 1 and 2 are normal and grade 3 implies mild disc degeneration.

2. Disc height: An association was found with positive pain response by Millet
et al. (47), but not in a study carried out by Chae-Hun et al. (46).

3. High-intensity zone (HIZ): This a hyperintense signal contained within the
posterior annulus seen on the T2-weighted sagittal and axial images. It has
an estimated sensitivity of 45% and specificity of 84% (48), and its presence
renders, more likely than not, that the affected disc is a source of pain.

4. Modic type I and II changes: There are two studies in which endplate changes
have not been shown (46,47) to significantly correlate to concordant pain seen
with provocative discography.

TECHNIQUE
Patient Positioning
Prior to appropriate patient positioning, a careful evaluation of the approach
is made. This is based on factors such as patient size, patient compliance,
disc space height, pelvic configuration, presence of transitional segments
and prior lumbar surgery. The patient’s skin is then carefully prepped using
betadine if the patient is not allergic to iodine. This is followed by draping
using sterile towel.

Two-Needle Technique
A two-needle technique is employed with 18- or 20-gauge introducer needle. As
this needle does not enter the disc space, the risk of placement of skin flora
into the nucleus is minimized. The inner 22- or 25-gauge needle is placed into
the nucleus.

Care is taken to avoid penetration into the end plate as this will create pain
during the insertion and the injection of contrast. This may result in a false-positive
result.

Lumbar discography can be accomplished via three approaches:

1. Posterolateral approach with the patient resting in the prone-oblique position. A right-
sided entrance site is typically employed, thereby requiring that the patient
rest on the left side. The right hip is flexed and slightly abducted, whereas
the right knee is flexed. Pillows are placed under the distal medial aspect of
the thigh to support the right leg. This leg position relaxes the right L5
nerve root, thereby minimizing the chance of needle contact during an
attempt to enter the L5-S1 disc. A bolster is placed under the left flank,
which would slightly tilt the pelvis and open the entrance to the L5-S1 disc.
The inner needle can be curved prior to insertion into the introducer needle.
This technique is reserved for the L5-S1 disc space. This curve allows the
needle to hug the S1 superior articular process pass by and not into the L5
nerve, and reach the nucleus.

2. Posterolateral approach with the patient prone. In contrast to the aforementioned
posterolateral approach, this technique requires biplanar imaging with each
advance of the needle when performed by novices.

3. Transdural approach with the patient prone. A paramedian needle entrance point is
used. Extra care is taken when aligning the guide needle, as the second needle
would pierce the dural membrane twice before entering the disc space. If
the alignment is not accurate, repeat attempts to advance the needle will be
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required, with each trial causing not one, but two dural punctures. Therefore,
the risk of headache, nerve root injury, meningitis, and meningocele formation
is theoretically increased. Consequently, a transdural approach should be
reserved for instances in which the L5-S1 disc cannot be entered with the two
other techniques.

COMPLICATIONS

The reported complication rate of provocative lumbar discography is low, ranging
from 0 to 2.5% (49). The potential complications of provocative lumbar discography
include:

1. Discitis: This is the most widely recognized complication; patients may be more
prone to this complication because of the large avascular space within the disc.
The incidence, however, is only 0.1–1.3% (37,50–54). Isolation of staphylococcus
and Escherichia coli suggests the role of skin surface contaminants and bowel
flora, respectively (51,55,56). There are a variety of ways to retrieve disc
tissue for gram stain and culture. At The Penn Spine Center, we have found
the safest and most rapid technique to extract an adequate amount of disc
material by using the dekompressor. Technologies, such as coblation or auto-
mated percutaneous lumbar discectomy are not helpful. In the former instance,
nuclear material is evaporated, and in the latter, the material retrieved is exten-
sively lavaged by normal saline. Even when sufficient tissue is obtained, it may
be difficult to isolate the organisms. A possible explanation is that there is rapid
immunological attenuation caused by the natural course of organisms with
subsequent neovascularization from the endplate tributaries (51,52). Another
possibility is the involvement of indolent organisms of low virulence (57).
Others have postulated (58–60) an aseptic or chemical form of discitis caused
by aseptic disc necrosis by concentrated iodine product. A dramatic increase
in pain and stiffness or a change in the character of symptoms should raise a
high index of suspicion warranting obtaining a C-reactive protein and a sedi-
mentation rate as a screening tool. If either of these acute phase reactants are
elevated, then anMRI is essential (61,62). Without timely intervention, a discitis
can result in an epidural abscess (53).

2. Nerve root injury: This could result from impalement of the nerve root caused by
direct needle trauma if careful technique is not employed (44).

3. Thecal puncture headache: The L5-S1 level is most vulnerable for this compli-
cation which could result from malpositioning of the outer needle with exces-
sive bending of the inner needle. A transdural approach can also result in
headaches (44).

4. Discography-induced acute lumbar disc herniation: Poynton et al. (49) reported
a series of five cases of acute lumbar disc herniation precipitated by
discography. All patients developed an acute exacerbation of radicular leg
pain following multilevel provocation lumbar discography with one patient
actually developing foot drop. Comparison of the MRI before and after the pro-
cedure revealed either a new herniated disc fragment or an increase in the size of
a pre-existing disc herniation in all cases. An annular deficiency was considered
an obvious predisposing factor to discogram-related disc herniation.

5. Long-term back symptoms: Carragee et al. (63) reported significant back pain one
year after discogram. This occurred in patients with emotional and chronic pain
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problems. The patients with normal psychometric test profile had no reports of
significant long-term back symptoms after discography.

INTERPRETATION

Since its introduction in 1948, lumbar discography has been practiced without any
well-defined operational criteria. This has resulted in a high false-positive rate,
which has led to a debate on its validity. For a test to be valid, it should have a
low rate of false-positive responses. These false-positive responses could be
reduced by using unambiguous operational criteria.

Several studies have shown a high false-positive rate of discography,
although the results of these studies have been confounded by other variables.
Carragee et al. (40,41) studied three sets of patients: patients who had no symptoms,
patients with chronic pain which was not back pain, and patients with a diagnosis
of somatization disorder; the imputed false-positive rates in these categories were
10, 20, and 75%, respectively. However, these results have been criticized (21) for
lack of adherence to the recommended disc stimulation criteria, including anatomic
and manometric controls, although intradiscal pressures were recorded in their
study. The patient population in the study was also small, resulting in a wide con-
fidence interval. It has been shown (21) that by using the criteria of anatomic and
manometric control, the false-positive rate in their study could be reduced to as
low as 10% and 25–50%, respectively.

In a separate study, Carragee et al. (64) also questioned the ability of the dis-
cography to differentiate spinal from nonspinal source of pain. In their study,
lumbar discogram was carried out in 24 discs in eight subjects without a previous
history of low back pain, approximately two to four months after the harvesting of
iliac bone graft for nonspinal reasons. Four out of eight subjects (50%) were
regarded to have positive discogram experiencing concordant painful sensations
with their usual gluteal area pain.

The influence of emotional and psychological factors, chronic pain behavior
and ongoing compensation claim on the discogram outcome has also been demon-
strated (65). In their study of 72 patients, Block et al. (66) showed the influence
of personality, as assessed by Minnesota Multiphasic Personality Inventory, on
discography-induced pain. Patients with elevated scores on hypochondriasis,
hysteria, and depression scales tend to over-report pain during discography.

Studies have been conducted in an attempt to define operational criteria with
respect to the limit of the stimulation intensity and degree of response. In their
study on 13 volunteers, Derby et al. (67) were able to derive a receiver–operator
curve to demonstrate combination of pain intensity and pressure below which
the probability of a response was zero or less than 10%. They demonstrated that
false-positive responses occur only above certain pressures and pain scores. Com-
bining their data with that of Carragee (40,41), they concluded that if the oper-
ational criteria for a positive discography is set as pressures not greater than
50 psi, and the intensity of evoked pain is greater than 4, then the false-positive
rate would be less than 10%. A false-positive rate of 0 could be achieved if the
required pain score is held at 4, and the threshold pressure of injection lowered
to 30 psi. Conversely, if the required pressure is 50 psi, the pain score would
need to be raised to 6. In this study, they were also able to demonstrate that not
all normal discs could be rendered painful. Some 56% of the discs in their study
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were not painful on provocative discogram. If the normal disc were made painful,
the pain was mild and it required higher pressures.

The false-positive rate could be further reduced using findings on the CT
discogram. In their study, Chae-Hun et al. (46) demonstrated that typical findings
on CT discogram with concordant pain were fissured/ruptured discs and contrast
extending into/beyond the outer annulus. In another study of 279 discs that under-
went pressure-controlled discography, Derby et al. (68), showed that 88 out of 93
painful discs (94.6%) had annular disruption greater than a grade 3.

Based on these studies, the International Spine Intervention Society (ISIS)
has provided guidelines (69) for the diagnostic criteria of internal disc disruption
syndrome on discography. These criteria are:

. Reproduction of the patients’ pain by stimulation of the affected disc.

. Evoked pain must have an intensity of at least 7 on a 10-point scale.

. Pain is reproduced at a low pressure of stimulation—15 psi.

. Stimulation of adjacent discs does not reproduce pain.

. Postdiscography CT should demonstrate a grade III or IV fissure.

If these stringent operational criteria are applied, the false-positive rate
could be effectively reduced to zero or at least to an acceptable level of less
than 10% in asymptomatic individuals and patients with chronic low back
pain. In patients with emotional problems, pain behavior, and somatization,
false-positive rates would remain high. In the latter patient population, discogram
results should be applied carefully in clinical decision-making, particularly when
considering discography as part of preoperative evaluation for surgical fusion.

UTILITY

Precise prospective categorization of positive discographic diagnoses may
predict outcome from treatment, surgical or otherwise, and thereby facilitate
therapeutic decision making. Derby et al. (70) used pressure-controlled manometric
discography to isolate highly (chemically) sensitive discs which achieved
significantly better long-term outcomes with interbody/combined fusion
than with intertransverse fusion. Patients without disc surgery had the least
favorable outcome.

For optimal results with intradiscal electrothermal therapy, Bogduk (21)
describes the appropriate placement of the electrodes crossing the radial fissure
and lying peripheral or parallel to the circumferential fissure. This necessitates the
precise identification of the annular fissure on CT discogram before contemplating
the procedure.

CONCLUSION

The controversy about discography as a diagnostic tool because of false-positive
results has been secondary to ambiguous operational criteria in the past. Recently,
the criteria have been re-evaluated, and the findings have been incorporated in the
guidelines provided by ISIS. Using stringent operational criteria, the rate of false-
positive results in provocative lumbar discography can be reduced to an acceptable
level of less than 10% or even to zero. In this setting, provocative lumbar discogra-
phy can be a useful diagnostic tool to confirm the intervertebral disc as a pain
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generator. It can provide valuable precise anatomic details required for minimally
invasive intradiscal procedures, and help to predict the outcome of spinal fusion
surgery. However, the results should be carefully interpreted in patients with
emotional, chronic pain, and somatization disorders.
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B16 Intradiscal Electrothermal Therapy and Other
Percutaneous Disc Procedures

Zach Broyer
Rothman Institute, Thomas Jefferson University Hospital, Philadelphia,
Pennsylvania, U.S.A.

INTRODUCTION

The intervertebral disc is the cause of chronic back pain in up to 40% of patients (1).
The treatments available today for discogenic low back pain range from the less
invasive treatments, including modalities, rest, oral medications, and physical
therapy, to the more aggressive epidural injections, fusion and disc replacement.
Several treatments have been proposed to prevent the need for surgery in patients
with continued low back pain in spite of conservative management. The most com-
monly performed procedure is intradiscal electrothermal therapy (IDET). Less
common options include nucleoplasty and percutaneous discectomy. “Internal
disc disruption,” as first described by Crock (2), is discogenic low back pain
without necessarily having pain symptoms into the lower extremity. Traditional
imaging studies do not reveal the segments which are painful. Imaging studies,
such as magnetic resonance imaging (MRI) demonstrate anatomic changes of the
disc, but only provocative discography can prove which disc is generating the
patient’s pain. This chapter will focus on IDET.

PROCEDURE

Intradiscal electrothermal therapy is a trademarked technique. The equipment and
technique is Federal Drug Administration (FDA) approved as of 1998 for intradiscal
electrothermal annuloplasty (3). Under fluoroscopic guidance, a trocar is placed
into the disc using a posterolateral approach similar to standard discogram prac-
tice. Once the trocar is placed, the catheter is advanced through the trocar and
across the nucleus to the inner anterolateral annulus. The catheter is then advanced
along the area between the inner annulus and nucleus. The catheter has a heating
element that conducts electricity using radiofrequency energy converted to
thermal energy. The heating is done using a radiofrequency generator that heats
the distal 50 mm by 18 every 30 seconds up to 908 by 12minutes, and thenmaintains
the 908 for another 4.5 minutes. This regimen is thought to be enough energy to
denature collagen and cause coagulation (4).

INDICATIONS

Intradiscal electrothermal therapy is done on patients with axial low back pain that
has lasted for more than six months. The disc should be evaluated by discography
after other causes of pain have been ruled out. One must rule out disc herniations,
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spinal stenosis, the sacroiliac joint or the facet joint as the etiology of pain. Discs
must be greater than 50% of their normal height (5).

MECHANISM OF ACTION

There are several theories as to why IDET decreases lumbar disc pain. One possible
explanation is that IDET denatures collagen in the annulus fibrosis and shrinks the
nucleus or seals the annulus (6). The other notion is that IDET ablates the nocicep-
tive fibers within the posterior aspect of the disc. The recurrent sinuvertebral nerve
forms the nerves that innervate the posterior annulus (7). The posterior third of the
normal outer annulus contains the A delta and C sensory fibers. In the degenerated
disc, there is an ingrowth of these nerve fibers (8). Studies done to monitor the effec-
tiveness of IDET to ablate nerve fibers or to denature collagen to yield shrinkage
have had varying results.

Kleinstuck used cadaveric lumbar discs to measure the temperatures
achieved during IDET. The catheter was placed within the 19 cadaveric lumbar
discs with intact anterior and posterior longitudinal ligaments. After completion
of the IDET protocol, the measured temperatures ranged from 378C to 658C. The
highest temperature was noted 1 mm from the catheter tip and the lowest tempera-
tures were noted 10 to 15 mm from the catheter. In this study, the catheter was
positioned 10 to 15 mm from the posterior annulus. There was insufficient
change in temperature to denature collagen except at the IDET catheter itself. His-
tologically, there was no significant difference in the annular fibers from the heated
and nonheated areas of the disc. Kleinstueck concluded that IDET did not change
the biomechanical or histological properties of the disc (9).

Klienstueck again studied the temperature effects of IDET in 2003. He placed
the catheter 10 to 15 mm from the outer annulus and used the IDET heating pro-
tocol. This time, the spines were placed in a 378C water bath to mimic body temp-
erature. He concluded that temperatures high enough to cause coagulation of
collagen are achieved in a 2-mm area surrounding the catheter, and temperatures
high enough for nerve ablation are achieved in an area 6 mm around the catheter.
He also concluded that temperature increases during the final minutes of the pro-
tocol require exact placement of the catheter to be effective, and may require an
increase in the heating time to further extend the area that would reach effective
temperatures (10).

Freeman et al. did stab incisions into two discs of Merino sheep without pene-
trating the nucleus pulposus. Twelve weeks following the incision, the animals
underwent IDET with thermocouples anterior and posterior to the catheter. Intra-
discal electrothermal therapy was then performed on the cut and uncut discs.
The animals were sacrificed, and their discs were then assessed. At 12 weeks,
even without IDET, there was abundant granulation tissue with neoinnervation
in the periannular and outer annular region of the cut discs. Collagen denaturation
requires a temperature of 608C, and nerve destruction requires 458C. This studywas
able to demonstrate that at 908C, the nucleus and most of the annulus reached a
temperature high enough to cause denaturation and coagulation of the inner
annulus and nucleus. The nuclear temperature was higher than that of the
annulus in 25 of the 40 discs. The mean annular temperature was 63.68C and the
mean nuclear temperature was 67.88C. The nuclear temperature exceeded 608C
in 35 of the 40 discs. At all discs, the temperatures achieved were greater than
the 458C needed to cause neural ablation. The posterior annular temperature
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exceeded 608C in 28 of the 40 discs. There was no difference in the temperature
achieved in the noncut discs compared with the cut discs. At the very least,
the study demonstrates that the temperatures achieved were adequate to cause
neural ablation. Surprisingly, immunohistochemical analysis did not demonstrate
a difference in the innervation of the IDET and non-IDET discs. Thermal necrosis
was noted from the inner annulus to the nucleus, but thermal necrosis was not
noted in the outer annulus. Freeman (11) concluded that the mechanisms that
cause a decrease in pain following IDETare not the result of annular collagen dena-
turation or nerve ablation.

Pollintine et al. performed stress tests on cadaveric discs to mimick physio-
logic pressures pre- and post-IDET. Compression stress profiles on flexion and
extension were assessed. Stress testing was done after catheter placement, and
once again after heating of the element using the standard IDET protocol. Sham
IDET caused no change in stress profile in the neutral position. Intradiscal electro-
thermal therapy reduced nucleus pressure by 10% and posterior annulus pressure
by 40%. Annular stress peaks were reduced by more than 8% in 12 of the IDET
discs. Nuclear stress was decreased by 6% in the flexion group and by 13% in the
extension group. Intradiscal electrothermal therapy consistently seemed to increase
the width of the nucleus, but inconsistently decreased nucleus pressures. He con-
cluded that there may be an inconsistent mechanism of action of IDET that
decreases the disc pressure and leads to patient relief (12).

Bono studied nine cadaveric discs with beef strips surrounding the area to
mimic body tissue. The temperature readings within the disc were allowed to
equalize with the 378C water temperature bath. Heating of the catheter using the
IDET protocol was then performed. The study demonstrated that within 3 mm of
the catheter, the temperatures achieved are greater than 608C, and that within
10 mm of the catheter, the temperatures achieved are at least 508C. Unlike
Klienstuecks’ study where the catheter was placed in the anterolateral annulus,
in this study the catheter was placed in the posterior annulus. In the outer loop
area, temperatures of 608C or more were noted in 13 of 14 discs, whereas only
two discs reached above 658C. Hence, in the posterior annulus represented by
the outer loop area, it may be possible to get collagen denaturation up to 4 mm
from the catheter. Neural ablation temperatures were reached up to 14 mm from
the catheter within the inner loop. However, the outer loop temperatures
only reached 458C in 10 discs and 408C in 13 discs. He concluded that not all
discs will reach temperatures great enough to cause collagen denaturation or
nerve ablation, and that maintaining the proper location of the catheter is extremely
important (13).

COMPLICATIONS

The complication rate of IDET is low. In Cohen’s study of 108 IDET discs, only 10%
had a complication and the majority of these were self-limited and transient (14).
Saal and Saal (15) had a complication rate of 0.7% in their study of 1675 patients.
The highest complication rate reported was 16% in Freedman’s study. As in the
other studies, the complications were transient (16).

Transient problems, such as transient burning dysethesias and nondermato-
mal numbness and parasthesias have been reported. L4 weakness, associated
with the catheter insertion site, with accompanying foot drop has been described
in the literature. This resolved six weeks after surgical treatment. One patient
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with a migraine history had a nonpositional headache that was different from her
usual headache. This resolved after five days of hospitalization (16).

Increased disc protrusion has been reported after IDET. A patient with a small
L5/S1 herniation developed increased back and thigh pain with MRI findings of a
very large herniation requiring surgery (17). Two cases of avascular necrosis of the
vertebral body and one case of cauda equina were also reported following IDET.
Avascular necrosis following IDET at L4/5 and L5/S1 presented with worsening
low back pain and leg dysesthesias. All blood work was negative, but MRI demon-
strated edema at both the L5 and S1 vertebral bodies. Biopsies of the vertebral body
and disc done at the time of an anterior–posterior fusion with instrumentation
demonstrated necrotic bone and disc material (18). Osteonecrosis may have been
the result of the rise in the endplate temperature, as demonstrated by Yentkilner
and Brandt (19). They proved, in rabbits, that heating of the vertebral body to
more than 708C causes histologic changes consistent with osteonecrosis (20).

The case of cauda equina syndrome involves a 56-year-old woman who
developed urinary retention, bowel incontinence, loss of sensation, and weakness
in her leg following IDET. Intradiscal electrothermal therapy was performed at
the L5/S1 level without incident. The patient had IDETat the L4/5 level, and devel-
oped burning pain radiating from her left buttock to her foot and the posterior leg.
It was noted under fluoroscopy that the catheter was in the spinal canal, rather than
within the disc. The catheter was then repositioned correctly. Following the pro-
cedure, she presented with the aforementioned symptoms (21). This complication
was not directly secondary to IDET, but rather to technical error. Prior to heating
the catheter, placement is supposed to be checked in both the anteroposterior and
lateral views to ensure proper intradiscal placement (22).

CONTRAINDICATIONS

Intradiscal electrothermal therapy cannot be performed on patients with sepsis,
osteomyelitis, cellulitis, discitis, bleeding diathesis, cauda equina syndrome,
vertebral fractures, and segmental instability as determined by flexion extension
roenterograms. Severe disc space narrowing, sequestered disc herniations and
large disc herniations are contraindications. The presence of hardware should
lead to extreme caution for fear of heating fusion hardware, spinal cord stimulator,
or intrathecal pump. One must also be wary of patients with psychological
issues, such as somatization or conversion disorders and patients with potential
secondary gain (4).

The other relative contraindication to IDETmay be obesity. Although not stat-
istically significant, and of a small sample size, Cohen was able to show that obese
IDET patients had a higher failure rate. Of the 15 smokers in his study, five of the
obese smokers failed IDET, whereas only four of the 10 nonobese smokers had
poor outcomes. The lone risk factor for failure in this study was obesity. Of the
10 obese patients, only one had a good outcome and two of the 10 had worsening
of the treated disc. The one patient that developed a herniation post-IDET was
obese. The mechanism of collagen reformation and immediate weakening postpro-
ceduremay have led to the herniation (23). Although obesity itself is a risk factor for
back pain (24), obese patients may have other factors that predispose them to fail
IDET. Some of these factors include inability to wear the brace or perform adequate
rehabilitation, and a failure of the annulus to heal because of increased pressure
owing to patient body weight (23).
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OUTCOMES

There have been a few outcome studies on IDET. Initial prospective studies by Saal
and Saal showed promise for IDET to alleviate low back pain. Saal and Saal studied
1116 patients who had back pain for more than three months. Sixty-two patients
that did not improve after six months of conservative treatment were treated
with IDET. Pain concordance was then established using discography. Success
was based on a change of 7 points in the SF-36 and a 2-point change in the Visual
Analog Scale (VAS). Thirty patients underwent IDET at one level and 32 patients
underwent IDET at multiple levels. Mean change of the VAS at one year was 3.4
in the single-level group and 2.6 in the multilevel group. Scores in the SF-36 scale
improved in 44 of the patients (71%), 24 of the 30 single-level patients and 20 of
the 32 multilevel patients. Ninety-seven percent of the private pay patients and
83% of the compensation patients returned to work. All but one of the previously
working patients returned to work. Patients with preserved disc height undergoing
multilevel procedures did better than those with decreased disc height. Single-level
IDET procedures did not show statistical difference in outcomes based on disc
height. Disc space narrowing of less than 30% was associated with less favorable
outcomes in the multilevel group, but not in the single-level group. Those patients
with heavier labor jobs returned to work in four to six months, and patients with
lighter duty jobs returned to work in one to three months. No difference was
noted between the compensation patient and the private pay patient outcomes.
At the one-year follow up, there were no complications or worsened outcomes
reported (25).

At the two-year follow-up, Saal and Saal demonstrated sustained improve-
ment from the procedure. Only one patient went on to fusion. At 24 months,
72% of the patients maintained a 2-point improvement on the VAS, and 50% of
the patients maintained at least a 4-point VAS reduction. There was improvement
in the SF-36 of 7 points in 78% of patients and 14 points in 59% of patients. At
this point, the change post-IDET between the single and multilevel patients was
equivalent (26).

Karasek studied 53 patients as a prospective case control study using the
insurance-denied patients as controls. At three months post-IDET, 23 of the 35
patients noted improvement. Changes persisted at six and 12 months. The author
reported partial benefit in 60% and complete relief in 23% of IDET patients (27).

Using a manufacturer-sponsored registry, Thompson found that following
IDET, there was an improvement in the VAS and SF-36 scores at six and 12
months. Gender was not shown to be predictive of the level of improvement.
However, multiple-level procedures were associated with greater levels of pain
at six and 12 months with no difference in overall level of improvement post-
IDET. The compensation group was noted to have lower physical function
scores with less improvement following IDET (28). Webster used worker’s com-
pensation records of 142 IDET cases to track outcomes. Poor results were noted
when the same physician did the discogram and subsequent IDET procedure.
In addition, patients using narcotics in the three months prior to IDET and patients
in litigation had poorer outcomes (29).

The first randomized, placebo-controlled trial of IDET, was undertaken by
Pauza. Patients were selected for the study following six weeks of unsuccessful
nonoperative care. Further criteria included no surgery within three months of
the procedure, and disc height narrowing could not exceed 20%. Compensation

Intradiscal Electrothermal Therapy and Other Percutaneous Disc Procedures 263



patients were deliberately excluded. Following discography to determine concor-
dance patients were randomized and blinded to the procedure. The investigator
learned which patient would undergo treatment and which would undergo
sham once the introducer had been placed to the level of the outer annulus. In
the IDET group, the procedure was performed, but in the sham group, the patients
watched fluoroscopic images of catheter placement and heard noises mimicking
actual procedure noises. Patients wore a lumbar corset for six weeks in
both groups, and underwent a spine stabilization program with progression to
an independent program by the twelfth week. All interactions were with blinded
staff members.

Outcomes were assessed using the VAS, SF-36, and the Oswestry Disability
Index. These were scored before treatment and at the six-month point. Sixty-four
patients were enrolled, of which 37 underwent IDET and 27 underwent the sham
procedure. The patients did have relatively high SF-36 scores with little disability
prior to IDET. Five patients from the IDET group and three sham patients had to
be rejected for violating the protocol. One IDET patient had to be removed owing
to improper electrode placement. Eventually, there were 32 IDET-randomized
patients and 24 sham patients. In the treatment group, 78% thought they had under-
gone treatment, and in the sham group, 74% thought they had been treated. Both
groups demonstrated improvements in pain scores, but the IDET improvements
were higher. Statistical significance was met in the VAS for absolute and relative
pain changes. Intradiscal electrothermal therapy was shown to be more effective
in patients with pain scores less than 70 and for patients with poorer function
prior to procedure. It was not significantly better than the sham procedure in
those with low disability and good physical function.

In this study, only 40% of patients treated had greater than 50% relief. Intra-
discal electrothermal therapy was significantly more effective in patients with
poor physical function and greater disability, but not more effective in the heal-
thier subset. Visual Analog Scale scores were reduced from 6.6 to 4.2, which is
similar to the Saal study. Interestingly, 33% of the sham patients reported
greater than 50% relief, with one getting complete relief. Because of the high
level of improvement in the sham group, Pauza concluded that nonspecific
factors may be a major factor in improvement, but that this is not the complete
reason for IDET efficacy (30).

At this time, the most recently published study was the prospective, random-
ized, double-blinded, placebo-controlled trial of Freeman et al. (31) A total of 57
patients were enrolled. All patients had chronic discogenic low back pain with
marked disability, degenerative disc disease on MRI, and failure of conservative
management. All patients had symptomatic discogenic pain at either one or two
levels as proven by provocative discography. Computed tomography (CT) scan
was then used to determine internal disc disruption. Of the 57 patients in the
study, 38 randomized to IDET and 19 to placebo. The catheter was placed to
cover 75% of the posterior annulus or 75% of the annular tear as demonstrated
on postdiscography CT scan. An independent technician covertly connected the
catheter or did not connect the catheter according to a randomized schedule.
Both the surgeon and the patient were blinded to this. Standard heating protocol
was used with antibiotic administration postcatheter removal followed by a
Pilates-based exercise program. Subjects were then re-evaluated at six weeks and
six months by a third party. Successful outcome required no neurologic deficit
caused by the procedure, improvement in the Low Back Pain Outcome Score of
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7 or more and an improvement in the subscales of the SF36 greater than 1 standard
deviation from the mean.

Patients were questioned using the Low Back Pain Outcome Score, the
Oswestry Disability Index, the Zung Depression Index, and the modified Somatic
Perception Questionnaire. Two of the patients were removed. One left the study
because of technical failure and one patient with increased low back pain chose
to withdraw at three months. Radiculopathy was reported in four patients who
underwent IDET and one patient who had the sham procedure. No patient met
the criteria set for improvement. Freeman et al. (31) concluded that highly selected
patients showmarginal benefit and the majority of patients with chronic discogenic
low back pain do not get demonstrable benefit from IDET.

OTHER PERCUTANEOUS DISC PROCEDURES

Nucleoplasty uses radiofrequency energy to shrink the nucleus pulposus and alle-
viate low back pain. By using coblation, a field generated around the electrode,
the disc material is ablated in channels and then coagulated on withdrawal of the
Perc-D Spine Wand. Chen, (32) in three cadavers, was able to show that coblation
reduced intradiscal pressure in healthy cadaver discs. The pressure dropped
by only 5% in degenerated cadaver discs. He concluded that nucleoplasty signifi-
cantly reduces pressures in the nondegenerated disc, but has minimal effect on
the degenerated disc.

Sharps (33) has demonstrated that nucleoplasty may be of some promise in
alleviating back pain. However, Cohen (34) showed that nucleoplasty should
have a limited role in patient care. In his study of active duty patients that under-
went nucleoplasty and IDET, or nucleoplasty alone, only one patient had greater
than 50% reduction in pain. Two patients had new neurologic symptoms for
which work up was negative. He determined that adding nucleoplasty to IDET
does not lead to further patient benefit and that nucleoplasty should not be used
as a treatment for axial low back pain. He also concluded that its role should be
limited to patients with radicular pain, intact outer annulus, and disc protrusion
less than 6 mm.

Removal of nucleus material using the dekompressor, a rotatory motored
probe, has been used as well. In Amoretti’s study, (35) eight of the 10 patients
had greater than 70% improvement on VAS, but one patient had a disc extrusion
following the procedure with recurrence of radicular symptoms. He concluded
that the dekompressor may have benefits over other percutaneous discectomy
methods owing to ease of placement of the trocar, rotatory action of the motor
allowing for aspiration of disc material, and the potential decrease in pressure
caused by the disc material removal.

Automated percutaneous lumbar discectomy (APLD) has been used to
remove disc material to decrease back pain. Teng performed APLD in 1474 patients
with an 83% success rate and only a 0.06% complication rate. Patients with
disc extrusions, sequestered disc herniations, long-term symptomology, old age,
calcified longitudinal ligament, and previous discectomy had poorer outcomes (36).

However, Sahlstrand (37) demonstrated no change in the disc protrusion at
six weeks post-APLD. There was appreciable change in the straight leg raise, but
not in back or leg pain. He concluded that APLD was ineffective. Furthermore,
seven patients had results that were poor enough to necessitate surgery. In total,
the failure rate approached 60%.
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Percutaneous laser discectomy has been used to reduce the size of disc hernia-
tions by ablating the nucleus pulposis. This was improved upon by adding an
endoscope to the Nd:YAG laser. There have been a small number of percutaneous
endoscopic laser discectomy case studies with short follow-up periods. Currently,
most laser procedures in the United States are done without endoscopy, and endo-
scopic skill level affects clinical outcomes (38). Choi (39) demonstrated irreversible
matrix alteration, by the Nd:YAG laser, causing a drop in nucleus volume and
changes in the shape of bovine discs.

Choy (40) performed 2400 percutaneous endoscopic laser disc decompression
(PELD) procedures in a 17-year series. His overall success rate was 89% with a
recurrence rate of 5%. The only major complication was discitis, which occurred
at a rate of 0.4%. McMillan et al. (41) showed in a three-month follow-up study
after PELD that 80% of patients had improvement in symptoms at the three-
month point. On an average, the improvement was noted to be 44% based on the
American Academy of Orthopedic Surgery Symptom Scoring Scale.

CONCLUSION

Several percutaneous disc procedures have been developed. All have had initial
promise, but most have not been able to stand up to further rigorous training.
Although IDET has been shown to be a procedure with minimal long-term compli-
cations, the mechanism of action is uncertain and the outcomes are minimally
beneficial. Although earlier prospective studies demonstrated effectiveness of
the procedure, more recent blinded randomized studies have not been able to
demonstrate a definite benefit. Until further double-blinded randomized studies
demonstrating efficacy are done, one should exercise caution in proposing the
IDET procedure or any of the other percutaneous disc procedures.
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