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Surgery for Chronic Low Back Pain in the
Era of Evidence-Based Medicine

Alf L. Nachemson, MD, PhD

Department of Orthopaedics
Göteborg University
Göteborg, Sweden

INTRODUCTION

The natural history of low back pain has usually been reported

in a favorable manner45 i.e., rapid recovery within a few weeks.

Lately, that view has been modified.62 The economic benefits in

the welfare states contribute to the increasing problem of low

back disability.49

The monthly prevalence of any low back pain at any age from

10-85 years of age hovers around 40%. Of this group, only 25%

ever see a physician, and although 90% will recover and go back

to work within 6 weeks, the sheer number of those not recovered

after 6 months constitute a large burden on societies as well as

spine surgeons.49 In the vast majority of chronic sufferers

medical science has been unable to pinpoint a definite cause.48

Surgeons often try to help these patients by performing some

type of invasive procedure. In the last 20 years the most common

procedure has been spine fusion. Recent figures from the United

States show a 100% increase—from 150,000 to more than

300,000 operations per year—in spine fusions over the last 10

years, nearly approaching the number of total hip replacements

and knee arthroplasties.14 The literature shows that re-operations

for these fused patients within 5 years post-surgery amounts to

20-30%.13,40

The “Failed Back Surgery Syndrome,” an unfortunate, but not

uncommon diagnosis is defined as patients not improving fol-

lowing surgery, remaining severely disabled for long periods of

time, and those having recurrence of disabling symptoms.

The indications for back surgery in patients with sciatica due to

a disc hernia is well-established with good evidence for effective-

ness,26 but unfortunately for those with nonspecific chronic back

pain alone this is not the case. In addition there is scientific evi-

dence that past efforts have been rather futile. The main reason

for this unfortunate fact is that for most diagnostic methods

there is no data showing their utility to pinpoint the pain source.

Various diagnostic labels are used without scientific evidence.47

To demonstrate utility, the validation of a diagnostic test requires

the determination of sensitivity and specificity against a mean-

ingful “gold standard,” which in this case should be a treatment

method with a proven positive effect. Tests such as ordinary ra-

diography and computerized tomography (CT),48 magnetic res-

onance imaging (MRI),4,8 discography, and the detection of a

high-intensity zone with gadolinium enhancement9,10 have no

proven utility. As stated by Weinstein and colleagues in a 2003

editorial in Spine,66 all these tests have increased physicians’

ability to view disc anatomy, but they have not helped predict

which patients with low back pain will benefit from interven-

tion. In addition, there is poor inter- and intra-observer agree-

ment for many findings like facet joint arthritis, spinal canal

narrowing, degenerative spondylolisthesis,48 and bulging discs

on MRI.8

There is also controversy on motion segment instability, the

measurements and symptoms of which are not defined.47 Even

the accurate roentgen stereophotographic assessment2 has failed

to show increased mobility or the difference between sympto-

matic and nonsymptomatic patients with spondylolisthesis grade

I and II (<50%). There could be more examples of diagnostic



uncertainties, but suffice it to say that spine surgeons often

perform large interventions on patients with unconfirmed diag-

nostic labels such as “disc degeneration,” “disappearing disc,”

“black discs,” or “instability,”46 etc. Clearly such behavior is ab-

normal. A meaningful gold standard for the diagnostic tests is

lacking.66 Even invasive diagnostic tests like nerve root blocks or

a temporary external fixation test have failed to show utility.50,58

A recent study in Spine38 also showed a clear relation between the

number of CT and MRI examinations and the relative incidence

of spinal surgery, giving further support to the uncertainties of

these diagnostic tests.

THE LACK OF SCIENTIFIC SUPPORT FOR ANY SURGICAL
APPROACH FOR CHRONIC LOW BACK PAIN (EXCLUDING
SPECIFIC DISEASES)

From 1994-2002 this author co-coordinated the Cochrane

Collaboration Back Group where different authors created a

review of the evidence for various treatments for low back pain.5

In 1999 Gibson and Waddell published a review of surgery for

lumbar disc prolapse and one on degenerative lumbar spondylo-

sis; chronic low back pain (CLBP) due to disc aging or degener-

ation.26 At that time, there was moderate evidence for disc hernia

removal as an effective treatment of sciatica while no randomized

clinical trial (RCT) existed on surgery for CLBP due to “degen-

erative disc disease.” 

To date there have been five RCTs presented, some with up to a

5-year follow-up; the first two came from Sweden, one on back

pain due to mild/moderate spondylolisthesis43,44 and the larger

study on fusion for CLBP in a multicenter randomized trial with

a minimum 2-year follow-up of nearly 300 patients.21 In the

larger Swedish back study, the conservative arm in the different

hospitals varied and was the same that the patients had received

before randomization. The results, judged by an unbiased ob-

server, were significantly better in those patients who had

surgery, irrespective of which of the three surgical methods was

used: ordinary postero-lateral fusion without screws; fusion with

plates and screws; or a “360°” fusion.22,23 The pain on a visual

analog scale, which improved in the surgical group at the 1-year

follow-up, seemed to diminish at the 2-year follow-up.

Preliminary results at the 5-year minimum follow-up now indi-

cate that all the groups, even those conservatively treated, have

equal outcomes.24 The limited number of studies on surgery for

spinal stenosis seem to indicate the same trend.1,29,39

Ekman and colleagues15 have now reported the same results after

following the patients presented in the Möller and colleagues

studies for 5 years.43,44 In these two Swedish RCTs, there was no

difference in the results in the two or three surgical groups.22,23,44

In patients where a metal implant was used, there were signifi-

cantly higher rates of complications and re-operations in both

studies. In addition, in a recent new inquiry by the Swedish Back

Group, 49% of men with anterior fusion had some disturbance

in the genital sphere including ejaculation disturbances (41%),

sensory disturbances (47%), and retrograde ejaculation (13%).32

A two-part Norwegian study published in Spine 200333 and

200436 showed no difference at the 1-year follow-up between pa-

tients fused with screws and plates and those treated by a cogni-

tive behavioral treatment program. Within 1 year, 18% of

patients in the fusion group had complications. Preliminary

results from the larger Oxford study (340 patients) led by

Fairbank in Great Britain, demonstrated the same results at the

2-year follow-up.17 Thus it is known that, in general, based on

scientific evidence, there is limited early success of spine fusion,

which rapidly fades over time. In addition, there are significant

complications when using screws and plates.13,23,28,44

On the other hand, the Cochrane reviews30,57 showed that using

conservative treatment of CLBP, consisting of multidisciplinary

activation programs, was equally effective at reducing pain and

increasing function17,33 without any serious complication.

Intradiscal electrothermal treatment (IDET), another invasive

method still used in treating CLBP, was originally reported to

provide excellent results.55 Now, in RCTs, the efficacy has been

questioned20,52 as has other “denervation” procedures.16,25 It

should be noted that in order to be clinically meaningful, the re-

duction in pain and the improvement in Oswestry functional

scale should amount to approximately 30%.6,54

It is now known that for a 1-2 level fusion for CLBP the many

systems of screws and plates for internal fixation offer no advan-

tage in pain reduction even though they appear to have a higher

fusion rate; however, no studies have demonstrated that they

give improved clinical results. Studies of more than 130 patents

with disc prostheses implants exist in the literature.59 The pre-

liminary results of RCTs12,41 presented from the United States

have not demonstrated improvement over fusion procedures. If

a disc prosthesis is no better than spinal fusion, then why

perform a riskier procedure when equal or better conservative

methods exist?17,30,33,57 There is thus poor scientific support for

the intensive marketing of the many implants, screws, plates,

cages, and prostheses now exhibited at all spine meetings and ad-

vertised to spine surgeons all over the world. The marketing is

working, however, and the number of operations for CLBP

using implants is increasing.13

There are several RCTs as well as prospective trials comparing 1-

2 level fusions for low back pain, spondylolisthesis, or spinal
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stenosis with or without internal fixation which found no differ-

ence in the clinical outcome or functional return to work, but

found significantly more complications when implants are

used.3,7,18,19,23,29,44,60 There is clearly a triumph of marketing over

scientific evidence!

The gold standard for evidence of treatment effectiveness con-

sists of RCTs56 which fulfill most of the criteria seen in Table 1.

Some are difficult in a surgical trial, although successful attempts

exist.42

PSYCHOLOGY AND PAIN MECHANISMS—CLUE TO IMPROVED
RESULTS?

As discussed earlier, there are uncertainties with regard to the

pain generator in patients with CLBP. On the other hand, there

is ample evidence in the literature that certain psychosocial

factors limit the success of any treatment method including

fusion operations in CLBP patients.31,63,64 Even the otherwise

successful removal of a disc hernia gives poorer results in patients

with certain psychosocial factors.34,63 The introduction of the so-

called yellow flags37 and illness behavior, Waddell tests,65 and the

University of Alabama Pain Behavior Rating Scale35,51 all are

useful tests used to predict the success or failure of any conserv-

ative or surgical procedure on the back for any nonspecific back

pain patient. Surgeons often misinterpret suffering and ineffec-

tive coping in patients with CLBP. Recent studies also have

shown an increase in the amount of substance P and nerve root

growth factor (both pro-nociceptive substances) in the cere-

bospinal fluid of patients with nonspecific CLBP.11 In addition,

an earlier Spanish study showed a diminution of endorphins in

the same type of patients.53 A recent study by Giesecke and col-

leagues27 has demonstrated increased pain sensitivity and abnor-

mal activation in the brain by functional MRI in several cortical

areas of these patients. 

CONCLUSION

In this era of evidence-based medicine, spine surgeons should

adhere to an evidence-based practice and use the available scien-

tific reviews, clinical expertise, the patients’ specific history, phys-

ical, and psychologic findings as guides. From this manuscript it

should be clear that the efficacy of spine fusion for CLBP

remains unclear and the moderately positive early effects seen in

some studies are not long lasting. In this author’s opinion, a

patient with CLBP without a definite proven cause should rarely

(if ever) be operated on with any of the available methods of

fusion or with any type of disc prosthesis. Re-operation should

perhaps never be performed. As stated in the recent article in the

New England Journal of Medicine: “The emphasis of research

efforts should shift from examining how to fuse or replace to ex-

amining who really should have an operation.”14

REFERENCES

1. Atlas SJ, Keller RB, Robson D, Deyo RA, Singer DE. Surgical and
nonsurgical management of lumbar spinal stenosis: four-year out-
comes from the Maine lumbar spine study. Spine 2000;25:556-562.

2. Axelsson P. On lumbar spine stabilization. 1996 Thesis Lund
University, Sweden.

3. Bjarke Christensen F, Stender Hansen E, Laursen M, Thomsen K,
Bunger CE. Long- term functional outcome of pedicle screw instru-
mentation as a support for posterolateral spinal fusion: randomized
clinical study with a 5-year follow-up. Spine 2002;27:1269-1277.

4. Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW. Abnormal
magnetic-resonance scans of the lumbar spine in asymptomatic sub-
jects. A prospective investigation. J Bone Joint Surg Am
1990;72:403-408.

5. Bombardier C, Esmail R, Nachemson AL. The Cochrane
Collaboration Back Review Group for spinal disorders. Spine
1997;22:837-840.

6. Bombardier C, Hayden J, Beaton DE. Minimal clinically important
difference. Low back pain: outcome measures. J Rheumatol
2001;28:431-438.

7. Bono CM, Lee CK. Critical analysis of trends in fusion for degener-
ative disc disease over the past 20 years: influence of technique on
fusion rate and clinical outcome. Spine 2004;29:455-463.

8. Boos N, Rieder R, Schade V, Spratt KF, Semmer N, Aebi M. 1995
Volvo Award winner in clinical studies: the diagnostic accuracy of
magnetic resonance imaging, work perception, and psychosocial
factors in identifying symptomatic disc herniations. Spine
1995;20:2613-2625.

9. Carragee EJ, Paragioudakis SJ, Khurana S. 2000 Volvo Award winner
in clinical studies: lumbar high-intensity zone and discography in
subjects without low back problems. Spine 2000;25:2987-2992.

AAEM Plenary Session The Best Darn Spine Program…Period! 3

Table 1 Criteria List for the Methodological Quality
Assessment

A. Was the method of randomization adequate?

B. Was the treatment allocation concealed?

C. Were the groups similar at baseline regarding the most important
prognostic indicators?

D. Was the patient blinded to the intervention?

E. Was the care provider blinded to the intervention?

F. Was the outcome assessor blinded to the intervention?

G. Were cointerventions avoided or similar?

H. Was the compliance acceptable in all groups?

I. Was the drop-out rate described and acceptable?

J. Was the timing of the outcome assessment in all groups similar?

K. Did the analysis include an intention-to-treat-analysis?

Adapted after van Tulder and colleagues.61



10. Carragee EJ, Tanner CM, Khurana S, Hayward C, Welsh J, Date E,
Truong T, Rossi M, Hagle C. The rates of false positive lumbar
discography in select patients without low back symptoms. Spine
2000;25:1373-1380.

11. Clauw DJ, Williams D, Lauerman W, Dahlman M, Aslami A,
Nachemson AL, Kobrine AI, Wiesel SW. Pain sensitivity as a corre-
late of clinical status in individuals with chronic low back pain. Spine
1999;24:2035-2041.

12. Delamarter RB, Fribourg DM, Kanim LE, Bae H. ProDisc artificial
total lumbar disc replacement: introduction and early results from the
United States clinical trial. Spine 2003;28:S167-S175.

13. Deyo RA, Ciol MA, Cherkin DC, Loeser JD, Bigos SJ. Lumbar
spinal fusion. A cohort study of complications, reoperations, and re-
source use in the Medicare population. Spine 1993;18:1463-1470.

14. Deyo RA, Nachemson A, Mirza SK. Spinal fusion surgery: the case
for restraint. N Engl J Med 2004;350:722-726.

15. Ekman P, Hedlund R, Möller H. Fusion in adult isthmic spondy-
lolisthesis. A long term follow-up of a prospective randomized study.
Presented at the annual meeting of the Nordic Spine Deformity
Society, Stockholm, August 23, 2003, and the ISSLS meeting Porto,
Portugal June 4, 2004.

16. Erçelen Ö, Bulutçu E, Öktenoglu T, Sasani M, Bozkus H, Cetin
Saryoglu A, Ozer F. Radiofrequency lesioning using two different
time modalities for the treatment of lumbar discogenic pain: a ran-
domized trial. Spine 2003;28:1922-1927.

17. Fairbank J. MRC Spine Stabilisation Trial – 2 year follow up and
results. Presented at Norsk Forening for Ryggforskning 13. Årlige
Möte April 16-17, 2004 Oslo, Norway and the ISSLS meeting,
Porto, Portugal, June 4, 2004.

18. Fischgrund JS, Mackay M, Herkowitz HN, Brower R, Montgomery
DM, Kurz LT. 1997 Volvo Award Winner in clinical studies.
Degenerative lumbar spondylolisthesis with spinal stenosis: a
prospective randomized study comparing decompressive laminec-
tomy and arthrodesis with and without spinal instrumentation. Spine
1997;22:2807-2812.

19. France JC, Yaszemski MJ, Lauerman WC, Cain JE, Glover JM,
Lawson KJ, Coe JD, Topper SM. A randomized prospective study of
posterolateral lumbar fusion. Outcomes with and without pedicle
screw instrumentation. Spine 1999;24:553-560.

20. Freeman BJ, Fraser RD, Cain CM, Hall DJ. A randomized, double-
blind, controlled efficacy study: Intradiscal electrothermal therapy
(IDET) versus placebo for the treatment of chronic discogenic low
back pain. Eur Spine J 2003;12;S23.

21. Fritzell P, Hägg O, Wessberg P, Nordwall A. 2001 Volvo Award
Winner in clinical studies: lumbar fusion versus nonsurgical treat-
ment for chronic low back pain: a multicenter randomized controlled
trial from the Swedish Lumbar Spine Study Group. Spine
2001;26:2521-2532.

22. Fritzell P, Hägg O, Wessberg P, Nordwall A. Chronic low back pain
and fusion: a comparison of three surgical techniques: a prospective
multicenter randomized study from the Swedish lumbar spine study
group. Spine 2002;27:1131-1141.

23. Fritzell P, Hägg O, Nordwall A. Complications in lumbar fusion
surgery for chronic low back pain: comparison of three surgical tech-
niques used in a prospective randomized study. A report from the
Swedish Lumbar Spine Study Group. Eur Spine J 2003;12:178-189.

24. Fritzell P, Hägg O, Nordwall A. 5-10 year follow up in the Swedish
Lumbar Spine Study. Presented at the ISSLS meeting, Porto June 4,
2004.

25. Geurts JW, van Wijk RM, Wynne HJ, Hammink E, Buskens E,
Lousberg R, Knape JT, Groen GJ. Radiofrequency lesioning of dorsal
root ganglia for chronic lumbosacral radicular pain: a randomised,
double-blind, controlled trial. Lancet 2003;36:21-26.

26. Gibson JN, Grant IC, Waddell G. The Cochrane review of surgery
for lumbar disc prolapse and degenerative lumbar spondylolsis. Spine
1999;24:1820-1832.

27. Giesecke T, Gracely RH, Grant MAB, Nachemson AL, Petzke F,
Williams DA, Clauw DJ. Evidence of augmented central pain pro-
cessing in idiopathic chronic low back pain. Arthritis Rheum
2004;50:613-623.

28. Greenough CG. Outcome assessment of lumbar spinal fusion. In:
Szpalski M, Gunzberg R, Spengler DM, Nachemson A, editors.
Instrumented fusion of the degenerative spine: state of the art, ques-
tions, and controversies. New York: Lippincott Williams and Wilkins;
1996. p 45-54.

29. Grob D, Humke T, Dvorak J. Degenerative lumbar spinal stenosis:
decompression with and without arthrodesis. J Bone Joint Surg Am
1995;77:1036-1041.

30. Guzman J, Esmail R, Karjalainen K, Malmivaara A, Irvin E,
Bombardier C. Multidisciplinary rehabilitation for chronic low back
pain: systematic review. BMJ 2001;322:1511-1516.

31. Hägg O. Measurement and prediction of outcome. Application in
dusion surgery for chronic low back pain. The Swedish Lumbar Spine
Study. Thesis, Sahlgrenska Academy at Göteborg University,
Göteborg, Sweden 2002.

32. Hägg O, Fritzell P, Nordwall A, Swedish Lumbar Spine Study Group.
Sexual function after surgery for chronic low back pain. Eur Spine J
2003;12:S17-S18.

33 Ivar Brox J, Sorensen R, Friis A, Nygaard O, Indahl A, Keller A,
Ingebrigtsen T, Eriksen HR, Holm I, Koller AK, Riise R, Reikeras O.
Randomized clinical trial of lumbar instrumented fusion and cogni-
tive intervention and exercises in patients with chronic low back pain
and disc degeneration. Spine 2003;28:1913-1921.

34. Junge A, Frohlich M, Ahrens S, Hasenbring M, Sandler A, Grob D,
Dvorak J. Predictors of bad and good outcome of lumbar spine
surgery. A prospective clinical study with 2 years’ follow up. Spine
1996;21:1056-1064.

35. Keefe FJ, Block AR. Development of an observation method for as-
sessing pain behavior in chronic low back pain patients. Behav Ther
1982;13:363-375.

36. Keller A, Brox JI, Gunderson R, Holm I, Friis A, Reikerås O. Trunk
muscle strength, cross-sectional area, and density in patients with
chronic low back pain randomized to lumbar fusion or cognitive in-
tervention and exercises. Spine 2004;29:3-8.

37. Kendall NA, Linton SJ, Main CJ. Guide to assessing psychosocial
yellow flags in acute low back pain: risk factors for long-term disabil-
ity and work loss. Accident Rehabilitation & Compensation
Insurance Corporation of New Zealand and the National Health
Committee, Wellington, NZ. 1997.

38. Lurie JD, Birkmeyer NJ, Weinstein JN. Rates of advanced spinal
imaging and spine surgery. Spine 2003;28:616-620.

39. Malmivaara A, Slätis P, Heliövaara M, Sainio P, Kinnnunen H.
Operative treatment for moderately severe lumbar spinal stenosis. A
randomized controlled trial. ISSLS 30th Annual Meeting, May 13-
17, 2003, Vancouver, Canada.

40. Malter AD, McNeney B, Loeser JD, Deyo RA. 5-year reoperation
rates after different types of lumbar spine surgery. Spine 1998;23:814-
820.

41. McAfee PC, Fedder IL, Saiedy S, Shucosky EM, Cunningham BW.
Experimental design of total disk replacement – experience with a
prospective randomized study of the SB Charité. Spine
2003;28:S153-S162.

42. Moseley JB, O’Malley K, Petersen NJ, Menke TJ, Brody BA,
Kuykendall DH, Hollingsworth JC, Ashton CM, Wray NP. A con-
trolled trial of arthroscopic surgery for osteoarthritis of the knee. N
Engl J Med 2002;347:81-88.

4 Surgery for Chronic Low Back Pain in the Era of Evidence-Based Medicine AAEM Plenary Session



43. Möller H, Hedlund R. Surgery versus conservative management in
adult isthmic spondylolisthesis – a prospective randomized study:
part I. Spine 2000; 25: 1711-1715.

44. Moller H, Hedlund R. Instrumented and noninstrumented postero-
lateral fusion in adult spondylolisthesis—a prospective randomized
study: part 2. Spine 2000; 25: 1716-1721.

45. Nachemson AL. Newest knowledge of low back pain. A critical look.
Clin Orthop 1992;279:8-20.

46. Nachemson AL. Instrumented fusion of the lumbar spine for degen-
erative disorders a critical look. In: Szpalski M, Gunzburg R, Spengler
DM, Nachemson A, editors. Instrumented fusion of the degenerative
lumbar spine: state of the art, questions, and controversies.
Philadelphia: Lippincott Williams and Wilkins; 1996. p 307-317. 

47. Nachemson AL. Scientific diagnosis or unproved label for back pain
patients. In: Szpalski M, Gunzburg R, Pope MH, editors. Lumbar
segmental instability. Philadelphia: Lippincott Williams and Wilkins;
1999.

48. Nachemson A, Jonsson E. Neck and back pain. The scientific evi-
dence of causes, diagnosis and treatment. Nachemson A, Jonsson E,
editors. Philadelphia: Lippincott Williams and Wilkins; 2000.

49. Nachemson A. Epidemiology and the economics of LBP. In:
Herkowitz HN, Dvorak J, Bell G, Nordin M, Grob D, editors. The
lumbar spine, 3rd edition. Philadelphia: Lippincott Williams and
Wilkins; 2004.

50. North RB, Kidd DH, Zahurak M, Piantadosi S. Specificity of diag-
nostic nerve blocks: a prospective, randomized study of sciatica due
to lumbosacral spine disease. Pain 1996;65:77-85

51. Öhlund C, Lindström I, Areskoug B, Eek C, Peterson LE,
Nachemson A. Pain behavior in industrial subacute low back pain.
Part I. Reliability: concurrent and predictive validity of pain behavior
assessments. Pain 1994;58:201-209.

52. Pauza KJ, Howell S, Dreyfuss P, Peloza JH Dawson K, Bogduk N. A
randomized placebo-controlled trial of intradiscal electrothermal
therapy for the treatment of discogenic low back pain. Spine
2004;4:27-35.

53. Puig MM, Laorden ML, Miralles FS, Olaso MJ. Endorphin levels in
cerebrospinal fluid of patients with postoperative and chronic pain.
Anesthesiology 1982;57:1-4.

54. Rowbotham MC. What is a “clinically meaningful” reduction in
pain? Pain 2001;94:131-132.

55. Saal JA, Saal JS. Intradiscal electrothermal treatment for chronic
discogenic low back pain: prospective outcome study with a
minimum 2-year follow-up. Spine 2002;27:966-974.

56. Sackett DL, Straus SE, Richardson WS, Rosenberg W, Haynes RB.
Evidence-based medicine: how to practice and teach EBM. New
York: Churchill Livingstone; 1997.

57. Schonstein E, Kenny D, Keating J, Koes B, Herbert RD. Physical
conditioning programs for workers with back and neck pain: a
Cochrane systematic review. Spine 2003;28:E391-E395.

58. Soini JR, Seitsalo SK. The external fixation test of the lumbar spine.
30 complications in 25 patients of 100 consecutive patients. Acta
Orthop Scand 1993:64:147-149.

59. Szpalski M, Gunzburg R, Mayer M. Spine arthroplasty: a historical
review. Eur Spine J 2002;11:S65-84.

60. Thomsen K, Christensen FB, Eiskjaer SP, Hansen ES, Fruensgaard S,
Bunger CE. 1997 Volvo Award winner in clinical studies. The effect
of pedicle screw instrumentation on functional outcome and fusion
rates in posterolateral lumbar spinal fusion: a prospective, randomized
clinical study. Spine 1997;22:2813-2822.

61. Van Tulder M, Furlan A, Bombardier C, Bouter L; The Editorial
Board of the Cochrane Collaboration Back Review Group. Updated
method guidelines for systematic reviews in the Cochrane
Collaboration Back Review Group. Spine 2003;28:1290-1299.

62. von Korff M, Saunders K. The course of back pain in primary care.
Spine 1996;21:2833-2837. 

63. Waddell G, Kummell EG, Lotto WN, Graham JD, Hall H,
McCulloch JA. Failed lumbar disc surgery and repeat surgery follow-
ing industrial injuries. J Bone Joint Surg Am 1979;61:201-207.

64. Waddell G, McCulloch JA, Kummel E, Venner RM. Nonorganic
physical signs in low back pain. Spine 1980;5:117-123.

65. Waddell G, Main CJ, Morris EW, Di Paola M, Gray IC. Chronic
Low back pain, psychologic distress, and illness behavior. Spine
1984;9:209-213.

66. Weinstein JN, Boden SD, An H. Emerging technology in spine:
should we rethink the past or move forward in spite of the past? Spine
2003;28:S1.

AAEM Plenary Session The Best Darn Spine Program…Period! 5



6 AAEM Plenary Session



Manual Medicine:
An Evidence-Based Medicine Review

James W. Atchison, DO

Associate Professor and Chief
Physical Medicine and Rehabilitation

Department of Orthopaedics and Rehabilitation
University of Florida Health Sciences Center

Gainesville, Florida

INTRODUCTION

Manual manipulation is typically defined as the use of the hands

in the patient management process using instructions and ma-

neuvers to maintain maximal, painless movement of the muscu-

loskeletal system in postural balance. In the United States,

manipulation may include any form of manual treatment deliv-

ered by a physician. Over the last 2 decades, there has been a

series of clinical trials studying the efficacy of manual manipula-

tion in the treatment of acute/subacute low back pain and

chronic low back pain. The difficulty with evaluating this litera-

ture using evidenced-based medicine standards is a lack of con-

sistency in performing the studies. Many of the studies utilize

poor methodology, do not identify the patient population, and

study multiple treatment modalities at the same time. It is diffi-

cult to draw conclusions regarding the efficacy of manual ma-

nipulation from these studies. 

DEFINITIONS 

Since this field of study uses nomenclature that is unique to this

area, the following definitions have been included, which should

prove helpful in understanding the literature:

Mobilization. The definition of mobilization varies from

country to country. In Europe, it generally means high velocity,

low amplitude (HVLA) thrusting, while in the United States it

often means articulatory or oscillatory techniques. When re-

viewing the literature it is important to read the methods section

to determine the exact type of treatment used in the study.

Manual medicine. Manual medicine implies the use of manual

treatment (in any form) within a comprehensive treatment plan

and emphasizes the concept that the effects of manual treatment

have a widespread physiologic and psychologic effect.

Somatic dysfunction. Somatic dysfunction refers to the im-

paired or altered function of related components of the somatic

(body framework) system; skeletal, arthrodial, and myofascial

structures as well as related vascular, lymphatic, and neural ele-

ments. This is determined by: 

Tenderness

Structural Asymmetry

Altered Range of motion

Tissue Texture changes

There are several proposed theories of effect which include both

mechanical and neurologic. The mechanical22 theory is related

to the release of entrapped synovial folds or plica, relaxation of

hypertonic muscles by sudden stretching, disruption of articular

or periarticular adhesions, or unbuckling of motion segments
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that have undergone disproportionate displacements. The neu-

rologic34 theory is thought to reduce nerve root compression and

altered function, impair afferent and efferent electrophysiologic

function, result in venular, capillary, and arteriolar constriction,

and cause extravasation of proteins. No studies indicate that

altered spinal alignment (somatic dysfunction) results in nerve

root or spinal cord compression. Manual medicine is thought to

(1) modify neural reflex centers in the spinal cord or higher, (2)

induce afferent impulses generated from muscles, ligaments, and

tendons, (3) activate reflex centers, and (4) alter reflexes at the

spinal level.39 There has, however, been no correlation with

changes in symptoms or function. It can cause induction of hy-

poalgesia which may occur through central facilitation by stim-

ulating spine structures or changing cutaneous and muscle pain

thresholds.74 It may also increase the release of endorphins. It is

difficult to determine effectiveness of pain relief by manipulation

when the locus of pain is not well defined.

TYPES OF MANIPULATION

There are two types of manipulation—direct and indirect.

Direct manipulation includes HVLA thrusting or mobilization

with impulse and articulary/oscillatory or mobilization without

impulse. High velocity, low amplitude thrusting or mobilization

with impulse involves positioning the patient at the restrictive

barrier and the practitioner applying a quick, short impulse

(thrust) to move the patient through the barrier. Positioning is

key and should not be painful.10,29 This type of manipulation is

utilized in most studies that have looked at the treatment of low

back pain. Also it is commonly used with thoracic dysfunctions

and rib dysfunctions. It is used cautiously in the cervical spine

due to the possible complications.

Articulatory/oscillatory or mobilization without impulse in-

volves positioning the patient at the restrictive barrier and the

practitioner applying gentle, repetitive movements against the

barrier (“tapping”). This type of manipulation is utilized in

many studies of the lumbar spine (often defined as mobilization)

and was recently popularized by Maitland.51,52

There are four types of indirect manipulation (1) muscle energy,

(2) strain-counterstrain, (3) myofacial release, and (4) cran-

iosacral. Muscle energy involves moving the patient towards the

restrictive barrier and then having the patient contract the

muscles that would move them away from the barrier while the

practitioner resists. After the patient relaxes, the practitioner

moves the patient towards the new barrier. This technique is a

form of isometric muscle contraction—combining principles of

direct and indirect treatments. It has limited use in research pro-

tocols, except in combination with other forms of manual treat-

ment. Clinically, muscle energy manipulation is often used prior

to thrusting and is commonly used in the pelvis/sacroiliac

region, and may be converted to be part of a home exercise

program. It was popularized by Mitchell.57

Strain-counterstrain involves positioning the patient in a “posi-

tion of ease” to allow muscle relaxation. This position is held for

90-120 seconds and is a passive, indirect, functional technique.

It has not been used in research protocols. Strain-counterstrain is

commonly used in the pelvis/piriformis region at direct loca-

tions. The anterior “Jones Points” is used for specific lumbar dys-

functions.43

Myofascial release involves a combination of manual traction

and twisting maneuvers to achieve tension on the soft tissue

which effects biomechanical and reflex changes. This is an indi-

rect or direct technique depending on the direction of force,

which cannot be predetermined by the practitioner.76 It is used

during very acute or extremely chronic conditions that have se-

verely painful restriction of motion. There is no reported use of

the myofascial release technique in research protocols.

Craniosacral involves assessing the amplitude, rate, symmetry,

and quality of the primary respiratory mechanism through the

cranial sutures and sacrum.31 Pressure is applied over the sacrum

to move towards optimal mobility. This technique is used in

studies related to traumatic brain injury28,30 and was pioneered

by Sutherland.70

RESEARCH OF MECHANICAL/PHYSIOLOGIC PARAMETERS
OF THRUSTING MANIPULATION

Pre-treatment studies have demonstrated preload forces ranging

from 20-180 N.40 Before treatment, the time-to-peak impulse is

150 ms ± 77 ms,37 peak forces ranged from 220–550 N,40 dura-

tion of impulse ranged from 200–420 ms,40 and relative move-

ment between vertebrae of 1.62 ± 1.06 mm axial displacement,

0.48 ± 0.1 mm transverse displacement, and 0.89 ± 0.49° of ro-

tation.58 The direct anterior compression at L3, L4, or L5 puts

all segments into extension. Compression at L1 or L2 causes

lower segments to move into flexion.62 After treatment, the mag-

netic resonance imaging (MRI) evaluation of z-joint separation

shows 1.18 mm difference between neutral and side-lying

posture and 1.89 mm difference between neutral and post-lying

HVLA; significant difference (p=0.047) of 0.71 mm.18

CLINICAL TRIALS OF EFFICACY—A REVIEW OF THE EXISTING
LITERATURE

Acute/Subacute Low back Pain

Table 1 outlines the results of 14 valuable clinical trials of the ef-

ficacy of manipulation. They are important to understanding
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manual manipulations used in patients with acute/subacute low

back pain versus other treatment options. These studies demon-

strate that patients undergoing manual manipulation have relief

of pain and often in significantly less time then patients not un-

dergoing manual manipulation. The table summarizes the size of

the study group, the type of comparison made and a brief de-

scription of the findings in the study as well as the citation.

CHRONIC LOW BACK PAIN

Table 2 outlines the results of eight studies that evaluated chronic

low back pain and compared manipulation with various other

treatment methods. The majority of the studies found improved

pain scores.
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Table 1  Clinical trials of the efficacy of manipulation in acute/subacute low back pain

Ref # QS n Comparison Findings

33 56/100 54 manipulation (rotational-thrusting) vs mobilization and improvement was
measured on functional status index (Roland Morris Questionnaire) in
patients with pain 2-4 weeks after 1 week. It is widely quoted since it is
one of first studies to use functional measurements, specifically the
Roland-Morris modification of the Sickness Impact Profile. It is one of
first studies to stratify patients by length of time since onset of pain

most responsive group had symptoms between 2 and 4
weeks, rate of improvement significantly increased with
manipulation in this subgroup

50 53/100 95 osteopathic manipulation treatment (OMT) with exercises/instruction vs
exercises/instruction 

increased percentage of patients recovered after 1 week
for the subgroup of patients with pain for 2-4 weeks; used
the Disability Index as functional measurement tool; rate
of improvement was greater with manipulation and a larger
proportion of manipulation group recovered in the first
week and at 8-9 weeks. A subgroup of patients with onset
of symptoms between 14 and 28 days were best
responders

9 49/100 217 manipulation (Cyriax)19 with physiotherapy vs back school, vs diathermy decreased mean number of days to recovery with
manipulation

77 48/100 112 manipulation (undefined) with physiotherapy vs analgesics, vs exercises
and modalities

decrease in pain intensity after 4 and 12 days with
manipulation

53 45/100 291 manipulation (Cyriax) vs heat increased percentage of patients recovered after 2 weeks
in subgroup with limited SLR

55 48/100 741 evaluation of pain of acute and chronic duration comparing
manipulation (chiropractic-thrusting) vs physiotherapy including
Maitland mobilization 

improvement in Owestry questionnaire after 6 months and
2 years

63 33/100 459 evaluation of pain with varying duration and radiation arranged into 5
subgroups; manipulation (rotational-thrusting) vs NSAID, vs
physiotherapy, vs placebo, vs bedrest, vs low back school

improved pain, functional status, and movement at 3
weeks

11 30/100 10 evaluation of pain of various duration; manipulation (rotational-
thrusting) vs rest, analgesics, injections, physiotherapy

self-assessed improvement at 1, 3, and 6 months

65 20/100 155 evaluation of pain of varying duration; manipulation (short lever-
chiropractic) vs sham manipulation, vs analgesics/bedrest

greater pain reduction at the end of 3 weeks of treatment

13 51/100 12 manipulation (chiropractic) vs no treatment positive effect but not clinically relevant with n=12
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Table 1 Continued

Ref # QS n Comparison Findings

13 NR 323 entrance criterion was pain < 6 weeks and pain that lasted at least
7 days after a primary care visit); manipulation (rotational-
thrusting) vs McKenzie therapy program, vs educational booklet.
The thrusting treatments were given over 4 weeks (mean=6.9
treatments). Outcome measures included a bothersome scale of
pain, modified Roland Disability scale, and National Health
interview survey measured after 1, 4, and 12 weeks and 1 and 2
years, as well as use of back-related health care and number of
recurrences measured at 1 and 2 years. Most subjects had
previously been treated for LBP (56% > 2 prior episodes, 33% with
prior PT, 32% with prior chiropractic). Baseline symptoms differed
and this persisted after 4 weeks and 12 weeks 

after adjustment, manipulation group had less severe
symptoms than the booklet group after 4 weeks (p=0.02);
trend towards less severe symptoms with PT (p=0.06). Roland
Disability scores, with greater dysfunction, was found in the
booklet group compared to the other two groups at 1 yr
(p=0.05); no differences among the 3 groups for percentage
of subjects reporting: (1) reduced activity, (2) need for bed
rest, (3) missing work, (4) need for additional healthcare, and
(5) use of medications; 75% of subjects in PT and chiropractic
groups rated their care as “very good” to “excellent” after 1
and 4 weeks, compared to 30% for booklet (p<0.001) Total
cost over 2 years was greatest in the chiropractic and PT
groups

2 NR 178 entrance criterion was low back pain > 3 weeks but < 6 months.
The study compared OMT (included all types determined by the
DO) vs standard care group (meds, active exercise, or modalities);
Treatment was weekly for 4 visits and then every other week times
4 visits. Outcome measures include Visual analogue scale, Roland-
Morris, Oswestry, selected questions from NASS outcomes
questionnaire, pain diagram, range of motion, and straight leg
raising degrees at baseline and 12 week follow-up. Patients were
also screened for appropriate somatic dysfunction amenable to
manipulation, as noted by pre-screener. OMT group required
significantly less medication (analgesics, NSAIDs, and muscle
relaxants) than usual care group (p<0.001).OMT group utilized
significantly less physical therapy than usual care group (p<0.05) 

no statistically significant difference noted between groups in
any of the primary outcome measures at 12 weeks

24 NR 71 entrance criterion was low back pain (mean=41.7 days and 83%
had a prior history of low back pain). The study used manipulation
that was performed on all subject for 1-3 treatments over 4-8 days.
If treatment #1 resulted in > 50% improvement in Modified
Oswestry Disability Questionnaire (OSW) then this was considered
a success and no further treatment was performed. If < 50%
improvement in OSW, then the treatment was repeated. 32
subjects (45%) were treated successfully with manipulation, 20
with single manipulation, 12 with 2 treatments 

mean improvement in OSW for success group is 32.5 points
(73.2% mean improvement) compared to 6.2 points (14.6%
mean improvement) for non-success group; logistic regression
analysis of prediction variables led to a final model of 5
variables: duration of symptoms < 16 days, at least one hip
with > 35o range of motion, hypomobility with lumbar spring
testing, Fear-Avoidance Beliefs Questionnaire (FABQ) work
subscale score <19, and no symptoms distal to the knee. 6
subjects were positive for all 5 variables – all successfully
treated with manipulation. 14 of 15 subjects (93%) were
positive for 4 of 5 variables treated successfully with
manipulation. Treating a patient who is positive for 4 of the 5
predictive variables raises the chance of success from 45% to
95%

78 NR 201 entrance criterion was low back or neck pain of 2-12 wks. The
study compared general practitioner (GP) care plus 3 sessions of
OMT vs GP care. OMT occurred over 1-2 week intervals. The primary
outcome measure was Extended Aberdeen Spine Pain Scale
(EASPS), Short-form McGill Pain Questionnaire (SMPQ), SF-12
health profile, and EuroQol (EQ-5D) index of health at baseline, 2
months, and 6 months 

at 2 months, all outcome measures had improved in both
groups; OMT groups improved significantly more than the
usual care group on EASPS and SF-12 mental score; SMPQ
and ED-5D were more improved in the OMT group but not at
statistically significant levels; at 6 months SF-12 mental score
significantly better for OMT group; EASPS score for OMT better
than usual care but no longer significantly better SMPQ for
OMT remained slightly better than usual care EQ-5D showed
no difference between groups; no statistical difference in
overall healthcare costs between groups

LBP = lower back pain; NSAIDS =non steroidal anti-inflammatory drugs; SLR = straight leg raising; vs = versus



SACRUM/SACROILIAC/PELVIS DYSFUCNTION

Three studies focused specifically on sacrum/sacroiliac/pelvis

dysfunction. Wreje and colleagues in 1992 studied 39 patients

and looked at S1 joint mobilization versus massage. They found

a decrease in sick leave an analgesic consumption. Visual analog

scale (VAS) was not significant. Also in 1992, Blomberg and col-

leagues studied 101 outpatients with acute or subacute low-back

pain. The patients were randomly allocated to one of two treat-

ment groups—S1 joint mobilization with thrust technique

versus active physiotherapy. The study found improved VAS

after 1, 2, and 4 months and also found a reduced number of

sick leaves days after 8 months. The group receiving specific

manual treatment had a significantly better outcome than the

group receiving conventional treatment when measuring both

sick-leave and a pain score. The third study, by Van der Weide

and colleauges72 reviewed 40 randomized clinical trials (RCTs)

on different types of intervention. They assessed internal validity

and statistical power criteria. They found limited evidence of ef-

ficacy for spinal manipulation in pelvic joint dysfunction when

compared to placebo. Together these three studies show moder-

ate evidence that spinal manipulation is more effective than

other types of nonoperative treatment in the short term for pa-

tients with short duration lumbar pain without radiating pain.

LUMBAR RADICULOPATHY

In 1969, Edwards and colleagues conducted a study of patients

(QS 32/100; n = 51) with pain radiating down the leg with

varying degrees of neurologic signs. The study compared articu-

latory manipulation (Maitland), exercises, and other modalities.

They found improved pain relief and the resumption of normal

activities at various treatment frequencies for patients undergo-

ing manipulation.20 Coxhead and colleagues16 in 1981 studied

patients with pain as far as the buttock crease (QS 41/100; n =

322) and compared articulatory manipulation (Maitland) versus

exercises or traction or corset. The study found improved pain

relief measuring at 4 weeks that was statistically significant for

the manipulation group over the other treatments used.

Measurements after that were not as promising. The authors

concluded that “in the short-term, active physiotherapy with

several treatments appears to be of value in the outpatient man-

agement of patients with sciatic symptoms, but it does not seem

to confer any longer-term benefit.”16 A study of patients with

disc protrusion with unilateral radiculopathy comparing manip-

ulation (rotational-thrusting) versus exercise and heat was con-

ducted by Nwuga and colleagues (QS 32/100, n = 51). The

diagnosis of unilateral radiculopathy was confirmed by myelog-

raphy and electrodiagnostic testing. This study found improved
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Table 2  Clinical Trials of the Efficacy of Manipulation in Chronic Low Back Pain

Ref # QS n Comparison Findings

60 62/100 81 Manipulation (thrusting-Bourdillon10) with soft-tissue injection of
“proliferant” and exercises vs sham manipulation, saline injection and
exercises; treatment? 

decreased pain by visual analog scale (VAS) at 1,3, and 6
months.

75 49/100 19 Manipulation (rotational-thrusting with full-spine chiropractic
adjustments) vs sham 

improved pain score by VAS at 2 weeks

26 47/100 109 Osteopathic manipulation vs diathermy no difference in % of patients pain free at 4 and 12 weeks

21 31/100 32 Manipulation (rotational-thrusting) with analgesics vs analgesics improved pain score and increased number of patients
assessing treatment as effective at 3 weeks

45-
48

57/100 256 Manipulation and mobilization vs physiotherapy, vs usual care by GP, vs
placebo

improved pain severity and perceived effect at 3, 6, and
12 weeks

71 43/100 209 Manipulation (HVLA) vs back education improved pain score at end of 2 weeks of treatment

38 37/100 29 Manipulation (chiropractic) vs back school improved gait symmetry – negative effect for VAS and
Oswestry

3 ??? 100 Manipulation vs bed rest, analgesics, and massage Decreased pain intensity at post treatment and 6 months
– improved rate of return to work



spinal flexion and straight leg raising at 6 weeks and concluded

that manipulation therapy was superior to the conventional

treatment method in this type of patient.59

These three studies of patients with lumbar radiculopathy

demonstrate that there is some evidence to support the use of

manual manipulation in patients with lumbar radiculopathy.

Patients treated with manual therapy demonstrated short term

improvement with symptoms but not any long term benefit.

This is similar to the benefits reported for spinal injection

therapy although a direct comparison has not been done

between these two therapeutic approaches.

There are two additional trials of patients with possible lumbar

radiculopathy by MacDonald and colleagues and Postacchini

and colleagues. The MacDonald study included subjects with

signs and symptoms of radiculopathy who were treated with os-

teopathic techniques. The manipulation was beneficial after 1-2

weeks but there was no added benefit after 4 weeks. Postacchini

studied patients with pain radiating to the buttocks or thighs

with no neurologic changes of greater than 4 weeks. The patients

were treated with rotational thrusting manipulation. The study

found a positive effect for pain, movement, and functional status

after manipulation therapy. 

A SUMMARY OF LUMBAR REVIEW ARTICLES

There have been several important review articles that have sum-

marized the efficacy of spinal manipulation as a treatment for

low-back pain. In 1992, Shekelle and colleagues reviewed 58 ar-

ticles (including 25 controlled trials) that reported on the use,

complications, and efficacy of spinal manipulation.66 They

found that the articles showed that spinal manipulation hastens

recovery from acute, uncomplicated low back pain. The two

highest rated studies (MacDonald and Hadler) showed a statis-

tically beneficial effect in patients with low back pain of 2-4

weeks.33,50 Shekelle and colleagues used functional outcome

measurement tools and combined analysis of seven

RCTs9,17,23,27,54,64,77 which indicated the probability of recovery at

3 weeks is enhanced 0.17 by manipulation (if 50% recover, then

by adding manipulation, 67% will recover). Data was insuffi-

cient to support or refute the efficacy of manipulation for pa-

tients with chronic low back pain. The highest rated study

included soft tissue injections. Several of the studies had unusual

study design. The data was insufficient to support or refute the

efficacy of manipulation for patients with sciatic nerve root irri-

tation. Even the studies included in the review were of low

quality. 

Koes and colleagues reviewed 35 RCTs that compared spinal

manipulation with other treatments.49 They found 18 studies

showing favorable results for manipulation. An additional five

studies reported positive for one or more subgroups. They

reported that unfortunately, most studies were of poor method-

ologic quality. No trial scored 60 or more points (out of 100),

however four trials scored between 50 and 60 points. In these

four, one was positive, two were positive for subgroups, and one

was neutral. The group concluded that although some results are

promising, the efficacy of manipulation has not been convinc-

ingly shown.

Assendelft and colleagues conducted a review of chiropractic

studies.5 Their search revealed five RCTs—four reporting

favorable results for manual manipulation and one drawing no

conclusions. None of the RCTs had methodological scores

greater than 50. Due to the small number of trials and the poor

methodological quality, the authors stated that no strong con-

clusions could be determined, however, based on the limited

data it appeared that chiropractic care seems to be an effective

treatment of back pain.

In 1992, Anderson and colleagues identified 23 RCTs with 34

mutually discrete samples.1 Meta-analysis was not performed

due to the diversity of protocols. Most studies compared manip-

ulation to an alternative treatment. Spinal manipulative therapy

was found to be consistently more effective than comparison

treatments and manipulation was more effective than mobiliza-

tion (nonthrusting).

Table 3 summarizes the above results. A review of all the reviews

on this topic was conducted by Assendelft and colleagues in

1995. This article assessed 51 reviews—17 were neutral and 34

positive for manual manipulation. The study found that the

studies had a low methodological quality, however, 9 of the 10

best methodological reviews were positive. Interestingly, the

other factors that seemed to be included in positive reviews were

that there was a spinal manipulator on the review team, a more

comprehensive literature search was conducted and that the

review only looked at spinal manipulation. They reported that

due to the low quality of the methodologies, a strong conclusion

could not be drawn and that more empirical research was

needed.
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Table 3 Review Articles

Authors QS Finding

Shekelle and colleagues66 76/100 positive effect

Koes and colleagues49 72/100 neutral effect

Assendelft and colleagues5 61/100 positive effect

Anderson and colleagues1 46/100 positive effect



Following the review by Assendelft and colleagues, several more

review articles were published in this area. In 1996, Koes and

colleagues published an updated review of the 1991 article dis-

cussed above.44 They found 36 RCTs comparing spinal manip-

ulation with other treatments—19 had favorable results for

manipulation. Of these 19, 5 trials scored between 50-60 out of

100 for quality. Three were positive; 2 were positive for sub-

groups only. Assendelft and colleagues reported that the efficacy

of spinal manipulation for patients with acute or chronic low

back pain had not been demonstrated with sound RCTs. They

further stated that there are indications that manipulation might

be effective in some subgroups.

Van Tulder and colleagues identified 16 limited quality RCTs for

acute low back pain—12 reported positive results (including the

2 high quality studies) and 4 reported negative results with

manual manipulation.73 Only two of the studies had scores

greater than 50. Nine of the 16 trials identified for chronic low

back pain. Six of the 9 reported positive results (including the 2

high quality studies), 2 reported negative results, and 1 had no

clear conclusion. Of these 9 studies discussing chronic low back

pain, only two studies had a score greater than 50. The authors

reported the following conclusions from the review.

There is:

a. limited evidence that manipulation is more effec-

tive than placebo treatment for acute low back

pain. 

b. no evidence that manipulation is more effective

than physiotherapy or drug therapy for acute low

back pain. 

c. strong evidence that manipulation is more effective

than a placebo treatment for chronic low back

pain. 

d. moderate evidence that manipulation is more ef-

fective for chronic low back pain than usual care by

the general practitioner. 

Assendelft and colleagues again recently conducted another

review.6 They reviewed 39 RCTs and used meta-regression

analysis for acute and chronic low back pain for short-term and

long-term pain and function. They compared treatment cate-

gories for sham treatment, analgesics, physical therapy, exercises,

back school, conventional general practitioner care, or ineffec-

tive/possibly even harmful therapies (traction, corset, bed rest,

home care, topical gels, no treatment, diathermy, minimal

massage). The results showed acute low back pain and chronic

low back pain were similar with regard to manual manipulation.

Manipulation was superior to sham treatment or therapies

judged to be ineffective or potentially harmful; while equal in

benefit to general practitioner care, analgesics, physical therapy,

exercise, or back school. They concluded, “Spinal manipulation

therapy is one of several options of only modest effectiveness for

patients with low back pain”. . . It is conceivable that spinal ma-

nipulation therapy is very effective for a subgroup of patients

with back pain.” 

Cherkin and colleagues14 analyzed 26 RCTs and performed a

meta-analysis for acute and chronic low back pain if manipula-

tion was the sole or predominant component of the treatment

provided to the patient. Comparison treatments were catego-

rized as sham or treatments with no benefit and other recom-

mended treatments. They found that the only statistically

significant benefit for manipulation is when compared with

sham or ineffective therapies. The paper reports that spinal ma-

nipulation was not superior to effective conventional treatments.

CONTRAINDICATIONS FOR MANUAL MANIPULATION

Contraindications for manual manipulation include bony ab-

normalities, neurologic chances, joint/ligamentous abnormali-

ties, bleeding disorders, and if the patients diagnosis is unknown.

More details regarding the contraindications for manual manip-

ulation are included in Table 4.

SIDE EFFECTS AND COMPLICATIONS

There are have been side effects and complications reported in

the literature for manual manipulation.12,68 Side effects can

include benign transient effects, reversible serious complications,

and irreversible/catastrophic complications. Benign transient

side effects can include muscle and joint soreness. Gross and col-

leagues32 reported a 1.3% incidence of increased symptoms or

side effects. Senstad and colleagues reported that up to 34% of

patients experienced discomfort they described as localized

(19%), radiating (4%), tiredness (4%), and headache (4%).

Further data showed that 10% of patients reported the discom-

fort as very noticeable and 14% reported reduced ability to work

due to discomfort. The discomfort resolved within 24 hours in

83% of patients.

Reversible serious complications of manipulation are rare but

can include progression of herniated disc with neurologic deficit.

The Swiss Society for Manual Medicine found 1408 complica-

tions out of approximately 2,268,000 manual manipulation

treatments or only 0.062%. Of the 1408, 1255 (89.1%) were

related to the cervical spine. The complications were as follows:
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1218 of 1255 were dizziness (97.05%)

12 cases of transient loss of consciousness (0.95%)

11 cases of transient radicular deficit (0.88%)

10 cases of diminished consciousness (0.79%)

4 cases of increased neurological deficit (0.32%)

Irreversible/catastrophic complications from manual manipula-

tion are extremely rare. If they occur they can include cauda

equina syndrome, anterior spinal artery syndrome, and death.

Insurance claim estimates in Canada,42 show that the risk of

serious complication (vertebrobasilar accident, spinal cord

injury, or fracture) is 5-10 per 10,000,000 manipulations, or

merely 0.0001%. The Canadian data also provided the follow-

ing information on complications: 

Mild complications – 1 per 40,000 manipulations

(0.0025%)

Major impairment – 3-6 per 10,000,000 manipula-

tions (0.00006%)

Death – less than 3 per 10,000,000 manipulations

(0.00003%)

Shekelle and colleagues66 report cauda equina syndrome in 29

patients receiving lumbar manipulation for sciatica—16 manip-

ulated under anesthesia. The risk is approximately 1 per

100,000,000 manipulations or 0.000001%. This study supports

the finding in Canada that catastrophic complications are ex-

tremely rare. Overall, the risks associated with manual medicine

are low and it is generally considered a safe intervention.

However, patient selection is still important in reducing the

complications

CLINICAL PRACTICE ISSUES

The major issue in evaluating the current literature is the report-

ing of trials with poor methodology, nonspecific patient popula-

tions, and multiple treatment modalities. It is important to

always consider clinical versus statistical significance. There is

some risk to treatment but this is limited when following clear

treatment protocols. Cost-effectiveness is another key issue to

evaluate.67 Trials have not established best treatment practices,

duration/frequency of treatments, or the best way to measure

outcomes. Better outcomes may be accomplished with clinical

decision-making pathways.15,24,25 Limitations may relate to unre-

liable and invalid physical examination tools.35,41,56,61 Review of

treatment protocols in chronic patients showed 50% of patients

improved in 2 weeks and 75% improved by the twelfth visit.69

Combining manipulation and exercise may provide the best

treatment option. In some studies manual therapy has shown a

greater improvement on measurement tools than exercise.8

However, when reviewing the literature, one needs to be cau-

tious when interpreting the length of time for follow-up. An

ongoing trial in the United Kingdom is set to look at manual

therapy and exercise, in combination and compared to usual

care.

CONCLUSION

In the author’s opinion, the most effective manipulations are

lumbar thrusting using, lumbar muscle energy, SI/pelvis muscle

energy, pelvis/sacral piriformis counterstrain, and thoracolumbar

muscle energy. When using manual manipulation, it is important
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Table 4 Contraindications for manual manipulation

1. Bony Abnormalities

Osteoporosis

Multiple Myeloma

Primary Bone Tumors

Fractures

Paget’s Disease

Osreogenesis Imprefecta

Ankylosing Spondylitis (Acute Inflammatory)

2. Neurologic Changes

Spinal Cord Tumor

Cauda Equina Compression

Central Cervical Hnp

Any Progressive Neurologic Deficit

3. Joint/Ligamentous Abnormalities

Hypermobile Joints

Rheumatoid Arthritis

Reiter’s Syndrome

Psoriatic Arthritis

4. Bleeding Disorders

Congenital or Acquired

Anticoagulant Therapy

5. Unknown Diagnosis



to reassess patient following treatment to determine if the pattern

of manual maneuvers was correct. In addition, teach patients to

treat themselves and use technology to assist home programs.

Treatments are easily added to usual physiatric and neurologic

evaluations.7,29
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New Approaches to Spine Surgery-
Disc Replacement, Vertebroplasty,

Kyphoplasty, and Beyond

Frank La Marca, MD
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University of Michigan
Ann Arbor, Michigan

INTRODUCTION

Over the last 10 years, technological advances in spinal surgery

have changed the way spine surgery is performed: from mini-

mally invasive approaches to artificial disc replacement surgery,

and from percutaneous vertebral stabilization to the possibilities

of engineered tissue therapies. The broader range of surgical

options, improved outcomes, and decreased associated risk

factors have also widened the spectrum of relative surgical indi-

cations and lowered the threshold to proceed with invasive

options (however truly minimally invasive they may be).

These changes have also affected the number of spinal interven-

tions performed nationwide on a yearly basis. In fact, this

number has increased significantly over the last 10 years as well.

Spinal fusions, for instance, have experienced a particularly dra-

matic increase in utilization. Between 1993 and 2001, overall

utilization of spine fusions increased by 315% (145 to 604

cases/100,000, p<.001). Furthermore, patterns of utilization for

middle-aged and older patient populations demonstrated the

greatest increase. When analyzing available data from the

Nationwide Inpatient Sample by patient age, utilization in-

creased 12.5% for patients under 20 years of age, 214% for pa-

tients 20-40 years of age, 505% for patients 41-60 years of age,

and 360% for patients over 60. Although analysis of immediate

outcomes revealed a low mortality rate and decreasing lengths of

stay, the cost of spinal fusion has been increasing. Furthermore,

while teaching hospitals continue to perform the majority of

spinal fusions, nonteaching hospitals seem to be performing a

significant amount of the annual caseload nationwide (on

average of 157 versus 255 cases annually, p<.001).7

As new technology becomes available and considered more

mainstream, many spine centers find themselves playing catch-

up to remain on the cutting edge. For this reason, many

Continuing Medical Education and nonaccredited courses have

become available to introduce these new advances into the com-

munity. However, these courses often do not allow sufficient

training in the indications for the use of these surgical techniques

or the technical aspects of their applications. 

These issues have recently become a hot topic in the media cre-

ating a sense of impending crisis in the medical care of society.

In any case, all surgical techniques have a similar parabolic

history of application. A new technology usually has an expo-

nential increase during its initial introduction where there is a

steady learning curve for the surgical community. This is fol-

lowed by wide-range application of the technology in order to

push the limits of its indications. Finally, the reality of the new

technology’s limits, and the results of time-proven outcome

studies help in settling the technology’s novelty into its rightful

place in the armamentarium of treatment options offered to pa-

tients.

This manuscript aims to help physicians understand where spine

surgery is headed in terms of the newest technological advances

and based on the experimental and clinical data available at

present. Although none of these approaches to spine surgery can
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be considered state-of-the-art at this time, many believe they will

change the face of spine surgery in the future. 

TOTAL DISC REPLACEMENT

In orthopedic surgery, joint fusion has long been abandoned in

favor of joint arthroplasty, as it has the obvious advantage of con-

serving joint movement and function. Spinal disc replacement

surgery was attempted as early as the 1950s. The amount of

movement that a single disc space is responsible for in total

spinal mobility is but a fraction of the whole. For this reason,

prosthesis surgery has not been viewed as significantly advanta-

geous in the spine as is the case for other parts of the body.

Treatment of a painful degenerated disc that fails to respond to

conservative and medical management usually consists of the

limited option of eliminating the abnormal motion segment al-

together with a fusion operation. In the 1980s and 1990s, the

technological advances in design materials and a better under-

standing of spine biomechanics have made disc replacement

surgery a more viable reality.

At present there are various disc replacement investigational

device exemption (IDE) studies underway in the United States

both for cervical and lumbar disc replacement. These trials are

based on the positive results available from European disc re-

placement experiences and on the presumption that the overall

benefit for the patient is greater or at least as good as the docu-

mented outcomes obtained from spinal fusion. The belief is that

disc replacement surgery will also decrease the economic burden

of spine surgery on the healthcare system by reducing future

surgery to adjacent intervertebral levels that endure increased

stress after spinal fusion. The hope is that this technology will

also decrease the length of the patient’s hospital stay and the

amount of time required to return to work. However, these hy-

potheses have not been proven and will depend entirely on the

results of the disc replacement surgeries over time.

There are many types of disc designs currently being studied.

Fundamentally they are based on two types of biomechanical

characteristics. The first is a constrained or semiconstrained

design that permits a certain degree of motion in the sagittal and

coronal plane; the second are unconstrained motion designs that

usually have the characteristic of also permitting motion in the

axial plane. These latter discs, for the most part, are composed of

multiple parts that interact with each other, although there is a

desire to create a single, pre-assembled piece. 

The disc designs that are under IDE study trial in the United

States have, for the most part, already been used for many years

in Europe. In particular, the SB Charité lumbar disc (Depuy

Spine, USA), which is farther along in the process of obtaining

Food and Drug Administration (FDA) approval than competi-

tors (by the time of publication of this review it will probably be

FDA approved), is made of two metal (cobalt-chrome) endplates

with a sliding polyethylene core between them. The device, as all

artificial mechanical discs, is implanted via an anterior approach

to the spine. Since 1987 over 5000 SB Charité discs have been

implanted worldwide. 

Other lumbar discs presently under trial are: the Prodisc (Spine

Solutions/Synthes, USA) which is a semiconstrained device

whose design permits less translatory motion as compared to the

unconstrained SB Charité; and the Maverick lumbar disc

(Medtronic Sofamor Danek, USA) which is metal on metal con-

strained design. 

Overall, the rate of favorable results achieved with these devices

ranges from 63-91%, with most studies reporting good results in

over 70% of patients.3,8,13,16,17,22,24 The follow-up period in these

studies ranges from 5.8 months to more than 8 years. American

IDE studies currently underway compare the outcome of total

disc replacement in a randomized fashion to lumbar fusion.

Recent results have shown comparable outcome in using

Oswetry and visual analogue scale outcomes and time of return

to work, although they report improvement of motion when

compared to fusion.18,25

Similar results have been reported in regards to cervical disc pros-

theses.9 The Bryan cervical disc (Medtronic Sofamor Danek,

USA) has recently completed enrollment in its USA IDE study

and is awaiting the results of the 2 year required follow-up of pa-

tients. The Bryan is a low friction, wear-resistant, elastic nucleus

that is sandwiched between two titanium plates. 

Complications regarding the implant of these devices have been

reportedly low. Complications have included neurological

deficit, sympathetic disturbance, hematoma, retrograde ejacula-

tion, and other complications similar to what is reported in cases

of anterior lumbar interbody fusion procedures. However, com-

plications specific to the disc implant itself include the risk of

disc extrusion, malpositioning, infection, and arthodesis.

NUCLEUS POLPOSUS REPLACEMENT 

Although disc annulus tears are often present in patients with

discogenic axial pain and often considered the initiating cause of

disc degeneration itself, it is dehydration of the nucleus polposus

and degeneration of its supporting mass that causes the charac-

teristic black disc appearance on magnetic resonance imaging

scans. Disc nucleus replacement has an advantage over total disc

replacement as it can also be used as a post-discectomy disc aug-

mentation, which aids in the prevention of progressive disc de-

generation by eliminating neurotoxic agents activated by nucleus

polposus leakage, as well as an alternative for fusion. Hydrogel

appears to be the most widely used material for nucleus replace-

ment. The prosthetic disc nucleus (PDN) is a hydrogel core



encased in a polyethylene jacket that prevents the hydrogel from

expanding too much. Klara and Ray reported a group of 51 pa-

tients in whom the Oswetry disability scores improved from 52

to a score of 10 at 2-year follow-up.10 The PDN, however, has

been explanted in 10% of cases and has a relatively high inci-

dence (as high as 6%) of device displacement.

With the goal of obtaining a design that mimics the natural disc

nucleus, hydrogel memory coiling material has been developed.

The coil is inserted into the disc space and as it hydrates it fills

the disc cavity. Other injectable disc replacement materials are

also under investigation at present. 

Replacement technology, although exciting and promising, is

not going to be the cure-all for axial back pain. In fact, at present,

the ideal candidate for disc replacement surgery is a patient with

axial back pain proven through physical examination, radiologi-

cal studies, provocative discogram showing a disc height of more

than 4 mm, no facet joint changes, single level disc problem, no

adjacent segment degeneration, and intact posterior elements. It

is contraindicated in patients with spondylolisthesis, osteoporo-

sis, and posterior element abnormalities.

VERTEBROPLASTY AND KYPHOPLASTY

Vertebroplasty has been used over the last decade for the treat-

ment of osteoporotic compression fractures.5 The indications for

this procedure were then widened to include pathologic com-

pression fractures due to, but not limited to, multiple myeloma.

Traditionally, an osteoporotic compression fracture is treated

conservatively with bed rest, thoracolumbar bracing, and pain

medication therapy. Vertebroplasty consists of injecting a ce-

menting material percutaneously with a large bore needle that is

directed with a postero-anterior trajectory through the vertebral

pedicle into the fractured vertebral body itself. It is a procedure

that is relatively inexpensive and can be carried out quickly

under local anesthesia. The resulting pain control is almost im-

mediate. Polymethylmethacrylate (PMMA) has always been the

preferred cement material used, although hydroxyapatite has

also been reported to have good results.4

However, the success of vertebroplasty has fallen short on several

levels. Because of the higher pressure required and lower viscos-

ity of the PMMA, cement embolus and extravasation outside of

the vertebral body into the spinal canal are well known compli-

cations.6,19

Furthermore, vertebroplasty does not have the benefit of cor-

recting the spinal deformity caused by the compression fracture

itself. It has been shown that a progressive decline in the quality

of life of elderly patients as well as worsening pulmonary func-

tion can occur in concomitance with a compression fracture.11,12

Kyphoplasty on the other hand, although more expensive and

slightly more technically challenging, has some advantages over

vertebroplasty and is becoming the preferred procedure overall

when possible. However, it is still believed, from a scientific

standpoint, that further studies are required to adequately

compare the outcomes of vertebroplasty and kyphoplasty.20

Kyphoplasty involved using an inflatable balloon tamp that is

capable of withstanding pressures as high as 400 PSI. The place-

ment of this balloon into the vertebral body using similar fluo-

roscopic techniques as in vertebroplasty permits the surgeon to

obtain a reduction of the kyphotic deformity caused by the com-

pression fracture. At the same time, the balloon creates a void

within the vertebral body which can be filled with PMMA at a

lower injection pressure and at higher viscosity thus decreasing

the risk of cement embolus and extravasation. In a prospectively

followed cohort of patients, Lieberman and colleagues observed

significant improvement in physical function and the physical,

vitality, mental health, and social function scores of the Medical

Outcomes Study Short Form Survey questionnaire after kypho-

plasty. There were five clinically insignificant cement leaks (8%

overall). Cement entered the epidural space in one patient, the

disc space in two patients, and the paraspinal tissues in three pa-

tients.14

Balloons are being developed to withstand higher pressure and

are being formed in specific shapes to fit various anatomical re-

quirements. Specialized instruments have been developed to

break up any remaining cancellous bands present within the ver-

tebral body that impede the adequate inflation of the balloons. 

Polymethylmethacrylate is known to have several pitfalls:

exothermic reaction, cardiopulmonary toxicity of the monomer,

and the lack of biointegration over time. Cement material alter-

natives are also under investigation such as carbonated apatite,21

bioactive cement,2 and calcium phosphate.1,15

CONCLUSION

Spine surgery will continue to evolve with the introduction of

better, more advanced technology. Procedures used today may

very well be antiquated and obsolete years from now as prospec-

tively randomized outcome studies help better establish the most

appropriate indications for the various treatment options avail-

able. As the innovations discussed reach mainstream application,

new ideas and improvements will evolve and define themselves,

and the natural course of scientific and clinical investigation will

continue to move forward as well. Delivery systems for gene
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therapy and new types of vectors for the delivery of these inno-

vative ideas will eventually migrate from the laboratory to the

clinical stage.23 These advancements can only help in achieving

the overall goal of all physicians who deal with spine problems:

to resolve the multiple spine pathologies that specifically

torment homo erectus. 

*The AAEM does not endorse or approve specific products or services. The
views and opinions expressed are those of the author and do not necessar-
ily state or reflect those of the AAEM. The AAEM does not assume liability for
the use of any product, service, or information provided in this manuscript.
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INTRODUCTION

Treatments for nonspecific low back pain cover a multitude of

different modalities.26 Many of these modalities have been tested

in randomized control trials (RCTs), but it has been difficult to

establish the efficacies of the different modalities reflecting the

inconclusiveness of systematic reviews. Injection therapy has

been reported to carry some effect,34 but a systematic review has

concluded that “convincing evidence is lacking on the effects of

injection therapies for low back pain.”27

Manipulation has an old tradition in treatment for low back

pain and has been studied extensively with many RCTs. It has so

far been difficult to establish the efficacy of the treatment despite

many trials. Systematic reviews have come to different conclu-

sions.5,17,32 This suggests that even if manipulation has some

effect, it does not seem to be highly effective. A recent meta-

analysis concluded that “there is no evidence that spinal manip-

ulative therapy is superior to other standard treatments for

patients with acute or chronic low back pain.”2

A biopsychosocial model39 for understanding the process in

which acute low back pain becomes a chronic situation has

gained support. Different psychosocial factors seem to be linked

to the process. Fear-avoidance behavior has been shown to be an

important factor in the development and maintenance of

chronic low back pain.38 In this model a patients’ disability is not

only a function of their pain, but also of their response to pain.37

However, how these psychosocial factors are connected to back

pain and how specific they are is not clearly understood.

Associations have been demonstrated, but there is still no evi-

dence for the magnitude of the impact of these factors and no

clear evidence of the efficacy of interventions aimed at such

factors.29

Exercises in various forms have been the mainstay of treatment

both for acute and chronic low back pain. The popular belief

that it is important to maintain strong abdominal and back

muscles in order to have a healthy back is without any scientific

foundation. The popularity of this treatment modality and the

great variety of different exercises may give an impression of ef-

fectiveness. Despite numerous trials in this area, efficacy has been

difficult to establish. A recent Cochrane review on exercise

therapy for low back pain comparing 39 RCTs concluded: “The

evidence summarized in this systematic review does not indicate

that specific exercises are effective in the treatment of acute low

back pain.” Normal activity seems to be as effective as specific ex-

ercises. However, even if vigorous exercise for chronic back pain

has not been shown to have some effect, at least no harm can be

detected.22 In other words even for persons with chronic back

pain, physical activity does not carry any deleterious effect, and

may be helpful. In a prospective cohort study performed in six

countries reviewing treatments for chronic low back pain, back

function, and the ability to return to work, the results showed

that “almost none of the commonly occurring and frequently

practiced medical interventions for patients who are sick-listed
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because of low back pain had any positive effects on either the

recorded health measures or work resumption.”12 The search

continues for finding a better cure for low back pain. 

A NEW TREATMENT

Incidental reports showing pain relief from locally administrated

botulinum toxin type A for the reduction of muscle spasms have

spurred interest in its use for low back pain. There are now

several reports on open label studies and one RCT that tested the

effect of injection of botulinum toxin into paraspinal

muscles.1,7,8,10,19,30,31 The results seem to indicate that this treat-

ment is safe and may significantly relieve chronic back pain for

up to 3 months without causing systemic side effects.19 The

treatment has also been used in both localized pain syndromes

such as piriformis syndrome and in widespread pain syndromes

such as chronic myofacial pain. Good results for pain have been

shown.6,18,21,30 The botulinum toxin injections have often tar-

geted the paraspinal muscles from L1 - L5 on the side of the pain

(or most prominent pain in chronic low back pain), with each

site receiving the same dose. Injection of botulinum toxin can be

performed using several methods. For superficial muscles, direct

injection by manual palpation can be performed, while deeper

muscles can be injected by using landmarks for specific muscles,

or by assistance of needle electromyography (EMG) guidance,

ultrasound, computerized tomography, or fluoroscopy. 

Botulinum toxin has been used for 10-15 years for muscular dys-

tonia and spasticity with good results. Botulinum toxins are the

most potent neurotoxins known to man and their use has been

studied both in medicine and in the defense industry. The toxins

bind irreversibly to the presynaptic surface of cholinergic nerve

terminals, which results in the inhibition of acetylcholine (ACh)

release and induced muscle weakness. The mechanism of action

is believed to be due to deactivation of certain presynaptic pro-

teins that are essential for release of ACh from presynaptic vesi-

cles. The inhibition of ACh release is long lasting and the clinical

effect may last 3-4 months. The restoration of function of the af-

fected nerve endings is believed to take place by collateral nerve

sprouting. This means that reinjections may be necessary.

Botulinum toxin use for more than 10 years has not shown any

long-term side effects except for the risk of atrophy or the devel-

opment of antibody formation, both of which will reduce the

clinical effect of the injection. It has been speculated that botu-

linum toxins also may have other mechanisms of action, such as

inhibition of nociceptive input by the blocking of substance P

release. 

For botulinum toxin to be effective in spinal disorders to relieve

pain, its established mechanism of action shows that muscles

must be involved and that muscular overactivity or spasms must

be believed to be responsible for the pain. Furthermore, it re-

quires that the involved muscles can be identified and subse-

quently treated. 

WHERE DOES THE PAIN COME FROM?

It has proven difficult to identify the pathoanatomical site of

pain origination. Many structures have been suggested as being

the source of pain. Different tests and diagnostic procedures

have been developed to try to identify pain from these different

structures, but so far they have had little success. 

Common diagnoses like facet joint syndrome and segmental in-

stability still lack a precise definition. Procedures that identify

such conditions with a high degree of certainty do not exist. In

a critical sense most of the specific diagnoses are hypotheses used

as diagnoses.

On the other hand, the rate of surgery for curing chronic back

pain is still growing, indicating strong beliefs in pathoanatomic

derangements. Stability and instability are terms that are funda-

mental in describing the function of the different back struc-

tures. Despite that fact, there is no clear definition in a

biomechanical system for these terms, yet they are widely used.

Instability of one or more spinal segments seems to be close to

being fully accepted as a cause for low back pain and the number

of fusion operations on the spine adds support to this belief. The

need for strong trunk muscles and ergonomic advice to preserve

the stability and integrity of the spine has dominated the con-

servative treatments for many decades and stabilizing exercises

are popular. Even if there is no clear definition of instability,

there seems to be a common understanding that instability is a

situation where a pathological motion (a little slipping), occurs

within the motion segment. Attempts to measure such patho-

logical motions using advanced techniques16 have not been able

to demonstrate instability. Terms that cannot be defined,

processes that cannot be measured, or exercises that have no clear

criteria for being a stabilizing exercise are of little value as scien-

tific tools. This seems to not have had any impact on the clini-

cal trust in the entity. 

ARE MUSCLES INVOLVED IN CHRONIC LOW BACK PAIN?

The common clinical findings of decreased range of motion of

the spine in low back pain patients points to increased muscle ac-

tivity, which points to an alteration in the recruitment system.

Toward the latter part of trunk flexion, there is a spontaneous re-

duction in the muscle electrical activity in certain paraspinal

muscles. This behavior is known as flexion/relaxation phenome-

non and was first recognized by Floyd and Silver in 1951.29
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Paquet and colleagues28 have demonstrated an altered muscle ac-

tivation pattern in patients with a former history of back pain

compared to similar back patients without previous experience.

Haig and colleagues11 have shown changes in the flexion-relax-

ation phenomenon in acute disc herniations, and Sihvonen and

colleagues33 have demonstrated increased muscle activation and

lack of flexion-relaxation in chronic low back pain patients. Pain

lasting for an extended time, for whatever reason, may lead to

the establishment of a more “bracing pattern” as the dominating

strategy for muscle activation.

Even if it is not known which processes are responsible for

muscle pain, it is a common human experience that muscles can

be painful.35 There is no suitable experimental evidence sup-

porting the hypothesis that a “pain-spasm-pain” cycle can exist

in the back. Studies have shown that experimental pain in

muscles does not increase the firing of a-motor units, but it does

increase the stretch reflex.23 An increase in such reflexes may

result in inappropriate muscle activation. 

If the notion is correct that it is important to have strong back

and abdominal muscles in order to prevent back pain and insta-

bility, the use of botulinum toxin to decrease muscle tension

would make the situation worse. It could increase instability and

compromise the integrity of the spinal segment. On the other

hand, if increased muscular activation is taking place, the func-

tion of the spinal motion segment may be greatly disturbed by

hypomobility and increased strain on the structures involved.

Decreased activity due to the action of botulinum toxin on the

muscles involved would then be beneficial. The results of the dif-

ferent trials seem to favor the latter explanation. How muscles

are involved is not readily proven. Instability can be explained as

the result of degenerative changes combined with weak muscles.

Increased muscle tone may be harder to explain and would prob-

ably be a secondary effect to other changes. For effective use of

botulinum toxin in spinal disorders, it is important to establish

what mechanisms are involved in the muscular dysfunction. 

A MODEL FOR MUSCULAR INVOLVEMENT IN LOW BACK PAIN

The lumbar musculature of the lower back is formed by a

network of smaller and larger muscles that exert various forces

on the spinal motion segments. The functions of these muscles

are to support the spine and transfer loading while providing

mobility.4 These muscles are not considered to be large genera-

tors of force due to their relatively small size and lever arm for

some of them. Their function is better considered as adjusters,

where they are capable of fine adjustments to the loads on the

spinal structures rather than stabilization. Along with the multi-

fidus, this network of muscles is capable of adjusting loads on a

single segment as well as polysegmental loads. 

The nerve endings in the outer annulus fibrosus of the disc (in

the capsule of the facet joints), and in the ligaments are most

likely part of a proprioceptive system responsible for optimal re-

cruitment of the paraspinal muscles. Mechanoreceptors are

thought to play an important role in the function of monitoring

position and movements of joints by regulating and modifying

muscle tension. These different nerve endings record the loading

on the different structures of the spine. The descending signals

that initiate muscle action are modified by the sensory input

from the proprioceptive nerve endings. Recruitment of the

paraspinal muscles are coordinated in a manner that the forces

applied to the various structures are properly distributed and in

a pattern that the loading on the motion segment is optimal re-

gardless of position. In such a system, the action of these muscles

provides the different structures with the support that is needed

in order to counteract detrimental forces and prevent injury.

Overload on specific parts is detected by high threshold nerve

endings and inhibits muscle actions responsible for the increased

loading, and thereby prevents injury. This may be the reason

why heavy physical loading does not seem to have the impact on

degeneration of the spine as earlier assumed.3,21,25

Experimental studies in a porcine model have shown that stim-

ulation of the outer annulus of the disc causes activation of

paraspinal musculature, not only on the same segmental level,

but also on different levels on both sides, indicating a complex

interaction. Injection of local anaesthetics or saline into the zy-

gapophysial joint had an effect on muscle activation on disc

stimulation. This may have been an effect of the stretching of the

joint capsule and not an effect of the injected agent.14-16 The

range of motion and innervation of the sacroiliac joint seems

well suited for detecting various loading patterns during loco-

motion. In man, the slanted position of the L5 - S1 motion

segment and the relative position of the sacroiliac joint appear to

have physiological importance for load detection. The afferent

input from sacroiliac joint receptors, as well as mechanoreceptors

in the intervertebral disc and zygapophysial joints, may con-

tribute to different degrees of muscle activation and may consti-

tute an integral regulatory system.13

The origin of such a change in recruitment of the paraspinal

muscles may be a lesion of some kind in one or more spinal

structures. The intervertebral disc is the structure of the spine

where lesions are most readily detected. It is not yet known why

disc lesions occur, but there has been mounting evidence for disc

pathology and disc changes since Mixter and Barr24 demon-

strated herniation of the nucleus pulposus and its effect on the

nerve root as a mechanism behind sciatic pain. Some of these

changes can be demonstrated on imaging, but others may only

be shown by histological methods. In most cases, the likely site

is the annulus fibrosus of a lumbar disc. Such a lesion must occur

in an innervated region of the annulus fibrosus. Depending on
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the size of the lesion, the density of the neural structures and

damage done to them, and the degree of irritation on the sur-

rounding nerve endings, the firing pattern from these nerve

endings may be altered in such a manner so as to cause increased

activation of the paraspinal or hip muscles. This muscle activa-

tion may occur in a bracing pattern and subject the muscles to

static work, which is thought to be responsible for muscle pain.9

The mechanisms by which psychosocial factors have an impact

on low back pain and the transition from acute to chronic pain

is not clear, although it may be explained on the basis of spinal

reflexes. These factors have a major influence on the feed-

forward mechanisms or anticipatory responses. The muscular re-

sponse is triggered by what a patient anticipates. If one

anticipates that a certain movement will result in pain or injury

the feed-forward response will try to prevent this. Most likely it

will result in a bracing pattern of the lumbar paraspinal muscles.

The thought of what is occurring in ones back will greatly affect

the way the back is used. The more dramatic that thought is, the

more it will have an effect on behavior. Fear avoidance is a be-

havior that is a result of what one anticipates, expects, or fears

can happen in one’s back, and this governs how patients use their

back muscles. A cognitive intervention aims at changing the

thoughts that the patient’s fears are base upon. A changed

thought leads to changed behavior resulting in changed muscu-

lar activation patterns. In other words, an increase in muscle ac-

tivation maybe due to disturbed sensory input from spinal

structures and may also be reinforced or continued by behavioral

responses. 

Chronic low back pain due to failed back surgery may also be

maintained by overactivation of back muscles through the same

mechanisms. Pain relief after lumbar fusion operations may be

caused by denervation of paraspinal muscles. On the other hand,

pain increasing postoperatively may be caused by reinnervation

of paraspinal muscles inside the fused area and may be a type of

“locked-in muscle syndrome.”

THE USE OF BOTULINUM TOXIN IN SPINAL DISORDERS

Botulinum toxin type A was the first toxin to be made commer-

cially available for medical use. Recently, botulinum toxin type

B has become commercially available. Botulinum toxin type A is

available as a lyophilized freeze-dried preparation that requires

refrigeration and has to be reconstituted with normal saline

before use. The toxin comes in different units and is not readily

interchangeable. 

The efficacy of the treatment rests upon the ability to identify

the muscles involved and to precisely target these muscles. In

chronic low back pain this may not be easy due to the extensive

network of different muscles and the fact that the injected toxins

do not significantly spread to adjacent muscles. One way of

solving this can be by targeting several paraspinal muscles and

hoping that some of the important pain-generating muscles have

been injected. Another strategy is to target the levels that are

most tender on palpation. This is performed in the multifidus

muscles by pressing the thumb adjacent to the supraspinal liga-

ment; at this point, the multifidus should be at least partially felt.

The injection into the muscles on the levels identified could then

be performed by EMG guidance. The muscles to inject would

be those that the patient cannot readily relax voluntarily.

Injection of 10 units of botulinum toxin type A on each site

would be sufficient. 

The psoas muscle seems often to be involved in spinal pain and

is most easily palpated just above the inguinal ligament. The ten-

derness on palpation must be compared to the nonpainful side

since some patients are normally tender on palpation in this

region. The piriformis muscle is often also tender on palpation

if the psoas is involved. Sometimes it is sufficient to inject only

the psoas muscle for the piriformis and even the paraspinal

muscles to relax. This author seldom finds only one muscle (e.g.,

the piriformis muscle) that has increased muscle tone. Most of

the time there are several muscles involved. This indicates that

there might not be specific muscle syndromes like the piriformis

syndrome, but rather a disturbance in the normal activation trig-

gering different muscles into different actions depending on the

nature and site of the primary cause. The psoas, quadratus lum-

borum, and the piriformis muscle are most easily injected using

computer tomography guidance to verify that the tip of the

needle is in the right position. Sometimes patients experience in-

creased pain as a result of botulinum toxin injection. In these

cases, increased muscle activation is often found in other muscles

than those injected. This may be due to loss of inhibition from

the injected muscles. It is important to explain this to the

patient. Uncertainty on the patient’s part may lead to increased

co-activation of paraspinal muscles and thus increase the pain. 

The injection of botulinum toxin may be used as a diagnostic

test to rule out or to establish if muscles are the pain generators.

The result will depend on the ability to identify the muscles to

be tested. Local anaesthesia will block both sensory and motor

activity, but botulinum toxins will only block motor activity.

Thus it may be possible to differentiate muscles as the pain gen-

erator or determine if the pain comes from other causes. 

Especially challenging are patients with failed back surgery that

have increased pain after surgery. The normal anatomy of the

paraspinal structures is greatly disturbed and most of the time it

is impossible to identify specific structures, such as muscles.

Reinnervation of muscles inside the fused area may be responsi-

ble for the muscle activation in this locked-in muscle syndrome

and the use of botulinum toxin A both as a diagnostic test and

as a treatment seems promising. In order to inject muscles in
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these cases, the physician must rely on needle EMG guidance

and in a painstaking and methodical way cover the area by mul-

tiple insertions to detect a small locus of activated muscles. Small

amounts of botulinum toxins can be injected into each site

where activated muscles are found. One patient with a 4-level

fusion was injected 11 times and experienced 70–80% pain re-

duction every time. Blocking of needle EMG activity inside the

fused region seemed to be a major contributor to the reduction

of pain. However, reinjections into the same muscles do not

always produce the same effect. By choosing new muscles, a

better effect can be achieved. This finding suggests that the dis-

turbance is more of a sensory-motor control dysfunction than a

muscle problem. Further studies are needed.

SUMMARY

There is both scientific and clinical evidence that muscles may

be involved in spinal disorders. The mechanisms that may cause

this are uncertain, but there are indications as well as results from

experimental studies suggesting that corrupted sensory signals

from spinal structures may be the cause. The pattern that these

disturbances create can vary and different muscles may be in-

volved from case to case. The use of botulinum toxins in restor-

ing normal recruitment may be a challenging task, but may carry

great potential as both a diagnostic procedure and a treatment.

The difficulties lie in identifying and targeting the key muscles

involved. 

The best strategy to follow after an injection is not clear. Many

advocate vigorous exercise and stretching the muscles involved.

This may be beneficial with muscle problems, but might not

work as well if the problem is a disturbance in sensory-motor

control. If the latter is the case, patient training that involves

better coordination, normalization of behavior, and cognitive in-

terventions aimed at reducing fear avoidance behavior may be

more effective. 

More research is needed in order to have a better understanding

of the different activation patterns and whether or not key

muscles can be targeted in different patterns in order to restore

function.
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BACK PAIN

Background

Back pain is one of the most common problems affecting the in-

dustrialized world. Eighty percent of the population will have

back pain at some time during their lives.4,6,17 Two percent of the

population consult a physician each year with a complaint of

back pain.31 Back pain is the most common cause of disability in

the United States (US) for workers 45 years of age or

younger.11,26 One percent of the US population is currently on

some sort of disability for back pain.11 Disability claims for back

pain are increasing at a rate 14 times that of the rate of popula-

tion growth.10 Finally, the health costs for back pain have been

estimated at 20-50 billion dollars per year.8,9,32

Natural History of Back Pain

The majority of patients with acute back pain either with or

without associated neurologic symptoms (e.g., sensory changes,

motor findings, changes in reflexes) recover in approximately 1

month with conservative therapy (e.g., rest, graded exercise, or

anti-inflammatory medications).2,7,27 Specifically, 50% of pa-

tients recover in 2 weeks and 90% of patients recover in 6-8

weeks.

The cause of acute back pain is ultimately determined in less

than 15% of patients.2,33 As most patients recover in 6-8 weeks,

no imaging should be considered until a patient has failed con-

servative therapy. Exceptions to this will be discussed. 

Indications for Emergent Lumbosacral Spinal Imaging

While usually no imaging should be performed on patients with

acute onset of back pain until they have failed conservative

therapy, there are situations when imaging should be performed

acutely to rule out serious underlying pathology that needs to be

diagnosed and treated in a timely fashion. These “red flags”

include: (1) ruling out metastatic disease in patients with known

neoplasm or unexplained weight loss, patients greater than 50

years of age, patients with back pain that is worse when supine,

or back pain that wakes the patient at night; (2) ruling out in-

fection in patients with night sweats, chills, or other constitu-

tional symptoms, immunocompromised patients (e.g., human

immunodeficiency virus, those on corticosteroids, etc.), or “at

risk” patients (e.g., diabetes mellitus, sickle cell anemia, paraple-

gia, or a history of intravenous drug abuse); or (3) ruling out

destabilizing spinal injuries in patient status post a major trau-

matic event or even a minor traumatic event in “at risk” patients

(e.g., elderly, osteoporosis, ankylosing spondylitis, achondroplas-

tic dwarf, diffuse idiopathic skeletal hyperostosis, etc.).17
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GROSS ANATOMY OF THE LUMBOSACRAL SPINE AND ITS
CONTENTS

The lumbosacral spinal region includes osseous, disc, ligamen-

tous, vascular, and neural structures.

Osseous Structures 

The bones of the lumbosacral region include the lumbar verte-

brae (usually five) and the upper midline sacrum. Vertebrae can

be divided into anterior and posterior elements. 

The anterior portion of a vertebra is the vertebral body. The ver-

tebral body has superior and inferior endplates and primarily

consists of cancellous bone with a thin covering of compact cor-

tical bone. The posterior portion of a vertebra (also called the

vertebral or neural arch) includes the paired pedicles, lamina, su-

perior articulating processes, inferior articulating processes and

transverse processes, and a posterior midline spinous process.

The vertebral arch structures are made of cancellous bone with a

thick covering of compact cortical bone. The pars interarticularis

refers to that portion of the vertebral arch from which the supe-

rior and inferior articulating facets extend cephalad and caudally,

respectively. 

Vertebral bodies are connected to one another by intervertebral

discs, the anterior longitudinal ligament, and the posterior lon-

gitudinal ligament. Neural arch structures are connected to one

another by a series of ligaments (the facet joint capsular liga-

ments, ligamenta flava, interspinous ligaments, the intertrans-

verse ligaments, and the supraspinal ligament) as described later.

Intervertebral Discs

The intervertebral discs are located between vertebral bodies. In

the lumbar region, they are slightly thicker anteriorly. Discs are

attached to contiguous vertebral endplates by a thin layer of

hyaline cartilage. Centrally, intervertebral discs are composed of

a jelly-like substance, the nucleus pulposus, which contains rem-

nants of the embryonic notochord. Peripherally, discs are com-

posed of layers of predominantly fibrous tissue (oriented in

concentric laminae), called the annulus fibrosus. The outer

margins of the annulus fibrosus merge with the anterior longi-

tudinal ligament anterior to the intervertebral disc, and also with

the posterior longitudinal ligament posterior to the disc.

Ligaments

The anterior longitudinal ligament extends along the anterior

margin of vertebral bodies and intervertebral discs from C2 to

the sacrum. It is thicker at mid-vertebral levels than at disc levels,

is more adherent to annulus fibrosus than to ventral margins of

vertebral bodies, and is thickest in the thoracic region. The pos-

terior longitudinal ligament extends along the posterior margin

of vertebral bodies and intervertebral discs from C2 to the

sacrum. This ligament is primarily a midline structure but does

broaden laterally at the intervertebral disc levels, and is more ad-

herent to the annulus fibrosus than to the posterior margins of

vertebral bodies.

Covering the synovial-lined facet joints (which are made up of

the more posteromedially located inferior articulating facet from

an upper vertebra and the more anterolaterally located superior

articulating facet from a lower vertebral body) are capsular liga-

ments which directly attach to the respective facets on either side

of a facet joint. These ligaments blend with the ligamentum

flava. The ligamenta flava are located along the posterolateral

margins of the spinal canal bilaterally from C2 to the upper

sacrum extending from the anteroinferior portion of the lamina

of a more cephalad vertebral arch to the superior edge of the

lamina of a caudad vertebral arch leaving the anterior aspect of a

portion of each lamina uncovered by ligamentous tissue (i.e., in

these regions, the lamina are essentially contiguous with the

thecal sac). These ligaments are thickest in the lumbar region.

The intertransverse ligaments connect contiguous transverse

processes and are thin in the lumbar region. Interspinous liga-

ments connect contiguous spinous processes and are continuous

with the ligamenta flava anteriorly. The supraspinal ligament

connects the tips of the spinous processes from C7 through the

sacrum. 

Spaces of the Lumbar Spinal Canal

The epidural space of the lumbar spinal canal contains primar-

ily fat and blood vessels, though nerves that have already exited

the dural (thecal) sac pass through this region. The epidural

space is limited anteriorly by the posterior longitudinal ligament

and the discal annulus fibrosus. It is limited posterolaterally and

posteriorly by ligamenta flava, facet joint capsular ligaments, and

posterior arch osseus structures. The epidural space is continu-

ous with, and extends anterolaterally through, neural foramina

to the paraspinal regions.

The intradural space includes the subdural space (a potential

space) and the cerebrospinal fluid containing subarachnoid

space. The subarachnoid space contains the terminus of the

spinal cord in the upper lumbar region (the conus medullaris)

and the terminal nerves of the spinal cord (the cauda equina).

The filum terminale is a fibrous continuation of the conus

medullaris which is less than 1-2 mm in diameter and extends

caudally to the coccyx. It has a pial lining and contains minimal

nervous tissue. Nerve roots leave the subarachnoid space at each

spinal level and exit the spinal canal through neural foramina.
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Anatomic Regions

The central portion of the spinal canal refers to the region of the

canal located in the center of the spinal canal (i.e., behind the

posterior longitudinal ligament, medial to ligamenta flava, etc.).

The lateral recess of the spinal canal refers to that portion of the

spinal canal bordered laterally by a pedicle, anteriorly by the pos-

terolateral aspect of a vertebral body, and posteriorly by a supe-

rior articulating facet. Nerves may or may not pass through this

region depending on the lumbosacral level being evaluated. A

nerve is more likely to pass through the lateral recess (before

exiting the spinal canal under a pedicle) in the lower lumbar

region than in the upper lumbar spinal region.

The neural foramen is bordered superiorly and inferiorly by

pedicles, posteriorly by a facet joint and joint capsular ligaments,

and anteriorly by the vertebral body and by intervertebral disc

material. It contains fat, small arteries and veins, and, in its su-

perior portion (that portion of the foramen which is cephalad to

the level of an intervertebral disc), exiting nerve roots, including

the dorsal root ganglion.

Extraforaminal refers to that area immediately lateral to the

neural foramen. A nerve root that has just exited the neural

foramen is considered to be extraforaminal and is usually at the

level of an intervertebral disc.

SPINAL IMAGING TESTS 

Plain radiographs are relatively inexpensive, universally available,

and will demonstrate many osseous abnormalities that can cause

back pain. In addition, “dynamic” images can be obtained (e.g.,

lateral flexion and extension radiographs) which can demon-

strate abnormal spinal motion. The main disadvantage of plain

radiographs is that soft tissues such as the spinal cord, nerves, in-

tervertebral discs, and many pathologic processes (e.g., tumors,

abscesses, hematomas) cannot be detected. Even many intrinsic

osseous lesions are difficult to delineate. In fact, until 30% of a

bone is replaced by a pathologic process (e.g. tumor, infection),

no osseous abnormality will be seen on a plain radiograph. Like

all spinal imaging tests, abnormalities including degenerative

disease and congenital spinal stenosis may be detected by plain

radiographs in asymptomatic patients.

Myelography involves putting iodinated contrast material into

the spinal subarachnoid space via a lumbar puncture and ob-

serving contour abnormalities on or within the contrast column.

It permits direct identification of spinal stenosis and indirect

identification of abnormalities such as herniated discs, compres-

sion of nerve roots, and other soft tissue lesions. Myelography is

almost always followed (within several hours) by computerized

tomography (CT) scanning which allows better delineation of

soft tissue and osseous abnormalities. Myelography is invasive,

exposes patients to the risks of intrathecal contrast material, is ex-

pensive (more costly than a magnetic resonance imaging [MRI]

when a CT scan is obtained after the myelogram), can exacer-

bate conus medullaris or cauda equina compressive symptoms

when the necessary lumbar puncture is performed caudal to the

region of pathology, and requires a specialist physician to

perform the examination. Abnormalities can be identified on

myelography in up to one-quarter of asymptomatic patients.14

Computerized tomography scanning (without intravenous or

intrathecal contrast material) can be performed with imaging

sections less than 1 mm thick. Computerized tomography

demonstrates osseous abnormalities better than any other

imaging test. Soft tissue lesions can also be detected with much

better sensitivity than plain radiographs or myelography.

However, normal soft tissue can still be indistinguishable from

pathologic soft tissue on CT scans. This is the reason for per-

forming CT scanning after myelography as the intrathecal con-

trast improves delineation of pathologic processes on a

post-myelogram CT scan. However, plain CT scanning and

even myelography followed by CT scanning remain inferior to

MRI for evaluating neurologic structures. Spinal canal abnor-

malities can be identified on CT scans in up to one-third of

asymptomatic patients.36

Magnetic resonance imaging is an imaging technique that does

not use ionizing radiation. Magnetic resonance imaging best de-

lineates soft tissues, can be performed in any plane, and usually

does not require administration of any contrast material when

evaluating back pain in patients without previous surgery. It has

no known side effects at the field strengths used for clinical

studies. It is the only imaging technique that permits direct vi-

sualization of the conus medullaris, cauda equina, and exiting

nerve roots. While not ideal for directly visualizing osseous struc-

tures (e.g., fractures, cortical erosions), it is superb for detecting

intrinsic osseous abnormalities (e.g., metastatic disease, disci-

tis/osteomyelitis, etc.) which affect the bone marrow. Spinal ab-

normalities can be identified on MRI in up to 40% of

asymptomatic patients.35

Other less commonly used imaging tests include nuclear scintig-

raphy (i.e., bone scans) and discography. Bone scans can demon-

strate spinal metastases, but the sensitivity of such lesion

detection in the spine is less than that for MRI. However, a bone

scan evaluates the entire patient while an MRI scan evaluates

only a limited portion of the body. Discography is a provocative

test that attempts to identify an individual intervertebral disc

(which may appear entirely normal on other imaging tests) as a

cause of a patient’s symptoms by injecting the disc with contrast

material, clinically evaluating the patient during the injection as

to whether patients’ back symptoms are reproduced or exacer-

bated, and evaluating the annulus fibrosis for tears on plain ra-

diographs or a CT scan following the disc injection. The efficacy
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of discography is controversial. Neither bone scans or discogra-

phy should be used for the initial evaluation of back pain.

ROLE OF IMAGING

When performed, imaging of the spine should be used to

confirm a clinical impression of pathology based on history,

physical examination, and basic laboratory tests. When evaluat-

ing back pain (or in an asymptomatic patient), imaging tests

cannot be the sole determining factor for deciding on a treat-

ment regimen. This is because spinal imaging tests are often pos-

itive in asymptomatic patients (24% of myelography patients,14

34% of CT patients,36 and up to 40% of MRI patients35) and,

similarly, may also demonstrate abnormalities in portions of the

spine that do not correlate with patient symptoms. 

Surgery or therapeutic injections of an area of imaging abnor-

mality that does not correlate with patient symptoms will not

successfully treat patient pain and can make things worse.

“Clinical correlation” is crucial.

Imaging Algorithm

In patients with acute back pain without a red flag for serious

underlying pathology, management involves conservative

therapy without any imaging for 4-6 weeks.13 Symptoms will

resolve in up to 90% of patients during this time.

In patients with acute back pain with a clinical history, physical

examination, or laboratory findings (red flags) suggestive of frac-

ture, infection, an inflammatory process, or neoplasm, MRI

(possibly preceded by plain radiographs) should be performed.

Myelography with CT should be reserved for those patients who

cannot undergo MRI (e.g., patients with internal fixation hard-

ware or a contraindication to MRI, such as a pacemaker).

Computerized tomography should also be performed in all

trauma patients to better delineate fractures. A “normal” MRI

scan never rules out a fracture.

Patients with acute back pain that does not resolve in 6-8 weeks

should probably undergo imaging. Which imaging test to

perform is controversial. Plain radiographs in association with

selected laboratory tests (e.g., sedimentation rate) have been ad-

vocated as the first tests to be performed.16 However, if these

imaging studies are normal, does the physician stop imaging the

patient or continue with further imaging studies? It is well-

known that plain radiographs will miss many lesions that cause

back pain (e.g., herniated discs, many degenerative causes of

spinal stenosis, infection, most neoplasms). Therefore, once the

decision to perform imaging has been made, one could argue

that for any given patient, since an MRI will demonstrate the

broadest range of pathology, an MRI scan should be the first

imaging test performed. However, sometimes additional

imaging, such as plain radiographs (including flexion/extension

views to evaluate for spinal instability), or CT scanning may be

necessary to better assess osseous structures.

In patients with chronic back pain (more than 6 months) that is

not objectively progressive, psychosocial issues may complicate

evaluation and the role of imaging is less clear.13

Imaging Anatomy

The anatomy and pathology of the lumbosacral spine is best

evaluated on sagittal and axial MR/CT imaging. In the sagittal

plane (MRI scans), one needs to evaluate the spinal canal in-

cluding the distal spinal cord (conus medullaris) and the lum-

bosacral spinal canal for intracanalicular masses or stenoses. Disc

morphology/signal and vertebral marrow signal needs to be eval-

uated as well as the parasagittal sections, with special attention

being paid to the “keyhole-shaped” fat-filled neural foramina.

In the axial plane (CT and MRI scans), the various portions of

vertebra, discs, and supporting structures need to be delineated.

This would include the vertebral body, pedicles, pars interartic-

ularis, superior and inferior articulating facets, facet joints and

lamina, the ligamenta flava, intervertebral discs (looking for in-

tracanalicular, foraminal, or extraforaminal bulging, or hernia-

tion), neural foramina, lateral recesses, epidural fat, and the

thecal sac. Specifically, nerve roots need to be individually traced

from the thecal sac through the neural foramen to the paraspinal

regions at each intervertebral disc level.

LUMBOSACRAL SPINAL PATHOLOGY

Spinal Stenosis

One of the most common causes of back pain is spinal steno-

sis.28-30 By definition, spinal stenosis refers to abnormal narrow-

ing of the central spinal canal, the intervertebral neural foramina,

or the vertebral lateral recesses. Symptoms associated with steno-

sis of these structures can be due to intervertebral disc (annular),

facet, dural, anterior/posterior longitudinal ligament, or nerve

root pathology. Symptoms can either be localizing or nonspe-

cific.

The differential diagnosis of spinal stenosis includes congenital

lesions (e.g., developmentally narrowed spinal canal, achon-

droplasia, some mucopolysaccharidoses). Spinal stenosis,

however, is usually acquired and due to an underlying degener-

ative process. Acquired lesions that can cause spinal stenosis

include herniated disc material, facet degenerative changes,

thickened (not “hypertrophied”15) ligamenta flava, spondylolis-

thesis, post-operative scar, infection (e.g., phlegmon, abscess),

hematoma, epidural lipomatosis, tumor, expansile osseous

processes (e.g., Paget’s disease of bone), and trauma.
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Herniated Disc

What constitutes a herniated disc (herniated nucleus pulpo-

sus)3,20,22,23 varies among imagers and surgeons. One classifica-

tion system includes:

Bulging Disc: diffuse bulge by an intervertebral disc in

all directions extending beyond the margins of contigu-

ous vertebral bodies; the nucleus pulposus is intact; the

annulus fibrosis is intact

Protruding Disc: a focal bulge by nucleus pulposus

through some but not all annulus fibrosis fibers

Extruded Disc: focal extension of nucleus pulposus

through all annular layers; extruded disc material

remains connected to residual intradiscal nuclear mate-

rial

Migrated Disc Fragment: extruded nucleus pulposus

has separated from intradiscal nuclear material and may

be located at some distance from the affected disc

Extraforaminal Disc: lateral bulging/protruding/ex-

truded disc material can directly encroach on paraspinal

soft tissues. A laterally (extraforaminally) herniated disc

at the 4/5 level can cause L4 radiculopathy (an intra-

canalicular herniated disc at the L4/5 level compresses

the L5 nerve root). Therefore, when evaluating axial

CT/MR images, one must trace out nerve roots

through neural foramina to the level of the interverte-

bral disc. 

It should be noted that differentiating a protruding disc from an

extruded disc may be impossible with imaging. However, if the

abnormal disc material appears to have a “neck,” it should be

considered extruded. This distinction can be important as more

extruded discs will require surgery than protruding discs. Finally,

small tears in the annulus fibrosis (annular tears) can be seen on

MRI. Whether these should be considered precursors of disc

herniation or incidental findings is unknown as they are often

seen in asymptomatic patients.

Post-operative Scar

In patients who have had previous spinal surgery (usually for

herniated disc material), recurrent symptoms may be due to re-

current disc herniation which may be amenable to repeat

surgery. However, post-operative scars12 in the surgical site that

are presumably irritating local nerve roots can also cause symp-

toms. Such scars should not be operated on as patients usually

do not receive any benefit from this type of surgery and often

symptoms can be made worse. Magnetic resonance imaging can

differentiate a recurrent herniated disc from a post-operative scar.

Recurrent herniated disc material can appear as a

mass in the spinal canal encroaching on nerve root(s)

which are usually displaced. The recurrent herniated

disc material does not enhance with contrast (though it

may have some surface enhancement due to associated

granulation tissue).

Post-operative scars can also appear as a mass in the

spinal canal. However, scars will encase without signif-

icantly displacing involved nerve root(s). Scars will

enhance with contrast dye and will often outline the

encased nerve root.

A potential pitfall of attempting to differentiate recurrent disc

herniation from a post-operative scar is that granulation tissue

can extend into and essentially replace a chronically herniated

disc. Therefore, that recurrent herniated disc may enhance and

mimic a post-operative scar.

Infection

Spinal infections including discitis with or without osteomyelitis

can be difficult to diagnose in a timely manner because the

symptoms can be insidious. Magnetic resonance imaging is the

best test for assessing such infections. Findings are quite specific

for discitis with osteomyelitis (suggesting a pyogenic infection)

and also for tuberculous/fungal infections.5 Associated intra-

canalicular spread by phlegmon or frank abscess can also be de-

lineated.

Pyogenic infections are almost always centered at an interverte-

bral disk with or without extension to involve contiguous verte-

bral bodies. Inflammatory tissue appears dark on T1-weighted

scans and bright on T2-weighted scans. The margins between

disks and vertebral bodies are “blurred” and enhancement may

outline associated intradiscal, paraspinal or intracanalicular

phlegmon, or abscess. Tuberculous or fungal infections tend to

spare intervertebral discs, involve multiple contiguous vertebral

levels, and have disproportionate extravertebral involvement.

Spondylolisthesis and Spondylolysis

Spondylolisthesis and spondylolysis19 can be associated with

back pain. Spondylolysis refers to a cleft (usually oriented in the

coronal plane) through the vertebral pars interarticularis either

unilaterally or bilaterally. It is usually due to “repetitive micro-

trauma,” but is rarely seen as a congenital anomaly. It most com-

monly involves the L5 vertebra. Spondylolisthesis refers to an

anterior or posterior displacement of one vertebral body with
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respect to another. Such a “step-off” can result in central spinal

stenosis, lateral recess stenosis, or neural foraminal stenosis.

Spondylolisthesis can result from ligamentous, discal or facet de-

generative changes, or frank spondylolysis. It should be noted

that not all patients with spondylolysis develop spondylolisthe-

sis.

Degenerative End-plate Changes

An abnormal vertebral end-plate signal on MRI when seen in as-

sociation with an abnormal, presumably degenerated interverte-

bral disc (thinned disc, decreased disc signal on T2-weighted

scans) almost always represents degenerative endplate changes

and should not be confused with infection or neoplasm. Modic24

has classified these degenerative end-plate changes as follows:

Type I changes are dark on T1-weighted scans and bright on T2-

weighted scans, representing vascularized marrow; Type II

changes are bright on T1-weighted scans and intermediate or

bright on T2-weighted scans, representing fatty marrow; and

Type III changes are dark on T1-weighted and T2-weighted

scans, representing sclerosis.

Vertebral Compression Fractures

Patients with back pain can present with vertebral compression

fractures of varying etiology, variable age, and indeterminate

clinical significance. Criteria on standard MRI25 and diffusion

MRI1 have been reported for differentiating benign from ma-

lignant vertebral compression fractures. In general, if the marrow

signal from a compressed vertebral body is identical to that from

a morphologically normal vertebral body (on all imaging se-

quences), the compression fracture is benign. However, if the

signal of a compressed vertebral body is different (e.g., dark on

the T1-weighted sequence, bright on the T2-weighted sequence)

from that of the more morphologically normal vertebra, the frac-

ture may be benign (post-traumatic, osteoporotic), or malignant

(metastatic disease). At this point, CT scanning could be con-

sidered to better characterize a lesion for potential biopsy.

Vertebral Hemangiomas

Vertebral body hemangiomata18 are common vertebral lesions

(up to 11% in autopsy series) often identified on spine MRI

studies. They are usually asymptomatic, incidental findings and

are angiogenic tumors with vascular channels separated by thick-

ened bony trabeculae. On plain radiographs, hemangiomas can

demonstrate vertical striations (“corduroy” appearance). On CT

scans, thickened trabeculae with intervening low attenuation

soft tissue are essentially pathognomonic findings. On MRI,

typical hemangiomas are usually bright on both T1-weighted

and T2-weighted scans and may demonstrate minimal enhance-

ment. Vertebral hemangiomas occasionally demonstrate aggres-

sive behavior invading the spinal canal with compression of

neural structures. These more aggressive hemangiomata tend to

image more like metastases or myeloma (i.e., hypointense on

T1-weighted scans, hyperintense on T2-weighted scans with ho-

mogeneous enhancement).

Schmorl’s Nodes and Limbus Vertebra

Intraosseous disc herniations can manifest as Schmorl’s nodes or

limbus vertebra.

Schmorl’s nodes represent intervertebral disc material which has

extended through a vertebral end-plate into a vertebral body.

Such intraosseous disc herniations are best identified with

MRI.34 A limbus vertebra is an intervertebral disc that has ex-

tended through a vertebral apophysis; it is best identified with

CT.21 While usually asymptomatic, Schmorl’s or limbus disc

herniations can be associated with acute back pain and demon-

strate extensive associated bone marrow edema which can mimic

a neoplastic or infectious process.

Neural Foraminal Lesions

The fat-filled “keyholes” on sagittal MRI scans represent neural

foramina. Normally, fat outlining nerve roots and blood vessels

should be visualized in all neural foramina. Effacement of foram-

inal fat can be due to pathologic processes such as degenerative

osseous encroachment (particularly in patients with spondylolis-

thesis), foraminal disc herniations, or foraminal neoplasm.

Conus Medullaris

The spinal cord usually terminates in the upper lumbar region as

the conus medullaris. It is visible on all correctly performed lum-

bosacral MRI studies and all correctly performed myelograms.

Pathologic processes affecting the conus medullaris can cause

back pain. Intrinsic conus medullaris lesions include infection,

tumor, and vascular lesions.

Congenital abnormalities such as diastematomyelia, tethered

cord, or myelomeningocele can also be associated with back

pain.

CONCLUSION

Low back pain remains a huge medical, economic, and psy-

chosocial problem. Knowing when to image patients with back

pain and which imaging tests to perform remains a controversial

issue. In only a small minority of patients is emergent spinal

imaging truly indicated. In some patients, imaging may never be

indicated. However, there is consensus that the single best test

for evaluating the lumbosacral spine and spinal canal is MRI. If

cost and machine availability were not an issue, everyone would
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agree to begin every imaging work-up with an MRI scan.

Occasionally, particularly when further evaluating osseous ab-

normalities (or possibly arachnoiditis), myelography followed by

CT scanning will be necessary. Myelography followed by CT

scanning is the examination of choice if MRI is contraindicated

or if local internal fixation hardware limits MRI evaluation.

Dynamic flexion/extension plain radiographs are useful for as-

sessing spine stability. Scintigraphy and discography may have a

role in evaluating chronic back pain.
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INTRODUCTION

It makes no medical sense to perform electrodiagnostic (EDX)

studies on every patient a physician believes has a cervical or

lumbosacral radiculopathy. As a physician’s clinical skills

develop, one needs electrodiagnosis less often to confirm the

presence and location of a nerve root lesion. In fact, if the EDX

results are frequently a “surprise” to the physician after examin-

ing patients, it is probably time to critically review ones’ clinical

skills. However, there remains no substitute for a careful, detailed

history and physical examination in arriving at a proper diagno-

sis.

Having said that, if the use of electrodiagnosis is confined to di-

agnosis only, one will forgo a great deal of useful information

that is readily available. Some or all of this information might be

relevant for any given patient which comprises the use of “elec-

trodiagnosis beyond diagnosis.” To illustrate, suppose a colleague

refers a middle-age assembly line worker who had the onset of

prominent back and radiating leg pain after bending and lifting

6 weeks prior. The clinical examination showed toe extensor

weakness, poor tone of the extensor digitorum brevis, and a di-

minished L5 stretch reflex at the medial hamstring. If an EDX

report carries the conclusion, “There are findings of an L5

radiculopathy,” nothing will have been added to the overall

picture. 

ELECTRODIAGNOSIS FOR SEVERITY

It is known from clinical practice that the actual amount of ob-

jective abnormality does not correlate well with the subjective

level of symptoms. An EDX study—in particular a needle

study—can be helpful in estimating the severity of a root lesion.

This is accomplished with insertional activity and with motor

unit analysis. 

The scale of fibrillation potentials, 1+ to 4+, is not linear. The

amount of abnormal insertional activity, however, does allow

some estimate of severity. Remember that an EDX consultant

should not only judge the amount of fibrillation after each in-

sertion, but also the proportion of insertions that produce fibril-

lations. Taken together with recruitment and motor unit

morphology changes, the examining physician has a better idea

of the amount of nerve damage than by relying on reporting of

symptoms. 

Reduced recruitment is also useful in this regard, but keep in

mind that a root lesion of conduction block only will lead to

rapid firing of fewer motor units. 

Finally, as time passes, the motor unit morphology will become

useful as a judge of severity. Reinnervation, reflected in serra-

tions, phases, and increased amplitude and duration, follows
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denervation, and the severity of the latter can be inferred from

the former. 

ELECTRODIAGNOSIS FOR PROGNOSIS

For radiculopathies, this is closely tied to the discussion about

severity, and in turn plays a direct role in other areas to be dis-

cussed below. Naturally, the more active denervation that is

present, the more extensive the healing process must be, and the

more time will be required for function to normalize. These es-

timations are not taken in isolation. For example, the healing

time from prominent radicular nerve damage will be shorter if

the offending structure (typically a disc herniation) is medically

or surgically treated. Ongoing insult to the nerve root renders

moot a physician’s attempt to predict when the nerve damage

will resolve. 

ELECTRODIAGNOSIS TO DETERMINE TREATMENT

During the rehabilitation process, many practitioners will avoid

vigorous (i.e., to the point of exhaustion) muscle strengthening

if that muscle is still denervated. Serial, although limited needle

examinations, perhaps every 2 months, can be used to time the

onset of a more aggressive strengthening program or return to

athletic activity. The disappearance of fibrillations means that

terminal twigs have sprouted, undergone myelination, and

matured adequately. Until this is achieved, only light “func-

tional” strengthening is indicated.

Another use of electrodiagnosis here is to guide a physician’s

opinion regarding the need for operative treatment of a radicu-

lopathy, assuming in fact that the offending structure has been

identified. Many physicians reserve laminectomy (or other pro-

cedures of choice) for patients with frank denervation. While the

merits of this approach are perhaps debatable, the needle study

is the most sensitive tool to distinguish less ominous conduction

block, and indeed non-neurogenic referred symptoms, from

actual axon death. 

Finally, there is a characteristic pattern of EDX abnormalities

seen with root avulsion. Nerve conduction studies and the

needle electromyography (EMG) examination contribute to the

confirmation of this condition. Once recognized, there is no

need for surgical exploration, assuming imaging studies confirm

the avulsion. 

ELECTRODIAGNOSIS FOR WORK RELATED ISSUES

For workers with physically demanding jobs, it makes sense to

delay return to work until fibrillations have disappeared or have

virtually appeared to do so. Even then, restricted duty is indi-

cated until a few months have elapsed to allow for optimal

return of strength. For a radiculopathy, the strength should be

normal on clinical examination before allowing a fully unre-

stricted return to a heavy labor job. 

ELECTRODIAGNOSIS FOR MEDICOLEGAL ISSUES

Medicolegal issues is an area that many practitioners would just

as soon ignore, but it exists nonetheless. As an example, a defense

attorney might ask a physician to “prove” that a radiculopathy

existed prior to a work injury or car accident. The EDX consul-

tant would then need to rely on the presence or absence of fib-

rillations and on the degree of motor unit morphology

abnormalities to make such a determination. In an extreme

example, a motor vehicle accident 8 days prior could not be re-

sponsible for fibrillations throughout a myotome, with moder-

ate concomitant changes of motor unit polyphasia, amplitude,

and duration. Typically, the question is raised many months or

years after the event, and the EDX data available might be of a

nature that a physician would have trouble trusting. 

On the plaintiff ’s side, the physician might be asked to perform

a “baseline” EMG soon after an injury to document that any

subsequent abnormality indeed arose from the event in question

and did not exist before. Each physician needs to thoughtfully

determine their level of comfort with such examinations. In the

latter case, there is no medical reason for the study, just a legal

one, and that is where this author draws the line. The issue of

“timing” a radiculopathy should be undertaken with great care

and even hesitancy; attorneys are usually looking for a much

more objective determination than the data typically allow. 

An easier question to deal with is that of recurrent versus old

nerve root injury. In the face of a prior radiculopathy with a new

injury and heightened symptoms, a needle EMG study can
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usually determine with good reliability whether there has been

new nerve damage (provided sufficient time has elapsed). 

SUMMARY

An experienced EDX consultant will not hesitate to employ the

data from EDX testing to address issues well beyond the diag-

nosis itself. It is often in the best interest of the patient to do just

that. Clinically relevant input can pertain to severity, prognosis,

treatment considerations, work capabilities, and medicolegal

concerns, among others.

SUGGESTED READING

Available literature supporting electrodiagnostic studies regard-
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INTRODUCTION

The electrodiagnostic (EDX) examination—specifically the

needle electromyography (EMG) component—has been used

for more than half a century to assess patients with suspected

compressive root lesions; the latter were one of the first periph-

eral neuromuscular disorders for which the EDX examination

was demonstrated to have clinical utility. Thus, in the first book

concerned with clinical electrodiagnosis, authored by Marinacci

and published in 1955, “root compression syndrome” com-

prised one of the eight clinical chapters.9 For more than 2

decades, the most common reason for referral to the EDX labo-

ratory was radiculopathy assessment.5,10,18,19 Nonetheless, the

EDX examination has never been an excellent diagnostic proce-

dure for radiculopathies, as it is, for example, with carpal tunnel

syndrome (CTS) and brachial plexopathies. Rather, its value in

this regard is highly variable, ranging from good (at best) to poor,

depending upon the presence or absence of a multitude of

factors concerning the patients who are being studied. 

It is the premise of this author that in the past, the majority of

patients referred to the EDX laboratory for radiculopathy assess-

ment had a sufficient number of “favorable factors” to make

EDX studies on them worthwhile, and to be helpful with their

clinical management. Currently, however, as it has been for more

than a decade, most of the patients referred to the EDX labora-

tory have so many “adverse factors” that few benefit from their

EDX assessments, which prove to be little more than a waste of

resources, time, and money, and the cause of unnecessary dis-

comfort for those undergoing the assessment. These are the con-

clusions that the author has reached, based on his experience

directing an EDX laboratory at a large multispecialty clinic for

over 3 decades. Even though it seems likely that EDX consul-

tants at other tertiary care facilities, such as large clinics and

medical schools, have had similar experiences and have rendered

the same verdict about them, it is certainly possible that those

working in smaller EDX laboratories have not. Thus, it must be

emphasized that the author’s opinions probably are not applica-

ble to all EDX facilities.

The value of the EDX examination for suspected root lesions is,

as already noted, highly variable. The ideal patient (i.e., the one

who is most likely to have abnormalities on an EDX examina-

tion suggestive of a radiculopathy) conforms essentially to the

following profile: (1) is under 60 years of age (at least if a lum-

bosacral radiculopathy is in question) to avoid possibly confus-

ing EDX results from advanced age alone (e.g., unelicitable H

responses and unelicitable lower extremity sensory nerve con-

duction responses); (2) is of average or lean body habitus, to

obviate the often-formidable technical problems attendant to

studying markedly obese patients; (3) has no coexisting, poten-

tially confounding, peripheral neuromuscular problems, e.g., a

substantial polyneuropathy, or their residuals; specifically has no

history of prior radiculopathies that affected the limb(s) being

assessed; (4) has had radicular symptoms for a relatively brief

period of time (e.g., 3 weeks to 5-6 months), or has recently (but
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at least 3 weeks ago) had a notable exacerbation of symptoms

(patients meeting these time constraints are unlikely to have had

fibrillation potentials in the muscles of the affected myotome

disappear because of collateral sprouting); (5) is among the mi-

nority of those with compressive radiculopathies who have some

myotomal weakness (since the affected muscles are likely to be

weak because of axon loss, they will probably contain some fib-

rillation potentials); (6) has a normal or high pain tolerance,

thereby permitting a satisfactory EDX examination to be per-

formed; and (7) most importantly, actually has a compressive

radiculopathy. 

Whenever the members of a studied population meet the above

criteria, the positive yield in the EDX laboratory with radicu-

lopathy assessment will theoretically be high, probably greater

than 80%. Conversely, the more the members of the studied

population deviate from these criteria, the less the positive yield

on EDX examinations. In the EDX laboratory at the Cleveland

Clinic, the 1970s and the first half of the 1980s were the zenith

for radiculopathy assessments. During that era, which was prior

to the introduction of magnetic resonance imaging (MRI), the

only laboratory competition the EDX examination had in

regard to radiculopathy assessment was myelography, and with

that procedure the EDX examination could hold its own.

Beginning with the pioneering 1950 report by Shea, Woods,

and Werden17 (who were among the first to advocate using

needle EMG to diagnose radiculopathies), and extending

through at least 1968, more than half a dozen studies were pub-

lished comparing the accuracy and sensitivity of needle EMG

and myelography in the identification of radiculopathies (mainly

lumbosacral). Although these differed in some details, most con-

cluded that the two diagnostic procedures were nearly equal in

their ability to detect radiculopathies, each being positive in

about 80% of patients assessed (the actual ranges being 73-94%

for needle EMG, and 75-84% for myelography).2,6,9,11,16,17

An important point is that these high correlations between root

compression lesions and positive EDX examinations pertained

only to those persons who ultimately underwent laminectomies.

They were significantly higher than the incidence of positive

needle EMG findings (and, presumably, positive myelograms) in

all patients referred to the EDX laboratory with suspected

radiculopathies. Thus, even in the 1970s, when the EDX exam-

ination was at its prime (i.e., enjoyed its highest use and had its

highest positive yield), it was only positive in about 50-60% of

such patients, according to Goodgold and Eberstein.4 Record

review in this author’s EDX laboratory yielded similar statistics.

In the first 6 months of 1978, 442 of 1048 patients seen (42%)

were referred for suspected root compromise, and the majority

of those patients met most of the criteria previously detailed.

Consequently, it is not surprising that, in one 4-month period

during the late 1970s, evidence of cervical or lumbosacral root

compromise was detected in more than 50% of the patients re-

ferred for radiculopathy assessment, and some supportive evi-

dence of such lesions was found in another 14%.18 Granted,

about one-third of the patients referred with the clinical diagno-

sis of radiculopathy had no evidence of such on EDX examina-

tion. Nonetheless, the positive yield was still satisfactorily high,

considering that undoubtedly many of those patients did not

have actual root compromise. 

During that period at this author’s institution, an EDX exami-

nation was obtained routinely on nearly every patient with a sus-

pected radiculopathy. In many instances, these were performed

not only for diagnosis, but also to determine if a more invasive

diagnostic procedure—a myelogram—needed to be performed

(The author did not agree with the latter approach, because a

negative EDX examination does not exclude a radiculopathy).

Under the circumstances that existed at that time, the EDX ex-

amination was not being overutilized for radiculopathy assess-

ment. 

However, times change, as do the methods for diagnosing

various neuromuscular disorders. At this author’s institution,

and unquestionably in many others, the situation concerning

radiculopathy assessment was altered markedly in 1985, when

MRI was introduced. Within a few years, the EDX examination

had been supplanted by MRI as the initial, and usually the only,

laboratory procedure of choice for root evaluation. At present,

not only is the EDX examination no longer designated a first-

line procedure in this regard, but often it is not even considered

when patients with suspected root lesions are evaluated, except

under limited “certain” circumstances. Typically, this is when, for

some reason, the MRI is compromised. Unfortunately, it is

under these very circumstances that the EDX examination is ill-

suited to perform the requested task as well. It is a regrettable,

but undeniable fact that the EDX examination is most capable

of providing clinically relevant information regarding root

damage in most of the same patients that MRI is most capable

of providing such information. (For those who enjoy conceptu-

alizing with Venn diagrams, imagine a circle labeled “EDX ex-

amination” almost enclosed within a larger circle labeled

“MRI.”) Thus, the EDX examination and MRI usually are not

complimentary diagnostic procedures with root lesions. Rather,

in situations where one is helpful generally the other is helpful

also, and when either one is ineffective, so is the other. For this

reason, while the EDX examination remains a good diagnostic

procedure in a selected group of patients, it is considered redun-

dant by nearly all clinicians who are not EDX consultants. In

contrast to the favorable opinions the EDX examination gar-

nered when its value for detecting root lesions was compared to

myelography, when compared to MRI it has been found to be

substandard, if not by EDX consultants,12 then by less biased

parties. The physicians who staff the Spine Center at this
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author’s institution (where the majority of patients with possible

radiculopathies are triaged) removed the EDX examination from

their standard evaluation of patients with suspected radicu-

lopathies more than a decade ago. These physicians are neither

EDX consultants nor neuroradiologists, so presumably their

views regarding the relative merits of the EDX examination

versus MRI are based principally on their clinical experience. 

What are the advantages of MRI over EDX examination?

Several come to mind immediately. First, the MRI is not limited

by having only some of its components be used to complete ad-

vantage in the recognition of radiculopathies. The EDX exami-

nation, in contrast, is most sensitive and accurate concerning the

presence and location of a peripheral nerve fiber injury when

both the nerve conduction studies (NCSs) and the needle EMG

can be used to their fullest extent. With the typical compressive

radiculopathy, only the needle EMG is usually of value because

the NCSs are severely compromised by both the location and

severity of the lesion. Damage to the primary roots typically

occurs along the sensory fibers at a point proximal to their cell

bodies, which are located in the dorsal root ganglia.

Consequently, the sensory NCSs, which assess the peripheral

sensory fibers only up to the dorsal root ganglia, are unaffected.

As a result, in patients with radiculopathies who have persistent

sensory symptoms in a dermatomal distribution, the sensory

nerve action potentials (SNAPs) that assess fibers in that der-

matome customarily are normal. The motor NCSs could be af-

fected by radiculopathies because the latter kill the motor axons

distal to their origin, in the anterior horn cells. Consequently, if

enough axons supplying the recorded muscle degenerated the

amplitude of the compound muscle action potential (CMAP)

recorded from that muscle would be low. However, single com-

pressive radiculopathies generally only affect a portion of a com-

promised root, and only kill a minority of the fibers of those it

affects. Moreover, the muscle used for recording during a motor

NCS not only is receiving axons from the affected root, but also,

because of multisegmental innervation, it is receiving some of its

innervation from one or more adjacent roots as well. Because of

these factors, motor NCSs seldom are affected by the typical

single compressive radiculopathy. There are exceptions to this

rule, however. Occasionally, a very severe L5 radiculopathy

causes near total denervation of the tibialis anterior muscle,

which registers on the peroneal motor NCS when recording

from that muscle. Similarly, with C8 radiculopathies the hy-

pothenar muscles frequently are so denervated that the routine

ulnar motor NCS responses are low in amplitude. The situation

changes dramatically whenever two or more contiguous roots are

affected, as they frequently are with cauda equina lesions and

lumbar canal stenosis. Under these circumstances, the recorded

muscles used for motor NCSs often are severely denervated, re-

sulting in low amplitude or unelicitable responses being recorded

from them.18,19

Second, the initial timing of the procedure (i.e., when it is per-

formed in relationship to the onset of patient’s symptoms) is not

at all critical with the MRI study. In contrast, the EDX exami-

nation is extremely time-dependent, because the identification

of a radiculopathy typically rests on finding fibrillation potentials

in a myotomal distribution. Since fibrillation potentials require

approximately 21-35 days to develop in the muscles of the

myotome after motor root fibers have been killed and can, with

static lesions, disappear from those same muscles 6-12 months

after onset (because of collateral sprouting), there is obviously a

window of opportunity for the EDX examination to be positive.

The initial 21-day delay proves particularly irritating to both pa-

tients and their referring physicians. In many instances, surgeons

simply refuse to wait 3 weeks before determining the etiology of

their patients’ complaints, particularly since patients with acute

radiculopathies can undergo MRI assessments, be operated on,

and be sent home for convalescence before needle EMG would

have become positive. Although some EDX consultants have at-

tempted to reduce this time delay by seeking other myotomal

abnormalities (e.g., insertional positive sharp waves or polypha-

sic potentials), other EDX consultants have serious reservations

about this approach. On the one hand, a negative needle EMG

examination performed at 10-15 days after onset of symptoms

does not guarantee that abnormalities will not appear at a later

time in a myotomal distribution. On the other hand, many

EDX consultants have pointed out that when polyphasic poten-

tials alone are used for diagnosis, an unacceptably high level of

false positive studies is common.10,19 Therefore, both false-nega-

tive and false-positive studies may occur when anything other

than myotomal fibrillation potentials are used for diagnosis.19

The second component of the time window—that the exami-

nation may be performed so late after onset of a static lesion that

it is falsely negative—is seldom considered, even though it has

major implications for both the EDX examination and MRI.

Regarding the former, the needle EMG findings have a notori-

ous tendency to “normalize” with time. Thus, while fibrillation

potentials may be found in a myotomal distribution a few weeks

to months after the onset of a radiculopathy, they tend to disap-

pear as more time passes, due to collateral sprouting, if the lesion

is not progressive in nature. As a result, months after static root

compression begins, abnormalities may no longer be detected on

needle EMG. This is because once fibrillating muscle fibers have

been reinnervated, they cease to fibrillate, and often there are no

chronic neurogenic motor unit action potential (MUAP)

changes remaining as residuals, since an insufficient number of

motor root fibers were initially killed. (Noteworthy is that the

typical compressive radiculopathy only injures a minority of the

root fibers, and only kills a portion of those. Hence, frequently

a compressive root lesion does not leave chronic neurogenic

MUAP changes in a myotomal distribution in its wake.) With

static radiculopathies, despite the gradual disappearance of EDX

evidence of motor root compromise, pressure on both the motor
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and the sensory roots may persist, resulting in the sensory symp-

toms also persisting (Figure 1). This is one of the reasons why, “a

normal (or negative) EDX examination never excludes the

radiculopathy” must always be kept in mind. 

Third, compared to MRI, the EDX examination is considerably

more uncomfortable for the average patient. Although most pa-

tients can tolerate needle EMG, a few cannot, and generally they

relay this fact to their referring physicians, as well as their rela-

tives and acquaintances. As a result, if given a choice, most pa-

tients will choose MRIs over EDX examinations.

Fourth, surgeons typically prefer to independently evaluate the

results of the diagnostic procedures performed on their patients.

While most can do so with MRI, very few can competently in-

terpret the results of EDX examinations. For this reason alone,

most surgeons will select MRI over EDX examinations, even if

all other factors are equal.

A recent review of patients assessed in the Cleveland Clinic EDX

laboratory during the first 6 months of 2001 revealed that only

55 of 1596 (3.5%) patients were referred specifically for root

lesion evaluation. Even if patients were included whose reasons

for referral were more indefinite (but could possibly have been

for root compromise), no more than approximately 170 (11%)

of all patients assessed were studied for this reason. Not only was

the percentage of patients referred for root assessments in 2001

less than 40% of the percentage referred during a similar time

period in 1978 (170 versus 442)—even though the total

number of patients assessed during similar 6 month time periods

was half again greater in 2001 than in 1978 (1596 versus

1048)—but also most of those who were referred were far from

ideal candidates, using the criteria described above. Instead, they

were referred only when certain circumstances prevailed, as

noted, generally when the MRI examination, for one reason or

another, was unsatisfactory. What exactly were these “certain”

conditions? Most of the patients fell into at least one of three
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Figure 1 The illustration shows how muscle fibers denervated by a single radiculopathy may be reinnervated, via collateral sprouting, by
other nerve fibers supplying the muscle, while the root compression persists. Thus, the needle electromyography findings “normalize with
time.” 



categories: (1) they had chronic pain syndrome, defined as those

who have experienced pain, paresthesias, or both, for more than

1 year and who have normal or nondiagnostic neurological ex-

aminations; (2) they had already undergone multiple operations

on their necks or backs without sustained symptom relief; and

(3) they were massively obese.

The majority of patients with chronic pain syndrome had

normal, nondiagnostic neuroimaging studies, including MRI.

Most of them could be readily assigned to one of two subcate-

gories. The first included those suspected of having chronic,

static radiculopathies. In this subgroup, patients often had their

sensory symptoms in a dermatomal distribution, and many of

them had undergone prior surgical root decompression that was

either unsuccessful or only temporarily successful. Those in the

second subgroup generally had longstanding sensory complaints

that were not in any recognized anatomical distribution (der-

matomal, plexus, or peripheral nerve). Often these were consid-

ered functional in nature. Many patients in the second subgroup

were worker’s compensation cases or had personal injury litiga-

tion pending. 

Almost invariably, the EDX examinations in patients with

chronic pain syndrome, regardless of their subgroup, were either

normal or unhelpful. The EDX study might have revealed a

mild CTS, which could not possibly have been responsible for

the reported neck and upper limb symptoms, and, if the patient

had undergone prior surgical root decompression, it may have

disclosed some chronic neurogenic MUAP changes in a specific

myotomal distribution, or an absent H response, but no evi-

dence of active root compromise. A key point is that even

though all of these patients had nondiagnostic EDX examina-

tions, the possibility that at least some of them (particularly

those who had sensory complaints in a dermatomal distribution)

may actually have had cervical or lumbar compressive root

lesions was not excluded. As already noted, the EDX examina-

tion with radiculopathies has a marked tendency to “normalize”

with the passage of time. Hence, the fact that a patient with per-

sistent dermatomal sensory symptoms of several months dura-

tion has a normal needle EMG examination most certainly does

not exclude ongoing compression of sensory root fibers.18,19

Patients who had undergone prior multiple surgical procedures

on their necks or backs for root decompression typically were re-

ferred to the EDX laboratory because their radicular symptoms

had persisted or returned, and the MRI studies performed on

them were not helpful. Most often, this was because the MRIs

revealed extensive abnormalities consistent with compromise of

more than one root. In these instances, regarding suspected cer-

vical radiculopathies, the question often posed to the EDX con-

sultant was, “Exactly which one of the cervical roots is currently

injured?” Unfortunately, with the exception of C8 root lesions,

the EDX examination often cannot provide a definite answer. As

shown by Levin and colleagues, only cervical radiculopathies in-

volving the C8 root have a near pathognomonic EDX presenta-

tion on needle EMG.8 Although lesions involving the C5 root

and the C7 root have characteristic presentations, those involv-

ing the C6 root can mimic either of them7 (Figure 2).

Consequently, at times it may be impossible in the EDX labora-

tory to distinguish with certainty a C5 from a C6 radiculopathy,

or a C6 from a C7 radiculopathy, and all too frequently this is

exactly the information being sought by the clinician. Upper ex-

tremity H responses are not helpful in these situations either, as

they typically are obtained by stimulating the median nerve

while recording from the flexor carpi radialis muscle, which re-

ceives its innervation from both the C6 and C7 roots.

Consequently, a normal H response may be due to impulses tra-

versing the unaffected root, whereas an abnormal response may

be due to a lesion of both roots. 

A similar problem was experienced when patients who had un-

dergone multiple back operations were referred for EDX assess-

ment. Generally, the referral was not made for the EDX

consultant simply to detect evidence of a lumbosacral radicu-

lopathy (because it was acknowledged that the patient had had

several), but to determine the structural (vertebral) level of the

one currently active. However, this information cannot be pro-

vided by the EDX examination, because it demonstrates only

the root affected, not the anatomical level at which this is occur-

ring. For this reason, a single disc protrusion at the L4 - L5 in-

terspace may affect the L4, the L5, or the S1 root(s), depending

upon the direction it protrudes: far lateral, posterolateral (the

most common), or midline, respectively.4

In view of these limitations, it is understandable why EDX ex-

aminations under these circumstances seldom can satisfactorily

answer the questions posed by the referring clinicians, regarding

the specific cervical root compromised, or the exact anatomical

site of lumbosacral root compression. 

Morbidly obese patients were referred to the EDX laboratory for

radiculopathy assessment generally for only one reason: MRI

studies could not be performed upon them, since they exceeded

the size limits of the scanner. Confronted with this technical

problem, clinicians often turned to the diagnostic procedure

they had summarily dismissed when they assessed their typical

patients: the EDX examination. While these patients present

technical difficulties for MRI assessment, they present formida-

ble technical difficulties for EDX examinations as well. Both the

NCSs and the needle EMG are compromised. On the NCSs,

low amplitude or unelicitable responses can be difficult to inter-

pret, particularly when they are found bilaterally in the lower

limbs. The unanswerable question constantly confronted is: “Are

these abnormal responses due to pathology or to technical prob-

lems?” Usually, in this situation, low amplitude or unelicitable

CMAPs are dicounted if needle EMG of the recorded muscles
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reveals a satisfactory number of MUAPs; similarily, abnormal

lower limb SNAPs are dismissed as being technically unreliable

when they are found in the asymptomatic, as well as the symp-

tomatic, lower limb. On the needle EMG, the difficulties are

two-fold. First, sampling certain muscles may be impossible,

because the longest needles available (75 mm in most EDX lab-

oratories) simply may be too short to traverse all the overlying

adipose tissue to reach the muscle. Second, accurately locating

some of the muscles to be studied can be problematic at best,

because bony landmarks are neither visible nor palpable due to

the massive amount of overlying adipose tissue. Both of these

needle EMG problems are encountered most frequently when

attempts are made to sample the limb girdle muscle (e.g., the

hamstrings, glutei, and spinati), and the paraspinal muscles. In

many instances the EDX results are simply indeterminate, even

though more time than usual is expended on the study. 

The shortcomings of using the EDX examination for radicu-

lopathy assessment under the conditions previously detailed are

mentioned in only a few of the many publications dealing with

this topic.1,3,4,7,9,13,14 Rather, most articles and book chapters on

the subject display a more optimistic view of the topic, by fo-

cusing solely on its more basic aspects. Thus, many do not ac-

knowledge that the yield with the EDX examination fluctuates

markedly, with patient factors being the principal variable. As

early as 1982, this author was aware that patients with radicu-

lopathies who were most likely to have negative EDX studies

were “…those in whom the symptoms are quite chronic (more

than 1-2 years duration), and purely sensory in nature (e.g.,

pain). In this group of patients, root compression may not have

produced motor axon loss, and even if it did initially, significant

reinnervation with disappearance of fibrillations is likely to have

occurred in the involved muscles prior to the time of the EMG

examination.”18 However, in 1982, patients of this type made up

only a small percentage of those referred to the EDX laboratory

for radiculopathy assessment, unlike the current situation. In

2001 at least 75% of the patients referred to the Cleveland

Clinic EDX Laboratory for radiculopathy assessment were in

one or more of the three categories previously described. In the

intervening time period the situation certainly has not im-

proved. Consequently, it is understandable why root lesions

were, and are, detected in so few patients. Whenever patient se-

lection is skewed in this frustrating manner, the EDX examina-

tion for radiculopathy assessment undoubtedly is overutilized.

SUMMARY

The value of the EDX examination and radiculopathy assess-

ment is highly variable, more so than for almost any other
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Figure 2 The needle electromyography findings with cervical
radiculopathies, grouped by the surgically defined root level of in-
volvement, (Blackened circles: f ibrillation potentials with or
without reduced motor unit action potential (MUAP) recruitment or
other MUAP changes; half blackened circles: reduced MUAP re-
cruitment alone; clear circles: normal examination.) 

ADM = abductor digiti minimi; ANC = anconneus; APB = abductor pollicis brevis;
BIC = biceps; BRAC = brachioradialis; DEL = deltoid; EDC = extensor digitorum com-
munis; EIP = extensor indicis proprius; FCR = flexor carpi radialis; FDI = first dorsal
interosseous; FPL = flexor pollicis longus; INF = infraspinatus; PSP = paraspinals;
PT = pronator teres; SUP = superspinatus; TRIC = triceps.



peripheral nervous system disorder. It is mainly dependent upon

patient selection. Unfortunately, in many tertiary care facilities,

not only are far fewer patients being referred for such assess-

ments, but the majority of those being referred are extremely un-

likely to derive any meaningful benefit from the procedure. At

least at these institutions, the EDX examination is being overuti-

lized for assessing patients with suspected or possible root com-

pression. 
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CME SELF-ASSESSMENT TEST

Select the ONE best answer for each question.

1. How strong is the evidence for disc hernia removal in a

patient with severe sciatica after 3 months duration?

A. There is very strong evidence of its effectiveness.

B. There is no evidence of its effectiveness.

C. There is evidence that shows it is rarely effective.

D. There is evidence that shows it is moderately effective.

E. None of the above.

2. Discography is frequently used to try to pinpoint the pain

generator causing chronic low back pain (CLBP). Which of

the following answers is correct?

A. Discography leads to diagnostic certainty.

B. Discography’s utility has been demonstrated.

C. Discography leads to improved fusion results.

D. Discography is a very dangerous method.

E. Discography is often misleading.

3. Fusion procedures are demonstrated in both clinical follow-

up studies and randomized controlled trials (RCTs) to have

a high percentage of complications and re-operations. How

common is this over 5-year follow up?

A. 3%.

B. 5%.

C. 10%.

D. 30%.

E. 50%.

4. Doubts about fusion effectiveness for CLBP arising from

several RCTs have seen the introduction of disc prostheses

for single-level “degenerative disc disease.” Have they been

shown to be better than fusion in a short timeframe (2

years)?

A. Yes.

B. Somewhat, with less complications.

C. No.

D. They have been shown to be significantly worse.

E. None of the above.

5. In what age group has the utilization of surgical treatment

options for spine pathologies increased most in the last

decade?

A. In the 20-40-year-old age group.

B. In the 41-60-year-old age group.

C. In the over 60-year-old age group.

D. It has increased steadily in similar fashion in all age

groups.

E. It has has remained relatively stable.

6. At present, is total disc replacment available in the United

States as a surgical option for axial back pain?

A. Yes, but only on an experimental basis until Food and

Drug Administration (FDA) approval is finalized.

B. Yes, as long as a patient’s insurance covers the procedure.

C. Yes, but only for cervical disc replacement.

D. No, studies have shown inefficacy.

E. No, the FDA has not allowed this procedure to be used

until approved.

7. What are the indications for vertebroplasty or kyphoplasty?

A. Acute osteoporotic compression fracture.

B. Some types of pathologic fractures.

C. Traumatic burst fractures.

D. A and B.

E. A and C.

8. What are the advantages of kyphoplasty over vertebroplasty?

A. Kyphoplasty permits correction of kyphotic deformity.

B. Kyphoplasty decreases risk of cement embolism and

cement extravasation.

C. Cement injection can be done under low pressure with

higher cement viscosity in kyphoplasty.

D. Only A and B are true.

E. All of the above.



9. The most effective treatment for nonspecific low back pain

according to evidence-based medicine is:

A. Spinal manipulation.

B. Stabilizing exercises.

C. Injection therapy.

D. Massage.

E. No treatment has been found to be superior over others.

10. Muscular pain is caused by:

A. A pain-spasm-pain cycle.

B. Psychological disturbances.

C. Stress.

D. Fear-avoidance behavior.

E. An unknown cause.

11. Lumbar segmental instability can successfully be treated by

injection of botulinum toxin type A or B because:

A. The toxin has an effect on ligaments.

B. The toxin relaxes muscles in the spasm so the physician

can train stabilization.

C. It is easier to manipulate displaced vertebrae back in

place.

D. The diagnosis cannot be verified.

E. It strengthens the abdominal muscle corset.

12. When injecting botulinum toxin into the paraspinal muscles

one must:

A. Be in the muscles involved.

B. Be fairly close to the involved muscles because the toxin

spreads to adjacent muscles.

C. Be directly where the motor endplates are located.

D. Inject the toxin subcutaneously. 

E. None of above.

13. Multiple injections of the maximum recommended dosage

for botulinum toxin A or B may result in:

A. Permanent muscle weakness.

B. Serious systemic side effects.

C. Psychological imbalance.

D. Segmental instability.

E. None of above.

14. The majority (80-90%) of uncomplicated acute back pain

resolves in:

A. Less than 1 week.

B. 1-2 weeks.

C. 2-4 weeks.

D. 6-8 weeks.

E. Never resolves.

15. Acute imaging of new back pain should almost always be

performed in the following clinical settings EXCEPT:

A. Immediately following a high-speed motor vehicle acci-

dent.

B. History of diabetes mellitus. Taking insulin. Status post

bilateral leg amputations.

C. New onset of back pain after a 4-hour plane flight.

D. History of breast cancer treated with mastectomy 15

years prior.

E. Human immunodeficiency virus patient with low-grade

fever.

16. All of the following imaging tests could be used to initially

evaluate the spine to detect a suspected herniated disc

EXCEPT:

A. Plain radiography.

B. Myelography.

C. Computerized tomography (CT).

D. Myelography immediately followed by CT.

E. Magnetic resonance imaging (MRI).

17. L4 radiculopathy can be caused by which of the following:

1. An L3/4 intracanalicular disc extrusion.

2. An L3/4 extraforaminal disc extrusion.

3. An L4/5 extraforaminal disc extrusion.

4. An L4/5 intracanalicular disc extrusion.

A. Only 1, 2, and 3 are correct.

B. Only 1 and 3 are correct.

C. Only 2 and 4 are correct.

D. Only 4 is correct.

E. All are correct.

18. The best imaging test to assess for post-operative scar possi-

bly encasing a spinal nerve root is:

A. Myelography.

B. Non-contrast CT scanning.

C. Contrast-enhanced CT scanning.

D. Non-contrast MRI.

E. Contrast-enhanced MRI.

19. Currently in the electrodiagnostic (EDX) laboratories of

many tertiary care facilities, the type of patient least likely to

be encountered:

A. Is of normal build, and has recently developed radicular

symptoms for the first time.

B. Is massively obese.

C. Has chronic pain syndrome.

D. Has undergone multiple back or neck operations.

E. Combinations of B, C, and D.
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20. All of the following are known limitations of the EDX ex-

amination in radiculopathy assessment EXCEPT:

A. The study is highly time dependent, and can be per-

formed either too early or too late.

B. In the lumbosacral region, it can identify the root af-

fected, but not the anatomical level of injury.

C. In the cervical region, it may be incapable of distin-

guishing C6 from C7 root lesions.

D. It can be difficult to perform and interpret when at-

tempted on massively obese patients.

E. Generally, only the late responses are useful in diagnosis.

21. Which one of the following statements most accurately ex-

plains why patients with chronic pain syndrome have

normal (or nonhelpful) EDX examinations?

A. They do not have root compression; their symptoms are

functional in nature.

B. They have root compression, but it is not killing motor

root fibers.

C. They have root compression and it did kill some motor

fibers initially, but the evidence of this disappeared with

time.

D. All of the above.

E. None of the above.

22. Which one of the following statements is correct regarding

the EDX assessment with radiculopathies?

A. Both the nerve conduction studies and needle elec-

tromyography (EMG) can be used to their fullest

extent.

B. Radiculopathies are diagnosed principally by detecting

evidence of motor axon loss on needle EMG.

C. Typically, the motor axon loss is so severe that reduced

motor unit action potential recruitment is seen through-

out the myotome.

D. When dermatomal sensory loss is prominent, the ap-

propriate sensory nerve conduction response is always

affected.

E. Similar to magnetic resonance imaging studies, the

EDX examination is not time dependent.

23. Concerning radiculopathy assessment, a “negative” (i.e.,

normal) EDX examination:

A. Always excludes a root lesion.

B. For practical purposes, excludes a root lesion.

C. Usually excludes a root lesion.

D. Occasionally excludes a root lesion.

E. Never excludes a root lesion.

24. For a lower limb radiculopathy, the needle EMG study lends

a good estimate of:

A. Conduction velocity slowing.

B. Conduction block of motor fibers.

C. Motor axon death.

D. Clinical weakness.

E. Muscle stretch reflex integrity.

25. Following a radiculopathy with extensive nerve damage, a

physician would allow vigorous strengthening of the affected

muscles when:

A. Fibrillation potentials have diminished to 2+.

B. Fibrillation potentials have virtually disappeared.

C. Numbness has resolved.

D. The corresponding stretch reflex has normalized.

E. The patient feels no subjective weakness.

26. The amount of nerve damage caused by a radiculopathy is

best estimated with:

A. Needle EMG.

B. Motor evoked amplitudes.

C. Muscle stretch reflexes.

D. Manual muscle testing.

E. Degree of atrophy.

27. After nerve root avulsion has been confirmed, a physician

should recommend:

A. Referral to a neurosurgeon.

B. Serial EMG to follow reinnervation.

C. Serial nerve conduction study to follow reinnervation.

D. Physical therapy to strengthen the affected muscles.

E. Careful patient counseling about the poor prognosis.

28. A patient had a C7 radiculopathy many years ago and a car

accident 2 months ago. An EDX study is best able to deter-

mine:

A. The year in which the old radiculopathy occurred.

B. Whether any nerve damage resulted from the recent ac-

cident.

C. The likelihood that a lawsuit will be successful.

D. Whether surgical intervention is needed.

E. Whether the recent injury caused a diminished triceps

stretch reflex.
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The Best Darn Spine Program…Period!

EVALUATION

Select ANY of the answers that indicate your opinions.

Your input is needed to critique our courses and to ensure that we use the best faculty instructors and provide the best course options

in future years. Please use the computer form to answer the following questions. For the purpose of tabulating evaluations, please enter

the last 4 digits of your telephone number in the ID NUMBER box beginning with the left column and fill in the appropriate ovals

below each number. Make additional comments or list suggested topics or faculty for future courses on the comment form provided

at the end.
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29. How would you rate the quality of instruction received

during Dr. Nachemson’s presentation?

A. Best possible.

B. Good.

C. Average.

D. Fair.

E. Worst possible.

30. Select any item(s), that, if changed, would have appreciably

improved Dr. Nachemson’s presentation:

A. Quality of slides.

B. Quality of handout.

C. Amount of clinically relevant information in the presen-

tation.

D. Amount of scientific content in the presentation.

E. Other: please explain on the comment form at the back

of this handout.

31. How would you rate the quality of instruction received

during Dr. Atchison’s presentation?

A. Best possible.

B. Good.

C. Average.

D. Fair.

E. Worst possible.

32. Select any item(s), that, if changed, would have appreciably

improved Dr. Atchison’s presentation:

A. Quality of slides.

B. Quality of handout.

C. Amount of clinically relevant information in the presen-

tation.

D. Amount of scientific content in the presentation.

E. Other: please explain on the comment form at the back

of this handout.

33. How would you rate the quality of instruction received

during Dr. La Marca’s presentation?

A. Best possible.

B. Good.

C. Average.

D. Fair.

E. Worst possible.

34. Select any item(s), that, if changed, would have appreciably

improved Dr. La Marca’s presentation:

A. Quality of slides.

B. Quality of handout.

C. Amount of clinically relevant information in the presen-

tation.

D. Amount of scientific content in the presentation.

E. Other: please explain on the comment form at the back

of this handout.

35. How would you rate the quality of instruction received

during Dr. Indahl’s presentation?

A. Best possible.

B. Good.

C. Average.

D. Fair.

E. Worst possible.

36. Select any item(s), that, if changed, would have appreciably

improved Dr. Indahl’s presentation:

A. Quality of slides.

B. Quality of handout.

C. Amount of clinically relevant information in the presen-

tation.

D. Amount of scientific content in the presentation.

E. Other: please explain on the comment form at the back

of this handout.



37. How would you rate the quality of instruction received

during Dr. Quint’s presentation?

A. Best possible.

B. Good.

C. Average.

D. Fair.

E. Worst possible.

38. Select any item(s), that, if changed, would have appreciably

improved Dr. Quint’s presentation:

A. Quality of slides.

B. Quality of handout.

C. Amount of clinically relevant information in the presen-

tation.

D. Amount of scientific content in the presentation.

E. Other: please explain on the comment form at the back

of this handout.

39. How would you rate the quality of instruction received

during Dr. Geiringer’s presentation?

A. Best possible.

B. Good.

C. Average.

D. Fair.

E. Worst possible.

40. Select any item(s), that, if changed, would have appreciably

improved Dr. Geiringer’s presentation:

A. Quality of slides.

B. Quality of handout.

C. Amount of clinically relevant information in the presen-

tation.

D. Amount of scientific content in the presentation.

E. Other: please explain on the comment form at the back

of this handout.

41. How would you rate the quality of instruction received

during Dr. Wilbourn’s presentation?

A. Best possible.

B. Good.

C. Average.

D. Fair.

E. Worst possible.

42. Select any item(s), that, if changed, would have appreciably

improved Dr. Wilbourn’s presentation:

A. Quality of slides.

B. Quality of handout.

C. Amount of clinically relevant information in the presen-

tation.

D. Amount of scientific content in the presentation.

E. Other: please explain on the comment form at the back

of this handout.

43. As a result of your attendance at this course, did you learn

anything that will improve the care of your patients?

A. Yes, substantially.

B. Yes, somewhat.

C. Not sure.

D. Probably not.

E. This course was not applicable to my patients.

44. Select ALL items where improvement was needed.

A. The accuracy of advance descriptions of this course.

B. The specific topics selected for presentation.

C. The number of speakers in this course.

D. The amount of time allotted for discussion in this

course.

E. Other: please add other areas and outline specific rec-

ommendations for areas needing improvement on the

comment form at the back of this handout.

45. Should this topic be presented in the future by a different

method of presentation?

A. No, the topic of presentation should remain as a course.

B. Yes, the topic should be presented as a dinner seminar.

C. Yes, the topic should be incorporated into the plenary

session.

D. Yes, the topic should be discussed during a breakfast

session.

E. Yes, the topic should be organized as a special interest

group.
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FUTURE MEETING RECOMMENDATIONS

Select ANY of the answers that indicate your opinions.

The following questions are included with all dinner seminar, course, and plenary session evaluations. It is only necessary to answer

these questions once during the course of the entire meeting.
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46. Please indicate below your specialty:

A. Neurologist.

B. Physiatrist.

C. PhD.

D. Other.

47. How often do you attend AAEM meetings?

A. Annually.

B. Every 2-3 years.

C. Every 4 or more years.

D. This is the first AAEM meeting I have attended.

48. With regard to this years meeting, which of the smaller

group sessions did you attend? (mark all that apply)

A. Experts’ roundtables.

B. Workshops.

C. Dinner seminars.

D. None of the above.

49. If you answered none of the above to the previous question,

please answer the following. The reason I did not attend the

small group sessions was due to:

A. The timing of the event.

B. The cost of the event.

C. My lack of interest in the topics offered.

D. The session was full.

50. Did this meeting provide information that will enhance care

of your patients?

A. Extremely.

B. Somewhat.

C. Very little.

D. Not at all.

51. With regard to the social event:

A. I am signed up to attend the social event.

B. I did not sign up because of the cost of the event.

C. I did not sign up because of the day the event was

offered.

D. I did not sign up because I am not interested in attend-

ing this type of function.

52. How would you rate this meeting?

A. Poor.

B. Fair.

C. Good.

D. Very good.

E. Excellent.

53. Did this meeting meet your expectations?

A. Not at all.

B. Somewhat.

C. As expected.

D. Exceeded expectations.

E. Best ever.

54. Was the printed program clear and easy to follow?

A. Yes.

B. No.

55. With regard to the meeting hotels:

A. I stayed at one of the meeting hotels.

B. I did not stay at one of the meeting hotels.

56. If you answered B to the question above, please explain why

you did not stay at one of the meeting hotels (please make

your comments under Comments, page 55).

57. How did you first learn about the meeting? (choose the

method where you first learned about the meeting)

A. Preliminary brochure mailing.

B. Registration brochure mailing.

C. The internet.

D. Email message.

E. From a friend.

58. Did you perceive any commercial bias in any of the educa-

tional sessions offered by the AAEM at this meeting?

A. Yes.

B. No.

59. Did you attend any of the industry forums provided this

year?

A. Yes.

B. No.



60. If you answered yes to question 59 and you attended the

Pfizer Industry Forum, how would you rate the quality of the

session?

A. Best possible.

B. Good.

C. Average.

D. Fair.

E. Worst possible.

On Page 55 under comments, please provide any other

comments you have about your attendance at the Pfizer

Industry Forum.

61. If you answered yes to question 59 and you attended the

Allergan Industry Forum, how would you rate the quality of

the session?

A. Best possible.

B. Good.

C. Average.

D. Fair.

E. Worst possible.

On Page 55 under comments, please provide any other

comments you have about your attendance at the

Allergan Industry Forum.

62. How do you prefer to learn new information?

A. Lecture only.

B. Lecture in conjunction with questions and answers.

C. Small group hands-on.

D. Small group discussion.

63. I plan to attend the 2005 AAEM meeting in Monterey,

California, September 21-24.

A. Yes, definitely.

B. No, definitely.

C. Will wait to see the program content.

D. Will wait to see if budget allows my attendance.

64. I would be more likely to attend the 2005 AAEM meeting if

(please make your comments under Comments, page 55):
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COMMENTS

Given time and budget constraints, is there something we could do in terms of altering the format of the meeting that would

significantly increase the likelihood of your attendance at future AAEM meetings? Explain:

Write out any additional comments about specific courses or the plenary session (please indicate which), and list suggestions

for topics and speakers for future meetings. Leave at the AAEM Registration and Information Center or mail to the AAEM

Executive Office at 421 First Avenue SW, Suite 300 East, Rochester, MN 55902.
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