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Abstract

Background: Lumbar spinal stenosis is the most common reason for spinal surgery in older adults. Previous studies
have shown that surgery is effective for severe cases of stenosis, but many patients with mild to moderate
symptoms are not surgical candidates. These patients and their providers are seeking effective non-surgical
treatment methods to manage their symptoms; yet there is a paucity of comparative effectiveness research in this
area. This knowledge gap has hindered the development of clinical practice guidelines for non-surgical treatment
approaches for lumbar spinal stenosis.

Methods/design: This study is a prospective randomized controlled clinical trial that will be conducted from
November 2013 through October 2016. The sample will consist of 180 older adults (>60 years) who have both an
anatomic diagnosis of stenosis confirmed by diagnostic imaging, and signs/symptoms consistent with a clinical
diagnosis of lumbar spinal stenosis confirmed by clinical examination. Eligible subjects will be randomized into one
of three pragmatic treatment groups: 1) usual medical care; 2) individualized manual therapy and rehabilitative
exercise; or 3) community-based group exercise. All subjects will be treated for a 6-week course of care. The primary
subjective outcome is the Swiss Spinal Stenosis Questionnaire, a self-reported measure of pain/function. The primary
objective outcome is the Self-Paced Walking Test, a measure of walking capacity. The secondary objective outcome
will be a measurement of physical activity during activities of daily living, using the SenseWear Armband, a portable
device to be worn on the upper arm for one week. The primary analysis will use linear mixed models to compare
the main effects of each treatment group on the changes in each outcome measure. Secondary analyses will
include a responder analysis by group and an exploratory analysis of potential baseline predictors of treatment
outcome.

Discussion: Our study should provide evidence that helps to inform patients and providers about the clinical
benefits of three non-surgical approaches to the management of lumbar spinal stenosis symptoms.
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Introduction
Background
Nearly 20% of the U.S. population will be 65 years of
age or older by the year 2030 and about 34% of them
will suffer from some type of osteoarthritis [1]. Lumbar
Spinal Stenosis (LSS) is a chronic condition that is
caused by degenerative changes in the lumbar spine,
which is highly prevalent in the older adult population.
Radiographic and clinical data from the Framingham
cross-sectional study support a 30% prevalence of
degenerative LSS in older adults [2].
The term LSS encompasses a number of conditions

that decrease the total area of the central spinal canal,
lateral recess, or intervertebral foramen. Although there
may be visual evidence of narrowing of these osseous
structures on x-ray, MRI or CT scans, symptomatic LSS is
characterized by neurogenic claudication and/or radiculo-
pathy [3]. Interestingly, the severity of bony narrowing
measured on MRI or CT does not correlate with the se-
verity of patient symptoms [4,5], including the hallmark
symptom of the clinical syndrome: significant leg pain that
typically worsens with ambulation.
Given the association of LSS symptoms and walking, it

is no surprise that individuals with LSS often experience
significant functional limitation of walking and associated
disability [6]. Ambulation is a key component of overall
health, independent living, and fall prevention. Impaired
walking is associated with obesity, heart disease, peripheral
artery disease, diabetes, and cognitive decline. Both the
volume and intensity of walking ability are significantly
lower in patients with LSS compared to patients with
hip and knee osteoarthritis [7]. Additionally, individ-
uals with LSS have a risk of falling that is comparable
to patients with severe knee osteoarthritis [8,9]. The
impact of spinal problems on physical function is
greater than or similar to the burden on physical func-
tion caused by congestive heart failure, cancer, total
knee and hip arthroplasty [10]. For all of these reasons,
LSS should be considered a high priority condition for
clinical research.
Most of the scientific literature on the clinical man-

agement of LSS has focused on invasive procedures
such as injections and surgery. There is a paucity of lit-
erature on usual medical care, chiropractic, physical
therapy, and other non-surgical interventions. Patients
with recalcitrant symptoms and severe LSS appear to
fare better with surgery. The largest clinical trial to date
that compared surgical versus non-surgical care for LSS
concluded that patients with symptomatic LSS who
were treated operatively had greater improvement in
pain and function [11]. However, the results from this
trial also showed that about a third of patients in the
non-operative group had significant improvements in
pain and function lasting up to 4 years. This is strong
evidence that a subset of LSS patients clearly show
improvement without any surgical intervention.
While the most current systematic review of all non-

operative treatment options for LSS identified 21 ran-
domized trials, none provided moderate or high quality
evidence for any specific treatment option [12]. Instead,
low quality evidence from single trials suggests that:
1) epidural injections improve pain and function better
than home exercise or in-patient physical therapy; and
2) exercise provides benefit for leg pain and function when
compared to no treatment. Another systematic review
of epidural injections for the non-surgical treatment of
chronic low back pain includes some studies related to
treatment of LSS [13]. This systematic review found a
total of 10 randomized trials and 11 observational
studies; yet only one small randomized trial and two
observational studies were specifically related to LSS.
In the randomized trial, epidural injections provided
significant relief to only 55-65% of the LSS patients.
These reviews of the literature point to a serious lack

of research evidence about most non-surgical treatments
for LSS. Therefore, this trial is designed to study the
comparative effectiveness of three common non-surgical
approaches to the management of LSS: 1) usual medical
care; 2) clinic-based manual therapy and individualized
exercise; and 3) community-based group exercise. We
hypothesize that subjects randomized to receive either
clinic-based manual therapy/individualized exercise or
community-based group exercise will have better out-
comes than those randomized to usual medical care. We
also hypothesize that the individualized clinic-based indi-
vidualized approach will lead to better outcomes than the
community-based group approach. However, it would be
an important finding if we found that both approaches
were equally effective due to the potential cost savings of
group exercise over clinic-based health care.
This trial is designed to provide clinically relevant evi-

dence that will help to inform the choices confronting
clinicians and patients with LSS when faced with the de-
cision about which type of non-surgical treatment to
utilize. There is also a paucity of evidence that takes into
account what clinical outcomes are important from the
patient’s perspective. This is consistent with the goal of all
patient centered outcomes research, which is to determine
which treatment works best, for whom, and under what
circumstances [14].

Methods/design
Participants
We will recruit 180 community-dwelling older adults
from the Pittsburgh metropolitan area to participate in
our clinical trial. Eligibility for participation requires
both anatomical and clinical evidence of LSS; potential
participants must share diagnostic imaging results (MRI,
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CT, etc.) showing bony narrowing, while also presenting
with signs/symptoms consistent with the clinical syndrome
of LSS (neurogenic claudication).
After informed consent, patients who are willing to be

randomized and wish to be considered for participation
will first undergo a baseline physical examination and
screening process to determine if they meet the study’s
eligibility criteria.

Inclusion criteria

� Age 60 years or older
� Clinical history and diagnostic imaging evidence of

lumbar spinal stenosis (LSS)
� Ability to read/write English
� Limitation of walking tolerance related to LSS

(neurogenic claudication)
� Ability to attend 2 intervention session per week for

6 weeks
� Ability to engage in mild exercise
� Ability to walk 50 feet without the need for an

assistive device
� Willing to be randomized to one of the 3 treatment

groups

Exclusion criteria

� History of metastatic cancer
� Cauda equina symptoms including saddle

paresthesia
� Previous lumbar surgery for LSS or lumbar spinal

fusion
� History of severe peripheral artery disease or Ankle

Brachial Index < 0.8
� Have been told by a physician that they should not

engage in physical exercise
� History of neurologic (e.g., cervical myelopathy,

stroke) or neuro-degenerative (e.g., Parkinson’s
disease) other than LSS that affects the subject’s
ability to walk

� Cannot complete a self-paced walking test (SPWT)
for any reason other than symptoms related to LSS
(e.g. chest pain, severe hip or knee arthritis,
dizziness, etc.)

� Cannot complete SPWT without need for an
assistive device

Our inclusion/exclusion criteria are designed to include
patients who have a walking intolerance due to neurogenic
claudication, and to rule out patients with vascular claudi-
cation or other conditions as causes of their limitation of
walking. To screen for vascular conditions we will use the
Ankle Brachial Index (ABI), which is a simple clinical
screening test for peripheral artery disease (PAD). It is
performed by using a hand-held Doppler ultrasonic device
and sphygmomanometer to record the systolic pressures
over the posterior tibial and brachial arteries. The ABI
is calculated by dividing the lower extremity by the
upper extremity systolic pressure, with the normal ratio
being >0.9 [15]. A study of patients with atypical claudi-
cation due to either LSS or PAD found good sensitivity/
specificity for differentiating PAD in patients with a low
ABI [16]. We will exclude patients with an ABI less than
0.8 from participation in our study, for the rationale
that they may have a vascular (versus neurogenic) cause
of their claudication symptoms.

Research design
This is a prospective, randomized, controlled single-center
trial to compare three non-surgical treatment approaches
for patients with LSS. We will recruit 180 community
dwelling older adults (age 60 years and older) from the
Pittsburgh metropolitan area to participate in this study.
The study began in November 2013 and will continue for
three years until October 2016. Recruitment strategies will
include: direct mailings, advertisements on city busses, in-
formational brochures at the offices of spine surgeons and
primary care offices, information articles about our study
in senior newspapers and other publications, and informa-
tional lectures given at community senior centers and
health fairs.
People interested in our study will first be screened by

telephone. Potentially eligible persons will be scheduled
for a baseline assessment visit for confirmation of eligi-
bility. After obtaining informed consent and confirm-
ation of meeting the inclusion criteria, 180 participants
will then be randomized with equal probability to one
of three intervention arms: 1) usual medical care; 2) clinic-
based individualized exercise and manual therapy; or
3) community-based group exercise. The intervention
period will last a total of six weeks in each arm. Outcomes
will be measured at two follow-up assessment visits; two
weeks after intervention (2 month follow-up) and four
months after intervention (6 month follow-up).

Interventions
Our choice of interventions was informed by reviews of
literature combined with input from patients, providers
and our community stakeholders. This led us to choose
the three intervention arms listed above. All intervention
arms will utilize pragmatic protocols that allow for shared
decision making with the patient.
Interviews with primary care physicians, physical medi-

cine & rehabilitation (PM&R) physicians, surgeons, as well
as community-dwelling older adults indicated that the
“usual medical care” approach to the non-surgical
management of LSS is a combination of: advice to stay
active, use of oral medications to control pain, mood,
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and/or inflammation, and judicious referral for spinal
injections. The most current lumbar spinal stenosis guide-
line from the North American Spine Society (NASS)
suggests that spinal injections provide short term relief
of symptoms, but states there is insufficient evidence for
making any recommendations about pharmacological
treatment [17].
The most current systematic review of non-surgical

treatments for LSS concluded there was a paucity of
chiropractic and physical therapy clinical trials [12]. The
NASS lumbar spinal stenosis guideline concludes that
there is insufficient evidence to make any recommenda-
tion for or against physical therapy, spinal manipulation,
or exercise for the treatment of LSS [17]. Interviews with
physical therapists and chiropractors revealed there were
common LSS treatment themes, including the use of
spinal de-weighting or traction, spine and hip mobilization,
and individualized exercise. Two of the co-investigators
(CA, DM) have developed clinical protocols that combine
both manual therapy and therapeutic exercises into a
pragmatic treatment approach for LSS. Two physical ther-
apists and two chiropractors have been trained by these
co-investigators to treat our research subjects with these
clinical protocols.
We engaged in discussions about LSS with a number

of older adults at community centers in the Pittsburgh
metropolitan area, as well as patients with LSS in treat-
ment at local chiropractic and physical therapy clinics.
They expressed frustration with the ways in which LSS
impacted their daily routines, especially with respect to
interference with their ability to perform specific physical
activities that involved walking or standing. Many of them
had joined community-based exercise programs to help
them stay physically fit and active. Several health insur-
ance companies have begun to cover the costs of group
exercise programs for their Medicare Advantage sub-
scribers. These group exercise and healthy aging classes
are aimed at helping older adults become and/or stay
physically fit. These programs are offered at varying levels
of difficulty, commensurate with the baseline level of fit-
ness activity of the participant. In general, all of these
group exercise classes focus on light non-impact aerobics,
overall flexibility and low intensity strength training.
The three intervention arms of this study will utilize a

pragmatic effectiveness design, using protocols that allow
for some individualized variation, rather than comparing
strict mono-therapy approaches in an efficacy design.
Our approach is designed to provide more generalizable
results by simulating the real-world delivery of these
treatment methods. Each of the treatment arms will be
conducted in out-patient or community settings. Sub-
jects with a diagnosis of LSS will be randomized to one
of 3 possible treatment groups, which are described in
detail below. The duration of treatment will be the same
for all groups (6 weeks) but the frequency will vary. The
medical care group will receive 3 examination visits over
6 weeks; subjects in the other two groups will receive in-
terventions twice per week for a total of 12 visits over
6 weeks. The procedures and protocols within each treat-
ment group were informed by reviews of the literature, as
well as by interviews with patients and providers.

Group 1: usual medical care
Participants will see a board certified physical medicine
physician for a history and examination, after which a
determination will be made about a course of treatment
that is individualized to the needs of each patient. The
physician will be permitted to prescribe any one or com-
bination of the following categories of oral medications,
based upon the individual clinical presentation of each
subject:

� Non-steroidal anti-inflammatory: such as ibuprofen,
celocoxib, diclofenac, or misoprostol

� Adjunctive analgesics: such as acetaminophen,
tramadol, pregabalin, or gabapentin

� Anti-depressant agents: such as nortriptyline,
duloxetine, sertraline, trazodone, or mirtazapine

The physician will also have the option to refer pa-
tients for spinal injections, which can be performed at
two cooperating pain clinics in Pittsburgh. The type of
spinal injections may be either epidural steroid injec-
tions or transforaminal nerve blocks; at the discretion
of the pain management physician performing the proced-
ure. In addition to oral medications and/or spinal injec-
tions, all subjects would be given advice to stay active,
along with basic principles of proper posture and some
simple home stretching exercises.

Group 2: Clinic-based individualized exercise and manual
therapy
Participants in this arm will be treated by a chiropractor
or physical therapist, using a pragmatic individualized
approach, following the parameters of a clinical protocol
that includes the use of the following procedures:

� Light aerobic exercise on a stationary bicycle.
� Distraction-manipulation: a form of

manually-assisted segmental lumbar traction
manipulation using a specialized treatment table.

� Neural mobilizations: rhythmic stretches of the
sciatic and femoral nerves based on the hypothesis
that movement of the neural tissues has a
mechanical effect on the local neurodynamics [18].

� Hip, sacroiliac and lumbar facet mobilizations:
manual mobilizations applied to improve segmental
mobility in these joints.
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� Soft tissue mobilizations of lumbopelvic and lower
extremity muscles: these include manual pressure
over taut bands/myofascial trigger points and
post-isometric (contract-relax) stretching
techniques.

� Home Exercise: patients are advised to use a
stationary bike daily, and taught how to perform
neural mobilization self-stretches, as well as
individualized stretches and core strengthening
exercises at home.

Group 3: Community-based group exercise
Participants in this arm will attend group exercise classes
designed specifically for older adults and taught by a certi-
fied physical fitness instructor. These classes will take
place in two large community centers in Pittsburgh that
offer programs for older adults. Participants can choose
between a class that provides chairs for support while
seated/standing or another class for people who are com-
fortable standing without any support. Each class includes
of a variety of exercises designed to increase muscular
strength, range of movement, and activity for daily living
skills. There is a minimal amount of low impact cardiovas-
cular exercise combined with the use of small hand-held
weights, elastic tubing and gym balls for gentle resistance
exercise. The participants in these classes are monitored
carefully for any signs of physical discomfort and are told
to go at their own pace, resting whenever necessary. No
specific body region is targeted with these exercise classes.
The goal is to provide participants with gentle strengthen-
ing, balance training, and generalized fitness training for
the entire body. Some of the specific exercises included
in these classes are: ankle/wrist rotations, partial squats,
leg and knee extension/flexion, strength training of the
upper arm and chest muscles with elastic tubing, and
coordination drills with a gym ball (bouncing, throwing
and catching).

Outcome measures
Our choice of primary outcome measures was informed
by input from our community stakeholders and patients
with LSS. They stressed the importance of maintaining
their independence and their quality of life through im-
provements in physical function and activity. Suggestions
for patient-centered outcomes included improvements in
gait, mobility, walking capacity and general physical activ-
ity. We have specifically included several of these patient-
centered outcome measures, such as measurements of
physical activity and walking capacity, into our research
design. We will analyze the effectiveness of various treat-
ment options on all of the outcomes that patients have
directly informed us are important to them.
The primary self-reported outcome measure will be

the Swiss Spinal Stenosis Questionnaire (SSS); a validated
12-item condition-specific instrument for patients with
LSS [19]. The SSS is a patient self-reported measure of
pain and physical function. Higher scores represent worse
symptoms and lower physical function. The 12 items are
divided into two subscales; Symptom Severity (further
divided into a pain and neuro-ischemic domain) and
Physical Function.
The primary performance-based outcome measure will

be the Self-Paced Walk Test (SPWT), which is a validated
measure of walking capacity in patients with LSS [20].
This test involves having the patient walk comfortably at
his/her own pace on a level surface until s/he must rest
due to symptoms of back or leg pain. A research assistant
follows the patient and measures the total time and dis-
tance walked. Patients are not permitted to use an assistive
device during the SPWT. We will exclude patients who
can walk for a total of 30 minutes without the need to
stop, in order to prevent a ceiling effect.
The secondary outcome measure is physical activity

measured by a portable activity monitor, the SenseWear
Armband (SWA) (Body Media Inc, Pittsburgh, PA). The
SWA is a small device that is worn on the upper arm
and collects information from multiple sensors: a tri-
axial accelerometer; heat flux; skin temperature; and
galvanic signal [21]. The information is integrated and
processed by software using proprietary algorithms util-
izing subjects’ demographic characteristics (gender, age,
height, and weight) to provide minute-by-minute esti-
mates of physical activity. Subjects will wear the SWA
on the back of the right arm 24 hours/day for 7 con-
secutive days (except during shower or water activities)
to obtain 5 complete days of data. Figure 1 provides a
diagram of the study flow.

Additional measurements
Subjects in this study will complete a series of question-
naires and clinical examination procedures at baseline
that will provide additional variables. These variables
will give us additional data that allows for the option of
an exploratory analysis of any individual or cluster of
baseline features that might be predictors of treatment
response.
The questionnaires will include the following:

� Demographics: including age, gender, race/ethnicity,
smoking status, etc.

� Modified Co-Morbidity Disease Index [22]: subjects
will be asked to indicate if they have been diagnosed
by a physician with any of 19 medical conditions.

� Fall History Form [23]: subjects will be asked about
any falls over the past year, and any current fear of
falling.

� Oswestry Low Back Pain Disability Index [24]: A
validated 10-item instrument for assessing the



Phone Screening for Potential Eligibility

Baseline Assessment Visit
(Physical Exam to confirm eligibility)

Informed Consent and Randomization
(N=180)

Usual Medical Care Group Exercise Manual Therapy/Exercise
(n=60) (n=60) (n=60)

3 visits over 6 weeks      12 classes over 6 weeks     12 sessions over 6 weeks

Post Treatment Assessment at 2 months
(2 weeks after last session; repeat primary and secondary outcome measures)

Long Term Follow-up Assessment at 6 months
(4 months after last session; repeat primary and secondary outcome measures)

Figure 1 Study flow diagram. Primary outcome measures of self-reported pain/function and physical performance are the Swiss Spinal Stenosis
questionnaire [19] and the Self-Paced Walking Test [20]. Secondary outcome measure of physical activity is the SenseWear armband (BodyMedia,
Pittsburgh, PA) worn for 1 week.
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degree of self-reported impairment of activities of
daily living related to low back pain.

� Balance: the Activities-Specific Balance Confidence
(ABC) Scale [25] will be administered: a validated
questionnaire assessing the patient’s level of
self-confidence about not losing their balance while
performing 16 upright activities of varying difficulty.
Additionally, patients will be asked to provide a
global rating of their balance, and to rate change at
each outcomes visit.

� Tampa Scale for Kinesiophobia [26]: A validated
11-item self-report measure for assessing fear of
movement and injury in low back pain patients.

� Depression [27]: We will use the short-form version
of the PROMIS depression scale.

� Treatment Expectation [28]: We will use the 6-item
credibility and expectancy questionnaire that was
modified for use in patients with chronic low back
pain.

Clinical examination procedures will include:

� Lumbar spine, hip and knee joint palpation and
ranges of motion.

� Height, weight and blood pressure measurements.
� Ankle Brachial Index: systolic blood pressures at

brachial and tibial arteries [15,16].
� Neurological exam: lower extremity deep tendon

reflexes, manual muscle testing for strength,
Babinski test, assessment of pinprick and vibratory
sensation.

� Neurodynamic exam including straight leg raise
(sciatic nerve and its roots) and femoral nerve
stretches (femoral nerve and its roots).

� Self-Paced Walking test [20]: distance and time
walked until test must be self-terminated due to
symptoms, or 30 minutes, whichever occurs first.

� Balance and Mobility: A modified version of the
Short Physical Performance Battery [29] will be
administered, in which two of the original subscales
(4-meter walking speed and timed chair stands) are
combined with an expanded timed standing balance
assessment.

Statistical analysis
Outcome measures and primary analysis
The primary outcome variables are the Swiss Spinal
Stenosis (SSS) score and Self-Paced Walking Test (SPWT)
measured at 2 months (2 weeks after intervention);
both will be analyzed similarly. We will also assess
these outcomes at 6 months. The outcomes and all
baseline characteristics will be summarized with descrip-
tive statistics, separated by treatment group. Analysis of
variance (ANOVA) will be used to assess the unadjusted
associations between each outcome variable and treatment
group membership. A multivariable linear regression
model will be used to assess the significance of treat-
ment for each group while adjusting for baseline variables
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that are at least marginally significant univariately
(p < 0.10) and other variables that are selected a-priori for
clinical significance (e.g. age). All analysis for treat-
ment group comparisons will use an intention-to-treat
approach.

Power analysis
A 30% difference between groups on the primary out-
come measures will be considered a clinically important
difference. A sample size of 150 subjects equates to over
90% power to detect a difference of 9.9 points on the
SSS score (with a SD of 6.1 based on preliminary data).
In addition, this sample size also yields sufficient power
to fit a regression model that detects a statistical differ-
ence in the proportion of variability explained; more
specifically, a sample size of 150 achieves 81% power to
detect an R-square of 5% attributed to two independent
variables (representing the two degrees of freedom in
the three levels of treatment) and assuming the control
variables account for an additional 20% of the variability.
We will recruit an additional 30 subjects to account for an
anticipated drop-out rate of 15%. This gives us a total
sample size of 180 subjects (n = 60 per group).

Secondary analysis
We will also perform a responder analysis using dichot-
omous outcomes, consistent with the recommendations
published by the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (IMMPACT)
[30,31]. Our responder analyses will compare the per-
centages of subjects who achieve meaningful outcomes
between treatment groups on SSS score and SPWT
(distance walked). Per IMMPACT recommendations,
subjects who achieve at least 30% and 50% decreases in
outcome measures are considered to show “moderate
improvement” and “substantial improvement”, respect-
ively. Differences in the proportion of responders versus
non-responders between the groups will be assessed using
Chi-square tests. Multiple logistic regression models will
be used to assess the association of each of these dichoto-
mized outcomes (>30% followed by >50%) by group, ad-
justed for covariates. The covariates will be chosen based
upon univariate logistic regression (p < 0.10) and clinical
relevance.

Missing data
If a substantial number of subjects are found to have
missing data, we will first determine the causes of why
data are missing. These possibilities could be missing
completely at random, missing at random, or not missing
at random [32]. We will compare characteristics between
subjects that have observed data at follow up with those
that have missing values. In the case where data is missing
at random or completely at random, multiple imputation
will be used to substitute for the missing values using a
pre-specified model. Once the imputed datasets have been
created (we will use M = 5 imputations) the proposed ana-
lysis will be performed on each of the new datasets and
the estimates of interest will be combined [33].
In the case of not missing at random, the missing data

mechanism must be modeled in order to obtain un-
biased parameter estimates. The missing not at random
assumes the missingness is directly related to the value
of the missing data. In that case, methods specifically de-
signed to handle the missing not at random mechanism
will be used such as Pattern Mixture Models (PMM) [34].
With the PMM, we can simultaneously model whether a
subject is a completer (has the data at both time points)
versus a non-completer (does not have the data at both
time points). We would include an indicator variable for
the non-completers as a predictor in the regression model
of our outcome measure and examine its interaction with
the study covariates. The results of all missing data ana-
lysis will be presented in the primary paper for our study.
Statistical analysis will be performed using SAS 9.3 (SAS
Institute Inc., Cary, NC, USA).

Randomization and blinding
Randomization will be performed by the research coord-
inator after the baseline screening examination using a
computerized randomization algorithm. We will use an
adaptive allocation algorithm to balance the three groups
on important baseline variables. The randomization scheme
is based on a minimization algorithm proposed by Stigsby
and Taves [35]. The approach is to balance on multiple
baseline prognostic factors using a rank-based method.
The balancing baseline variables used will be: Swiss Spinal
Stenosis Score; Self-Paced Walking Test (distance walked);
Age; and Credibility Expectancy Questionnaire score.
Single blinding will be achieved by having an independ-

ent physical therapist perform all baseline exams and
post-intervention reassessments. The examining therapist
will not be treating any of the subjects or aware of their
group assignments. Blinding of the treating clinicians and
subjects is not possible because they will obviously be
aware of the treatment arm to which they have been
assigned.

Ethical considerations
This study will be conducted in accordance with the dec-
laration of Helsinki and all ethics regulations, policies and
guidelines of the National Institutes of Health. The Insti-
tutional Review Board of the University of Pittsburgh has
reviewed and approved this study (PRO12120422). Writ-
ten informed consent will be obtained from all patients
included in the study. Patients will be informed that
they are free to leave the study, without explanation and
without any negative consequences on their future
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treatment. Every precaution will be taken to protect the
privacy of research subjects and the confidentiality of
their personal information. All personal patient details
will be rendered anonymous before data entry, by referring
to all patient records and data only by their assigned re-
search number. There are no known additional risks as-
sociated with patient participation in the study, other
than the normal risks associated with these common
treatments.

Discussion
Patients with severe symptoms will often require surgical
decompression; LSS is the most frequent indication for
spinal surgery in the U.S. for patients over the age of
65 years [36]. Clearly, not all LSS patients require surgery
and therefore we are only recruiting patients with mild to
moderate symptoms who are not surgical candidates. This
leads to some important research questions:

� Among the commonly used non-surgical approaches
to treat LSS, which ones are most effective at
reducing pain and improving walking capacity?

� How much impact does successful treatment have
on improving physical activity?

� What are the benefits/risks associated with the
various non-surgical treatments for LSS?

� Are there baseline physical examination and case
history findings that are predictors of treatment
response?

As noted in the introduction section of this article, there
is a serious evidence gap about the effectiveness of these
various non-surgical treatment approaches. The serious-
ness of this gap is highlighted by these recommendations
from the evidence-based clinical guideline for LSS recently
published by the North American Spine Society [17]:

� There is insufficient evidence to make a
recommendation for or against the use of
pharmacological treatment in the management of
LSS.

� There is insufficient evidence to make a
recommendation for or against the use of physical
therapy or exercise as stand-alone treatments for
degenerative LSS.

� There is insufficient evidence to make a
recommendation for or against the use of spinal
manipulation for the treatment of LSS.

There is essentially insufficient evidence for every com-
mon non-surgical treatment approach except epidural
steroid injections; and these injections only have one ran-
domized trial showing evidence of modest effectiveness.
This puts patients and providers in an uncomfortable
position of uncertainty about which approach to non-
surgical management is best for which patient. This study
is designed to provide evidence to help remove some of
this clinical uncertainty experienced by providers who
must recommend these treatments. It is also designed to
measure outcomes that are important to patients, includ-
ing measures of physical activity and walking capacity; two
of the most patient-centered outcomes reported to us by
patients with LSS and their care-givers.

Conclusions
This study will be one of the first of its kind: comparing
the clinical effectiveness of three common non-surgical
approaches to the management of patients with LSS. We
have also designed this study with input from patients
with LSS and other community stakeholders. Our research
design is also innovative because all treatment groups
involve “real-life” management strategies, using pragmatic
protocols that can be adapted to individual patients’
needs.

Abbreviations
ABI: Ankle-brachial index; LSS: Lumbar spinal stenosis; PAD: Peripheral artery
disease; PM&R: Physical medicine and rehabilitation; SPWT: Self-paced
walking test; SSS: Swiss spinal stenosis questionnaire.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MS initiated the study and had the primary responsibility of writing the
grant application and applying for funding. CA and DM are clinical
chiropractic experts in the non-surgical management of LSS and developed
the clinical treatment protocols for the manual therapy/exercise group. SP
and EH are academic physical therapy experts who have clinical and research
experience working with older adults, including the use of the SenseWear
device to monitor physical activity and the assessment of mobility and falls.
They helped to select the outcome measures and refine the exercise
protocols. They will also lead the analyses of physical activity, mobility, and
falls. RG is a clinical medical expert who is board certified in physical
medicine and rehabilitation. He was involved with the design of the usual
medical care arm of the study. DT and SM are biostatisticians who performed
the power analysis, programmed the randomization algorithm, and will
analyze all data at the end of the study. All authors read, revised, and
approved this final manuscript, as well as the original grant proposal.

Acknowledgements
We would like to acknowledge the dedication and hard work of our
research coordinator Christine McFarland and lead research assistant Kris
Gongaware. In addition, we would like acknowledge Christy Tomkins-Lane
for sharing her previous research experiences in developing the self-paced
walking test and her collaborative input with us on this and other lumbar
spinal stenosis research projects.

Funding
This study has received funding from the Patient Centered Outcomes
Research Institute (PCORI) as a comparative effectiveness trial.

Author details
1School of Health and Rehabilitation Sciences, Department of Physical
Therapy, University of Pittsburgh, Pittsburgh, PA, USA. 2Institute of Health
Policy, Management and Evaluation, University of Toronto, Toronto, Ontario,
Canada. 3Clinical Director, Rhode Island Spine Center, Providence, RI, USA.
4Department of Family Medicine, Alpert Medical School of Brown University,
Providence, RI, USA. 5Departments of Physical Medicine, Family Medicine,



Schneider et al. Chiropractic & Manual Therapies 2014, 22:19 Page 9 of 9
http://www.chiromt.com/content/22/1/19
and Psychiatry, University of Pittsburgh, Pittsburgh, PA, USA. 6School of
Medicine, Biostatistics, Clinical and Translational Science Institute, University
of Pittsburgh, Pittsburgh, PA, USA. 7Department of Biostatistics, Graduate
School of Public Health, University of Pittsburgh, Pittsburgh, PA, USA.

Received: 2 April 2014 Accepted: 6 May 2014
Published: 10 May 2014
References
1. Hootman JM, Helmick CG, Brady TJ: A public health approach to

addressing arthritis in older adults: the most common cause of disability.
Am J Public Health 2012, 102(3):426–433.

2. Kalichman L, Cole R, Kim DH, Li L, Suri P, Guermazi A, Hunter DJ: Spinal
stenosis prevalence and association with symptoms: the Framingham
study. Spine J 2009, 9:545–550.

3. Binder DK, Schmidt MH, Weinstein PR: Lumbar spinal stenosis. Semin
Neurol 2002, 22(2):157–166.

4. Wiesel SW, Tsourmas N, Feffer HL, Citrin C, Patronas N: A study of
computer-assisted tomography: the incidence of positive CAT scans in
an asymptomatic group of patients. Spine 1984, 9(6):549–551.

5. Boden SD, Davis D, Dina T, Patronas N, Wiesel SW: Abnormal magnetic-
resonance scans of the lumbar spine in asymptomatic subjects. J Bone
Joint Surg 1990, 72(3):403–408.

6. Sugioka T, Hayashino Y, Konno S, Kikuchi S, Fukuhara S: Predictive value of
self-reported patient information for the identification of lumbar spinal
stenosis. Fam Pract 2008, 25(4):237–244.

7. Winter CC, Brandes M, Muller C, Schubert T, Ringling M, Hillmann A,
Rosenbaum D, Schulte TL: Walking ability during daily life in patients with
osteoarthritis of the knee or the hip and lumbar spinal stenosis: a cross
sectional study. BMC Musculoskelet Disord 2010, 11:233.

8. Kim HJ, Chun HJ, Han CD, Moon SH, Kang KT, Kim HS, Park JO, Moon ES,
Kim BR, Sohn JS, Shin SY, Jang JW, Lee KI, Lee HM: The risk assessment of
a fall in patients with lumbar spinal stenosis. Spine 2011, 36(9):E588–E592.

9. Muraki S, Akune T, Oka H, En-Yo Y, Yoshida M, Nakamura K, Kawaguchi H,
Yoshimura N: Prevalence of falls and the association with knee osteoarthritis
and lumbar spondylosis as well as knee and lower back pain in Japanese
men and women. Arthritis Care Res 2011, 63(10):1425–1431.

10. Fanuele JC, Birkmeyer N, Abdu W, Tosteson T, Weinstein JN: The impact of
spinal problems on the health status of patients: have we
underestimated the effect? Spine 2000, 25(12):1509–1514.

11. Weinstein JN, Tosteson T, Lurie J, Tosteson A, Blood E, Herkowitz H,
Cammisa F, Albert T, Boden SD, Hilibrand A, Goldberg H, Berven S, An H:
Surgical versus non-operative treatment for lumbar spinal stenosis:
four-year results of the spine patient outcomes research trial. Spine 2010,
35(14):1329–1338.

12. Ammendolia C, Stuber K, de Bruin LK, Furlan AD, Kennedy CA, Rampersaud
YR, Steenstra IA, Pennick V: Non-operative treatment for lumbar spinal
stenosis with neurogenic claudication: a systematic review. Spine 2012,
37(10):E609–E616.

13. Conn A, Buenaventura R, Datta S, Abdi S, Diwan S: Systematic review of
caudal epidural injections in the management of chronic low back pain.
Pain Physician 2009, 12(1):109–135.

14. Slutsky JR, Clancy CM: AHRQ's effective health care program: why
comparative effectiveness matters. Am J Med Qual 2009, 24(1):67–70.

15. McDermott MM, Criqui MH, Liu K, Guralnik JM, Greenland P, Martin GJ,
Pearce W: Lower ankle/brachial index, as calculated by averaging the
dorsalis pedis and posterior tibial arterial pressures, and association with
leg functioning in peripheral arterial disease. J Vasc Surg 2000,
32(6):1164–1171.

16. Jeon CH, Han SH, Chung NS, Hyun HS: The validity of ankle-brachial index
for the differential diagnosis of peripheral arterial disease and lumbar
spinal stenosis in patients with atypical claudication. Eur Spine J 2012,
21(6):1165–1170.

17. Kreiner DS, Shaffer W, Baisden J, Gilbert T, Summers J, Toton J, Hwang SW,
Mendel RC, Reitman CA: An evidence-based clinical guideline for the
diagnosis and treatment of degenerative lumbar spinal stenosis
(update). Spine J 2013, 13(7):734–743.

18. Ellis RF, Hing WA: Neural mobilization: a systematic review of randomized
controlled trials with an analysis of therapeutic efficacy. J Man Manip
Ther 2008, 16(1):8–22.
19. Pratt RK, Fairbank JC, Virr A: The reliability of the shuttle walking test, the
Swiss Spinal Stenosis Questionnaire, the Oxford Spinal Stenosis Score,
and the Oswestry Disability Index in the assessment of patients with
lumbar spinal stenosis. Spine 2002, 27(1):84–91.

20. Tomkins CC, Battié MC, Rogers T, Jiang H, Petersen S: A criterion measure
of walking capacity in lumbar spinal stenosis and its comparison with a
treadmill protocol. Spine 2009, 34(22):2444–2449.

21. Cole PJ, LeMura LM, Klinger TA, Strohecker K, McConnell TR: Measuring
energy expenditure in cardiac patients using the body media armband
versus indirect calorimetry: a validation study. J Sports Med Phys Fitness
2004, 44(3):262–271.

22. Rigler SK, Studenski S, Wallace D, Reker DM, Duncan PW: Comorbidity
adjustment for functional outcomes in community-dwelling older adults.
Clin Rehabil 2002, 16:420–428.

23. Tinetti ME, Richman D, Powell L: Falls efficacy as a measure of fear of
falling. J Gerontol 1990, 45(6):239–243.

24. Fairbank JC, Couper J, Davies JB, O'Brien J: The Oswestry low back pain
disability questionnaire. Physiotherapy 1980, 66(8):271–273.

25. Powell LE, Meyers AM: The Activities-specific Balance Confidence (ABC)
Scale. J Gerontol A Biol Sci Med Sci 1995, 50(1):M28–M34.

26. Woby SR, Roach NK, Urmston M, Watson PJ: Psychometric properties of
the TSK-11: a shortened version of the Tampa scale for kinesiophobia.
Pain 2005, 117(1–2):137–144.

27. Choi SW, Reise SP, Pilkonis PA, Hays RD, Cella D: Efficiency of static and
computer adaptive short forms compared to full-length measures of
depressive symptoms. Qual Life Res 2010, 19(1):125–136.

28. Smeets RJ, Beelen S, Goossens M, Schouten E, Knottnerus J, Vlaeyen J:
Treatment expectancy and credibility are associated with the outcome
of both physical and cognitive-behavioral treatment in chronic low back
pain. Clin J Pain 2008, 24:305–315.

29. Vasunilashorn S, Coppin AK, Patel KV, Lauretani F, Ferrucci L, Bandinelli S,
Guralnik JM: Use of the short physical performance battery score to
predict loss of ability to walk 400 meters: analysis from the InCHIANTI
study. J Gerontol A Biol Sci Med Sci 2009, 64(2):223–229.

30. Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS, Farrar JT,
Haythornthwaite JA, Jensen MP, Kerns RD, Ader DN, Brandenburg N, Burke
LB, Cella D, Chandler J, Cowan P, Dimitrova R, Dionne R, Hertz S, Jadad AR,
Katz NP, Kehlet H, Kramer LD, Manning DC, McCormick C, McDermott MP,
McQuay HJ, Patel S, Porter L, Quessy S, Rappaport BA, et al: Interpreting the
clinical importance of treatment outcomes in chronic pain clinical trials:
IMMPACT recommendations. Pain 2008, 9(2):105–121.

31. Dworkin RH, Turk DC, McDermott MP, Peirce-Sandner S, Burke LB, Cowan P,
Farrar JT, Hertz S, Raja SN, Rappaport BA, Rauschkolb C, Sampaio C:
Interpreting the clinical importance of group differences in chronic pain
clinical trials: IMMPACT recommendations. Pain 2009, 146(3):238–244.

32. Rubin DB: Inference and missing data. Biometrika 1976, 63(3):581–592.
33. Graham JW, Olchowski AE, Gilreath TD: How many imputations are really

needed? Some practical clarifications of multiple imputation theory. Prev
Sci 2007, 8:206–213.

34. Hedecker D, Gibbons RD: Application of random-effects pattern mixture
models for missing data in longitudinal studies. Psych Methods 1997,
2:64–78.

35. Stigsby B, Taves DR: Rank-minimization for balanced assignment of
subjects in clinical trials. Contemp Clin Trials 2010, 31(2):147–150.

36. Deyo RA, Mirza S, Martin B, Kreuter W, Goodman D, Jarvik J: Trends, major
medical complications, and charges associate with surgery for lumbar
spinal stenosis in older adults. JAMA 2010, 303(13):1259–1265.

doi:10.1186/2045-709X-22-19
Cite this article as: Schneider et al.: Comparison of non-surgical
treatment methods for patients with lumbar spinal stenosis: protocol
for a randomized controlled trial. Chiropractic & Manual Therapies
2014 22:19.


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Introduction
	Background

	Methods/design
	Participants
	Inclusion criteria
	Exclusion criteria

	Research design
	Interventions
	Group 1: usual medical care
	Group 2: Clinic-based individualized exercise and manual therapy
	Group 3: Community-based group exercise

	Outcome measures
	Additional measurements
	Statistical analysis
	Outcome measures and primary analysis
	Power analysis
	Secondary analysis
	Missing data
	Randomization and blinding
	Ethical considerations


	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Funding
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


