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Abstract
Background: Lumbar spinal stenosis (LSS) causing neurogenic claudication is a leading cause of pain, disability and
loss of independence in older adults. The prevalence of lumbar spinal stenosis is growing rapidly due to an aging
population. The dominant limitation in LSS is walking ability. Postural, physical and psychosocial factors can impact
symptoms and functional ability. LSS is the most common reason for spine surgery in older adults yet the vast
majority of people with LSS receive non-surgical treatment. What constitutes effective non-surgical treatment is
unknown. The purpose of this study is to evaluate the effectiveness of a multi-modal and self-management training
program, known as the Boot Camp Program for LSS aimed at improving walking ability and other relevant
patient-centred outcomes.
Methods: We will use a pragmatic two-arm randomized controlled single blinded (assessor) study design.
Eligible and consenting participants will be randomized to receive from licensed chiropractors either a 6-week
(twice weekly) self-management training program (manual therapy, education, home exercises) with an
instructional workbook and video and a pedometer or a single instructional session with an instructional workbook
and video and pedometer. The main outcome measure will be the self-paced walking test measured at 6 months.
We will also assess outcomes at 8 weeks and 3 and 12 months.
Discussion: Symptoms and functional limitations in LSS are variable and influenced by changes in spinal
alignment. Physical and psychological factors result in chronic disability for patients with LSS.
The Boot Camp Program is a 6-week self-management training program aimed at the multi-faceted aspects
of LSS and trains individuals to use self-management strategies. The goal is to provide life-long self-management
strategies that maximize walking and overall functional abilities and quality of life.
Trial registration: ClinicalTrials.gov ID: NCT02592642.
Keywords: Lumbar spinal stenosis, Neurogenic claudication, Self-management, Walking, Randomized
controlled trial, Boot camp program, Multi-modal treatment, Non-surgical
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Background
Lumbar spinal stenosis (LSS) refers to an anatomical
narrowing of the central and/or lateral spinal canals [1].
It is usually caused by age related degenerative changes
in the spine including intervertebral disc thinning, facet
joint thickening and in-folding of the ligamentum flavum
[2]. These changes contribute to a decrease in crosssectional area of the spinal canal that can lead to compression and diminished blood flow to the spinal nerves [3, 4].
The clinical syndrome caused by LSS is known as neurogenic claudication. This syndrome is characterized by bilateral or unilateral buttock, lower extremity pain, heaviness,
numbness, tingling or weakness, precipitated by walking
and standing and [5] relieved by sitting and bending
forward [2, 6]. Neurogenic claudication due to LSS is a
leading cause of pain, disability and loss of independence in
people over the age of 65 [7]. Limited walking ability is the
dominant functional impairment caused by LSS [2]. Those
afflicted have greater walking limitations than individuals
with knee or hip osteoarthritis [8] and greater functional
limitations than those with congestive heart failure, chronic
obstructive lung disease or systemic lupus erythematosus
[7]. Inability to walk among individuals with LSS leads to a
sedentary lifestyle and a progressive decline in health status
[9, 10]. Furthermore, symptomatic LSS is also associated
with increased levels of depression; anxiety and hopelessness that can further perpetuate disability [11–14].
The prevalence and economic burden of LSS is growing
exponentially due to the aging population. In Japan where
25 % of the population is over the age of 65, about 12
million people suffer from symptomatic LSS [15]. A similar
epidemic is expected in the US by the year 2030 when an
estimated 73 million people will be over the age of 65 [16]
of which 30 % are projected to have symptomatic LSS [17].
LSS is the most common reason for spine surgery in
individuals over the age of 65 [18], however only very few
patients receive surgery [19]. The vast majority of individuals with LSS receive non-surgical care. However, what
constitutes effective non-surgical care is unknown [20–23].
We have designed and implemented a training program
for LSS known as the Boot Camp Program for LSS [24].
This program aims to address the multi-faceted aspects of
LSS using a multi-modal non-surgical approach with a
focus on self-management and the goals of improved walking ability, overall functional status and quality of life. The
program considers the dynamic nature of LSS where symptoms change relative to posture. Reduction of the lumbar
lordosis while standing, walking and sitting reduces
epidural pressure and improves blood flows to spinal nerves
[3, 11]. Enabling patients to introduce inter-segmental
lumbar spine flexion (reducing the lumbar lordosis) using
anterior pelvic tilt may reduce symptoms and improve
walking ability [25–27]. Individuals with LSS tend to be
deconditioned due to inability to walk and consequential
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sedentary lifestyle and may not have the necessary core
strength and lumbar flexibility to accomplish this body
realignment. They can also have reduced lower extremity
strength due to combined nerve root compression and
disuse. Specific flexibility, aerobic and core and lower
extremity strengthening exercises, manual therapy and
postural instruction may overcome these deficiencies.
The program also considers potential psychosocial consequences of LSS and incorporates a cognitive behavioral
approach [28, 29]. This approach aims to improve coping
and problem solving, build self-efficacy, provide feedback
and develop realistic treatment and functional goals. Since
LSS is a chronic and often-progressive condition [30] the
program emphasizes incorporating learned physical and
psychosocial self-management strategies for life. Patients
receive an instructional workbook and video as part of the
training program. The workbook and video provide
education on self-management strategies and instruction
on how to perform all the specific exercises and body
realignment techniques. The workbook incorporates a
schedule outlining the intensity and frequency of each
exercise with goals tailored to each patient. The training
program also includes a pedometer that provides weekly
feedback for both patients and practitioners on walking
ability.
In a previous retrospective study we evaluated 49
consecutive patients who completed the Boot Camp Program and assessed the difference in self-report outcomes
selected a priori [24]. Outcome measures included the
Oswestry Low Back Pain Disability Index, the walking score
of the Oswestry Low Back Pain Disability Index, the three
subscales of the Zurich Swiss Spinal Questionnaire, and the
Numeric Rating Scale for leg and back pain. Following the
6-week intervention there were both statistically and clinically important improvements in all outcomes from baseline.
This was a before and after study without a control group
and therefore provided low quality preliminary evidence on
the effectiveness of the program.
The purpose of this study is to assess the effectiveness
of the Boot Camp Program in improving outcomes using
a randomized controlled trial (RCT) design. Our main
objective is to compare the effectiveness of a comprehensive 6-week self-management training program that
includes a patient instructional workbook, video and pedometer to a single training session with provision of a
patient workbook, video and pedometer. We hypothesize
that the self-management training program will be more
effective in improving walking capacity and functional
outcomes than a single training session.

Methods
Design

We will conduct a pragmatic two arm single blinded
(assessor) RCT (Fig. 1).
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Fig. 1 Study Flow Process of f assessment

Source population

Eligible participants are individuals who consult with
specialists (orthopedists, neurosurgeons, rheumatologists,
neurologists or physiatrists), family physicians or chiropractors for symptoms suggestive of neurogenic claudication at one of seven hospitals and several community
clinics in Toronto, Canada and the surrounding area.
Recruitment

Participating physicians and chiropractors will identify
potential participants using an eligibility checklist (Table 1).
Eligible potential participants will be given a pamphlet
outlining information concerning the study and providing
contact information for the trial coordinator. Interested and
potentially eligible participants will be asked to contact the
trial coordinator directly. Pamphlets will also be available in
patient waiting rooms of participating hospital clinics and
community clinics. Similar information will be advertised
in local newspapers to enhance recruitment. The trial
coordinator will provide details about the study and answer
questions by phone. The coordinator will confirm eligibility

including age, duration of symptoms and self-report
walking ability. Walking ability will be assessed by the
participants’ response to the question “are you able to walk
continuously for 30 min without the use of aids or without
stopping to rest or stoop forward to alleviate your symptoms?” Self-reported walking ability has been shown to be
highly correlated (r = 0.80) to the self-paced walking test
(SPWT) [31]. The SPWT is a validated objective measure
of walking ability in LSS [31]. Only interested participants
who respond “NO” and meet the other inclusion/exclusion
criteria will be given an appointment for an intake
assessment at the study site (Mount Sinai Hospital in
Toronto Canada).
Inclusion and exclusion criteria

At the intake assessment, a licensed practitioner will assess
potential participants. The assessment will confirm eligibility (Table 1) and will include a history, physical examination
and a review of imaging results provided by the referring
specialist. Eligible and willing participants will be asked to
provide informed written consent. Consenting participants
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Table 1 Inclusion and exclusion criteria
Inclusion criteria
1. Age greater or equal to 50 years
2. Clinical symptoms of back and/or radiating lower limb or buttock
pain; fatigue or loss of sensation in the lower limbs aggravated by
walking and/or standing and relieved by sitting.
3. Intermittent or persistent pain without progressive neurological
dysfunction
4. Duration of symptoms and signs for more than 3 months
5. Imaging confirmed spinal canal narrowing using MRI, CT scan,
myelography or ultrasound
6. Clinical signs and symptoms corresponding to segmental level of
narrowing identified by imaging
7. Patients with degenerative spondylolisthesis are included
8. Not considered to be a surgical candidate (in the next 12 months)
or patient unwilling to have surgery
9. Able to perform mild-moderate exercise
10. Able to walk without assistive devices for at least 20 m and less
than 30 min continuously
11. Able to give written informed consent and complete interviews
and questionnaires in English.
Exclusion criteria
1. Severe degenerative stenosis with intractable pain and progressive
neurological dysfunction
2. Lumbar spinal stenosis not caused by degeneration
3. Lumbar herniated disc diagnosed during the last 12 months
4. Previous back surgery for lumbar spinal stenosis or instability
5. Underlying spinal disorder such as ankylosing spondylitis,
neoplasm, infection or metabolic disease
6. Intermittent claudication due to vascular disease
7. Severe osteoarthrosis or arthritis of lower extremities causing
limited walking ability
8. Neurologic disease causing impaired function of the lower limbs,
including diabetes
9. Psychiatric disorders and/or cognitively impaired

will be asked to complete a baseline questionnaire, a short
physical performance battery (SPPB) [32] and perform a
30-min SPWT [31].
Randomization to treatment groups

Randomization will take place following the completion of
the consent process, baseline questionnaire, SPPB and the
SPWT (Table 2). All participants will be randomly allocated to Group 1, the self-management training program
with instructional workbook, video and pedometer or
Group 2, a single instructional session and the instructional workbook, video and pedometer (Fig. 1). The
randomization sequence will be prepared by the study
biostatistician ahead of recruitment using a computerized
random numbers table [NQuery Advisor® 7.0 [33]]. The
biostatistician will provide the trial coordinator with sequentially numbered sealed opaque envelopes containing
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the allocation for Group 1 or 2. The study biostatistician
will not be involved in the selection, treatment or followup of participants.
Interventions and controls

Participants will be scheduled to begin either the selfmanagement training program (Group 1) or the single
instructional session (Group 2) based on their random
assignment.
Group 1: self management training program with
instructional workbook, video and pedometer

Participants randomly assigned to Group 1 will receive the
self management-training program with instructional
workbook, video and pedometer at the study centre. All
instruction and treatments will be provided by licensed
chiropractors. Participants will be scheduled for twelve, 15min sessions over a 6-week period (two treatment sessions
per week). Four weeks following the 6-week treatment
period a follow-up treatment (booster) session will be
scheduled. Participants will be scheduled as regular patients
at the Chiropractic Spine Clinic and Spinal Stenosis
Program at Mount Sinai Hospital. All appointments will be
confirmed 24 h in advance via telephone or e-mail as
preferred by the participant as per usual treatment protocol.
The intent is to provide participants with treatment that
simulates real practice in terms of scheduling, time spent
and content of treatment.
The Group 1 participants will receive the following:
Education: Participants will receive instruction
on self-management strategies using a cognitive
behavioural approach [29]. Treating practitioners
will provide information on the causes of pain and
disability due to LSS, its natural history and prognosis.
They will receive instruction on how to manage
symptoms and maintain daily routines using problem
solving, pacing, relaxation and body positioning
[29, 34]. Reassurance, positive re-enforcement, goal
setting and graded activity will be used to reduce pain
related fear and improve self-efficacy [29, 35] and to
improve function [36]. Participants will be instructed
on how to reduce the lumbar lordosis when standing
and walking using body repositioning techniques
(the pelvic tilt).
Exercises: Participants will receive instruction on
muscle stretching, strengthening and conditioning
exercises directed at improving overall back and
lower extremity fitness and facilitating lumbar flexion
[26, 37]. Tight muscles that promote lumbar extension
(quadriceps, hip flexors, iliopsoas and erector spinae)
will be progressively stretched and muscles that
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Table 2 Measures collected at baseline and follow-up periods
Measures

Baseline

Socio-demographic characteristics

x

Duration of symptoms (back or leg)

x

Dominant pain (back or leg)

x

Co-Morbidity Disease Index

x

6 Weeks

3 Months

6 Months

12 Months

Self Paced Walking Test

x

x

x

x

x

Zurich Claudication Questionnaire (ZCQ)
Symptom and Functional scales

x

x

x

x

x

Oswestry Disability index
(ODI) and ODI walk

x

x

x

x

x

Numerical rating scale for back pain

x

x

x

x

x

Numerical rating scale for leg pain

x

x

x

x

x

36-item short-form health survey (V2)

x

x

x

x

x

Center for Epidemiological Studies-Depression
Scale (CES-D)

x

x

x

x

x

Short Physical Performance Battery (SPPB)

x

x

x

x

x

Falls Efficacy Scale (FES)

x

Co-interventions and compliance

promote and control lumbar flexion will be
strengthened (upper and lower abdominals).
Exercise instruction will be provided and reviewed
at each session and will be part of a progressive
structured home exercise program. A graduated
walking and/or stationary cycling program to improve
lower extremity conditioning and overall fitness will
be part of the home exercise program [38]. A written
exercise and conditioning program schedule will be
provided to participants outlining the type, frequency
and intensity of the exercises to be performed. The
exercises are to be performed twice per day at home
with the number, intensity and frequency of each
exercise increasing each week for a period of 6 weeks.
Manual Therapy: The aim of the manual therapy will
be to improve the flexibility of the lumbar spine and
to facilitate lumbar inter-segmental flexion. At each
session, manual therapy will be directed to the lumbar
and thoracic spine, pelvis and lower extremities.
Specific techniques will include low amplitude high
velocity manipulation [26], joint, soft tissue, and neural
mobilization [26, 39–41], lumbar flexion-distraction
[27, 42], and manual muscle stretching [25]. The
specific combination of manual therapy techniques
used will be at the discretion of the treating practitioner
based on identified underlying functional impairments.
Education, exercise instruction and manual therapy will
be provided at each session and tailored to the needs of the
participant by the treating chiropractor. An instructional
workbook and video will be provided to all participants.

x

x

x

x

x

x

x

x

This workbook and video provide education and a step-bystep guide on how to perform all the exercises and body realignment techniques, and are aimed at reinforcing the instructions received during the training sessions. The
workbook also includes a diary to record exercise and selfmanagement activities during the study period. Participants
will also be provided a pedometer (Pedusa PE-771,
Pedometers USA) with instruction and asked to record
once per week the maximum number of continuous
walking steps and time (minutes) to stop walking due to
neurogenic symptoms.
Group 2: single instructional session with instructional
workbook, video and pedometer

Participants randomized to this group will receive the
instructional workbook, video and pedometer provided
and explained in a single 15–30 min session with a experienced licensed chiropractor not involved in the provision
of the self-management training program. The emphasis
on the instructional session is on reviewing the material in
the workbook and the structure of the 6 week exercise
program. No manual therapy will be provided during the
session.
Data collection and follow-up

Table 2 summarizes the data to be collected during the
trial. We will follow-up with participants at 6 weeks, and 3,
6 and 12 months following randomization. A trained
blinded assessor will conduct all follow-up assessments at
the study site. Should patients be unable to attend a followup in person, all self-report measures will be administered
via telephone. All assessors will receive training in order to
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standardize assessments and minimize inter- and intraassessor variability. The assessors will be blinded to the
treatment allocation and will be responsible for all followup assessment per assigned participant. The following outcomes will be measured at each follow-up.
Outcomes
Primary outcome

Objective walking capacity Walking capacity will be
assessed using the SPWT. The test requires subjects to
walk on a level surface without support at their own
pace until forced to stop due to symptoms of LSS or a
time limit of 30 min [43]. Test termination will be
defined as a complete stop of 3 s. A blinded assessor will
follow one metre behind the subject, without conversing,
with a distance instrument (Lufkin Pro-Series Model
PSMW38), and stopwatch. Distance walked and time to
test termination will be recorded. The SPWT is considered the gold standard with high validity for assessing
walking capacity in this population since it directly
observes walking ability under conditions representative
of a real world setting [31, 44]. It has high test-retest
reliability (ICC = 0.98) [43]. The minimal clinically
important difference (MCID) in walking distance in this
population is unknown.
Secondary outcomes

Physical function This will be measured using the
physical performance scale of the Zurich Claudication
Questionnaire (ZCQ) also known as the Swiss Spinal
Stenosis Scale. The ZCQ is a validated condition-specific
measure consisting of three scales; a physical performance scale, a symptom severity scale and a patient
satisfaction scale [45, 46]. The physical performance
scale consists of five questions related to walking ability.
The mean un-weighted score will be calculated. The
scale has a high internal consistency with a Cronbach’s
coefficient of 0.91, a test-retest reliability correlation
coefficient of 0.82 and a responsiveness of 1.07 using the
standardized mean [45, 46]. The MCID has been
estimated to be 0.5 [45].
Symptom severity This will be measured using the
symptom severity scale of ZCQ. The symptom scale
consists of seven questions pertaining to overall severity
of pain, pain frequency, back pain and, pain in the leg,
numbness, weakness and balance disturbance. The scale
has a high internal consistency with a Cronbach’s coefficient of 0.87, a test-retest reliability correlation coefficient
of 0.92 and a responsiveness of 0.86 using the standardized mean [45, 46]. The MCID is estimated to be 0.5 [45].
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Functional disability Functional disability will be measured by the Oswestry Disability Index (ODI) [47]. The
ODI is a reliable and validated measure of back-related
disability where 0 represents no disability and 100 represent the worse possible disability. We will also record
separately the score of the walking section (ODI walk) of
the ODI. The ODI walk score has been shown to be
highly correlated to objective walking distance (r = 0.83).
The MCID for the ODI is 8–12 percentage points [48].
Leg and back pain intensity while walking Leg and
back pain intensity while walking will be independently
measured at baseline and at each follow-up with the 11point numerical rating scale (NRS). The NRS is a global
measure of pain intensity anchored by two extremes of
pain intensity ranging from 0 (referring to “No pain”) to
10 (referring to “Pain as bad as it could be”). The NRS has
good short-term test-retest reliability with correlation coefficients ranging from 0.95 to 0.99 when re-administered
within 24 h [49]. The NRS has good construct validity and
can distinguish between various levels of pain in subjects
with chronic post-operative pain [49, 50].
Health-related quality of life (H-RQoL) We will use
the Medical Outcomes Study Short-Form Health Survey
version two (SF-36) to measure health-related quality of
life. The SF-36 has 36 items that measure the H-RQoL
of a subject. Two summary scores can be computed: the
physical component score and the mental component
score. The questionnaire has been shown to have excellent reliability demonstrated with internal consistency
and test-retest methods. The SF-36 is a valid and reliable
measure for clinical and general populations with a
reported intra-class correlation coefficient of 0.85 [51].
Co-morbidity scale We will use the validated and
reliable 18-item Co-Morbidity Disease Index that has an
emphasis on functional activity [52].
Depressive symptomatology Depressive symptomatology in the previous week will be measured with the
Center for Epidemiological Studies-Depression Scale
(CES-D). The CES-D is a widely used 20-item selfreport scale designed to measure current level of depressive symptomatology in population-based epidemiologic
research [53]. It has good test-retest reliability and
internal consistency and possesses good factorial and
discriminate validity [54]. The CES-D is scored from 0
to 60 with higher scores indicating greater depressive
symptomatology [53].
Lower extremity function and balance The Short
Physical Performance Battery (SPPB) will be used as an
objective assessment of lower extremity function and

Ammendolia et al. Chiropractic & Manual Therapies (2016) 24:25

balance [32]. The SPPB is a collection of timed physical
tests including standing balance (tandem, semi-tandem,
side by side), 4-m walk and repeated sit-to-stand from a
chair. The examination requires 10–15 min to complete
on average. The overall score on the SPPB is strongly
correlated with current self-reported disability highly
predictive of future disability among community dwelling older persons [32]. The individual physical tests
making up the SPPB have high inter-rater reliability
(kappa = 0.80–1.0) and summary scales have been shown
to have good to excellent test-retest reliability (kappa =
0.99) [32, 55]. The internal consistency of the summary
scale is adequate (Crochbach’s alpha = 0.76) [56].
Fear of falling Fear of falling is a significant predictor of
future falls and can be assessed using the Falls Efficacy
Scale (FES). The FES assesses patients’ perception of
balance and stability during usual activities of daily living
[57, 58]. The test-retest reliability is adequate within the
geriatric population (r = 0.71) and the instrument has
excellent internal consistency (Cronbach’s alpha = 0.91)
[57]. Furthermore, scores on the FES have been shown to
be moderately to highly correlated with other measures of
balance confidence (r = 0.55–0.86) [59].
Co-interventions We will measure co-interventions by
asking participants to self-report the type and frequency
of consultations with other health care providers and the
type of interventions received beyond those provided in
the trial. This would include physiotherapy, chiropractic,
massage therapy, acupuncture, epidural injections and
surgery. We will also ask participants if they have used
medications and the frequency of use for their back and/
or leg symptoms.
Compliance At each treatment visit and each follow-up
assessment, we will ask participants about their compliance
with their self-management programs (Groups 1 and 2).
We will ask how often they are performing their exercises,
body alignment techniques and self-management strategies.
We will also assess compliance from the weekly exercise
diary located in the instructional workbook.
Statistical Issues
Sample size

For the primary RCT we have estimated the sample size for
the primary outcome of objective walking capacity based
on an estimate of the difference in the proportion of participants who achieve a MCID in walking distance. Since the
MCID for the SPWT is unknown we will estimate it to be
an improvement in walking distance from baseline of 30 %
or more. We estimate a total of 30 % of participants will
achieve the estimated MCID in Group 2 and 60 % in Group
1. Based on an estimate of 30 % difference in proportions, a

Page 7 of 10

power of 0.8, an alpha of 0.05 and an estimated drop-out
rate of 20 %, a minimum of 52 participants per group is
estimated to be required to achieve significance using a
two-tailed t-test for two independent proportions [60]. Our
primary end point will be the 6-month follow-up.
Statistical analysis

Baseline status of treatment groups will be compared
using two-tailed independent samples t tests, Chi squared
tests of independence, and Mann-Whitney U tests as indicated. Our analyses will be based on the “intention to
treat” principle. Data will contain repeated measurements
of the main response variables.
We will analyze the primary outcome (SPWT) by
calculating the differences in proportions meeting the
MCID using Pearson Chi Squared test with 95 % confidence intervals. To control for potential confounding
(sex, education, perceived health status, dominant leg or
back pain, and hospital), logistic regression models and
generalized estimation equation (GEE) methods will be
used [5]. These models will control for baseline differences not balanced by randomization. Dichotomous
secondary outcomes will be analyzed similarly.
For continuous secondary outcomes we will first compute the group-specific mean, standard deviation and
median at each follow-up interval. Second, we will build
ordinary least-square (OLS) models using generalized estimating equation to account for the autocorrelation
present in the outcomes [5]. Third, we will test whether
the group effects are constant throughout the follow-up
periods [5]. Fourth, we will test whether imbalances in the
distribution of the baseline covariates confound the group
effects. Covariates added to the crude linear model that
change any of group regression coefficients by 10 %
percent or more will be retained as confounders in the
adjusted models [61]. The group effects will be reported
as the mean differences and 95 % for each follow-up
interval.
Protection of human subjects and assessment of safety
Protection of human subjects

The Mount Sinai Hospital (MSH) Research Ethics Board
has approved the study protocol (certificate number
14-0020).
Adverse events

We will measure the presence of adverse events that
may be associated with each of the interventions. This
will take place following each visit for participants
enrolled in Group 1. For participants enrolled in Group
1 and 2, adverse events will be assessed at each followup visit. We will define adverse events as an unintended
sign or symptom of the intervention. These include:
significant increase in back and/or lower extremity pain,
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numbness, tingling, tiredness or claudication and cauda
equine syndrome. We will compute the incidence (95 %
CI) of each adverse event listed above. The cumulative
number of visits will be used as the denominator. Any
adverse event that is life threatening or associated with
significant disability will be reported to the Mount Sinai
Hospital Ethics Review Board.

Discussion
We selected a pragmatic RCT design for our study to
reflect a more real world clinical setting. LSS is a varied
and multi-faceted condition and in practice, the
approach is to tailor care to the patient’s individual
needs and tolerances. Participants randomized to Group
1 will receive the standard approach provided at the
Spinal Stenosis Clinic at Mount Sinai Hospital; however
tailoring will be required with respect to the intensity
and type of exercise and manual therapy techniques
used, not unlike usual practice. We selected a RCT
design because it is the study design of choice when
comparing the effectiveness of interventions.
We considered the SPWT to be the appropriate primary
outcome measure to address our primary aim. The SPWT
is the current gold standard for measuring objective walking capacity in LSS as it assesses walking ability in a real
life setting [43]. We also included the functional scale of
the ZCQ which is a self-report measure of walking ability
that is highly correlated (r = 0.80) to the SPWT [31]. The
SPWT is logistically more challenging to perform because
of the need of a large walking area and added personnel,
time and expense of conducting the test, and added time,
expense and inconvenience for participants travelling to
the study site for follow-ups. This may result in a higher
dropout rate for follow-up assessments. To mitigate this
possibility of non-compliance to follow-up SPWTs we
included the self-report functional scale of the ZCQ that
can easily be assessed by phone. Moreover, we can compare our findings to other studies using this self-report
outcome measure.
At our centre we have two long and wide hallways
connected by two shorter hallways forming a large rectangular area (140 m long) where participants easily can
perform the SPWT.
However, the SPWT has a ceiling effect in that the test
measures distance traveled for a maximum of a 30-min
period. For this reason we will only include participants
who are more severely impaired and cannot complete
the SPWT during the baseline assessment.
We have included a 1-month booster session following
the 6-week training program. This emulates our current
practice protocol at our Spinal Stenosis Clinic at Mount
Sinai Hospital. The rationale being that LSS is a chronic
condition and patients may benefit from periodic monitoring of their self-management skills and abilities. Periodic
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reassurance and positive reinforcement may also be of
benefit especially among patients with underlying psychosocial barriers such as poor coping skills that accentuate
functional limitations. Periodic monitoring and coaching
may help to improve longer-term outcomes.
A leading cause of failure of RCTs is the lack of enrollment of sufficient number of participants into the study.
We have enlisted a large referral source for potential
participants. LSS is a very common condition seen by
neurosurgeons and orthopedic spine surgeons, rheumatologists, physiatrists, family physicians and chiropractors. If our enrollment is deemed slow, we will expand
our referral source to the University of Toronto vascular
surgeons who also see a large number of patients with
neurogenic claudication caused by LSS. We will also
advertise in local newspapers and seniors publications.
In addition, we will distribute pamphlets to be placed inpatient waiting areas at participating hospital clinics and
in community clinics. Compliance to follow-ups may be
problematic and we plan to provide incentives in the
form of covering transportation costs up to $25 per day.
We anticipate that assessor blinding (to assigned intervention) during follow-up assessments will be challenging.
We will implement strict rules preventing the communication, regarding participant allocation among participants, the research coordinator and blinded assessors.
Study design limitations include the lack of blinding of
both practitioners and patients and this can introduce bias.
The multi-modal and pragmatic nature of the design
prohibits the determination of the component(s) of the
intervention that may be responsible for potential improvements. There is potential for participants to receive other
interventions during the intervention and between followup periods, which may impact the results. We will compare
co-interventions receive between group and comment on
the potential impact they may have on the results.
There is a high risk of falls in the LSS population and
we need to ensure safety of participants while performing the SPWT. We will train assessors accompanying
participants during the SPWT and practice procedures
to reduce the risk of falls during the SPWT.
Participants randomized to the single instructional
session may not follow the provided instructions, or may
perform the exercises incorrectly leading to potential for
injury. We will incorporate a safety monitoring protocol
and provide participants the opportunity to contact us
in an effort to reduce the risk of harm to participants
randomized to this intervention.
LSS is a chronic arthritic condition whose prevalence,
personal and economic burden is growing exponentially
due to the aging population. The vast majority of individuals with LSS receive non-surgical care however, what
constitutes effective non-surgical care is unknown. A multimodal approach with a focus on self-management strategies
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as outlined in this proposal may be a practical and effective
means to improve walking ability, functional status and
quality of life in this population.
Acknowledgements
This study is funded by The Arthritis Society (Canada), registration number
SOG 13-003.
The principal author receives salary support from the Canadian Chiropractic
Research Foundation. We thank Dr. Aksa Ahmed for her assistance in
preparing the manuscript.
Funded by the The Arthritis Society and the Canadian Chiropractic Research
Foundation (SOG-13-003).
Authors’ contributions
CA conceived the study, participated in its design and led the preparation of
drafts and final manuscript. PC, BB and RR were responsible for the design
and drafting of the protocol and editing drafts and final manuscript. DS
participated in re-designing the study protocol, editing draft versions and
final manuscript. CB and GH provided input on the original design of the
study and editing drafts and final manuscript. All authors read and approved
the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Institute of Health Policy, Management and Evaluation, University of
Toronto, Toronto, Canada. 2Rebecca MacDonald Centre for Arthritis &
Autoimmune Disease, Mount Sinai Hospital, Toronto, Canada. 3Dalla Lana
School of Public Health, University of Toronto, Toronto, Canada. 4University
of Ontario Institute of Technology, Ontario, Canada. 5Department of
Orthopedics, Toronto Western Hospital, University Health Network, Toronto,
Canada. 6Canadian Memorial Chiropractic College, Toronto, Ontario, Canada.
7
Division of Rheumatology, Department of Medicine, University of Toronto,
Toronto, Canada. 8Department of Medicine, University of Toronto, Toronto,
Ontario, Canada.
Received: 17 March 2016 Accepted: 8 June 2016

References
1. Verbiest H. A radicular syndrome from developmental narrowing of the
lumbar vertebral canal. 1954. Clin Orthop Relat Res. 2001;384:3–9.
2. Katz JN, Dalgas M, Stucki G, Katz NP, Bayley J, Fossel AH, et al. Degenerative
lumbar spinal stenosis. Diagnostic value of the history and physical
examination. Arthritis Rheum. 1995;38(9):1236–41. Epub 1995/09/01. eng.
3. Takahashi K, Kagechika K, Takino T, Matsui T, Miyazaki T, Shima I. Changes in
epidural pressure during walking in patients with lumbar spinal stenosis.
Spine. 1995;20(24):2746–9. Epub 1995/12/15. eng.
4. Kobayashi S. Pathophysiology, diagnosis and treatment of intermittent
claudication in patients with lumbar canal stenosis. World J Orthop. 2014;
5(2):134–45. doi:10.5312/wjo.v5.i2.134. eCollection 2014 Apr 18. Review.
5. Diggle P. Analysis of longitudinal data. New York: Press OU; 2009.
6. Suri P, Rainville J, Kalichman L, Katz JN. Does this older adult with lower extremity
pain have the clinical syndrome of lumbar spinal stenosis? JAMA. 2010;304(23):
2628–36. Pubmed Central PMCID: PMC3260477, Epub 2010/12/16. eng.
7. Fanuele JC, Birkmeyer NJ, Abdu WA, Tosteson TD, Weinstein JN. The impact of
spinal problems on the health status of patients: have we underestimated the
effect? Spine. 2000;25(12):1509–14. Epub 2000/06/13. eng.
8. Winter CC, Brandes M, Muller C, Schubert T, Ringling M, Hillmann A, et al.
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. Pubmed Central PMCID: PMC2958990,
Epub 2010/10/14. eng.
9. Iversen MD, Katz JN. Examination findings and self-reported walking
capacity in patients with lumbar spinal stenosis. Phys Ther. 2001;81(7):
1296–306. Epub 2001/07/11. eng.
10. Jansson KA, Nemeth G, Granath F, Jonsson B, Blomqvist P. Health-related
quality of life (EQ-5D) before and one year after surgery for lumbar spinal
stenosis. J Bone Joint Surg. 2009;91(2):210–6. Epub 2009/02/05. eng.

Page 9 of 10

11. Wood DW, Haig AJ, Yamakawa KS. Fear of movement/(re)injury and activity
avoidance in persons with neurogenic versus vascular claudication. Spine J. 2012;
12(4):292–300. Pubmed Central PMCID: PMC3367062, Epub 2012/04/07. eng.
12. Sinikallio S, Aalto T, Airaksinen O, Herno A, Kroger H, Savolainen S, et al.
Depression and associated factors in patients with lumbar spinal stenosis.
Disabil Rehabil. 2006;28(7):415–22. Epub 2006/03/02. eng.
13. McKillop AB, Carroll LJ. Battié MC Depression as a prognostic factor of
lumbar spinal stenosis: a systematic review. Spine J. 2014;14(5):837–46. doi:
10.1016/j.spinee.2013.09.052. Epub 2013 Oct 25. Review.
14. Edwards TC, Lavallee DC, Bauer Z, Comstock BA, Jarvik JG, Patrick DL, Makris UE,
Friedly JL. Problem areas identified as important to older adults with lumbar
spinal stenosis. Spine J. 2015;15(7):1636–44. doi:10.1016/j.spinee.2015.03.008.
Epub 2015 Mar 17.
15. Ishimoto Y, Yoshimura N, Muraki S, Yamada H, Nagata K, Hashizume H,
Takiguchi N, Minamide A, Oka H, Kawaguchi H, Nakamura K, Akune T,
Yoshida M. Prevalence of symptomatic lumbar spinal stenosis and its
association with physical performance in a population-based cohort in
Japan: the Wakayama Spine Study. Osteoarthritis Cartilage. 2012;20(10):
1103–8. doi:10.1016/j.joca.2012.06.018. Epub 2012 Jul 10.
16. Ortman JM, Velkoff VA, Hogan H. An Aging Nation: The older population in
the United States, current population reports, P25–1140. Washington: U.S.
Census Bureau; 2014.
17. Kalichman L, Cole R, Kim DH, Li L, Suri P, Guermazi A, et al. Spinal stenosis
prevalence and association with symptoms: the Framingham Study. Spine J.
2009;9(7):545–50. Epub 2009/04/29. eng.
18. Warsi A, LaValley MP, Wang PS, Avorn J, Solomon DH. Arthritis
self-management education programs: a meta-analysis of the effect on pain
and disability. Arthritis Rheum. 2003;48(8):2207–13. Epub 2003/08/09. eng.
19. Chen E, Tong KB, Laouri M. Surgical treatment patterns among Medicare
beneficiaries newly diagnosed with lumbar spinal stenosis. Spine J. 2010;
10(7):588–94. Epub 2010/04/13. eng.
20. Ammendolia C, Stuber K, de Bruin LK, Furlan AD, Kennedy CA, Rampersaud
YR, et al. Nonoperative treatment of lumbar spinal stenosis with neurogenic
claudication: a systematic review. Spine. 2012;37(10):E609–16.
Epub 2011/12/14. eng.
21. de Tran QH, Duong S, Finlayson RJ. Lumbar spinal stenosis: a brief review of
the nonsurgical management. Can J Anaesth. 2010;57(7):694–703. Epub
2010/04/30. eng.
22. May S, Comer C. Is surgery more effective than non-surgical treatment
for spinal stenosis, and which non-surgical treatment is more
effective? A systematic review. Physiotherapy. 2013;99(1):12–20. Epub
2012/12/12. eng.
23. Ammendolia C, Stuber KJ, Rok E, Rampersaud R, Kennedy CA, Pennick V,
Steenstra IA, de Bruin LK, Furlan AD. Nonoperative treatment for lumbar
spinal stenosis with neurogenic claudication. Cochrane Database Syst Rev.
2013;8:CD010712. doi:10.1002/14651858.CD010712. Review.
24. Ammendolia C, Chow N. Clinical outcomes for neurogenic claudication
using a multimodal program for lumbar spinal stenosis: a retrospective
study. J Manipulative Physiol Ther. 2015;38(3):188–94. doi:10.1016/j.jmpt.
2014.12.006. Epub 2015 Jan 22.
25. Whitman JM, Flynn TW, Childs JD, Wainner RS, Gill HE, Ryder MG, et al. A
comparison between two physical therapy treatment programs for patients
with lumbar spinal stenosis: a randomized clinical trial. Spine. 2006;31(22):
2541–9. Epub 2006/10/19. eng.
26. Whitman JM, Flynn TW, Fritz JM. Nonsurgical management of patients with
lumbar spinal stenosis: a literature review and a case series of three patients
managed with physical therapy. Phys Med Rehabil Clin N Am. 2003;14(1):
77–101. vi-vii. Epub 2003/03/08. eng.
27. Murphy DR, Hurwitz EL, Gregory AA, Clary R. A non-surgical approach to the
management of lumbar spinal stenosis: a prospective observational cohort
study. BMC Musculoskelet Disord. 2006;7:16. Pubmed Central PMCID:
PMC1397818, Epub 2006/03/01. eng.
28. Ostelo RW, van Tulder MW, Vlaeyen JW, Linton SJ, Morley SJ, Assendelft WJ.
Behavioural treatment for chronic low-back pain. Cochrane Database Syst
Rev (Online). 2005;1(1):CD002014. Epub 2005/01/28. eng.
29. Linton SJ, Andersson T. Can chronic disability be prevented? A randomized
trial of a cognitive-behavior intervention and two forms of information for
patients with spinal pain. Spine. 2000;25(21):2825–31. discussion 4. Epub
2000/11/07. eng.
30. Atlas SJ, Keller RB, Wu YA, Deyo RA, Singer DE. Long-term outcomes of
surgical and nonsurgical management of lumbar spinal stenosis: 8 to

Ammendolia et al. Chiropractic & Manual Therapies (2016) 24:25

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.
41.
42.

43.

44.

45.

46.

47.
48.

49.

50.
51.

52.

53.

10 year results from the maine lumbar spine study. Spine. 2005;30(8):
936–43. Epub 2005/04/19. eng.
Tomkins-Lane CC, Battie MC. Validity and reproducibility of self-report
measures of walking capacity in lumbar spinal stenosis. Spine. 2010;35(23):
2097–102. Epub 2010/10/13. eng.
Guralnik JM, Ferrucci L, Pieper CF, Leveille SG, Markides KS, Ostir GV,
Studenski S, Berkman LF, Wallace RB. Lower extremity function and
subsequent disability: consistency across studies, predictive models, and
value of gait speed alone compared with the short physical performance
battery. J Gerontol A Biol Sci Med Sci. 2000;55(4):M221–31.
Elashoff J. nQuery Advisor. Version 70 User’s Guide. Los Angeles: 7.0 User’s
Guide; 2007.
Madsen R, Jensen TS, Pope M, Sorensen JS, Bendix T. The effect of body
position and axial load on spinal canal morphology: an MRI study of central
spinal stenosis. Spine. 2008;33(1):61–7. Epub 2008/01/01. eng.
Woby SR, Urmston M, Watson PJ. Self-efficacy mediates the relation
between pain-related fear and outcome in chronic low back pain patients.
Eur J Pain (London, England). 2007;11(7):711–8. Epub 2007/01/16. eng.
Lorig KR, Sobel DS, Ritter PL, Laurent D, Hobbs M. Effect of a
self-management program on patients with chronic disease.
Eff Clin Pract. 2001;4(6):256–62. Epub 2002/01/05. eng.
Bodack MP, Monteiro M. Therapeutic exercise in the treatment of patients
with lumbar spinal stenosis. Clin Orthop Relat Res. 2001;384:144–52. Epub
2001/03/16. eng.
Pua YH, Cai CC, Lim KC. Treadmill walking with body weight support is no
more effective than cycling when added to an exercise program for lumbar
spinal stenosis: a randomised controlled trial. Aust J Physiother. 2007;53(2):
83–9. Epub 2007/05/31. eng.
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. Pubmed Central PMCID: PMC2565076, Epub 2009/01/03. eng.
Maitland G. Peripheral Manipulation. Butterworth-Heinemann O, editor. 1991.
McGill S. Low back disorders: evidence-based prevention and rehabilitation:
Human Kinetics, vol. 1. 2007.
Gudavalli MR, Cambron JA, McGregor M, Jedlicka J, Keenum M, Ghanayem AJ,
et al. A randomized clinical trial and subgroup analysis to compare flexiondistraction with active exercise for chronic low back pain. Eur Spine J. 2006;
15(7):1070–82. Pubmed Central PMCID: PMC3233943, Epub 2005/12/13. eng.
Tomkins CC, Battie 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):2444–9. Epub 2009/10/16. eng.
Rainville J, Childs LA, Pena EB, Suri P, Limke JC, Jouve C, et al. Quantification
of walking ability in subjects with neurogenic claudication from lumbar
spinal stenosis–a comparative study. Spine J. 2012;12(2):101–9. Pubmed
Central PMCID: PMC3315838, Epub 2012/01/03. eng.
Stucki G, Daltroy L, Liang MH, Lipson SJ, Fossel AH, Katz JN. Measurement
properties of a self-administered outcome measure in lumbar spinal
stenosis. Spine. 1996;21(7):796–803. Epub 1996/04/01. eng.
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. Epub 2002/01/24. eng.
Fairbank JC, Couper J, Davies JB, O'Brien JP. The Oswestry low back pain disability
questionnaire. Physiotherapy. 1980;66(8):271–3. Epub 1980/08/01. eng.
Fritz JM, Irrgang JJ. A comparison of a modified Oswestry Low Back Pain
Disability Questionnaire and the Quebec Back Pain Disability Scale. Phys
Ther. 2001;81(2):776–88. Epub 2001/02/15. eng.
Wewers ME, Lowe NK. A critical review of visual analogue scales in the
measurement of clinical phenomena. Res Nurs Health. 1990;13(4):227–36.
Epub 1990/08/01. eng.
Jensen MP, Karoly P, Braver S. The measurement of clinical pain intensity: a
comparison of six methods. Pain. 1986;27(1):117–26. Epub 1986/10/01. eng.
Haley SM, McHorney CA, Ware Jr JE. Evaluation of the MOS SF-36
physical functioning scale (PF-10): I. Unidimensionality and
reproducibility of the Rasch item scale. J Clin Epidemiol. 1994;47(6):
671–84. Epub 1994/06/01. eng.
Groll DL, To T, Bombardier C, Wright JG. The development of a comorbidity
index with physical function as the outcome. J Clin Epidemiol. 2005;58(6):
595–602. Epub 2005/05/10. eng.
Radloff LS. The CES-D scale A self-report depression scale for research in the
general population. Appl Psychol Meas. 1977;1(3):385–401.

Page 10 of 10

54. Orme JG, Reis J, Herz EJ. Factorial and discriminant validity of the Center for
Epidemiological Studies Depression (CES-D) scale. J Clin Psychol. 1986;42(1):
28–33. Epub 1986/01/01. eng.
55. Guralnik JM, Seeman TE, Tinetti ME, Nevitt MC, Berkman LF. Validation and use
of performance measures of functioning in a non-disabled older population:
MacArthur studies of successful aging. Aging (Milano). 1994;6(6):410–9.
56. Winograd CH, Lemsky CM, Nevitt MC, Nordstrom TM, Stewart AL, Miller CJ,
Bloch DA. Development of a physical performance and mobility
examination.
J Am Geriatr Soc. 1994;42(7):743–9.
57. Tinetti ME, Richman D, Powell L. Falls efficacy as a measure of fear of falling.
J Gerontol. 1990;45(6):P239–43.
58. Falls: Assessment and Prevention of Falls in Older People. Centre for Clinical
Practice at NICE (UK). London: National Institute for Health and Care
Excellence (UK); 2013. PMID: 25506960
59. Huang TT, Wang WS. Comparison of three established measures of fear of
falling in community-dwelling older adults: psychometric testing. Int J Nurs
Stud. 2009;46(10):1313–9. doi:10.1016/j.ijnurstu.2009.03.010. Epub 2009 Apr 24.
60. Cohen J. A power primer. Psychol Bull. 1992;112(1):155–9. Epub 1992/07/01. eng.
61. Greenland SR. Introduction to stratified analysis. In: Modern Epidemiology.
Philadelphia: Lippincott-Raven; 1998.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

