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A Mechanical Low back pain is a disorder associated with mal-alignment or
malfunctions related to the lower Spinal Column. It may indulge injury of a
Lumbar column of Spine, although in most cases the etiology is idiopathic.
It is a very common musculoskeletal disorder. It has been evaluated as one
of the most common and important disorder to infest the working population.
The main objective of this review manuscript is to present an overview of
preferred practices for managing the Mechanical low back pain and to
enlighten the lack of consensus therapist and people face regarding cause
and conservative treatment of Mechanical Low back pain. The following
study is designated as a literature review of relevant text and studies
published. The conclusion derived from the following review manuscript is
that the different physical therapist prefers different schools of thought for
mobilization; however Maitland management and McKenzie management
maneuvers are in fact the management approaches of choice and thus most
commonly implemented.  2014 Trade Science Inc. - INDIA

INTRODUCTION

What is mechanical low back pain?

It is a disorder associated with low back pain
which comprises of non specified injuries of the
lumosacral spinal column; although in most of the cases
the etiology is idiopathic. The pain is �Mechanical� in

nature and it varies with physical activity (example:
prolonged sitting, bending forward) and with time. The
pain is mainly located in the Lumbosacral region of
the spinal column, groin and thigh region and is not
associated with neurological irritation to the foot or
toes[1,2].

(a) Incidence

- Mechanical low back pain is extremely common,
affecting between 70% and 80% of world wide
adults at some point of their lives.

- An estimated 2 billion working days in a year are
lost due to Mechanical low back pain.

- Mechanical low back pain complaints are second
only to the upper respiratory tract infections as a
cause of disability in patients younger than 38 years
of age.

- Mechanical low back pain could represent 85%
among the patients reported with the problem of
simple backache. Mechanical backache affects,
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60% - 90% of the population at any time of their
lives.

(b) Etiology

- Mechanical or activity associated etiology.
- Myofascial or soft tissue injury/ disorder/ strain (Non

specific back pain).
- Mechanical low back pain consists of unspecified

injuries to the lower section of the spinal column.
- Spinal pathologies
- Neurological involvement
- Non specified low back pain
- It can also be classified as acute, sub acute and

chronic depending on duration of symptoms[1,3,4].

(c) Treatment

 There are numerous treatments maneuvers and ap-
proaches widely used and studied. Manual therapy
and mobilizations of the vertebral column are most
popular among them.

 Manual therapy refers to any intervention that in-
corporates the use of physical therapist�s hand on

the vertebral column. It is considered as the core
skill of the physiotherapists[5].

 A recent trial has revealed that motor control exer-
cises and spinal manipulative therapy (joint mobili-
zation or manipulation techniques applied to the spine
column or pelvis) they seem to produce a slightly
better short term function and short term percep-
tion of the global effect of treatment, but not better
medium or long term effects[6], in patients with
chronic nonspecific low back pain.

(d) Duration of pain and treatment methods

 Acute Low back pain: There is a slight evidence
that spinal manual therapy provides more short term
pain relief than mobilization and detuned diathermy,
and limited evidence of faster recovery than a com-
monly used physical therapy treatment strategy[3,7,8].

 Chronic low back pain: There is a moderate evi-
dence that spinal manual therapy has a suitable ef-
fect similar to an efficacious prescription based Non
steroidal anti inflammatory drugs, spinal manual
therapy/ mobilization is effective in the short term
when compared with placebo and general practi-
tioner care and in the long term when compared to
physical therapy. Though, there is limited evidence

that mobilization has inferior results as compared
to back exercise after disc herniation surgery.

 A combination of acute and chronic low back pain:
Evidences suggest that Spinal manual therapy/ Mo-
bilization provides either similar or better pain out-
comes when they are put in comparison to placebo
and other treatment maneuvers, such as McKenzie
therapy, medical care, management by physical thera-
pists, soft tissue treatment etc.[1,9] .

(e) Popular treatment methods among physical
therapist

 Several physical therapists were requested for their
opinions on the various approaches to low back
pain namely Cyriax management method, Mckinzie
management method, Myofascial release[5] and
other approaches specified by the therapists.

Common findings

 Paraspinal muscle tenderness.
 Paraspinal muscle spasm.
 Symptoms exaggerated by forward flexion, relieved

by rest.
 List to one side (variable).
 Normal neurological examination, pain confined

locally in the lower back area.

Differential diagnosis (Conditions that may mimic
musculoskeletal or mechanical low back pain)[10-

14]

 Vascular conditions example- Abdominal arterial
aneurysm.

 Gynecological condition example- Endometrosis.
 Genitourinary condition example- Prostatitis.
 Gastrointestinal conditions example- Pancreitis.
 Rheumatalogic condition example- Fibromyalgia.
 Metabolically Impairments example- Osteoporo-

sis.

Risk factors

(a) Individual factors

 Age
 Sex
 Anthropometric factors
 Patient�s general conditions

 Low back pain references
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 Lifestyle habits
 Other individual factors (Radiological disorders,

Congenital deformities, Pregnancies)

(b) Occupational factors[14-15]

 General factors
 Dynamic weight
 Resting weight
 Vibrations associated example- Construction work-

ers
 Other occupational factors example- increased

working time, aid possibilities and period of time
with profession.

 Sedentary jobs example- Computer operators, sit-
ting related jobs.

Classification

The most widely acknowledged methods of classi-
fication for low back pain is a diagnostic triage, where
patients are distinguished as falling into one of the three
groups.

With respect to the value of specific evaluation and
treatment approaches, the compiled weighted sample
estimated that 85% of therapist perceived the McKenzie
method was moderately more efficient. The McKenzie
method was rated as the �most useful� approach by

48% of therapist[16-20].
The Myofascial release is rated as the most appro-

priate by 5% of the therapists; the Cyriax treatment
approach is rated as most useful by 5% of the thera-
pists and 44% of the therapists cited a variety of other
treatment maneuvers such as patient education, pos-
tural advice, following Maitland principles, pelvic sta-
bilization and various stretching, strengthening and con-
ditioning exercises.

Physical therapists employed in the private sectors
emphasized more on the Spinal mobilization maneu-
vers for patients with acute recurrent low back pain in
comparison to the physical therapists employed in the
other clinical settings[5,9].

Specific treatment maneuvers approach

McKenzie Technique

The basic principles of this approach can be un-
derlined as follows:
1) McKenzie utilizes the response of a patient for the

repetition of all four basic movements of the Lum-

bar spine. Identifying the movements that reduces
the pain or bring about its centralization (movement
of peripheral pain towards the spinal mid line) this
forms the basis of the therapy, thus known as Move-
ment therapy.

2) He also stresses the importance of maintenance of
the normal physiological curve of lumbar lordosis
in all body positions and activities, besides back
ergonomics. Prolonged flexion postures elongate
the posterior tissues like posterior longitudinal and
supraspinous ligaments, the facet capsules, poste-
rior annular fibers of the disc thus putting excessive
pressure on the anterior surfaces of the vertebral
bodies. This forces the nucleus pulposus posteri-
orly causing nuclear bulging or some herniation.
Whereas, the lordosis of the lumbar spine is �Physi-

ological� this forces the nucleus anteriorly, away from

the neural components of the spinal canal. There-
fore, this approach lays emphasis on maintenance
of the lumbar lordosis[21].

3) This approach categorizes the origin of low back
pain due to three principle pathological conditions
and is termed as:
 Derangement Syndrome
 Dysfunction Syndrome
 Postural Syndrome.

Derangement syndrome

In this syndrome, the anatomical disruption or
displacement occurs within the intervertebral
disc. In the younger age group there is displace-
ment of the annulus complex or the fluid nucleus,
whereas in older groups degenerated annulus
or fibrosed nucleus may be present[11,22].
The disc arrangement may be:

 Minor or major posterior disc disturbance.
 Minor or major posterior lateral disc distur-

bance with impingement of nerve root or dural
sleeve with sciatica with or without deformity.

 Anterior or anterior lateral disc disturbance.

Dysfunction syndrome

The incidence of low back pain due to dys-
function syndrome is common in the age group
of 30 years. Lack of exercise, poor postural
habits or organization of fibrous collagenous
scar tissue during the process of repair may be
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precipitating factors. Pain is felt only at the ex-
treme range of movements due to overstretch-
ing of the shortened soft tissues.

Postural syndrome

It is common in younger age groups (below 30).
The pain is present adjacent to the spine. The
cause may be overstretching of the normal tis-
sues because of poor sitting or standing pos-
tures or due to lack of stretching exercises in
the sedentary professions. There is no pathol-
ogy, no loss of movements[3,8,13].

Techniques

 Lying prone
 Lying prone in extension
 Extension in lying
 Extension in lying with belt fixation
 Sustained extension
 Extension in standing
 Extension mobilization
 Extension manipulation
 Rotation mobilization in extension
 Rotation manipulation in extension
 Sustained rotation/ mobilization in flexion
 Rotation manipulation in flexion
 Flexion in lying
 Flexion in standing
 Flexion in step standing
 Correction of lateral shift
 Self correction if lateral shift

Evidences[23-27]

More than 60% of therapists inducted the
McKenzie evaluation method for all three kinds of pa-
tients (acute, sub acute, chronic) and Sacroiliac joint
screening, functional activity and joint accessory move-
ment evaluations for the patients with acute recurrent
symptoms. With respect to the value of absolute evalu-
ations and management approaches, the combined
weighted sample estimated that 85% of the physical
therapists perceived the McKenzie treatment approach
as moderately to very effective. The McKenzie method
is accredited as the most useful approach by approxi-
mately 50% of the physical therapists. The McKenzie
method is said to be the most popular approach for
managing patients with back pain. The McKenzie ap-

proaches are the most frequently used types of physio-
therapy management approach for back pain and prob-
ably neck pain. The sole aim of the management ap-
proach is to evaluate a directional preference for spinal
movement and can form the basis for prescription of
exercises. Improvement in symptoms is subsequently
assessed in terms of �centralization� a phenomenon that

has been documented quite well. The McKenzie ap-
proach for the neck and the low back pain backs up
just a little evidence in terms of randomized trials. A
large trial of sub acute and chronic back pain patients
found out that McKenzie approach, when compared
with intensive dynamic strengthening exercises. It
showed to be slightly more efficient for the duration of
2 months in improving the function but the difference
was not maintained for the long term. A recent tran-
script review of six trials concluded that there is a slight
evidence for the effectiveness of McKenzie manage-
ment approach for sub acute and chronic back pain
patients, at least in the short term. The McKenzie man-
agement approach, especially for the sub acute and
chronic back pain patients, has the potential advantage
of encouraging self help and there is a slight evidence
for its effectiveness, at least in the short term. Another
research transcript concluded that a few improvements
appeared in all groups for the low back pain, disability.
The OMT and the McKenzie approach groups showed
no consistent treatment effects at different follow up
points when only compared with the advice only groups
in the heterogenic non specified Low back patients.
Though, a slight trend emerged that the OMT and
McKenzie methods group showed some small treat-
ment effect compared with the advice only group. A
prospective RCT in which McKenzie program was
shown to be twice as effective as traction and back
schools in alleviating back pain.

Maitland techniques

The main features of Maitland concept:
 The continuous analytical assessment before, dur-

ing and after the application of each technique dur-
ing each treatment session throughout treatment.

 The gentleness of the initial treatment.
 The symptomatic responses, both during and after

the application of treatment must be assessed and
analyzed before processing.
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Maitland�s grades of oscillatory mobilizations:

 Grade 1: Small amplitude movement performed at
the beginning of motion.

 Grade 2: Large amplitude movement performed
within the range.

 Grade 3: Large amplitude movement performed up
to the limit of the range.

 Grade 4: Small amplitude movement performed at
the limit of range.

 Grade 5: High velocity thrust performed at the limit
of the range.

Techniques[28]

 Posterior anterior central vertebral pressure.
 Posterior anterior vertebral pressure as combined

movement, in lateral flexion.
 Anterior posterior central vertebral pressure.
 Posterior anterior unilateral vertebral pressure.
 Transverse vertebral pressure.

Evidences

 Gentle conservative treatment approaches, such as
Maitland�s mobilizations are frequently used by

physical therapists, applying pressure by the hands
of the physical therapists to move the vertebral joints
passively through a given range.

 The conclusions drawn from several systematic re-
view transcripts have been somewhat unclear,
mainly because of a dearth of high quality trials.
One large national study carried out in the United
Kingdom recently found out that primary care pa-
tients randomized to a spinal manipulation pack-
age, in addition to exceptional care GP manage-
ment, reported modest but significant benefits com-
pared with the patients who only received best care
GP management.

 The Physical therapy staff at a hospital in an Out-
patient Department is seen most often administer-
ing Maitland�s therapeutic approach or soft tissue

manipulations or both.

Mulligan management technique

 Mulligan pioneered a relatively new concept in
manual therapy, these maneuvers are determined
as Mobilizations with movement (MWMs) or as
Sustained natural apophyseal glides (SNAGs).

 In the case of lumbar spine Mobilizations with

movement, the techniques involve the application
of an accessory glide along the plane of
zygapophyseal (facet) joint in a weight bearing po-
sition during active movements.

 Mulligan proposes that these spinal techniques im-
prove signs and symptoms by directly facilitating
the restricted mobility of the facet joints and simul-
taneously influencing the mobility of the interverte-
bral joints.

 The clinical appropriateness and effectiveness of
these techniques are based upon whether they can
bring about immediate changes in perception of pain
and spinal mobility in a pain free manner.

 Recent evidence based study in Canada specifi-
cally investigated the use of Mobilizations with
movement techniques in low back pain manage-
ment to explain the practice of physical therapists
and explore the reported outcomes of Mobiliza-
tions with movement. The findings suggested that
one in three physical therapists currently involved
in low back pain management uses mobilization with
movements as part of his/her treatment approach
and that physical therapists use their clinical deci-
sional ability to select subjects whom they feel might
benefit from these techniques.

 Physical therapists reported that the most common
effects seen immediately after the use of mobiliza-
tions with movements were increased in the patient�s
range of motion.

 The evidences from the study suggest that flexion
Mobilizations with movements produced a statisti-
cally significant immediate improvement in range of
motion as compared to placebo intervention for true
and total lumbar spine flexion, but not for the total
lumbar spine extension or pain scores.

Muscle energy technique approach

 Muscle energy technique is an active maneuver in
which the patient instead of care provider supplies
the corrective force himself/herself.

 Greenman defined Muscle energy technique as a
manual medicine treatment procedure that involves
the voluntary contraction of patient muscle in a pre-
cisely controlled direction and manner, at varying
levels of intensity applied against a distinctly ex-
ecuted counterforce applied by the physical thera-
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pist.
 It has been hypothesized that Manual muscle tech-

nique can be used to lengthen and strengthen the
muscles to increase fluid mechanics and decrease
local edema, and to mobilize a restricted articula-
tion.

Evidence[28,29]

Results derived from a pilot study suggested that
Muscle energy technique combined with supervised neu-
romuscular re-education and resistance training exer-
cises may be superior to supervised neuromuscular re-
education and resistance training exercises alone for
decreasing disability and improving function in patients
with acute low back pain.

Cyriax treatment maneuver

 According to Cyriax management maneuver, low
back pain without sciatica is secondary to the
blocking effect of a disc protrusion on the motion in
the involved segment, back pain with local or groin
reffered symptoms is related to dural involvement
or neural irritation caused by a protrusion that is
affecting the related nerve root[30-32].

 Muscular pain, sacral joint pain and pain in the groin
are referred.

 Patterns and are not treated except by treatment of
disc lesions.

 The treatment recommended by him is manipulated
for the �hard� or annular protrusions, lumbar trac-

tion for �soft� or nuclear protrusions and epidural

steroids for persistent radiculopathy.
 Cyriax also advocate �Soft Tissue Manupilation�.

Williams flexion exercises

 The therapeutic goal to strengthen the lumbar spine
flexors and stretch those muscles and Ligamentous
structures that tend to hold the spine in extended
position.

 Curl UPS
 Pelvic tilt
 Knee
 Hip flexors stretch with the extended pre lordotic

position of the spine.

Preventive measures for mechanical backache at
work[30-34]

 Training and education

 Worker training.
 Safe methods of lifting heavy goods.
 Patient�s general condition and strength.

 Backache schools.
 Doctor�s education.

 Ergonomic work designs
 Material management.
 Posture correction.
 Workspace design.
 Body vibration.
 Worker�s selection

 Prior medical examination.
 Job performance related programs.

Others[35,36]

 Programs to quit anti social habits.
 Programs to avoid and counter Obesity.
 Programs to avoid a sedentary lifestyle.
 Programs for teaching the art of living.

CONCLUSION

Mechanical low back pain prevention requires ef-
fective knowledge of the best working conditions and
to modify them according to the need of a person. It is
a necessity to teach people the correct and efficient
way to carry out Activities of daily living. The use of
back supports and shoe modifications or use of other
biomedical supports for different body parts should be
considered as an effective preventive measure. The pref-
erence of different schools of mobilization among the
physical therapists remains varied but the schools of
thought of mobilizations of choice seem to be Maitland
and McKenzie.

REFERENCES

[1] D.C.Cherkin, R.A.Deyo, M.Battie et al; A com-
parison of physical therapy, chiropractic manipula-
tion, and provision of an educational booklet for the
treatment of patients with low back pain.
N.Engl.J.Med., 339, 1021-1029 (1998).

[2] G.B.Andersson, T.Lucente, A.M.Davis et al; A com-
parison of osteopathic spinal manipulation with stan-
dard care for patients with low back pain.
N.Engl.J.Med., 341, 1426-1431 (1999).

[3] R.A.Deyo, N.E.Walsh, D.C.Martin et al; A con-
trolled trial of transcutaneous electrical nerve stimu-



380

Review
.Role of various mobilization maneuvers in the management of low back pain RRBS, 8(10) 2014

lation (TENS) and exercise for chronic low back
pain. N.Engl.J.Med., 322, 1627-1634 (1990).

[4] G.A.Malanga, S.F.Nadler; Nonoperative treatment
of low back pain. Mayo.Clin.Proc., 74, 1135-1148
(1999).

[5] S.Carette, R.Leclaire, S.Marcoux et al; Epidural cor-
ticosteroid injections for sciatica due to herniated
nucleus pulposus. N.Engl.J.Med., 336, 1634-1640
(1997).

[6] A.C.Schwarzer, C.N.Aprill, R.Derby et al; The
false-positive rate of uncontrolled diagnostic blocks
of the lumbar zygapophysial joints. Pain, 58, 195-
200 (1994).

[7] T.G.Mayer, R.J.Gatchel, H.Mayer et al; A prospec-
tive two-year study of functional restoration in in-
dustrial low back injury. An objective assessment
procedure. JAMA, 258, 1763-1767 (1987).

[8] L.Cocchiarella, G.B.J.Andersson; American Medi-
cal Association. Guides to the Evaluation of Per-
manent Impairment, 5th Edition Chicago, Ameri-
can Medical Association, (2001).

[9] D.R.Wahlgren, J.H.Atkinson, J.E.Epping-Jordan et
al; One-year follow-up of first onset low back pain.
Pain, 73, 213-221 (1997).

[10] P.G.Shakelle; The epidemiology of low back pain.
Oxford, Butterworth-Heinemann, (1977).

[11] G.Waddell, M.Bircher, D.Finlayson, C.J.Main;
Symptoms and signs: Physical disease or illness
behaviour? Br.Med.J.Clin.Res.Ed., 289, 739-741
(1984).

[12] F.E.LeBlanc, R.L.Creuss, M.Dupuis et al; Scien-
tific approach to the assessment and management
of activity-related spinal disorders: A monograph for
clinicians. Report of the Quebec task forces on spi-
nal disorders. Spine, 12, S1-S59 (1987).

[13] P.Loisel, L.Abenhaim, P.Durand et al; A popula-
tion-based, randomized clinical trial on back pain
management. Spine, 22, 2911-2918 (1997).

[14] J.Ryan, C.Zwerling; Risk for occupational low-back
injury after lumbar laminectomy for degenerative
disc disease. Spine, 15, 500-503 (1990).

[15] G.R.Bell; Implications of the Spie Patient Outcomes
Research Trial in the clinical management of lum-
bar disk herniation. Cleveland Clinic J.Med., 74,
572-576 (2007).

[16] G.Waddell, J.A.McCulloch, E.Kummel,
R.M.Venner; Non-organic physical signs in low-
back pain. Spine, 5, 117-125 (1980).

[17] Agency for Health Care Policy and Research: Acute
low back problems in adults: Assessment and treat-

ment. Clin Pract Guidel Quick Ref Guide Clin, 3-4,
1-25 (1994).

[18] American Academy of Neurology; Practice param-
eters: Magnetic resonance imaging in the evalua-
tion of low back syndrome (summary statement).
Report of the Quality Standards Committee of the
American Academy of Neurology. Neurology, 44,
767-770 (1994).

[19] A.Malmivaara, U.Häkkinen, T.Aro et al; The treat-

ment of acute low back pain: Bed rest, exercises,
or ordinary activity? N.Engl.J.Med., 332, 351-355
(1995).

[20] S.S.Leavitt, T.L.Johnston, R.D.Beyer; The process
of recovery: Patterns in industrial back injury. Part
1. Costs and other quantitative measures of effort.
Industrial Medicine and Surgery, 40(8), 7-14
(1971).

[21] A.L.Nachemson; The natural course of low back
pain. In A.A.White, S.L.Gordon, (Eds); American
Academy of Orthopaedic Surgeons Symposium on
Idiopathic Low Back Pain. St. Louis, MO, CV
Mosby Co, 46-51 (1982).

[22] B.Lavignolle, J.M.Vital, J.Senegas et al; An ap-
proach to the functional anatomy of the sacroiliac
joints in vivo. Anatomia Clinica, 5, 169-176 (1983).

[23] W.H.Kirkaldy-Willis, R.J.Hill; A more precise di-
agnosis for low-back pain. Spine, 4, 102-109 (1979).

[24] G.F.Norman, A.May; Sacroiliac conditions simulat-
ing intervertebral disc syndrome. Western Journal
of Surgery, Obstetrics and Gynecology, 64, 461-
462 (1956).

[25] P.Davis; Evidence for sacroiliac disease as a com-
mon cause of low backache in women, Lancet, 2,
496-497 (1978).

[26] G.P.Grieve; Common Vertebral Joint Problems. New
York, NY, Churchill Livingstone Inc, (1981).

[27] R.Warwick, P.L.Williams, (Eds); Gray�s Anatomy,

Ed 35. Philadelphia, PA, WB Saunders Co, 444-
446 (1973).

[28] D.J.Cunningham; Cited by T.Dwight et al: In
G.A.Piersol, (Ed); Human Anatomy, Including Struc-
ture and Development and Practical Considerations.
Philadelphia, PA, JB Lippincott Co, 346 (1907).

[29] J.C.B.Grant; A Method of Anatomy: Descriptive
and Deductive, Edition 6. Baltimore, MD, Williams
&Wilkins, (1958).

[30] H.Weisl; The Relation of Movement to Structure in
the Sacroiliac Joint. PhD Thesis, Manchester, En-
gland, University of Manchester, (1953).

[31] S.C.Colachis, R.E.Worden, C.O.Bechtol et al;



Shashank Ghai and Ishan Ghai 381

Review
RRBS, 8(10) 2014

Movement of the sacroiliac joint in the adult male:
A preliminary report. Arch.Phys.MED.Rehabil., 44,
490-498 (1963).

[32] G.B.J.Andersson; Epidemiologic features of chronic
low-back pain. Lancet, 354, 581-585 (1999).

[33] T.S.Carey, J.Garrett, A.Jackman et al; The out-
comes and costs of care for acute low back pain
among patients seen by primary care practitioners,
chiropractors, and orthopedic surgeons. The North
Carolina Back Pain Project. N.Engl.J.Med., 333,
913-917 (1995).

[34] S.Hall, J.D.Bartleson, B.M.Onofrio, H.L.Jr.Baker,
H.Okazaki, J.D.O�Duffy; Lumbar spinal stenosis.

Clinical features, diagnostic procedures, and results
of surgical treatment in 68 patients. Ann.Internal
MED, 103, 271-275 (1985).

[35] W.C.Peul, H.C.Van Houwelingen, W.B.Van den
Hout, R.Brand, J.A.H.Eekhof, J.T.J.Tans,
R.T.W.M.Thomeer, B.W.Koes; Surgery versus pro-
longed conservative treatment for sciatica. NEJM,
356, 2245-2256 (2007).

[36] J.N.Weinstein, J.D.Lurie, T.D.Tosteson,
B.Hanscom, A.N.A.Tosteson, E.A.Blood,
N.J.O.Birkmeyer, A.S.Hilibrand, H.Herkowitz,
F.P.Cammisa, T.J.Albert, S.E.Emery, L.G.Lenke,
W.A.Abdu, M.Longley, T.J.Errico, S.S.Hu; Surgi-
cal versus nonsurgical treatment for lumbar degen-
erative spondylolisthesis. NEJM, 356, 2257-2270
(2007).


