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Original Protocol and Statistical Analysis Plan
1. Background and Introduction
Significance
At least 60%-80% of adults will experience LBP,1 and almost ½ of them will have had a major
episode by age 30.2 Chronic LBP is the most common type of chronic pain in adults1,3 and its
prevalence is increasing.4,5 At least 75% of people who have a LBP episode, fail to recover fully
within 1 year.6 Pain persists as do limitations in simple movements and complex functional
activities like self-care, social role, and work.3 Recurrence rates are as high as 78%.7 Thus, for
many people LBP is a long-term, function-limiting condition rather than a short-term, self-limiting
condition.6,8-11 LBP-related costs are staggering. Estimated annual costs for LBP-related healthcare are $30.7 billion and are increasing.12
Treatment of chronic LBP
Exercise is one of the primary non-surgical approaches used worldwide for managing LBP.13-16
Based on systematic reviews, experts concluded that exercise is as efficacious, if not more
efficacious for managing chronic LBP than 1) no treatment, 2) usual care, and 3) many other
treatments, such as massage or laser therapy.13,15-22 Experts also concluded that specific
characteristics of exercise programs influence their efficacy23 and that the most efficacious
programs are 1) tailored to the individual, 2) delivered with supervision, and 3) designed to
achieve high doses by emphasizing adherence. Despite the evidence for the beneficial effects
of exercise in chronic LBP, several issues remain unresolved. First, little is known about which
exercise is best for which patient.15,22 There is no evidence that any particular type of exercise is
clearly and consistently more efficacious than any other.13-16,20-22,24,25 Many experts have
suggested that differences between approaches have been missed because the heterogeneity
of subjects in samples13,15,16,20-22,26 and variability in the treatments studied have diluted the
effects.23,27 Second, when exercise is compared to non-exercise approaches, the effects tend to
be small and inconsistent for outcomes like pain and function14,20,22 and most of the significant
effects are obtained only at the earliest follow-up.14,22 Third, adherence and tests of the effects
of adherence on outcomes are rarely examined.16,18,21,23,28 Fourth, few studies examine the
mechanisms underlying exercise effects,20-22,25,27 so we do not know whether improvements in
outcome with exercise are consistent with mechanism-based predictions for specific variables.
The primary recommendation from review groups is that future studies should investigate the
effect of individualized exercise strategies in well-defined populations of people with LBP.14,2124,27
The exercises should be aimed at restoring normal function and facilitating the person’s
performance of daily activities.13,18,29 Furthermore, they recommend that future studies be
designed to examine both the 1) specific mechanisms underlying the effect of exercise, and 2)
effects of adherence on outcomes.16,20-22,25,30 We will address all 3 of the recommendations.
Individualized exercises for restoring normal function and performance of daily activities
Given the profound impact of LBP on function,3,6,12 a logical approach requires inclusion of
explicit, individualized practice in performance of functional activities as a form of exercise.
Interestingly, only physical conditioning programs, such as work hardening, work conditioning,
and functional restoration include practice of activities as part of treatment.31-36 However, these
programs are primarily intended for people with disabling, work-related LBP. Thus, many of the
activities that are practiced are 1) heavy work activities rather than routine functional
5

activities,32,33,36-38 and 2) not typically tailored to the individual. Finally, the programs tend to
include a variety of co-interventions so the effect of any specific component is unclear. 32,35
Neural mechanisms underlying the effect of exercise
Because both exercise and practice in performance of functional activities are types of motor
training, studies in the motor training literature can inform our understanding of the mechanisms
underlying their effects. Motor training induces structural and functional adaptations across a
variety of motor regions of the nervous system.39-43 In a review of the effects of skill, endurance,
and strength training on the motor cortex and spinal cord, Adkins et al. emphasized the fact that
the nature and location of adaptations are dependent on the specific behavioral demands of the
motor experience.44 Skill training is defined as the acquisition and refinement of novel
combinations of motor sequences. Skill training results in synaptogenesis, synaptic potentiation,
and reorganization of movement representations in the motor cortex.44,45 Such adaptations are
associated with the acquisition of new motor skills and vary with the degree of motor skill a
person displays.43,46-48 By contrast, strength and endurance exercises do not produce these
adaptations.49,50 If a goal of LBP rehabilitation is to aid acquisition, retention, and refinement of
new motor behaviors to improve function, then the use of motor skill training is a necessity.
Model for development and course of LBP
The Kinesiopathologic Model (KPM) provides a conceptual basis for understanding the
development and course of LBP. Specifically, LBP is proposed to be the result of repeatedly
using direction-specific (flexion, extension, rotation, some combination) stereotypic movement
and alignment patterns in the lumbar spine. The patterns begin as the result of an interaction
between an individual’s structural characteristics and the movements and alignments needed to
perform daily functional activities.51-57 Over time, the same patterns are used repeatedly for
many different functional activities. The typical stereotypic pattern is characterized by the lumbar
spine moving more readily in its available range in a specific direction(s) than the thoracic spine
or hip.57-61 Because the same patterns are used repeatedly, the loading is always on the same
spinal tissue and tissue stress is concentrated in specific areas.62 Repetitive loading of the same
tissue could also alter the tissue’s tolerance over time, accelerate the rate of mechanical injury,
and potentially lead to tissue degeneration. Thus, the KPM describes a mechanism by which
repetitive loading during performance of daily functional activities could contribute to the
development and course of this often long-term, function-limiting condition.
Potential for individualized motor skill training to improve long-term course of LBP
In our recently completed clinical trial, we compared the effects of a classification-specific (Sp)
treatment to a non-specific (NSp) treatment over a 12 month period. The Movement System
Impairment (MSI) classification system that we used to classify subgroups of people with LBP is
based on the KPM.51 People in the various LBP subgroups exhibited direction-specific,
stereotypic patterns of lumbar movement and alignment that were associated with their LBP.
The Sp treatment included both exercise and training in functional activities directed at
modifying the specific pattern(s) associated with the person’s LBP. The NSp treatment included
strength and flexibility exercise as well as training to maintain a neutral alignment of the lumbar
spine during functional activities. We found that people in both the Sp and NSp groups had very
large clinically meaningful improvements (61% at 6 mos) in pain and function63 but differences
between groups were smaller than expected.64 We attributed the results to 3 related facts: 1) in
addition to exercise, both groups received training to improve lumbar spine control during
functional activities, 2) in both groups, adherence levels were higher and more prolonged for
training in functional activities than for exercise, and 3) outcomes continued to improve for about
6 months after treatment but then gradually reversed along with declines in adherence to
functional activity training. Changes in pain and function were much more strongly associated
6

with adherence to functional activity training than with adherence to exercise. Thus, training in
functional activities appears to be the essential active ingredient for improvement in both
groups. Accordingly, the next important steps are to 1) disentangle the effects of training in
functional activities and exercise, 2) maximize the effect by providing individualized motor skill
training during functional activities based on principles of motor skill learning, 3) prolong the
treatment effects by providing a booster treatment at 6 months, and 4) enhance our
understanding of the underlying mechanism by testing for predicted differences in the effects of
the interventions on laboratory measurements of movement and alignment.
Impact on clinical practice
Currently rehabilitation for people with chronic LBP is highly variable and is usually focused only
on treatment of acute recurrences.28,65-67 Successful completion of this project will provide
specific recommendations for the use and timing of individualized motor skill training for
functional activities that can be applied immediately in practice. Because the training is focused
on how an individual can painlessly perform functional activities that are limited, our findings will
provide clinicians with an approach to treatment that directly addresses the factors proposed to
contribute to the costly, long-term course of LBP. Also because the treatment is associated with
prolonged periods of high levels of adherence, and uses specifically timed, periodic booster
sessions to reinforce behaviors that minimize the patient’s symptoms and functional limitations,
our findings will provide the clinician and the person with LBP a feasible approach to long-term
management of the condition, rather than just treating acute recurrences. Such an approach to
LBP care could have an important impact on the long-term course (i.e., persistent or recurrent
symptoms) and associated health-care costs of chronic LBP.
Focus on a treatment associated with high levels of adherence
The level of adherence during long-term treatment for most chronic diseases is only ~50%.68
Poor adherence equates with low treatment dosage and consequent diminution of treatment
effects. Data from our clinical trial demonstrated that 1) adherence levels were higher and more
prolonged for training in functional activities than for exercise, and 2) changes in pain and
function were more strongly related to functional activity adherence than to exercise adherence.
Thus, in the proposed project we are focusing on a treatment to which people are able to
adhere at high levels for prolonged periods of time.
Booster phase to prolong initial treatment effects
The purpose of the booster phase is to prolong the initial improvements seen in our clinical trial.
Others have tested the effect of booster treatments in people with musculoskeletal pain
conditions, including chronic LBP.69-72 The innovativeness of our approach lies in the basis for
the criteria we use for determining when to intervene and how much treatment to provide.
Rather than providing additional treatment arbitrarily, we have scheduled the booster phase to
start just before the time when outcomes began to reverse in our prior trial. The criterion for the
number of booster sessions (i.e., how much treatment) is the number needed to attain
independence in performance of the treatment items.73

2. Specific Aims
Specific Aim 1: Test if motor skill training results in better outcomes and better adherence than
strength and flexibility exercise in the 12 months after treatment.
Compared to the strength and flexibility exercise group, the motor skill training group will
Hypothesis 1a. report lower LBP intensity, fewer days with LBP, and less frequent LBP
recurrences.
Hypothesis 1b. report fewer functional limitations as well as better perceived physical
health and mental health, work attendance, and productivity.
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Hypothesis 1c. use fewer LBP medications and fewer healthcare services.
Hypothesis 1d. report higher levels of adherence over longer periods of time.
Hypothesis 1e. display improved movement and alignment patterns during functional
activities.
Specific Aim 2: Test the effect of a booster phase that is provided 6 months after the initial
phase.
Hypothesis 2a. The effect of a booster treatment condition will be longer-lasting
improvement in function and better adherence than a no booster treatment condition.
Hypothesis 2b. The effect of a booster treatment condition will be greater for the motor
skill training group than for the strength and flexibility exercise group.
Specific Aim 3: Examine the relationship between functional limitations and 2 factors 1)
adherence, and 2) movement and alignment patterns displayed during functional activities.
Hypothesis 3a. Adherence to motor skill training will be related more strongly to
functional limitations than will adherence to strength and flexibility exercise.
Hypothesis 3b. Movement and alignment patterns displayed by the motor skill training
group will be related more strongly to functional limitations than will patterns displayed
by the strength and flexibility exercise group.

3. Approach
3.1 Design
The study is a single-blind, prospective, randomized, controlled clinical trial. Figure 1 illustrates
the organization and flow of events. After we collect baseline self-report and laboratory
measures, people will be randomized to 1 of 2 treatment conditions, motor skill training (MST) or
strength and flexibility exercise (SFE). The initial phase will be 6, 1-hour treatment sessions,
scheduled once/week for 6 weeks. Post-treatment self-report and laboratory measures will be
obtained immediately after the initial phase. A select subset of web-based, self-reports will be
obtained monthly for the next 12 months (9.4a Time Table for Administration). At 6 months after
treatment, self-report and laboratory measures will be obtained again. Subsequently, people will
be randomized to a booster treatment condition, booster or no booster. The booster treatment
will be specific to the person’s initial, condition-specific treatment assignment. The number of
booster sessions will be limited to the number needed to attain independence in the exercises
or functional activities prescribed. Independence will be based on a standardized measure used
in our prior trial.73 The 6-month time point was chosen based on change in the Modified
Oswestry Disability Questoinnaire (MODQ) scores from our prior trial.
3.2 Subjects
We will recruit 154 people between the ages of 18 and 60 years who have had chronic, nonspecific LBP for at least 1 year from the St. Louis metropolitan area. Chronic LBP is defined as
pain present for at least half the days in a year in the region between T12 and the gluteal fold,
with or without leg symptoms to the knee.11,74 Non-specific LBP is defined as LBP in which no
specific pathophysiologic mechanism can be identified to account for the person’s perceived
pain.75 The goal of this study is to obtain a representative sample of people who have both
symptoms and disability related to chronic LBP. The target participant population is people with
chronic LBP, with or without recurrences. The goal is to examine the generalizability of the
effects seen in the previous clinical trial to people who have more LBP-related limitation than
people previously studied. This will be accomplished by recruiting participants from the
Washington University School of Medicine Physical Therapy Clinic (WUPT Clinic) and local
outpatient clinics and offices. Only participants who report a specific criterion level of disability
and difficulty with a specific number of functional activities will be enrolled. Both genders and all
races and ethnicities will be included in the study population.
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3.3 Study flow chart

4. Enrollment of Participants
4.2 Inclusion Criteria
The inclusion criteria are 1) people ages 18-60 with chronic LBP for a minimum of 12 months, 2)
currently experiencing LBP symptoms but not in a recurrence or an acute flare-up, 3) MODQ
score of ≥ 20%, 4) 3 or more functional activities (simple or complex) limited due to LBP, 5) able
to stand and walk without assistance, and 6) able to understand and sign a consent form.
4.3 Exclusion Criteria
The exclusion criteria are 1) BMI >30, 2) any structural spinal deformity including scoliosis,
kyphosis, or stenosis, 3) spinal fracture or dislocation, 4) low back pain due to trauma, 5)
osteoporosis, 6) ankylosing spondylitis, 7) rheumatoid arthritis, 8) disc herniation (i.e. diagnosis
with symptoms below the knee), 9) spondylolisthesis, 10) serious spinal complications such as
tumor or infection, 11) previous spinal surgery, 12) frank neurological loss, i.e., weakness or
sensory loss, 13) pain or paresthesia below the knee, 14) etiology of LBP other than the lumbar
spine, e.g., hip joint, 15) history of neurologic disease which required hospitalization, 16) active
treatment for cancer, 17) history of unresolved cancer, 18) pregnancy, 19) worker’s
compensation or disability case, and 20) in litigation for the LBP problem.
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4.4 Recruitment
People with LBP will be recruited from the WUPT clinic, local clinics and offices, and local
advertisements and health fairs. In all clinics, a list of the inclusion/exclusion criteria and
possible diagnoses will be available. Flyers will also be placed in all office areas and given to
clinic staff for reference.
4.4a Clinics/Offices
Study flyers will be placed in all area clinics/offices that see potential LBP participants and are
willing to assist with study recruitment. Patients that are being referred for physical therapy
treatment of their LBP also will be asked if they are interested in the study. If they are interested,
their information can be given to the research coordinator (RC) or research assistant (RA) or the
patient can contact the RC or RA directly. If the person is not interested, the person will be
scheduled as usual. The RA or RC will log everyone she contacts on the Telephone Screening
Log. If the person does not qualify for the study, he will be told to schedule his appointment with
the clinic. If a person exceeds three callbacks, he will no longer be contacted.

10

4.4b Clinic Enrollment Flowchart

4.5 Initial Screening
The RA will speak with interested individuals via phone. The RA will briefly describe the trial and
the procedures the person will participate in. Informed consent for a telephone screening will be
obtained. The RA will then interview the individual using a series of screening questions to
determine eligibility for the trial. If the person is deemed ineligible by phone screening, then the
RA will explain the reason why he does not qualify (DQ). If the person is deemed eligible by
phone screening, he then will be scheduled for a baseline laboratory visit where additional
screening will be performed. All individuals who are screened will be entered into a database
indicating their eligibility/ineligibility for the trial.
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4.5a Screening to Enrollment Flow Chart

5. Laboratory Visits
5.1 Informed Consent
If the person is eligible, he will be scheduled to come in for examination with the Research
Physical Therapist (RPT). On the first visit to the laboratory the Principal Investigator (PI), RPT,
RC, or RA will explain the informed consent process to the person. The person will then be
taken through the specific details on the informed consent form approved by Washington
University’s Human Research Protection Office (HRPO). In particular, the person will be told the
procedures he will participate in, the potential risks and benefits of participation, and his right to
refuse participation at any time without any effect on his subsequent health care. The person
then will be given an opportunity to read the consent form. The PI, RPT, RC, or RA will be
available to answer any specific questions, highlight the important details of the study again,
and remind the person of his rights as a participant. The person will then be asked to sign the
consent form. A copy of the form and a brochure explaining the person’s rights under the Health
Insurance Portability and Accountability Act (HIPAA) regulations will be given to the person for
his records. The signed consent form will then be signed by the person administering consent.
The consent form will be filed in a locked cabinet separate from the person’s data.
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5.2 Baseline Examination/Laboratory Measures
Participants who are eligible for participation in the study and provide informed consent will be
examined. At the initial visit, height and weight will be collected from each participant with
clothing on and shoes off using a manual scale. Height will be collected to the nearest ¼” and
weight will be collected to the nearest pound. The participant will then complete a
Demographics and LBP history questionnaire, the Numeric Pain Rating Scale (NRS), and the
MODQ. Participant eligibility of MODQ ≥ 20% score and at least 3 functional activities limited
due to LBP will be confirmed. Next, the participant will be examined by a licensed, trained RPT
who will use a standardized exam to classify the participant’s LBP based on the MSI
classification system.51,76-79 The participant then will complete additional self-report measures
and laboratory testing. Because all baseline testing occurs before randomization, research
personnel involved in testing will be blinded to the participant’s treatment assignment throughout
the study.
Laboratory Measures
Participants will perform functional activity tests that (1) parallel activities reported as
problematic for the majority of participants in prior studies, and (2) have been examined
previously. Retroreflective markers will be taped to the skin at predetermined locations on the
participant’s trunk, pelvis and legs. Data from 3 trials of each test will be captured. LBP will be
recorded during each trial.
5.3 Randomization
The sample will be stratified based on LBP classification. After baseline assessment, a
participant will be assigned randomly, within his strata, to either the (1) MST with no booster, (2)
MST with booster, (3) SFE with no booster, or (4) SFE with booster condition. The purpose of
stratification by LBP classification is to ensure similar representation of LBP subgroups in the
treatment conditions and eliminate any confounding of classification and treatment. Note that it
is not our goal to determine if LBP classification moderates treatment impact; there will not be a
sufficient number of subjects in some LBP classifications to address that issue with adequate
power. Randomization will be conducted using a computer-generated list of random numbers
provided by the biostatistics team. The randomization scheme will be prepared before initiation
of the trial and will be adhered to throughout the trial. Assignments will be performed within the
REDCap system once the Screening & Randomization form is completed. When the participant
with LBP is enrolled, and assigned a group, the RC will print the computer-generated group
assignment and schedule the participant with the appropriate therapist for all 6 clinic visits. The
first clinic visit should be scheduled within one week of the laboratory visit. The participant will
not be blinded to treatment assignment, but will be blinded to his assignment to booster/no
booster until completion of Laboratory Visit 3 (the 6 month visit).
5.4 Laboratory Visit 2 & 3
All measures and procedures used during Laboratory Visit 1 will be used again for the posttreatment follow-ups. All participants will be reminded not to discuss the details of their
treatment with blinded research personnel so that blinding to treatment assignment is
maintained. Laboratory Visit 2 will be scheduled within one week after discharge from the
treatment phase. Laboratory Visit 3 will be scheduled 6 months following Laboratory Visit 2.

6. Treatment Protocol
6.1 Overview
Both treatment groups will participate in a 1-hour treatment, once a week for six weeks. Each
group will also be given a home program to perform during the entire 12-month study period. All
treatments will be provided by licensed physical therapists trained in the respective treatments.
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The therapists cannot be blinded to treatment assignment, but are blinded to booster/no booster
assignment until the participant completes Laboratory Visit 3. None of the therapists, however,
will be involved in either (1) collecting baseline or follow-up data, or (2) laboratory meetings with
research personnel. In the initial phase of treatment, both groups will be provided the same
amount of time in treatment. Documentation of treatment prescription and progress is
standardized (including harm). This documentation will be used to track treatment fidelity. Rules
for prescribing and instructions for performing treatment items are standardized and
documented; instructions with photos will be available in hard copy.
6.2 Motor Skill Training (MST)
The motor skill training involves supervised, massed practice of novel, challenging functional
activities. The overarching principle of training is that the participant needs to practice
performing the functional activities in ways that (1) minimize use of the participant’s specific,
stereotypic lumbopelvic movement and alignment patterns (based on the participant’s LBP
classification), and (2) encourage use of other joints (thoracic spine, hips, knees) to complete
the activity painlessly. The lumbopelvic patterns related to the participant’s specific LBP
classification identified during the laboratory examination (flexion, extension, rotation, extension
& rotation, or flexion & rotation) will be targeted. We will use information about the participant’s
LBP classification to guide the training because (1) our data suggest there is added benefit to
classification-based training, (2) a meta-analysis of treatment studies showed that individualized
treatment provides added benefit to outcome, and (3) there is evidence supporting the existence
of LBP subgroups. Participants will be educated that the primary contributors to their LBP
symptoms are repeated movements and prolonged positions of the lumbopelvic movement
patterns related to their specific LBP classification. Additionally, participants will be educated
that the emphasis of treatment is to learn how to modify or change how they perform their daily
activities so that they do not use these patterns repeatedly throughout the day. During practice,
the participant will be given cues for using the trunk muscles needed to facilitate a correct
lumbopelvic pattern. Thus, rather than prescribing exercises for individual trunk muscles, we will
attempt to modify how the participant uses multiple trunk muscles within the context of the
activity in which they will be used. Such an approach should facilitate the use of these muscles
in daily functional activities and contribute to enhanced adherence.
Specific activities are selected for a participant to practice if performing them is painful or difficult
because of his LBP. To enhance salience, the participant will be involved in selection of the
activities to be practiced. In addition, a pre-determined set of activities will be included for all
participants because we know from prior studies that those activities are difficult for most people
with chronic LBP to perform. The set of activities parallels the functional activities that will be
tested in the laboratory. Three activities will be practiced for ~15-20 minutes each. Rest will be
provided, as requested. All activities will have 3 essential components: (1) contraction of groups
of specific trunk muscles, (2) earlier and greater movement of the hip, knee, and/or thoracic
spine relative to the lumbar spine, (3) later and less movement of the lumbar spine relative to
other regions. The muscles that need to be activated and the directions of movement and
alignment that need to be modified will be specific to the participant’s LBP classification. Within
each activity, the conditions of practice will vary. For example, sit ↔ stand will involve practicing
with various (1) seat surface heights, (2) seating materials, and (3) constraints of surroundings.
The order in which activities are practiced will be randomized. All participants will practice
simple activities (e.g., moving in bed) before complex activities (e.g., gardening). The level of
difficulty of the activity will be graded to match the motor capabilities of the participant and
progressed based on ability to (1) verbalize the key concept for that skill (2) appropriately modify
the movement or alignment and (3) control LBP symptoms during performance of 5 repetitions
of the skill. We use a highly reliable measure to assess these characteristics and decide if the
14

participant can be progressed to a higher level of difficulty.73 Participants need to practice
activities without reproduction of their LBP for three reasons. First, in experimentally-induced
pain conditions, researchers have shown that motor learning and related neuroplasticity can be
hindered. Second, if the stereotypic patterns do contribute to the participant’s LBP, modification
of the patterns should alleviate the LBP. Inability to perform the activity without pain could mean
the pattern has not been fully modified. Third, increased pain levels during exercise are
associated with poor adherence. A home program will be prescribed of 1-2 sets of 5-10
repetitions of formal practice of the activities practiced in treatment sessions.
An abdominal brace or tape can be used with any skill as indicated based on the participant’s
LBP classification and severity level. The use of a brace or tape is optional. Performing the skill
without the brace or tape would make the skill more difficult. The decision to use or not use a
brace or tape can be used in grading the skill. Some participants may need to always use a
brace or tape for performance of specific skills. If the patient sits for prolonged periods of time,
has anatomy that makes him vulnerable to poor positioning or any other factors that would
contribute to making adherence to the positioning recommendation difficult, providing
positioning devices is appropriate and should be considered.
6.3 Strength and Flexibility Exercise (SFE)
Exercises for trunk strength and trunk and lower extremity flexibility commonly cited in the
literature as being appropriate for people with chronic LBP and included in the previous trial will
be used. The overall goals of treatment will be to increase the participant’s trunk strength and
trunk and lower limb flexibility; if necessary, equipment will be provided. Participants will be
educated on possible contributors to pain, including poor posture, stress, loss of strength and
flexibility, and general decline in physical fitness. The therapist will be blinded to the LBP
classification to avoid any potential bias in the prescription of exercise or education, and
participants will not be educated about their LBP classification. Additionally, participants will be
educated about the benefits of strength and flexibility exercises and the expectation that
performance of these exercises will improve performance in daily activities limited by LBP.
Participants will be instructed that muscle soreness is expected with performance of new
exercises.
Strengthening exercises will target all trunk muscles. Flexibility exercises will target all trunk and
lower limb motions. Treatment is divided into 3 phases with each phase being progressively
more difficult. All participants will start with Phase 1 exercises regardless of strength or previous
experience with back pain exercises. All participants will be instructed to perform a home
program of stretching every other day and strengthening every other day. At each treatment
session, the therapist will assess the participant’s independence in performance of the
exercises and if the participant has met the criteria to advance to the next phase. Progression of
exercise will be based on independence in: knowledge of the key concept (purpose of the
exercise), correct performance without cues, and performance of the maximum number of
repetitions of each of the exercises (4 repetitions of 30 second holds for stretching and 3 sets of
10 repetitions for strengthening).
6.4 Training and monitoring of clinicians providing treatment
Clinicians administering treatment in both conditions will be trained before data collection
begins. SFE clinicians will be trained by the PI. MST clinicians will be trained by the PI and a coinvestigator with expertise in motor learning. Clinicians will be provided with training manuals
describing the treatment procedures in detail for each condition. Clinician proficiency in
delivering the treatment will be assessed with practical examinations administered yearly by the
co-investigator (MST) or the RPT (SFE). Clinician knowledge of treatment protocols will be
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assessed yearly with written examinations. Treatment fidelity will also be monitored by regular
review of clinician documentation. The PI will hold monthly meetings with the treating clinicians
in each condition to discuss any questions about the treatment protocol or implementation. The
treating clinicians will not discuss any participants’ names or other identifying information during
these meetings to maintain blinding.

7. Treatment Visit Procedures
7.1 Clinic Visit 1
Duration
The initial treatment is 1 hour in duration. This does not include the time the participant is
completing outcome measures or the therapist’s documentation of the visit. It is acceptable if
the participant requires more time this first visit for initial education and instruction, the therapist
should record the amount of time spent in treatment on the Clinic Visit 1 form.
Before the participant arrives for his first visit, the therapist should review the participant’s Clinic
Visit 1 folder that includes all of the information from Laboratory Visit 1. This includes the
following forms: (1) Medical Screening, (2) Demographics, LBP and medical history, (3) NRS,
(4) SF-36, (5) MODQ, (6) Absenteeism & Presenteeism, (7) FABQ, and (8) Clinical Examination
Data (History and Physical). The clinical examination data related to a participant’s LBP
classification is deleted from the forms for the clinicians providing the SFE treatment. This is
done to maintain blinding of a clinician to a participant’s LBP classification. There should also be
a Clinic Visit 1 form and a Treatment Progress Table appropriate to the participant’s treatment
group. The therapist will receive an additional folder that includes all of the paperwork for the
follow-up clinic visits.
Initial Interaction
While the participant is waiting for treatment to be initiated, the therapist should give the
participant the following forms to complete: (1) the NRS, and (2) the MODQ. The participant’s
progress since Laboratory Visit 1 should be reviewed. The therapist will then (1) provide the
overview of the trial and the specific treatment condition and (2) explain the overall goals of the
treatment condition.
Treatment
Treatment during Clinic Visit 1 will consist of (1) an explanation of Educational
Concepts/Principles, and (2) treatment based on the treatment condition assignment. At the end
of Visit 1 the participant is provided with (1) handouts for initiation of the home exercise program
(HEP), (2) the Daily Treatment Adherence Log to be filled out during the days between visits, (3)
an explanation of how to the complete the Daily Treatment Adherence Log, and (4) the
therapist’s contact information in case the participant needs to reschedule a visit, has any
questions, or experiences a worsening of status. The therapist records the events of Visit 1 in
the participant’s chart on the Clinic Visit 1 documentation form and Treatment Progress Table.
The time spent in treatment should be recorded on the Clinic Visit 1 documentation form.
7.2 Follow-up Clinic Visits
All treatment visits should be 1 hour in duration. This does not include the time the participant is
completing outcome measures. The time spent in treatment should be recorded on the Clinic
Follow-Up Visit documentation form. The participant should come to the reception area of the
clinic. The therapist should take the participant to a clinic treatment room upon arrival to keep
the participant from spending time in the reception area where discussion of treatment with
other participants may occur, potentially contributing to contamination of treatment. At this time
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the therapist should provide the participant with the (1) NRS, (2) MODQ, and (3) Educational
Principles quiz to be completed before treatment is initiated. The therapist reviews the NRS,
MODQ, Daily Treatment Adherence Log and Educational Principles quiz as well as events since
the last visit. The participant’s questions are answered and treatment is reviewed and
progressed. Education is focused on principles not understood based on quiz performance. The
majority of time should be spent on the exercises. The participant is given updated handouts of
the HEP as needed, a Daily Treatment Adherence Log, and is reminded of the next visit date
and time. The therapist records the events of the visit in the participant’s chart on the Clinic
Follow-Up Visit documentation form (including the time spent in treatment) and the Treatment
Progress Table.
Each clinic visit needs to be at least 5 calendar days to no more than 2 weeks after the previous
clinic visit. If a participant is up to 30 minutes late to his/her clinic visit and the clinician cannot
treat for the full hour, he/she should treat for 30 minutes and schedule an additional treatment
visit as soon as possible for the additional 30 minutes. The clinician should also inform the PI
within 24 hours of the late visit. Clinic visits should be split no more than 2 times, for a maximum
of 8 clinic visits for a participant. If the participant is more than 30 minutes late, it is the
discretion of the therapist as to whether the visit will be completed or rescheduled.
7.3 Final Visit
On the final visit, the participant’s HEP should be reviewed so that the participant knows what
he is expected to continue upon discharge. The therapist should encourage the participant to
continue to be active and continue with exercises regularly as prescribed. The therapist should
make sure the participant has scheduled his follow-up laboratory visit. The participant should be
reminded that he will be receiving monthly follow-up surveys via email which he will be paid to
complete. The therapist should provide his current contact information if the participant has
questions or has a status change after discharge. The participant’s follow-up laboratory visit
should be within the week after discharge from the treatment phase.
7.4 Booster Phase
The booster phase will occur 6 months after discharge from the initial treatment. Participants will
be randomized to a booster condition (their original condition-specific treatment) or a no booster
condition at the initial laboratory visit. The participant is told his assignment to boosters
(booster/no booster) at completion of Laboratory Visit 3 (the 6 month visit). Each booster
session will be 1 hour. The content of the booster treatment will consist of review/practice of the
home program from the initial treatment phase. The number of sessions will be based on the
number needed to attain independence in the prescribed treatment items, with a maximum of 3
visits. Participants will see the same treating therapist during the treatment phase and all
booster sessions. If a participant is randomized to the booster condition, the RPT will contact
the referring provider and inform him/her that the participant will be receiving additional
treatment sessions.
7.5 Reporting Worsening of Status and Procedures
For both MST and SFE, a worsening of symptoms is defined as an increase in the intensity of
LBP symptoms or peripheralization of symptoms (symptoms located more laterally and/or
distally from the original location) that lasts for greater than 4 hours after performance of the
treatment items and has not fully resolved after 24 hours. The participant should call the
therapist if there is a worsening of status (worsened symptoms or red flags are present) or if the
participant is concerned for any reason about his status. If the participant reports a worsening of
symptoms (as operationally defined), the therapist should discuss the possible causes of
worsening such as a change in activity level, specific activities, work conditions, sleeping habits,
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etc. If worsening appears to be caused by the HEP the participant should be instructed to stop
exercising for 24 hours and encouraged to use pain relieving techniques. These include using
medications as prescribed by his physician, and application of cold if within 48 hours of
worsening or heat if greater than 48 hours since worsening. After the 24 hours has passed, the
participant should begin the exercises/skills being practiced, starting with 1 exercise/skill the first
day. The participant should add 1 exercise/skill per day and report to the therapist if any specific
exercise/skill increases his symptoms. In the SFE condition an increase in symptoms during
exercise is not contraindicated and the participant should continue. If a particular exercise/skill
appears to cause a worsening, the participant should be instructed not to perform that specific
exercise/skill until the next visit. Performance will then be reviewed and modified as needed. If
the participant feels that certain exercises/skills are worsening his symptoms, these should be
stopped until the next visit. These, however, typically would not be expected to worsen the
participant’s status if performed correctly, so these exercises should specifically be reviewed for
correct performance at the treatment visit. If red flags are present, the participant should contact
his physician for follow-up and contact his therapist once he has communicated with the
physician. The therapist should complete the adverse event form and follow the procedure for
reporting an adverse event.
7.6 Adherence/Non-Adherence During Treatment Period
All participants should be encouraged to actively participate in their treatment program across
the 6 visits as well as after discharge. If the participant is having difficulty adhering, the therapist
should discuss strategies for adhering with treatment. If adherence becomes a problem, the
therapist should discuss this in the regularly scheduled meetings with the PI or contact her
directly to discuss strategies, making sure to not identify the participant so that blinding can be
maintained.

8. Human Protection (HRPO)
8.1 Charts
All paperwork in charts will have the participant’s ID number. No names or identifying
information will be on the paperwork or the chart when the participant’s chart is filed away for
the day. In the instance there is a name provided, the treating therapist should mask the name
by crossing out with a black marker. Charts will be kept in a locked file drawer that is only
accessible to the therapist treating the participant.
8.2 Visit Documentation
All documentation for each visit will be completed the day of the visit. This includes the clinic
visit form and the Treatment Progress Table. Chart audits will be conducted throughout the
study period to ensure adherence to the protocols and complete data sets per participant per
measure. For this reason, the charts should always be up to date and locked in the designated
filing area.
8.3 Blinding, Contamination, and Privacy Issues
Blinding
There can be no discussion of participants’ names when interacting with research personnel. All
research personnel are to remain blinded across the study period to all participants’ treatment
condition assignment. Research personnel include the following: (1) the Principal Investigator,
(3) the Research Physical Therapist, and (3) the Research Assistant. All paperwork associated
with the treatment of the participant must be coded with a participant ID number. The Research
Coordinator is unblinded to the participant’s treatment condition assignment, and can be
contacted with regard to any participant issues.
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Privacy Issues
Risks of confidentiality: All participants will be informed of HIPAA and will be given written
information reiterating HIPAA regulations. All people at the clinic and laboratory sites have been
trained in HIPAA regulations and procedures. All people interacting with the participant will be
reminded of the HIPAA procedures across the study period so that confidentiality is maintained.
The clinical and laboratory sites have also been set up to comply with HIPAA regulations. All
data forms (hard copy or electronic) will be immediately coded and personal identification
information will be removed. All hard copy data forms are stored in a locked cabinet. Only
research personnel authorized to access data for the proposed project will have access to the
locked cabinet. Informed consent forms will be kept in the PI’s office in a locked cabinet
separate from the data forms. All data collected at the clinical site will be coded and identifying
information removed immediately. Data will be stored in a locked file cabinet at the site. A
member of the research personnel will pick up clinical data from the clinical site when the
participant has completed the treatment phase and bring it back to the laboratory to be stored
with the laboratory data. Only the participating therapists and the RC will have access to this file
cabinet in the clinic. Therapists who participate in the study will also sign an agreement not to
discuss the treatments or progress of any of the participants in the study with other therapists in
the clinic, with other participants in the study, or with research personnel blinded to treatment
condition assignment. In addition, the institution in which the clinic is housed has agreed to
adhere to all guidelines for protection of human subjects outlined by the NIH.
8.4 Log of Adverse Events
All adverse events (AE) should be documented on the AE form. Serious adverse events (SAE)
should be immediately reported to the research personnel. The research personnel will report
the SAE directly to the IRB using the following protocol set forth by the Human Research
Protection Office at Washington University School of Medicine: a) death within 24 hours, and b)
all other internal events within 10 days. Should any adverse events deemed to increase risks to
participants be identified, the study will stop immediately and an investigation will be conducted.
A report indicating the findings will be produced prior to study resumption.
8.5 Data and Safety Monitoring Plan
In addition to ensuring the safety of research subjects, the PI will be responsible for ensuring
data safety and confidentiality. This will be accomplished by keeping all identifying information
about research data or health identification data in a locked cabinet that can be accessed only
by authorized research personnel. In addition to the daily safety procedures outlined, a
committee of 3 health professionals at Washington University School of Medicine who are
independent of the study have agreed to act as an internal Data and Safety Monitoring
Committee (DSMC) to monitor the progress of the study and the procedures for maintaining the
integrity and safety of data collection, processing, and analysis procedures as well as the
reporting of adverse events. A professor in the Program in Occupational Therapy and the
Department of Neurological Surgery and a professor in the Program in Physical Therapy and
the Department of Radiology will provide expertise in the area of the overall integrity of the
research process, and in particular, maintenance of the integrity of the data collection and
analysis process. A physician and associate professor in the Department of Orthopedic Surgery
and the Department of Neurology with a specialty in spine disorders and board certification in
pain management will provide expertise with regard to spinal conditions, function as the medical
monitor, and guide the committee with regard to actions necessary for dealing with and
reporting any adverse events. The PI, and other Co-Investigators as appropriate, will meet with
the DSMC two times a year to review progress of the data collection process, evaluate any
unanticipated or anticipated side effects of participation in the study, and monitor the integrity
19

and the accuracy of the data generated from the study. The biostatistics team will be
responsible for overseeing the presentation of data at the DSMC meetings. In particular, The PI,
the biostatistics team and other members of the research team will present recruitment and data
issues and analyses at each meeting. Reports will be kept of each meeting and kept on record
in the PI’s laboratory. The PI and the research personnel will be responsible for implementing
any procedures recommended by the DSMC. In addition to data and safety monitoring by the
DSMC, adverse events will be reported to the Washington University Human Research
Protection Office (HRPO) by the Principal Investigator within 24 hours of the event. Serious
adverse events will also be reported to the funding institute. The Washington University HRPO
will also monitor the progress of the study, the safety and privacy compliance of the recruitment
and data collection procedures, and the proper reporting of adverse events through required
yearly progress reports. The yearly progress reports include cumulative reports of any
unanticipated or adverse events, yearly renewals of our informed consent document, and
approval of all recruitment materials used for the study. If a serious adverse event occurs, the
Washington University HRPO will be contacted immediately and the forms accessible through
the HRPO website will be accessed to document the circumstances of the event. Changes in
the consent form or protocol will be made if indicated based on the nature of the unanticipated
or adverse event.

9. Assessments and Outcome Measures
9.1 Outcome Measures Overview
There will be an array of measures to assess outcomes, examine potential treatment effect
modifiers, prescribe and progress treatment, and describe the sample. The measures were
chosen to capture the important dimensions recommended for the study of people with LBP. All
self-report measures will be collected using the automated, web-based system. The Time Table
for Administration includes information about the time points of administration. The total
administration time for all study measures is ~3 hours. All participants will receive a subset of
self-report measures monthly that require ~30 minutes to complete.
9.2 Key Self-Report Measures
Modified Oswestry Disability Questionnaire (MODQ): The primary outcome variable is the 10item MODQ, a disease-specific measure that provides an index of a participant’s perceived
LBP-related functional limitation. The scale for the MODQ ranges from 0-100; 100 represents
the highest level of limitation. The MODQ is reliable, valid, and sensitive to change.
Numeric Pain Rating Scale (NRS): An 11-point scale (0-10) will be used to measure current
pain, as well as average and worst pain over the prior 7 days; larger numbers indicate more
intense pain. NRS measurements are reliable, valid, can be treated as ratio scale data, and
provide sufficient levels of discrimination to describe pain intensity at varying levels of acuity.
9.3 Adherence to Home Program
During both the initial treatment phase and the booster phase, a standardized self-report
measure of daily treatment adherence will be used. Participants will use a Visual Analog Scale
(VAS) to indicate the percentage of the treatment they were able to perform as prescribed within
a specific time interval (e.g., daily). The scale ranges from 0-100% with higher values indicating
higher adherence. This measure will also be used to quantify adherence as part of the monthly,
web-based, self-reports.
9.4 Descriptions of Self-Report Measures
Modified Oswestry Disability Questionnaire (MODQ)
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Background/Purpose: This questionnaire is designed to give the therapist information as to
how LBP has affected a participant’s ability to manage in everyday life. It is a 10-item, diseasespecific measure that provides an index of the patient’s perceived LBP-related functional
limitation.
Time points of administration: Laboratory Visit 1, Clinic Visits 1-6, Laboratory Visit 2, followup months 1-12, Booster Sessions
Procedure: Participants will answer each of the 10 questions by placing a mark in the one box
that best describes his current condition. Since a participant may feel that 2 of the statements
describe his condition, he is instructed to mark only the box that most closely describes his
current condition.
Scoring: Each item is given a value from 0-5. The total score is the sum of all questions divided
by 50, multiplied by 100 to get a percent. 100 represents the highest level of limitation. The
minimal clinically important difference (MCID) for the MODQ for people with chronic LBP is 4-6
points.63
Numeric Pain Rating Scale (NRS)
Background/Purpose: This questionnaire is designed to give the therapist information on the
intensity of a participant’s LBP symptoms.
Time points of administration: Laboratory Visit 1, Clinic Visits 1-6, Laboratory Visit 2, followup months 1-12, Booster Sessions
Procedure: Participants will rate their LBP symptoms on a numeric scale of 0-10 where 0
represents no symptoms and 10 represents symptoms as bad as can be. They will rate their
average symptoms over the prior 7 days, and worst symptoms over the prior 7 days.
Scoring: The score for each item is the rating the participant provides for each symptom
category (average and worst). The MCID for the NRS is 280,81 points or 30%80 change from
baseline.
Acute Flare-Ups of LBP in Past 6 Months
Background/Purpose: This questionnaire is designed to give the therapist information about
the history of a participant’s LBP flare-ups in the past 6 months.
Definition: A flare-up is an increase in symptoms of at least 2 points on the NRS above a
person’s typical low back pain and lasts for at least 2 consecutive days82
Time points of administration: Laboratory Visit 1, Laboratory Visit 3, follow-up month 12
Procedure: Participants will fill in information on how many acute flare-ups they have had over
the past 6 months, how many days each flare-up averaged in length, and the average pain
intensity during the flare-ups.
Scoring: The score for each item will be the number the participant provides for each flare-up
category: (1) Number of acute flare-ups over the last 6 months, (2) Average length in days of
acute flare-ups, (3) Average intensity of acute flare-ups.
LBP Recurrences
Background/Purpose: This questionnaire is designed to give the therapist information about
the history of a participant’s LBP recurrences in the past 6 months.
Definition: A recurrence is an increase in LBP symptoms of at least a 2/10 that lasts for at least
24 hours and is preceded and followed by at least 30 days of no symptoms74
Time points of administration: Laboratory Visit 1, Laboratory Visit 3, follow-up month 12
Procedure: Participants will fill in how many recurrences of LBP they have had over the past 6
months, how many days each recurrence averaged in length, and the average pain intensity
during the recurrences.
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Scoring: The score for each item will be the number the participant provides for each
recurrence category: (1) Number of recurrences over the last 6 months, (2) Average length in
days of recurrences, (3) Average intensity of recurrences.
36-Item Short Form Health Survey (SF-36)
Background/Purpose: This questionnaire is designed to assess information about a
participant’s mental and physical health, and how well he is able to do his usual activities.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, Laboratory Visit 3, followup month 12
Procedure: Participants will answer each question by marking the answer as indicated. If
participants are unsure how to answer a question, they are instructed to choose the best answer
they can.
Scoring: Using a scoring application, the SF-36 provides 8 scales: a Physical Functioning,
Role-Physical, Bodily Pain, General Health, Vitality, Social Functioning, Role-Emotional, and a
Mental Health score. Each score is transformed to a 0-100 scale. The scores also are combined
to provide a Physical Component (PCS) and Mental Component (MCS) Summary score. For the
PCS and the MCS, norm-based scores are scaled and normalized to have a mean of 50 and a
standard deviation of 10 based on the 1998 population norms.83
Absenteeism from Usual Activities
Background/Purpose: This questionnaire is designed to assess the number of days a
participant has been kept from his usual activities (work, school or housework) because of
LBP.84,85
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, follow-up months 1-12
Procedure: Participants will answer each question by marking the answer as indicated.
Scoring: Quantified as number of days the participant did not participate in usual activities over
the past 4 weeks. Range is from 0-28 days. Higher numbers indicate more days kept from
activity/more affected by LBP.
Stanford Presenteeism Scale
Background/Purpose: This questionnaire is designed to assess how a participant’s LBP
affected his participation in usual activities and the impact of LBP on his ability to do his job over
the past 4 weeks.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, follow-up months 1-12
Procedure: Participants will answer each question by marking the answer as indicated.
Scoring: Presenteeism is indexed in 3 ways. First, a Work Impairment Score (WIS) is
calculated as the sum of answers on the questions regarding how LBP has affected job ability
over the past 4 weeks. Each of the WIS questions is ranked on a 5-point Likert scale. All scores
are 1-5, with questions 2, 5, 6, 8, and 10 reverse scored (5-1). The score ranges from 10-50
with 50 indicating the highest degree of impairment. Second, a Work Output Score (WOS) is
quantified using the participant’s estimate of the percentage of his usual productivity level during
work over the past 4 weeks (1-100%). Third, a Work Absenteeism Score (WAS) is quantified
using the participant’s response to the number of work hours (1-40+) he missed in the past 4
weeks.86
Current Medication Use for LBP
Background/Purpose: This questionnaire is designed to provide general information on the
use of medication for a participant’s LBP.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, follow-up months 1-12
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Procedure: Participants will answer each question by marking if they are taking nonprescription medication and prescription medication for their LBP. If yes, participants will
indicate which medications they are taking and how many pills per day they are taking. For
Laboratory Visit 1 and Laboratory Visit 2, the participant will answer regarding medications he is
currently taking. At follow-up months 1-12, the participant will answer regarding the past 4
weeks.
Health Professional Care Seeking for LBP
Background/Purpose: This questionnaire is designed to provide general information on the
use of additional treatments for a participant’s LBP.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, follow-up months 1-12
Procedure: Participants will answer each question by marking yes or no for a list of other
healthcare professionals they are seeing for treatment of their LBP. At Laboratory Visit 2 and
follow-up months 1-12, if participants mark yes for a healthcare professional, they are
subsequently asked how many times they saw that healthcare professional in the past 4 weeks.
Equipment Use for LBP
Background/Purpose: This questionnaire is designed to provide general information on the
use of equipment for a participant’s LBP.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, follow-up months 1-12
Procedure: Participants will answer each question by marking yes or no for a list of equipment
they are using to treat their LBP. At Laboratory Visit 1 and Laboratory Visit 2 participants will
answer regarding equipment they are currently using. At follow-up months 1-12, participants will
answer if they obtained additional equipment in the past 4 weeks.
Satisfaction with Care
Background/Purpose: This questionnaire assesses information about how satisfied a
participant feels with the physical therapist and treatment he was provided.
Time points of administration: Laboratory Visit 2
Procedure: Participants will answer each question by marking the answer as indicated. They
may only check off one answer per item.
Scoring: Each question is ranked on a 5-point Likert scale. All scores are 1-5, with questions 1,
3, 4, 8, 9, 10 and 13 reverse scored (5-1). The total score is the sum of all of the answers (1575).
Adherence to Home Program
Background/Purpose: This questionnaire is designed to provide information about how often a
participant performs his treatment as it was prescribed. For the MST participants, the adherence
is a combination of their prescribed exercises and the amount they applied the principles
learned in treatment and performed the activities as prescribed across their day. For the SFE
participants, the adherence is a combination of their prescribed strengthening and flexibility
exercises.
Time points of administration: Clinic Visits 2-6, follow-up months 1-12, Booster Sessions 2-3
Clinic Visits (Daily Adherence)
Procedure: Participants will use a VAS to indicate for each day the percentage of the treatment
they were able to perform as prescribed. At each clinic visit the therapist will ask the participant
to provide an estimate of the average percentage of the treatment he was able to perform as
prescribed in the interval of time between 2 clinic visits.
Scoring: Average adherence is calculated by averaging the participants’ daily adherence.
Scores range from 0-100%. Higher values indicate higher adherence to treatment.64
Follow-up months 1-12 (Monthly Adherence)
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Procedure: Participants will use a VAS to indicate an average percent adherence to
performance of the treatment as prescribed over the past month.
Scoring: Value (percentage of treatment performed) provided by the participant on each
monthly survey. Scores range from 0-100%. Higher values indicate higher adherence to
treatment.64
Demographics and LBP and Medical History
Background/Purpose: This questionnaire is designed to provide general information about the
participant’s demographics, LBP and medical history.
Time points of administration: Laboratory Visit 1
Procedure: Participants will provide information about each of the following items: age,
handedness, gender, race, ethnicity, occupation, employment situation, marital status,
education, LBP history, medical history.
Fear-Avoidance Beliefs Questionnaire (FABQ)
Background/Purpose: This questionnaire is designed to assess a participant’s fear of pain and
beliefs about how work and physical activity affect his LBP.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, Laboratory Visit 3
Procedure: Participants will answer each question by marking the answer as indicated.
Scoring: Each question is ranked on a 7-point Likert scale (0-6). Higher scores indicate higher
fear-avoidance. Two subscale scores are calculated. The physical activity subscale score
(FABQ-PA) is the sum of questions 2, 3, 4, and 5 and ranges from 0-24. The work subscale
score (FABQ-W) is the sum of items 6, 7, 9, 10, 11, 12, and 15 and ranges from 0-42.
Treatment Preference Assessment Measure (TPA)
Background/Purpose: This questionnaire is designed to provide information about a
participant’s treatment preferences and the participant’s perceptions of four attributes of each
treatment: effectiveness, acceptability, suitability/appropriateness, and convenience. The
questionnaire is modified from a preference questionnaire designed by Sidani et al87 to reflect
the treatments provided in the trial.
Time points of administration: Laboratory Visit 1, before randomization
Procedure: The two treatment descriptions will be given in a random order to each participant.
First, the RA will inform the participant that she is interested in learning about his perception of
each treatment. Second, the RA will read the description of the first treatment option. The RA
will read the description slowly, clearly, and in an unbiased manner, in order to facilitate
understanding. Third, the RA will ask the participant to rate the attributes of the treatment option
just described. Fourth, the RA will repeat the three steps as they relate to the second treatment
option. Fifth, the RA will ask the participant if he has a preference for either of the two treatment
options, and if so, which one.
Scoring: The four treatment attributes (effectiveness, acceptability, suitability/appropriateness,
and convenience) will be rated on a 5-point Likert scale (0-4). A total scale score for each
treatment will be computed as the mean of the four attribute ratings. Whether the participant
prefers one of the two treatments will be recorded as yes/no. If the participant has a preference,
then his preferred treatment will be recorded as MST or SFE.
9.4a Time Table for Administration
Measures

Laboratory
Visit 1
(Baseline)

Clinic
Visits
1-6

Laboratory
Visit 2
(PostTreatment)

Follow-up
months 1-12
(Web-Based)

Laboratory
Visit 3
(Follow-Up
Month 6)

Booster
Session (At
Month 6)
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MODQ
NRS
(average & worst in
prior 7 days)
Acute Flare-Ups of
LBP

X

X
(paper)

X

X

X
(paper)

X

X
(paper)

X

X

X
(paper)

X

X
(12 month only)

X

LBP Recurrences

X

X
(12 month only)

X

SF-36

X

X

X
(12 month only)

X

Absenteeism from
Usual Activities

X

X

X

X

X

X

X

X

X

Stanford
Presenteeism Scale
Use of LBP-related
medications
& Additional
treatment for LBP
Satisfaction with care

X

Adherence to Home
Program

X
(paper)

Demographics/LBP &
medical history

X

FABQ

X

TPA

X

Contact Information

X

Email Confirmation
Clinical examination
to classify LBP

X

Clinic visit
documentation

X
(electronic)

X
(paper)

X

X

X

X

X

X

X

X

10. Data Management
10.1 Data Management Overview
The biostatistics team will oversee all activities. The PI and the Research Biostatistician will
supervise data management. The research biostatistician will prepare web-based forms for data
entry and editing, oversee data entry, write programs for data validation, manage the security
and privacy of the electronic forms and data sets, prepare data sets for analysis, create
progress reports, and provide for regular, secure back up of data. We will use a secure
database created using Research Electronic Data Capture (REDCap) tools hosted by
Washington University Biostatistics.
10.2 Sample Size Estimate
A power analysis88 was conducted to determine adequate sample size for detecting a minimally
important clinical difference of 6 on the MODQ.89 Because power procedures for HLM models
are not yet well developed, we used a multiple regression approach,90 a reasonable alternative
given both HLM and multiple regression are similar in form and intent. Furthermore, we took the
conservative approach of powering the study for detection of a difference within a given time
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point. A study adequately powered to detect within-time differences will then have equal or
greater power to detect differences over time to the extent that measures over time are
correlated. This is a reasonable assumption, and in fact, analyses of data from our prior trial
indicate correlations among the MODQ scores collected at different times averaged .49. The
calculations based on a single time period thus provide a conservative estimate and “worst
case” approach to determining sample size. 90 The power analysis assumed 1) the basic 4
group (Treatment x Booster) design (3 df), 2) inclusion of 3 additional predictors (e.g., age,
adherence, classification; 3 df), 3) an interaction component reflecting how the effect of
treatment could depend on other predictors (9 df), 4) attrition of 20%, 5) a .05 level of
significance (two-tailed), and 6) minimum power of .80. The chosen power value is the common
standard used in most power analyses. Using the target effect of 6 on the MODQ and variability
estimates from the prior trial, the power analysis indicated that 154 participants would need to
be enrolled. Note that although examining moderation of treatment impact by LBP classification
is not a specific aim, we will be able to explore such moderation by including dummy codes
representing classification as additional predictors in the model. Note also that there are a large
number of potential moderators that could be included in the statistical model, but we made
provisions for including 3 additional predictors in any given analysis because of the likely
intercorrelations that will exist among candidate predictors. Preliminary analyses will identify
relative independent predictors or create composite predictors from highly correlated measures.
10.3 Analyses
Data analyses will proceed in several stages. Stage 1. Preliminary analyses will examine the
distributional characteristics of variables to detect the presence of outliers or the need for
transformations. Resampling procedures (e.g., bootstrapping) will be used if appropriate
transformations are not possible.91-93 Basic descriptive statistics for each measure and the intercorrelations among variables will provide a simple initial view of the sample characteristics.
Similarly, simple univariate analyses (e.g., t-tests, chi-square) will be used to examine simple
group differences. Major analyses to examine the specific aims will use hierarchical linear
modeling, described in detail later. Stage 2. To ensure that subjects are representative, the
baseline characteristics (e.g., age, gender) of the sample will be compared to those eligible to
participate in the study, but who refused to participate. Stage 3. To determine if the
randomization scheme provided a balanced sample, the baseline sociodemographic and
medical characteristics will be compared across treatment groups. These comparisons will be
made in 2 ways to reflect the 2-stage nature of the treatment. One set of analyses will examine
differences between subjects randomly assigned to the 2 treatment groups following collection
of baseline measures. A 2nd set of analyses will compare subjects that reach the booster phase
of the study. These analyses will examine differences between subjects randomly assigned to
the 2 booster conditions on measures collected prior to the booster randomization. The prior
assignment to treatment condition will also be considered in this 2nd set of analyses. If random
assignment to booster groups is balanced there should be neither significant main effect
differences between booster conditions nor any significant Treatment Group x Booster Group
interactions. Stage 4. Because of the large number of outcome measures, steps will be taken to
control inflation of the Type I error rate. Primary hypotheses will be tested with an uncorrected
alpha level of .05, as is warranted by their a priori nature.94 Other hypotheses will be examined
using Bonferroni corrected alpha levels. Stage 5. The primary analyses will be based on the
intention to treat approach. In this approach, all subjects who are randomized to a particular
treatment condition will be analyzed as part of that treatment group, regardless of subsequent
events (e.g., lost to follow-up).95 Stage 6. Missing data can be handled in a variety of ways
(e.g., last value forward, multiple imputation), but each method has potential biases and makes
assumptions about the underlying basis for the missing data and other features of the data that
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are present. Without prior knowledge of the missing data process, we will explore the
implications of applying different strategies.96-98
The major statistical approach for testing the Specific Aims will be hierarchical linear
modeling (HLM).99-101 This approach is well suited to longitudinal data that contain spacing of
measures that can vary across subjects, missing data patterns that can vary across time and
subjects, inclusion of time-varying covariates (e.g., adherence), and outcomes that can be either
continuous (e.g., MODQ) or categorical (e.g., use of medication). These complexities limit the
use of standard repeated measure analyses (e.g., ANOVA) that require fixed spacing of
measures and complete data or are designed for particular kinds of outcomes (e.g., normally
distributed continuous variables).
For longitudinal data, HLM models the data at 2 levels: change over time at the level of the
individual, and, between-individual moderators of the change trajectories. These are referred to
as Level 1 and Level 2 models respectively. At Level 1, the data for each individual is conceived
as follows (using MODQ as the example outcome): Oswestryti =  0i + 1iTimeti +  2iTimeti2 + eti In this
model, π0i is the intercept or level of the outcome when time is 0 (which depends on how the
data are centered, described later) for person i, π1i is the linear time parameter (at the centering
point) and π2i is the quadratic time parameter. Based on analyses from our recent trial, this basic
quadratic model will be sufficient for estimating the time course of outcomes. Importantly, this
basic model can be expanded to include other predictors that are collected over time, such as
adherence, allowing investigation of interactions that could, for example, detect the differential
effect of adherence over time on MODQ scores.
The Level 1 coefficients become the outcomes at Level 2 and are predicted by variables that
vary across subjects. These include the treatment groups to which subjects are assigned as
well as history and demographic variables that can be expected to influence the time course of
 =  +  (Treatment ) +  (Booster ) +  (Treatment x Booster ) +  (Age )
outcomes. The Level 2 model can be
 =  +  (Treatment ) +  (Booster ) +  (Treatment x Booster ) +  (Age )
illustrated as follows: For example, the
 =  +  (Treatment ) +  (Booster ) +  (Treatment x Booster ) +  (Age )
model for π1i tests whether the linear
change in outcome at the centering point differs from 0 (β10), differs for subjects in the 2
treatment groups (β11), differs for subjects in the 2 booster conditions (β12), jointly influenced by
treatment and booster conditions (the interaction, β13), and varies as a function of age (β14).
Treatment group and booster group would be represented by dummy codes. The age predictor
is simply illustrative of how predictors other than treatment can be incorporated into the Level 2
model. The other Level 2 equations are interpreted similarly, but refer to prediction of the Level
1 intercept (π0i) or the Level 1 quadratic component (π2i) and test the overall magnitude of the
outcome or the departure from linearity, respectively. The latter is important, for example, in
detecting whether the booster treatment can reduce the reversal of improvement that we
observed at 12 months in our recent clinical trial.
The interpretation of the Level 1 intercept (π0i) and Level 1 linear component (π1i) depend on
how the Level 1 data are centered. If, for example, time is centered at 6 months, then the
intercept is the expected magnitude of the outcome at 6 months and the linear component is the
rate of change at that time point (the tangent to the curve at the centering point). We will
analyze the data at multiple centering points to allow full exploration of the nature of change
over time and to detect treatment and booster condition differences at particular time points.
Specific Aim 1 will focus on the effects of treatment on outcomes (coefficients β01, β11, β21)
and examine how LBP (HR1a), functional limitation (HR1b), use of LBP medication/healthcare
services (HR1c), levels of adherence (HR1d) and movement and alignment patterns (HR1e)
change over time and, in particular, as a function of treatment group. Specific Aim 2 will focus
on booster group effects and examine how function and adherence are influenced by the
booster treatment (coefficients β02, β12, β22) and how this may be moderated by the type of
treatment group to which participants are assigned (i.e., Treatment x Booster interactions,
coefficients β03, β13, β23). Specific Aim 3 will focus on two additional moderators, adherence and
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movement and alignment patterns. These will be incorporated at Level 1 because they will be
collected repeatedly. To add a measure of adherence would modify the model as follows:
Oswestryti =  0i + 1iTimeti +  2iTimeti2 +  3i Adherenceti + eti
The coefficient, π3i, then is modeled at Level 2
where the impact of treatment group can be investigated (HR3a for adherence, HR3b for
movement and alignment patterns).
Economic analyses will focus on direct and indirect health costs. Direct health costs will be
measured from the payer perspective. We will estimate the cost of medication using both the
average wholesale price (AWP) and the wholesale acquisition cost (WAC) and assume that
medication is used as prescribed. The cost of health services and medical equipment will be
estimated using the Medicare allowable. Resources for which there is no AWP, WAC, or
Medicare allowable will be estimated from a review of average retail prices. Analysis of the
healthcare costs over time as a function of treatment will use the same HLM procedures
proposed for our primary outcome measure, with the particular approach (e.g., generalized
linear modeling) depending on the underlying sampling distribution (e.g., normal, Poisson). We
will measure indirect health costs using absenteeism and presenteeism questionnaires. As with
the measurement of expenditures, we will use HLM methods to evaluate the association
between the treatment condition and days (or hours) lost (absenteeism and presenteeism will
be evaluated separately) over time. As these data are counts, it is likely that a Poisson or
negative binomial model will be necessary.
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Final Protocol and Statistical Analysis Plan
1. Background and Introduction
Significance
At least 60%-80% of adults will experience LBP,1 and almost ½ of them will have had a major
episode by age 30.2 Chronic LBP is the most common type of chronic pain in adults1,3 and its
prevalence is increasing.4,5 At least 75% of people who have a LBP episode, fail to recover fully
within 1 year.6 Pain persists as do limitations in simple movements and complex functional
activities like self-care, social role, and work.3 Recurrence rates are as high as 78%.7 Thus, for
many people LBP is a long-term, function-limiting condition rather than a short-term, self-limiting
condition.6,8-11 LBP-related costs are staggering. Estimated annual costs for LBP-related healthcare are $30.7 billion and are increasing.12
Treatment of chronic LBP
Exercise is one of the primary non-surgical approaches used worldwide for managing LBP.13-16
Based on systematic reviews, experts concluded that exercise is as efficacious, if not more
efficacious for managing chronic LBP than 1) no treatment, 2) usual care, and 3) many other
treatments, such as massage or laser therapy.13,15-22 Experts also concluded that specific
characteristics of exercise programs influence their efficacy23 and that the most efficacious
programs are 1) tailored to the individual, 2) delivered with supervision, and 3) designed to
achieve high doses by emphasizing adherence. Despite the evidence for the beneficial effects
of exercise in chronic LBP, several issues remain unresolved. First, little is known about which
exercise is best for which patient.15,22 There is no evidence that any particular type of exercise is
clearly and consistently more efficacious than any other.13-16,20-22,24,25 Many experts have
suggested that differences between approaches have been missed because the heterogeneity
of subjects in samples13,15,16,20-22,26 and variability in the treatments studied have diluted the
effects.23,27 Second, when exercise is compared to non-exercise approaches, the effects tend to
be small and inconsistent for outcomes like pain and function14,20,22 and most of the significant
effects are obtained only at the earliest follow-up.14,22 Third, adherence and tests of the effects
of adherence on outcomes are rarely examined.16,18,21,23,28 Fourth, few studies examine the
mechanisms underlying exercise effects,20-22,25,27 so we do not know whether improvements in
outcome with exercise are consistent with mechanism-based predictions for specific variables.
The primary recommendation from review groups is that future studies should investigate the
effect of individualized exercise strategies in well-defined populations of people with LBP.14,2124,27
The exercises should be aimed at restoring normal function and facilitating the person’s
performance of daily activities.13,18,29 Furthermore, they recommend that future studies be
designed to examine both the 1) specific mechanisms underlying the effect of exercise, and 2)
effects of adherence on outcomes.16,20-22,25,30 We will address all 3 of the recommendations.
Individualized exercises for restoring normal function and performance of daily activities
Given the profound impact of LBP on function,3,6,12 a logical approach requires inclusion of
explicit, individualized practice in performance of functional activities as a form of exercise.
Interestingly, only physical conditioning programs, such as work hardening, work conditioning,
and functional restoration include practice of activities as part of treatment.31-36 However, these
programs are primarily intended for people with disabling, work-related LBP. Thus, many of the
activities that are practiced are 1) heavy work activities rather than routine functional
activities,32,33,36-38 and 2) not typically tailored to the individual. Finally, the programs tend to
include a variety of co-interventions so the effect of any specific component is unclear. 32,35
Neural mechanisms underlying the effect of exercise
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Because both exercise and practice in performance of functional activities are types of motor
training, studies in the motor training literature can inform our understanding of the mechanisms
underlying their effects. Motor training induces structural and functional adaptations across a
variety of motor regions of the nervous system.39-43 In a review of the effects of skill, endurance,
and strength training on the motor cortex and spinal cord, Adkins et al. emphasized the fact that
the nature and location of adaptations are dependent on the specific behavioral demands of the
motor experience.44 Skill training is defined as the acquisition and refinement of novel
combinations of motor sequences. Skill training results in synaptogenesis, synaptic potentiation,
and reorganization of movement representations in the motor cortex.44,45 Such adaptations are
associated with the acquisition of new motor skills and vary with the degree of motor skill a
person displays.43,46-48 By contrast, strength and endurance exercises do not produce these
adaptations.49,50 If a goal of LBP rehabilitation is to aid acquisition, retention, and refinement of
new motor behaviors to improve function, then the use of motor skill training is a necessity.
Model for development and course of LBP
The Kinesiopathologic Model (KPM) provides a conceptual basis for understanding the
development and course of LBP. Specifically, LBP is proposed to be the result of repeatedly
using direction-specific (flexion, extension, rotation, some combination) stereotypic movement
and alignment patterns in the lumbar spine. The patterns begin as the result of an interaction
between an individual’s structural characteristics and the movements and alignments needed to
perform daily functional activities.51-57 Over time, the same patterns are used repeatedly for
many different functional activities. The typical stereotypic pattern is characterized by the lumbar
spine moving more readily in its available range in a specific direction(s) than the thoracic spine
or hip.57-61 Because the same patterns are used repeatedly, the loading is always on the same
spinal tissue and tissue stress is concentrated in specific areas.62 Repetitive loading of the same
tissue could also alter the tissue’s tolerance over time, accelerate the rate of mechanical injury,
and potentially lead to tissue degeneration. Thus, the KPM describes a mechanism by which
repetitive loading during performance of daily functional activities could contribute to the
development and course of this often long-term, function-limiting condition.
Potential for individualized motor skill training to improve long-term course of LBP
In our recently completed clinical trial, we compared the effects of a classification-specific (Sp)
treatment to a non-specific (NSp) treatment over a 12 month period. The Movement System
Impairment (MSI) classification system that we used to classify subgroups of people with LBP is
based on the KPM.51 People in the various LBP subgroups exhibited direction-specific,
stereotypic patterns of lumbar movement and alignment that were associated with their LBP.
The Sp treatment included both exercise and training in functional activities directed at
modifying the specific pattern(s) associated with the person’s LBP. The NSp treatment included
strength and flexibility exercise as well as training to maintain a neutral alignment of the lumbar
spine during functional activities. We found that people in both the Sp and NSp groups had very
large clinically meaningful improvements (61% at 6 mos) in pain and function63 but differences
between groups were smaller than expected.64 We attributed the results to 3 related facts: 1) in
addition to exercise, both groups received training to improve lumbar spine control during
functional activities, 2) in both groups, adherence levels were higher and more prolonged for
training in functional activities than for exercise, and 3) outcomes continued to improve for about
6 months after treatment but then gradually reversed along with declines in adherence to
functional activity training. Changes in pain and function were much more strongly associated
with adherence to functional activity training than with adherence to exercise. Thus, training in
functional activities appears to be the essential active ingredient for improvement in both
groups. Accordingly, the next important steps are to 1) disentangle the effects of training in
functional activities and exercise, 2) maximize the effect by providing individualized motor skill
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training during functional activities based on principles of motor skill learning, 3) prolong the
treatment effects by providing a booster treatment at 6 months, and 4) enhance our
understanding of the underlying mechanism by testing for predicted differences in the effects of
the interventions on laboratory measurements of movement and alignment.
Impact on clinical practice
Currently rehabilitation for people with chronic LBP is highly variable and is usually focused only
on treatment of acute recurrences.28,65-67 Successful completion of this project will provide
specific recommendations for the use and timing of individualized motor skill training for
functional activities that can be applied immediately in practice. Because the training is focused
on how an individual can painlessly perform functional activities that are limited, our findings will
provide clinicians with an approach to treatment that directly addresses the factors proposed to
contribute to the costly, long-term course of LBP. Also because the treatment is associated with
prolonged periods of high levels of adherence, and uses specifically timed, periodic booster
sessions to reinforce behaviors that minimize the patient’s symptoms and functional limitations,
our findings will provide the clinician and the person with LBP a feasible approach to long-term
management of the condition, rather than just treating acute recurrences. Such an approach to
LBP care could have an important impact on the long-term course (i.e., persistent or recurrent
symptoms) and associated health-care costs of chronic LBP.
Focus on a treatment associated with high levels of adherence
The level of adherence during long-term treatment for most chronic diseases is only ~50%.68
Poor adherence equates with low treatment dosage and consequent diminution of treatment
effects. Data from our clinical trial demonstrated that 1) adherence levels were higher and more
prolonged for training in functional activities than for exercise, and 2) changes in pain and
function were more strongly related to functional activity adherence than to exercise adherence.
Thus, in the proposed project we are focusing on a treatment to which people are able to
adhere at high levels for prolonged periods of time.
Booster phase to prolong initial treatment effects
The purpose of the booster phase is to prolong the initial improvements seen in our clinical trial.
Others have tested the effect of booster treatments in people with musculoskeletal pain
conditions, including chronic LBP.69-72 The innovativeness of our approach lies in the basis for
the criteria we use for determining when to intervene and how much treatment to provide.
Rather than providing additional treatment arbitrarily, we have scheduled the booster phase to
start just before the time when outcomes began to reverse in our prior trial. The criterion for the
number of booster sessions (i.e., how much treatment) is the number needed to attain
independence in performance of the treatment items.73

2. Specific Aims
Specific Aim 1: Test if motor skill training results in better outcomes and better adherence than
strength and flexibility exercise in the 12 months after treatment.
Compared to the strength and flexibility exercise group, the motor skill training group will
Hypothesis 1a. report lower LBP intensity, fewer days with LBP, and less frequent LBP
recurrences.
Hypothesis 1b. report fewer functional limitations as well as better perceived physical
health and mental health, work attendance, and productivity.
Hypothesis 1c. use fewer LBP medications and fewer healthcare services.
Hypothesis 1d. report higher levels of adherence over longer periods of time.
Hypothesis 1e. display improved movement and alignment patterns during functional
activities.
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Specific Aim 2: Test the effect of a booster phase that is provided 6 months after the initial
phase.
Hypothesis 2a. The effect of a booster treatment condition will be longer-lasting
improvement in function and better adherence than a no booster treatment condition.
Hypothesis 2b. The effect of a booster treatment condition will be greater for the motor
skill training group than for the strength and flexibility exercise group.
Specific Aim 3: Examine the relationship between functional limitations and 2 factors 1)
adherence, and 2) movement and alignment patterns displayed during functional activities.
Hypothesis 3a. Adherence to motor skill training will be related more strongly to
functional limitations than will adherence to strength and flexibility exercise.
Hypothesis 3b. Movement and alignment patterns displayed by the motor skill training
group will be related more strongly to functional limitations than will patterns displayed
by the strength and flexibility exercise group.

3. Approach
3.1 Design
The study is a single-blind, prospective, randomized, controlled clinical trial. Figure 1 illustrates
the organization and flow of events. After we collect baseline self-report and laboratory
measures, people will be randomized to 1 of 2 treatment conditions, motor skill training (MST) or
strength and flexibility exercise (SFE). The initial phase will be 6, 1-hour treatment sessions,
scheduled once/week for 6 weeks. Post-treatment self-report and laboratory measures will be
obtained immediately after the initial phase. A select subset of web-based, self-reports will be
obtained monthly for the next 12 months (9.4a Time Table for Administration). At 6 months after
treatment, self-report and laboratory measures will be obtained again. Subsequently, people will
be randomized to a booster treatment condition, booster or no booster. The booster treatment
will be specific to the person’s initial, condition-specific treatment assignment. The number of
booster sessions will be limited to the number needed to attain independence in the exercises
or functional activities prescribed. Independence will be based on a standardized measure used
in our prior trial.73 The 6-month time point was chosen based on change in the Modified
Oswestry Disability Questoinnaire (MODQ) scores from our prior trial.
3.2 Subjects
We will recruit 154 people between the ages of 18 and 60 years who have had chronic, nonspecific LBP for at least 1 year from the St. Louis metropolitan area. Chronic LBP is defined as
pain present for at least half the days in a year in the region between T12 and the gluteal fold,
with or without leg symptoms to the knee.11,74 Non-specific LBP is defined as LBP in which no
specific pathophysiologic mechanism can be identified to account for the person’s perceived
pain.75 The goal of this study is to obtain a representative sample of people who have both
symptoms and disability related to chronic LBP. The target participant population is people with
chronic LBP, with or without recurrences. The goal is to examine the generalizability of the
effects seen in the previous clinical trial to people who have more LBP-related limitation than
people previously studied. This will be accomplished by recruiting participants from the
Washington University School of Medicine Physical Therapy Clinic (WUPT Clinic) and local
outpatient clinics and offices. Only participants who report a specific criterion level of disability
and difficulty with a specific number of functional activities will be enrolled. Both genders and all
races and ethnicities will be included in the study population.
3.3 Study flow chart
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4. Enrollment of Participants
4.2 Inclusion Criteria
The inclusion criteria are 1) people ages 18-60 with chronic LBP for a minimum of 12 months, 2)
currently experiencing LBP symptoms but not in a recurrence or an acute flare-up, 3) MODQ
score of ≥ 20%, 4) 3 or more functional activities (simple or complex) limited due to LBP, 5) able
to stand and walk without assistance, and 6) able to understand and sign a consent form.
4.3 Exclusion Criteria
The exclusion criteria are 1) BMI >30, 2) any structural spinal deformity including scoliosis,
kyphosis, or stenosis, 3) spinal fracture or dislocation, 4) low back pain due to trauma, 5)
osteoporosis, 6) ankylosing spondylitis, 7) rheumatoid arthritis, 8) current symptomatic disc
herniation (i.e. diagnosis with symptoms below the knee), 9) spondylolisthesis, 10) serious
spinal complications such as tumor or infection, 11) previous spinal surgery, 12) frank
neurological loss, i.e., weakness or sensory loss, 13) pain or paresthesia below the knee, 14)
etiology of LBP other than the lumbar spine, e.g., hip joint, 15) history of neurologic disease
which required hospitalization, 16) active treatment for cancer, 17) history of unresolved cancer,
18) pregnancy, 19) worker’s compensation or disability case, and 20) in litigation for the LBP
problem, 21) fibromyalgia, 22) Marfan syndrome, 23) Graves’ disease.
4.4 Recruitment
People with LBP will be recruited from the WUPT clinic, local clinics and offices, and local
advertisements and health fairs. In all clinics, a list of the inclusion/exclusion criteria and
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possible diagnoses will be available. Flyers will also be placed in all office areas and given to
clinic staff for reference.
4.4a Clinics/Offices
Study flyers will be placed in all area clinics/offices that see potential LBP participants and are
willing to assist with study recruitment. Patients that are being referred for physical therapy
treatment of their LBP also will be asked if they are interested in the study. If they are interested,
their information can be given to the research coordinator (RC) or research assistant (RA) or the
patient can contact the RC or RA directly. If the person is not interested, the person will be
scheduled as usual. The RA or RC will log everyone she contacts on the Telephone Screening
Log. If the person does not qualify for the study, he will be told to schedule his appointment with
the clinic. If a person exceeds three callbacks, he will no longer be contacted.
4.4b Clinic Enrollment Flowchart
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4.5 Initial Screening
The RA will speak with interested individuals via phone. The RA will briefly describe the trial and
the procedures the person will participate in. Informed consent for a telephone screening will be
obtained. The RA will then interview the individual using a series of screening questions to
determine eligibility for the trial. If the person is deemed ineligible by phone screening, then the
RA will explain the reason why he does not qualify (DQ). If the person is deemed eligible by
phone screening, he then will be scheduled for a baseline laboratory visit where additional
screening will be performed. All individuals who are screened will be entered into a database
indicating their eligibility/ineligibility for the trial. Individuals who do not qualify at Laboratory Visit
1 because MODQ is <20% can be rescreened if LBP status has worsened.
4.5a Screening to Enrollment Flow Chart

5. Laboratory Visits
5.1 Informed Consent
If the person is eligible, he will be scheduled to come in for examination with the Research
Physical Therapist (RPT). On the first visit to the laboratory the Principal Investigator (PI), RPT,
RC, or RA will explain the informed consent process to the person. The person will then be
taken through the specific details on the informed consent form approved by Washington
University’s Human Research Protection Office (HRPO). In particular, the person will be told the
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procedures he will participate in, the potential risks and benefits of participation, and his right to
refuse participation at any time without any effect on his subsequent health care. The person
then will be given an opportunity to read the consent form. The PI, RPT, RC, or RA will be
available to answer any specific questions, highlight the important details of the study again,
and remind the person of his rights as a participant. The person will then be asked to sign the
consent form. A copy of the form and a brochure explaining the person’s rights under the Health
Insurance Portability and Accountability Act (HIPAA) regulations will be given to the person for
his records. The signed consent form will then be signed by the person administering consent.
The consent form will be filed in a locked cabinet separate from the person’s data.
5.2 Baseline Examination/Laboratory Measures
Participants who are eligible for participation in the study and provide informed consent will be
examined. At the initial visit, height and weight will be collected from each participant with
clothing on and shoes off using a manual scale. Height will be collected to the nearest ¼” and
weight will be collected to the nearest pound. The participant will then complete a
Demographics and LBP history questionnaire, the Numeric Pain Rating Scale (NRS), and the
MODQ. Participant eligibility of MODQ ≥ 20% score and at least 3 functional activities limited
due to LBP will be confirmed. Next, the participant will be examined by a licensed, trained RPT
who will use a standardized exam to classify the participant’s LBP based on the MSI
classification system.51,76-79 The participant then will complete additional self-report measures
and laboratory testing. Because all baseline testing occurs before randomization, research
personnel involved in testing will be blinded to the participant’s treatment assignment throughout
the study. If a participant is in an acute flare-up when he or she comes in for a laboratory visit,
the research physical therapist will determine if it is an actual acute flare-up. If it is determined to
be an actual acute flare-up, the laboratory visit will not be completed and the participant will be
rescheduled.
Laboratory Measures
Participants will perform functional activity tests that (1) parallel activities reported as
problematic for the majority of participants in prior studies, and (2) have been examined
previously. Retroreflective markers will be taped to the skin at predetermined locations on the
participant’s trunk, pelvis and legs. Data from 3 trials of each test will be captured. LBP will be
recorded during each trial.
5.3 Randomization
The sample will be stratified based on LBP classification. After baseline assessment, a
participant will be assigned randomly, within his strata, to either the (1) MST with no booster, (2)
MST with booster, (3) SFE with no booster, or (4) SFE with booster condition. The purpose of
stratification by LBP classification is to ensure similar representation of LBP subgroups in the
treatment conditions and eliminate any confounding of classification and treatment. Note that it
is not our goal to determine if LBP classification moderates treatment impact; there will not be a
sufficient number of subjects in some LBP classifications to address that issue with adequate
power. Randomization will be conducted using a computer-generated list of random numbers
provided by the biostatistics team. The randomization scheme will be prepared before initiation
of the trial and will be adhered to throughout the trial. Assignments will be performed within the
REDCap system once the Screening & Randomization form is completed. When the participant
with LBP is enrolled, and assigned a group, the RC will print the computer-generated group
assignment and schedule the participant with the appropriate therapist for all 6 clinic visits. The
first clinic visit should be scheduled within one week of the laboratory visit. The participant will
not be blinded to treatment assignment, but will be blinded to his assignment to booster/no
booster until completion of Laboratory Visit 3 (the 6 month visit).
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5.4 Laboratory Visit 2 & 3
All measures and procedures used during Laboratory Visit 1 will be used again for the posttreatment follow-ups. All participants will be reminded not to discuss the details of their
treatment with blinded research personnel so that blinding to treatment assignment is
maintained. Laboratory Visit 2 will be scheduled within one week after discharge from the
treatment phase. Laboratory Visit 3 will be scheduled within the 2 week period surrounding 6
months following Laboratory Visit 2.

6. Treatment Protocol
6.1 Overview
Both treatment groups will participate in a 1-hour treatment, once a week for six weeks. Each
group will also be given a home program to perform during the entire 12-month study period. All
treatments will be provided by licensed physical therapists trained in the respective treatments.
The therapists cannot be blinded to treatment assignment, but are blinded to booster/no booster
assignment until the participant completes Laboratory Visit 3. None of the therapists, however,
will be involved in either (1) collecting baseline or follow-up data, or (2) laboratory meetings with
research personnel. In the initial phase of treatment, both groups will be provided the same
amount of time in treatment. Documentation of treatment prescription and progress is
standardized (including harm). This documentation will be used to track treatment fidelity. Rules
for prescribing and instructions for performing treatment items are standardized and
documented; instructions with photos will be available in hard copy.
6.2 Motor Skill Training (MST)
The motor skill training involves supervised, massed practice of novel, challenging functional
activities. The overarching principle of training is that the participant needs to practice
performing the functional activities in ways that (1) minimize use of the participant’s specific,
stereotypic lumbopelvic movement and alignment patterns (based on the participant’s LBP
classification), and (2) encourage use of other joints (thoracic spine, hips, knees) to complete
the activity painlessly. The lumbopelvic patterns related to the participant’s specific LBP
classification identified during the laboratory examination (flexion, extension, rotation, extension
& rotation, or flexion & rotation) will be targeted. We will use information about the participant’s
LBP classification to guide the training because (1) our data suggest there is added benefit to
classification-based training, (2) a meta-analysis of treatment studies showed that individualized
treatment provides added benefit to outcome, and (3) there is evidence supporting the existence
of LBP subgroups. Participants will be educated that the primary contributors to their LBP
symptoms are repeated movements and prolonged positions of the lumbopelvic movement
patterns related to their specific LBP classification. Additionally, participants will be educated
that the emphasis of treatment is to learn how to modify or change how they perform their daily
activities so that they do not use these patterns repeatedly throughout the day. During practice,
the participant will be given cues for using the trunk muscles needed to facilitate a correct
lumbopelvic pattern. Thus, rather than prescribing exercises for individual trunk muscles, we will
attempt to modify how the participant uses multiple trunk muscles within the context of the
activity in which they will be used. Such an approach should facilitate the use of these muscles
in daily functional activities and contribute to enhanced adherence.
Specific activities are selected for a participant to practice if performing them is painful or difficult
because of his LBP. To enhance salience, the participant will be involved in selection of the
activities to be practiced. In addition, a pre-determined set of activities will be included for all
participants because we know from prior studies that those activities are difficult for most people
with chronic LBP to perform. The set of activities parallels the functional activities that will be
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tested in the laboratory. Three activities will be practiced for ~15-20 minutes each. Rest will be
provided, as requested. All activities will have 3 essential components: (1) contraction of groups
of specific trunk muscles, (2) earlier and greater movement of the hip, knee, and/or thoracic
spine relative to the lumbar spine, (3) later and less movement of the lumbar spine relative to
other regions. The muscles that need to be activated and the directions of movement and
alignment that need to be modified will be specific to the participant’s LBP classification. Within
each activity, the conditions of practice will vary. For example, sit ↔ stand will involve practicing
with various (1) seat surface heights, (2) seating materials, and (3) constraints of surroundings.
The order in which activities are practiced will be randomized. All participants will practice
simple activities (e.g., moving in bed) before complex activities (e.g., gardening). The level of
difficulty of the activity will be graded to match the motor capabilities of the participant and
progressed based on ability to (1) verbalize the key concept for that skill (2) appropriately modify
the movement or alignment and (3) control LBP symptoms during performance of 5 repetitions
of the skill. We use a highly reliable measure to assess these characteristics and decide if the
participant can be progressed to a higher level of difficulty.73 Participants need to practice
activities without reproduction of their LBP for three reasons. First, in experimentally-induced
pain conditions, researchers have shown that motor learning and related neuroplasticity can be
hindered. Second, if the stereotypic patterns do contribute to the participant’s LBP, modification
of the patterns should alleviate the LBP. Inability to perform the activity without pain could mean
the pattern has not been fully modified. Third, increased pain levels during exercise are
associated with poor adherence. A home program will be prescribed of 1-2 sets of 5-10
repetitions of formal practice of the activities practiced in treatment sessions.
An abdominal brace or tape can be used with any skill as indicated based on the participant’s
LBP classification and severity level. The use of a brace or tape is optional. Performing the skill
without the brace or tape would make the skill more difficult. The decision to use or not use a
brace or tape can be used in grading the skill. Some participants may need to always use a
brace or tape for performance of specific skills. If the patient sits for prolonged periods of time,
has anatomy that makes him vulnerable to poor positioning or any other factors that would
contribute to making adherence to the positioning recommendation difficult, providing
positioning devices is appropriate and should be considered.
6.3 Strength and Flexibility Exercise (SFE)
Exercises for trunk strength and trunk and lower extremity flexibility commonly cited in the
literature as being appropriate for people with chronic LBP and included in the previous trial will
be used. The overall goals of treatment will be to increase the participant’s trunk strength and
trunk and lower limb flexibility; if necessary, equipment will be provided. Participants will be
educated on possible contributors to pain, including poor posture, stress, loss of strength and
flexibility, and general decline in physical fitness. The therapist will be blinded to the LBP
classification to avoid any potential bias in the prescription of exercise or education, and
participants will not be educated about their LBP classification. Additionally, participants will be
educated about the benefits of strength and flexibility exercises and the expectation that
performance of these exercises will improve performance in daily activities limited by LBP.
Participants will be instructed that muscle soreness is expected with performance of new
exercises.
Strengthening exercises will target all trunk muscles. Flexibility exercises will target all trunk and
lower limb motions. Treatment is divided into 3 phases with each phase being progressively
more difficult. All participants will start with Phase 1 exercises regardless of strength or previous
experience with back pain exercises. All participants will be instructed to perform a home
program of stretching every other day and strengthening every other day. At each treatment
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session, the therapist will assess the participant’s independence in performance of the
exercises and if the participant has met the criteria to advance to the next phase. Progression of
exercise will be based on independence in: knowledge of the key concept (purpose of the
exercise), correct performance without cues, and performance of the maximum number of
repetitions of each of the exercises (4 repetitions of 30 second holds for stretching and 3 sets of
10 repetitions for strengthening).
6.4 Training and monitoring of clinicians providing treatment
Clinicians administering treatment in both conditions will be trained before data collection
begins. SFE clinicians will be trained by the PI. MST clinicians will be trained by the PI and a coinvestigator with expertise in motor learning. Clinicians will be provided with training manuals
describing the treatment procedures in detail for each condition. Clinician proficiency in
delivering the treatment will be assessed with practical examinations administered yearly by the
co-investigator (MST) or the RPT (SFE). Clinician knowledge of treatment protocols will be
assessed yearly with written examinations. Treatment fidelity will also be monitored by regular
review of clinician documentation. The PI will hold monthly meetings with the treating clinicians
in each condition to discuss any questions about the treatment protocol or implementation. The
treating clinicians will not discuss any participants’ names or other identifying information during
these meetings to maintain blinding.

7. Treatment Visit Procedures
7.1 Clinic Visit 1
Duration
The initial treatment is 1 hour in duration. This does not include the time the participant is
completing outcome measures or the therapist’s documentation of the visit. It is acceptable if
the participant requires more time this first visit for initial education and instruction, the therapist
should record the amount of time spent in treatment on the Clinic Visit 1 form.
Before the participant arrives for his first visit, the therapist should review the participant’s Clinic
Visit 1 folder that includes all of the information from Laboratory Visit 1. This includes the
following forms: (1) Medical Screening, (2) Demographics, LBP and medical history, (3) NRS,
(4) SF-36, (5) MODQ, (6) Absenteeism & Presenteeism, (7) FABQ, and (8) Clinical Examination
Data (History and Physical). The clinical examination data related to a participant’s LBP
classification is deleted from the forms for the clinicians providing the SFE treatment. This is
done to maintain blinding of a clinician to a participant’s LBP classification. There should also be
a Clinic Visit 1 form and a Treatment Progress Table appropriate to the participant’s treatment
group. The therapist will receive an additional folder that includes all of the paperwork for the
follow-up clinic visits.
Initial Interaction
While the participant is waiting for treatment to be initiated, the therapist should give the
participant the following forms to complete: (1) the NRS, and (2) the MODQ. The participant’s
progress since Laboratory Visit 1 should be reviewed. The therapist will then (1) provide the
overview of the trial and the specific treatment condition and (2) explain the overall goals of the
treatment condition.
Treatment
Treatment during Clinic Visit 1 will consist of (1) an explanation of Educational
Concepts/Principles, and (2) treatment based on the treatment condition assignment. At the end
of Visit 1 the participant is provided with (1) handouts for initiation of the home exercise program
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(HEP), (2) the Daily Treatment Adherence Log to be filled out during the days between visits, (3)
an explanation of how to the complete the Daily Treatment Adherence Log, and (4) the
therapist’s contact information in case the participant needs to reschedule a visit, has any
questions, or experiences a worsening of status. The therapist records the events of Visit 1 in
the participant’s chart on the Clinic Visit 1 documentation form and Treatment Progress Table.
The time spent in treatment should be recorded on the Clinic Visit 1 documentation form.
7.2 Follow-up Clinic Visits
All treatment visits should be 1 hour in duration. This does not include the time the participant is
completing outcome measures. The time spent in treatment should be recorded on the Clinic
Follow-Up Visit documentation form. The participant should come to the reception area of the
clinic. The therapist should take the participant to a clinic treatment room upon arrival to keep
the participant from spending time in the reception area where discussion of treatment with
other participants may occur, potentially contributing to contamination of treatment. At this time
the therapist should provide the participant with the (1) NRS, (2) MODQ, and (3) Educational
Principles quiz to be completed before treatment is initiated. The therapist reviews the NRS,
MODQ, Daily Treatment Adherence Log and Educational Principles quiz as well as events since
the last visit. The participant’s questions are answered and treatment is reviewed and
progressed. Education is focused on principles not understood based on quiz performance. The
majority of time should be spent on the exercises. The participant is given updated handouts of
the HEP as needed, a Daily Treatment Adherence Log, and is reminded of the next visit date
and time. The therapist records the events of the visit in the participant’s chart on the Clinic
Follow-Up Visit documentation form (including the time spent in treatment) and the Treatment
Progress Table.
Each clinic visit needs to be at least 5 calendar days to no more than 2 weeks after the previous
clinic visit. Clinic Visit 1 can be scheduled within two weeks of Laboratory Visit 1.If a participant
is up to 30 minutes late to his/her clinic visit and the clinician cannot treat for the full hour,
he/she should treat for 30 minutes and schedule an additional treatment visit as soon as
possible for the additional 30 minutes. The clinician should also inform the PI within 24 hours of
the late visit. Clinic visits should be split no more than 2 times, for a maximum of 8 clinic visits
for a participant. If the participant is more than 30 minutes late, it is the discretion of the
therapist as to whether the visit will be completed or rescheduled. Attendance scripts will be
reviewed with participants for Clinic Visit 1 and Clinic Visits 2-6. These scripts will guide the
clinicians to discuss with the participant the importance of scheduling visits and adhering to the
schedule
7.3 Final Visit
On the final visit, the participant’s HEP should be reviewed so that the participant knows what
he is expected to continue upon discharge. The therapist should encourage the participant to
continue to be active and continue with exercises regularly as prescribed. The therapist should
make sure the participant has scheduled his follow-up laboratory visit. The participant should be
reminded that he will be receiving monthly follow-up surveys via email which he will be paid to
complete. The therapist should provide his current contact information if the participant has
questions or has a status change after discharge. The participant’s follow-up laboratory visit
should be within two weeks after discharge from the treatment phase.
7.4 Booster Phase
The booster phase will occur 6 months after discharge from the initial treatment. Participants will
be randomized to a booster condition (their original condition-specific treatment) or a no booster
condition at the initial laboratory visit. The participant is told his assignment to boosters
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(booster/no booster) at completion of Laboratory Visit 3 (the 6 month visit). Each booster
session will be 1 hour. The content of the booster treatment will consist of review/practice of the
home program from the initial treatment phase. The number of sessions will be based on the
number needed to attain independence in the prescribed treatment items, with a maximum of 3
visits. Participants will see the same treating therapist during the treatment phase and all
booster sessions. If a participant is randomized to the booster condition, the RPT will contact
the referring provider and inform him/her that the participant will be receiving additional
treatment sessions.
7.5 Reporting Worsening of Status and Procedures
For both MST and SFE, a worsening of symptoms is defined as an increase in the intensity of
LBP symptoms or peripheralization of symptoms (symptoms located more laterally and/or
distally from the original location) that lasts for greater than 4 hours after performance of the
treatment items and has not fully resolved after 24 hours. The participant should call the
therapist if there is a worsening of status (worsened symptoms or red flags are present) or if the
participant is concerned for any reason about his status. If the participant reports a worsening of
symptoms (as operationally defined), the therapist should discuss the possible causes of
worsening such as a change in activity level, specific activities, work conditions, sleeping habits,
etc. If worsening appears to be caused by the HEP the participant should be instructed to stop
exercising for 24 hours and encouraged to use pain relieving techniques. These include using
medications as prescribed by his physician, and application of cold if within 48 hours of
worsening or heat if greater than 48 hours since worsening. After the 24 hours has passed, the
participant should begin the exercises/skills being practiced, starting with 1 exercise/skill the first
day. The participant should add 1 exercise/skill per day and report to the therapist if any specific
exercise/skill increases his symptoms. In the SFE condition an increase in symptoms during
exercise is not contraindicated and the participant should continue. If a particular exercise/skill
appears to cause a worsening, the participant should be instructed not to perform that specific
exercise/skill until the next visit. Performance will then be reviewed and modified as needed. If
the participant feels that certain exercises/skills are worsening his symptoms, these should be
stopped until the next visit. These, however, typically would not be expected to worsen the
participant’s status if performed correctly, so these exercises should specifically be reviewed for
correct performance at the treatment visit. If red flags are present, the participant should contact
his physician for follow-up and contact his therapist once he has communicated with the
physician. The therapist should complete the adverse event form and follow the procedure for
reporting an adverse event.
7.6 Adherence/Non-Adherence During Treatment Period
All participants should be encouraged to actively participate in their treatment program across
the 6 visits as well as after discharge. If the participant is having difficulty adhering, the therapist
should discuss strategies for adhering with treatment. If adherence becomes a problem, the
therapist should discuss this in the regularly scheduled meetings with the PI or contact her
directly to discuss strategies, making sure to not identify the participant so that blinding can be
maintained.

8. Human Protection (HRPO)
8.1 Charts
All paperwork in charts will have the participant’s ID number. No names or identifying
information will be on the paperwork or the chart when the participant’s chart is filed away for
the day. In the instance there is a name provided, the treating therapist should mask the name
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by crossing out with a black marker. Charts will be kept in a locked file drawer that is only
accessible to the therapist treating the participant.
8.2 Visit Documentation
All documentation for each visit will be completed the day of the visit. This includes the clinic
visit form and the Treatment Progress Table. Chart audits will be conducted throughout the
study period to ensure adherence to the protocols and complete data sets per participant per
measure. For this reason, the charts should always be up to date and locked in the designated
filing area.
8.3 Blinding, Contamination, and Privacy Issues
Blinding
There can be no discussion of participants’ names when interacting with research personnel. All
research personnel are to remain blinded across the study period to all participants’ treatment
condition assignment. Research personnel include the following: (1) the Principal Investigator,
(3) the Research Physical Therapist, and (3) the Research Assistant. All paperwork associated
with the treatment of the participant must be coded with a participant ID number. The Research
Coordinator is unblinded to the participant’s treatment condition assignment, and can be
contacted with regard to any participant issues.
Privacy Issues
Risks of confidentiality: All participants will be informed of HIPAA and will be given written
information reiterating HIPAA regulations. All people at the clinic and laboratory sites have been
trained in HIPAA regulations and procedures. All people interacting with the participant will be
reminded of the HIPAA procedures across the study period so that confidentiality is maintained.
The clinical and laboratory sites have also been set up to comply with HIPAA regulations. All
data forms (hard copy or electronic) will be immediately coded and personal identification
information will be removed. All hard copy data forms are stored in a locked cabinet. Only
research personnel authorized to access data for the proposed project will have access to the
locked cabinet. Informed consent forms will be kept in the PI’s office in a locked cabinet
separate from the data forms. All data collected at the clinical site will be coded and identifying
information removed immediately. Data will be stored in a locked file cabinet at the site. A
member of the research personnel will pick up clinical data from the clinical site when the
participant has completed the treatment phase and bring it back to the laboratory to be stored
with the laboratory data. Only the participating therapists and the RC will have access to this file
cabinet in the clinic. Therapists who participate in the study will also sign an agreement not to
discuss the treatments or progress of any of the participants in the study with other therapists in
the clinic, with other participants in the study, or with research personnel blinded to treatment
condition assignment. In addition, the institution in which the clinic is housed has agreed to
adhere to all guidelines for protection of human subjects outlined by the NIH.
8.4 Log of Adverse Events
All adverse events (AE) should be documented on the AE form. Serious adverse events (SAE)
should be immediately reported to the research personnel. The research personnel will report
the SAE directly to the IRB using the following protocol set forth by the Human Research
Protection Office at Washington University School of Medicine: a) death within 24 hours, and b)
all other internal events within 10 days. Should any adverse events deemed to increase risks to
participants be identified, the study will stop immediately and an investigation will be conducted.
A report indicating the findings will be produced prior to study resumption.
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8.5 Data and Safety Monitoring Plan
In addition to ensuring the safety of research subjects, the PI will be responsible for ensuring
data safety and confidentiality. This will be accomplished by keeping all identifying information
about research data or health identification data in a locked cabinet that can be accessed only
by authorized research personnel. In addition to the daily safety procedures outlined, a
committee of 3 health professionals at Washington University School of Medicine who are
independent of the study have agreed to act as an internal Data and Safety Monitoring
Committee (DSMC) to monitor the progress of the study and the procedures for maintaining the
integrity and safety of data collection, processing, and analysis procedures as well as the
reporting of adverse events. A professor in the Program in Occupational Therapy and the
Department of Neurological Surgery and a professor in the Program in Physical Therapy and
the Department of Radiology will provide expertise in the area of the overall integrity of the
research process, and in particular, maintenance of the integrity of the data collection and
analysis process. A physician and associate professor in the Department of Orthopedic Surgery
and the Department of Neurology with a specialty in spine disorders and board certification in
pain management will provide expertise with regard to spinal conditions, function as the medical
monitor, and guide the committee with regard to actions necessary for dealing with and
reporting any adverse events. The PI, and other Co-Investigators as appropriate, will meet with
the DSMC two times a year to review progress of the data collection process, evaluate any
unanticipated or anticipated side effects of participation in the study, and monitor the integrity
and the accuracy of the data generated from the study. The biostatistics team will be
responsible for overseeing the presentation of data at the DSMC meetings. In particular, The PI,
the biostatistics team and other members of the research team will present recruitment and data
issues and analyses at each meeting. Reports will be kept of each meeting and kept on record
in the PI’s laboratory. The PI and the research personnel will be responsible for implementing
any procedures recommended by the DSMC. In addition to data and safety monitoring by the
DSMC, adverse events will be reported to the Washington University Human Research
Protection Office (HRPO) by the Principal Investigator within 24 hours of the event. Serious
adverse events will also be reported to the funding institute. The Washington University HRPO
will also monitor the progress of the study, the safety and privacy compliance of the recruitment
and data collection procedures, and the proper reporting of adverse events through required
yearly progress reports. The yearly progress reports include cumulative reports of any
unanticipated or adverse events, yearly renewals of our informed consent document, and
approval of all recruitment materials used for the study. If a serious adverse event occurs, the
Washington University HRPO will be contacted immediately and the forms accessible through
the HRPO website will be accessed to document the circumstances of the event. Changes in
the consent form or protocol will be made if indicated based on the nature of the unanticipated
or adverse event.

9. Assessments and Outcome Measures
9.1 Outcome Measures Overview
There will be an array of measures to assess outcomes, examine potential treatment effect
modifiers, prescribe and progress treatment, and describe the sample. The measures were
chosen to capture the important dimensions recommended for the study of people with LBP. All
self-report measures will be collected using the automated, web-based system. The Time Table
for Administration includes information about the time points of administration. The total
administration time for all study measures is ~3 hours. All participants will receive a subset of
self-report measures monthly that require ~30 minutes to complete.
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9.2 Key Self-Report Measures
Modified Oswestry Disability Questionnaire (MODQ): The primary outcome variable is the 10item MODQ, a disease-specific measure that provides an index of a participant’s perceived
LBP-related functional limitation. The scale for the MODQ ranges from 0-100; 100 represents
the highest level of limitation. The MODQ is reliable, valid, and sensitive to change.
Numeric Pain Rating Scale (NRS): An 11-point scale (0-10) will be used to measure current
pain, as well as average and worst pain over the prior 7 days; larger numbers indicate more
intense pain. NRS measurements are reliable, valid, can be treated as ratio scale data, and
provide sufficient levels of discrimination to describe pain intensity at varying levels of acuity.
9.3 Adherence to Home Program
During both the initial treatment phase and the booster phase, a standardized self-report
measure of daily treatment adherence will be used. Participants will use a Visual Analog Scale
(VAS) to indicate the percentage of the treatment they were able to perform as prescribed within
a specific time interval (e.g., daily). The scale ranges from 0-100% with higher values indicating
higher adherence. This measure will also be used to quantify adherence as part of the monthly,
web-based, self-reports.
9.4 Descriptions of Self-Report Measures
Modified Oswestry Disability Questionnaire (MODQ)
Background/Purpose: This questionnaire is designed to give the therapist information as to
how LBP has affected a participant’s ability to manage in everyday life. It is a 10-item, diseasespecific measure that provides an index of the patient’s perceived LBP-related functional
limitation.
Time points of administration: Laboratory Visit 1, Clinic Visits 1-6, Laboratory Visit 2, followup months 1-12, Booster Sessions
Procedure: Participants will answer each of the 10 questions by placing a mark in the one box
that best describes his current condition. Since a participant may feel that 2 of the statements
describe his condition, he is instructed to mark only the box that most closely describes his
current condition.
Scoring: Each item is given a value from 0-5. The total score is the sum of all questions divided
by 50, multiplied by 100 to get a percent. 100 represents the highest level of limitation. The
minimal clinically important difference (MCID) for the MODQ for people with chronic LBP is 4-6
points.63
Numeric Pain Rating Scale (NRS)
Background/Purpose: This questionnaire is designed to give the therapist information on the
intensity of a participant’s LBP symptoms.
Time points of administration: Laboratory Visit 1, Clinic Visits 1-6, Laboratory Visit 2, followup months 1-12, Booster Sessions
Procedure: Participants will rate their LBP symptoms on a numeric scale of 0-10 where 0
represents no symptoms and 10 represents symptoms as bad as can be. They will rate their
average symptoms over the prior 7 days, and worst symptoms over the prior 7 days.
Scoring: The score for each item is the rating the participant provides for each symptom
category (average and worst). The MCID for the NRS is 280,81 points or 30%80 change from
baseline.
Acute Flare-Ups of LBP in Past 6 Months
Background/Purpose: This questionnaire is designed to give the therapist information about
the history of a participant’s LBP flare-ups in the past 6 months.
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Definition: A flare-up is an increase in symptoms of at least 2 points on the NRS above a
person’s typical low back pain and lasts for at least 2 consecutive days82
Time points of administration: Laboratory Visit 1, Laboratory Visit 3, follow-up month 12
Procedure: Participants will fill in information on how many acute flare-ups they have had over
the past 6 months, how many days each flare-up averaged in length, and the average pain
intensity during the flare-ups.
Scoring: The score for each item will be the number the participant provides for each flare-up
category: (1) Number of acute flare-ups over the last 6 months, (2) Average length in days of
acute flare-ups, (3) Average intensity of acute flare-ups.
LBP Recurrences
Background/Purpose: This questionnaire is designed to give the therapist information about
the history of a participant’s LBP recurrences in the past 6 months.
Definition: A recurrence is an increase in LBP symptoms of at least a 2/10 that lasts for at least
24 hours and is preceded and followed by at least 30 days of no symptoms74
Time points of administration: Laboratory Visit 1, Laboratory Visit 3, follow-up month 12
Procedure: Participants will fill in how many recurrences of LBP they have had over the past 6
months, how many days each recurrence averaged in length, and the average pain intensity
during the recurrences.
Scoring: The score for each item will be the number the participant provides for each
recurrence category: (1) Number of recurrences over the last 6 months, (2) Average length in
days of recurrences, (3) Average intensity of recurrences.
36-Item Short Form Health Survey (SF-36)
Background/Purpose: This questionnaire is designed to assess information about a
participant’s mental and physical health, and how well he is able to do his usual activities.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, Laboratory Visit 3, followup month 12
Procedure: Participants will answer each question by marking the answer as indicated. If
participants are unsure how to answer a question, they are instructed to choose the best answer
they can.
Scoring: Using a scoring application, the SF-36 provides 8 scales: a Physical Functioning,
Role-Physical, Bodily Pain, General Health, Vitality, Social Functioning, Role-Emotional, and a
Mental Health score. Each score is transformed to a 0-100 scale. The scores also are combined
to provide a Physical Component (PCS) and Mental Component (MCS) Summary score. For the
PCS and the MCS, norm-based scores are scaled and normalized to have a mean of 50 and a
standard deviation of 10 based on the 1998 population norms.83
Absenteeism from Usual Activities
Background/Purpose: This questionnaire is designed to assess the number of days a
participant has been kept from his usual activities (work, school or housework) because of
LBP.84,85
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, follow-up months 1-12
Procedure: Participants will answer each question by marking the answer as indicated.
Scoring: Quantified as number of days the participant did not participate in usual activities over
the past 4 weeks. Range is from 0-28 days. Higher numbers indicate more days kept from
activity/more affected by LBP.
Stanford Presenteeism Scale
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Background/Purpose: This questionnaire is designed to assess how a participant’s LBP
affected his participation in usual activities and the impact of LBP on his ability to do his job over
the past 4 weeks.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, follow-up months 1-12
Procedure: Participants will answer each question by marking the answer as indicated.
Scoring: Presenteeism is indexed in 3 ways. First, a Work Impairment Score (WIS) is
calculated as the sum of answers on the questions regarding how LBP has affected job ability
over the past 4 weeks. Each of the WIS questions is ranked on a 5-point Likert scale. All scores
are 1-5, with questions 2, 5, 6, 8, and 10 reverse scored (5-1). The score ranges from 10-50
with 50 indicating the highest degree of impairment. Second, a Work Output Score (WOS) is
quantified using the participant’s estimate of the percentage of his usual productivity level during
work over the past 4 weeks (1-100%). Third, a Work Absenteeism Score (WAS) is quantified
using the participant’s response to the number of work hours (1-40+) he missed in the past 4
weeks.86
Current Medication Use for LBP
Background/Purpose: This questionnaire is designed to provide general information on the
use of medication for a participant’s LBP.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, follow-up months 1-12
Procedure: Participants will answer each question by marking if they are taking nonprescription medication and prescription medication for their LBP. If yes, participants will
indicate which medications they are taking and how many pills per day they are taking. For
Laboratory Visit 1 and Laboratory Visit 2, the participant will answer regarding medications he is
currently taking. At follow-up months 1-12, the participant will answer regarding the past 4
weeks.
Health Professional Care Seeking for LBP
Background/Purpose: This questionnaire is designed to provide general information on the
use of additional treatments for a participant’s LBP.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, follow-up months 1-12
Procedure: Participants will answer each question by marking yes or no for a list of other
healthcare professionals they are seeing for treatment of their LBP. At Laboratory Visit 2 and
follow-up months 1-12, if participants mark yes for a healthcare professional, they are
subsequently asked how many times they saw that healthcare professional in the past 4 weeks.
Equipment Use for LBP
Background/Purpose: This questionnaire is designed to provide general information on the
use of equipment for a participant’s LBP.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, follow-up months 1-12
Procedure: Participants will answer each question by marking yes or no for a list of equipment
they are using to treat their LBP. At Laboratory Visit 1 and Laboratory Visit 2 participants will
answer regarding equipment they are currently using. At follow-up months 1-12, participants will
answer if they obtained additional equipment in the past 4 weeks.
Satisfaction with Care
Background/Purpose: This questionnaire assesses information about how satisfied a
participant feels with the physical therapist and treatment he was provided.
Time points of administration: Laboratory Visit 2
Procedure: Participants will answer each question by marking the answer as indicated. They
may only check off one answer per item.
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Scoring: Each question is ranked on a 5-point Likert scale. All scores are 1-5, with questions 1,
3, 4, 8, 9, 10 and 13 reverse scored (5-1). The total score is the sum of all of the answers (1575).
Adherence to Home Program
Background/Purpose: This questionnaire is designed to provide information about how often a
participant performs his treatment as it was prescribed. For the MST participants, the adherence
is a combination of their prescribed exercises and the amount they applied the principles
learned in treatment and performed the activities as prescribed across their day. For the SFE
participants, the adherence is a combination of their prescribed strengthening and flexibility
exercises.
Time points of administration: Clinic Visits 2-6, follow-up months 1-12, Booster Sessions 2-3
Clinic Visits (Daily Adherence)
Procedure: Participants will use a VAS to indicate for each day the percentage of the treatment
they were able to perform as prescribed. At each clinic visit the therapist will ask the participant
to provide an estimate of the average percentage of the treatment he was able to perform as
prescribed in the interval of time between 2 clinic visits.
Scoring: Average adherence is calculated by averaging the participants’ daily adherence.
Scores range from 0-100%. Higher values indicate higher adherence to treatment.64
Follow-up months 1-12 (Monthly Adherence)
Procedure: Participants will use a VAS to indicate an average percent adherence to
performance of the treatment as prescribed over the past month.
Scoring: Value (percentage of treatment performed) provided by the participant on each
monthly survey. Scores range from 0-100%. Higher values indicate higher adherence to
treatment.64
Demographics and LBP and Medical History
Background/Purpose: This questionnaire is designed to provide general information about the
participant’s demographics, LBP and medical history.
Time points of administration: Laboratory Visit 1
Procedure: Participants will provide information about each of the following items: age,
handedness, gender, race, ethnicity, occupation, employment situation, marital status,
education, LBP history, medical history.
Fear-Avoidance Beliefs Questionnaire (FABQ)
Background/Purpose: This questionnaire is designed to assess a participant’s fear of pain and
beliefs about how work and physical activity affect his LBP.
Time points of administration: Laboratory Visit 1, Laboratory Visit 2, Laboratory Visit 3
Procedure: Participants will answer each question by marking the answer as indicated.
Scoring: Each question is ranked on a 7-point Likert scale (0-6). Higher scores indicate higher
fear-avoidance. Two subscale scores are calculated. The physical activity subscale score
(FABQ-PA) is the sum of questions 2, 3, 4, and 5 and ranges from 0-24. The work subscale
score (FABQ-W) is the sum of items 6, 7, 9, 10, 11, 12, and 15 and ranges from 0-42.
Treatment Preference Assessment Measure (TPA)
Background/Purpose: This questionnaire is designed to provide information about a
participant’s treatment preferences and the participant’s perceptions of four attributes of each
treatment: effectiveness, acceptability, suitability/appropriateness, and convenience. The
questionnaire is modified from a preference questionnaire designed by Sidani et al87 to reflect
the treatments provided in the trial.
Time points of administration: Laboratory Visit 1, before randomization
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Procedure: The two treatment descriptions will be given in a random order to each participant.
First, the RA will inform the participant that she is interested in learning about his perception of
each treatment. Second, the RA will read the description of the first treatment option. The RA
will read the description slowly, clearly, and in an unbiased manner, in order to facilitate
understanding. Third, the RA will ask the participant to rate the attributes of the treatment option
just described. Fourth, the RA will repeat the three steps as they relate to the second treatment
option. Fifth, the RA will ask the participant if he has a preference for either of the two treatment
options, and if so, which one.
Scoring: The four treatment attributes (effectiveness, acceptability, suitability/appropriateness,
and convenience) will be rated on a 5-point Likert scale (0-4). A total scale score for each
treatment will be computed as the mean of the four attribute ratings. Whether the participant
prefers one of the two treatments will be recorded as yes/no. If the participant has a preference,
then his preferred treatment will be recorded as MST or SFE.
9.4a Time Table for Administration
Measures
MODQ
NRS
(average & worst in
prior 7 days)
Acute Flare-Ups of
LBP

Laboratory
Visit 1
(Baseline)

Clinic
Visits
1-6

Laboratory
Visit 2
(PostTreatment)

Follow-up
months 1-12
(Web-Based)

Laboratory
Visit 3
(Follow-Up
Month 6)

X

X
(paper)

X

X

X
(paper)

X

X
(paper)

X

X

X
(paper)

X

X
(12 month only)

X

LBP Recurrences

X

X
(12 month only)

X

SF-36

X

X

X
(12 month only)

X

Absenteeism from
Usual Activities

X

X

X

X

X

X

X

X

X

Stanford
Presenteeism Scale
Use of LBP-related
medications
& Additional
treatment for LBP
Satisfaction with care

X

Adherence to Home
Program

X
(paper)

Demographics/LBP &
medical history

X

FABQ

X

TPA

X

Contact Information

X

Email Confirmation
Clinical examination
to classify LBP

Booster
Session (At
Month 6)

X

X
(electronic)

X
(paper)

X

X

X

X

X

X
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Clinic visit
documentation

X

X

10. Data Management
10.1 Data Management Overview
The biostatistics team will oversee all activities. The PI and the Research Biostatistician will
supervise data management. The research biostatistician will prepare web-based forms for data
entry and editing, oversee data entry, write programs for data validation, manage the security
and privacy of the electronic forms and data sets, prepare data sets for analysis, create
progress reports, and provide for regular, secure back up of data. We will use a secure
database created using Research Electronic Data Capture (REDCap) tools hosted by
Washington University Biostatistics.
10.2 Sample Size Estimate
A power analysis88 was conducted to determine adequate sample size for detecting a minimally
important clinical difference of 6 on the MODQ.89 Because power procedures for HLM models
are not yet well developed, we used a multiple regression approach,90 a reasonable alternative
given both HLM and multiple regression are similar in form and intent. Furthermore, we took the
conservative approach of powering the study for detection of a difference within a given time
point. A study adequately powered to detect within-time differences will then have equal or
greater power to detect differences over time to the extent that measures over time are
correlated. This is a reasonable assumption, and in fact, analyses of data from our prior trial
indicate correlations among the MODQ scores collected at different times averaged .49. The
calculations based on a single time period thus provide a conservative estimate and “worst
case” approach to determining sample size. 90 The power analysis assumed 1) the basic 4
group (Treatment x Booster) design (3 df), 2) inclusion of 3 additional predictors (e.g., age,
adherence, classification; 3 df), 3) an interaction component reflecting how the effect of
treatment could depend on other predictors (9 df), 4) attrition of 20%, 5) a .05 level of
significance (two-tailed), and 6) minimum power of .80. The chosen power value is the common
standard used in most power analyses. Using the target effect of 6 on the MODQ and variability
estimates from the prior trial, the power analysis indicated that 154 participants would need to
be enrolled. Note that although examining moderation of treatment impact by LBP classification
is not a specific aim, we will be able to explore such moderation by including dummy codes
representing classification as additional predictors in the model. Note also that there are a large
number of potential moderators that could be included in the statistical model, but we made
provisions for including 3 additional predictors in any given analysis because of the likely
intercorrelations that will exist among candidate predictors. Preliminary analyses will identify
relative independent predictors or create composite predictors from highly correlated measures.
10.3 Analyses
Primary Outcome Analyses
For MODQ, our primary outcome measure, mixed random effect repeated measures analyses
will be made separately on each phase (treatment and follow-up) with participant as a random
effect and a first order autoregressive covariance structure to account for correlation between
time points. Treatment, time, and time by treatment interaction will be included as fixed effects.
The baseline MODQ score will be a covariate in both models to control for baseline participant
differences. If booster treatments after follow-up month 6 do not affect subsequent MODQ
scores, treatment estimates from data after month 6 will be created from combined booster and
no booster groups within treatment. These analyses will be intent-to-treat and use all data
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available. Mean estimates for single time points will be model based (unless otherwise noted).
No missing data imputation will be done.
Secondary Outcome Analyses
For average and worst NRS pain scores, SF-36 PCS and MCS scores, Stanford Presenteeism
Scale WIS, and the FABQ-PA and FABQ-W Physical and Work scores, treatment and follow-up
phase analyses will use mixed random effect repeated measures analysis (SAS mixed
procedure) with baseline outcome values included as covariates and with participant within
treatment as a random effect. Treatment contrasts will be reported with 95% confidence
intervals without adjustment for experiment-wise error.
Variables will be transformed to stabilize variance. Contrasts of SFE – MST for transformed
variables will be back-transformed to their original scale and confidence intervals simulated from
Least Square means then back-transformed.
Variables that contain many 0 records will be transformed to a dichotomous scale and analyzed
using a mixed generalized linear model (SAS glimmix procedure) with a logit link and binomial
distribution. Contrasts for these variables will be reported as odds ratios.
Within treatment contrasts for the effect of booster on change between pre-booster (follow up
months 1 through 6) and post-booster (follow up months 7 through 12) will be reported on the
transformed scale. Back-transformed least square means will be reported on the original scale
of each variable.
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Summary of Changes to Statistical Analysis Plan
The original protocol called for analysis with hierarchical linear modeling to model repeated
measures without requiring time between samples to be constant. However, times between
samples were sufficiently consistent to allow use of mixed random effects repeated measures
models. The original protocol intended analysis of moderators, but moderators were not
included due to strong treatment effects seen in the MODQ scores. Economic assessments
were cancelled due to budget reductions.
Number and length of acute flare-ups of LBP in the past 6 months were transformed with natural
log (x+1). The Stanford Presenteeism Scale WOS was transformed with natural log (101 –
WOS). Adherence to the home program was transformed with a logit function, natural log
[x/(100-x)].
Current medication use for LBP, absenteeism from usual activities, the Stanford Presenteeism
Scale WAS, health professional care seeking for LBP, and equipment use for LBP contained
many 0 records which required transformation to a dichotomous scale and analysis using a
mixed generalized linear model (SAS glimmix procedure) with a logit link and binomial
distribution. Current medication use for LBP had a first order autoregressive covariance
structure, but the others had compound symmetry.

Summary of Changes to the Protocol
Major protocol changes are included.
November, 2013 People with fibromyalgia, Marfan syndrome, and Graves’ disease are to be
excluded.
January, 2014 Clinic Visit 1 can be scheduled within two weeks of Laboratory Visit 1. Laboratory
Visit 2 can be scheduled within two weeks of Clinic Visit 6.
June, 2014 Laboratory Visit 3 can be scheduled within the 2 week period surrounding 6 months
following Laboratory Visit 2.
September, 2014 Individuals who do not qualify at Laboratory Visit 1 because MODQ is <20 can
be rescreened if LBP status has worsened.
April, 2015 The exploratory economic analyses we proposed to examine direct (medication and
health services use and medical equipment) and indirect (absenteeism and presenteeism)
health costs are not to be conducted. The decision was based on large budget cuts that limited
our ability to financially support the personnel to conduct the analyses.
May, 2015 If a participant is in an acute flare-up when he or she comes in for a laboratory visit,
the research physical therapist will determine if it is an actual acute flare-up. If it is determined to
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be an actual acute flare-up, the laboratory visit will not be completed and the participant will be
rescheduled.
July, 2015 Attendance scripts for Clinic Visit 1 and Clinic Visits 2-6 are to be implemented.
These scripts will guide the clinicians to discuss with the participant the importance of
scheduling visits and adhering to the schedule.
October, 2015 People with a history of disc herniation are excluded only if they have a current
symptomatic disc herniation (current symptoms below the knee).
January, 2017 Preliminary analyses of the recurrence data indicated that only 40 of 77
individuals who reported having recurrences of LBP in the past 6 months had valid data. The
data for 37 of 77 individuals who reported having recurrences of LBP did not meet the definition
for recurrences (increase in LBP symptoms of at least a 2/10 that lasts for at least 24 hours and
is preceded and followed by at least 30 days of no symptoms). Given the questionable validity
of the responses, the recurrence data will not be reported.
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