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The Relapsing / Remitting Burden of Low Back Pain

Acute Low Back Pain 17.4 million US adults will have 
an episode of severe acute low 

back pain

5.7 million will have low back 
pain of moderate intensity one 

year later

3.5 million will have substantial 
activity limitation related to low 

back pain

Pengel LH BMJ 2003Von Korff M. Spine 1996;Frymoyer JW. Orthop Clin North Am JW 1991

Presenter
Presentation Notes
\

What does preemption or prevention mean in  a relapsing remitting syndrome





217mln US adults 2003



Most get better in one month

8% = 17.4 mln



1/3 will have moderate pain intensity in the low back 1 year later



1/5 will have
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Proposed Core Measures for Evaluating Low Back Pain 
Treatment



 

Pain



 

Physical Functioning



 

Rating of Improvement and 
Satisfaction with Treatment



 

Symptoms and Adverse Events



 

Participant Disposition (adherence to 
treatment and premature 
withdrawal)

•Pain Symptoms

•Back-related Dysfunction

(RMDQ or Oswestry)

Generic Well Being

SF-12/EQ 5D)

Disability (social role): 
absenteeism/productivity

Satisfaction with Care

IMMPACT Deyo

 

et al

Deyo R Spine 1998

Turk D Pain 2003

Presenter
Presentation Notes
A Tale of Two Literatures



Specific

 

Neuropathic 
CLBP Clinical Condition

Tailored Designs          
Pain and Function

•Improved Walking/Standing Tolerance

•Reduced Pain Intensity

•Modify Symptom Free Interval

•Attenuate Chronic Pain Intensity

•Discrete Onset

•Reproducible Clinical Phenomenology

•Characterized Tempo

•Natural History

 

/ Epidemiology

•Plausible Neuro Localization

Bridge Two Literatures

Tailored Approach

NIC

PSPS

Presenter
Presentation Notes
NIC COMPOSITE MEASURE



Is neurogenic intermittent claudication and example of Dr. Woolf’s second 
scenario?

(Reversible Plasticity Following Sensitization)

Are the acute structural interventions undertaken by Krishna examples of the 
“change of mindset”

 

the he calls for or more of the same?

Does the measurement of pain and function with treadmill testing

 

represent a 
composite measure

 

of the type Dr. Raja suggests?

Does parsing the post-laminectomy syndrome as done here meet the bar for 
specificity of

 

post surgical syndrome study population that Dr.

 

Kehlet 
suggests is required?

Does the relapsing remitting background

 

here further complicate the question 
of time horizon of measurement

 

raised by Dr. Gilron?

How do new pains and new co-morbid conditions

 

associated with the primary 
surgical indication, as

 

raised by Dr. Katz, modulate the intensity of the pain 
new therapies aim to attenuate?



Overview

The Radicular Hypothesis

Two Condition-Specific Approaches

Prevention:

 

Post Spine Surgery Neuropathic Pain Syndromes

Preemption: Neurogenic Intermittent Claudication



Biller Localization in Clinical Neurology 4th ed. 2001 

-Neurosurgery 
KOL

The reality of spine 
surgery is that only 5% of 
patients have foot drop . .  
. I began to realize I was a 
pain management doctor.
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The Prevailing Chronic Low Back Pain Paradigm

Radicular Mechanical

Localization

Pain Mechanism

Treatment

Nerve Root Non-neural 
tissue

Neuropathic Nociceptive

 
(instability)

Surgical 
Decompression Anti-

 
neuropathic

 

agents

Fusion / Bracing

Anti-

 
inflammatory



Challenges to the Radicular-as-Neuropathic Hypothesis

Distal, lateralized leg pain

Reflex Change

Weakness/Atrophy

Sensory Dysfunction

Allodynia?

•CLBP are Mixed Pain States

- Mechanism

-

 

Localization

-

 

Temporal Horizon

•Negative Clinical Trials of Agents with

 

Efficacy in

 
Other Neuropathic Pain Conditions

•- Topamax

•-

 

Pregabalin

•-

 

Unpublished

•Clinical Relevance

-

 

Primacy of physical signs / fixed neurologic deficits

-

 

Patients’

 

sciatica explanatory Model



Recurrence of Primary Surgical Problem, Induction of

 

Chronic 
Neuropathic Pain, or Both?

What is the time horizon of interest?

What is the differential diagnosis of the symptom free interval?
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Surging Rates of Instrumented  Lumbar Surgery in the US

Martin Spine

 

2007; Mirza Clin Orthop Rel Res

 

2007

220% increase in rates of lumbar

fusion surgery from 1990-2001

US Rate of Lumbar Surgery compared

with other industrialized nations

Presenter
Presentation Notes
Cumulative incidence of reoperation following surgery in Washington State hospital discharge registry

Age gender comorbidity and worker’s comp status adjusted 4 year cumulative incidence of reoperation
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“The creation of a limited, fixed 
protocol for nonsurgical 

treatment was neither clinically 
feasible

 

nor generalizable. . . 
We did not assess the effect of 

surgery versus any specific 
nonsurgical treatment.”

Weinstein NEJM 2008

Recurrent

 

Neurogenic 

Claudication

Non-Surgical Treatment

Surgical Non-Responders



Overview

The Radicular Hypothesis

Two Condition-Specific Approaches

Prevention:

 

Post Spine Surgery Neuropathic Pain Syndromes

Preemption: Neurogenic Intermittent Claudication



•Rising Incidence

•Discrete Onset

•Leading reason for 
referral to chronic 
pain management 
centers

•Motivated 
Stakeholders

Clinical Factors Research Factors

The Advantages of Studying Post Lumbar Surgery Neuropathic Pain

 Syndromes

•Ample Enrollment

•Characterize 
Patient, Risk 
Factors, and Nerve 
Inury

•Easy to 
Standardize

•Motivated 
Stakeholders
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Persistent Neuropathic Pain Following Lumbar Surgery

 

has a 
Unique Differential Diagnosis



 

Wrong Patient



 

Wrong Lumbar Segment



 

Insufficient Removal of 
Herniated Disc /



 

Inadequate Decompression



 

Unrecognized second Disc 
Herniation/Pathology



 

Nerve Root Trauma



 

Recurrence of Disc

 
Herniation



 

New Disc Herniation



 

Epidural Fibrosis



 

Arachnoiditis



 

Symptomatic

 

OA/ 
Adjacent Level Disease



 

Secondary Spinal 
Stenosis



 

Microinstability



 

Macroinstability



 

Spondylolisthesis

Lack of

 

Reduction in Pain Intensity

 

Recurrence of Pain



Krishna The Spine Journal

 

2008

Post PLIF (Posterior Lumbar Interbody Fusion) Neuralgia:

An

 

Illustration of Limitations of Current Study Designs

Single surgeon

Diverse Intra/Post Op Insults:

Implant subsidence, pseudarthrosis, epidural bleeding, dural tears, donor 
site pain,

 

nerve root injury

Inclusion Criteria:

Multiple Structura,  Etiologies, DJD + /-

 

modic change, Grade 1-III listhesis, 
Post Lami/Discectomy Pain, Broad Based Disc Prolapse

Consecutive Series

Two years of Undifferentiated CLBP unresponsive to “Conservative 
Management”
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Limitations of Current Study Designs



 

20 -

 

cage/

 

206 + cage

 

(n=226); 44 years old; median duration 60 
months



 

Subtotal facetectomy in first 103 /123 total superior facetectomy 
/156 single level



 

Neuralgia = leg pain (patient report)



 

“Patients were considered to have post PLIF neuralgia if they 
compalined of severe radiculopathy which was not present before 
surgery.”



 

16 cases of neuralgia



 

“Sensory in all but one patient”



 

Conjoint nerve root, relative stenosis (48 hours + post op), 
misplaced screw (<48 hours post op), loose posterior arch (<48 
hours post surgery), graft subsidence (6 months)

Presenter
Presentation Notes
Actual power was 7 percent

For 80% power, he needs 800 of these patients





Anatomic explorations  

6/226 persistent nerve root pain
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What is the Differential Diagnosis of Poor Perioperative Pain 
Control in the Patients?

Must bridge Pathoanatomy and Pathophysiology

QuickTime™ and a
 decompressor

are needed to see this picture.QuickTime™ and a
 decompressor

are needed to see this picture.

Presenter
Presentation Notes
 Relative stenosis in 9 (56%)



7/9 experienced “complete relief”

2/9 misplaced pedicle screws71 patients (10%)



148 patients (8%)



221 patients (3%)



19

John Markman, MD

Arachnoiditis Prevention Literature

What is the clinical significance of postoperative fibrosis to persistent 
and recurrent pain of moderate to severe intensity?

1.

 

Autografts (eg fat, ligament, bone)

2.

 

Manufactured Biomaterials (Gel foar, silastic membrane, surgicel, 
Avitene, TachoComb, Gortex,

 

ADCON-L)

3.

 

Topic fibroblast inibitors (urokinase, TPA, mitomycin-

 

C) 

4.

 

Intraoperative Co2

 

laser

5.

 

External Beam Radiation
,
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Overview

The Radicular Hypothesis

Two Condition-Specific Approaches

Prevention:

 

Post Spine Surgery Neuropathic Pain Syndromes

Preemption: Neurogenic Intermittent Claudication
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“The creation of a limited, fixed 
protocol for nonsurgical 

treatment was neither clinically 
feasible

 

nor generalizable. . . 
We did not assess the effect of 

surgery versus any specific 
nonsurgical treatment.”

Weinstein NEJM 2008

Recurrent

 

Neurogenic 

Claudication

Non-Surgical Treatment

Surgical Non-Responders
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Neurogenic intermittent claudication associated with

 lumbar spinal stenosis has a distinctive clinical 
signature.

Cardinal Features

Anatomic Distribution

 

Lumbar and leg(s)

Temporal Pattern

 

Progressive

Key Exacerbating Factor

 

Standing and walking

Key Alleviating Factor

 

Postures that reduce the

 
lumbar lordosis

Presenter
Presentation Notes
I give a name to what she is experiencing. 



Characteristic pain pattern that physicians recognize and distinctive phenomenology that patients study and become experts at.  Patients become experts in their own pain. 

This is a profoundly postural depdent experience. There is  very often a clear relationship between duration of posture and intensity of symptoms. 

This is a predictable pain.
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Epidural pressure is elevated in patients with lumbar spinal 
stenosis when walking. 

Takahashi K et al. Spine

 

1995;20:2746-

Simple walking Walking with lumbar flexion

There was no statistical difference between simple 
walking in normal individuals and walking with 
lumbar flexion in patients with lumbar spinal 

stenosis

Peak values 
82.8+/-14.2

Peak values 
34.2+/-4.9

Presenter
Presentation Notes
Compression versus Ischemia

Measure the local pressure of the epidural space and reported the relationship between the pressure and various postures in patients with lumbar spinal stenosis.

12 patients with lumbar stenosis(7 men/5 women)

Myelography showed hourglass defects in all of these patients

Mean age 61

Mikro tip catheter transducer

Tuohey needle placed in the epidural space

Monitored by TV fluroscopy

Treadmill 2km/hr

Mean values and standard deviation of the means were calculated.

Peak value pressure was significantly different from between simple walking and the walking with lumbar flexion in patients with lumbar spinal stenosis. There was no sta





Intermittent claudication is unlikely to develop if the patient walks slowly, bent forward, and with a short stride length.



Patients unconsciouly assume a style of gait that precludes the development of symptoms
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L3

L4

L5

Facet HypertrophyLateral Recess

Presenter
Presentation Notes
L3 –L5.  Normal on the left. Ventro-Dorsal dimension is normal in the middle specimen but the lateral recesses are not. In the fourth and fifth specimens the entire canal is narrowed with greater narrowing of the lateral gutters.

Fourth specimen reveal significant facet change.

Enclosed by the pedicles laterally

Verterbral body and intervertebral discs anteriorly

Superior articular facets posteriorly



The most lateral 





26

John Markman, MD

Facet Hypertrophy in the lateral recess

Ventral-to-dorsal diameter of the lateral recess varies from 3 to 5 mm. A lateral 
recess of 3mm may be associated with symptoms of lateral recess stenosis. 

Presenter
Presentation Notes
Trefoil is common in osteoarthritic hypertrophy of the uperior articular process, the lateral recess creates a cavern that entraps nerve fibers

Less than 2mm is defintely associated with lateral recess stenosis. 



15% of the population have trefoil canals in the lumbar region.  Jacobsen RE. Lumbar Stenosis: an electromyographic evaluation. Clin Orthop 1976;115:68-71

In addition to the nerve the vasculature may also become entrapped in a stenotic segment of the canal. We will turn to pathophysiology in a moment. Does this cause local ischemia





Fewer than 5% of patients with anatomic lumbar stenosis have evidence of chronic nerve root compression
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Are these the nerve lesions needed to make this a lesion of the 
nervous system fitting with the emergent description of 
neuropathic pain. 

Normal nerve root

Compressed S1 root

Watanabe R, Parke W J Neurosurg

 

1986; 64:64-70.

Loss of nerve fibers, especially large myelinated type with a mixture of 
degenerating and regenerating fibers in addition to adhesive changes of 
the pia-arachnoid.

Presenter
Presentation Notes
Left: paraffin-embedded section

Right S1 root 1mm proximal to the most stenosed region. 

	Lack of large myelinated fibers

	degenerating/regenerating large fibers are present

	interstices between the fascicles are edematous



   Normal section below: paraffin embedded section of a normal lumbar dorsal root for comparative reference.

Right: scanning electorng micrograph





Scanning electron micrograph of a cut end of the compressed S1 dorsal root near the region of maximal constriction. The arteries are easily identified by solidified latex medium within their lumina.  Few viens showed any continuity through the lesioned area as they are more readily co collapsed by chronic compression. 

The area in the middle has a solidified appearance  due to : demyelination, nerve fiber degeneration, intersistial fibrosis.   The pia-arachnoid around the larger superficial arteries is  hypertrophic. 



B IS THE NORMAL SECTIONED END OF A NORMAL HUMAN LUMBOSACRAL NERVE ROOT SHOWING ARRANGEMENT OF MEYLINATED FIBERS AND THEIR RELATIONSHIP TO HEALTHY CAPILLARIES AND CONNECTIVE TISSUE.



The were was no significant atrophy of the lower extremity musclature in this patient. Th

Radpidly developing nerve root compressions that are usually associated with  with disc protrusions are characterized by more suddently incapacitating neurological deficits.



Symptoms of intermittent neurogenic claudication are related to a temporary but recurring inadequacy in the vascular nutrition in some part of the cauda equina that results form the increased demands of exercise. 



Adhesive arachnoiditis  from constricted roots of the cauda equina and the claudication may be relieved by breaking up of the adhesions.



ARE CHEMICALLY AND MECHANICALLY DISTRESSED NERVE FIBERS THE SOURCE OF ECTOPIC IMPULSES. CITE DEVOR’s WORK

Devor  Bernsetin: Abnormal impulse generation in neuromas. Electrophysiology and ultrastructure.  Abnormal Nerves and Muscles as Impulse Generators. 1982 363-380

Mechanosensitive and generate prolonged repetitive discharges under extraneous stimuli

“Restoration of the blood supply  to the ischemic area gave evidence of extreme excitability that caused fasciculation, paresthesias, and pseudocramp

These authors “contend” that cyclic pain and paresthesias of claudication are most likely due ot neuronal hyperexcitability that may occur with or without focal-point compressions 





Claudication generally refers to the “ discomfort in the lower extremities that is exacerbated with exercise and relieved with rest. 

83 year old  cadaver study of a male whose pain was aggravated by walking—his ambulation was limited to a “block”

Patient had this problem which was overshadowed by congestive heart failure.

Patient remained ambulatory to his last admission. The final exam, so to speak, revealed equivalent knee jerks, absent ankle jerks, no marked snesory loss or muscle atrophy in the lower extremities was noted. No foot drop or urinary incontinence. 



Gross autopsy revealed extensive facet hypertrophy at L4-5 and grade 1 spondylolisthesis.



Spinal stenosis produced marked circumferential constriction of the dura between the thecal extensions of the L4 and L5 roots.  The roots were noted to be very constricted at the L4-5 level and bound to each other to the tightened dura by pia-arachnoid extensions.

The radicular arterial system were convergent and straightened but demonstrated functional continuity. 



The radicular venous system proved to be much more affected by the compression since the veins in the region were reduced in number, collapsed, and showed a grossly visible congestion proximal to the lesion.



Histological sections showed a variety of neural changes. Loss in the number of neurons, especially among large caliber fibers.

Numerous empty axons and various degrees of demyelination

Pia-arachnoid adhesions, interstitial fibrosis, and thick-walled congested veins.

There was myelin bubble formation in the sections distal to the lesion—an accepted indication of chronic demyelination

The radicular venous



Episodic neruoischemia is generally regarded as the physiologic correlate of cauda equina intermittent claudication
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Motor Dysfunction correlated with F waves. What about the pain?

F waves @ 

rest left 
posterior 

tibial nerve

30s Post 
exercise

10 minutes 
post exercise

F waves from the left posterior tibial nerve of a patient with 

intermittent claudication and spinal stenosis with focal weakness and depressed reflexes 
after exercise

15 minutes 
post exercise

Presenter
Presentation Notes
F waves were elicited at rest from the tibial or peroneal nerve by antidromic supramaximal stimulation over the distal nerve and recording from the same muscles as in the motor nerve conduction. After baseline study patients were asked to precipitate their symptoms by walking for twenty minutes. After this period routine NCS and F waves were repeated. F wave latencies were measured from the stimulus artifact to the first deflection of the evoked potential. Minimal latency/maximal latency, chronodispersion (difference between the minimal and maximal F wave latencies).



EMG in both patients demonstrated partial chronic denervation-reinnervation in multiple lumbo-sacral myotomes consistent with bilateral lumbo-sacral radiculopathies.  F responses were presentin all nerves tested and pre-exercise latency values were normal or only midly prolonged with normal chronodispersion.  Thirty seconds pos-exercise, tibial nerve F waves became abnormal in all symptomatic limbs. Unelicitable or chronodispersed. 10 minutes post exercise revealed a return of late responses in all tibial nerves. These F waves showed abnormally prolonged latencies and significantly increased chronodispersion.  By 15 minutes post exercise, F wave parameters had returned to baseline values. Neither patient showed changes of peroneal F waves before or after exercise.

Both patients had normal exams at rest. 



5 additional patients with neurogenic claudication who developed only pain but not weakenss or depression of DTRs were similarly evaluted.  



None of these patients exhibited dynamic F waves changes in either the peroneal or tibial nerves. 



Other patients with only pain or other sensory symptoms of NIC did not exhibit dynamic F wave chagnes because their symptoms were mediated by sensory axons in the dorsal roots. Since F waves are mediated within a population of motor neuron axons, the clinical F wave correlation is expected.  F wave latency changes probably reflect Transient Conduction Block and possibly slowing. 



















There are studies of quantitative paraspinal EMG. The relationship between spinal geometry, paraspinal EMG scores, and age in a population of patients. The relationship between combined multilevel stenosis and objective neurologic findings.   The relationship between nerve damage and and radiologic measurements of the lumbar spinal canal.  There is a relationship between the radiologists impression of stenosis and severtiy of paraspinal denervation. Paraspinal denervation increases with age. 

Retrospective study (blinded)
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Treadmill Testing To Improve Treatment Matching
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WF Pre & 6 wks Post Surgery
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Surgical Patient Ambulation and Pain Assessment Over Time 
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Neural compressive

lumbar radiculopathy

Mechanical lumbar 

joint dysfunction

Neurogenic intermittent 

claudication
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Percentage of Neurogenic Intermittent Claudication (NIC) vs Non Neurogenic 
Intermittent Claudication Patients Assessed by Treadmill Testing

34%

66%

# NIC Patients
# Non-NIC Patients
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Total Number of Patients Reached Time to First Pain of Moderate Intensity (NRS >4, Tfirst) as Assessed 
by Treadmill Testing

84%

16%

# Patients reached Tfirst
# Patients did not reach Tfirst
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The Evolution of the Concept of Neurogenic 
Intermittent Claudication

1954 20081976 1984 2001

“Bone Age” Soft Tissue Claudication

Myelography Axial Imaging

Presenter
Presentation Notes
Pathanatomy to Pathophysiology
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