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I. Introduction

Objective

The objective of the North American Spine Society
(NASS) Clinical Guideline for the Diagnosis and
Treatment of Degenerative Lumbar Spondylolis-
thesis is to provide evidence-based recommenda-
tions to address key clinical questions surrounding
the diagnosis and treatment of degenerative lumbar
spondylolisthesis. The guideline is intended to
reflect contemporary treatment concepts for symp-
tomatic degenerative lumbar spondylolisthesis as
reflected in the highest quality clinical literature
available on this subject as of June 2007. The goals
of the guideline recommendations are to assist

in delivering optimum, efficacious treatment and
functional recovery from this spinal disorder.

Scope, Purpose and Intended User
This document was developed by the North
American Spine Society Evidence-Based Guide-
line Development Committee as an educational
tool to assist practitioners who treat patients with
degenerative lumbar spondylolisthesis. The goal

is to provide a tool that assists practitioners in
improving the quality and efficiency of care deliv-
ered to patients with degenerative lumbar spon-
dylolisthesis. The NASS Clinical Guideline for the
Diagnosis and Treatment of Degenerative Lumbar
Spondylolisthesis provides a definition and explana-
tion of the natural history of degenerative lumbar
spondylolisthesis, outlines a reasonable evaluation
of patients suspected to have degenerative lumbar
spondylolisthesis and outlines treatment options

for adult patients with a diagnosis of degenerative
lumbar spondylolisthesis.

THIS GUIDELINE DOES NOT REPRESENT
A “STANDARD OF CARE,” nor is it intended
as a fixed treatment protocol. It is anticipated that
there will be patients who will require less or more
treatment than the average. It is also acknowledged
that in atypical cases, treatment falling outside this
guideline will sometimes be necessary. This guide-
line should not be seen as prescribing the type,
frequency or duration of intervention. Treatment
should be based on the individual patient’s need
and physician’s professional judgment. This docu-
ment is designed to function as a guideline and
should not be used as the sole reason for denial of
treatment and services. This guideline is not in-
tended to expand or restrict a health care provider’s
scope of practice or to supersede applicable ethical
standards or provisions of law.

Patient Population

The patient population for this guideline encom-
passes adults (18 years or older) with a chief com-
plaint of low back pain and/or lower extremity
symptoms related to spinal stenosis. In general,
the nature of the pain and associated patient char-
acteristics (eg, age) are more typical of a diagnosis
of spinal stenosis than discogenic low back pain,
lumbar sprain/strain, or mechanical low back pain.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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Il. Guideline Development Methodology

Through objective evaluation of the evidence and
transparency in the process of making recom-
mendations, it is NASS’ goal to develop evidence-
based clinical practice guidelines for the diagnosis
and treatment of adult patients with various spinal
conditions. These guidelines are developed for
educational purposes to assist practitioners in their
clinical decision-making processes. It is anticipated
that where evidence is very strong in support of
recommendations, these recommendations will be
operationalized into performance measures.

Multidisciplinary Collaboration

With the goal of ensuring the best possible care
for adult patients suffering with back pain, NASS
is committed to multidisciplinary involvement in
the process of guideline and performance measure
development. To this end, NASS has ensured that
representatives from medical, interventional and
surgical spine specialties have participated in the
development and review of all NASS guidelines.

It is also important that primary care providers
and musculoskeletal specialists who care for pa-
tients with spinal complaints are represented in the
development and review of guidelines that address
treatment by first contact physicians, and NASS
has involved these providers in the development
process as well. To ensure broad-based representa-
tion, NASS has invited and welcomes input from
other societies and specialties.

Evidence Analysis Training of All
NASS Guideline Developers

NASS has initiated, in conjunction with the Uni-
versity of Alberta’s Centre for Health Evidence, an
online training program geared toward educating
guideline developers about evidence analysis and

guideline development. All participants in guideline
development for NASS have completed the train-
ing prior to participating in the guideline develop-
ment program at NASS. This training includes a
series of readings and exercises, or interactivities,

to prepare guideline developers for systematically
evaluating literature and developing evidence-based
guidelines. The online course takes approximately
15-30 hours to complete, and participants have
been awarded CME credit upon completion of the
course.

Disclosure of Potential Conflicts of

Interest

All participants involved in guideline development
have disclosed potential conflicts of interest to their
colleagues and their potential conflicts have been
documented for future reference. They will not be
published in any guideline, but kept on file for ref-
erence, if needed. Participants have been asked to
update their disclosures regularly throughout the
guideline development process.

Levels of Evidence and Grades of

Recommendation

NASS has adopted standardized levels of evidence
(Appendix B) and grades of recommendation
(Appendix C) to assist practitioners in easily un-
derstanding the strength of the evidence and rec-
ommendations within the guidelines. The levels of
evidence range from Level I (high quality random-
ized controlled trial) to Level V (expert consensus).
Grades of recommendation indicate the strength of
the recommendations made in the guideline based
on the quality of the literature.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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Grades of Recommendation:

A: Good evidence (Level I studies with con-
sistent finding) for or against recommending
intervention.

B: Fair evidence (Level II or III studies with
consistent findings) for or against recommend-
1ng intervention.

C: Poor quality evidence (Level IV or V stud-

ies) for or against recommending intervention.

I: Insufficient or conflicting evidence not al-
lowing a recommendation for or against inter-
vention.

The levels of evidence and grades of recommenda-
tion implemented in this guideline have also been
adopted by the Journal of Bone and Joint Surgery,
the American Academy of Orthopaedic Surgeons,
Clinical Orthopaedics and Related Research, the
journal Spine and the Pediatric Orthopaedic Soci-
ety of North America.

In evaluating studies as to levels of evidence for
this guideline, the study design was interpreted

as establishing only a potential level of evidence.
As an example, a therapeutic study designed as a
randomized controlled trial would be considered

a potential Level I study. The study would then be
further analyzed as to how well the study design
was implemented and significant short comings in
the execution of the study would be used to down-
grade the levels of evidence for the study’s conclu-
sions. In the example cited previously, reasons to
downgrade the results of a potential Level I ran-
domized controlled trial to a Level IT study would
include, among other possibilities, an underpow-
ered study (patient sample too small, variance too
high), inadequate randomization or masking of the
group assignments and lack of validated outcome
measures.

In addition, a number of studies were reviewed
several times in answering different questions with-
in this guideline. How a given question was asked
might influence how a study was evaluated and
interpreted as to its level of evidence in answering
that particular question. For example, a random-
ized control trial reviewed to evaluate the differ-
ences between the outcomes of surgically treated
versus untreated patients with lumbar spinal steno-
sis might be a well designed and implemented Level
I therapeutic study. This same study, however,
might be classified as giving Level II prognostic
evidence if the data for the untreated controls were
extracted and evaluated prognostically.

Guideline Development Process

B Step 1: Identification of Clinical Questions
Trained guideline participants were asked to submit
a list of clinical questions that the guideline should
address. The lists were compiled into a master list,
which was then circulated to each member with

a request that they independently rank the ques-
tions in order of importance for consideration in
the guideline. The most highly ranked questions, as
determined by the participants, served to focus the
guideline.

B Step 2: Identification of Work Groups
Multidisciplinary teams were assigned to work
groups and assigned specific clinical questions to
address. Because NASS is comprised of surgical,
medical and interventional specialists, it is impera-
tive to the guideline development process that a
cross-section of NASS membership is represented
on each group. This also helps to ensure that the
potential for inadvertent biases in evaluating the
literature and formulating recommendations is
minimized.

B Step 3: Identification of Search Terms and
Parameters

One of the most crucial elements of evidence
analysis to support development of recommenda-
tions for appropriate clinical care is the compre-

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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hensive literature search. Thorough assessment of
the literature is the basis for the review of existing
evidence and the formulation of evidence-based
recommendations. In order to ensure a thorough
literature search, NASS has instituted a Literature
Search Protocol (Appendix D) which has been fol-
lowed to identify literature for evaluation in guide-
line development. In keeping with the Literature
Search Protocol, work group members have iden-
tified appropriate search terms and parameters to
direct the literature search.

Specific search strategies, including search terms,
parameters and databases searched, are documented
in the appendices (Appendix E).

B Step 4: Completion of the Literature Search
Once each work group identified search terms/
parameters, the literature search was implemented
by a medical/research librarian, consistent with the
Literature Search Protocol.

Following these protocols ensures that NASS
recommendations (1) are based on a thorough
review of relevant literature; (2) are truly based on
a uniform, comprehensive search strategy; and (3)
represent the current best research evidence avail-
able. NASS maintains a search history in Endnote,
for future use or reference.

B Step 5: Review of Search Results/Identifica-
tion of Literature to Review

Work group members reviewed all abstracts yield-
ed from the literature search and identified the
literature they will review in order to address the
clinical questions, in accordance with the Literature
Search Protocol. Members have identified the best
research evidence available to answer the targeted
clinical questions. That is, if Level I, IT and or III
literature is available to answer specific questions,

the work group was not required to review Level
IV or V studies.

B Step 6: Evidence Analysis

Members have independently developed eviden-
tiary tables summarizing study conclusions, identi-
fying strengths and weaknesses and assigning levels
of evidence. In order to systematically control for
potential biases, at least two work group members
have reviewed each article selected and indepen-
dently assigned levels of evidence to the literature
using the NASS levels of evidence. Any discrepan-
cies in scoring have been addressed by two or more
reviewers. The consensus level (the level upon
which two-thirds of reviewers were in agreement)
was then assigned to the article.

As a final step in the evidence analysis process,
members have identified and documented gaps in
the evidence to educate guideline readers about
where evidence is lacking and help guide further
needed research by NASS and other societies.

B Step 7: Formulation of Evidence-Based Rec-
ommendations and Incorporation of Expert
Consensus

Work groups held face-to-face meetings to discuss
the evidence-based answers to the clinical ques-
tions, the grades of recommendations and the
incorporation of expert consensus. Expert con-
sensus has been incorporated only where Level
I-IV evidence is insufficient and the work group
has deemed that a recommendation is warranted.
Transparency in the incorporation of consensus

is crucial, and all consensus-based recommenda-
tions made in this guideline very clearly indicate
that Level I-IV evidence is insufficient to support
a recommendation and that the recommendation is
based only on expert consensus.

Consensus Development Process

Voting on guideline recommendations was con-
ducted using a modification of the nominal group
technique in which each work group member
independently and anonymously ranked a recom-
mendation on a scale ranging from 1 (“extremely
inappropriate”) to 9 (“extremely appropriate”).
Consensus was obtained when at least 80% of

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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work group members ranked the recommendation
as 7, 8 or 9. When the 80% threshold was not at-
tained, up to three rounds of discussion and voting
were held to resolve disagreements. If disagree-
ments were not resolved after these rounds, no
recommendation was adopted.

After the recommendations were established, work
group members developed the guideline content,
addressing the literature which supports the recom-
mendations.

B Step 8: Submission of the Draft Guidelines
for Review/Comment

Guidelines were submitted to the full Evidence-
Based Guideline Development Committee, the
Clinical Care Council Director and the Advisory
Panel for review and comment. The Advisory
Panel is comprised of representatives from physical
medicine and rehab, pain medicine/management,
orthopedic surgery, neurosurgery, anesthesiology,
rheumatology, psychology/psychiatry and family
practice. Revisions to recommendations were con-
sidered for incorporation only when substantiated
by a preponderance of appropriate level evidence.

B Step 9: Submission for Board Approval

Once any evidence-based revisions were incorpo-
rated, the drafts were prepared for NASS Board
review and approval. Edits and revisions to recom-
mendations and any other content were considered
for incorporation only when substantiated by a
preponderance of appropriate level evidence.

B Step 10: Submission for Endorsement, Pub-
lication and National Guideline Clearinghouse
(NGC) Inclusion

Following NASS Board approval, the guidelines
have been slated for publication, submitted for
endorsement to all appropriate societies and sub-
mitted for inclusion in the National Guidelines
Clearinghouse (NGC). No revisions were made at
this point in the process, but comments have been
and will be saved for the next iteration.

B Step 11: Identification and Development of
Performance Measures

The recommendations will be reviewed by a group
experienced in performance measure development
(eg, the AMA Physician’s Consortium for Per-
formance Improvement) to identify those recom-
mendations rigorous enough for measure develop-
ment. All relevant medical specialties involved in
the guideline development and at the Consortium
will be invited to collaborate in the development
of evidence-based performance measures related to
spine care.

This guideline will be pilot tested among spine
care specialists and primary care physicians for one
year following publication. Findings of the pilot
test will be considered to inform future guideline
development.

B Step 12: Review and Revision Process

The guideline recommendations will be reviewed
every three years by an EBM-trained multidisci-
plinary team and revised as appropriate based on a
thorough review and assessment of relevant litera-
ture published since the development of this ver-
sion of the guideline.

Use of Acronyms

Throughout the guideline, readers will see many
acronyms with which they may not be familiar. A
glossary of acronyms is available in Appendix A.

Nomenclature for Medical/

Interventional Treatment

Throughout the guideline, readers will see that
what has traditionally been referred to as “non-
operative,” “nonsurgical” or “conservative” care
is now referred to as “medical/interventional
care.” The term medical/interventional is meant

to encompass pharmacological treatment, physi-
cal therapy, exercise therapy, manipulative therapy,
modalities, various types of external stimulators
and injections.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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l1l. Definition and Natural History of Degenerative

Lumbar Spondylolisthesis

What is the best working
definition of degenerative lumbar
spondylolisthesis?

An acquired anterior displacement of

one vertebra over the subjacent vertebra,
associated with degenerative changes, without
an associated disruption or defect in the
vertebral ring.

Work Group Consensus Statement

The literature search has revealed several reports
that describe variants of degenerative spondylolis-
thesis in which the degree of anterior displacement
is measurably affected by the posture and posi-
tion of the patient. These observations on position
dependent deformities may have significant impli-
cations for the pathophysiology and natural his-
tory of degenerative spondylolisthesis; however, no
longitudinal studies have yet addressed this issue.
The position dependent variants of spondylolisthe-
sis are therefore not included in this guideline.

Degenerative spondylolisthesis is an anatomic
finding. The clinical symptoms of degenerative
spondylolisthesis, however, are varied. Patients
with degenerative lumbar spondylolisthesis can
be asymptomatic. They can also present with axial
back pain, or with neurogenic claudication and/
or radicular pain, with or without axial back pain.
Therefore, the work group agreed upon this ana-
tomic definition but also evaluated the relevant
literature inclusive of the variations of clinical
presentation.

What is the natural history
of degenerative lumbar
spondylolisthesis?

The majority of patients with symptomatic
degenerative lumbar spondylolisthesis and an
absence of neurologic deficits will do well with
conservative care. Patients who present with
sensory changes, muscle weakness or cauda
equina syndrome, are more likely to develop
progressive functional decline without surgery.
Progression of slip correlates with jobs that
require repetitive anterior flexion of the spine.
Slip progression is less likely to occur when
the disc has lost over 80% of its native height
and intervertebral osteophytes have formed.
Progression of clinical symptoms does not
correlate with progression of the slip.

In order to perform a systematic review of the liter-
ature regarding the natural history of patients with
degenerative lumbar spondylolisthesis, a defini-
tion of degenerative lumbar spondylolisthesis was
developed by consensus, following a global review
of the literature and definitive texts, and used as the
standard for comparison of treatment groups. In
order for a study to be considered relevant to the
discussion, the patient population needed to fit this
definition of degenerative lumbar spondylolisthesis
which includes both clinical and radiographic fea-
tures. The Levels of Evidence for Primary Research
Questions grading scale (Appendix B) was used to
rate the level of evidence provided by each article
with a relevant patient population. The diagnosis of
degenerative lumbar spondylolisthesis was exam-
ined for its utility as a prognostic factor. The cen-
tral question asked was: What happens to patients
with degenerative lumbar spondylolisthesis who do
not receive treatment?

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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Matsunaga et al'? reported a retrospective review of
40 patients with spondylolisthesis. Inclusion crite-
ria were a slippage rate of at least 5% by Morgan
and King’s compass method and at least five year
follow-up of medical/interventional care. Outcome
measures utilized included progression of slip-
page and Japanese Orthopaedic Association (JOA)
score. Joint laxity was evaluated using Carter’s test
of knee, elbow and wrist hypermobility. General
joint laxity using Carter’s criteria was noted in 65%
of these patients as compared with 8% of normal
individuals.

Progression of slippage, defined as a slippage rate
of 5% or more during the observation period,

was observed in 12 (30%) of the 40 patients. The
authors defined this to be the progressive group,
and the other 28 patients to be the nonprogressive
group. Comparison of these two groups showed no
difference in age at presentation, duration of ill-
ness or duration of follow-up. Further, whereas the
lumbosacral angle, lamina angle and facet inclina-
tion angle were greater in both groups, there were
no significant differences between these groups.

In critique, this was a relatively small study, but
did use a validated outcome measure. This poten-
tially Level II retrospective, comparative study was
downgraded to Level III evidence because of the
small sample size and incomplete documentation
of patient information. This study provides Level
IIT evidence that slip is more likely to progress

in laborers whose jobs require repetitive anterior
flexion of the spine. Progression of slip is less likely
in the presence of a relative intervertebral height of
20% or less, intervertebral osteophyte formation,
subcartilagenous sclerosis or ligamentous ossifica-
tion, suggesting that mechanisms of restabilization
prevent progression of the slip. Progression of the
slip does not correlate with clinical symptoms. The
authors also observed that general joint laxity us-
ing Carter’s criteria correlates with the presence of
degenerative spondylolisthesis.

Matsunaga et al'! reported a prospective, compara-
tive, cohort study of 145 patients with degenerative
anterolisthesis who were either determined not to
need surgery (110 patients) or refused surgery (35
patients). The patients were followed from 10-18
years, although only 46 were followed up longer
than 10 years. Outcome measures utilized included
progression of spondylolisthesis (5% or more on
radiographs), frequency of transitory radicular
pain, improvement or worsening of symptoms and
ability to walk without help.

Progression of slip was observed in 49 (34%)
patients. Of the patients who were initially felt not
to need surgery, 85 (77%) experienced improve-
ment during follow-up and 25 remained the same.
Of these patients, 84 (76%) continued to show no
neurologic deficits on examination. Of the patients
who refused surgery, 29 (83%) had worsened neu-
rologic deficit on examination, and this was noted
not to correlate with the progression of slippage.
Fifteen of these patients were followed over 10
years and all of them required an assistive device to
ambulate.

In critique of this study, no validated outcome
measures were used. The initial sample of patients
was not the group initially assigned to medical/
interventional treatment, rather it consisted of
patients who remained medically/intervention-
ally treated at 10 years. This study provides Level
IT evidence that in patients who initially do not
have neurologic deficits, the majority will do well
with conservative care. Patients who present with
sensory changes, muscle weakness or cauda equina
syndrome, are more likely to develop progressive
functional decline without surgery. Progression

of the slip does not correlate with progression of
clinical symptoms. Radicular pain, accompanied by
neurologic deficits, forebodes a poor outcome. This
study provides Level III evidence that low back
pain can be expected to improve in patients with
narrowed intervertebral disc spaces.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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Vogt et al'” described a cross sectional study of
788 white south central Pennsylvanian women
over 65 years of age who were enrolled in a study
intended to address osteoporotic fractures. Spine
radiographs were digitized to retrospectively as-
sess prevalence of anterolisthesis. Subluxation of
3 mm or more at any level (L3-4, L4-5, or L5-S1)
was defined as a degenerative slip. Anterolisthesis
was noted in 29% of this very specific population
of white women over the age of 65. Of these pa-
tients, only a single level was involved in 90% of
women with anterolisthesis. The incidence of slip
was not affected by smoking, diabetes mellitus or
oophorectomy.

Anterolisthesis was not associated with presence
of back symptoms; however no validated outcome
measure was used. This study provides Level 1T
evidence that degenerative spondylolisthesis is
found in 29% of this very specific population of
white women over the age of 65. Slip is most likely
to occur at a single level and does not necessarily
correlate with back pain.

Kauppila et al® detailed a population-based, retro-
spective, cohort study of 217 men and 400 women.
Radiographs were taken at a mean age of 54 years
and again at 79 years. Degenerative spondylolisthe-
sis was defined as >3 mm of forward or backward
slip. Twenty-three men (12%) and 100 women
(25%) developed some form of “slippage” either
forward or backward. Forward slip occurred in
eight men and 75 women, and backward slip oc-
curred in 16 men and 35 women. Forward slip was
18% +/- 5.5 and backward slip magnitude was

15% +/- 4.0. Olisthesis did predict back pain or
stiffness on most days (32% [39/123] in the de-
generative spondylolisthesis group compared with
19% [90/484] in controls). Controlling for sclerosis
still accounted for pain. Patients with acquired slips
reported more daily back symptoms, but did not
report more disability than controls.

In critique of the study, unlike most other studies
in this area, a degenerative slip was defined as either
a forward or backward slip. This paper offers Level
III prognostic evidence that in an elderly popula-
tion, back pain is correlated with the olisthesis;
however, only one third with olistheses is symp-
tomatic. Thus degenerative spondylolisthesis can
be acquired in an asymptomatic population, with a
higher incidence in females (4:1).

Mardjetko et al'® reported a meta-analysis of de-
generative lumbar spondylolisthesis literature from
1970-1993, primarily designed to study posterior
fusion with and without instrumentation. Howev-
er, three studies included addressed natural history
with a total of 278 patients. Inclusion criteria were
limited only to degenerative spondylolisthesis with
radicular leg pain or neurogenic claudication. Of
the three studies, only the Matsunaga paper ad-
dressed slippage and was considered by the work
group to be a true natural history paper. Because
of the limitations of this meta-analysis relative to
the question of natural history, the reviewers chose
to base recommendations on the Matsunaga paper
directly and not include this article as a basis for
the recommendations.

Future Directions for Research

The work group identified the following potential
studies, which could generate meaningful evidence
to assist in further defining the natural history of
degenerative lumbar spondylolisthesis.

Recommendation #1:
A prospective study of untreated patients, all
with degenerative lumbar spondylolisthesis
without neurologic compromise, would pro-
vide Level I evidence regarding the natural
history of the disease. This study could include
stratification as to type of spondylolisthesis and
evaluate progression of radiographic severity
and clinical severity over time.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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Recommendation #2:

Any systematic study of patients with untreated
spondylolisthesis who presented with varying
degrees of neurologic deficit would provide
evidence regarding the natural history of the
disease in this patient population. For example,
defining and following a group of patients with
lumbar spondylolisthesis and sensory deficits as
compared with those who present with motor
deficits that have not been treated would yield
Level I evidence.
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IV. Recommendations for Diagnosis and Treatment of
Degenerative Lumbar Spondylolisthesis

A.Diagnosis and Imaging

What are the most appropriate
historical and physical examination
findings consistent with the diagnosis of
degenerative lumbar spondylolisthesis?

Obtaining an accurate history and physical
examination is essential to the formulation
of the appropriate clinical questions to guide
the physician in developing a plan for the
treatment of patients with degenerative
lumbar spondylolisthesis.

Work Group Consensus Statement

Traditionally, the evaluation of a patient begins
with the physician obtaining a history and per-
forming a focused physical examination related to
the patient’s presenting complaints. This forms the
basis upon which the physician formulates an ini-
tial list of diagnoses to explain the patient’s symp-
toms and signs. Additional testing subsequently
enables the physician to identify the most probable
diagnosis and formulate a treatment plan.

When evaluating the Levels of Evidence in support
of appropriate history and physical exam findings,
the evidence is generally of a low level, as little con-
temporary research has been applied to the prog-
nostic value of the history and physical exam in
clinical decision-making. Nonetheless, the history
and physical exam remain central to the practice of
evidence-based medicine. An accurate history and
physical examination forms the informational basis
for the initiation of the evidence-based medicine
process, namely asking meaningful, answerable
questions.

When assessing studies related to historical and
physical examination findings consistent with the

diagnosis of degenerative lumbar spondylolisthesis,
the work group evaluated this literature as prog-
nostic in nature. Studies on the history and physi-
cal examination should identify signs or symptoms
which increase the likelihood that a given disease
process is present in the tested population. Selec-
tion of patients with these specific signs and symp-
toms should increase the incidence of a specific
disease in the patient population. This increases the
positive predictive value of subsequent diagnostic
testing, and increases the likelihood that patients
will respond to disease-specific therapies. Prognos-
tic studies investigate the effect of a patient charac-
teristic on the outcome of a disease.

Degenerative lumbar spondylolisthesis represents
an anatomic entity. There are no clinical symptoms
that are specific to degenerative lumbar spon-
dylolisthesis. Patients with symptomatic degenera-
tive lumbar spondylolisthesis complain primarily
of radiculopathy or neurogenic intermittent clau-
dication with or without concomitant back pain.
However, there is a variable rate of back pain in
patients with degenerative spondylolisthesis. The
association between back pain and degenerative
lumbar spondylolisthesis is inconsistent, as many
patients with spondylolisthesis have no back pain.

The signs and symptoms of mechanical instability
associated with degenerative lumbar spondylolis-
thesis without neurological symptoms have not
been well characterized and are not addressed in
this guideline.

In older patients presenting with radiculopathy
and neurogenic intermittent claudication,

with or without back pain, a diagnosis of
degenerative lumbar spondylolisthesis should
be considered.

Grade of Recommendation: B
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Cauchioux et al® described a study in which the di-
agnostic evaluation of 26 patients with degenerative
spondylolisthesis included plain radiographs and
myelography. Specifically, the authors stated that
they made the diagnosis based on the “presence of
a slip of one vertebra on the vertebra below in the
absence of a defect of the pars interarticularis.” The
study included 26 patients with nerve root com-
pression secondary to degenerative slip, with 80%
reporting back pain, 46% reporting primary chron-
ic sciatica and 54% reporting primary neurogenic
claudication. Sciatica tended to occur in the older
patient and neurogenic claudication in the younger
subjects.

In critique of this study, this is a characterization of
a subset of patients with degenerative lumbar spon-
dylolisthesis referred for evaluation of neurological
symptoms. These data offer Level IV prognostic
evidence for the neurological symptoms associated
with degenerative lumbar spondylolisthesis.

Fitzgerald et al® conducted a study of 43 patients
with symptomatic spondylolisthesis which exam-
ined various parameters. It is unclear if the patients
represented a consecutive or nonconsecutive series.
In addition to a description of plain radiographic
findings of the spine, as well as concomitant hip
arthritis, the authors provided a detailed descrip-
tion of the presentation (symptom) pattern of the
patients. In summary, they found that 34 patients
had back pain without leg pain and signs of nerve
root compression, five cases with leg pain with or
without back pain with signs of nerve root com-
pression and four cases in which patients reported
neurogenic claudication.

In critique of this study, one must presume that
the patients were enrolled nonconsecutively. As a
diagnostic history and physical examination study,
the study presents a spectrum of symptoms and
signs in patients with degenerative lumbar spon-
dylolisthesis. This study offers Level IV prognos-
tic evidence of the clinical spectrum of signs and

symptoms of degenerative spondylolisthesis.

Postacchini et al' performed a retrospective study
which reported on the clinical features of 77 pa-
tients. Within these patients, 18% reported chronic
low back pain as the only symptom; 12% had
lower extremity symptoms felt to be nonvertebral
in origin (eg, hip arthritis), and reported no low
back pain; 47% had radicular symptoms and low
back pain; and 23% reported only radicular symp-
toms. Radiculopathy presented as pain alone, pain
and sensory symptoms, or pain and sensorimotor
changes. Lasegue test was negative in almost all
cases. The most common neurological signs were
absent ankle jerks, weak extensor hallucis longus
(EHL), weak anterior tibialis or loss of knee jerk
reflex.

The authors reviewed five clinical patterns and
three radiographic patterns as defined by Fitzgerald
and MacNab. Clinical patterns included the fol-
lowing: (1) no symptoms, occasional back pain; (2)
chronic low back pain with no radicular symptoms;
(3) radicular symptoms with no root compression,
with or without back pain; (4) radicular symptoms
with neurologic deficit; or (5) intermittent claudi-
cation. Radiological findings included slight central
stenosis, lateral root canal stenosis or combined
central and root canal stenosis. The authors con-
cluded that degenerative lumbar spondylolisthesis
is not always symptomatic. Patients may complain
of low back pain, but the etiology is uncertain.
Patients largely complain of radicular symptoms or
intermittent claudication, which is secondary to an
associated stenosis.

In critique of this study, data were collected ret-
rospectively and tests were not uniformly applied
across patients. Because of these weaknesses, this
potential Level IT study was downgraded to Level
III. These data provide Level III prognostic evi-
dence of clinical signs and symptoms of degenera-
tive lumbar spondylolisthesis.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
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Rosenberg et al® conducted a retrospective study
which characterized symptoms in 200 consecutive
patients with degenerative lumbar spondylolisthe-
sis. Back, buttock or thigh pain were the principal
complaints in a large majority of patients and were
rarely severe. Of the 200 patients, 61 had leg symp-
toms. Some patients described gait abnormalities.
Seven patients had sacral nerve root symptoms.
Acute radiculopathy occurred in 19 instances and
a disc herniation was confirmed on myelography.
Symptoms included aching, pulling, weakness,
heaviness, numbness or burning. Lower extremity
symptoms could be unilateral, bilateral or alternat-
ing. Neurogenic claudication was uncommon. Ex-
amination of the patients demonstrated that many
were supple and able to touch toes, 10% had back
spasms and 42% had neurologic deficits, primarily
L5 with decreased sensation in the lateral thigh or
inability to walk on heels. Atrophy occurred occa-
sionally and 20% had altered deep tendon reflexes.

In critique of this study, data were collected ret-
rospectively and tests were not uniformly applied
across patients. Because of these weaknesses, this
potential Level IT study was downgraded to Level
III. These data provide Level III prognostic evi-
dence of the typical clinical signs and symptoms
which may be associated with degenerative lumbar
spondylolisthesis.

Vogt et al?® described a retrospective, cross-sectional,
prognostic study of 788 women greater than 65
years of age enrolled in the Study of Osteoporotic
Fractures. The incidence of olisthesis (degenerative
spondylolisthesis and retrodisplacement) was
defined as greater than 3 mm of translational change.
Of the women enrolled in the study, 29% had
anterior olisthesis (degenerative spondylolisthesis)
and 14% had retrolisthesis. Ninety percent

of degenerative spondylolisthesis and 88% of
retrolisthesis occurred at one level. Prevalence was
not associated with smoking status, diabetes or
oophorectomy. Unlike retrolisthesis, degenerative
spondylolisthesis was not associated with back pain.

In critique of this study, data was collected retro-
spectively from a study conducted for other epi-
demiological purposes. This study offers Level 11
prognostic evidence that degenerative spondylolis-
thesis is relatively common in elderly Caucasian
women and does not correlate with back pain.

Future Directions for Research

The work group recommends a high quality, pro-
spective study identifying specific aspects of the
history and physical examination and character-
izing the subgroups of patients with degenerative
spondylolisthesis. The study would enroll a large
number of patients, screen for symptomatic and as-
ymptomatic degenerative lumbar spondylolisthesis,
and have greater than 80% follow-up. Subgroups
for evaluation could include patients with or with-
out instability, radiculopathy, neurogenic intermit-
tent claudication and back pain.

History and Physical Exam Findings
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Diagnosing Spondylolisthesis with Imaging

What are the most appropriate
diagnostic tests for degenerative
lumbar spondylolisthesis?

The most appropriate, noninvasive
test for detecting degenerative lumbar
spondylolisthesis is the lateral radiograph.

Grade of Recommendation: B

Brown et al® reported findings from a retrospective
study of patients with degenerative spondylolis-
thesis, which examined a number of different
parameters, including diagnostic features on plain
radiographs. These patients were selected from a
review of 2348 consecutive charts of patients with
low back pain; 132 (5.6%) had radiographic evi-
dence of degenerative spondylolisthesis. Of pa-
tients included in the study, 88 were female and 44
were male. The average age was 63.5 years for the
female group and 65.2 years for the male group.
Seventy-eight percent had back pain with proximal
leg referral lasting between one week and 40 years;
17% had instability symptoms (eg, catch in the
back, tiredness in back, inability to walk one hour,
limitation of forward bend, inability to lift weights,
back pain with coughing or sneezing, significant
back pain with twisting).

In critique, this study does not present peer-
reviewed data. There was no comparison of
diagnostic tests. As the study was performed in
the early 1980s, the primary radiographic modality
was plain radiographs. These data offer Level

III diagnostic evidence that plain radiographs

are a useful test for identifying patients with
degenerative spondylolisthesis.

Cauchioux et al” conducted a diagnostic evaluation
on 26 patients with degenerative spondylolisthesis

which included plain radiographs and myelogra-
phy. Specifically, the authors stated that they made
the diagnosis based on the “presence of a slip of
one vertebra on the vertebra below in the absence
of a defect of the pars interarticularis.” The study
included 26 patients with nerve root compression
secondary to degenerative slip, with 80% reporting
back pain, 46% reporting chronic sciatica and 54%
reporting neurogenic claudication. Sciatica tended
to occur in the older patient and neurogenic clau-
dication in the younger subjects. Myelography was
performed in 17 patients to detect nerve root/cauda
equina compression. Although not supported by
statistical analysis, the authors claimed that lateral
recess stenosis was “most important.”

In critique of this study, the authors did not state
whether patients were consecutively selected, thus
it was assumed that they were nonconsecutive
patients. The study did not include comparison

of diagnostic modalities. Admittedly, in the mid

to late 1970s, plain radiograph and myelography
were the most advanced imaging methods available.
By default, they would have been considered gold
standard diagnostic tests for degenerative spon-
dylolisthesis and spinal stenosis. These data offer
Level III diagnostic evidence that plain radiographs
and myelography are useful diagnostic tests for this
disorder.

Fitzgerald et al'® described a study of 43 patients
with symptomatic spondylolisthesis. It is unclear
if the patients represented a consecutive or non-
consecutive series. In addition to a description of
plain radiographic findings of the spine, as well as
concomitant hip arthritis, the authors provided a
detailed description of the presentation (symptom)
pattern of the patients. In summary, they found
that 34 patients had back pain without leg pain and
signs of nerve root compression, five cases with leg
pain with or without back pain with signs of nerve

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis 18

root compression, and four cases in which patients
reported neurogenic claudication. As a diagnos-

tic study, the primary imaging method was plain
radiographs; however, plain myelography was also
performed in seven of the nine patients with neuro-
logical symptoms.

In critique of this study, one must presume that the
patients were not consecutively enrolled. The only
two imaging methods used were plain radiographs
and myelography, which were not uniformly per-
formed in all patients. This study provides Level
IIT diagnostic evidence that plain radiographs and
myelography are useful modalities with which to
diagnose and evaluate degenerative spondylolisthe-
sis in the lumbar spine.

While standing radiographs are commonly used,
few studies assess the relative value of this tech-
nique compared with supine lateral radiographs.
Limited data support the use of dynamic views
(flexion-extension or axially loaded) in the evalua-
tion of degenerative spondylolisthesis. Lowe et al*?
showed increased sagittal displacement with the use
of standing rather than supine lateral radiographs.
However, only one of 13 patients had degenera-
tive spondylolisthesis. Wood et al*® also found that
the degree of static spondylolisthesis was greater
with the patient in the standing lateral rather than
the supine position, however, they included post-
laminectomy patients in the degenerative spon-
dylolisthesis group. Because the paper did not pres-
ent a subgroup analysis specific to the degenerative
spondylolisthesis group, the work group was
unable to use this paper to address this question.
Kanayama et al* reviewed a case series of 19 pa-
tients with symptomatic degenerative lumbar spon-
dylolisthesis who were candidates for instrumented
lumbar arthrodesis and decompression. Patients
were assessed according to radiographic parameters
including disc angle, range of motion (ROM), per-
cent slip, percent posterior height, which were then
compared with distraction stiffness in the operat-

ing room. The authors concluded that disc angle in
flexion and ROM were highly correlated with dis-
traction stiffness. Patients with segmental kyphosis
with flexion showed lower stiffness compared to
those with lordosis in flexion.

In critique of this study, it assessed an intraopera-
tive and nonvalidated test. The clinical applica-
tion of such a test remains unknown. Although

the study presents potential Level I diagnostic
evidence, the authors failed to mention whether
the patients were consecutively assigned, thus the
study was downgraded to Level III evidence. The
study provides Level III diagnostic evidence that
standing flexion and extension radiographs are pre-
dictive of instability.

Postacchini et al* described a study of 77 patients
with degenerative spondylolisthesis in which
flexion-extension radiographs, CT and/or MRI,
and myelography were obtained. The various
findings were reported. The authors found that
radiographs used for imaging quantified the degree
of slips observed. Dynamic radiographs “showed
hypermobility of L4 in approximately half of the
cases.” Myelography revealed neural structure
compression in the spinal canal in all cases in which
it was performed. (Note: myelography may have
only been performed if patients had neurologic
symptoms.) CT was useful for assessing the facet
joint. MRI, CT and myelography were useful in
identifying stenosis in patients with neurological
symptoms.

In critique, the diagnostic studies were applied
inconsistently across patients. Not all patients re-
ceived all studies, preventing comparison between
diagnostic modalities. This article presented com-
prehensive descriptions of the findings with each of
the diagnostic modalities. These data offer Level III
diagnostic evidence of the utility of dynamic radio-
graphs, CT, MRI and myelography for evaluation
of degenerative spondylolisthesis.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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The most appropriate, noninvasive test

for imaging the stenosis accompanying
degenerative lumbar spondylolisthesis is the
MRI.

Work Group Consensus Statement

Based on NASS’ Clinical Guideline for Diagno-

sis and Treatment of Degenerative Lumbar Spinal
Stenosis (2007), MRI was demonstrated to be the
most effective noninvasive diagnostic tool to de-
tect degenerative lumbar spinal stenosis. As many
patients included in the review had degenerative
spondylolisthesis, it is logical to conclude that MRI
would be useful in this group as well. However, no
disease-specific studies were found to confirm this
conclusion.

Plain myelography or CT myelography
are useful studies to assess spinal stenosis
in patients with degenerative lumbar
spondylolisthesis.

Grade of Recommendation: B

Cauchioux et al” conducted a diagnostic evaluation
of 26 patients with degenerative spondylolisthesis
which included plain radiographs and myelogra-
phy. Specifically, the authors stated that they made
the diagnosis based on the “presence of a slip of
one vertebra on the vertebra below in the absence
of a defect of the pars interarticularis.” The study
included 26 patients with nerve root compression
secondary to degenerative slip, with 80% reporting
back pain, 46% reporting chronic sciatica and 54%
reporting neurogenic claudication. Sciatica tended
to occur in the older patient and neurogenic clau-
dication in the younger subject. Myelography was
performed in 17 patients to detect nerve root/cauda
equina compression. Although not supported by
statistical analysis, the authors claimed that lateral
recess stenosis was “most important.”

In critique of this study, the authors did not state
whether patients were consecutively selected, thus

it was assumed that they were nonconsecutive
patients. There was no comparison of diagnostic
modalities. Admittedly, in the mid to late 1970s,
plain radiographs and myelography were the most
advanced imaging methods available. By default,
they would have been considered gold standard
diagnostic tests for degenerative spondylolisthesis
and spinal stenosis. These data offer Level III diag-
nostic evidence that plain radiographs and myelog-
raphy are useful diagnostic tests for this disorder.

Fitzgerald et al'® described a study of 43 patients
with symptomatic spondylolisthesis. It is unclear
if the patients represented a consecutive or non-
consecutive series. In addition to a description of
plain radiographic findings of the spine, as well as
concomitant hip arthritis, the authors provided a
detailed description of the presentation (symptom)
pattern of the patients. In summary, they found
that 34 patients had back pain without leg pain and
signs of nerve root compression, five cases with leg
pain with or without back pain with signs of nerve
root compression, and four cases in which patients
reported neurogenic claudication. As a diagnos-

tic study, the primary imaging method was plain
radiographs. However, plain myelography was also
performed in seven of the nine patients with neuro-
logical symptoms.

In critique of this study, one must presume that the
patients were not consecutively enrolled. The only
two imaging methods used were plain radiographs
and myelography, which were not uniformly per-
formed in all patients. This study provides Level
IIT diagnostic evidence that plain radiographs and
myelography are useful modalities with which to
diagnose and evaluate degenerative spondylolisthe-
sis in the lumbar spine.

Postacchini et al** described a study of 77 patients
with degenerative spondylolisthesis in which
flexion-extension radiographs, CT and/or MRI,
and myelography were obtained. The various
findings were reported. The authors found that
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radiographs used for imaging quantified the degree
of slips observed. Dynamic radiographs “showed
hypermobility of L4 in approximately half of the
cases.” Myelography revealed neural structure
compression in the spinal canal in all cases in which
it was performed. (Note: Myelography may have
only been performed if patients had neurologic
symptoms.) CT was useful for assessing the facet
joint. MRI, CT and myelography were useful in
identifying stenosis in patients with neurological
symptoms.

In critique, the diagnostic studies were applied
inconsistently across patients. Not all patients re-
ceived all studies, preventing comparison between
diagnostic modalities. This article presented com-
prehensive descriptions of the findings with each of
the diagnostic modalities. These data offer Level III
diagnostic evidence of the utility of dynamic radio-
graphs, CT, MRI and myelography for evaluation
of degenerative spondylolisthesis.

Rosenberg et al conducted a retrospective study
which characterized 200 consecutive patients with
degenerative lumbar spondylolisthesis. This cohort
contained a subgroup of 39 patients with severe un-
remitting symptoms; 29 underwent myelography
and showed an hourglass constriction of the dura at
the level of slippage. Seven patients also had a pro-
trusion. Surgical findings include absence of epidu-
ral fat, pale pulseless dura and decreased capacity of
the spinal canal.

In critique of this study, data were collected ret-
rospectively and tests were not uniformly applied
across patients. However, from the diagnostic
perspective, this small subgroup of 29 patients
provides a consecutive series of patients that was
retrospectively analyzed. These subgroup data
provide Level IT diagnostic evidence that myelogra-
phy is useful in identifying stenosis in patients with
degenerative spondylolisthesis and neurological
symptoms.

Satomi et al®! reported findings from a retro-
spective case series of patients with degenerative
spondylolisthesis who were evaluated with CT
myelography in order to plan the optimal surgical
procedure. CT myelograms were compared with
plain radiographic myelograms to evaluate the sites
of dural compression.

Patients who underwent anterior lumbar interbody
fusion (ALIF) were included in Group A. Patients
were selected for the posterior decompression
group (Group B) if their imaging showed displace-
ment at two or more discs, had CT myelographic
findings indicating lateral stenosis or were deemed
inappropriate candidates for ALIF because of age.
Group A consisted of 27 patients; discography was
performed in 22. Based on the novel CT myelo-
gram classification used in the study, 38% of these
patients had stage 3 stenotic changes. Group B
consisted of 14 patients, five of whom underwent
fusion. Of these patients, four reported back pain;
neurogenic intermittent claudication was more
severe in group B. Discography was performed in
two patients. Based on myelogram classification
used in the study, 62% of these patients had stage 3
stenotic changes. Stenosis over two disc space levels
was present in 92% of these patients. The authors
concluded that information on CTM was useful for
identifying pathologic processes and for planning
surgery.

In critique of this study, the authors did not evalu-
ate a list of diagnostic criteria a priori. The authors
failed to indicate whether patients were selected
consecutively. These data offer Level IIT diagnostic
evidence that CT myelography is a useful imaging
study for this disorder.

CT is a useful noninvasive study in patients
who have a contraindication to MRI, for whom
MRI findings are inconclusive or for whom
there is a poor correlation between symptoms
and MRI findings, and in whom CT myelogram
is deemed inappropriate.
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Work Group Consensus Statement

Based on NASS’ Clinical Guideline for Diagnosis
and Treatment of Degenerative Lumbar Spinal
Stenosts (2007), CT was demonstrated to be an ef-
fective diagnostic tool to detect degenerative lum-
bar spinal stenosis. As many patients included in
the review had degenerative spondylolisthesis, it is
logical to conclude that CT would be useful in this
group as well. However, only one disease-specific
study was found, necessitating reference to the
NASS Clinical Guideline on Lumbar Spinal Steno-
sis to support this consensus statement.

Rothman et al*® conducted a retrospective review
of the CT findings of 150 patients with degenera-
tive spondylolisthesis. The authors described the
pathological findings, which included canal steno-
sis, facet overgrowth, joint-capsule hypertrophy,
ligamentum flavum enlargement and gas within the
facet joints.

All patients were examined on GE 8800 CT scan-
ners using axial scans of 5 mm-thick sections at 3
mm spacing, with sagittal and coronal reformats.
The authors found only 19% had subluxation
greater than 6 mm. Severe facet degeneration with
marked hypertrophy, erosive changes or gas within
an irregular joint was noted in 91 patients. Severe
canal stenosis was detected in 15 patients as a result
of narrowing of the central canal secondary to a
combination of subluxation, facet boney over-
growth, joint-capsule hypertrophy, ligamentous
hypertrophy, bulging and end plate osteophyte
formation. Foraminal stenosis was observed in

38 patients. Anterior soft tissue bulge/herniation
of greater than 5 mm was present in only three
patients. The authors concluded that CT is use-
ful in evaluating the severity of stenosis in patients
with symptomatic degenerative spondylolisthe-
sis. Stenosis is frequently secondary to soft tis-
sue changes and facet hypertrophy, and does not
always correlate with the severity of slip.

In critique, this was a study of nonconsecutive
patients, radiological findings were not corre-
lated with clinical signs or symptoms, and no gold
standard was employed. The data present Level IV
diagnostic evidence that CT is a useful modality in
the diagnosis of stenosis in patients with degenera-
tive spondylolisthesis.

Future Directions for Research

The work group identified the following potential
studies that would generate meaningful evidence to
assist in further defining the appropriate diagnostic
tests for degenerative lumbar spondylolisthesis.
These studies should assess a set of diagnostic crite-
ria established a priori.

Recommendation #1:
The work group recommends a prospective,
appropriately powered study assessing the
utility of supine (gold standard), standing and
dynamic flexion-extension lateral radiographs
in the evaluation of patients with degenerative
spondylolisthesis.

Recommendation #2:
The work group recommends a prospective,
appropriately powered study assessing the util-
ity of supine recumbent (gold standard), axial
loaded and positional MRI in the detection and
evaluation of stenosis via analysis of the dural
sac area in patients with degenerative spon-
dylolisthesis.
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B. Outcome Measures for Medical/Interventional

and Surgical Treatment

What are the appropriate
outcome measures for the
treatment of degenerative
lumbar spondylolisthesis?

Asking this question about the treatment of de-
generative lumbar spondylolisthesis is intrinsically
valuable. Our review of the literature on degenera-
tive lumbar spondylolisthesis with symptoms of
spinal stenosis confirmed that outcome studies are
valuable in determining the course of treatment.

When evaluating studies in terms of the use of
outcome measures, the work group evaluated this
literature as prognostic in nature. Prognostic stud-
ies investigate the effect of a patient characteristic
on the outcome of a disease. Studies investigating
outcome measures, by their design, are prognostic
studies.

An appropriate clinical outcome measure must

be validated. Further, the validated outcome mea-
sure must be used in a high quality, prospective
outcome trial in order to be useful. The literature
review yielded no validated outcome measures uti-
lized for the subset of patients with back pain and
degenerative lumbar spondylolisthesis.

The Zurich Claudication Questionnaire
(ZCQ)/Swiss Spinal Stenosis Questionnaire
(SSS), Oswestry Disability Index (ODI), Likert
Five-Point Pain Scale and 36-Item Short
Form Health Survey (SF-36) are appropriate
measures for assessing treatment of
degenerative lumbar spondylolisthesis.

Grade of Recommendation: A

Note: The Zurich Claundication Questionnaire

(ZCQ) represents an evolution of Swiss Spinal
Stenosis Questionnaire (SSS). Conclusions made
about either questionnaire have a high likelihood of
being applicable to the other.

Anderson et al' described a randomized (post hoc)
controlled trial of patients with neurogenic claudi-
cation secondary to degenerative spondylolisthesis.
Of the 75 spondylolisthesis patients included in the
study, 42 received the X STOP device and 33 were
included in the control group assigned to medical/
interventional treatment consisting of at least one
epidural steroid injection, drugs, analgesic agents
and physical therapy as needed. Two-year follow-
up data were obtained for 70 of the 75 patients.

The outcome measures implemented in the study
included the Zurich Claudication Questionnaire
(ZCQ), patient satisfaction on a scale from 0-5,
36-Item Short Form Health Survey (SF-36) and
radiographic assessment. Successful treatment was
defined as improvement in ZCQ of 15 points,
patient satisfaction of greater than 2.5 and no ad-
ditional surgery. The authors reported that success
was noted in 63.4% of the surgically treated indi-
viduals, which was statistically significant between
preoperative and postoperative scores. Only 12.9%
of medically/interventionally treated patients were
considered successes which was not statistically
significant between pretreatment and posttreatment
patients. The authors concluded that the clinical
success for the X STOP surgically treated patients
compared with the medically/interventionally
treated controls was highly significant.

In critique, this study was a cohort analysis of a
randomized prospective trial for spinal stenosis.
The cohort studied consisted of patients who had
grade I spondylolisthesis as well as spinal stenosis.
The outcome measures used included both validat-
ed and nonvalidated outcome measures including
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the validated Zurich Claudication Questionnaire
(ZCQ) and an arbitrary patient satisfaction survey
at follow-up visits. Although the authors obtained
SF-36 outcome data, these data were not used in
the study to determine clinical success.

This study provides Level II prognostic evidence
supporting use of the Zurich Claudication Ques-
tionnaire (ZCQ) and the SF-36 outcome measures
as sensitive tools in distinguishing the outcome dif-
ferences between surgically treated (X STOP) and
medically/interventionally treated individuals.

Frazier et al” reported a prospective, observational
study evaluating the prognostic factors affecting
clinical outcomes as correlated to the presence or
absence of the deformities of degenerative scolio-
sis and spondylolisthesis. The outcome measure
implemented in the study included a question-
naire administered preoperatively, and at six and 24
months postoperatively. Patients rated the severity
of back pain, leg pain, overall pain and difficulty
ambulating using a Five Point Likert Pain Scale.

A Walking Capacity Scale was calculated using

the average responses to five questions on walk-
ing difficulty in general, outdoor, indoor, shopping
and bedroom to bathroom walking. The patient
satisfaction scale was generated by using the aver-
age for six questions concerning satisfaction with
pain relief, functional improvement and other do-
mains. The authors stated that these scales had been
shown to be reproducible, internally consistent and
valid for patients with spinal stenosis. No statistical
support for these statements was provided.

The authors reported that the spondylolisthesis
subgroup showed no correlation of slip magni-
tude and patient outcomes. An increase in the slip
postoperatively was significantly correlated with
improved leg pain relief and borderline improve-
ment in walking capacity. Satisfaction with the
procedure and back pain relief was positively, but
not significantly, correlated with slip progression.
The authors concluded that surgery was beneficial,

but that fusion rationale may be questioned.

In critique, this study was not designed to validate
the Walking Capacity Scale or the Five Point Likert
Pain Scale as sensitive measures for degenerative
spondylolisthesis. However, these measures have
been previously validated by Stucki et al38 as the
SSS, currently referred to as the ZCQ.

This study offers Level II prognostic evidence that
the ZCQY/SSS is sensitive enough to show differ-
ences between surgically and medically/interven-
tionally treated patients with degenerative spon-
dylolisthesis and symptomatic spinal stenosis.

Gaetani et al® described a prospective, prognostic
study of 76 patients treated with decompression
and bilateral instrumented fusion and followed

for two years. There were 25 males and 51 females
with a mean age of 59.6 years (+/-12.2) and mean
duration of symptoms of 23.42 months. The out-
come measures used in the study included the
Roland Morris Disability Questionnaire (RMDQ);
Oswestry Disability Index (ODI) for quality of
life patient centered outcomes; Visual Analog Scale
(VAS) for leg and back pain; preoperative dynamic
X-ray studies, CT, and MRI; and postoperative X-
ray studies.

The authors reported a fusion rate of 85.5%, im-
provement in ODI scores of less than 20 points

in 35.7% of patients and greater than 20 points in
55.7%. Scores on the RMDQ improved greater
than five points in 59.4% of patients, 2-4 points in
13.1%, and remained unchanged in 27.5%. There
was no difference between solid fusion and pseudo-
arthrosis. The authors concluded that instrumented
fusion was effective in improving the quality of life,
as exhibited by the reduced disability scores.

In critique of this study, this study provides only
24-month follow-up data. This time frame may

not be long enough to fully evaluate the effect of
pseudoarthrosis on patient outcomes. This study
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provides Level I prognostic evidence suggesting
correlation of RMDQ and ODI scores with symp-
toms and slippage. The RMDQ appears to be a
sensitive tool to assess degenerative spondylolisthe-
sis outcome data. This study shows improvement
in the quality of life scores in both outcome tools.
The study also supports the conclusion that the
presence or absence of fusion was not a prognostic
indicator of patient outcome improvements.

Ghogowala et al'® conducted a prospective study
assessing the outcomes of decompression alone in
20 patients and decompression with instrumented
fusion in 14 patients with degenerative grade I
lumbar spondylolisthesis. The outcome measures
implemented included the ODI and the SF-36.

The authors reported that fusion occurred at a 93%
rate in the arthrodesis group. The ODI improved
27.5 points in the fusion group and 13.6 points in
the decompression only group. The difference was
statistically significant. The SF-36 data was also sig-
nificantly different between the two groups. Both
instruments, SF-36 and ODI, demonstrated poorer
outcomes in older patients at 12 months.

In critique of this study, this was a small pilot study
demonstrating a clear need for future Level I ran-
domized controlled trials utilizing these measures.
This study provides Level II prognostic evidence
supporting the use of the ODI and SF-36 as tools
to assess outcomes after surgery for degenerative
spondylolisthesis. These two outcome tools iden-
tify similar and parallel changes in outcomes of the
treatment groups, and this study supports the use
of these two outcome measures together to effec-
tively assess outcomes in this population. Evidence
of the ability to discriminate between treatment
outcomes using the ODI and SF-36 is supported
by the findings in this study that older patients
demonstrated poorer outcomes than younger pa-
tients.

Kornblum et al® reported on 58 patients extracted

from a prospective, randomized, controlled trial of
posterior decompression and fusion to determine
the relationship of presence or absence of pseudo-
arthrosis to outcomes. Of the 118 patients original-
ly randomized to decompression or decompression
with a noninstrumented fusion, 58 patients under-
went fusion, of which 47 were available for review.
The outcome measures used in this study included
the Visual Analog Scale (VAS) (modified), a rudi-
mentary outcome scale (excellent, good, fair, poor)
and the Swiss Spinal Stenosis Questionnaire (SSS).
The authors reported that arthrodesis does result
in better outcomes on the SSS at five to14 years as
opposed to earlier follow-up.

In critique of this study, the bundling of these
patients and subsequent evaluation at three year
follow-up represents a significant weakness of the
study. The SSS was not applied preoperatively, but
was only administered postoperatively. This study
provides Level I prognostic evidence suggesting
that the SSS 1s a sensitive, validated instrument
which correlates well with patient outcome, and

is appropriate for use in the assessment of clinical
outcomes for degenerative lumbar spondylolisthe-
sis.

Pratt et al”” conducted a prospective, prognostic
study evaluating outcome instruments in all pa-
tients who attended the Nuffield Orthopaedic
Center. These were patients with spinal stenosis,
which included patients with degenerative spon-
dylolisthesis.

Of the 52 patients approached to participate in the
study, 13 declined involvement and seven were
excluded because of comorbidities, ie, limiting
walking distance. To determine reliability, the 32
clinic patients with lumbar spinal stenosis were as-
sessed twice, with one week between assessments.
Retrospective data from 17 patients assessed before
surgery and 18 months after surgery for lumbar
spinal stenosis were used to investigate the use of
reliability in a clinical setting.
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The patients were assessed using the Oswestry Dis-
ability Index (ODI) and three instruments designed
specifically for use in patients with lumbar spinal
stenosis: the Swiss Spinal Stenosis (SSS) Question-
naire, the Oxford Claudication Score (OCS) and

a functional test, the Shuttle Walk Test (SW'T).
Patient outcomes were studied by the previously
validated outcome studies, the SSS and ODI. The
OCS and SWT were studied in relation to these
previously validated outcome measures.

Data analysis included a test against normality
using the Komolgorov-Smirnov-Goodness-of-Fit
test. The test-retest reliability of the SSS, OCS,
ODI and SWT were assessed with an internal cor-
relation coefficient test in which the reliability was
the subject variability/ (subject variability + mea-
surement error). The 95% confidence intervals for
each outcome instrument were reported.

The internal consistency of the scales and their sub-
sections was assessed using Cronbach’s coefficient
alpha, which summarizes interitem correlations.
The relationship between the four tests was as-
sessed using scatter plots, according to the method
of Bland and Altmann, and the Pearson product—
moment correlation coefficient (two-tailed). Bon-
ferroni’s correction was used for multiple tests to
reduce the chance of Type 1 error.

Test-retest reliability in terms of the intraclass cor-
relation coefficient (ICC) was 0.92 for the SWT,
0.92 for the SSS, 0.83 for the OCS and 0.89 for

the ODI. The mean percentage scores were 51 for
the SSS, 45 for the OCS, and 40 for the ODI. To
achieve 95% certainty of change between assess-

ments for a single patient, the SSS would need to
change by 15, the OCS by 20 and the ODI by 16.

The mean SWT was 150 m, with a change of 76 m
required for 95% confidence. Cronbach’s alpha
was 0.91 for the SSS, 0.90 for the OCS, and 0.89
for the ODI. The change in ODI correlated most
strongly with patient satisfaction after surgery

(0.80; P <0.001).

In critique of this study, the subset of patients with
degenerative spondylolisthesis was not broken out
and analyzed separately from the stenosis group.
Fluctuations in a patient’s symptoms resulted

in wide individual confidence intervals. Perfor-
mance on the SSS, OCS and ODI questionnaires
are broadly similar, the most precise being the
condition-specific SSS. The SWT gives a snapshot
of physical function, which is acceptable for group
analysis. Use of the SWT for individual assessment
after surgery is feasible.

This study offers Level I prognostic evidence that
the ODI, SSS, OCS and SWT tests reliably and
validly evaluate patients with symptomatic spinal
stenosis within which a subgroup of degenerative
spondylolisthesis patients reside.

Stucki et al*® described a prospective, prognostic
study of the Zurich Claudication Questionnaire
(ZCQ) or Swiss Spinal Stenosis (SSS) Question-
naire, an outcome instrument specific to spinal
stenosis. The measurement properties and valid-
ity of this newly-developed patient questionnaire
for the assessment of patients with lumbar spinal
stenosis was tested in an ongoing prospective mul-
ticenter observational study of patients undergoing
decompressive surgery in three teaching hospitals.

The internal consistency of the scales was assessed
with Cronbach’s coefficient alpha on cross-
sectional data from 193 patients before surgery.
The test-retest reliability was assessed on data from
a random sample of 23 patients using Spearman’s
rank correlation coefficient. The responsiveness
was assessed on 130 patients with six-month
follow-up data using the standardized response
mean. The test-retest reliability of the scales
ranged from 0.82 to 0.96, the internal consistency
from 0.64 to 0.92, and the responsiveness from
0.96 to 1.07. The direction, statistical significance
and strength of hypothesized relationships with
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external criteria were as expected.

In critique, of the 193 patients included in this
study, only 23 had pretest and posttest validation
of the SSS. The follow-up on 130/193 patients for
test responsiveness at six months is arguably short.
Because of these shortcomings, this potentially
Level I prospective study was downgraded to a
Level II study. Although the reproducibility, inter-
nal consistency, validity and responsiveness of this
test were established by comparison with known
validated outcome measurement instruments, these
instruments are not necessarily specific to degen-
erative lumbar spondylolisthesis. In addition, the
extent of stenosis and associated pathology was not
clear. Patients with language barriers and cognitive
difficulties were excluded.

This study provides Level II prognostic evidence
that the devised questionnaire scales of symtom se-
verity, physical function and satisfaction are repro-
ducible, internally consistent, valid and responsive
measures of outcome in patients with degenerative
lumbar spondylolisthesis with symptomatic spinal
stenosis. This instrument is currently referred to as
the Zurich Claudication Questionnaire (ZCQ) or
Swiss Spinal Stenosis Questionnaire (SSS).

Vaccaro et al* reported a prospective, random-
ized control trial comparing surgical outcomes in
patients randomly assigned to receive either OP1
putty (24 patients) or autograft bone (12 patients)
in conjunction with decompressive laminectomy
for the treatment of degenerative lumbar spon-
dylolisthesis. The outcome measures utilized in this
study included the ODI, SF-36 and radiographic

assessment.

At one year, of the 36 patients studied, 32 were
available for clinical follow-up (18 in the OP1
group and eight in the autograft group) and 29
received radiographic assessment (14 in the OP1
group and six in the autograft group). ODI success
was defined by greater than 20% improvement in

scores at one year. An 86% success rate was report-
ed for the OP1 putty group, and a 73% success rate
was reported for the patients receiving autograft.
According to radiographic criteria, fusion was
achieved in 74% of patients in the OP1 group and
60% of patients in the autograft group. Of the 29
patients evaluated radiographically, 15 were defined
as both radiographically and clinically successful,
while five were categorized as radiographically
successful with clinical failure and eight were clas-
sified as radiographic failures, but achieved clinical
success.

In critique of this study, clinical success was ar-
bitrarily defined as a 20% improvement in ODI
scores. The authors failed to justify the choice

of this benchmark. The study does not correlate
any outcome instruments to the ODI. This study
provides Level II prognostic evidence that the ODI
can be used to assess clinical outcome after surgical
treatment of degenerative spondylolisthesis.

Weinstein et al*? conducted a prospective, random-
ized control trial evaluating the outcomes of sur-
gical treatment of degenerative spondylolisthesis
compared with medical/interventional treatment
in 304 patients. The study also included a second
observational cohort of 303 patients who refused
randomization, but agreed to participate in the
study.

The primary outcome measures used in the study
included the Medical Outcomes Study SF-36
bodily pain and physical function scores and the
modified Oswestry Disability Index. Data were
collected at six weeks, three months, six months,
one year and two years. Secondary outcomes mea-
sures included patient reported improvement, sat-
isfaction with current symptoms and care, Stenosis
Bothersome Index and LBP Bothersome Index.

Within the randomized arm of the study, the au-
thors reported a 40% crossover in each direction.
Intention-to-treat analysis showed no significant
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differences in any outcome. As-treated analysis for
both cohorts showed significant advantages at three
months that increased at one year and was durable
at two years. Treatment effects at two years were
18.1 for bodily pain (95%, CI 14.5-21.7) 18.3 for
physical function (95%, CI 14.6-21.9) and -16.7

for ODI (95%, CI -19.5 to -13.9). There is little
evidence suggesting harm with either surgical or
medical treatment.

In critique of this study, the secondary outcome
measures, Stenosis Bothersome Index and LBP
Bothersome Index, have not been specifically vali-
dated for degenerative lumbar spondylolisthesis.
This study provides Level I prognostic evidence
from both the randomization and observational co-
horts that the primary outcome measures, Medical
Outcomes Study SF-36 bodily pain and physical
function scores and the modified Oswestry Dis-
ability Index, are appropriate instruments to use in
detecting treatment effects in patients with degen-
erative lumbar spondylolisthesis.

The Japanese Orthopedic Association (JOA)
Score and the calculated Recovery Rate may
be useful in assessing outcome in degenerative
lumbar spondylolisthesis.

Grade of Recommendation: B

Kawakami et al'® performed a retrospective case
control study of 47 patients (15 males / 32 fe-
males) who had undergone decompression and
fusion with and without instrumentation. Pedicle
screw fixation was used in those cases with a fixed
kyphosis at the involved segment. The outcome
measures used included the Japanese Orthopedic
Association (JOA) score, VAS, recovery rate (Hi-
rabayashi’s method), slippage, L1 axis S1 distance
(LASD), lumbar lordosis, lordosis at the fused seg-
ment, bony union and adjacent segment changes.

Patients with degenerative lumbar spondylolisthe-
sis were divided into two groups according to the

LASD value and the changes in slippage during the
follow-up period: the patients with LASD greater
than 35 mm (Group A) and those with LASD less
than 35 mm (Group B). The patients in Group A
were divided into two subgroups: the patients with
in situ fusion (Group A1) and patients with re-
duced slippage (Group A2).

The authors reported that the JOA scores were
12.6 points +/- 4.8 preoperatively and 21.7 points
+/- 4.9 postoperatively, and the recovery rate was
55.1% +/- 27.8%. There were no differences in the
prognostic factors of preoperative slip, lumbar lor-
dosis, lordosis of fused segment and recovery rates.
LASD and recovery rate were negatively corre-
lated. Patients in Group A1 had poorer JOA scores
and recovery rates than those in Groups A2 and B.

In critique, this study utilized a validated out-
come measure commonly used in Japan that has
not gained universal acceptance. The paper was
designed as a clinical outcome study, rather than

a prognostic study evaluating the JOA outcome
measure, specifically. This study provides Level III
prognostic evidence suggesting that the JOA score
and recovery rate may be sensitive outcome tools
in assessing treatment for degenerative lumbar

spondylolisthesis.

Okuda et al* conducted a comparative retrospec-
tive prognostic study including 101 elderly patients
with degenerative spondylolisthesis treated with
posterior lumbar interbody fusion (PLIF). Patients
were divided into two groups based upon age.
Group 1 included patients aged 70 years and older,
while Group 2 included patients from 55 years to
69 years of age at the time of the index procedure.
The authors compared treatment outcomes be-
tween both groups to determine differences in out-
come based upon age. The outcome measures used
in this study included the JOA score, VAS, com-
plication rates, recovery rate (Hirabayashi method)
and radiographic evaluation.
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The authors reported that in Group 1, the JOA
improved from 12 to 23; the recovery rate was
63%; and general complications, delirium and brain
infarct occurred in 10% of patients. In Group 2,
the JOA improved from 12 to 24 and the recovery
rate was 70%.

In critique of this study, 39% of the cases were

not independently reviewed. This study provides
Level II prognostic evidence that the JOA shows
improvement in functional outcome with surgical
treatment regardless of age, but is not correlated
with other measures of functional outcomes. Older
patients, despite higher definable complication
rates (approaching 10%) showed similar recovery
rates and JOA scores to younger patients.

The Shuttle Walking Test (SWT), Oxford
Claudication Score (OCS), Low Back

Pain Bothersome Index and Stenosis
Bothersome Index are potential outcome
measures in studying degenerative lumbar
spondylolisthesis.

Grade of Recommendation: | (Insufficient
Evidence)

Pratt et al” conducted a prospective prognostic
study evaluating outcome instruments in all pa-
tients who attended the Nuffield Orthopaedic
Center. These were patients with spinal stenosis,
which included patients with degenerative spon-
dylolisthesis.

Of the 52 patients approached to participate in the
study, 13 declined involvement and seven were
excluded because of comorbidities limiting walk-
ing distance. To determine reliability, the 32 clinic
patients with lumbar spinal stenosis were assessed
twice, with one week between assessments. Ret-
rospective data from 17 patients assessed before
surgery and 18 months after surgery for lumbar
spinal stenosis were used to investigate the use of
reliability in a clinical setting.

The patients were assessed using the Oswestry Dis-
ability Index (ODI) and three instruments designed
specifically for use in patients with lumbar spinal
stenosis: the Swiss Spinal Stenosis (SSS) Question-
naire, the Oxford Claudication Score (OCS) and

a functional test, the Shuttle Walk Test (SW'T).
Patient outcomes were studied by the previously
validated outcome studies, the SSS and ODI. The
OCS and SWT were studied in relation to these
previously validated outcome measures.

Data analysis included a test against normality
using the Komolgorov-Smirnov-Goodness-of-Fit
test. The test-retest reliability of the SSS, OCS,
ODI and SWT were assessed with an internal
correlation coefficient test in which the R was the
subject variability/ (subject variability + measure-
ment error). The 95% confidence intervals for each
outcome instrument were reported.

The internal consistency of the scales and their sub-
sections was assessed using Cronbach’s coefficient
alpha, which summarizes inter-item correlations.
The relationship between the four tests was as-
sessed using scatter plots, according to the method
of Bland and Altmann, and the Pearson product—
moment correlation coefficient (two-tailed). Bon-
ferroni’s correction was used for multiple tests to
reduce the chance of Type 1 error.

Test-retest reliability in terms of the intraclass cor-
relation coefficient (ICC) was 0.92 for the SWT,
0.92 for the SSS, 0.83 for the OCS and 0.89 for

the ODI. The mean percentage scores were 51 for
the SSS, 45 for the OCS, and 40 for the ODI. To
achieve 95% certainty of change between assess-

ments for a single patient, the SSS would need to
change by 15, the OCS by 20 and the ODI by 16.

The mean SWT was 150 m, with a change of 76 m
required for 95% confidence. Cronbach’s alpha
was 0.91 for the SSS, 0.90 for the OCS and 0.89
for the ODI. The change in ODI correlated most
strongly with patient satisfaction after surgery
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(0.80; P 0.001).

In critique of this study, the subset of patients with
degenerative spondylolisthesis was not broken out
and analyzed separately from the stenosis group.
Fluctuations in a patient’s symptoms result in wide
individual confidence intervals. Performance on
the SSS, OCS and ODI questionnaires are broadly
similar, the most precise being the condition-
specific SSS. The SWT provides a snapshot of
physical function which is acceptable for group
analysis. Use of the SWT for individual assessment
after surgery is feasible. This study offers Level I
prognostic evidence that the ODI, SSS, OCS and
SWT tests reliably and validly evaluate patients
with symptomatic spinal stenosis within which a
subgroup of degenerative spondylolisthesis patients
exist.
Weinstein et al*? conducted a prospective, random-
ized control trial evaluating the outcomes of sur-
gical treatment of degenerative spondylolisthesis
compared with medical/interventional treatment
in 304 patients. The study also included a second
observational cohort of 303 patients who refused
randomization but agreed to participate in the
study.

The primary outcome measures used in the study
included the Medical Outcomes Study SF-36
bodily pain and physical function scores and the
modified Oswestry Disability Index. Data was col-
lected at six weeks, three months, six months, one
year and two years. Secondary outcomes measures
included patient reported improvement, satisfac-
tion with current symptoms and care, Stenosis
Bothersome Index and LBP Bothersome Index.

Within the randomized arm of the study, the au-
thors reported a 40% crossover in each direction.
Intention-to-treat analysis showed no significant
differences in any outcome. As-treated analysis for
both cohorts showed significant advantages at three
months that increased at one year and was durable

at two years. Treatment effects at two years were
18.1 for bodily pain (95%, CI 14.5-21.7) 18.3 for
physical function (95%, CI 14.6-21.9) and -16.7
for ODI (95%, CI -19.5 to -13.9). There is little
evidence suggesting harm with either surgical or
medical treatment.

In critique of this study, the secondary outcome
measures, Stenosis Bothersome Index and LBP
Bothersome Index, have not been specifically vali-
dated for degenerative lumbar spondylolisthesis.
This study provides Level I prognostic evidence
from both the randomization and observational co-
horts that the primary outcome measures, Medical
Outcomes Study SF-36 bodily pain and physical
function scores and the modified Oswestry Dis-
ability Index, are appropriate instruments to use in
detecting treatment effects in patients with degen-
erative lumbar spondylolisthesis.

Future Directions for Research
Further studies are needed to validate additional
outcome measures (Stenosis Bothersome Index,
LBP Bothersome Index, Oxford Claudication
Score, Shuttle Walking Test, JOA and Calculated
Recovery Rate) for the treatment of degenerative
lumbar spondylolisthesis. Currently, the best out-
come measure for degenerative spondylolisthesis
with symptoms of spinal stenosis is the ZCQ/SSS
as a disease-specific outcome tool. General health

outcome tools that are appropriate for degenerative
lumbar spondylolisthesis are the SF-36 and ODI.

Degenerative lumbar spondylolisthesis with back
pain alone needs to be defined as a stand-alone
clinical entity by outcomes research. The use of
these outcome measures in this subgroup of pa-
tients needs to be studied.
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C. Medical and Interventional Treatment

A systematic review of the literature yielded no
studies to adequately address any of the medical/
interventional treatment questions posed below:

1. Do medical/interventional treatments im-
prove outcomes in the treatment of degen-
erative lumbar spondylolisthesis compared
to the natural history of the disease?

2. What is the role of pharmacological treat-
ment in the management of degenerative
lumbar spondylolisthesis?

3. What is the role of physical therapy/exer-
cise in the treatment of degenerative lumbar
spondylolisthesis?

4. What is the role of manipulation in the
treatment of degenerative lumbar spon-
dylolisthesis?

5. What is the role of epidural steroid injec-
tions for the treatment of degenerative
lumbar spondylolisthesis?

6. What is the role of ancillary treatments such
as bracing, traction, electrical stimulation
and transcutaneous electrical stimulation
(TENS) in the treatment of degenerative
lumbar spondylolisthesis?

7. What is the long-term result of medical/
interventional management of degenerative
lumbar spondylolisthesis?

Unfortunately, a thorough literature search tar-
geted at the subset of stenotic patients with degen-
erative lumbar spondylolisthesis yielded a paucity
of evidence addressing medical/interventional
treatment. A thorough literature search identified

a total of 47 articles related to medical/interven-
tional treatment. Work group members reviewed
all abstracts and identified nine articles to review in
order to address the questions above and to iden-
tify any other relevant articles cited in the reference
sections.

An extensive review of all articles cited in the
reference section found no direct comparison of
active treatment (medical/interventional) to an
untreated control group (natural history). Patients
with degenerative lumbar spondylolisthesis can be
asymptomatic, present exclusively with axial back
pain or present with neurogenic claudication and/
or radicular pain with or without accompanying
axial back pain. Treatment for each of these patient
populations will be different. Identifying relevant
studies and formulating evidence-based treatment
recommendations for subpopulations of the de-
generative lumbar spondylolytic patients (eg, axial
back pain only, combination of axial back pain and
radiculopathy) was not feasible as none of the stud-
ies presented results stratified by symptomatology.

Medical/interventional treatment for
degenerative lumbar spondylolisthesis,

when the radicular symptoms of stenosis
predominate, most logically should be similar
to treatment for symptomatic degenerative
lumbar spinal stenosis.

Work Group Consensus Statement

Treatment recommendations and the supporting
evidence are available in the NASS guideline Di-
agnosis and Treatment of Degenerative Lumbar
Spinal Stenosis (2007) available on the NASS Web

site at (Www.spine.org).
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Future Directions for Research

The work group identified the following sug-
gestions for future studies which would generate
meaningful evidence to assist in further defining

the role of medical treatment for degenerative lum-

bar spondylolisthesis.

Recommendation #1:
Future studies of the effects of medical, non-

invasive interventions for degenerative lumbar

spondylolisthesis should include an untreated
control group when ethically possible.

35

that a randomized controlled study comparing
the benefits of physical therapy with directional
preference versus nonpreferential therapy for
the treatment of degenerative lumbar spon-
dylolisthesis would be useful.

Medical/lnterventional Treatment
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symptomatology (eg, axial back pain only, com-
bination of axial back pain and radiculopathy).

Recommendation #3:
Although the review was devoid of studies
examining the benefits of physical therapy with
a directional preference (eg, avoiding extension)
in patients with degenerative lumbar spon- 8.
dylolisthesis, this appears to be an area of grow-
ing interest. Accordingly, the group suggests
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D. Surgical Treatment

Do surgical treatments improve
outcomes in the treatment

of degenerative lumbar
spondylolisthesis compared

to the natural history of the
disease?

Surgery is recommended for treatment of
patients with symptomatic spinal stenosis
associated with low grade degenerative
spondylolisthesis whose symptoms have been
recalcitrant to a trial of medicall/interventional
treatment.

Grade of Recommendation: B

Anderson et al' reported subgroup analysis data
from a large, randomized controlled trial deal-

ing with spinal stenosis. As such, this represents

a prospective, comparative study of 75 patients
with neurogenic claudication from lumbar spinal
stenosis and low grade (less than 25% translation)
spondylolisthesis who were treated either with the
X STOP device (an interspinous process spacer) or
with medical/interventional treatment. The medi-
cal/interventional (control) group did receive treat-
ment, which included at least one epidural steroid
injection, medications and physical therapy. Thus,
this group was not truly representative of the natu-
ral history of the disorder. At two-year follow-up,
there were statistically significant improvements

in the Zurich Claudication Questionnaire (ZCQ)
score and patient satisfaction in those treated with
X STOP; there were no statistically significant im-
provements in the medical/interventional group.

In critique of this study, the cohort of 75 patients
was derived from a larger pool of candidates with

spinal stenosis (and not necessarily spondylolis-
thesis) that were randomized into the X STOP
treatment group and medical/interventional group.
However there were no significant baseline differ-
ences detected between the groups. Five patients in
the X STOP group and four patients in the medi-
cal/interventional group subsequently underwent
a laminectomy. It is unclear if the data from these
patients were included as an intention-to-treat
analysis.

If one were to equate medical/interventional treat-
ment including injections, therapy and medica-
tions with natural history, this study offers Level
III therapeutic evidence that surgical treatment in
the form of an interspinous spacer improves upon
the natural history of neurogenic claudication and
spinal stenosis with low grade degenerative spon-
dylolisthesis.

Weinstein et al® conducted a multicenter, pro-
spective, randomized controlled trial comparing
surgery and medical/interventional treatment for
neurogenic claudication from spinal stenosis and
degenerative spondylolisthesis. In addition, there
was a nonrandomized observational arm that com-
pared the two treatment options. Eligible patients
had symptoms for at least 12 weeks and could have
had medical/interventional treatment prior to en-
rollment. Surgical treatment included laminectomy
with or without fusion; however, few patients
underwent laminectomy alone. Medical/interven-
tional treatment included at least active physical
therapy, education/counseling and medications.

In critique of this study, there was a high crossover
rate between study groups. For instance, 49% of
those patients assigned to medical/interventional
treatment had undergone surgery at two-year
follow-up. Likewise, only 64% of those who were
assigned to the surgical group had undergone
surgery by two years. Because of the high degree
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of crossover, this study is more appropriately
considered a prospective, comparative study. The
as-treated analysis showed statistically better
outcomes with surgery that were maintained at
the two year follow-up. Medical/interventional
treatment included at least active physical therapy,
education/counseling and medications; however,
this was not standardized by any particular
protocol.

If one were to equate medical/interventional treat-
ment including injections, therapy and medica-
tions with natural history, this study offers Level
IT therapeutic evidence that surgical treatment in
the form of a laminectomy with or without fusion
improves upon the natural history of neurogenic
claudication and spinal stenosis with degenerative
spondylolisthesis.

Future Directions for Research

The SPORT study demonstrated the intrinsic dif-
ficulties in conducting RCTs comparing surgical
to medical/interventional treatment in the North
American patient population. It is unlikely that
higher quality data are achievable for the compari-

son of surgical and medical/interventional treat-
ment.

Surgical Treatment Versus Natural
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Does surgical decompression
alone improve surgical outcomes
in the treatment of degenerative
lumbar spondylolisthesis
compared to medicall
interventional treatment alone
or the natural history of the
disease?

Direct surgical decompression is
recommended for treatment of patients

with symptomatic spinal stenosis associated
with low grade degenerative lumbar
spondylolisthesis whose symptoms have been
recalcitrant to a trial of medical/interventional
treatment.

Grade of Recommendation: | (Insufficient
Evidence)

Matsudaira et al'” conducted a retrospective com-
parative study of 53 patients with spinal stenosis
and grade I degenerative spondylolisthesis. Nine-
teen underwent decompression with instrumented
fusion, 18 underwent decompressive laminoplasty
without fusion, and 16 had medical/interventional
treatment. At a minimum of two years follow-up,
patients in both surgical treatment groups showed
significantly better improvements in Japanese
Orthopaedic Association (JOA) scores than the
medical/interventional group.

In critique of this study, the sample was modest,
particularly considering there were only 16 patients
in the medical/interventional group. To be used

to answer the current question, one has to assume
that medical/interventional treatment is equivalent
to natural history. In support of the study, patients
uniformly had grade I degenerative spondylolisthe-
sis. This paper provides Level III therapeutic evi-
dence that decompressive surgery alone in the form

of a decompressive laminoplasty results in better
outcomes than the natural history of spinal stenosis
with grade I degenerative spondylolisthesis.

Indirect surgical decompression is
recommended for treatment of patients

with symptomatic spinal stenosis associated
with low grade degenerative lumbar spondy-
lolisthesis whose symptoms have been
recalcitrant to a trial of medicall/interventional
treatment.

Grade of Recommendation: | (Insufficient
Evidence)

Anderson et al' performed a subgroup analysis of
75 patients with grade I degenerative spondylolis-
thesis who were originally included in the pivotal
randomized controlled trial comparing the X
STOP device and medical/interventional treatment
for spinal stenosis with neurogenic claudication
that was relieved by flexion and sitting. Although
examined prospectively, this subgroup was not ap-
propriated to surgical and medical/interventional
treatment in a truly randomized fashion.

Forty-two patients had the X STOP device placed,
while 33 had medical/interventional treatment
that included at least one epidural steroid injec-
tion, medications and physical therapy as needed.
Only 70 of 75 patients had a minimum of two year
follow-up. Of patients in the X STOP group, 63%
had significant improvements in the Zurich Clau-
dication Questionnaire (ZCQ) score, while 12%
in the medical/interventional group had significant
improvements.

In critique of this study, although labeled by the
authors as a randomized controlled trial, it was not
such for patients with degenerative spondylolisthe-
sis. Patient numbers were relatively low. In support
of their findings, there was a low attrition rate (7%
at two year follow-up). Furthermore, the investiga-
tors utilized a validated outcome instrument, the
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ZCQ. This study offers Level III therapeutic evi-
dence that an interspinous distraction device that
provides indirect decompression leads to better
outcomes in patients with spinal stenosis and grade
I degenerative spondylolisthesis than does medical/
interventional intervention.

Future Directions for Research
Because of the lack of clarity of the ideal candidate
for decompression alone, a large scale randomized
controlled trial may be logistically and ethically
difficult to perform. The work group acknowl-
edges that recently published high profile studies
(SPORT trials) demonstrated the intrinsic dif-
ficulties in conducting RCTs comparing surgical
to medical/interventional treatment in the North
American patient population. It is unlikely that
higher quality data are achievable for the compari-
son of surgical and medical/interventional treat-
ment.

A greater number of nonindustry-sponsored,
independent, randomized controlled trials need to
be done to validate what appears to be an effective
and minimally invasive means (interspinous spac-
ers) of decompressing the spinal canal in patients
with symptomatic spinal stenosis and degenerative
lumbar spondylolisthesis.

Surgical Decompression Versus
Natural History or Medical
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Does the addition of lumbar fu-
sion, with or without instrumen-
tation, to surgical decompression
improve surgical outcomes in the
treatment of degenerative lum-
bar spondylolisthesis compared
to treatment by decompression
alone?

Surgical decompression with fusion is
recommended for the treatment of patients
with symptomatic spinal stenosis and
degenerative lumbar spondylolisthesis to
improve clinical outcomes compared with
decompression alone.

Grade of Recommendation: B

Bridwell et al* described a prospective, comparative
study of 44 surgically treated patients with degen-
erative lumbar spondylolisthesis followed for a
minimum of two years. Of the 44 patients, nine un-
derwent laminectomy alone, 10 had laminectomy
and instrumented fusion and 24 had laminectomy
and instrumented fusion (18 single level, six two-
level). Patients were radiographically assessed and
a functional assessment was conducted by asking
whether they felt their ability to walk distances was
worse (-), the same (0) or significantly better (+).
Of the 44 patients, 43 were followed for two years
or more.

The authors determined that instrumented fu-
sion had higher fusion rates than noninstrumented
tusion (p=0.002). The authors further observed
greater progression of spondylolisthesis in patients
treated with laminectomy alone (44%) and in
laminectomy without instrumented fusion (70%)
compared to patients who received laminectomy
with instrumented fusion (4%,p=0.001). A higher
proportion of the patients without slippage pro-

gression reported that they were helped by the
surgery than those whose slippage progressed post-
operatively (p<0.01).

In critique, this was a small study in which selec-
tion bias entered into the randomization process,
reviewers were not masked to patient treatment
and validated outcome measures were not utilized.
Because of these weaknesses, this potential Level
IT study was downgraded to Level IIL. This study
provides Level III therapeutic evidence that instru-
mented fusion patients had less chance of progres-
sive slippage postoperatively than laminectomy
alone or noninstrumented fusions and a higher
proportion of patients with stable or unchanged
spondylolisthesis reported greater improvement
after surgery.

Herkowitz et al®® conducted a prospective, com-
parative study of 50 patients with degenerative
lumbar spondylolisthesis who were studied clini-
cally and radiographically to determine if concomi-
tant intertransverse process arthrodesis provided
better results than decompression alone. Outcomes
were assessed using a rudimentary outcome scale
(excellent, good, fair, poor) with a mean follow-up
of three years.

The authors reported that of the 25 patients treated
with decompression and fusion, 11 reported excel-
lent results, 13 good, one fair and zero poor. Of the
25 patients treated with decompression alone, two
reported excellent results, nine good, 12 fair and
two poor. Improved results in the patients who had
an arthrodesis concomitantly with decompression
were significant by the Fisher exact test (p=0.0001).
The authors concluded that in patients who had a
concomitant arthrodests, the results were signifi-
cantly better with respect to relief of low back pain
and lower limb pain.

In critique, this was a small study which did not
utilize validated clinical outcome measures or
describe baseline characteristics of the groups.
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Because of these weaknesses, this potential Level 11
study was downgraded to Level III. This study of-
fers Level III therapeutic evidence that decompres-
sion with arthrodesis in patients with degenerative
lumbar spondylolisthesis provides significantly
better relief of low back pain and leg pain than
decompression alone.

Mardjetko et al®® performed a meta-analysis of
primarily Level III studies. The objective of the
study was to analyze the published data on degen-
erative spondylolisthesis to evaluate the feasibility
of its use as a literature control to compare with the
historical cohort pedicle screw study data.

The authors conducted a comprehensive literature
search to identify studies published in English
peer-reviewed journals between 1970 and 1993 ad-
dressing degenerative spondylolisthesis with radic-
ular leg pain or neurogenic claudication. Inclusion
criteria included a minimum of four cases reviewed
and reporting of the primary outcome variable of
fusion in articles in which this was part of the treat-
ment. Clinical outcome variables of back pain, leg
pain, function, neurogenic claudication and global
outcome scores were recorded when available. A
total of 25 papers representing 889 patients were
accepted for inclusion. Twenty-one were retrospec-
tive, nonrandomized and uncontrolled. One paper
was retrospective and nonrandomized, but com-
pared two different treatments. Three prospective,
randomized studies were included.

The primary outcome variable, fusion, was
determined by each author. The most constant
clinical outcome variable reported was pain with
16 papers reporting pain only, six papers reporting
pain and function, and two papers reporting
patient-determined outcomes. Patient function was
reported in six papers and referred to the presence
or absence of neurogenic claudication. In addition
to these clinical outcomes, four papers reported a
global evaluation. Two used Kaneda’s rating system
and two used the Japanese Orthopedic Association

(JOA) score. Excellent and good results were
reassigned as satisfactory; poor results were
classified as unsatisfactory.

The authors reported that in the decompression
alone category, 11 papers representing 216 patients
were accepted. Sixty-nine percent of patients had
a satisfactory outcome. The incidence of worsened
postoperative slip was 31% but was not associ-
ated with a poorer clinical result in the majority of
patients.

In the category of decompression with fusion and
no instrumentation, six papers qualified for inclu-
sion. In one paper, only fusion data were broken
out for the diagnosis of degenerative spondylolis-
thesis and were used just for this outcome variable.
Ninety percent of the patients in this category had
a satisfactory outcome; 86% achieved solid spinal
fusion. With regard to clinical outcome, the differ-
ence between patients treated with decompression
without fusion (69% satisfactory) and those treated
with decompression and fusion without instrumen-
tation (90% satisfactory) was statistically signifi-
cant (P < 0.0001).

In the decompression with fusion and pedicle
screws category, five studies met the inclusion
criteria. Fusion status was analyzed in 101 patients.
Eighty-five patients were analyzed with respect

to clinical outcome. One paper did not separately
analyze clinical data, but did so for fusion data;
therefore, only fusion data were included. The
proportionally weighted fusion rates for this group
were 93%. When comparing the fusion without
instrumentation group to the fusion with pedicle
screw group, there was not a statistically significant
increase in fusion rate (P = 0.08). Analysis of the
clinical outcomes reveals an 86% satisfactory rating
for the pedicle screw group. This compares favor-
ably to the 69% satisfactory rate in the decompres-
sion without fusion group (P <0.0001).

In the anterior spinal fusion category, three papers
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presenting the results for 72 patients who received
anterior spinal fusion for the treatment of degener-
ative spondylolisthesis were included. Pooling the
data from these three studies yielded a 94% fusion
rate with an 86% rate of patient satisfaction.

The authors concluded that the meta-analysis
results support the clinical impression that, in the
surgical management of degenerative lumbar spon-
dylolisthesis, spinal fusion significantly improves
patient satisfaction.

In critique of this study, only three Level IT studies
were reviewed and data was very heterogeneous.
This paper offers Level III therapeutic evidence
that the addition of fusion with or without in-
strumentation to decompression improves clinical
outcomes.
Martin et al* conducted a systematic review de-
signed to identify and analyze comparative studies
that examined the surgical management of de-
generative lumbar spondylolisthesis, specifically
the differences in outcomes between fusion and
decompression alone, and between instrumented
fusion and noninstrumented fusion.

Relevant randomized controlled trials (RCTs) and
comparative observational studies were identified
in a comprehensive literature search (1966 to June
2005). The inclusion criteria required that a study
be an RCT or comparative observational study that
investigated the surgical management of degenera-
tive lumbar spondylolisthesis by comparing: (1)
fusion to decompression and/or (2) instrumented
fusion to noninstrumented fusion. A minimum
one-year follow-up was required. Studies also had
to include at least five patients per treatment group.
A study was excluded if it included patients who
had received previous spine surgery or patients
with cervical injuries, spinal fractures, tumors or
isthmic spondylolisthesis. A study was also exclud-
ed if it was not possible to analyze patients with
degenerative spondylolisthesis separately from

another included patient population or if it was not
clearly a comparative study.

Data from the included studies were extracted by
two independent reviewers using a standard data
abstraction sheet. The data abstraction sheet identi-
fied the following information: (1) patient popula-
tion’s age, gender, symptoms and degree of spon-
dylolisthesis; (2) type of decompression, fusion,
instrumentation, bone graft material, and preopera-
tive and postoperative treatment; (3) study design
and methodological quality using the Cochrane
RCT/CCT/Crossover Studies Checklist, modified
by the additional criterion that observational stud-
ies state the use of a consecutive series of patients;
and (4) study outcomes.

The main abstracted outcomes were clinical out-
come, reoperation rate and solid fusion status. An
attempt was made to compare patient-centered,
validated and disease-specific outcomes, complica-
tions and spondylolisthesis progression, but be-
cause of heterogeneity in reporting these outcomes
in the primary studies, no pooled analysis could be
performed on these outcomes. When appropriate, a
study’s clinical outcome rating scale was altered to
match a dichotomous rating scale of “satisfactory”
or “unsatisfactory” clinical outcome, and results
were entered into Review Manager 4.2 for weight-
ed grouped analyses.

The authors reported that eight studies were in-
cluded in the fusion versus decompression alone
analysis, including two RCTs. Limitations were

found in the methodologies of both RCTs and
most of the observational studies.

Grouped analysis detected a significantly higher
probability of achieving a satisfactory clinical out-
come with spinal fusion than with decompression
alone (relative risk, 1.40; 95% confidence interval,
1.04-1.89; P < 0.05). The clinical benefit favoring
fusion decreased when analysis was limited to stud-
ies where the majority of patients were reported
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to be experiencing neurologic symptoms such as
intermittent claudication and/or leg pain.

Six studies were included in the instrumented
fusion versus noninstrumented fusion analysis,
including three RCTs. The use of adjunctive instru-
mentation significantly increased the probability
of attaining solid fusion (relative risk, 1.37; 95%
confidence interval, 1.07-1.75; P < 0.05), but no
significant improvement in clinical outcome was
recorded (relative risk, 1.19; 95% confidence inter-
val, 0.92-1.54). There was a nonsignificant trend
towards a lower repeat operation rate in the fusion
group compared with both decompression alone
and instrumented fusion.

The authors concluded there is moderate evidence
that fusion may lead to a better clinical outcome
compared with decompression alone. Evidence that
the use of adjunctive instrumentation leads to im-
proved fusion status and less risk of pseudoarthro-
sis is also moderate. No conclusion could be made
about the clinical effectiveness of instrumented
fusion versus noninstrumented fusion.

In critique of this study, it was a systematic review
of studies ranging down to Level IIL, and is thus
classified as a Level III systematic review. Limita-
tions were found in the methodologies of all RCTs,
specifically in the pseudorandomization, absence
of masking and/or the lack of validated outcome
measures to assess clinical outcomes.

This paper offers Level III therapeutic evidence
that fusion leads to a better clinical outcome com-
pared with decompression alone and the use of
adjunctive instrumentation leads to improved fu-
sion status and less risk of pseudoarthrosis. Their
data does not demonstrate any difference in clinical
outcomes between instrumented and noninstru-
mented fusions.

Matsudaira et al® described a retrospective, com-
parative study of 55 patients with spinal stenosis
in grade I degenerative lumbar spondylolisthesis.

Of the 55 patients, 20 underwent laminectomy
plus posterolateral fusion and pedicle screw in-
strumentation (Group 1), 19 underwent lamino-
plasty alone (Group 2) and 16 refused surgery and
received medical/interventional treatment (Group
3). One patient in each surgical group was lost to
follow-up. Outcomes were assessed by the Japa-
nese Orthopedic Association (JOA) score, along
with radiographic evaluation at minimum two-year
follow-up.

The authors reported that alleviation of symptoms
was noted in the fusion and laminoplasty groups
but not in the medical/interventional treatment
group. No statistically significant difference in
clinical improvement was noted between the fu-
sion and laminoplasty groups. The percent slip
increased significantly in groups 2 and 3, whereas
spondylolisthesis was stabilized in Group 1. The
authors concluded that decompression with pres-
ervation of the posterior elements can be useful in
treating patients with symptomatic lumbar spinal
stenosis resulting from grade I degenerative spon-
dylolisthesis.

In critique of this study, the numbers were small,
patients were not randomized and no clearly de-
fined indications for specific treatment selections
were included. This paper offers Level III thera-
peutic evidence that decompression with poste-
rolateral fusion and instrumentation, as well as
laminoplasty alone yield improved outcomes in the
treatment of symptomatic lumbar spinal stenosis
resulting from grade I degenerative spondylolisthe-
sis as compared with medical/interventional treat-
ment alone.

Future Directions for Research
Because of the lack of clarity of the ideal candidate
for decompression alone, a large scale randomized
controlled trial may be logistically and ethically
difficult to perform in comparison to decompres-
sion and fusion.
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Does the addition of
instrumentation to
decompression and fusion

for degenerative lumbar
spondylolisthesis improve surgical
outcomes compared with
decompression and fusion alone?

The addition of instrumentation is
recommended to improve fusion rates in
patients with symptomatic spinal stenosis and
degenerative lumbar spondylolisthesis.

Grade of Recommendation: B

The addition of instrumentation is

not recommended to improve clinical
outcomes for the treatment of patients with
symptomatic spinal stenosis and degenerative
lumbar spondylolisthesis.

Grade of Recommendation: B

Bridwell et al* described a prospective comparative
study of 44 surgically treated patients with degen-
erative lumbar spondylolisthesis followed for a
minimum of two years. Of the 44 patients, nine un-
derwent laminectomy alone, 10 had laminectomy
and noninstrumented fusion and 24 had laminec-
tomy and instrumented fusion (18 single level, six
two-level). Patients were radiographically assessed
and a functional assessment was conducted by ask-
ing whether they felt their ability to walk distances
was worse (-), the same (0) or significantly better
(+). Of the 44 patients, 43 were followed for two
years or more.

The authors reported that instrumented fusion had
higher fusion rates than noninstrumented fusion
(p=0.002) and observed greater progression of
spondylolisthesis in patients treated with lamine-

ctomy alone and laminectomy without instru-
mented fusion compared to patients who received
laminectomy with instrumented fusion (p=0.001).
A higher proportion of the patients without slip-
page progression reported that they were helped by
the surgery than those whose slippage progressed
postoperatively (p<0.01).

In critique, this was a small study in which selec-
tion bias entered into the randomization process,
reviewers were not masked to patient treatment
and validated outcome measures were not utilized.
Because of these weaknesses, this potential Level

IT study was downgraded to Level IIL. This study
provides Level III therapeutic evidence that addi-
tion of instrumentation to fusion results in higher
fusion rates and subjective improvement in walking
distance when compared with fusion alone.

Fischgrund et al’ conducted a prospective, random-
ized comparative study of 76 consecutive patients
with symptomatic spinal stenosis associated with
degenerative lumbar spondylolisthesis who under-
went posterior decompression and posterolateral
fusion. Patients were randomized into a transpedic-
ular fixation group or noninstrumented group.
Outcomes were assessed at two-year follow-up
using a five-point visual analog scale (VAS) and an
operative result rating (excellent, good, fair, poor)
based on examiner assessment of pain and func-
tional level.

The authors reported that of the 76 patients includ-
ed in the study, 68 (89%) were available for two-
year follow-up. Clinical outcome was excellent or
good in 76% of instrumented patients and 85%

of noninstrumented patients (p=0.45). Successful
arthrodesis occurred in 82% of instrumented ver-
sus 45% of noninstrumented patients (p=0.0015).
Overall, successful fusion did not correlate with
patient outcome (p=0.435). The authors concluded
that for single-level degenerative lumbar spon-
dylolisthesis, use of instrumentation may lead to a
higher fusion rate, but clinical outcome showed no
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improvement in low back pain and lower limb pain
with their nonvalidated outcome measures.

In critique of this study, the follow-up may have
been too short to detect the effects of pseudoar-
throsis in this nonmasked study. Validated outcome
measures were not utilized to assess clinical out-
comes. Because of these weaknesses, this potential
Level IT study was downgraded to Level III.

This study offers Level III therapeutic evidence
that the addition of instrumentation to postero-
lateral fusion for the treatment of degenerative
lumbar spondylolisthesis increases the likelihood
of obtaining a solid arthrodesis, but does not cor-
relate with improved clinical outcomes at two-year
follow-up.

Gibson et al** performed a systematic review of

31 randomized controlled trials (RCT) looking

at all forms of surgical treatment for degenerative
lumbar spondylosis. The authors reported eight
trials showing that instrumented fusion produced a
higher fusion rate, but any improvement in clini-
cal outcomes is probably marginal. Other evidence
suggests instrumentation may be associated with a
higher complication rate. The authors concluded
that although fusion rates improve with instrumen-
tation, there does not appear to be any correlation
with clinical outcomes.

In critique of this study, it was a systematic review
of primarily Level II studies and is thus classified
as a Level IT systematic review. Limitations were
found in the methodologies of all RCTs, specifical-
ly in the randomization, absence of masking and/
or the lack of validated outcome measures to assess
clinical outcomes. Studies were heterogeneous in
nature and lacked long-term outcome studies.

In the work group’s review of the specific stud-
ies cited in this paper, many were downgraded
to Level III; therefore, the work group classified
this review as Level III evidence. This paper of-

fers Level III therapeutic evidence that although
instrumentation improves the fusion rate, clinical
outcome is probably only marginally improved at a
potential risk of higher complication rates.

Kimura et al”® described a retrospective, compara-
tive study of 57 patients with grade I or II L4-5
degenerative lumbar spondylolisthesis. Group A
consisted of 28 patients who underwent decom-
pression and posterolateral fusion without instru-
mentation. Group B was comprised of 29 patients
who had decompression and posterolateral fusion
with pedicle screw instrumentation. Following
surgery, Group A was immobilized with bed rest
and a cast for 4-6 weeks, whereas Group B was
mobilized much more quickly. Outcomes were as-
sessed using the Japanese Orthopedic Association
(JOA) scores and radiographs with mean follow-up
in Group A of six years and in Group B of three
years.

The authors indicated that patients in Group A
(noninstrumented) reported 72.4% satisfaction
rate, with an 82.8% fusion rate. Patients in Group
B (instrumented) reported an 82.1% satisfaction
rate, with a 92.8% fusion rate. The authors did not
find any significant differences in outcomes be-
tween the two groups, except that Group B (instru-
mented) had less low back pain.

In critique of this study, patients were not random-
ized and there was varying duration of follow-up
between groups. Although there was a trend to-
ward improved satisfaction and fusion rates with
instrumentation, with the numbers available no
significant difference was detected. This paper of-
fers Level III therapeutic evidence of no significant
benefit with the addition of instrumentation for
L4-5 degenerative lumbar spondylolisthesis.

Mardjetko et al®® performed a meta-analysis of
primarily Level III studies. The objective of the
study was to analyze the published data on degen-
erative spondylolisthesis to evaluate the feasibility
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of its use as a literature control to compare with the
historical cohort pedicle screw study data.

The authors conducted a comprehensive literature
search to identify studies published in English peer-
reviewed journals between 1970 and 1993 address-
ing degenerative spondylolisthesis with radicular
leg pain or neurogenic claudication. Inclusion crite-
ria included (1) a minimum of four cases reviewed
and (2) reporting of the primary outcome variable
of fusion in articles in which this was part of the
treatment. Clinical outcome variables of back pain,
leg pain, function, neurogenic claudication and
global outcome scores were recorded when avail-
able. A total of 25 papers representing 889 patients
were accepted for inclusion. Twenty-one were ret-
rospective, nonrandomized and uncontrolled. One
paper was retrospective and nonrandomized, but
compared two different treatments. Three prospec-
tive, randomized studies were included.

The primary outcome variable, fusion, was
determined by each author. The most constant
clinical outcome variable reported was pain with
16 papers reporting pain only, six papers reporting
pain and function, and two papers reporting
patient-determined outcomes. Patient function was
reported in six papers and referred to the presence
or absence of neurogenic claudication. In addition
to these clinical outcomes, four papers reported a
global evaluation. Two used Kaneda’s rating system
and two used the Japanese Orthopedic Association
(JOA) score. Excellent and good results were
reassigned as satisfactory; poor results were
classified as unsatisfactory.

In the decompression alone category, 11 papers
representing 216 patients were accepted for inclu-
sion. Sixty-nine percent of patients had a satisfac-
tory outcome. The incidence of worsened postop-
erative slip was 31%, but was not associated with a
poorer clinical result in the majority of patients.

In the category of decompression with fusion and

no instrumentation, six papers qualified for inclu-
sion. In one paper, only fusion data were broken
out for the diagnosis of degenerative spondylolis-
thesis and were used just for this outcome variable.
Ninety percent of the patients in this category had
a satisfactory outcome; 86% achieved solid spinal
fusion. With regard to clinical outcome, the differ-
ence between patients treated with decompression
without fusion (69% satisfactory) and those treated
with decompression and fusion without instrumen-
tation (90% satisfactory) was statistically signifi-
cant (P < 0.0001).

In the decompression with fusion and pedicle
screws category, five studies met the inclusion
criteria. Fusion status was analyzed in a total of 101
patients. Eighty-five patients were analyzed with
respect to clinical outcome. One paper did not sep-
arately analyze clinical data, but did so for fusion
data; therefore, only fusion data were included. The
proportionally weighted fusion rates for this group
were 93%. When comparing the fusion without
instrumentation group to the fusion with pedicle
screw group, there was not a statistically significant
increase in fusion rate (P = 0.08). Analysis of the
clinical outcomes reveals an 86% satisfactory rating
for the pedicle screw group. This compares favor-
ably to the 69% satisfactory rate in the decompres-
sion without fusion group (P <0.0001).

In the anterior spinal fusion category, three papers

presenting the results for 72 patients who received

anterior spinal fusion for the treatment of degener-
ative spondylolisthesis were included. Pooling the

data from these three studies yielded a 94% fusion
rate with an 86% rate of patient satisfaction.

The authors concluded that the meta-analysis
results support the clinical impression that in the
surgical management of degenerative lumbar spon-
dylolisthesis, spinal fusion significantly improves
patient satisfaction.

In critique of this study, only three Level II studies
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were reviewed and data was very heterogeneous.
This paper offers Level III therapeutic evidence
that addition of instrumentation to fusion does not
result in improved clinical outcome or fusion rate.
Martin et al* conducted a systematic review de-
signed to identify and analyze comparative studies
that examined the surgical management of de-
generative lumbar spondylolisthesis, specifically
the differences in outcomes between fusion and
decompression alone, and between instrumented
fusion and noninstrumented fusion.

Relevant randomized controlled trials (RCTs) and
comparative, observational studies were identified
in a comprehensive literature search (1966 to June
2005). The inclusion criteria required that a study
be an RCT or comparative observational study that
investigated the surgical management of degenera-
tive lumbar spondylolisthesis by comparing: (1)
fusion to decompression and/or (2) instrumented
fusion to noninstrumented fusion. A minimum
one-year follow-up was required. Studies also had
to include at least five patients per treatment group.
A study was excluded if it included patients who
had received previous spine surgery, or patients
with cervical injuries, spinal fractures, tumors or
isthmic spondylolisthesis. A study was also exclud-
ed if it was not possible to analyze patients with
degenerative spondylolisthesis separately from an-
other included patient population, or if it was not
clearly a comparative study.

Data from the included studies were extracted by
two independent reviewers using a standard data
abstraction sheet which identified the following
information: (1) patient population’s age, gender,
symptoms and degree of spondylolisthesis; (2) type
of decompression, fusion, instrumentation, bone
graft material, and preoperative and postoperative
treatment; (3) study design and methodological
quality using the Cochrane RCT/CCT/Cross-
over Studies Checklist, modified by the additional
criterion that observational studies state the use
of a consecutive series of patients; and (4) study

outcomes.

The main abstracted outcomes were clinical out-
come, reoperation rate and solid fusion status. An
attempt was made to compare patient-centered,
validated and disease-specific outcomes, complica-
tions and spondylolisthesis progression, but be-
cause of heterogeneity in reporting these outcomes
in the primary studies, no pooled analysis could be
performed on these outcomes. When appropriate, a
study’s clinical outcome rating scale was altered to
match a dichotomous rating scale of “satisfactory”
or “unsatisfactory” clinical outcome, and results
were entered into Review Manager 4.2 for weight-
ed grouped analyses.

The authors reported that eight studies were in-
cluded in the fusion versus decompression alone
analysis, including two RCTs. Limitations were

found in the methodologies of both RCTs and
most of the observational studies.

Grouped analysis detected a significantly higher
probability of achieving a satisfactory clinical out-
come with spinal fusion than with decompression
alone (relative risk, 1.40; 95% confidence interval,
1.04-1.89; P < 0.05). The clinical benefit favoring
fusion decreased when analysis was limited to stud-
ies where the majority of patients were reported

to be experiencing neurologic symptoms such as
intermittent claudication and/or leg pain.

Six studies were included in the instrumented
fusion versus noninstrumented fusion analysis,
including three RCTs. The use of adjunctive instru-
mentation significantly increased the probability
of attaining solid fusion (relative risk, 1.37; 95%
confidence interval, 1.07-1.75; P < 0.05), but no
significant improvement in clinical outcome was
recorded (relative risk, 1.19; 95% confidence inter-
val, 0.92-1.54). There was a nonsignificant trend
towards a lower repeat operation rate in the fusion
group compared with both decompression alone
and instrumented fusion.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular
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The authors concluded there is moderate evidence
that fusion may lead to a better clinical outcome
compared with decompression alone. Evidence that
the use of adjunctive instrumentation leads to im-
proved fusion status and less risk of pseudoarthro-
sis 1s also moderate. No conclusion could be made
about the clinical effectiveness of instrumented
fusion versus noninstrumented fusion.

In critique of this study, it was a systematic review
of studies ranging down to Level IIL, and is thus
classified as a Level III systematic review. Limita-
tions were found in the methodologies of all RCTs,
specifically in the pseudorandomization, absence
of masking and/or the lack of validated outcome
measures to assess clinical outcomes. This paper
offers Level III therapeutic evidence that the use of
adjunctive instrumentation leads to improved fu-
sion rates, but failed to show a statistically signifi-
cant improvement in clinical outcomes.

Future Directions for Research

A high quality randomized controlled trial is
recommended to provide meaningful informa-
tion about the clinical benefits of achieving a solid
fusion in patients treated with instrumented and
noninstrumented fusion for symptomatic spinal
stenosis and degenerative lumbar spondylolisthe-
sis. This study should utilize validated, functional,
disease-specific outcome measures with long-term
follow-up of four years or more.

Role of Instrumentation with Fusion
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What is the role of reduction
(deliberate attempt to reduce via
surgical technique) with fusion

in the treatment of degenerative
lumbar spondylolisthesis?

Reduction with fusion and internal fixation of
patients with low grade degenerative lumbar
spondylolisthesis is not recommended to
improve clinical outcomes.

Grade of Recommendation: | (Insufficient
Evidence)

Although reduction and fusion can be performed,
the evidence reviewed does not substantiate any
improvement in clinical outcomes and may increase
the risk of neurological complications.

Bednar et al' described a retrospective consecu-
tive case series of 56 patients with degenerative
spondylolisthesis and symptoms of back pain and/
or stenosis treated with bilateral foraminotomies,
reduction and instrumented fusion. The proce-
dure had a 7% major complication rate. Outcomes
measures were the Visual Analog Scale (VAS), Os-
westry Disability Index (ODI) and radiographs. Of
the 56 patients, 42 were available for follow-up at
an average of 33 months (range 14-53 months). Of
the 42 patients, 82% experienced relief of leg pain,
75% experienced improvement in low back pain,
and 77% experienced significant improvement in
their ODI scores (average preoperatively of 56%
versus average of 26% postoperatively).

Only 38 patients were available for late review of
X-ray studies at an average of 33 months. Average
preoperative slip was 16%, and of the 38 patients
available at late review, 75% had perfect reduction.
Of the 38 patients, 16% had minor loss of reduc-
tion. Outcome measures (VAS and ODI) were not
compared based on the presence or absence of a

perfect reduction.

In critique, this is a moderately small, retrospec-
tive review of a consecutive case series of surgical
patients from one surgeon with no comparison
group and with less than 80% follow-up. This
paper offers Level IV therapeutic evidence that
limited bilateral foraminotomies with instrumented
reduction and fusion for symptomatic degenera-
tive spondylolisthesis and stenosis is as effective as
laminectomy and in situ fusion without as much
operative exposure of neural structures.

Lee et al™* reported on a prospective case series of
52 consecutive patients with objectively defined
unstable degenerative spondylolisthesis who un-
derwent reduction and fusion without decom-
pression using the Fixater Interne pedicle fixation
device. Forty-seven patients had low back pain,
40 patients had radicular pain and 36 patients had
intermittent claudication.

Follow-up was at a minimum of 12 months (range
12-16 months). Subjective measurement of success
was classified as excellent, good, fair and poor for
pain. An excellent or good outcome was consid-
ered satisfactory and a fair or poor outcome was
considered unsatisfactory. A satisfactory outcome
(excellent and good results) occurred in 42 of 47
patients with complaints of back pain, 37 of 40
patients with radicular pain and 310f 36 patients
with claudication. The authors commented that
only two groups, based on their findings, are not
good candidates for this procedure: (1) those with
a positive Lasegue’s sign and (2) those with border-
line instability.

In critique of this study, this was a prospective case
series of consecutive patients with degenerative
spondylolisthesis undergoing reduction, fixation
and fusion which lacked a comparison group. Vali-
dated outcome measures were not used. This paper
presents Level IV therapeutic evidence that patients
with degenerative spondylolisthesis who do not
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have borderline instability or a positive Lasegue’s
sign can undergo reduction, fixation and fusion
without decompression.

Sears et al'” reviewed a prospective case series of

34 patients with degenerative spondylolisthesis
who underwent decompression, reduction, inter-
nal fixation and fusion. Twenty-five patients had a
one-level fusion and nine patients had a two-level
fusion. Of the 34 patients, 32 had surgery to relieve
leg pain. Outcome measures included the VAS,
Low Back Pain Outcome Score (LBOS), SF-12 and
patient satisfaction questionnaire. Preoperative and
postoperative measurement of slips by radiograph
were also recorded. Mean preoperative slip was
20% (range was12% to 33%).

Follow-up occurred at a mean of 21.2 months
(range 12 to 32 months), with no dropouts. Sig-
nificant improvements (p<.001) occurred in mean
VAS and LBOS scores. Ninety-one percent of the
patients considered their results excellent or good
on the subjective satisfaction rating. Radiograph
analysis revealed mean slip reduction from 20.2%
to 1.7% and focal lordosis (available in only 17/34
patients) increased from 13.1 to 16.1 degrees. Both
of these findings were clinically significant. Three
of the 34 patients had postoperative nerve root ir-
ritation, with two of these persisting up to the time
of final report. No procedure-related complications
were reported postoperatively, but one patient re-
quired adjacent level decompression and fusion 12
months after surgery.

In critique, this is a small prospective case series on
nonconsecutive patients with degenerative spon-
dylolisthesis with no comparison group. This paper
offers Level IV therapeutic evidence that reduction
of a degenerative spondylolisthesis with internal
fixation and posterior lumbar interbody fusion can
provide good deformity correction with few com-
plications and good short-term patient outcomes
on validated patient outcome measures.

Future Directions for Research

The work group does not recommend any further
studies addressing reduction with fusion and inter-
nal fixation in patients with low grade degenerative
lumbar spondylolisthesis.

Role of Reduction with Fusion
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What is the long-term result
(four+ years) of surgical
management of degenerative
lumbar spondylolisthesis?

Decompression and fusion is recommended
as a means to provide satisfactory long-term
results for the treatment of patients with
symptomatic spinal stenosis and degenerative
lumbar spondylolisthesis.

Grade of Recommendation: C

Booth et al' described a presumably retrospective
study of 41 patients with neurogenic claudication
from spinal stenosis and spondylolisthesis who
were followed for a minimum of five years after
a laminectomy and instrumented fusion. At final
follow-up, there were no new neurological deficits,
no recurrent stenosis at the level of surgery and
no symptomatic pseudoarthroses. Three patients
underwent surgery for adjacent level stenosis,
which took place four to 12 years after the index
procedure. Clinical outcomes were available in
36 patients: 83% reported high satisfaction, 86%
reported reduced back and leg pain, and 46% had
increased function at follow-up that ranged from
five to 10.7 years.

In critique of this study, it had small patient num-
bers and there was a considerable amount of attri-
tion (less than 80% follow-up). Of 49 consecutive
patients operated during the study interval, 41 were
available for follow-up (eight patients died) and
only 36 had clinical outcomes measured. Attrition
from death, however, is expected in the affected
population. This retrospective case series provides
Level IV therapeutic evidence that laminectomy
and instrumented fusion for stenosis from degener-
ative spondylolisthesis provides a high rate of sat-
isfaction and pain relief and moderately increased
function at long-term follow-up.

Kornblum et al*? conducted a follow-up study on
47 of 58 patients who had originally been part of a
randomized controlled trial comparing instrument-
ed versus noninstrumented fusion for spinal steno-
sis and degenerative spondylolisthesis. This study’s
cohort consisted only of the noninstrumented
cases, which were followed for a minimum of five
years. Clinical outcomes were analyzed based

on the presence of solid fusion (22 patients) or a
pseudoarthrosis (25 patients). A statistically greater
percentage of patients had good or excellent results
in patients with solid fusion (86%) versus pseudo-
arthrosis (56%). Importantly, five of the pseudoar-
throsis patients and two of the fusion patients had
undergone a second procedure.

In critique of this study, the authors used a less
frequently implemented outcomes instrument, the
Swiss Spinal Stenosis (SSS) Questionnaire, making
it difficult to compare directly to other studies in
which the ODI or ZCQ were used. Despite these
minor limitations, as a prospective case series, the
data offer Level IV therapeutic (>80% follow-up)
evidence that laminectomy and attempted fusion
results in longstanding symptom improvement for
spinal stenosis from degenerative spondylolisthesis.
Furthermore, these data suggest that those patients
who achieved solid fusion have statistically better
long-term outcomes than those with pseudoar-
throses.

Postacchini et al* performed a long-term follow-up
study evaluating the clinical outcomes and radio-
graphic evidence of bone regrowth five to 19 years
after laminectomy for spinal stenosis. Of the 40
patients included, 16 had degenerative spondylolis-
thesis, 10 of whom were treated with concomitant
fusion. At final follow-up, three patients had excel-
lent results, seven patients had good results, three
had fair results and three had poor results. The pro-
portion of satisfactory clinical results was higher

in the patients who were fused compared to those
who underwent laminectomy alone.

In critique of this study, clinical outcomes were
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graded using a rudimentary four tier system (excel- 2.
lent, good, fair, poor). Furthermore, there was a
high attrition rate. Of 88 patients identified during
the study period, 27 died or could not be located
and 21 did not have adequate radiographs, leaving
the 40 study patients (45% follow-up).

(58]

Based on these limitations, this retrospective case

series provides Level IV therapeutic evidence that
laminectomy with fusion provides satisfactory 5.
long-term results.

Future Directions for Research

The work group identified the following sugges-
tions for future studies, which would generate
meaningful evidence to assist in further defining
the role of surgical treatment for degenerative lum-
bar spondylolisthesis.

Recommendation #1:
Future long-term studies of the effects of surgi-
cal interventions for patients with symptomatic
spinal stenosis and degenerative lumbar spon-
dylolisthesis should include an untreated con-
trol group, when ethically feasible. Continued
follow-up of patients already enrolled in ongo-
ing randomized controlled trials or prospective
comparative studies will yield higher quality 10.
data regarding the relative efficacy of surgery
compared to medical/interventional treatments.

11.
Recommendation #2:

Future long-term outcome studies are neces-
sary to compare different surgical techniques
for the treatment of patients with symptomatic |,
spinal stenosis and degenerative lumbar spon- '
dylolisthesis.

13.

Surgical Long Term Outcome

References

1. Booth KC, Bridwell KH, Eisenberg BA, Baldus CR,
Lenke LG. Minimum 5-year results of degenerative
spondylolisthesis treated with decompression and instru- ~ 14.
mented posterior fusion. Spine. 1999;24(16):1721-1727.

59

Bridwell KH, Sedgewick TA, O’Brien MF, Lenke LG,
Baldus C. The role of fusion and instrumentation in the
treatment of degenerative spondylolisthesis with spinal
stenosis. J Spinal Disord. 1993;6(6):461-472.
Buttermann GR, Garvey TA, Hunt AF, et al.

Lumbar fusion results related to diagnosis. Spine.
1998;23(1):116-127.

Chang P, Seow KH, Tan SK. Comparison of the results
of spinal fusion for spondylolisthesis in patients who are
instrumented with patients who are not. Singapore Med
7. 1993;34(6):511-514.

Dall BE, Rowe DE. Degenerative spondylolisthesis. Its
surgical management. Spine. 1985;10(7):668-672.
Epstein NE, Epstein JA, Carras R, Lavine LS. Degenera-
tive spondylolisthesis with an intact neural arch: a review
of 60 cases with an analysis of clinical findings and the
development of surgical management. Neurosurgery.
1983;13(5):555-561.

Fernandez-Fairen M, Sala P, Ramirez H, Gil J. A pro-
spective randomized study of unilateral versus bilateral
instrumented posterolateral lumbar fusion in degenera-
tive spondylolisthesis. Spine. 2007;32(4):395-401.
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 laminectomy and arthrod-
esis with and without spinal instrumentation. Spine.
1997;22(24):2807-2812.

Fischgrund JS. The argument for instrumented decom-
pressive posterolateral fusion for patients with degen-
erative spondylolisthesis and spinal stenosis. Spine.
2004;29(2):173-174.

Frazier DD, Lipson SJ, Fossel AH, Katz JN. As-
sociations between spinal deformity and outcomes
after decompression for spinal stenosis. Spine.
1997;22(17):2025-2029.

Fujiya M, Saita M, Kaneda K, Abumi K. Clinical study
on stability of combined distraction and compres-

sion rod instrumentation with posterolateral fusion

for unstable degenerative spondylolisthesis. Spine.
1990;15(11):1216-1222.

Gaetani P, Aimar E, Panella L, et al. Functional disability
after instrumented stabilization in lumbar degenera-
tive spondylolisthesis: a follow-up study. Funct Neurol.
2006;21(1):31-37.

Ghogawala Z, Benzel EC, Amin-Hanjani S, et al. Pro-
spective outcomes evaluation after decompression with
or without instrumented fusion for lumbar stenosis and
degenerative Grade I spondylolisthesis. ] Nexurosurg
Spine. 2004;1(3):267-272.

Gibson JN, Waddell G. Surgery for degenerative
lumbar spondylosis. Cochrane Database Syst Rev.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

2005(4):CD001352.

Hashimoto T, Oha F, Shigenobu K, et al. Mid-term
clinical results of Graf stabilization for lumbar degenera-
tive pathologies. a minimum 2-year follow-up. Spine J.
2001;1(4):283-289.

Hee HT, Wong HK. The long-term results of surgical
treatment for spinal stenosis in the elderly. Singapore
Med J. 2003;44(4):175-180.

Herkowitz HN, Kurz LT. Degenerative lumbar spon-
dylolisthesis with spinal stenosis. A prospective study
comparing decompression with decompression and in-
tertransverse process arthrodesis. / Bone Joint Surg Am.
1991;73(6):802-808.

Herno A, Partanen K, Talaslahti T, et al. Long-term
clinical and magnetic resonance imaging follow-up as-
sessment of patients with lumbar spinal stenosis after
laminectomy. Spine. 1999;24(15):1533-1537.

Herron LD, Trippi AC. L4-5 degenerative spondylolis-
thesis. The results of treatment by decompressive lamine-
ctomy without fusion. Spine. 1989;14(5):534-538.
Houten JK, Post NH, Dryer JW, Errico TJ. Clinical and
radiographically/neuroimaging documented outcome

in transforaminal lumbar interbody fusion. Neurosurg
Focus. 2006;20(3):E8.

Huang KF, Chen TY. Clinical results of a single central
interbody fusion cage and transpedicle screws fixation
for recurrent herniated lumbar disc and low-grade spon-
dylolisthesis. Chang Gung Med J. 2003;26(3):170-177.
Ido K, Urushidani H. Radiographic evaluation of
posterolateral lumbar fusion for degenerative spon-
dylolisthesis: long-term follow-up of more than 10 years
vs. midterm follow-up of 2-5 years. Neurosurg Rev.
2001;24(4):195-199.

Inoue S, Watanabe T, Goto S, Takahashi K, Takata K,
Sho E. Degenerative spondylolisthesis. Pathophysiology
and results of anterior interbody fusion. Clin Orthop
Relat Res. 1988;227:90-98.

Jin], Jianxiong S, Guixing Q, Hong Z, Xisheng W,
Yipeng W. Surgical treatment of spondylolisthe-

sis with SOCON instrumentation. Chin Med Sci J.
2000;15(2):111-114.

Johnson JR, Kirwan EO. The long-term results of fusion
in situ for severe spondylolisthesis. J Bone Joint Surg Br.
1983;65(1):43-46.

Kanayama M, Hashimoto T, Shigenobu K, et al.
Adjacent-segment morbidity after Graf ligamentoplasty
compared with posterolateral lumbar fusion. J
Neurosurg. 2001;95(1 Suppl):5-10.

Kawakami M, Tamaki T, Ando M, Yamada H, Hashi-
zume H, Yoshida M. Lumbar sagittal balance influences
the clinical outcome after decompression and posterolat-
eral spinal fusion for degenerative lumbar spondylolis-
thesis. Spine. 2002;27(1):59-64.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

60

Kinoshita T, Ohki I, Roth KR, Amano K, Moriya H.
Results of degenerative spondylolisthesis treated with
posterior decompression alone via a new surgical ap-
proach. J Neurosurg. 2001;95(1 Suppl):11-16.

Kleeman TJ, Hiscoe AC, Berg EE. Patient out-

comes after minimally destabilizing lumbar stenosis
decompression: the “Port-Hole” technique. Spine.
2000;25(7):865-870.

Knox BD, Harvell JC, Jr., Nelson PB, Hanley EN, Jr.
Decompression and luque rectangle fusion for degenera-
tive spondylolisthesis. J Spinal Disord. 1989;2(4):223-228.
Konno S, Kikuchi S. Prospective study of surgical treat-
ment of degenerative spondylolisthesis: comparison
between decompression alone and decompression with
graf system stabilization. Spine. 2000;25(12):1533-1537.
Kornblum MB, Fischgrund JS, Herkowitz HN, Abra-
ham DA, Berkower DL, Ditkoff JS. Degenerative lumbar
spondylolisthesis with spinal stenosis: a prospective
long-term study comparing fusion and pseudarthrosis.
Spine. 2004;29(7):726-733; discussion 733-724.

Kuntz KM, Snider RK, Weinstein JN, Pope MH, Katz
JN. Cost-effectiveness of fusion with and without in-
strumentation for patients with degenerative spondylolis-
thesis and spinal stenosis. Spine. 2000;25(9):1132-1139.
Lamberg T, Remes V, Helenius I, Schlenzka D, Seit-
salo S, Poussa M. Uninstrumented in situ fusion for
high-grade childhood and adolescent isthmic spon-
dylolisthesis: long-term outcome. ] Bone Joint Surg Am.
2007;89(3):512-518.

Lauber S, Schulte TL, Liljenqvist U, Halm H, Hack-
enberg L. Clinical and radiologic 2-4-year results of
transforaminal lumbar interbody fusion in degenera-
tive and isthmic spondylolisthesis grades 1 and 2. Spine.
2006;31(15):1693-1698.

Laus M, Tigani D, Alfonso C, Giunti A. Degenerative
spondylolisthesis: lumbar stenosis and instability. Chir
Organi Mov. 1992;77(1):39-49.

Laus M, Tigani D, Pignatti G, et al. Posterolateral spinal
fusion: a study of 123 cases with a long-term follow-up.
Chir Organi Mov. 1994;79(1):69-79.

Lombardi JS, Wiltse LL, Reynolds J, Widell EH, Spen-
cer C, 3rd. Treatment of degenerative spondylolisthesis.
Spine. 1985;10(9):821-827.

Lorenz R. Lumbar spondylolisthesis. Clinical syndrome
and operative experience with Cloward’s technique. Acta
Neurochir (Wien). 1982;60(3-4):223-244.

Markwalder TM. Surgical management of neurogenic
claudication in 100 patients with lumbar spinal stenosis
due to degenerative spondylolisthesis. Acta Neurochir
(Wien). 1993;120(3-4):136-142.

McAfee PC, DeVine JG, Chaput CD, et al. The indi-
cations for interbody fusion cages in the treatment of
spondylolisthesis: analysis of 120 cases. Spine. 2005;30(6

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of

care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular
to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis

42,

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Suppl):S60-65.

McCulloch JA. Microdecompression and uninstru-
mented single-level fusion for spinal canal steno-

sis with degenerative spondylolisthesis. Spine.
1998;23(20):2243-2252.

Nasca R]. Rationale for spinal fusion in lumbar spinal
stenosis. Spine. 1989;14(4):451-454.

Okuyama K, Kido T, Unoki E, Chiba M. PLIF with a ti-
tanium cage and excised facet joint bone for degenerative
spondylolisthesis-in augmentation with a pedicle screw. J
Spinal Disord Tech. 2007;20(1):53-59.

Onda A, Otani K, Konno S, Kikuchi S. Mid-term and
long-term follow-up data after placement of the Graf
stabilization system for lumbar degenerative disorders. J
Neurosurg Spine. 2006;5(1):26-32.

Palmer S, Turner R, Palmer R. Bilateral decompression
of lumbar spinal stenosis involving a unilateral approach
with microscope and tubular retractor system. J Neuro-
surg. 2002;97(2 Suppl):213-217.

Panagiotis ZE, Athanasios K, Panagiotis D, Minos T,
Charis M, Elias L. Functional outcome of surgical treat-
ment for multilevel lumbar spinal stenosis. Acta Orthop.
2006;77(4):670-676.

Postacchini F, Cinotti G. Bone regrowth after surgical
decompression for lumbar spinal stenosis. J Bone Joint
Surg Br. 1992;74(6):862-869.

Potter BK, Freedman BA, Verwiebe EG, Hall JM, Polly
DW, Jr., Kuklo TR. Transforaminal lumbar inter-body
fusion: clinical and radiographic results and complica-
tions in 100 consecutive patients. ] Spinal Disord Tech.
2005;18(4):337-346.

Rechtine GR, Sutterlin CE, Wood GW, Boyd R], Mans-
field FL. The efficacy of pedicle screw/plate fixation

on lumbar/lumbosacral autogenous bone graft fusion

in adult patients with degenerative spondylolisthesis. J
Spinal Disord. 1996;9(5):382-391.

Remes V, Lamberg T, Tervahartiala P, et al. Long-term
outcome after posterolateral, anterior, and circum-
ferential fusion for high-grade isthmic spondylolisthesis
in children and adolescents: magnetic resonance imag-
ing findings after average of 17-year follow-up. Spine.
2006;31(21):2491-2499.

Rousseau MA, Lazennec JY, Bass EC, Saillant G. Predic-
tors of outcomes after posterior decompression and
fusion in degenerative spondylolisthesis. Eur Spine J.
2005;14(1):55-60.

Sanderson PL, Wood PL. Surgery for lumbar spi-

nal stenosis in old people. J Bone Joint Surg Br.
1993;75(3):393-397.

Sato K, Kikuchi S. Clinical analysis of two-level com-
pression of the cauda equina and the nerve roots in lum-
bar spinal canal stenosis. Spine. 1997;22(16):1898-1903;
discussion 1904.

55.

56.

57.

58.

59.

60.

61.

62.

63.

61

Schnake KJ, Schaeren S, Jeanneret B. Dynamic stabili-
zation in addition to decompression for lumbar spinal
stenosis with degenerative spondylolisthesis. Spine.
2006;31(4):442-449.

Schnee CL, Freese A, Ansell LV. Outcome analysis for
adults with spondylolisthesis treated with posterolateral
fusion and transpedicular screw fixation. ] Neurosurg.
1997;86(1):56-63.

Stoll TM, Dubois G, Schwarzenbach O. The dynamic
neutralization system for the spine: a multi-center study
of a novel non-fusion system. Eur Spine J. 2002;11 Suppl
2:5170-178.

Takahashi K, Kitahara H, Yamagata M, et al. Long-

term results of anterior interbody fusion for treat-

ment of degenerative spondylolisthesis. Spine.
1990;15(11):1211-1215.

Unnanantana A. Posterolateral lumbar fusion for de-
generative spondylolisthesis: experiences of a modi-fied
technique without instrumentation. | Med Assoc Thai.
1997;80(9):570-574.

Vaccaro AR, Garfin SR. Degenerative lumbar spon-
dylolisthesis with spinal stenosis, a prospective study
comparing decompression with decompression and
intertransverse process arthrodesis: a critical analysis.
Spine. 1997;22(4):368-369.

Weinstein JN, Lurie JD, Tosteson TD, et al. Surgical ver-
sus nonsurgical treatment for lumbar degenerative spon-
dylolisthesis. N Engl ] Med. 2007;356(22):2257-2270.
Zdeblick TA. A prospective, randomized study of lum-
bar fusion. Preliminary results. Spine. 1993;18(8):983-991.
Zhao J, Wang X, Hou T, He S. One versus two BAK fu-
sion cages in posterior lumbar interbody fusion to L4-L5
degenerative spondylolisthesis: a randomized, controlled
prospective study in 25 patients with minimum two-year
follow-up. Spine. 2002;27(24):2753-2757

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of

care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular
to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis 62

V.Appendices

Appendix A:

Acronyms
ALIF anterior lumbar interbody fusion
CT computed tomography
CTM computed tomography myelography
EBM evidence-based medicine
EHL extensor hallucis longus
JOA Japanese Orthopaedic Association
LASD L1 axis S1 distance
LBOS low back outcome score
LBP low back pain
MR magnetic resonance
MRI magnetic resonance imaging
NASS North American Spine Society
NSAIDs nonsteroidal anti-inflammatory drugs
OCS Oxford Claudication Score
ODI Oswestry Disability Index
PLIF posterior lumbar interbody fusion
RCT randomized clinical trial
RMDQ Roland Morris Disability Questionnaire
SF-12 12-Item Short Form Health Survey
SF-36 36-Item Short Form Health Survey
SSS Swiss Spinal Stenosis Questionnaire
SWT shuttle walking test
TENS transcutaneous electrical nerve stimulation
VAS Visual Analog Scale
7ZCQ Zurich Claudication Questionnaire
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Levels of Evidence for Primary Research Question'

Tvpes of Studies

Therapentic Studies — Prognostic Studies — Diagnostic Studies — Econcmic and Decision
Investigating the results Investigating the effect of | Investigating a diagnostic | Analyses —
of treatment a patient characteristic on | test Developing an economic
the cutcome of disease or decision model
Level I ¢ High quality » High quality o Testing of previously | » Sensible costs and
randomized trial with prospective study® (all veloped diagnostic alternatives; values
statistically significant patients were enrolled criteria on consecutive obtaimed from many
difference or no at the same point in patients (with studies; with multiway
statistically significant their disease with = universally applied sensitivity analyses
difference but narrow 80% follow-up of reference “gold” s Systematic review” of
confidence intervals enrolled patients) standard) Level I studies
* Systematic review” of | e Systematic review” of | @ Systematic review” of
Level I RCTs (and Level I studies Level I studies
study results were
homogenons™)
Level II o Lesser quality RCT  Retrospective” study e Development of * Sensible costs and
(eg. < 80% follow-up, | Untreated controls diagnostic criteria on alternatives; values
no blinding, or from an RCT consecutive patients obtained from limited
improper o Lesser quality (with nniversally studies; with multiway
randomization) prospective study (eg, applied reference sensitivity a.ﬂal}'se?
s Prospective’ patients ensolled at “gold” standard) * Systematic review” of
comparative =,md3-5 different points in their | » Systematic review” of Level II studies
s Systematic review” of disease or <80% Level I studies
Level IT studies or follow-up) )
Level 1 studies with s Systematic review of
nconsistent results Level II studies
Level III s Case control study’ » Case control study’ s Study of non- » Analyses based on
s Retrospective® consecutive patients; limited alternatives and
comparative study’ without consistently costs; and poor
» Systematic review” of applied reference estimates
Level ITT studies “gold” standard + Systematic review” of
o Systematic review” of Level IIT studies
Level ITT studies
Level TV Case series” Case series o Caze-control study o Analyses with no
s Poor reference sensitivity analyses
standard
Level V Expert Opinion Expert Opinion Expert Opinion Expert Opinion

LA e bl b e

arthroplasty) at the same instimion.

(=%

The smady was started after the first patient enrclled
Patients idenfified for the stady based on their outcome, called “cases™ (eg, falled toml arthroplasty) are compared to these whe did not have

outcome, called “controls™ (eg, successfl total hip arthroplasty).

8 Patiants meated one way with no comparison group of patents reated in another way.

A complete assessmeant of quality of individual studies requires crittcal appraizal of all aspects of the smdy design
A combination of results from two or more prior studies.
Smdies provided consistent results.
Smdy was started before the first patient entolled.

Patiants meated one way (ez, cemented hip arthroplasty) compared with 2 group of patients freated in snother way (eg, nncementad hip
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Appendix C:
Grades of Recommmendationfor Summaries or Reviews of Studies

A: Good evidence (Level I Studies with consistent findings) for or against recommending
intervention.

B: Fair evidence (Level II or III Studies with consistent findings) for or against recommending
intervention.

C: Poor quality evidence (Level IV or V Studies) for or against recommending intervention.

I: Insufficient or conflicting evidence not allowing a recommendation for or against intervention.
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Appendix D:
Protocol for NASS Literature Searches

One of the most crucial elements of evidence
analysis to support development of recommenda-
tions for appropriate clinical care or use of new
technologies is the comprehensive literature search.
Thorough assessment of the literature is the basis
for the review of existing evidence, which will be
instrumental to these activities.

Background

It has become apparent that the number of litera-
ture searches being conducted at NASS is increas-
ing and that they are not necessarily conducted in
a consistent manner between committees/projects.
Because the quality of a literature search directly
affects the quality of recommendations made, a
comparative literature search was undertaken to
help NASS refine the process and make recom-
mendations about how to conduct future literature
searches on a NASS-wide basis.

In November-December 2004, NASS conducted a
trial run at new technology assessment. As part of
the analysis of that pilot process, the same litera-
ture searches were conducted by both an experi-
enced NASS member and a medical librarian for
comparison purposes. After reviewing the results
of that experiment and the different strategies
employed for both searches, it was the recommen-
dation of NASS Research Staff that a protocol be
developed to ensure that all future NASS searches
be conducted consistently to yield the most com-
prehensive results. While it is recognized that some
searches occur outside the Research and Clinical
Care Councils, it is important that all searches
conducted at NASS employ a solid search strategy,
regardless of the source of the request. To this end,
this protocol has been developed and NASS-wide

implementation is recommended.

Protocol for NASS Literature Searches

The NASS Research Department has a relation-
ship with Northwestern University’s Galter Health
Sciences Library. When it is determined that a
literature search is needed, NASS research staff will
work with the requesting parties and Galter to run
a comprehensive search employing at a minimum
the following search techniques:

1. A preliminary search of the evidence will
be conducted using the following clearly
defined search parameters (as determined by
the content experts). The following param-
eters are to be provided to research staff to
facilitate this search.

* Time frames for search

e Foreign and/or English language

® Order of results (chronological, by jour-
nal, etc.)

e Key search terms and connectors, with
or without MeSH terms to be employed

* Agerange

e Answers to the following questions:

o Should duplicates be eliminated be-
tween searches?

o Should searches be separated by term
or as one large package?

o Should human studies, animal studies
or cadaver studies be included?

This preliminary search should encompass
a search of the Cochrane database when ac-
cess 1s available.

2. Search results with abstracts will be com-
piled by Galter in Endnote software. Galter
typically responds to requests and com-
pletes the searches within two to five days.
Results will be forwarded to the research
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staff, who will share it with the appro-
priate NASS staff member or requesting
party(ies). (Research staff hasve access to
EndNote software and will maintain a da-
tabase of search results for future use/docu-
mentation.)

3. NASS staff shares the search results with an
appropriate content expert (NASS Com-
mittee member or other) to assess relevance
of articles and identify appropriate articles
to review and on which to run a “related
articles” search.

4. Based on content expert’s review, NASS
research staff will then coordinate with the
Galter medical librarian the second level
searching to identify relevant “related ar-
ticles.”

5. Galter will forward results to Research Staff
to share with appropriate NASS staff.

6. NASS staff share related articles search
results with an appropriate content expert
(NASS Committee member or other) to
assess relevance of this second set of articles,
and identify appropriate articles to review
and on which to run a second “related ar-
ticles” search.

7. NASS research staff will work with Galter
library to obtain the 2nd related articles
search results and any necessary full-text
articles for review.

8. INASS members reviewing full-text articles
should also review the references at the end
of each article to identify additional articles
which should be reviewed, but may have
been missed in the search.

Protocol for Expedited Searches

At a minimum, numbers 1, 2 and 3 should be fol-
lowed for any necessary expedited search. Fol-
lowing #3, depending on the time frame allowed,
deeper searching may be conducted as described by
the full protocol or request of full-text articles may
occur. If full-text articles are requested, #8 should
also be included. Use of the expedited protocol

or any deviation from the full protocol should be
documented with explanation.

Following these protocols will help ensure that
NASS recommendations are (1) based on a thor-
ough review of relevant literature; (2) are truly
based on a uniform, comprehensive search strategy;
and (3) represent the current best research evidence
available. Research staff will maintain a search his-
tory in EndNote for future use or reference.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis 67

Appendix E:
Literature Search Parameters

Natural History of Degenerative Lumbar Spondylolisthesis
(Work Group 1)
Search Strategies

Search Strategies by Clinical Question:
1. What is the best working definition of degenerative lumbar spondylolisthesis?

Reviewed book chapters (see reference section).

2. What is the natural history of degenerative lumbar spondylolisthesis?

Degenerative Lumbar Spondylolisthesis — natural hx — broad

(((natural history[Text Word] OR natural course[All Fields] OR nonsurgical[All Fields] OR
nonoperative[All Fields] OR (conservative[All Fields] AND (“therapy”[Subheading] OR
(“therapeutics”[TIAB] NOT Medline[SB]) OR “therapeutics”’[MeSH Terms] OR treatment[Text
Word] OR therapy[Text Word])) OR untreated[All Fields]) AND (“Spondylolisthesis”[MeSH]))
NOT ((natural history[Text Word] OR natural course[All Fields] OR nonsurgical[All Fields]
OR nonoperative[All Fields] OR (conservative[All Fields] AND (“therapy”[Subheading] OR
(“therapeutics”[TIAB] NOT Medline[SB]) OR “therapeutics”’[MeSH Terms] OR treatment[Text
Word] OR therapy[Text Word])) OR untreated[All Fields]) AND (“Spondylolisthesis”[MeSH])
AND (English[lang]) AND ((infantfMeSH] OR child[MeSH] OR adolescent{MeSH])) AND
(Humans[Mesh]) AND (“1966”[EDat] : “3000”[EDat]))) OR ((natural history[Text Word]

OR natural course[All Fields] OR nonsurgical[All Fields] OR nonoperative[All Fields] OR
(conservative[All Fields] AND (“therapy”[Subheading] OR (“therapeutics”[TIAB] NOT
Medline[SB]) OR “therapeutics”’[MeSH Terms] OR treatment[Text Word] OR therapy[Text
Word])) OR untreated[All Fields]) AND (“Spondylolisthesis”’[MeSH]) AND (English[lang])
AND (adult{MeSH]) AND (Humans[Mesh]) AND (“1966”[PDat] : “3000”[PDat]))

Degenerative Lumbar Spondylolisthesis — natural hx — narrow

((((natural history[Text Word] OR natural course[All Fields] OR nonsurgical[All Fields] OR
nonoperative[All Fields] OR (conservative[All Fields] AND (“therapy”[Subheading] OR
(“therapeutics”[TIAB] NOT Medline[SB]) OR “therapeutics”’[MeSH Terms] OR treatment[Text
Word] OR therapy[Text Word])) OR untreated[All Fields]) AND (“Spondylolisthesis”[MeSH]))
NOT ((natural history[Text Word] OR natural course[All Fields] OR nonsurgical[All Fields]
OR nonoperative[All Fields] OR (conservative[All Fields] AND (“therapy”[Subheading] OR
(“therapeutics”[TIAB] NOT Medline[SB]) OR “therapeutics”’[MeSH Terms] OR treatment[Text

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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Word] OR therapy[Text Word])) OR untreated[All Fields]) AND (“Spondylolisthesis”[MeSH])
AND (English[lang]) AND ((infant{MeSH] OR child[MeSH] OR adolescentfMeSH])) AND
(Humans[Mesh]) AND (“1966”[EDat] : “3000”[EDat]))) OR ((natural history[Text Word]

OR natural course[All Fields] OR nonsurgical[All Fields] OR nonoperative[All Fields] OR
(conservative[All Fields] AND (“therapy”[Subheading] OR (“therapeutics”[TIAB] NOT
Medline[SB]) OR “therapeutics”’[MeSH Terms] OR treatment[Text Word] OR therapy[Text
Word])) OR untreated[All Fields]) AND (“Spondylolisthesis”’[MeSH]) AND (English[lang])
AND (adultfMeSH]) AND (Humans[Mesh]) AND (“1966”[PDat] : “3000”[PDat]))) AND
degenerative[All Fields]

Databases Searched:

MEDLINE (PubMed)

ACP Journal Club

Cochrane Database of Systematic reviews

Database of Abstracts of Reviews of Effectiveness (DARE)
Cochrane Central Register of Controlled Trials

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
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Diagnosis/Imaging of Degenerative Lumbar Spondylolisthesis
(Work Group 2)
Search Strategies

Search Strategies by Clinical Question:

1. What are the most appropriate historical and physical exam findings consistent with the diagnosis
of degenerative lumbar spondylolisthesis?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (signs OR symptoms OR
diagnosis OR diagnosis, differential OR physical findings OR exam OR historical findings)

Search name: DLS + diagnosis (48 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields] AND
degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND ((“lum-
bosacral region”[ TTAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]
OR lumbar[Text Word])) OR (“Spondylolisthesis”[MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”’[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang]) AND (“Diagnosis”’[MAJR] OR “Signs
and Symptoms”’[MAJR] OR “Spondylolisthesis/diagnosis”’[MA]JR:noexp] OR “Physical
Examination”’[MAJR] OR diagnosis[title])

2. What are the most appropriate diagnostic tests for degenerative lumbar spondylolisthesis?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (diagnostic tests OR physi-
cal finding OR signs) AND (accuracy OR validity OR reliability)

Search name #1: DLS + diagnostic tests (124 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar de-
generative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields]
AND degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND
((“lumbosacral region”[TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH
Terms] OR lumbar[Text Word])) OR (“Spondylolisthesis”[MAJR:noexp] AND (“Lum-
bosacral Region”[Mesh] OR “Lumbar Vertebrae”’[Mesh]) AND degenerative[All Fields])
AND (“humans”[MeSH Terms] AND English[lang]) AND (“Diagnostic Techniques and
Procedures”[Mesh] OR “Diagnostic Imaging”[Mesh])

Search name #2: DLS + diagnostic tests + validity — narrow (10 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar de-
generative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields]
AND degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND
((“lumbosacral region”[TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH
Terms] OR lumbar[Text Word])) OR (“Spondylolisthesis”[MAJR:noexp] AND (“Lum-

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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bosacral Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields])
AND (“humans”[MeSH Terms] AND English[lang]) AND ((“Reproducibility of
Results”[Mesh] OR “Sensitivity and Specificity”[Mesh]) AND “Diagnostic Techniques and
Procedures”[Mesh])

Databases Searched:
B MEDLINE (PubMed)
ACP Journal Club
Cochrane Database of Systematic reviews
Database of Abstracts of Reviews of Effectiveness (DARE)
Cochrane Central Register of Controlled Trials

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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Outcome Measures for Degenerative Lumbar Spondylolisthesis
(Work Group 3)
Search Strategies

Search Strategies by Clinical Question:
What are the appropriate outcome measures for the treatment of degenerative lumbar spondylolisthesis?
degenerative lumbar spondylolisthesis [NOT spondylolysis] AND functional outcome measures

Search name: DLS + functional outcome measures (104 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields] AND
degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND ((“lum-
bosacral region”[ TTAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]
OR lumbar[Text Word])) OR (“Spondylolisthesis”’[MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”’[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang]) AND ((“Outcome Assessment (Health
Care)”[Mesh] OR “Treatment Outcome”[Mesh] OR “Outcome and Process Assessment
(Health Care)”[Mesh]) OR “functional outcome”[text word])

Databases Searched:
B MEDLINE (PubMed)
ACP Journal Club
Cochrane Database of Systematic reviews
Database of Abstracts of Reviews of Effectiveness (DARE)
Cochrane Central Register of Controlled Trials
EMBASE Drugs and Pharmacology

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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Medical/Interventional Treatment of
Degenerative Lumbar Spondylolisthesis
(Work Group 4)

Search Strategies

Search Strategies by Clinical Question:
1. Do medical/interventional treatments improve outcomes in the treatment of degenerative lumbar
spondylolisthesis compared to the natural history of the disease?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND natural history AND
(medical management OR nonoperative management OR conservative management OR medi-
cal treatment OR nonoperative treatment OR conservative treatment OR nonsurgical OR
rehabilitation)

Search name #1: DLS + nonsurgical (41 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields] AND
degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND ((“lum-
bosacral region”[ TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]

OR lumbar[Text Word])) OR (“Spondylolisthesis’ [MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang]) AND (nonoperative[All Fields] OR
conservative[ All Fields] OR nonsurgical[All Fields] OR (“rehabilitation”[Subheading] OR
“rehabilitation”[MeSH Terms] OR rehabilitation[Text Word]) OR “clinical management”[All
Fields] OR “spondylolisthesis/therapy”[MeSH:noexp])

Search name #2: DLS + nonsurgical + natural history (6 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields] AND
degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND ((“lum-
bosacral region”[ TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]

OR lumbar[Text Word])) OR (“Spondylolisthesis’ [MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang]) AND (nonoperative[All Fields] OR
conservative[ All Fields] OR nonsurgical[All Fields] OR (“rehabilitation”[Subheading] OR
“rehabilitation”[MeSH Terms] OR rehabilitation[Text Word]) OR “clinical management”[All
Fields] OR “spondylolisthesis/therapy”[MeSH:noexp]) AND (“natural history”[All Fields]
OR “natural course”[All Fields] OR untreated[All Fields])

2. What is the role of pharmacological treatment in the management of degenerative lumbar spon-
dylolisthesis?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (pharmacological treatment

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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OR pharmacological management OR drug OR medication)

Search name: DLS + pharmacological management (17 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields] AND
degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND ((“lum-
bosacral region”[ TTAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]

OR lumbar[Text Word])) OR (“Spondylolisthesis’ [MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”’[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang]) AND (“Drug Therapy”[Mesh] OR “drug
therapy “[Subheading] OR (“Analgesics”[Mesh] OR “Analgesics “[Pharmacological Action])
OR (“Anti-Inflammatory Agents”[Mesh] OR “Anti-Inflammatory Agents”[Pharmacological
Action]) OR drug[text word] OR medication[text word] OR medications[text word])

3. What is the role of physical therapy/exercise in the treatment of degenerative lumbar spondylolisthe-
sis?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (physical therapy OR exer-
cise OR exercise therapy OR rehabilitation)

Search name: DLS + (physical therapy or exercise OR rehab) (13 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields] AND
degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND ((“lum-
bosacral region”[ TTAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]

OR lumbar[Text Word])) OR (“Spondylolisthesis’ [MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang]) AND (“Physical Therapy Modalities”[Mesh]
OR “Exercise”[Mesh] OR “Exertion”[Mesh] OR “Physical Fitness”’[Mesh] OR “Exercise
Movement Techniques”[Mesh] OR (“Rehabilitation”[Mesh] OR “rehabilitation “[Sub-
heading]) OR “physical therapy”[title] OR “rehabilitation”[title] OR exercise[title] OR
physiotherapy([title])

4. What is the role of manipulation in the treatment of degenerative lumbar spondylolisthesis?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (manipulation OR chiro-
practic care)

Search name: DLS + manipulation (3 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar de-
generative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields]
AND degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND
((“lumbosacral region”[ TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH
Terms] OR lumbar[Text Word])) OR (“Spondylolisthesis”[MA]JR:noexp] AND (“Lum-
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bosacral Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All

Fields]) AND (“humans”[MeSH Terms] AND English[lang]) AND (“Musculoskeletal
Manipulations”[Mesh] OR (“chiropractic”’[MeSH Terms] OR chiropractic[Text Word]) OR
manipulat*[All Fields])

5. What is the role of epidural steroid injections in the treatment of degenerative lumbar spondylolis-
thesis?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND injections

Search name: DLS + injections (4 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields] AND
degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND ((“lum-
bosacral region”[ TTAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]

OR lumbar[Text Word])) OR (“Spondylolisthesis’[MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”’[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang]) AND (“Injections”[Mesh] OR injection®)

6. What is the role of ancillary treatments such as bracing, traction, electrical stimulation and transcuta-
neous electrical stimulation (TENS) in the treatment of degenerative lumbar spondylolisthesis?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (bracing OR traction OR
electrical stimulation OR transcutaneous electrical stimulation OR TENS)

Search name: DLS + electrical stimulation, etc. (7 articles)

Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields] AND
degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND ((“lum-
bosacral region”[ TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]

OR lumbar[Text Word])) OR (“Spondylolisthesis’ [MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang]) AND (“Braces”[Mesh] OR bracing[All
Fields] OR “Traction”[Mesh] OR “Electric Stimulation”[Mesh] OR “Transcutaneous Electric
Nerve Stimulation”[Mesh] OR ((“transcutaneous electric nerve stimulation”[TIAB] NOT
Medline[SB]) OR “transcutaneous electric nerve stimulation”[MeSH Terms] OR TENS[Text
Word]) OR “Electric Stimulation Therapy”[Mesh])

7. What is the long-term result of medical/interventional management of degenerative lumbar spon-
dylolisthesis?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (medical management OR
nonoperative management OR conservative management OR medical treatment OR nonop-
erative treatment OR conservative treatment OR nonsurgical OR rehabilitation) AND long
term outcomes

Search name: DLS + nonsurgical + long-term outcomes (17 articles)
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Search strategy: “degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields] AND
degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND ((“lum-
bosacral region”[ TTAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]

OR lumbar[Text Word])) OR (“Spondylolisthesis”’[MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”’[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang]) AND (nonoperative[All Fields] OR
conservative[ All Fields] OR nonsurgical[All Fields] OR (“rehabilitation”[Subheading] OR
“rehabilitation”[MeSH Terms] OR rehabilitation[Text Word]) OR “clinical management”[All
Fields] OR “spondylolisthesis/therapy”[MeSH:noexp]) AND (“Time”[Mesh] OR “Longitudi-
nal Studies”[Mesh] OR “long-term”[All Fields])

Databases Searched:

MEDLINE (PubMed)

ACP Journal Club

Cochrane Database of Systematic reviews

Database of Abstracts of Reviews of Effectiveness (DARE)
Cochrane Central Register of Controlled Trials

EMBASE Drugs and Pharmacology
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Surgical Treatment of Degenerative Lumbar Spondylolisthesis
(Work Group 5)
Search Strategies

Search Strategies by Clinical Question:
1. Do surgical treatments improve outcomes in the treatment of degenerative lumbar spondylolisthe-
sis compared to the natural history of the disease?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (surgery OR operation)
AND natural history

Search name #1: DLS + surgical procedures (222 articles)

Search strategy: (“degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“degenerative spondylolisthesis”[All Fields]
AND ((“lumbosacral region”[ TTAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH
Terms] OR lumbar[Text Word])) OR (“Spondylolisthesis”[MAJR:noexp] AND (“Lum-
bosacral Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields])
AND (“humans”[MeSH Terms] AND English[lang])) AND (“Surgical Procedures,
Operative”’[Mesh] OR “Lumbar Vertebrae/surgery”’[Mesh] OR “Lumbosacral Region/
surgery”’[Mesh] OR “Spondylolisthesis/surgery”[Mesh:noexp])

Search name #2: DLS + surgical procedures + natural history (8 articles)

Search strategy: (“degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“degenerative spondylolisthesis”[All Fields]
AND ((“lumbosacral region”[ TTAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH
Terms] OR lumbar[Text Word])) OR (“Spondylolisthesis”[MAJR:noexp] AND (“Lum-
bosacral Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields])
AND (“humans”[MeSH Terms] AND English[lang])) AND (“Surgical Procedures,
Operative”’[Mesh] OR “Lumbar Vertebrae/surgery”[Mesh] OR “Lumbosacral Re-
gion/surgery”’[Mesh] OR “Spondylolisthesis/surgery”’[Mesh:noexp]) AND ((“natural
history”[MeSH Terms] OR natural history[Text Word]) OR (natural[All Fields] AND
course[All Fields]) OR untreated[All Fields])

Note: There is little or none on comparisons between surgical intervention and natural his-
tory of DLS. I’ve included one search on surgical interventions and a second on the same with
natural history.

2. Does surgical decompression alone improve surgical outcomes in the treatment of degenerative
lumbar spondylolisthesis compared to medical/interventional treatment alone or the natural his-
tory of the disease?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (surgical decompression
OR laminectomy OR laminotomy OR foraminotomy) AND [(medical management OR non-
operative management OR conservative management OR medical treatment OR nonoperative
treatment OR conservative treatment OR nonsurgical OR rehabilitation) OR natural history]
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Search name: DLS + decompression + (nonsurgical or natural history) (21 articles)

Search strategy: (“Decompression, Surgical”’[Mesh] OR “Laminectomy”[Mesh] OR
laminotomy[text word] OR foraminotomy[text word] OR surgical decompression[text
word]) AND ((“degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“lumbar spondylolisthesis”[All Fields] AND
degenerative[All Fields]) OR (“degenerative spondylolisthesis”[All Fields] AND ((“lum-
bosacral region”[ TTAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]

OR lumbar[Text Word])) OR (“Spondylolisthesis”’[MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”’[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang]) AND (nonoperative[All Fields] OR
conservative[ All Fields] OR non-surgical[All Fields] OR (“rehabilitation”[Subheading] OR
“rehabilitation”[MeSH Terms] OR rehabilitation[Text Word]) OR “clinical management”[All
Fields] OR “spondylolisthesis/therapy”[MeSH:noexp])) OR ((“degenerative lumbar
spondylolisthesis”[All Fields] OR “lumbar degenerative spondylolisthesis”[All Fields] OR
(“degenerative spondylolisthesis”[All Fields] AND ((“lumbosacral region”[TIAB] NOT
Medline[SB]) OR “lumbosacral region”[MeSH Terms] OR lumbar[Text Word])) OR (
“Spondylolisthesis”’[MA]JR:noexp] AND (“Lumbosacral Region”[Mesh] OR “Lumbar
Vertebrae”[Mesh]) AND degenerative[All Fields]) AND (“humans”[MeSH Terms] AND
English[lang])) AND ((“natural history”[MeSH Terms] OR natural history[Text Word]) OR
(natural[All Fields] AND course[All Fields]) OR untreated[All Fields])))

3. Does the addition of lumbar fusion, with or without instrumentation, to surgical decompression
improve surgical outcomes in the treatment of degenerative lumbar spondylolisthesis compared to
treatment by decompression alone?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (surgical decompression
OR laminectomy OR laminotomy OR foraminotomy) AND (fusion OR arthrodesis) AND
(instrumentation OR pedicle screw OR hardware)

Search name: DLS + decompression + lumbar fusion (61 articles)

Search strategy: ((“degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degenera-
tive spondylolisthesis”[All Fields] OR (“degenerative spondylolisthesis”[All Fields] AND
((“lumbosacral region”[ TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]
OR lumbar[Text Word])) OR (“Spondylolisthesis”[MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”’[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang])) AND (“Decompression, Surgical”’[Mesh] OR
“Laminectomy”[Mesh] OR laminotomy[text word] OR foraminotomy[text word] OR surgi-
cal decompression[text word])) AND (“Arthrodesis”[Mesh] OR “Spinal Fusion”[Mesh] OR
lumbar fusion[text word])

Note: The above search does not limit to instrumentation because the question specifies “with
or without instrumentation”. Therefore I deviated from the search string you provided. Of
course, instrumentation may still be included, but it will be broader than that, looking at fu-
sion. The next search looks at the same string with instrumentation.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular
to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis 78

4. Does the addition of instrumentation to decompression and fusion for degenerative spondylolis-
thesis improve surgical outcomes compared with decompression and fusion alone?

Same search string as #4

Search name: DLS + decompression + lumbar fusion (29 articles)

Search strategy: (((“degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degenera-
tive spondylolisthesis”[All Fields] OR (“degenerative spondylolisthesis”[All Fields] AND
((“lumbosacral region”[ TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]

OR lumbar[Text Word])) OR (“Spondylolisthesis’ [MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang])) AND (“Decompression, Surgical”’[Mesh] OR
“Laminectomy”[Mesh] OR laminotomy[text word] OR foraminotomy[text word] OR surgical
decompression[text word])) AND (“Arthrodesis”’[Mesh] OR “Spinal Fusion”[Mesh] OR lumbar
fusion[text word])) AND (“instrumentation “[Subheading] OR instrumentation[title] OR “Bone
Screws”[Mesh] OR pedicle screw[text word] OR pedicle screws[text word])

5. How do outcomes of decompression with posterolateral fusion compare with those for 360° fu-
sion (anterior-posterior OR transforaminal lumbar interbody fusion OR posterior lumbar inter-
body fusion) for treatment of degenerative spondylolisthesis?

Same search string as #4

Search name: DLS + (posterolateral or 360 degree fusion) (20 articles)

Search strategy: ((“degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degenera-

tive spondylolisthesis”[All Fields] OR (“degenerative spondylolisthesis”[All Fields] AND
((“lumbosacral region”[TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]

OR lumbar[Text Word])) OR (“Spondylolisthesis’ [MAJR:noexp] AND (“Lumbosacral
Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields]) AND
(“humans”[MeSH Terms] AND English[lang])) AND (“Decompression, Surgical”’[Mesh] OR
“Laminectomy”[Mesh] OR laminotomy[text word] OR foraminotomy[text word] OR surgical
decompression[text word])) AND (anterior-posterior[All Fields] OR (transforaminal[All Fields]
AND ((“lumbosacral region”[ TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH Terms]
OR lumbar[Text Word]) AND interbody[All Fields] AND fusion[All Fields]) OR (posterior[All
Fields] AND ((“lumbosacral region”[TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH
Terms] OR lumbar[Text Word]) AND interbody[All Fields] AND fusion[All Fields]) OR “poste-
rolateral fusion”[text word] OR “360 degree fusion”[text word])

Note: I didn’t use the same search string as Q 4 because the terms “posterolateral”, “ anterior-
posterior”, etc. were a lot more specific than just fusion. I used these and other terms from the
question itself.

6. What is the role of reduction with fusion in the treatment of degenerative lumbar spondylolisthe-
sis?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND reduction AND (slip OR
listhesis OR spine) AND (fusion OR arthrodesis)

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular
to the locality or institution.
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Search name: DLS + reduction + fusion (17 articles)

Search strategy: (“degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“degenerative spondylolisthesis”[All Fields]
AND ((“lumbosacral region”[ TTAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH
Terms] OR lumbar[Text Word])) OR (“Spondylolisthesis”[MAJR:noexp] AND (“Lum-
bosacral Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields])
AND (“humans”[MeSH Terms] AND English[lang])) AND reduction[text word] AND
(slip[All Fields] OR listhesis[All Fields] OR (“spine”[MeSH Terms] OR spine[Text Word])
OR spinal[All Fields]) AND (“Arthrodesis”[Mesh] OR “Spinal Fusion”[Mesh] OR lumbar
tusion[text word])

7. What is the long-term result (4+ years) of surgical management of degenerative lumbar spon-
dylolisthesis?

degenerative lumbar spondylolisthesis [NOT spondylolysis] AND (surgery OR operation)
AND long term outcomes

Search name: DLS + surgical management + long-term result (114 articles)

Search strategy: (“degenerative lumbar spondylolisthesis”[All Fields] OR “lumbar degen-
erative spondylolisthesis”[All Fields] OR (“degenerative spondylolisthesis”[All Fields]
AND ((“lumbosacral region”[ TIAB] NOT Medline[SB]) OR “lumbosacral region”[MeSH
Terms] OR lumbar[Text Word])) OR (“Spondylolisthesis”[MAJR:noexp] AND (“Lum-
bosacral Region”[Mesh] OR “Lumbar Vertebrae”[Mesh]) AND degenerative[All Fields])
AND (“humans”[MeSH Terms] AND English[lang])) AND (“Surgical Procedures,
Operative”’[Mesh] OR “Lumbar Vertebrae/surgery”[Mesh] OR “Lumbosacral Region/
surgery”’[Mesh] OR “Spondylolisthesis/surgery”[Mesh:noexp]) AND (“Time”[Mesh] OR
“Longitudinal Studies”’[Mesh] OR “long-term”[All Fields])

Databases Searched:

MEDLINE (PubMed)

ACP Journal Club

Cochrane Database of Systematic Reviews

Database of Abstracts of Reviews of Effectiveness (DARE)
Cochrane Central Register of Controlled Trials

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular
to the locality or institution.
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Appendix F:
Evidentiary Tables

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Natural History
What is the natural history of degenerative lumbar spondylolisthesis?

81

enerative dis-
alacement of
umbar verte-
orae. A 2S-year
follow-up study
n Framingham.
Soine.

1998, 23(17):18
5E8-1873; dis-
cuszion 187 3-
1864,

vears. Degenerative spondylolisthesis
was defined as =3 mm of forward or
backward slig. Twenty-thres men {12%)
and 100 women (25%) developed some
farm of “slippage” either forward or back-
ward. Forward slip occurred in eight men
and 75 women, and backward zlip cc-
curred in 16 men and 35 women. Forward
zlip was 18% +/- 3.5 and backward slip
magnitude was 15% +/- 4.0. Olisthesis did
predict back pain or siiffness on most
days (32% [29/123] in the degenerative
spondylolisthesiz group compared with
19% [90/484] in contrals). Contralling for
sclerosis still accounted for pain. Patients
with acguired slips reported maors daily

Article Lewvel Description of study Conclusion
[Alpha by Au- | [I-V) (Including analysis of methodological
thor) strengthsiweaknezses)
Cumming J, Mot Thiz study reprezented baseline demao- In critigue of this study, it presents the
Luriz JO, Tost- | clearly | graphic data on degenerative spondylolis- | initial demographic information for a
eson TD, et al. | classi- | thesis patients with symptoms of radicu- prospective study that was not yet
Deacriptive epi-| fiable opathy and/or neurogenic clavdication. & | reported during the development of
Hdemiclogy and total of 302 degenerative spondylolisthe- thiz guideling. This represenis the
orior healthcars =iz patients meeting these critera were group of degenerative spondylolisthe-
utilization of enrolled in the SPORT study, and infior- ziz pafients symptomatic enough to
patients in the mation was gathered on demographice, be offered surgery, thus the demo-
Spine Patient orior treatment and functional status (SF- | graphics neaed o be viewed in that
Dutcomes Re- 36 & ODI-2505 MODEMS version). Pain | light.
=earch Trial's zcores on SF-36 = 32,8, impairment scors
SPORT) thres 41.5. Chiropractic treatment rate of 26%. Thig represents an evolving study,
zhaervational Emergency room visits 4%, 27% of pa- and cannot be classified currently
cohoriz: disc fientz were uzing opiates for pain contrel. | within the NASS levels of evidence
nerniation, spi- All of these outcomes were lower than the | fabkle.
nal stenosis, outcomes for the disc herniation and spi-
and degensra- nal stencsiz groups. OF the sympiomatic
five spondylolis- patients, female representation was 71%,
thesis. Spine. with an average age of 66 years. Consis-
006 3107 806 tent with the older average age of the
514, group, they had more comorbidities. 33%

had sympiomes lasting greater than one

Wear.
Kauppila LI, [, Thiz study was a population-bagzed, retro- | In critigue of the study. unlike most
Euztace 5, Kiel | prog- zpective, cohort study of 217 men and other studies in thiz area, a degensra-
DF, Felson DT, | nostic 400 women. Radiographs were taken at a | tive zlip was defined a2 either a for-
Wright AM. De- mean age of 54 years and again at 79 ward or backward slip. Thiz paper

offers Level Il prognostic evidence
that in an elderly population, back
pain iz correlated with the olisthesis;
however, only one third with clisthe-
ses are sympiomatic. Thus degenera-
tive spondylolisthesiz can be acguired
in an asymptomatic population, with a
higher incidence in females (4:1).

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of

care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
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back sympiome, but did not report more
dizakility than contrals.

Mardjetko SM,

Thiz study waz a meta-analysis of degsn-

In critique, although this paperiz a

cally managed
patients with
Kegenerative
=pondylolisthe-
=iz a 10- to 18-
year follow-up
=tudy. J Neuwro-
surg. 2000;93(2
Suppl)194-1598,

termined not to nesd surgery (110 pa-
tiente) or refused surgerny (35 patients).
The patients were followed from 10-18
years, although only 45 were followed up
onger than 10 years. Cutcome measures
utilized included progrezsion of spondylo-
izthesis (3% or more on radiographs),
frequency of transitory radicular pain, im-
orovement or worzening of symptoms and
ability to walk without help.

Progression of slip was observed in £52
(34%) patientz. Of the patients who were
nitially felt not to need surgery, 35 (77 %)
exgeriznced improvement during follow-
up and 25 remained the same. Of these
pafients, B4 (76%) confinued to show no
neurclogic deficits on examination. Of the
patients who refused surgery, 29 (829%)
had worzened neurclogic deficit on ex-
amination, and this was noted not fo cor-
relate with the progression of slippage.
Fifieen of these patients were followed
aver 10 years and all of them required an
aszistive device to amiulate.

Connolly PJ, prog- erative lumbar 2pondylolisthesis from meta-analysis implementing an evi-
Shott 5. De- nostic 1897019592, It was primarily designed to dence-based approach, it only de-
pensrative lum- afudy posterior fugion with and without scribed one paper (Matsunaga, et al)
par spondylolis- natrumentation, but three studies in- relevant to this guideline. This paper
thesis. 4 meta- cluded the medicaliinterventionalmatural is addressed in the guideline.
analysiz of lit- hiztory with a total of 278 patients. Only
erature 1970- ane of three papers addressed slippage. Thig study provides Level Il prognos-
18993, Spins. fic evidence for the natural history of
199419(20 Inclusion criteria included only degenera- degenerative spondylolisthesis.
Suppl ) 22565- tive apondylolizthesis with radicular leg
22655, pain or neuragenic claudication. Natural

history papers idenfified where Matsu-

naga, Fitzgerald and Rosenberg, which

were, point prevalence of pain and func-

tion in deg spondy cohoriz. Only Matsu-

naga was considered a frue natural his-

tory paper.
Matsunaga S, | [, Thiz was a prospective, comparative, co- In critigus of this study, no validated
ljiri K., Hayashi | prog- hort study of 145 patients with degenera- outcome measures were used. The
F. Monsurgi- nosfic tive antemclisthesis who were either de- initial zample of pafients was not the

group inifially assigned to medi-
callinterventional freatment; rather it
consisted of pafients that remained
medically/interventionally treated at
10 years. Thiz study provides Lavel |l
evidence that, in patientz who initiallby
do not have neurologic deficits, the
majority will do well with conzervative
care. Patients who present with sen-
sory changes, muscle weakness or
cauda eguina syndrome, are more
likely to develop progressive func-
fional decline without surgery. Pro-
greszion of the zlip does not correlate

with prograssion of clinical sympioms.

Fadicular pain, accompanied by neu-
rologic deficits, forebodes a poor out-
come. Thiz study provides Lavel [1I
evidence that low back pain can be
expected to improve in patients with
narrowed infervertebral dizc spaces.

Matsunaga 5,

Thiz was a retrospective review of 40 pa-

In critique, thiz was a relatively small
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Sakou T, Mori-
Fono v, Ma-
=uda A Demir-
tas AN, Matural
niztory of de-
ensrative
=pondylolisthe-
zis. Pathogene-
=is and natura
courzse of the
lippage. Spine.
19901511112
04-1210.

prog-
nosiic

tients with zpondylolizthesis. Inclusion
criteria were a slippags rate of at least 5%
by Morgan and King's compass method
and at least five-year follow-up of medi-
calfinterventional care. Cutcome meas-
ures ufilized included progression of slip-
page and JOA score. Joint laxity was
evaluated using Carter's test of knee, el-
bow and wrist hypermobility. General joint
axity using Carter's criteria was noted in
55% of these patients az compared with
8% of normal individuals.

Frogression of slippage, defined az a
slippage rate of 5% or more during the
obeervation perod, was chaerved in 12
(30%) of the 40 patients. The authors de-
fined this to be the progressive group and
the other 25 patients to be the nonpro-
gressive group. Comparison of these two
groups showed no diference in age at
presentation, duration of illnezs or dura-
tion of follow-up. Further, while the lum-
bosacral angle, lamina angle and facet
nelination angle were greater in both
groups, there were no significant differ-
ences between these groups.

study, but did uss a validated oui-
come measure. Thiz potentially Level
|| retrospective, comparative study
was downgraded to Level lll evidence
becausze of the amall sample size and
incomplete documentation of patient
information. This study provides Level
[l evidence that 2lip iz more likely to
progress in labkorers whosze jobs re-
quire repetitive anterior flexion of the
zpine. Progression of slip is less likely
in the presence of a relafive interver-
tebral height of 20% or leas, interver-
tebral oateophyte formation, subcarti-
lagenous sclerosis or ligamenious
oagification, suggesting that mecha-
nigms of restakilization prevent pro-
gression of the slip. Progrezszion of
the =zlip doss not correlate with clinical
gymptoms. The authorz also ob-
zerved that general joint laxity using
Carter's criteria correlates with the
presence of degenerative spondylolis-
thesis.

Viogt MT, Rubin
D, Valentin RS,
=t al. Lumbar
listhesis and
ower back
=ymptoms in

2 lderly white
tvomen. The
Siudy of Os-
feoporotic Frac-
tures. Spine.
1898;23(231:26
4 0-2647.

prog-
nostic

Thiz was a crozs sectional study of 783
white zouth cenfral Pennsylvanian women
over 63 years of age who were enrclled in
a study intended to address osteoporofic
fractures. Spine radiographs were digi-
fized to retrogpectively assess prevalence
of anterolisthegiz. Subluwcation of 3 mm or
more at any lewvel (L3-4, L4-5, or L5-51)
was defined as a degenerative slip. An-
terolisgthesiz was noted in 29% of this very
specific population of white women over
the age of 65. Of these patients, only a
zingle level was involved in 90% of
women with anterolisthesis. The inci-
dence of zlip waz not affected by smok-
ng, dizbetes mellitus or cophorectomy.

Anterclisthesis was not associated
with pregzence of back sympioms;
however no validated cutcome
measure was used. This study
provides Level Il evidence that
degenerative spondvylolisthesis is
found in 29% of this very specific
population of white women over the
age of 65. Slip iz most likely to ocour
at a zingle level and does not
necessarily correlate with back pain.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Diagnosis/Imaging

Question |:

What are the most appropriate historical and physical exam findings consistent with the diagnosis of
degenerative lumbar spondylolisthesis?

& rticle Level Description of study Conclugion
Alpha by Au- | (I-V]) (Including analyzis of methodological
thor) strengths/wesaknesses)
Cauchoix J, I, In this study, diagnostic evaluation of 26 In critique of this study, thiz is a char-
Benoist M, orod- patients with degenerative spondylolis- acterization of a subset of patients
Chaszsaing V. nostic theziz included plain radicgraphs and with degenerative lumbar spondylolis-
Degenerative myelography. Specifically, the authors thesis referred for evaluation of neu-
pondylolisthe- atated that they made the diagnosgis rological symptome. These data offer
zis. Clin Orthop based on the “presence of a slip of one Level IV prognostic evidence for the
Relaf Res. vertebra on the vertebra below in the ab- neurclogical sympioms associated
1976(115):122- sence of a defect of the pars interarticu- with degenerative lumbar spondylolis-
129, lariz.” The study included 26 patients with | thesis.

nerve root compression secondary to de-

generative slip, with 80% reporting back

pain, 45% reporting primary chronic sciat-

ica and 54% reporting primary neuragenic

claudication. Scialica tended to ocour in

the older patient and neurogenic claudica-

fion in the vounger subjects.
Fitzgerald JAW,[ 1V, In this study of 43 patientz with sympio- In critique of thiz siudy, one must pre-
Mewman PH. orog- matic spondylolisthesiz, the authors ex- sume that the patients were enrzlied
Degenerative nozfic amined varicus parameters. I iz unclear if | nonconzecutively. As a diagnosiic
pondylolisthe- the patients represented a consecutive or | history and physical examination
iz JBone Joinf nonconsecutive series. In addition to a study, the study presents a spectrum
Surg. SEB:184- description of plain radiographic findings of symptomes and gigng in pafients
152, 1976. of the spine, az well az concomitant hip with degenerative lumbar spondylolis-

arthritis, the authors provided a detailed thesis. This study offers Level IV

description of the presentation (symptom} | prognostic evidence of the clinical

pattern of the patientz. In summary, they spectrum of signs and sympioms of

found that 3£ patients had back pain degenerative spondylolizthesis.

without leg pain and zigng of nerve root

compression, five cases with leg pain with

or without back pain with signs of nerve

root compresszion and four cases in which

patiznts reporied neurcgenic claudication.
Fostacchini F, | 1lI- The authors performed a retrospeciive In critique of this study, data were
Ferugia D. De- | prog- etudy which reported on the clinical fea- collected retrospectively and tests
penerative lum-| nostic tures of 77 patients. Within these patientz, | were not uniformly applied across
par epondylolis- 18% reported chronic low back pain as patieniz. Because of these weak-
thesis. Part I: the only aymptom; 12% had lower extrem- | neszes, this potential Level Il study
Eficlogy, ity symptoms felt to be nonverizbral in waz downgraded to Level lll. Thess

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular
to the locality or institution.
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pathogenesis,
nathomorphol-
gy, and clinica
features. ifal J
Orthop Traumad
fol.

199117 (21165
173,

arigin (eg, hip arthritiz), and reporied no
low back pain; 47% had radicular symp-
tome and low back pain; and 23% re-
ported only radicular symptoms. Radicu-
lopathy presented as pain alone, pain and
senzory aymptoms, or pain and 2ensori-
mctor changes. Lazegue t2st was nega-
five in almost all cases. The most com-
mon neurclogical signs were abzent ankle
jerks, weak extensor hallucig longus
(EHL), weak anterior tibialis or loss of
knes jerk reflex.

The authors reviewed five clinical patterns
and three radicgraphic patterns as de-
fined by Fitzgerald and Macnab. Clinical
patierns included the following: (1) no
sympitoms, occasional back pain; (2)
chronic low back pain with no radicular
symptoms; (3) radicular symptoms with
no root compression, with or without back
pain; (4) radicular symptoms with neu-
rologic deficit or (5) intermittent claudica-
tion. Radiclogical findings included slight
central stenosis, lateral root canal steno-
giz or combined central and roct canal
stenosziz. The authors concluded that de-
generative lumbar spondylolisthesis iz not
always symptomatic. Patients may com-
plain of low back pain, but the efiology iz
uncertain. Patientz largely complain of
radicular eympioms or intermitient claudi-
cation, which iz gecondary to an associ-
ated sienosis.

data provide Level Il prognostic evi-
dence of clinical signs and symptoms
of degenerafive lumbar spondylolis-
thesis.

Fosenberg MJ.
Degenerative
zpondylolisthe-
zis. Predispos-
ng factors. J
Eone Joint Surg)
Am.

197557 (4):467
174,

I,
orog-
noatic

The authors described a retrozpective
study which characterized symptoms in
200 consecutive patients with degenera-
five lumbar spondylolisthesiz. Back, but-
tock or thigh pain were the principal com-
plaintz in a large majority of patientz, and
were rarely severe. Of the 200 pafients,
61 had leg sympioms. Some patients de-
acribed gait abnormalities. Seven patients
had zacral nerve root sympioms. Acuie
radiculopathy cccurred in 19 ingtances
and a disc herniation was confirmed on
myelography. Sympioms included aching,
pulling, weakness, heaviness, numbness
or burning. Lower extremity sympioms
could be unilateral, bilateral or alternating.

In critique of this study, data were
collected retrospectively and tests
were not uniformly apglisd across
patieniz. Because of these weak-
neszes, this potential Level 1l study
waz downgraded to Lavel lll. These
data provide Level Il prognostic evi-
dence of the typical clinical zigns and
sympioms which may be associated
with degenerative lumbar spondylolis-
thesis.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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Meurogenic claudication was uncommon.
Examination of the patients demonstrated
that many were supple and able to fouch
toes, 10% had back spaams and 42% had
neurologic deficits, primarily LS with de-
creazed sensation in the lateral thigh or
inability to walk on heels. Atrophy occ-
curred cccasionally and 20% had altered
deep tendon reflexes.

Voot MT, Rubin
D, Valentin RS,
=t al. Lumbar
listhesis and
ower back
=ymiptoms in
Elderly white
women. The
Siudy of Os-
feoporotic Frac-
fures. Spine.
1998 23(23):26
H0-2647.

Il,
orog-
nostic

The authors described a retrospective,
cross-zectional, prognostic study of 788
women greater than 65 years of age en-
rolled in the Study of Osteoporotic Frac-
tures. The incidence of olisthesis {degen-
erative spondylolisthesis and retrodiz-
placement} was defined as greater than 3
mm of franslational change. Of the
women enrclled in the study, 29% had
anterior olizthesiz (degenerative spondy-
lolisgthesis) and 14% had retrolisthesis.
Minety percent of degenerative spondylo-
listhesis and 8% of retrolisthesis oc-
curred at one level. Prevalence was not
azzociated with smoking status, diabetes
or cophorectomy. Unlike retrolisthesis,
degenerative spondylolisthesis was not
azsociated with back pain.

In critique of thiz study, data were
collected retrospectively from a study
conducted for other epidemiclogical
purposes. This study offers Level Il
prognosiic evidence that degenerative
spondylolisthesis iz relatively commaon
in elderly Caucasian women and does
not correlate with back pain.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Diagnosis/Imaging

Question 2:

What are the most appropriate diagnostic tests for degenerative lumbar spondylolisthesis?

87

zpondylolisthe-
zis. Clin Oithop
Felat Res.
1978115122
129,

cally, the authors stated that they made
the diagnosis bazed on the “prezence of a
glip of one vertebra on the vertebra below
in the absence of a defect of the pars in-
terarticularis.” The study included 26 pa-
fients with nerve root compreasion secon-
dary to degenerative slig, with 20% re-
porting back pain, 46% reporting chronic
aciatica and 4% reporting neurogenic
claudication. Sciatica tended to occur in
the older patient and neurogenic claudica-
tion in the younger subjects. Myelography
was performed in 17 patients to detect

Article Level Description of study Conclusion
Alpha by Au- | {1-V) (Including analyzis of methodological
khor) strengtha/weaknesses)
Erown MD, [, di- The authors reporied findings from a ret- In critique, this study does not present
Lockwood JM. | agnos- | rogpective atudy of patients with degen- peer-reviewsd data. There was no
Degenerative tic erative spondylolisthegis, which examined | comparizon of diagnostic teste. As the
=pondylolisthe- a number of different parameters, includ- study wag performed in the sarly
=iz, Instr ing diagnostic featurss on plain radio- 1980=, the primary radiographic mo-
Course Lect graphs. These pafients were selected dality was plain radicagraphs. These
1983;32:162- from a review of 2348 consecutive charts | data offer Level 1l diagnostic evi-
169, of patientz with low back pain; 122 (5.6%) | dence that plain radiographs are a

had radicgraghic evidence of degenera- ugeful test for identifying patients with

five spondylolisthesis. Of patients in- degenerative spondylolisthesis.

cluded in the study, 88 were female and

44 were male. The average age was 2.5

yvears for the female group and 652 years

for the male group. Seventy-gight percent

had back pain with proximal leg referral

lasting betwesen one week and 40 years;

17% had instabkility symptoms (eg, catch

in the back, tiredness in back, inakility to

walk one howur, limitation of forward bend,

inability to lift weights, back pain with

coughing or gneszing, significant back

pain with twisting).
Cauchoix J, I, di- The authors conducted a diagnosfic In critique of this study, the authors
Benoist M, agnos- | evaluation on 28 patients with degenera- did not state whether patients were
Chassaing V. tic tive spondylolizthesiz which included plain | conzecutively selected, thus it was
Degenerative radiographs and myelography. Specifi- aszsumed that they were nonconzecu-

tive patientz. There was no compari-
son of diagnostic modalities. Admit-
tedly, in the mid o late 1970z, plain
radiograph and myelography were the
most advanced imaging methods
available. By default, they would have
been considerad gold standard diag-
nostic tests for degensrative apondy-
lalisthesis and spinal stencsziz. These
data offer Level Il diagnostic evi-
dence that plain radiographs and
myelography are useful diagnoatic
tests for this disorder.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of

care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular
to the locality or institution.
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nerve root/cauda eguina compression.
Although not supported by statistical
analyzis, the authors claimed that lateral
recess stenosis was "most important.”

Fitzgerald JAW,

The authors described a study of 43 pa-

In critique of this study, one must pre-

par epondylolis-
thesis. Part |:
Eficlogy,

CT and/or MRI, and myelography were
obtained. The various findings were re-
ported. The authors found that radio-

HMewman PH. diag- fients with gymptomatic spondylolisthesis. | sume that the paftients were not con-
Degenerative nosiic It iz unclear if the patients represented a secutively enrolled. The only two im-
e pondylolizthe- consecutive or nonconsecutive series. In aging methods used were plain radic-
iz, J Bone addition to a description of plain radio- graphs and myelograghy, which were
 'ninf Swrg. graphic findings of the zpine, as well as not unifermly performed in all pa-
1976, S8B:184- concomitant hip arthritiz, the authors pro- | tientz. Thiz study provides Level 111
192. vided a detailed description of the prezen- | diagnostic evidence that plain radio-

tation (gymptom) pattern of the patients. graphs and myelograghy are useful

In summary, they found that 34 patients modalities with which to diagnose and

had back pain without l2g pain and signs evaluate degenerative spondylolis-

of nerve roof compression, five cases with | thesis in the lumbar apine.

leg pain with or without back pain with

gigng of nerve root compression, and four

cazes in which patients reported neuro-

genic claudication. Az a diagnostic study,

the primary imaging method was plain

radiographs; however, plain myelography

was alzo performead in zeven of the nine

patientz with neurclogical sympioms.
Foanayama M, | 11, The authors reviewed a case series of 19 | In critique of this study, it azsessed an
Hagzhimoto T, diag- patientzs with symptomatic degenerative intraogerative and nonvalidated test.
Shigenobu K, | nosfic lumbar spondylolisthesie who were candi- | The clinical application of such a tesi
Cha F, Ishida dates for instrumented lumbar arthrodesiz | remains unknown. Although the study
T, Yamane S. and decompression. Patients were as- presents potential Level |l diagnostic
Intracperative sessed according to radiograghic parame- | evidence, the authors failed o men-
ricmechanical ters including disc angle, ROM, percent tion whether the patients were con-
Assesament of glip, percent posterior height, who were secutively assigned, thus the study
umbar spinal then comparsd with digtraction stiffness in | was downgraded to Level [l evi-
natability: vali- the operating room. The authors con- dence. The study provides Lewel 1l
dation of radic- cluded that dizc angle in flexion and ROM | diagnostic evidence that standing
raphic pa- were highly correlated with distraction flexion and extenzsion radicgraphs are
rameters indi- atiffness. Patients with segmental kypho- predictive of instalility.
cating anterior giz with flexion showed lower afifiness
column support compared to those with lordogiz in flexion.
n lumbar spinal
fusion. Spine.
003 28(200:23
58-2372.
Fostacchini F, | 111, The authors described a study of 77 pa- In critique, the diagnostic studies
Ferugia D. De- | diag- fients with degenerative spondvlolisthesis | were applied inconsistently across
enerative lum-| nosatic in which flexion-extension radiographs, patientz. Mot all patients received all

studies, preventing comparison be-
tween diagnostic modalitiez. Thiz arti-
cle prezented comprehenszive descrip-

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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pathogenesis,
nathomorphol-
gy, and clinica
features. ifal J
Orthop Traumad
fod 19591:17(27-1
55-173.

graphs used for imaging quantified the
degree of slips obzerved. Dynamic radio-
graphs “showsd hypermokility of L4 in
approximately half of the cazez " Myelo-
graphy revealsd neural structure com-
pression in the spinal canal in all cases in
which it was performed. (Note:
myelography may have only been per-
formed if patients had neuralogic symp-
tome. ) CT was useful for assessing the
facet jeint. MR, CT and myelography
were uzeful in identifying stenosis in pa-
tients with neurological symptoms.

tions of the findings with each of the
diagnostic modalities. These data of-
fer Level Il diagnostic evidence of the
utility of dynamic radiographs, CT,
MR and myelography for evaluation
of degenerative spondylolisthesis.

fion of degen-
erative spondy-
olisthesis. A
review of 150
cazes. Comput
Fadiol
1985;0(4).223-
232

joint-capzule hyperrophy, ligamentum
flavum enlargement and gas within the
facet joints.

All patients were examined on GE 8300
CT scanners using axial scans of 5 mm-
thick sectiong at 2 mm spacing. with sagit-
tal and coronal reformats. The authors
found only 19% had subluxation greater
than & mm. Severe facet degeneration
with marked hypertrophy, erozive
changes or gas within an irregular joint
was noted in 91 patients. Severe cana
zstenosiz was defected in 15 patieniz as a
rezult of narrowing of the central canal
secondary to a combination of 2ubluxa-
fion, facet boney overgrowth, joint-
capsule hypertrophy, ligamentous hyper-

Fosenberg MJ. | I, diag- | This iz a refrospective study which char- In critique of thiz study, data was col-
Degenerative nosiic acterized 200 conzecutive patientz with lected retrozpectively and fests were
=pondylolisthe- degenerative lumbar spondylolistheszis. not uniformly applied across patients.
kis. Predispos- This cohort contained & subgroup of 39 However, from the diagnostic per-
ng factors. J patients with severe unremitting symp- spective, thiz emall subgroup of 29
Bone Joint Surg tome; 29 underaent myelography and patients provides a consecutive series
Am. zhowed an hourglass constriction of the of patients that was retrozpectively
197 5:57(4):467 - dura at the lewve| of slippage. Seven pa- analyzed. These subgroup data pro-
474, fients also had a protrusion. Surgical find- | vide Level Il diagnostic evidence that
ings include abzence of epidural fat, pale myelography iz uzeful in identifying
pulzelesz dura and decreazed capacity of | stenosiz in patients with degenerative
the gpinal canal. spondylalisthesis and neurological
symploms.
Fothman S0, I, di- This study was a retrozpective review of In critique, this was a study of non-
Slenn W, Jr., | agnos- | the CT findings of 150 patients with de- conzecutive patients, radiological find-
Kerber CW. tic generative spondylolisthesis. The authorz | ings were not correlated with clinical
Multiplanar CT described the pathological findingz, which | signs or symptoms, and no gold stan-
n the evalua- included canal stenosis, facet overgrowth, | dard was employed. The data prezent

Level I diagnostic evidence that CT
iz & uzeful modality in the diagnosis of
stenosiz in patients with degenerative
spondylolisthesis.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of

care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
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froghy, bulging and end plate oziscphyis
formation. Foraminal stenosis was ob-
zerved in 25 patientz. Anterior zoft tissus
bulgefherniation of greater than 5 mm
was prezent in only three patients. The
authors concluded that CT iz useful in
evaluating the severity of stenosis in pa-
fients with symptomafic degensrative
spondylolisthesis. Stenosiz is frequently
secondary o soft tizzue changes and
facet hypertrophy, and does not always
correlate with the severity of slip.

Satomi K, Hira-
payashi K, To-
yama v, Fuji-
fura . A clini-
cal study of de-
pensrative
zpondylolisthe-
zis. Radio-
raphic analy-
=iz and choice
of treatment.
Spine.
1899217 (11313
251336,

I, di-
Agnos-
tic

The authors reporied findings from a ret-
rogpective case series of patients with
degenerative spondylolisthesiz who were
evaluated with CT myelography in order
to plan the optimal surgical procedurs. CT
myelograms were compared with plain
radiographic myelogrames to evaluate the
sites of dural compression.

Pafients who underwent anterior lumbar
interbody fusion (ALIF) were included in
Group A. Patients were selected for the
posterior decompression group (Group B)
if their imaging showed dizplacement at
two or more disce, had CT myelographic
findings indicating lateral stenosiz or were
deemed inappropriate candidates for ALIF
becauze of age. Group A consizted of 27
patients; dizcography was performed in
22. Baged on the novel CT myelogram
classification used in the atudy, 38% of
theze patients had stage 3 stenotic
changes. Group B consizted of 14 pa-
fients, five of which underwent fusion. Of
theze patients, four reporied back pain;
neurogenic intermittent claudication was
more severs in group B. Discography was
performed in two patients. Bazed on mye-
logram classification used in the study,
62% of these patienis had stage 2
stenciic changes. Stenoszis over two disc
gpace levels was present in 92% of these
patientz. The authors concluded that in-
formation on CTM was useful for identify-
ing pathologic processes and for planning
sUrgery.

In critique of thiz study, the authors
did not evaluate a list of diagnostic
criteria a priori. The authors failed to
indicate whether patients were se-
lected consecutively. Theze data offer
Level lll diagnostic evidence that CT
myelography iz a useful imaging
study for thiz disorder.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of

care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular
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Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Outcome Measures
What are the appropriate outcome measures for the treatment of degenerative lumbar spondylolisthesis?

Note:The Zurich Claudication Questionnaire (ZCQ) represents an evolution of Swiss Spinal Stenosis Questionnaire

(SSS). Conclusions made about either questionnaire can be extrapolated to the other.

A rticle Level Description of study Conclusion
Alpha by Au- | (1-V) (Including analyzis of methodological
ihor) gtrengthas/weaknesses)
Eanderson FA, | I, The authors reporied a randomized {post- | In critique, this study was a cohort
Trikus CB, orog- hoc) controlled rial of patients with neu- analyziz of a randomized prozpective
Kitchel SH. noszfic rogenic claudication zecondary to degen- | trial for gpinal stenosziz. The cohort
Treatment of erative spondylolistheszis. Of the T3 studied conzisted of palients who had
Nneurasgenic spondylolisthesis patients included in the grade | spondylolisthesis as well as
claudication by study, 42 received the X-STOP device spinal stenosis. The outcome meas-
nierspinous and 33 were included in the control group | ures used included both validated and
decompression: azzigned to medicalfinterventional treat- nonvalidated outcome measures in-
application of ment congiating of at least one epidural cluding the validated Zurich Claudica-
the X-STOP ateroid injection, druge, analgesic agentz | tion Questiocnnaire (ZC4) and an arki-
Klevice in pa- and physical therapy as neaded. Two trary patient satisfaction survey at
tients with lum- vear follow-up data were obtained for 70 follow-up vizits. Although the authors
rar degenera- of the 75 patieniz. obtained SF-36 cufcome data, these
tive spondylolis data were not used in the study fo
thesis. J Neu- The outcome measures implemeanted in determine clinical success.
rasurg Spine. the study included the Zurich Claudication
2006:4(6): 463- Cluestionnaire (ZC0Q), patient satizfaction This study provides Level |l
471, on a scale from 0-5, 36-Kem Short Form prognosfic evidence supporting use of

Health Survey (SF-36) and radicgraghic the Zurich Claudication Questionnaire

azzezsment. Succeszful treatment was (ZC0} and the SF-36 cuicome

defined az improvement in ZC0Q of 15 measzures as sensitive tools in

points, patient satisfaction of greater than | distinguishing the cutcome

2.5 and no additional surgery. The au- differences between surgically treated

thors reported that success was noted in (X-5TOP) and

63.4% of the surgically treated individuals, | medicallviinterventionally treated

which was statistically significant betwean | individuals.

precperative and postoperative scores.

Oy 12.9% of medically/interventionalby

ireated patients were considered suc-

ceases which was not statistically signifi-

cant betweean pretreatment and post-

ireatment patientz. The authors con-

cluded that the clinical success for the X-

STOP surgically treated patients com-

pared with the medically/interventionally

freated controlz was highly significant.
Frazier 0D, Il, The authors dezcribed a prozpective, ob- | In critique, this study was not de-
Lipson 5J, orog- servational study evaluating the prognoz- | signed to validate the Walking Capac-

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
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L, et al. Func-
fional disability
after instru-
mented stabili-
Fation in lumixarn
degenerative
zpondylolizsthe-
=iz a follow-up

=iudy. Funct

with decompression and bilateral instru-
mented fugion and followed for two years.
There were 25 males and 51 femnales with
a mean age of 596 years (+/-12.2) and
mean duration of symptoms of 22.42
months. The outcome measures used in
the study included the Roland Maorriz Diz-
ability Questionnaire (RMDQ); Oswestry
Dizability Index (200 for guality of life

Fossel AH, noafic fic factors affecting clinical outcomes as ity Scale or the Five Point Likert Pain
Katz JM. Azzo- correlated to the presence or abzence of Scale as sensitive measures for de-
ciations be- the deformities of degenerative scolicsiz generative spondylolisthesis. How-
tween spinal and spondylolisthesiz. The outcome ever, theze measurez have been pre-
deformity and measure implemaniad in the study in- viously validated by Stucki =t al* as
outcomes after cluded a guestionnaire administered pre- | the 555, currently referred to as the
Kecompression operatively, and at six and 2£ months ZIC0.
[for spina postoperatively. Patientz rated the sever-
zfenosis. Spine. ity of back pain, leg pain, averall pain and | This study offers Level |l prognostic
199722017} difficulty ambulating using a Five Paint evidence that the ZOQIS55 iz
2025-2029. Likert Pain Scale. A Walking Capacity sengitive encugh to show differences

Scale was calculated using the average betweesn surgically and

rezponzes to five guestionz on walking medicallyfinterventionally treated

difficulty in general, cutdoor, indoor, shop- | patients with degenerative

ping and bedroom to bathroom walking. spondylolisthesis and symptomatic

The patient satisfaction scale was gener- spinal stenosis.

ated by u=ing the average for six gues-

fions concerning satisfaction with pain

relief, functional improvemsnt and other

domains. The authors stated that these

acales had been shown to be reproduci-

ble, internally conzistent and valid for pa-

tients with apinal atenosis. No statiatical

support for these statements was pro-

vided.

The authors reported that the

gpondylelisthesis subgroup showed no

correlation of slip magnitude and patient

outcomes. An increaze in the slip

postoperatively was significantly

correlated with improved leg pain relisf

and bordedine improvemsant in walking

capacity. Satisfaction with the procedure

and back pain relief was positively, but

not gignificantly, correlated with alip

progression. The authors concluded that

asurgery was beneficial, but that fusion

rationale may be guestioned.
Sastani P, &i- | |, prog- | The authors described a prozspective, In critique of this study, this study
mar £, Paneslla | nosatic prognestic study of T8 patients treated provides only 24-month follow-up

data. This time frame may not be long
enough to fully evaluate the effect of
peeudoarthrogis on patient outcomes.
This study provides Level | prognostic
evidence suggesting correlation of
RMDCQ and ODI scores with symp-
toms and slippage. The RMDO ap-
pears to be a sensitive tool o azsess
degensrative spondylolisthesis out-

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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Mewral 2006
21(1): 31-37.

patiznt centered outcomes; Visual Analog
Scale (VAS) for leg and back pain; preop-
erative dynamic radicgraphs, CT, and
MRI; and postoperative radiographs.

The authors reported a fusion rate of
85.5%, improvement in ODI 2cores of less
than 20 points in 35.7% of patientz and
greater than 20 points in 55.7%. Scores
on the RMDCQ improved greater than five
points in 59.4% of patients, 2-4 points in
13.1%, and remained unchanged in
27.5%. There was no difference between
2olid fusion and pzeudoarthrozis. The
authors concluded that instrumentsd
fusion was effective in improving the
quality of life, as exhibited by the reduced
disability scores.

come data. This study shows im-
provement in the quality of life scores
in both outcome tools. The study alzo
supports the conclugion that the pres-
ence or absence of fusion was not a
prognostic indicator of patient out-
come improvements.

shogawala Z,

The authors described a prozspective

In critique of thiz study, thiz was a

Benzsl EC, orog- study assessing the outcomes of decom- small pilot study demonstrating a

Amin-Hanjani | nostic pression alone in 20 patients and decom- | clear need for future Level |

S, et al. Pro- pression with instrumented fugion in 14 randomized controlled triale wiilizing

zpective oul- patients with degenerative grade | lumbar | these measures. This study provides

comes evalua- zpondylolizsthesis. The outcome measures | Level |l prognostic evidence

fion after de- implemented included the ODI and the supporting the use of the 01 and SF-

compression SF-26. 26 ag tools to assess outcomes after

with or without surgery for degenerative

natrumented The authors reporied that fugion occurred | spondylolisthesis. These two outcome

fusion for lum- at & 93% rate in the arthrodesgiz group. tools identify similar and parallzl

rar stenoszis The QDI improved 27.5 pointz in the changes in cutcomes of the treatment

and degensra- fusion group and 12.6 points in the groups, and this study supporiz the

tive Grade | decompression only group. The difference | wse of these two cufcome measures

=pondylolizthe- was statistically =ignificant. The SF-26 together o effectively azsess

is. J Neuro- data were alzo significantly different outcomes in this pogulation. Evidence

SLrg Spine. betwesn the two groups. Both of the ability o discriminate between

2004, 1(3): 267 instruments, SF-36 and ODI, treatment outcomes using the ODI

T2, demonstrated poorer cutcomes in older and SF-36 iz supported by the

patizniz at 12 months. findings in this study that clder

patientz demonstrated poorer
outcomeas than younger patients.

Foawakami M, I, The authors performed a retrospective In critique, this study utilized a

Tamaki T, Ando| prog- cage control study of 47 patients {15 validated outcome measure

M, Yamada H, | nosiic males | 32 females) who had undergone commaonly used in Jagan that has not

Hashizume H, decompression and fusion with and with- gained universal acceptance. The

Yoshida M. out ingtrumentation. Pedicle screw fixation | paper was designed as a clinical

Lumiar sagittal was usad in those cazes with a fized ky- outcome study, rather than a

palance influ- phosiz at the involved segment. The out- prognostic study evaluating the JOA

Eences the clini- come measures uged included the Japa- outcome measure, specifically. This

cal outcome nese Orthopedic Association (JOA) score, | study provides Level I prognostic
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after decom-
aression and
oosterclateral
pinal fuzion for
Hegenerative
umbar spondy-
olisthesgis.
Spine. 2002;
2T(1): S9-64.

VAS, recovery rate (Hirabayashi's
method), slippage, L1 axis 51 distance
(LASD), lumbar lordosis, lordosis at the
fused segment, bony union and adjacent
zegment changes.

Patients with degenerative lumbar
zpondylolisthesis were divided info two
groups according to the LASD value and
the changes in slippage during the follow-
up period: the patients with LASD greater
than 25 mm {(Group A) and thoze with
LASD legs than 35 mm {Group B). The
patients in Group & were divided into two
subgroups: the patientz with in situ fusion
(Groug &1} and patients with reduced
clippage (Group A2).

The authors reported that the JOA scores
were 12.6 points +/- 4 8 preoperatively
and 21.7 points +/- 4 9 postoperatively,
and the recovery rate was 35.1% +/-
27.8%. Thers were no differences in the
prognostic factors of preoperative slip,
lumbar lordosiz, lordosis of fused seg-
ment and recovery rates. LASD and re-
covery rate were negatively correlated.
Patients in Group A1 had poorer JOA
zcores and recovery rates than thoze in
Groups A2 and B.

evidence suggesting that the JO4
score and recovery rate may be
sengitive cutcome toclz in assesszing
treatment for degenerative lumbar
spondylolisthesis.

Foornizlum MEB,
Fischgrund JS,
Herkowitz HM,
2 braham DA,
Berkower DL,
Ditkoff JS. De-
penerative lum-
zar zpondylclis-
thesis with api-
nal stencsiza: a
prospeciive
ong-term study
comparing fu-
zion and paeu-
Harthrosis.
Soine. 2004,
(T T28-T233,
dizcugsion 733-
724,

|, prog-
noatic

This paper reporied on 58 patients sx-
iracted from a prozpective, randomized,
controlled trial of posterior decompression
and fusion fo determine the relationship of
presence or abzence of peeudoarthroszis
io outcomes. Of the 118 patients originally
randomized o decompression or decom-
preszion with a noninstrumented fusion,
58 patientz underwent fusion, of which 47
wers available for review. The cutcome
measures used in this study included the
VAS (modified), a rudimentary cutcome
acale (excellent, good, fair, poor) and the
Swizs Spinal Stenogis Questionnaire
(S55). The authorz reporied that ar-
throdesis does result in better cutcomes
on the 555 at five to 14 years as opposed
o earlier follow-up.

In critique of thiz study, the bundling
of theze patieniz and subssguent
evaluation at three year follow-up
represents a significant weakness of
the study. The 555 was not applied
precperatively, but was only
adminiztered postoperatively. This
study providss Level | prognosatic
evidence suggesting that the S55 iz a
sensitive, validated instrument which
correlates well with patient cutcome,
and is appropriate for use in the
azsesament of clinical cutcomes for
degenerative lumbar
spondylolisthesis.

COkuda 5, Oda

The authors conducted a comparative

In critique of thiz study, 39% of the
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The reliability of
the Shutile
Walking Test,
the Swiss Spi-
nal Stenosis
Cuestionnaire,
the Oxford Spi-
nal Stenosis
Score, and the
ewestry Dis-
ability Index in
the assessment
of patients with
umbar sginal
ienoszis. Spine.
2002, 2F(1): 844
51

atruments in all pafients who atiendad the
Muffield Orthopasdic Center. These were
patiznts with spinal stenosziz which in-
cluded patients with degensrative spandy-
lolisthesis.

Of the 52 patients approached fo partici-
pate in the study, 13 declined involvement
and seven were excluded because of co-
morkidities limiting walking distance. To
determine reliability, the 32 clinic patieniz
with lumbar spinal stencsis were as-
sessed twice, with one week between
azzezsmentz. Retrogpective data from 17
patients aszeszed before surgery and 18
months after surgery for lumkar spina
stenosis were used fo investigate the use
of reliability in a clinical satting.

The patientz were asseszed using the
Cewesiry Disability Index (QD1) and three
instruments degigned specifically for uses
in patients with lumbar spinal stenosis:
the Swisz Spinal Stenosziz (555) Ques-
fionnairs, the Oxford Claudication Score

T, Mivauchi &, | prog- refraspective prognostic study including cases were not independently re-
Haku T, Ya- nostic 101 elderly patients with degenerative viewed. This study provides Level
mamaoto T, lwa- zpondylolisthesiz treated with PLIF. Pa- prognostic evidence that the JOA
=aki M. Surgical tients were divided into two groups based | shows improvemsant in functional out-
putcomes of upon age. Group 1 included patients aged | come with surgical treatment regard-
posterior lum- 70 years and older, while Group 2 in- less of age, but iz not correlated with
rar interbody cluded patientz from 35 years to 62 years | other measures of functional out-
fusion in elderly of age at the time of the index procedure. | comes. Older patients, deapite higher
pafients. J The authors compared treatment out- definable complication ratez (ap-
Bone Jaint Surg comes between both groups to determine | proaching 10%) showed similar re-
Am. 2006; differences in cutcome based upon age. covery rates and JOA zcores fo
SE(12). 2714- The outcome measures used in this study | yvounger patients.
L2720 included the JOA zcore, VAS, complica-

fion rates, recovery rate (Hirabayash

method) and radicgraphic evaluation.

The authors reporied that in Group 1, the

JOA improved from 12 to 23; the recovery

rate was 82%; and general complications,

delirium and brain infract cccurred in 10%

of patientz. In Group 2, the JO&A improved

from 12 to 24 and the recovery rate was

T0%.
Fratt RK, Fair- | |, prog- | The authors conducted a prospective, In critique of thiz study, the subset of
lpank JC, Virr A, nostic prognastic study evaluating outcome in- patients with degenerative spondylo-

listhesis wasz not broken out and ana-
lyzed separately from the stencsis
group. Fluctuations in a patient’s
sympioms resulied in wide individual
confidence infervals. Performance on
the 555, OCS and ODI question-
naireg are broadly similar, the most
precise being the condition-specific
S55. The SWT gives a snapzhot of
physical function, which is acceptable
for group analysizs. Use of the SWT
for individual assessment after sur-
gery is feasible.

This study offers Level | prognostic
evidence that the ODI, 355, OCS and
SWT tests reliably and validly
evaluate patients with symptomatic
spinal stenosiz within which a
subgroup of degenerative
spondylolisthesis patients reside.
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(OCS) and a funclional test, the Shuitle
Walk Test (SWT). Patient cutcomes were
studied by the previously validated out-
come studies, the 555 and QDI The
OCS and SWT were studied in relation to
these previously validated outcome
MEasUres.,

Data analysiz included a test against
normality uging the Komolgorov-Smirnoy-
Goodness-of-Fit test. The test-retest reli-
ability of the 355, OCS, 0Dl and SWT
were azzeased with an internal correlation
coefficient test in which the reliakility was
the subject varability! (subject variability +
meazurement error). The 25% confidence
intervals for each cutcome instrument
wers reported.

The internal congiztency of the scales and
their subsections were assessed using
Cronbach’s coefficient alpha, which sum-
marizes inter-item correlations. The rela-
tionzhip between the four tests was as-
zezsed using scatter plots, according to
the method of Bland and &ltmann, and
the Pearzon produci-moment correlation
coefficient (two-tailed). Bonferroni’'s cor-
rection was used for muliiple tests to re-
duce the chance of Type 1 emor.

Tesi—retest reliability in t2rms of the intra-
clasz correlation coefficient (ICC) was
0.52 for the SWT, 0.92 for the 555, 0.53
for the OCS and 0.88 for the ODI. The
mean percentage scores were 51 for the
585, 45 for the OCS, and 40 for the ODI.
To achieve 95% certainty of change be-
iween assessments for a single patient,
the 555 would need o change by 15, the
DTS by 20, and the QDI by 16.

The mean SWT was 150 m, with a
change of 76 m required for 95%
confidence. Cronbach’s alpha was 0.91
for the 355, 0.20 for the OCS, and 0.89
for the OOI. The change in 201 correlated
mast strongly with patient satisfaction
after surgery (0.80; P =0.001).

Stucki G, Dal-

The authors described a prospective,

In critique, of the 193 patients in-
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|tn::|:.r L. Liang orog- prognostic study of the Zurich Claudica- cluded in this study, only 23 had pre-
MH. Lipson SJ, | nostic fion Questionnaire (Z2Q) or Swizs Spinal | test and posiiest validation of the
Fossel AH, Stenosis (555) Questionnaire, an out- S55. The follow-up on 130M153 pa-
Katz JM. Meag- come ingtrument specific o spinal steno- tigntz for test responsiveness at six
urement prop- ziz. The measurement properies and va- | months iz arguakly short. Because of
Erties of a self- lidity of this newly-developed patient these shoricomings, this potentially
administered questionnaire for the assesament of pa- Level | prozpective study was down-
putcome meas- fients with lumbar zpinal stenosis was gradsd to a Level Il study. Although
ure in lumbar tested in an ongoing prospective multi- the reproducibility, internal congis-
zpinal stenosis. center observational study of patients un- | tency, validity and rezponsiveness of
Spine. 1996; dergoing decomprassive surgery in three this test were established by compari-
21(7): T96-803. teaching hospitals. son with known validated outcome
measurement instruments, these in-
The internal congiztency of the scales strumentz are not necessarily specific
was assessed with Cronbach's coefficient | to degenerative lumbar spondylolis-
alpha on cross-sectional data from 193 thesis. In addition, the extent of
patientz before surgery. The test-retest stenosis and associated pathology
reliability was assessed on data from a was not clear. Patients with language
random sample of 23 patients using barriers and cognitive difficulties wers
Spearman's rank cormrelation coefficient. excluded.
The rezponsivensss was aszeszed on
130 patients with gix month follow-up data | This study provides Level Il prognos-
uzing the standardized response mean. tic evidence that the devised ques-
The tesi-retest reliability of the scales tionnaire scales of symptom severity,
ranged from 0.82 to 0.95, the intermnal physical funciion and satisfaction ars
consistency from 0.64 to 0.92, and the reproduciile, internally consistent,
rezponziveness from 0.96 to 1.07. The valid and responsive measures of
direction, stafistical significance and outcome in patients with degensrative
atrength of hypothesized relationships lumbar spondylolisthesis with symp-
with external criteria were as expected. tomatic spinal stenosis. This instru-
ment is currently referred to as the
Zurich Claudication Cuestionnaire
(ZC0) or Swiss Spinal Stenosis
Questionnairg (535,
Vaccaro AR, I, The authors reporied a prospective, ran- In critique of this study, clinical suc-
Fatel T, orod- domized confrol frial comparing surgica cess was arbitrarily defined as a 20%
Fischgrund J, et nostic outcomes in patients randomly assigned improvement in ODI scores. The au-

al. A pilot study
evaluating the
afety and affi-
cacy of OP-1
Fuity (rhBMP-
7} as a re-
placemeant for
liac crest aufo-
raft in poster-
lateral lumibxar
arthrodeszis for

io receive either OP1 putty (24 patients)
or autograft bone (12 patients) in conjunc-
tion with decompressive laminectomy for
the treatment of degenerative lumbar
spondylolisthesis. The outcome measures
utilized in this study included the ODI, SF-
36 and radiographic assesament.

At one year, of the 26 patieniz studied, 32
wers available for clinical follow-up (12 in
the OP1 group and eight in the autograft

degenerative group) and 29 received radiographic as-
pondylolisthe- zezsment (14 in the OP1 group and 2ix in
2is. Spine. the autograft group). DI success was

thors failed to justify the choice of this
benchmark. The study does not corre-
late any outcome instruments to the
D01, Thiz study provides Level I
prognostic evidence that the QD1 can
be uzed to assess clinical outcome
after surgical treatment of degensra-
tive spondylolisthesis.
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P004.25(17)-18
55-1852.

defined by greater than 20% improvemeant
in 2cores at one year. An 86% success
rate was reported for the OP1 putty
group, and a 73% success rate was re-
ported for the patients recsiving autograft.
According to radiographic criteria, fusion
was achieved in 74% of patients in the
OP1 group and 0% of patients in the
autograft groug. OF the 29 patients evalu-
ated radicgraphically, 15 were defined as
both radicgraghically and clinically suc-
cezsful, while five were categorized as
radiographically successful with clinical
failure and eight were clazzified as radio-
graphic failures, but achieved clinical suc-
CESS,

Weingtein JM,
Lurie JO, Tost-
eson TD, et al.
Surgical versus
NONSUrgica
treatment for
umbar degen-
erative spondy-
olizthegis. N
Engl J Med,
2007, 356(22):
[ 2S7-22T0.

|, prog-
nosatic

The authors conducted a prospective,
randomized control trial evaluating the
outcomes of surgical treatment of degen-
erative spondylolisthezis compared with
medicalfinterventional freatment in 304
patients. The siudy alzo included a sec-
ond cbheervational cochort of 303 patients
who refused randomization, but agreed to
participate in the study.

The primary outcome measurss uzed in
the study included the Medical Outcomes
Study SF-36 bodily pain and physical
function scores and the modifisd Os-
westry Digability Index. Data were col-
lected at six weeks, three months, six
months, one year and two years.
Secondary outcomes measures included
patient reported improvement, satisfaction
with current aymptoms and care, Stenosiz
Bothersome Index and LBEF Bothersome
Index.

Within the randomized arm of the study,
the authors reported a 40% crossover in
each direction. Intention-to-treat analysis
showed no significant differences in any
outcome. As-treated analysiz for both co-
horts showed significant advantages at
three months that increased at one year
and were durable at two years. Treatment
effectz at two years were 13.1 for bodily
pain (95%, C| 14.5-21.7) 18.3 for physical
function {95%, Cl 14 6-21.9) and -16.7 for

In critique of this study, the 2econdary
outcome meazures, Stenosis
Bothersome Indsx and LEP
Bothersome Index have not been
specifically validated for degenerative
lumbar spondylolisthesis. This study
provides Lewvel | prognostic evidence
from both the randomization and
observational cohorts that the primary
outcome meazures — Medical
Cutcomes Study SF-38 bodily pain
and physical function scores and the
medified Oewestry Dizability Index —
are apgropriate instruments fo use in
detecting treatment effects in patients
with degenerative lumbar
spondylolisthesis.
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ODI (95%, Cl -19.5t0 -13.9). There is
little evidence suggesting harm with either
surgical or medical treatment.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis

Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Surgical Treatment

Question |:

Do surgical treatments improve outcomes in the treatment of degenerative lumbar spondylolisthesis com-
pared to the natural history of the disease?

100

Surgical versus

ireatment for neurogenic claudication

A rticle Level Description of study Conclusion
Alpha by Au- | {I-V) (Including analyzis of methodelogical
khor) strengthzweaknesses)
Andersan PA, | I, This data represent subgroup analysis In critique of this study, the cohort of
Tribus CB, thera- data from a large, randomized controlled 75 patients was derived from a larger
Kitchel SH. peutic irial dealing with zpinal stenosis. As such, | pool of candidates with apinal steno-
Treatment of thiz represents a prospective, compara- sig (and not necessarily spondylolis-
neurcgenic tive study of 75 patients with neurogenic thesis) who were randomized into the
claudication by claudication from lumbar spinal stencsis X STOP freatment group and medi-
nisrspinous and low grads (less than 25% franslation) | calfimtereentional group. Howsver
ecompression: spondylolisthesis who were treated either | there were no significant basesline dif-
application of with the X STCOP devics (an interzpinous ferences detected between the
the X STOP process spacer) or with medi- groupsg. Five patients in the X STOP
Kevice in pa- calfinterventional treatment. The meadi- group and four patients in the medi-
fients with lum- calfinterventional {contrel) group did re- calfinterventional group subssgquently
par degenera- ceive treatment, which included at least underwent a laminectomy. It is un-
five spondyloliz one epidural steroid injection, medications | clear if the data from these palients
thesis. J Newu- and physical therapy. Thus, this group were included as an intention-to-treat
rasurg Spine. was not truly representative of the natural | analysis.
2006 4(6).463- history of the disorder. Af two-year follow-
471, up, there were atatistically significant im- If one were to equate medi-
provemenis in the Zurich Claudication calfinterventional treatment including
Cluestionnaire (ZC0Q) score and patient injections, therapy and medications
zatisfaction in those treated with X STOP; | with natural history, this study offers
there were no statistically significant im- Level Il therapsuiic evidence that
provements in the medicalfinterventional surgical treatment in the form of an
Qroup. intergpinous spacer improves upon
the natural higtory of neurogenic
claudication and spinal stencsis with
low grade degenesrative spondylolis-
thesis.
Weinzstein JM, | 11, This was dezigned az a multicenter, pro- In critique of thiz study, there was a
Lurie JO, Tesi- | thera- zpective, randomized conirolled trial com- | high croszover rate between study
eson TD, et al. | peutic paring surgery and medicalfinterventional | groups. Forinstance, 45% of thoze

patients az=igned o meadi-

NONSUrgica from epinal stenosis and degenerative calfinterventional freatment had un-
treatment for spondylolisthesis. In addition, there was a | dergone surgery at two-year follow-
umbar degen- nonrandomized observational arm that up. Likewise, only 64% of thoze who
erative spondy- compared the two freatment options. Eli- | were assigned to the surgical group
olizthesis. N gible patients had sympioms for at least had undergone surgery by two years.
Engl J Med. 12 weeks and could have had medi- Becausze of the high degree of cross-
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2007, 356(22)2 calfinterventicnal reatment pricr to en- over, thiz study iz more appropriately
2aT7-2270. rollment. Surgical treatment included congidered a progpective, compara-
laminectomy with or without fusion; how- tive study. The as-treated analysis
ever, few patientz underwent laminectomy | showed statisfically better cutcomes

alones. Medicalfinterventional treatment with zurgery that were maintained at
included at least active physical therapy, the two-year follow-up. Medi-
education/counseling and medications. calfinterventional treatment included

at least active physzical therapy, edu-
cation/counszeling and medications;
however, this was not standardized
by any particular protocol.

If one were to equate medi-
calfinterventional treatment including
injections, therapy and medications
with natural history, this study offers
Level Il therapeutic evidence that sur-
gical treatment in the form of a
laminectomy with or without fusion
improves upon the natural history of
neurogenic claudication and spinal
stenosiz with degenerative spondylo-
listhesis.
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Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Surgical Treatment

Question 2:

Does surgical decompression alone improve outcomes in the treatment of degenerative lumbar spondylolis-
thesis compared to medical/interventional treatment alone or the natural history of the disease?

& rticle Level Description of study Conclusion
Alpha by Au- | {I-V) (Including analyzis of methodological
fhor) strengths’weaknesses)
A ndersan FA, | 11, The study reprezents an analyziz of a In critique of thiz study, although la-
Tribus CB, thera- subgroug of 75 patientz with grade | de- beled by the authors a2 a randomized
Kitchel SH. peutic generative spondylolisthesis who were controlled trial, it was not such for pa-
[Treatment of originally included in the pivotal random- tizntz with degenerative spondyloliz-
neursgenic ized controlled irial comparing the X thesis. There were relatively low pa-
claudication by STOP device and medical/interventiona tient numbers. In sugport of their find-
nierspinous ireatment for gpinal stenosis with neuro- ings, there was a low attrition rate
Hecompression: genic claudication that was relieved by (7% at two year follow-up). Further-
application of flexion and sitting. Although examined more, the investigators utilized a vali-
the X STOP prospectively, this subgroup was not ap- dated cutcome instrument, the ZCa.
Kevice in pa- propriated to surgical and medi- This study offers Level lll therapeutic
tients with lum- calfinterventional treatment in a truly ran- evidence that an interspincus distrac-
bar degenera- damized faghion. tion device which provides indirect
five spondylolis- decompreszion leads fo better out-
thesis. J Newu- Forty-two patients had the X STOP device | comes at two years in patients with
rosurg Spine. placed, while 33 had medi- spinal stenosiz and grade | degenera-
P2006;4(8):463- calfinterventional freatment that included tive spondylalisthesis than does meadi-
471, at least one epidural stercid injection, calfinterventional intervention.

medications and phyzical therapy as

needed. Only 70 of 75 patients had a

minimum of two-year follow-up. Of pa-

fients in the X STOP group, §3% had =ig-

nificant improvements in the Zurich Clau-

dication Quesiionnaire (ZCQ) score,

whereas 12% in the medi-

calfinterventional group had significant

improvements.
Patzudaira K, | 111 This study was a retrogpective compara- In critique of this study, the sample
Yamazaki T, thera- tive study of 52 pafients with gpinal steno- | was modest, particularly considering
Seichi &, etal. | peutic 2iz and grade | degenerative spondylolis- | that there were anly 16 patients in the
=pinal siznosis thesiz. MNinsteen underwent decompres- medicalfinteryantional group. To be
n grade | de- gion with instrumented fusion, 18 under- uzed to answer the current guestion,
enerative lum- went decompreszive laminoplasty without | ones has to assume that medi-
rar zpondylolis- fusion, and 16 had medicallinterventicnal | calfintereentional treatment is equiva-
thesis: a com- freatment. At a minimum of two years fol- | lent to natural hiztory. In 2upport of
parative study low-up, patients in both surgical treatment | the study, patients uniformly had
of outcomes groups showed significantly betier im- grade | degenerative spondylolizthe-
[following lamin- provemenis in Jaganess Orthopasdic As- | siz. Thiz paper provides Level [l
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xplasty and sociation (JOA) scores than the madi- therapeufic svidence that decompres-
aminectomy calfinterventional group. sive zurgery alone in the form of a
with instru- decompreszive laminoplasty rezults in
mented spinal better outcomes than the natural his-
fusion. J Orfhop tory of spinal stenosis with grade |
Sei. degenerative spondylolisthesis.

2005 10(3):-270

276

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to

be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular
to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis

104

Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Surgical Treatment

Question 3:

Does the addition of lumbar fusion, with or without instrumentation, to surgical decompression improve surgi-
cal outcomes in the treatment of degenerative lumbar spondylolisthesis compared to treatment by decom-

pression alone?

A rticle Level Description of study Conclusion
Alpha by Au- | (1-V) (Including analyzis of methodelogical
khor) strengthafweaknessas)
Sridwell KH, [, This iz a prozpective, comparative study In critique, this was a small study in
Sedgewick TA, | thera- of 44 surgically treated patients with de- which zelection bias entered into the
1 Brien MF, speutic generative lumbar spondylolisthesis fol- randomization process, reviewears
Lenke LG, lowed for a minimum of two years. Of the | were not masked to patient treatment
Baldus C. The 44 patientz, nine underwent laminectomy | and validated outcome measures
role of fusion alonz, 10 had lamineciomy and insfru- were not ulilized. Becauze of theze
and instrumen- mentsd fugion and 24 had laminectomy weaknezsesz, this potential Level
taticn in the and instrumentad fuzion {12 zingle level, study was downgraded to Level lIL
treatment of zix two-level). Patientz wers radicgraphi- This study provides Level lll thera-
legenerative cally assessed and a functional assesas- peutic evidence that instrumented
zpondylolisthe- ment was conducted by asking whether fusion patients had less chance of
zis with spinal they felt their ability to walk distances was | progressive slippage pastoperatively
zfenosis. J Spi- worse (-, the same (0) or significanthy than laminectomy alone or nonin-
nal Disord. better (+). Of the 44 patients, 43 were strumented fusions, and a higher pro-
1993:6(6).461- followed for two years or more. portion of patientz with stable or un-
472, changed spondylolisthesis reported

The authors determined that instrumented | greater improvement afier surgery.

fusion had higher fusion rates than nonin-

strumented fusion (p=0.002). The authors

further cheerved greater progression of

zpondylolisthesis in patients treated with

laminectomy alone (£4%) and in laminec-

tomy without instrumented fusion {70%)

comparad o patients who received

laminectomy with ingtrumented fusion

(4%, p=0.001]). & higher proportion of the

patients without slippage progression re-

ported that they were helped by the sur-

gery than those whose slippage pro-

agressed postoperatively (p=0.01).
Chogawala Z, | 1Y, This iz a refrozpective comparative atudy | In critique of thiz atudy, thiz was a
Benzel EC, thera- of 24 patientz with lumbar stenosiz and small study with short follow-up with
LA min-Hanjani peutic degenerative Grade | spondylolisthesis no clearly defined indications for spe-
=, et al. Pro- who underwvent decomprassion. Of the 32 | cific treatment zelections. Slips
zpective out- patientz, 14 received posterior instru- greater than 2 mm on flex-
comes evalua- mented fugion. Outcomes were assessed | ionfextension radicgraphs were ex-
tion after de- uzing the Oswesatry Disability Index (0D | cluded. Becauze of theze weak-
compression and SF 38 at six and 12 montha. neszes, this potential Level N study
with or without was downgraded to Level IV,
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natrumented
fusion for lum-
bar astenosis
and degensra-

=urg Spine. Oct
2004 1(3):267-
272

The authorz reporied an 33% fusion rate
at one-year follow-up. Patients in both
groups reported improvement compared
io baseline status. Decompreszion plus

13.6 point increase (p=0.02). Analyziz of
5F-36 alzo demonstrated significant in-
tergroup difference (p=0.003).

The authors concluded that surgery sub-
stantially improved one year outcomes
bhased on validated outcome instruments
in patients with Grade | spondylolisthesgis
and stenozis. Fusion was associated with
gignificantly greater functional improve-
ments compared with decompression
alone. The authors also noted that older
age wags a predictor of worze outcome.

This study provides Level IV thera-
peutic evidence that for patients with
slips l2ss than 2mm, both decom-

tive Grade | fusion led to an improvement in 201 prezszion and decompression with fu-
zpondylolisthe- acores of 27.5 points; whereas, decom- sion result in improved cutcomes.
2is. J NMeuro- preszion alone was aszociated with a Cecompreszion with fusion results in

greater improvement in functional out-
COMESs.

Herkowitz HM,

This iz a prozpective, comparative study

Im eritique, this wasz a small study

wurz LT. De- thera- of 50 patients with degenerative lumbar which did not ufilize validated clinical
enerative lum-| peutic gpondylolizgthesis who were studied clini- outcome measures or describe base-
par gpondylolis- cally and radicgraphically to determine if ling characteriztics of the groups.
thesis with zpi- concomitant interiransverse process ar- EBecausze of thezse weaknesses, this
nal stenosis. A throdesis provided better resulis than de- potential Level I siudy was down-
prospective compression alone. Outcomes were as- graded to Level lll. This study offers
=iudy compar- zezsad Using a rudimentary ouicome Level lll therapsulic evidence that
ng decompres- acale (excellent, good, fair, poor) with a decompressicn with arthrodssiz in
zion with de- mean follow-up of three vears. patientz with degenerative lumbar
COMpression spondylolisthesis provides signifi-
and interirans- The authors reported that of the 25 pa- cantly better relief of low back pain
Br2e process fients treated with decompression and and leg pain than decompression

arthrodesziz. J fusion, 11 reported excsllent resuliz, 12 alone.
Faone Jaint Surg) good, one fair and zero poor. Of the 25
Am. patients treated with decompression
1991;7T3(6).802 alone, two reporied excellent results, nine
203, good, 12 fair and two poor. Improved re-

zults in the patients who had an arthrode-

2iz concomitantly with decompression

wers zignificant by the Fizher exact test

(p=0.0001). The authors concluded that in

patients who had a concomitant arthrode-

giz, the results were significantly better

with respect to relief of low back pain and

lower limb pain.
|_aus= M, Tigani | IV, This iz a refrozpective comparative study | In critique, this iz a small study of only
D, Alfonso C, thera- of 24 patients with degenerative lumbar 24 patients which utilized no validated
Giunti & De- peutic spondylolisthesis divided into thres outcome measures_ In addition, as-
@enerative groups. Group | {eight patientz): those signment of patients to treatment

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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zpondylolisthe-
=is: lumbar
=ienosis and
natakility. Chir
Cirgani Mov.
1992771 ).39-
49

with spondylotic instability; Group 11 (10
patients): thoze with lumbkar stenosis and
current or potential segmental instability;
Groug l (six patientz): thoze with lumbar
stenosizs and naturally stabilized spondy-
lolisthesis. Group | was freated by poster-
olateral fuzion; Group | by laminectomy,
removal of the medial portion of the facets
and posterolateral fusion; and Group 11 by
laminactomy and removal of the medial
portion of the facets. Cutcomes were as-
seased using a rudimentary oufcome
acale (excellent, good, fair, poor) with a
mean follow-up of 2.5 years.

The authors reported that Group | had
100% good or excellent results (SE2G)
All had solid fusion. Groug 1l had 20%
good or excellent results (BESGMP). All
had =alid fusion. Groug 1l had 53% good
or excellent results (3EZ2GHMP).

The authors concluded that the long-term
outcomes for the fusion group exceeded

those of the laminectomy alone group, but
this finding was not statistically significant.

groups was highly biased by surgeon
preference. Because of theze weak-
neszesz, this potential Level lll paper
was downgraded to Level V.

This paper offers Level I\ therapeutic
evidence suggesting that fusion was
superior to decompression alone, but
not statistically significant because of
the limited size of the study.

| ombardi, J.5.,
=t al, Treat-
ment of degen-

olisthesis.
Spine. 1985.

erative spondy-

1008 p. 321-7.

I\
thera-
oeutic

This iz a refrozpective comparative atudy
of surgical treatment outcomes in 47 de-
generative lumbar spondylolisthesis pa-
fients. Of the 47 patients, six had wide
laminectomy, 20 had =standard laminec-
tomy with prezerved facets and 21 had
laminectomy with preserved facets with
fusion. Cutcomes were asseszed by pa-
tients utilizing & rudimentary outcome
zcale (excellent, good, fair, poor, failure],
with radicgraphic analyziz at a mean fol-
low-up of 2.7 years.

The authors reporied that 30% of pafients
in the wide laminectomy group reported
goodiexcellent results, 30% reported
good/excellent results in the standard
laminectomy with preserved facets group,
and 90% reporied goodlexcellent resuliz
in the decompression with facet preserva-
fion and fusion group.

The authors concluded that decompres-
zion with facet preservation and fusion
yviglded the best clinical outcomes at two-

In critique of thiz atudy, it iz a small,
nonrandomized, nonmatched atudy
wihich did not utilize validated out-
come measures. In addition, the study
did not provide detailed statistical
analyziz. Becauze of theze weak-
neszes, this potential Level Nl study
was downgraded to Level IV,

This paper offerz Level IV therapeutic
evidence that posterior decompres-
sion with prezereation of the facets,
plus transverse process fusion, pro-
vides superior outcomes fo decom-
pression alone for surgical treatment
of degenerafive lumbar spondylolis-
thesis regardless of age.
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care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis

107

yvear follow-up.

fMardjetko,

S M., P, Con-
nolly, and =.
Shott, Degen-
erative lumbar
zpondylolisthe-
is. A meta-
analysis of lit-
erature 1970-
1993, Zpine.
1994 19(20
Suppl):22565-

22655,

I,
thera-
oeutic

This iz a meta-analysis of primarily Level
Il studies. The objective of the study was
io analyze the published data on degen-
erative spondylolisthesis to evaluate the
feasibility of its use as a literature control
io compare with the historical cohort pedi-
cle screw study data.

The authors conducted a comprehensive
literature s=arch to identify studies pub-
lighed in English peer-reviewed journals
between 1970 and 1993 addressing de-
generative spondylolisthesis with radicular
leg pain or neurcgenic claudication. Inclu-
gion criteria included a minimum of four
cazes reviewed and reporting of the pri-
mary outcome variable of fusion in aricles
in which this was part of the freatment.
Clinical outcome variables of back pain,
leg pain, funciion, neurogenic claudication
and global outcome scores wers recorded
when available. & total of 25 papers rep-
rezenting 289 patients were accepted for
inclusion. Twenty-ons were refrospective,
nonrandomized and uncontrolled. One
paper was refrospective and nonrandom-
ized, but compared two different freat-
menis. Three prozpective, randomized
studies were included.

The primary outcome variable, fusion,
was determined by each author. The most
constant clinical outcomes variable re-
ported was pain; with 16 papers reporting
pain only, six papers reporting pain and
function, and two papers reporting the
patisnt-determined outcomes. Patient
function was reported in six papers and
referred to the presence or absence of
neurogenic claudication. In addition to
theze clinical outcomes, four papers re-
ported a global evaluation. Two used
Faneda's rating system and two used the
Japanese Orthopedic Association (JOA)
acore. Excellent and good resulte wers
reassigned as satisfactory; poor results
were classified as unsatisfactory.

The authors reported that in the
decompression-alone category, 11 papers

In critique of thiz study, only three
Level Il studies were reviewed and
data were very heterogensous. This
paper offerz Level Il therapeutic avi-
dence that the addition of fusion with
or without instrumentation to decom-

prezzion improves clinical outcomes.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis 108

representing 218 patients were accepied
for inclugion. Sixty-nine percent of pa-
tients had a satisfactory cutcome. The
incidence of worsened postoperative slip
was 31%, but was not azsociated with a
paoorer clinical result in the majority of pa-
fients.

In the category of decomprasszion with
fusion and no instrumentation, six papers
qualified for inclusion. In one paper, only
fusion data were broken out for the diag-
nosiz of degenerative spondylolizthesis
and were used just for thiz outcome vari-
able. Minety percent of the patientz in this
category had a safisfactory outcome; 38%
achieved =olid spinal fusion. With regard
io clinical outcome, the difference be-
tween patients freated with decompres-
gion without fusion {(69% =satisfactory) and
those freated with decompression and
fusion without instrumentation {90% satis-
factory) was statiztically significant (F =
0.0001).

In the decompression with fusion and
pedicle screws category, five studies met
the inclusion criteria. A total of 101 pa-
fients was analyzed with respect fo fusion
atatus. Eighty-five patients were analyzed
with respect to clinical cutcome. One pa-
per did not separately analyze clinical
data, but did 2o for fusion data; therefore,
only fusion data were included. The pro-
porticnally weighted fuzion rates for this
group were 93%. When comparing the
fusion without ingtrumentation group to
the fusion with pedicle screw group there
was not a statiztically significant increasze
in fusion rate (P = 0.08). Analysis of the
clinical cutcomes reveals an 86% satia-
factory rating for the pedicle screw group.
This compares favorably to the B9% safis-
factory rate in the decompression without
fusion group (P <0.0001).

In the anterior spinal fusion category,
three papers presenting results for 72 pa-
tients who received anterior gpinal fusion
for the treatment of degenerative apondy-
loligthesis were included. Pooling the data

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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from theze three studies yieldsd a 94%
fusion rate with an 88% rate of patient
satisfaction.

The authors concluded that the meta-
analysis supports the clinical impresasion,
that in the surgical management of de-
generative lumbar spondylolisthesis, spi-
nal fugion significantly improves patient
satisfaction.

fartin CR,
Gruszoezynski
AT, Braunsfurth
HA, etal, The
zurgical man-
agement of de-
enerative lum-
par gpondylolis-
thesis: a ays-
fematic review.
Spine.

2007 32(168):
1791-1738.

I,
thera-
neutic

This iz a sy=tematic review designed o
identify and analyze comparative studies
that examined the surgical management
of degenerative lumbar spondylolisthesis,
apecifically the differences in outcomes
between fugion and decompressicn
alonz, and betwean ingtrumented fusicn
and noninstrumented fusion.

Relevant randomized conirolled trials
(RCT) and comparative obeervational
studies were identified in a comprehen-
give literature =earch (1966 to Juns
2005). The inclusicn criteria required that
a study be an RCT or comparative obzer-
vational study that investigated the surgi-
cal management of degenerative lumbar
spondylolisthesis by comparing: (1) fusion
to decompression and/or (2) instrumented
fusion to noninstrumentead fusion. A mini-
mum one-year follow-up was required.
Studies alzo had to include at least five
patientz per treatment group. & study was
excluded if it included patientz who had
received previous spine surgery or pa-
tients with cervical injuries, spinal frac-
iures, tumors or isthmic gpondylolizthesis.
& study was also excluded if it was not
possible to analyze patients with degen-
erative spondvlolistheszia separatzly from
another included patient populaticn or if it
was not clearly a comparative study.

Diata from the included studiss were ex-
fracied by two independent reviewers us-
ing a standard data abstraction sheet.
The data abstraciion sheet identified the
following information: (1) patient popula-
fion'z age, gender, aymptoms and degree
of spondylolisthesis; (2) type of. decom-

In critique of thiz siudy, it was a sys-
tematic review of studies ranging

down to Level 1l and iz thus classi-
fied as a Level Il systematic review.

Limitations were found in the method-

ologies of all RCTe, gpecifically in the
peeudorandomization, absence of
masking andlor the lack of validated
outcome measures o assess clinical
outcomes.

This paper offere Level Il therapeutic
evidence that fusion leads to a better
clinical cuicome comparsd with de-
compression alone; and the uze of
adjunctive instrumentation leads to
improved fusion status and less risk
of pseudoarthrogis. Their data do not
demonstrate any difference in clinical
outcomes between instrumentsd and
noninstrumented fusions.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
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pressicn, fugion, instrumentation, bone
graft material, and preogerative and posi-
operative treatment; (3) study design and
methodological quality using the Coch-
rans RCTICCT Crozsover Studies Check-
lizt, modified by the additional criterion
that observational studies state the use of
a consecutive series of patients; and (4)
study ocutcomes.

The main abstracted cutcomes were clini-
cal outcome, recperation rate and =olid
fusion status. An attempt was made to
compare patient-centered, validated and
diseaze-zpecific outcomes, complications
and spondylolisthesiz progression; but
becauze of heterogensity in reporting
thess ocutcomes in the primary studies, no
pooled analyziz could be performed on
the=ze cutcomes. When appropriate, a
atudy’s clinical outcome rating scale was
altered to mafch a dichotomous rating
acale of "satisfactory” or “unsatisfactory”
clinical outcome, and resulizs were entered
into Review Manager 4.2 for weighted
grouped analyses.

The authors reporied that eight studies
wers included in the fusion versus de-
compression-alone analysis, including two
RCTs. Limitations were found in the
methodologies of both RCTs and most of
the obeervational studies.

Grouped analyzis detected a =ignificantly
higher probakility of achieving a satisfac-
tory clinical outcome with spinal fugion
than with decomprazssion alone (relafive
rizk, 1.40; 95% confidence interval, 1.04—
1.89: P = 0.05). The clinical beneafit favor-
ing fusion decreased when analysis was
limited to studies where the majority of
patients were reported to be expariencing
neurologic aymptoms such as intermittent
claudication and/or leg pain.

Six studies were included in the instru-
mented fuzion verzus noninstrumentsd
fusion analyzis, including threse RCTs.
The uze of adjunciive instrumentation
gignificantly increased the probability of
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aftaining solid fusion (rslative risk, 1.37;
95% confidence interval, 1.07-1.75; P =
0.05), but no significant improvement in
clinical cutcome was recorded (relative
rizk, 1.19; 95% confidence interval, 0.92-
1.24). There was a nonsignificant irend
towards a lower repeat operation rate in
thie fusion group comparad with both de-
compression alone and instrumented fu-
sion.

The authors concluded there is moderate
evidence that fusion may lead to a better
clinical outcome compared with decom-
preszion alone. Evidencs is also moder-
ate that the use of adjunctive instrumenta-
fion leads to improved fusion status and
less rigk of pseudoarthrosis. No conclu-
sion could be made about the clinical ef-
fectiveness of instrumented fusion versus
noninstrumentsd fusion.

fMatzudaira K,
TYamazaki T,
Seichi A, et al
Spinal stenosis
n grade | de-
enerative lum-
par spondylolis-
thesis: a com-
parative study
of outcomes
following lamin-
plasty and
aminectomy
aith instru-
mented spinal
fusion. J Orthop
Soi.

2005 10(2):27 04
ENiH

I,
thera-
oeutic

This iz a refrospective, comparative study
of 55 patiente with spinal stenosis in
grade | degenerative lumbar spondylolis-
thesiz. Of the 55 patientz, 20 underavent
laminectomy plus posterolateral fusion
and pedicle screw instrumentation (Group
11, 19 underwent laminoplasty alons
(Group 2) and 16 refused surgery and
receivad medicallinterventional treatment
(Group 3). One patient in each surgical
group wags lost to follow-up. Cutcomes
were azzeszed by the Japanese Ortho-
pedic Azsociation (JOA) score, along with
radiographic evaluation at minimum twao-
yvear follow-up.

The authors reporied alleviation of symp-
ioms in the fusion and laminoplasty
groups, but not in the meadi-
cal/interventional treatment group. No
statiztically significant difference in clinical
improvemeant was noted between the fu-
gion and laminoplasty groups. The per-
cent slip increazed significantly in groups
2 and 3, whereas spondylolizsthesis was
atabilized in Group 1. The authors con-
cluded that decompression with prezerva-
fion of the posterior elements can be use-
ful in freating patients with symptomatic

In critique of this study, the numbers
were small, patientz were not ran-
domized and no clearly defined indi-
cations for specific treatment selec-
tions were included. Thiz paper offers
Level lll therapsutic evidence that
decompression with posterolateral
fuzicn and instrumentation, as well az
laminoplasty alone, yield improved
outcemes in the treatment of symp-
tomatic lumbar spinal stenozis caused
by grade | degenerative spondylolis-
thesis as comparad with medi-
calfinterventional treatment alone.
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lumbar spinal stenosis as a result of
grade | degenerative spondyloliathesia,

= oztacchini F,

Eone Joint Surg
Eir.
1992 74(5).862
SED.

I,

This iz a refrozpective comparative study

The authors reporied that a =ignificant
difference was found betwesn thoze pa-
fients who had been fuzed and thoze who
had not. Of patients who had fusions,
0% reported zatisfactory resuliz, while
33% of the unfuzed patients reporied =at-
isfactory results.

The authorz concluded that in patisnts
with degenerative spondylolisthesis, the
proportion of satisfactory results was zig-
nificantly highsr in patientz who had spi-
nal fugion.

Im eritique of thiz study, thiz subgroup

Cinotti G. Bone | thera- which included 18 paftients with degenera- | was very amall and lacked standard-
regrowth after | peutic five lumbar spondylolizthesiz, of whom ized, validated outcome measures.
=zurgical de- ien had fugionz. Clinical and radicgraphic | Becausze of theze wesaknesses, this
compression fon azzezsment cocurred at mean follow-up potzntial Level Il study was down-
urmlbxar spinal of 8.5 vears. gradsd to Lavel IV,

=lenosis. J

This paper offerz Level IV therapeutic
evidence that the addition of fusion to
decompreszion resulis in significantly
higher satisfactory rezults in patients
with degenerative lumbar spondylolis-
thesis.

= oztacchini F,
Cinctii G, Pe-
rugia 0. De-
pensrative lum-
car spondyloliz-

1891:17(4):467
1477

[%f
thera-
neutic

This iz a refrozpective comparative study
of 22 patientz with degenerative lumbar
spondylolizthesis undergoing five surgical
procedures: unilateral laminotomy, bilat-
eral laminociomy with or without fusion,

lent, good, fair, poor) with an average of
2.8 year follow-up.

The authors found that 25% of palients
reported satisfactory results. Of the 32
patients, 17 had decompression and fu-
gion and 100% (17M17) reporied good to
excellent resulitz. Of the 15 patientz who
did not receive fuzion, 7% reporisd sx-
cellent or good resulis (10/15). Both
groups showed increases in slip, although
nat apecifically quantified. None of the
fusion group had an unstable slip, while
33% of the decompression alone group
had “hypermaobility.” This hypermobility
iended to be clinically associated with
more symptoms. Regrowth of facet joints
Was seen in several patients, and much
more likely to be symptomatic in patients

Im critique of this study, it presenied
very little data and did not utilize vali-
datzd cuicome measures. Multiple
procedures wers done on a amall
number of patients. Because of these

theszis. 1. Surgi- laminectomy with or without fusion, weakneszez, thizs potential Level 11
cal treatment. laminectomy with fusion and interspinousz | study was downgraded o Level IV,
ftal J Crthop wiring. Qutcomes were azssssed using a

Traumatal. rudimesntary self-report measure (excel- This paper offerz Level IV therapeutic

evidence that the addition of 2pinal
fuzicn to decomprezsion resuliz in
improved outcomes.,
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without fusion.

The authors concluded that gpinal fusion
iz recommended to improve clinical out-
comes in patients treated with decom-
pression.

"one, K.,
Sakou T,
Fawauchi ¥,
vamaguchi M,
Yanase M. In-
dication of fu-
=zion for lumbar
=pinal stenosis
n elderly pa-
fientz and itz
zignificance.
Epine. 1996;
212y 242248,

%,
thera-
peutic

This iz a refrozpective comparative study
of 24 patients (age 60+) who underwent
zurgical treatment for lumkbar spina
astenosis. OFf the 34 patientz, 17 had insta-
bility defined by Posner's radiographic
method, of whom 10 underwent decom-
pression and instrumentad fusion and
zeven underwent decompression alone.
Cutcomes were asseszed utilizing the
Japanese Orthopedic Association (JOA)
ascores and radiographic assessment.

The authorz reporied that the group with
decompression and fusion had the best
outcomes, and unstable patients undergo-
ing decompression alone had the worst
rezultz. The authors concluded that fusion
with instrumentation should be uzed whean
decompression iz performed on elderly
patientz with instability.

In critique, this iz a small non-
randomized study including onlby 17
patientz with degenesrative lumbar
spondylolisthesis. This paper lacked
statistical analysis. Because of these
weakneszesz, thiz potential Level 1|
study was downgraded to Level V.

This study offers Level IV therapeutic
evidence that instrumented fuzion
should be used when decompression
iz performead on elderly patients with
instalyility.
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Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Surgical Treatment

Question 4:

Does the addition of instrumentation to decompression and fusion for degenerative spondylolisthesis improve
surgical outcomes compared with decompression and fusion alone?

A ward winner in
clinical studies.

A rticle Level Description of study Conclugion
Alpha by Au- | {I-V) (Including analyzis of methodological
phor) strengthaweaknesses)
Eridwell, KH, I, This iz a prozpective comparative study of | In critique, this wasz a small study in
Sedgewick TA, | thera- 44 surgically treated patientz with degen- | which selection bias entered into the
' Brien MF, peutic erative lumbar spondylolisthesis followed randomizalion process, reviewers
Lenke LG, for a minimum of two years. Of the 44 were not masked io patient treaiment
Baldus C. The patisniz, nine underwent laminsctomy and validated outcome measures
role of fusion alone, 10 had laminectomy and nonin- were not ufilized. Because of these
and instrumen- atrumented fugion and 24 had laminec- weaknesses, this potential Level Il
tation in the tomy and instrumented fusion (18 single study was downgraded to Lewvel 1II.
treatment of level, six two-level). Patients were radio- This study provides Level lll thera-
Kegenerative graphically azzessed and a funciional ag- | peutic evidence that addition of in-
zpondylolisthe- zezsment was conducted by asking strumentation to fusion results in
=iz with 2pinal whether they felt their ability to walk dis- higher fuzion rates and subjsctive
zfenosis. J Spi- tances was worse (-), the same (0) or sig- | improvement in walking distance
nal Disard. nificanthy better (+). Of the 44 patients, 43 | when comparad with fusion alone.
1993; 6(6): 461 were followed for two years or more.
T2,

The authors reporied that insfrumented

fusion had higher fusion rates than unin-

strumented fuzion (p=0.002) and ob-

served greater progression of spondylalis-

thesis in patients treated with laminec-

tomy alone and laminectomy without in-

astrumented fugion comparad fo patients

who received laminectomy with instru-

mented fugion (p=0.001). & higher propor-

fion of the patients without slippagse pro-

gression reporied that they were helped

by the surgery than thoze whose slippage

progressed postoperatively (p<0.01).
Fischgrund J5, | I, This iz a prozpective, randomized com- Im eritique of thiz siudy, the follow-up
Mackay M, Her-| thera- parative study of 76 consecutive patients may have been foo short o detect the
owitz HM, peutic with sympiomatic spinal stenosis associ- effects of peeudoarthrosis in this non-
Brower R, ated with degenerative lumbar spondylo- masked study. Validated outcome
Montgomery ligthesiz who underavent posterior decom- | measures wers not utilized o assess
DM, Kurz LT. preszion and posterclateral fusion. Pa- clinical cutcomes. Because of thess
1997 Volvo tients were randomized into a transpedi- weaknezses, thiz potential Level 11

cular fization group or noninzsirumented
group. Dutcomes wers assessed af two-

study was downgraded fo Level 111
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Degenerative
umbar spondy-
olizthesiz with
=pinal stenosis:
a prozspective,
randomized
=iudy compar-
ng decompres-
zive l[aminec-
fomy and ar-
throdesis with
and without

yvear follow-up using a five-point visual
analog scale (VAL and an operative re-
zult rating (excellent, good, fair, poor)
bassd on examiner azsesament of pain
and functional level.

The authors reported that of the 76 pa-
fients included in the study, 68 (85%)
were available for two-year follow-up.
Clinical outcome was excellent or good in
78% of instrumented patients and 85% of
noninstrumented patients (p=0.£51. Suc-

This study offera Level Il therapeutic
evidence that the addition of instru-
mientation to posterolateral fusion for
the treatment of degenerative lumbar
spondylolisthesis increases the likeli-
hood of obtaining a =solid arthrodesis,
but doss not correlate with improved
clinical outcomes at two-year follow-

up.

zpinal instru- ceasful arthrodesis cccurred in 82% of
mentation. instrumented versus 45% of noninstru-
Spine. mented patients (p=0.0015). Overall, suc-
1997 22(24):28 ceasful fusion did not correlate with pa-
07-2812. fient outcome (p=0.£35). The authors
concluded that for zingle level degenera-
tive lumbar spondylolizthesiz, use of in-
strumentation may lead 1o a higher fuzion
rate, but clinical outcome shows no im-
provement in low back pain and lowsr
limb pain.
Gibson JN, [, This iz a systematic review of 31 random- | In critique of thiz study, it was a ays-
Waddell 3. Surd{ thera- ized controlled trials (RCT) looking at all tematic review of primarily Level 1l
ery for degen- | peutic forms of surgical treatment for degeneara- studies and iz thus clazzified az a
erative lumbar five lumbar spondylozis. The authors re- Level Il syatematic review. Limitations
zpondylosis. ported that eight trials showed that in- were found in the methodologies of all
Cochrane Da- strumented fuzion produced a higher fu- RCTs, specifically in the randomiza-
fabase Sysf zion rate, but any improvement in clinica tion, abzence of masking andfor the
e, outcomes iz probably marginal. Other lack of validated outcome measures
20054 CDo0 evidence zuggestz instrumeantation may to assess clinical outcomes. Studies
352, be az=ociated with a higher complication were heterogeneous in nature and
rate. The authors concluded that although | lacked long-t2rm cutcome studies.
fusion rates improve with instrumentation,
there does not appear o be any comela- In the work group’s review of the spe-
fion with clinical outcomes. cific studies cited in this paper, many
were downgraded to Level 11, there-
fore, the work group clazsified this
review as Level Il evidence. This pa-
per offera Level Il therapeutic avi-
dence that although inztrumentation
improves the fusion rate, clinical out-
come iz probably only marginally im-
proved at a potential rizk of higher
complicafion rates.
Limura |, [, This iz a refrozpective, comparative study | In critique of this study, patients were
Shingu H, Mu- | thera- of 57 patients with grade | or [l L4-5 de- not randomized and there was vary-
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enerative lum-
par gpondylolis-
thesis. 4 meta-
analysiz of lit-
Erature 1970-
19932, Spine.
1994:19(20
Suppl): 22565-

22655,

rata M, Hashi- | peutic generative lumbar spondylolisthesis. ing duration of follow-up between
pquchi H. Lum- Eroup A consisted of 28 patients who un- | groups. Although there was a trend
par poster- derwent decompression and poster- toward improved satisfaction and fu-
xlateral fusion olateral fuzion without instrumentation. sion rates with instrumentation, with
alone or with Group B was comprised of 25 patients the numbers available no significant
transpedicular who had decompression and poster- difference was detected. Thiz paper
natrumentation olateral fusion with pedicle acrew instru- offers Level Il therapeutic evidence
n L4--L5 de- mentation. Following surgery, Group 4 that there is no significant benefit with
enerative was immobilized with bed reat followed by | the addition of instrumentation for L4-
zpondylolizthe- a cast for four to 2ix weeks, whereas 5 degenerative lumbar spondylolis-
2ig. J Spinal Group B was mobilized much more thesis.
isord. quickly. Qutcomes were azseasad using
20011404 ):301 the Japanese Orthopedic Association
310. (JOA) scores and x-ray studies with mean

follow-up in Group & of six years and in

Group B of three years.

The authors indicated that patientz in

Groug & (noninstrumented) reported

T2.4% satisfaction rate, with an 82.8%

fusion rate. Patiznts in Group B {instru-

mented) reported an 52.1% satisfaction

rate, with a 92.5% fusion rate. The au-

thors indicated they did not find any sig-

nificant differences in outcomes between

the two groups, except that Group B {in-

atrumented) had less low back pain.
Pardjetko, SM, | Il - This iz a meta-analysis of primarily Level In critique of thiz study, only three
Connolly Pd, thera- Il studies. The objective of the study was | Level Il studies were reviewsd and
Shott 5. De- peutic io analyze the published data on degen- data were very heterogensous. This

erative spondylolisthezis to evaluate the
feasibility of its uze as a literature control
to compare with the higtorical cohort pedi-
cle screw study data.

The authorz conducted a comprehsnzsive
literature search to identify studies pub-
lighed in English peer-reviewed journals
between 1970 and 1993 addressing de-
generative spondylolisthesis with radicular
leg pain or neurogenic claudication. Inclu-
gion criteria included a minimum of four
cages reviewed and reporting of the pri-
mary cutcome variable of fusion in articles
in which this was part of the treatment.
Clinical outcome variables of back pain,
l2g pain, function, neurogenic claudication
and global outcome scores wears recorded
when available. 4 total of 25 papers rep-

paper offers Level Il therapeutic evi-
dence that addition of inafrumentation
to fuzion does not result in improved
clinical outcome or fusion rate.
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regsenting 889 patients were accepted for
inclusion. Twenty-one were refrospective,
nenrandomized and uncontrolled. One
paper was refrospective and nonrandom-
ized, but comparsd two different treat-
ments. Three prozpective, randomized
studies were included.

The primary cutcome variable, fusion,
was determined by each author. The most
conztant clinical outcome variable re-
ported was pain with 16 papers reporting
pain only, six papers reporting pain and
function, and two papers reporting the
patieni-determined outcomes. Patient
function was reported in six papers and
referred to the presence or absence of
neurogenic claudication. In addition to
theze clinical outcomes, four papers re-
ported a global evaluation. Two used
Kaneda's rating system and two used the
Japanese Orthopedic Assaciation (JO&)
acore. Excellent and good results were
reassigned as satisfactory; poor results
were classified as unsatizfactory.

The authors reporied that in the decom-
pression alene category, 11 papers rep-
rezenting 216 patients were accepted for
inclusion. Sixty-nine percent of patients
had a satisfactory outcome. The inci-
dence of worsened postoperative slip was
31%, but was not associated with a
poorer clinical result in the majority of pa-
fients.

In the category of decompresszion with
fusion and no instrumentation, six papers
qualified for inclusion. In one paper, only
fusion data were broken ocut for the diag-
nasis of degenerative spondylolisthesis
and were used only for thiz outcome vari-
able. Minety percent of the patients in thiz
category had a safisfactory outcome; 86%
achieved zolid spinal fusion. With regard
o clinical cutcome, the difference be-
iween patientz freated with decompres-
gion without fusion (82% satisfactory) and
those freated with decompresszicn and
fusion without ingtrumentation (20% satis-
factory) wag statistically significant (P =
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0.0001).

In the decompression with fusion and
pedicle acrews category, five studies met
the inclusion criteria. A tofal of 101 pa-
fients was analyzed with respect to fusion
atatus. Eighty-five patients were analyzed
with respect to clinical outcome. Cne pa-
per did not separately analyze clinical
data, but did =0 for fusion data; therefore,
only fusion data were included. The pro-
porticnally weighted fuzion rates for this
group were 33%. When comparing the
fusion without instrumentation group o
the fusion with pedicle screw group, there
was not a atatiztically significant increasze
in fusion rate (P = 0.08). Analysis of the
clinical outcomes reveals an B6% satis-
factory rating for the pedicle screw group.
This compares favorably to the B9% safis-
factory rate in the decomprassion without
fusion group (P =0.0001).

In the anterior spinal fusion category,
three papers presenting the results for 72
patients who received anterior spinal fu-
zion for the treatment of degenerative
epondylolizgthesis were included. Pooling
the data from these three studies vielded
a 94% fusion rate with an 86% rate of pa-
fient satisfaction.

The authors concluded the meta-analysis
suppore the clinical imprezszion that, in
the zurgical management of degenarative
lumbar spondylolizthesiz, apinal fusion
zignificantly improves patient satisfaction.

fMartin CR,
Gruszezynski
AT, Braunzfurih
Ha, Fallatah
S0, O'Neil J,
Wai EK.The
zurgical man-
agement of de-
enerative lum-
par gpondylolis-
thesis: a 2ys-
ffematic review.

I,
thera-
neutic

This iz a systematic review designed fo
identify and analyze comparative studies
that examined the surgical management
of degenerative lumbar spondylolisthesis,
apecifically the differences in outcomes
between fuzion and decompression
alone, and betwean ingtrumented fusion
and noninastrumented fusion.

Relevant randomized confrolled trials
(RCT) and comparative, observational
studies were identified in a comprehen-

In critique of this study, it was a sys-
tematic review of studies ranaging

down to Level lll, and iz thus classi-
fied as a Level Il aystemaftic review.

Limitations were found in the method-

ologies of all RCTe, apecifically in the
peeudorandomization, abzence of
masking andi/or the lack of validated
outcome measures o assess clinical
outcomes. This paper offers Lavel 1l
therapeufic evidence that the use of
adjunctive insfrumentation leads to
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Spine. 2007,
32(16):1791-
1798,

zive literature zearch (1966 o Juns
2005). The inclugion criteria required that
a study be an RCT or comparative obhaer-
vational study that investigated the surgi-
cal management of degenerative lumbar
zpondylolisthesis by comparing: (1) fusion
to decompression andior (2) instrumented
fusion to noninstrumented fusion. A mini-
mum one-year follow-up was reguired.
Studies alzo had to include at least five
patientz per treatment group. & study was
excluded if it included patientz who had
received previous spine surgery or pa-
tients with cervical injuries, spinal frac-
iures, tumors or isthmic gpondylolizthesiz.
A study was also excluded if it was not
possible to analyze patients with degen-
erative spondylolisthesiz separately from
another included patient population, or if it
was not clearly a comparative study.

Data from the included siudiss were ex-
fracted by two independent reviewers us-
ing a standard data abstraction sheet
which identified the following information:
(1) patient population's age, gender,
gymptoms and degree of 2pondylolizthe-
2iz; (2] type of decompression, fusion,
instrumentaticn, bone graft material, and
precperative and postoperative freatment;
(3} study design and methodological qual-
ity uging the Cochrane

RCTICCT Crossover Studies Checklist
modified by the additional criterion that
obsersational studies state the use of a
conzecutive series of patients; and (4)
atudy outcomes.

The main abstracted cutcomes were clini-
cal outcome, recperation rate and solid
fusion status. An attempt was made to
compare patient-centered, validated and
diseaze-zpecific outcomes, complications
and spondylolisthesiz progression.
Because of heterogeneity in reporiing
these gutcomes in the primary studies;
however, no pocled analysis could be
performed on theze cutcomes. When ap-
propriate, a study's clinical cutcome rating
zcale was altsred to match a dichotomous
rating scale of "satisfactory” or "unsatis-

improved fusion rates, but failed to
show a statiztically significant im-
provement in clinical outcomes.
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factory” clinical outcome, and results were
entered into Revisw Managsr 4.2 for
weighted grouped analyses.

The authors reporied that eight studies
wers included in the fusion versus de-
compression alone analysis, including two
FCTs. Limitations were found in the
methodologies of both RCTs and most of
the observational studies.

Grouped analyzis detected a =ignificantly
higher probability of achieving a satizfac-
tory clinical outcome with spinal fusion
than with decompression along (relative
rizk, 1.40; 25% confidence interval, 1.04—
1.89; P = 0.05). The clinical beneafit favor-
ing fuzion decreazed when analysiz was
limited to studies whers the majority of
patients were reported © be experiencing
neurologic symptoms such as intermittent
claudication and/or leg pain.

Six studies were includad in the instru-
menisd fugion verzusz noninstrumantad
fusion analyziz, including three RCTs.
The uze of adjunctive instrumentation
gignificantly increased the probability of
attaining solid fusion (relative rizk, 1.27;
95% confidence interval, 1.07-1.75, P =
0.05], but no significant improvement in
clinical cuicome was recorded (relative
rizk, 1.19; 25% confidence interval, 0.92—
1.24). There was a nonsignificant frend
toward a lower repeat operation rate in
the fusion group.

Compared with both decompreszsion
alone and instrumented fusion, the au-
thors concluded there is moderate evi-
dence that fusion may lead fo a better
clinical outcome compared with decom-
preszion alone. Evidence is moderate that
the use of adjunciive instrumentation
leads to improved fuzion status and less
rizk of pgeudoarthrozis. No conclusion
could e made about the clinical effec-
fiveness of instrumentad fusion versus
noninstrumented fusicn.
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Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Surgical Treatment

Question 5:

How do outcomes of decompression with posterolateral fusion compare with those for 360° fusion (anterior-
posterior OR transforaminal lumbar interbody fusion OR posterior lumbar interbody fusion) for treatment of
degenerative spondylolisthesis?

posterior de-
COMprassion
and fusion in
Klegenerative
=pondylolisthe-
iz, Eur Spine
. 2005 14(1):
55-60.

interizody fusion (PLIF). Cuicomes were
azgessed uging the Beaujon scoring sye-
tem with & mean fellow-up of 2.87 years.
The authors reporied that the Beaujon
acore was improved in all 24 patients
(p=0.001) and fusion was succeszful in all
cazes. Preoperative leg pain and the ad-
dition of PLIF were significantly correlated
with greater improvement (p=0.016 and
p=0.003), respectively.

The authors concluded that posterior de-
compression and fugion is succesaful in
ireating degenerative lumbar spondylolis-
thesiz and that the additional circumferen-
tial fusion yields significant imgrovement
in functional cutcomes.

Article Level Description of study Conclusion

Alpha by Au- | {I-W) (Including analyzis of methodological

thor) strengthafweaknesses)

Fousseau MA, | 1V, This iz retrospective comparative study of | In critique, this study was refrospec-
Lazennec JY, | thera- 24 consecutive patientz undergoing de- tive with a small sample size of non-
Bass EC, Sail- | peutic compression and transpedicular fixation randomized patientz. OF the 24 pa-
ant =. Predic- o treat sympitomatic degenerative lumkar | tients included, only eight underwent
[fors of out- zpondylolisthesis. Of the 24 patients, FLIF. In addition, of the 24 patients
comes after eight alzo underwent posterior lumbar included in the study. only 18 {75%)

were available for follow-up beyond
two years and it is unclear how many
of the eight PLIF patientz remained in
this subszet. Becauze of these defi-
ciencies, this potential Level 11l study
was downgraded to Lewvel IV,

Thizs study provides Level IV thera-
peutic evidence that posterior decom-
pression and fugion is succesaful in
treating degenerative lumbar spondy-
lolisthesis and that additional circum-
ferential fusion results in slighthy bet-
ter outcomes than posterior decom-
pression and fugion alone.
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Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Surgical Treatment

Question 6:

What is the role of reduction (deliberate attempt to reduce via surgical technique) with fusion in the treat-
ment of degenerative lumbar spondylolisthesis?

A rticle Level Description of study Conclugsion
Alpha by Au- | (I-V) (Including analyzis of methodological
fhor) astrengthz’weaknesses)
Bednar DA I, This study is a retrospeciive consecutive In critique, this iz & moderately small,
Surgical man- | thera- caze series of 56 patients with degenera- | retrozpective review of a consecutive
agement of peutic tive spondylolizgthesis and symptoms of case series of surgical patients from
umbar degen- back pain andfor stenosis treated with one surgeon with no comparison
erative spina bilateral foraminctimies, reduction and group and with less than 80% follow-
=ienoszis with instrumented fuzion. The procedurs had a | up. This paper offerz Lavel IV thera-
zpondylolisthe- 7% major complication rate. Outcomes peutic evidence that imited hilateral
is via posterior measures were the Visual Analog Scale foraminotimies with instrumented re-
reduction with MVAS), Oswesiry Disability Index (ODI) duction and fusion for symptomatic
rminima and X-ray studies. Of the 56 patieniz, 42 degenerative zpondylolizthesiz and
aminectomy. J were available for follow-up at an average | stenosis iz as effective as laminec-
Spinal Disord of 23 months (range 14-52 months). Of tomy and in gitu fusion without as
Tech. 2002; the 42 patientz, 82% sxperiencad relisf of | much operalive exposure of nsural
15(2):-105-109. leg pain, 75% experienced improvement structures.

in low back pain and T7% experienced

gignificant improvement in their 200

zcores (average preoperatively of 26%

versus average of 26% postoperatively).

Oinlby 28 patients were available for late

review of X-ray images at an average of

33 months. Average preoperative slip was

16%; and of the 38 patients available at

late review, 753% had perfect reduction. OF

the 38 patientz, 16% had minor loss of

reduction. Outcome measures (VAL and

201 were not compared bazed on the

presence or abzence of a perfect reduc-

fion.
| ee TC. Reduc-| IV, This iz a prozpective case series of 32 In critique of thiz siudy, thiz was a
tion and stabili- | thera- conzecutive patiente with chjectively de- prozpective case series of consscu-
Fation without | peutic fined unstable degenerative spondylolis- tive patieniz with degensrative
aminectomy for thesiz who underwent reduction and fu- spondylalisthesis undergoing reduc-
unstable de- gion without decompression using the tion, fixation and fugion which lacked
enerative Fixater Interne pedicle fixation device. a comparigon group. Validated out-
zpondylolisthe- Forty-zeven patienis had low back pain, come measures were not used. This
2is. a prelimi- 40 patientz had radicular pain and 26 pa- paper presentzs Level IV therapeutic
nary repor. tients had intermittent claudication. evidence that patients with degenera-
Neurosurgery. tive spondylolisthesis who do not
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1994, 35(8):107
2-10785.

Follow-ug was at a minimum of 12
menths (range 12-16 months). Subjective
measurement of success was classified
as excellent, good, fair and poor for pain.
An excellent or good cutcome was con-
sidered satisfactory and a fair or poor out-
come was conzsidered unsatisfactory. &
satisfactory outcome (excellent and good
rezsults) occurrad in £2 of 47 patients with
complainte of back pain, 37 of £0 patients
with radicular pain and 31 of 36 pafients
with claudication. The authors com-
mented that only two groups, bazed on
their findings, are nat good candidates for
thiz procedure: (1) those with a positive
Lasegue's =ign and (2) those with border-
line instability.

have bhorderling instability or a posi-
tive Lasegue's gign can undergo re-
duction, fization and fusion without
decompression.

Sears W, Fos-
erior lumbar
nierbody fusion
or degenera-
five spondylolis-
thesis: restora-
tion of sagitta
palance using
nzert-and-
rotate interbody
Bpacers. Spine
L. 2005;5(2):
170-1749.

I
thera-
oeutic

This iz a prozspective case series of 34
patients with degenerative spondylolis-
thesiz who underwent decompression,
reduction, internal fixation and fusion.
Twenty-five patients had a one-level fu-
zion and nine patients had a two-leve
fusion. Of the 3£ patients, 32 had surgery
io relieve leg pain. Cutcome measures
included the WVAS, Low Back Pain Out-
come Score (LBOS), SF-12 and patient
satisfaction guestionnaire. Preoperative
and postoperative measurement of alipa
by radicgragh were alzo recorded. Mean
precperative slip was 20% (range
was12% to 33%).

Follow-up occurred at a mean of 21.2
months (range 12 to 32 montha), with no
dropouts. Significant improvements
(p=.001) occurred in mean VA5 and
LBOS scores. Minety-one percent of the
patients considerad their rezultz excellent
or good on the subjective satizfaction rat-
ing. X-ray analysis revealed mean slip
reduction from 20.2% fo 1.7% and focal
lordoszis (availakzle in only 1734 patients)
increased from 13.1 to 16.17. Both of
these findings were clinically significant.
Thres of the 34 patientz had postopera-
five nerve root irritation, with two of these
persisting up to the time of final report.
Thers were no procedure-related compli-

In critique, this iz a small prospective
case Series on nonconsecutive pa-
tigntzs with degenerative spondylolis-
thesis with no comparizon groupg. Thizs
paper offers Level IV therapeutic evi-
dence that reduction of a degenera-
tive spondylolisthesis with intemal
fixation and posteror lumbar inter-
body fusicn can provide good deform-
ity comection with few complications
and good shori-term patient cutcomes
on validated patient cutcome meas-
ures.

This clinical guideline should not be construed as including all proper methods of care or excluding other acceptable methods of
care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.



NASS Clinical Guidelines — Degenerative Lumbar Spondylolisthesis 124

cations postoperatively, but one patient
required adjacent level decompression
and fusion 12 months after surgery.
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Evidentiary Table. Degenerative Lumbar Spondylolisthesis, Surgical Treatment

Question 7:

What is the long-term result (4+ years) of surgical management of degenerative lumbar spondylolisthesis?

Abraham DA,
Berkowsr DL,
Ditkoff J5. De-
enerative lum-
par spoendylolis-
thesis with epi-
nal stencsis: a
prospective
ong-term study
comparing fu-
zion and peeu-
larthrosis.
Epine. 2004,
2STIT26-T33;
plizcuzsion 7¥33-
724,

instrumented versus noninztrumented
fusion for gpinal atenosis and degenera-
five spondylolisthesis. This study's cohort
conzisted only of the noninstrumented
cazes, which were followed for a mini-
mum of five years. Clinical outcomes
were analyzed basad on the prezence of
aolid fusion (22 patients) or a pseudo-
arthrosis (25 patients). A statistically
greater percentage of patientz had good
or excellent results in patientz with solid
fusion (86%) versus peeudoarthrosis
(56%). Importantly, five of the pzeudo-
arthrogis patients and two of the fusion
patients had undergone a second proce-
dure.

Article Level Description of study Conclusion

Alpha by Au- | {1-V) (Including analy=is of methodological

fhor) strengths/weaknesses)

Gooth KC, I\, Presumably & retrospective study of 41 In critique of this atudy, it had small
Bridwell KH, thera- patients with neurogenic claudication from | patient numbers and considerable
Eisenberg BA, | peutic zpinal 2tenosziz and spondylolisthesiz who | attrition (less than 80% follow-up). OFf
Baldus CR, were followed for a minimum of five years | 49 consecutive patients operated dur-
Lenke L. Mini- after a laminectomy and instrumented ing the study interval, 41 were avail-
mum S-year fusion. At final follow-up, there were no able for follow-up (eight patients died)
results of de- new neurological deficits, no recurrent and only 38 had clinical outcomes
Kensrative stencziz at the level of surgery and no measzured. Attrition from death, how-
=pondylolisthe- sympiomatic peeudoarthrozes. Three pa- | ever, is expected in the affected

=iz treated with fients underwent surgery for adjacent population. Thiz refrozpective case
decompression level stenosiz, which took place fourto 12 | series provides Level [V therapeutic
and instru- yvears after the index procedure. Clinica evidence that laminectomy and in-
mented poste- outcomes were available in 36 paftients: strumented fusion for stenosis from
rior fusion. 83% reported high satisfaction, 86% re- degenerative spondylolizthesis pro-
Spine. 19949, ported reduced back and leg pain, and vides a high rate of satisfaction and
24(16):1721- 46% had increased function at follow-up pain relief and moderately increased
1727, that ranged from five fo 10.7 years. function at long-term follow-up.
Foornblum MEB, | IV, This was a follow-up study on 47 of 58 In critique of this atudy, the authors
Fischgrund JS, | thera- patients who had originally been part of a | uzed a lezs frequently imglemented
Herkowitz HM, | peutic randomized controlled trial comparing outcomes insfrument, the Swizs Spi-

nal Stenosis (S55) Questionnaire,
making it difficult to compare directly
to other studies in which the OOl or
ZIZ0 wers used. Deapite these minor
limitations, as a prospective case se-
ries the data offer Level IV therapeutic
(=80% follow-up) evidence that
laminectomy and attempted fusion
results in longzatanding symptom im-
provement for spinal stenosiz from
degenerative spondylolizthesis. Fur-
thermore, these data suggest that
those patients who achieved solid
fusion have statistically better long-
term outcomes than those with pseu-
doarthrozes.
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FPostacchini F,
Cinotii 5. Bone
regrowth after
surgical de-
compression fon
umbar spinal
=ienosis. J
Baone Joint Surg
Br. 1992 T4({8).
BE2-969.

I
thera-
neutic

In this long-term follow-up study evaluat-
ing the clinical outcomes and radicgraghic
evidence of bone regrowth five fo 19
yvears after laminsctomy for 2pinal 2ieno-
ziz_ Of the 40 patientz included, 16 had
degenerative spondyloliathesizs, 10 of
whom were treated with concomitant fu-
gion. Af final follow-up, three patients had
excellent results, seven patients had good
rezultz, three had fair rezults and three
had poor resultz. The proportion of satis-
factory clinical resultz was higher in the
patients who were fuzed compared to
those who underwent laminectomy alone.

In critique of this study, clinical out-
comes were graded using a rudimen-
tary four tier system (excellent, good,
fair, poor). Furthermore, there was a
high aftrition rate. Of 83 patientz iden-
tified during the study period, 27 died
or could not be located and 21 did not
have adeguate radiographs, leaving
40 study patients (45% follow-up).

Bas=d on these limitations, this rafro-
spective case series provides Leve
IV therapeuiic evidence that laminec-
tomy with fusion provides satisfactory
long-term resulis.
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care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment is to
be made by the physician and patient in light of all circumstances presented by the patient and the needs and resources particular

to the locality or institution.
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