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Objective: To describe the safety and potential therapeutic benefit of spinal manipulation postepidural injection in the

nonsurgical treatment of patients with cervical and lumbar radiculopathy.

Methods: The study design was a retrospective review of outcomes of 20 cervical and 60 lumbar radiculopathy

patients who underwent spinal manipulation postepidural injection in a hospital setting. Patients received either

fluoroscopically guided or computed tomography (CT)–guided epidural injection of a combination of lidocaine and

Depo-Medrol. The manual therapy consisted of an immediate postepidural application of flexion distraction mobilization

and then high-velocity, low-amplitude spinal manipulation to the affected spinal regions. Outcome criteria were

empirically defined as significant improvement, temporary improvement, or no change. The minimum follow-up time

for all patients was 1 year.

Results: There were no complications associated with spinal manipulation, whereas 3 complications associated with the

epidural injection procedure were noted. Of lumbar spine patients, 36.67% (n = 22) noted significant improvement,

41.67% (n = 25) experienced temporary improvement, and 21.67% (n = 13) reported no change. Of the patients

undergoing spinal manipulation after cervical epidural injection, 50% (n = 10) noted significant improvement, 30% (n = 6)

experienced temporary improvement, whereas 20% (n = 4) exhibited no change.

Conclusions: These data suggest that spinal manipulation postepidural injection is a safe nonsurgical procedure to use

in the treatment of the patient with radiculopathy of spinal origin. This is also the first report of the use of spinal

manipulation postepidural injection in the cervical spine. (J Manipulative Physiol Ther 2004;27:449-56)

Key Indexing Terms: Radiculopathy; Spinal Manipulation; Epidural Steroid Injections
INTRODUCTION
T
he multifactorial cause of spinal and radicular pain

has long remained a challenge for the clinician.

Decompression and fusion procedures have been

longstanding standards of care for the patient with herniated

nucleus pulposus (HNP). However, magnetic resonance

imaging (MRI) studies detect many asymptomatic disk

herniations.1-3 Patients with seemingly insignificant annular

tears can exhibit back pain that does not appear to correlate

with the level of severity of the lesion.4-6 Some patients
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with annular tears exhibit radicular pain consistent with

radiculopathy despite the lack of imaging evidence of nerve

root encroachment.7

Current models of radicular pain describe the multi-

factorial nature of the disorder by implicating the mechan-

ical, vascular, inflammatory, and neural components. The

mechanical lesions may initiate circulatory changes and/or

inflammatory responses.8-12 Ischemia caused by compres-

sion can evoke spontaneous ectopic firing and increase the

mechanical sensitivity of the dorsal root ganglia (DRG).13

The enzymatic activity involved in the inflammatory

process is reported to be capable of inducing neurotoxic

changes, especially to the DRG.14 Chronic nociceptive

input may lead to an enhanced responsiveness of the

central nervous system to afferent input. This response

reportedly creates decreased thresholds to nociceptive

stimuli, as well as sustained neural activity of dorsal horn

neurons after the stimulus has been terminated.15 This

neuroplastic phenomenon has been termed central sensiti-

zation.16 As such, any therapeutic regimen must address
449
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the contributions of mechanical, vascular, inflammatory,

and neural mechanisms to the pathogenesis of the radicular

pain syndrome.

Conservative medical procedures for treating radicular

pain syndromes involve epidural injections of steroids with

or without the use of an anesthetic. The clinical rationale

of this procedure is to introduce a local dosage of a

corticosteroid, which theoretically leads to a reduction in

perineural inflammation.17 These effects are produced as a

result of corticosteroid inhibition of specific leukocyte

functions, including aggregation at inflammatory sites;

prevention of degranulation of granulocytes, mast cells,

and macrophages; and stabilization of lysosomal and other

membranes.18 Injections of local anesthetics, such as

lidocaine, may interrupt the neural activity that produces

and perpetuates the pain syndrome and also relax the

paraspinal muscle spasm.19 Local anesthetics reversibly

block impulse conduction along nerve axons and other

excitable membranes that use sodium channels as the

primary means of action potential generation.19 Epidural

steroid injection (ESI), for the purpose of this article, will

be defined as an injection of steroid agents alone, whereas

ESI with anesthetics will refer to an injection of steroid

agents with the use of an anesthetic.

A recent systematic review of the literature indicated that

ESI may be beneficial for nerve root compression.20 The

evidence from randomized controlled trials on the efficacy

of ESI for subacute and chronic low back pain is not

convincing,19 despite having moderate evidence-based sup-

port from a large-scale prospective case series.21 ESIs have

also been shown to be safe and effective in the treatment of

the neck and arm.21 However, randomized controlled trials

on ESI for neck pain and arm pain are lacking.

Spinal manipulation is also a commonly used therapeutic

regime for patients with pain of spinal origin. The clinical

rationale for the use of spinal manipulation is to increase the

range of motion of the functional spinal unit and also to

modulate sensory input to the central nervous system.22-25

Recent systematic reviews of the literature have found that

spinal manipulation is likely to be beneficial in the patient

with lower back pain secondary to HNP20,26 and in the

patient with acute or chronic lower back pain and

sciatica.27,28 Systematic reviews of the literature have

shown spinal manipulation is effective for the treatment of

neck pain.29 There have been no randomized controlled

trials on the treatment of neck and arm pain with spinal

manipulation, although case series have shown positive

relief of neck pain and arm pain with spinal manipula-

tion.30-32 The combination of spinal manipulation and

exercise has been shown in previous studies to be effective

for chronic neck pain and lower back pain.33-35

The clinical rationale for medication-assisted spinal

manipulation is that combined effects of the treatments will

be more effective at addressing the multifactorial cause of

spine and radicular pain syndromes than the use of
component procedures alone. There have been 5 case series

on the combination of ESI with anesthetics and various spinal

manipulation techniques.36 Although all of these studies

reported positive results, there are distinct methodologic

differences in terms of presenting pain syndromes, location of

the injection, sample size, and manipulative techniques. As

such, it is difficult to draw definitive conclusions with respect

to effectiveness and safety of medication-assisted spinal

manipulative techniques.

The purpose of this investigation was to determine if a

combination of ESI with anesthetics and spinal manipulative

therapy (SMT) offers promise as a relatively safe and

efficacious nonsurgical treatment modality in patients with

radicular pain syndromes. The thesis of this investigation is

that the ESI with anesthetics addresses the inflammatory

component of the pain syndrome,17 whereas SMT may

address the mechanical mechanism of pain22 and, theoreti-

cally, the vascular mechanisms.37 Both SMT and ESI with

anesthetics theoretically address the central nervous system

mechanisms of the radicular pain syndrome.17,23,24 To

evaluate this thesis, the current research describes the results

of a retrospective case series in which radicular pain

syndrome patients were treated with a simultaneous

combination of ESI with anesthetics and SMT. The novelty

of our data is that the current research is the largest known

study, with a 12-month follow-up period. The current

research is also the first to report on the use of medi-

cation-assisted spinal manipulative techniques in the

cervical spine and to incorporate flexion distraction mobi-

lization into the postinjection SMT.
METHODS

Patients (n = 80) in this investigation were treated by

the principal investigator (P.E.D.) between November 1996

and November 2000. The patients ranged in age from 21

to 76 years old with an average age of 43 F 8.9 years.

Forty-three percent of the patients were female patients and

57% were male patiens. We reviewed the charts of these

patients retrospectively.

Inclusion criteria for patients were clinical signs of

mechanical lower back pain, defined by ability to reproduce

the pain syndrome with mechanical load on the spine. The

patient also had signs and symptoms of radiculopathy,

including loss of deep tendon reflex and myotomal paresis.

For purposes of the present study, paresis was defined as 4/5

on the medical research council scale.38 Additionally, all

patients exhibited correlation of evidence of pathology, on

MRI, to the spinal level of nerve root involvement. The

patients also exhibited suboptimal improvement with a

4-week to 6-week clinical trial of flexion distraction

mobilization; high-velocity, low-amplitude manipulation;

stretching and stabilization exercises for the spine;33-35

and nonsteroidal anti-inflammatory medications. Patients
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were excluded if they had symptoms and clinical findings

compatible with cauda equina syndrome and if imaging

studies showed evidence of root compression from causes

other than HNP. Patients were also excluded if they were

pregnant, had a known blood coagulation disorder, or had

an allergy to local anesthetics.
Experimental Design
The patients in this retrospective analysis were treated

with a combination of epidural injection and SMT, ie,

spinal mobilization/manipulation techniques (see details

below). Cervical and lumbar patients were subjected to

the very same general protocol. The patients in this cohort

were not subjected to any additional, nonroutine clinical

procedures as part of the protocol. All patients were

administered the epidural injection then immediately trans-

ferred in a non–weight-bearing position to the procedure

room, where they were placed on the spinal manipulation

treatment table. Spinal mobilization (low-velocity) consist-

ing of flexion-distraction therapy was performed. Spinal

manipulation (high-velocity, low-amplitude) was then

performed, and the patient was monitored for a minimum

of 30 minutes in the hospital and subsequently discharged

from the hospital.

All patients subsequently underwent clinical analysis in

the principal investigator’s office 1 week postprocedure to

determine the response to the procedure. The patient was

released from active care if they exhibited significant

improvement. If the patient reported either no improvement

or temporary improvement with the procedure, then the

principal investigator discussed with the patient the treat-

ment option of receiving either a second procedure or in

some cases a third procedure. Surgery was also presented as

a treatment option if the patient reported no improvement. At

1 year after the last procedure involving epidural injection

and SMT, the principal investigator performed a retrospec-

tive review of the clinical outcomes and any adverse effects

that were reported as a result of the procedure. Thus, all the

final results reported herein are based on a file review at

1 year after the last procedure.

Outcomes were based on improvement in clinical signs

and symptoms, as well as the need for future surgical

intervention. Outcomes were classified into 3 categories:

significant improvement, temporary improvement, and no

change. Significant improvement was defined as resolution

of the pain syndrome, thus requiring no further nonoperative

or surgical intervention.

Temporary improvement was delineated as a reduction of

the pain syndrome; however, the need for further con-

servative care was warranted, but no surgical intervention

was required. Patients who did not exhibit improvement

were placed in the no change category, and all but 1 patient

who refused surgery required subsequent surgical interven-

tion. Adverse outcomes were based on record review, as
well as review of hospital quality assurance documentation

on the procedures performed.
Epidural Injection Procedures
The epidural injections were performed with the patient

prone on the computed tomography (CT) or fluoroscopy

table. The patient underwent preliminary imaging to

determine the epidural injection site. The skin was

anesthetized with 2% lidocaine solution. The neuroradiolo-

gist or anesthesiologist then advanced the 22-gauge spinal

needle to the interlaminar or transforaminal space. Once the

needle reached the epidural space, either contrast or air was

injected to confirm the epidural location. Once entry into the

epidural space was confirmed, the syringe was disconnected

to assure the absence of a bwet tap.Q If no cerebrospinal fluid
(CSF) was detected, the patient was then injected with a

combination of lidocaine and Depo-Medrol. In the lumbar

spine, the dosages were 80 mg of Depo-Medrol and 3 mL of

1% lidocaine, whereas in the cervical spine, the dosages

were 40 mg of Depo-Medrol and 1 mL of 1% lidocaine.
Spinal Mobilization and Manipulation Procedures
All patients received the flexion-distraction mobilization

procedure. Flexion-distraction tables allow for manually

assisted mechanical traction to be applied to the spine along

with passive ranges of motion. The basis of flexion-

distraction manipulation is to open the posterior aspect of

the functional spinal unit to allow greater sagittal diameter

within the central and intervertebral canals.30,37 This

technique requires a specialized table with a joint mecha-

nism in the middle that allows the clinician to manually

move the patient through passive spinal flexion and

extension. The patient was placed prone on the table and

the clinician stood to the patient’s side. In the lumbar spine,

the clinician’s cephalad hand stabilized the desired segment,

applying countertraction forces, while the caudad hand

moved the table through the desired range of motion.39 In the

cervical spine, the clinician’s caudad hand stabilized

the desired segment, applying a countertraction force, while

the cephalad hand moved the table through the desired range

of motion.30

The spinal manipulative procedures were high-velocity,

low-amplitude thrusts, as commonly performed by practi-

tioners of chiropractic and osteopathy.40 The force applied

to the spine in these procedures is reported to be delivered

in approximately 200 ms, with linear vertebral displace-

ments less than 10 mm.40 The manual force, or thrusts, to

the zygapophyseal joint are applied at the end of

physiologic range of joint motion and extend into the so-

called paraphysiologic zone of joint motion. The para-

physiologic zone is defined as the endpoint range of motion

in which a joint can be passively forced without any

deleterious effects.40



Table 1. Symptoms and clinical diagnosis

Cervical Clinical finding Lumbar Clinical finding

C4-5 (2) C5 Radiculopathy L1-2 (1) L2 Radiculopathy

C5-6 (11) C6 Radiculopathy L2-3 (1) L2 Radiculopathy

C6-7 (7) C7 Radiculopathy L3-4 (4) L4 Radiculopathy (2)

L3 Radiculopathy (2)

L4-5 (22) L4 Radiculopathy (6)

L5 Radiculopathy (16)

L5-S1 (32) L5 Radiculopathy (20)

S1 Radiculopathy (12)

The values in parentheses refer to the number of cases.

Fig 1. Distribution of clinical outcomes for epidural injection
procedures with spinal manipulation. Error bars denote the upper
and lower limits of the 95% CIs for proportions.
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In the lumbar spine, the high-velocity, low-amplitude

manipulative procedure was performed with the patient

positioned into bside-posture.Q The clinician provided a

manual contact on the tissues overlying the zygapophyseal

joint of the involved lumbar segment. Using the right-

handed Cartesian orthogonal coordinate system of move-

ment as a reference, the primary force vector applied to the

zygapophyseal joint was +uZ-axis translation (posterior-

anterior) with a secondary vector consisting of +/� uY-axis

rotation (right or left axial rotation). For cervical spinal

manipulations, the patients were in a supine, semirecumbent

position. The clinician applied a right hand contact to the

paraspinal tissues overlying the involved cervical segment.

The lateral aspect of digit 2 was applied to the tissues

overlying the lamina-pedicle junction of the involved

cervical segment. The primary force vector applied to the

zygapophyseal joint was +uY (rotation), with a secondary

vector consisting of +uZ rotation (lateral flexion).
RESULTS

Symptomology and clinical diagnoses of the 80 patients

are summarized in Table 1. Of the 80 patients, 67.5% (n =

54) underwent 1 epidural injection procedure with spinal

manipulation. Twenty-five percent (n = 20) underwent

2 epidural injection procedures with spinal manipulation,

whereas another 5 patients were treated 3 times. The

decision to perform a second or third treatment procedure

was based on the patient’s clinical response to the previous

treatment procedure and/or the patient’s decision to continue

with conservative care.

One patient, diagnosed with C6-7 HNP, underwent

4 epidural injection procedures with spinal manipulation

to treat recurring pain symptoms. The treatment plan

included 4 epidural injection procedures with spinal

manipulation, since all but the second treatment procedure

produced significant clinical improvements when docu-

mented at the clinical visit conducted 1 week after the

procedure. In addition, the fourth treatment procedure was

done approximately 1 year after the initial series of 3

treatment procedures. There were no complications during

or after any of the 4 treatment procedures.
The majority of the patients showed a positive response

with only 1 treatment procedure (76%). Surgery was deemed

necessary in 13 patients after the first treatment procedure

because of no clinical improvement. Of the 20 patients who

underwent 2 treatment procedures, 4 patients showed no

overall clinical response after the second treatment proce-

dure, and surgical intervention was the next step in their

clinical treatment course. All patients that underwent 3 treat-

ment procedures did not require a surgical intervention.

Patients not showing any positive response to the

epidural injection with SMT may indicate that the mass

effect of the herniation was the predominant component of

the radiculopathy. As such, the epidural injection with

SMT would not be expected to positively affect this cause.

Most of the patients later underwent a surgical intervention

with good outcomes (n = 16). The other patient decided

against a surgical intervention and continued with medical

care at a chronic pain clinic with only transient relief of

pain symptoms.

There were no complications associated with SMT. There

were 3 complications associated with the epidural injection:

2 wet taps and 1 vagal response.

In summary, the frequency distribution of treatment

procedures was 25 to the cervical spine and 88 to the lumbar

spine. The majority of treatment procedures produced either

temporary or significant clinical improvement (Fig 1). When

summarizing outcomes by patient and lesion site, independ-

ent of the number of treatment procedures, 78.34% of the

lumbar patients and 80% of the cervical patients had either

temporary or significant clinical improvement.
DISCUSSION

The results of the current study suggest that spinal

manipulation procedures immediately postepidural injection

offer a safe nonsurgical option for the patient with a radicular

pain syndrome secondary to HNP. The data reported herein,
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however, do not address the question as to whether

the combination of ESI with anesthetics and SMT offers a

more positive clinical outcome than either component pro-

cedure alone. The current data can, however, be compared

and contrasted with the body of literature that examines

clinical outcomes for lumbar and cervical radiculopathy.

Traditionally, radicular pain syndromes secondary to

HNP have been treated by surgical intervention, even

though in-depth, prospective clinical outcome analyses are

lacking. 41 There is also a paucity of literature comparing

surgical interventions with conservative treatment options.

In 1 report that used a 10-year follow-up, there were no

significant differences in clinical outcomes of lumbar

radicular pain syndromes between conservative care and

surgical decompression.42 Other comparisons between

surgical versus conservative care for cervical radiculopathy

showed statistical evidence for significant clinical improve-

ment with conservative care during follow-up times of

4.6 months to 10.6 years.43,44 Systematic reviews of the

literature also indicate that conservative treatment of

patients with radiculopathy may be effective.20,45

The current study corroborated the combination of 2

conservative management modalities for treating patients

with radicular pain secondary to HNP. Theoretically,

epidural injections (combination of steroid and anesthetic)

are proposed to address the inflammatory and central

components of spinal pain,17 whereas spinal manipulation

is proposed to address the mechanical and neural aspects of

the pain syndrome.22-24

ESIs were first used to treat sciatica in the early 1950s.

The rationale of using ESI for the treatment of spinal pain

and radiculopathy include the anti-inflammatory action of

the corticosteriod.17 Methylprednisolone has a direct,

reversible action on nociceptive axons that attenuate their

activity level.46 In addition, there is evidence that the local

anesthetic may interrupt the sustained neural activity that

produces and perpetuates pain and may also offer some

degree of relaxation of the paraspinal muscle spasm.17

Recent reviews evaluating the efficacy of ESI for back

pain have shown that there is still insufficient evidence

about the use of epidural steroids for back pain.19,28

Nelemans et al19 in their review opine that 1 of the reasons

that the reports in the literature may be few and perhaps

flawed is because of the complex and heterogeneous

nature of low back pain.

Spinal manipulation continues to grow in acceptance in

the spine care community. There are now at least 73

randomized controlled trials using spinal manipulation.47

The most recent systematic review concluded that there was

moderately strong evidence of the benefit with spinal

manipulation for acute and chronic low back pain.20 Burton

et al48 reported that manipulation was superior to chemo-

nucleolysis for the treatment of symptomatic lumbar disk

herniation. In 2 different studies, investigators reported that

a statistically significant number of patients with lumbar and
cervical disk herniation had good clinical outcome with

treatment that included spinal manipulation and flexion-

distraction mobilization procedures.31,32 Cervical and lum-

bar radiculopathy have also been shown to be effectively

treated with high-velocity, low-amplitude manipulation.49,50

The physiologic effects of spinal manipulation include

increased range of motion, changes in facet joint kinematics,

increased pain tolerance, attenuation of alpha motor neuron

excitability, and decrease in intradiskal pressure.47

Flexion-distraction mobilization procedures are per-

formed on a specialized table. They create a combined

long-axis distraction and flexion force on the lumbar spine

and differ from traditional spinal manipulation by lack of a

high-velocity, low-amplitude manual force.37 Various theo-

ries abound as to the mechanical and physiologic effects of

flexion-distraction procedures. Flexion has been shown to

increase the size of the intervertebral foramen up to 31% in

the cervical spine.51 Both flexion and distraction have been

shown to increase the central canal diameter in the cervical

spine.52 In the lumbar spine, flexion has also been reported

to increase the central canal diameter, as well as the

intervertebral canal diameter.53 Traction has been shown

to decrease intradiskal pressure and has been demonstrated

by some investigators as being effective for treating low

back pain.54,55

There are a limited number of studies evaluating the

combination of ESI with anesthetics and SMT for treating

symptoms of back pain.56-60 Blomberg et al58 reported on

48 acute or subacute low back pain patients who received

intramuscular injections of steroids with anesthetics, as

opposed to an epidural injection, followed by specific

manual treatment involving manipulation and mobilization,

muscle stretching, and autotraction. At 4 months follow-up,

the patients who received the combination of intramuscular

injection and manual therapy had superior outcomes

compared with the 53 patients treated traditionally with

rehabilitative exercises.58 In a retrospective analysis of 10

chronic lower back pain patients, patients receiving a

combination of ESI with anesthetics and SMT noted

significant clinical improvements at 30 to 45 days follow-

up, as opposed to patients who received ESI with

anesthetics and SMT on separate occasions.59 In another

study, 500 patients who had not responded to conservative

care for chronic lumbosciatic syndrome were treated with

the combination of ESI with anesthetics and manual

therapy.60 The success rate of the combined therapy was

63%; success was defined as complete or near complete

relief of all symptoms, lack of recurrence in the next

6 months, and no requirement for further treatment.60

However, one third of their patients received general

anesthesia, and manual therapy for all patients consisted

of rotation of the spine and bilateral stretching of sciatic

nerves as opposed to a short-lever, high-velocity, low-

amplitude manipulation.60 The other preliminary research

in this area reported resolution of pain symptoms and
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improved function for 3 patients with low back pain and 2

patients with recalcitrant lumbar radiculopathy.56,57

Although the current research used similar empirical

outcomes as the previous research reports, the data are

representative of the greatest number of patients receiving a

combination of ESI with anesthetics and SMT, and the

follow-up period of 12 months is the longest. The overall

success rate of 78% for treating cervical and lumbosacral

radiculopathies with the combined therapy of ESI with

anesthetics and SMT was greater than the previously

reported success rate of 63% for treating chronic lumbo-

sciatic syndrome with medication-assisted manual thera-

pies.60 The current research is also the first to report on the

effectiveness of ESI with anesthetics and SMT for treating

radicular pain syndromes of the cervical spine, ie, 80% of the

cervical patients showed significant or temporary improve-

ments. As such, our data results increase the literature base

documenting the safety and theoretic efficacy of epidural

injection with SMT for treating radicular pain syndromes of

spinal origin.

The thesis supporting the use of a combination of ESI

with anesthetics and SMT is to address the heterogeneous

nature of spinal pain. By using a local infiltration of an anti-

inflammatory agent and anesthetic, one may address the

proposed inflammatory and centrally mediated causes of

spinal pain.17,19 SMT may address the neural and mechani-

cal component of the syndrome.47 The data reported cannot

be extended to support this hypothesis. Previous studies

using ESI have reported that 51.9%61 and 25.8%62 did not

respond adequately enough to avoid future surgical

intervention. In the present study, 22% of lumbar radicul-

opathy patients and 20% of cervical radiculopathy patients

did not respond adequately to ESI with anesthetics and

SMT, thus requiring surgical intervention. As previously

opined by Nelemans et al19 with respect to substantiating

the efficacy of ESI for treating back pain, it is our

supposition that future studies with a larger homogeneous

group of patients may indicate promise in preventing

surgical intervention with a combination of ESI with

anesthetics and SMT.
CONCLUSION

Based on the rationale put forth, the use of spinal

manipulation postepidural injection appears to be a safe

nonoperative procedure for the treatment of the patient who

has sustained either cervical or lumbar radiculopathy. The

data also suggest that the combination of ESI with

anesthetics and SMT may prove to be an efficacious

nonoperative treatment modality in patients with radicular

pain syndromes. We acknowledge, however, that there is

a need for randomized controlled trials using a larger

homogenous patient population to compare ESI with

anesthetics and SMT to the component procedures alone.
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