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Abstract

Background: Physical therapy (PT) and other exercise-based interventions are core components of care for knee
osteoarthritis (OA), but both are underutilized, and some patients have limited access to PT services. This clinical
trial is examining a STepped Exercise Program for patients with Knee OsteoArthritis (STEP-KOA). This model of care
can help to tailor exercise-based interventions to patient needs and also conserve higher resource services (such as
PT) for patients who do not make clinically relevant improvements after receiving less costly interventions.

Methods / Design: Step-KOA is a randomized trial of 345 patients with symptomatic knee OA from two
Department of Veterans Affairs sites. Participants are randomized to STEP-KOA and Arthritis Education (AE) Control
groups with a 2:1 ratio, respectively. STEP-KOA begins with 3 months of access to an internet-based exercise
program (Step 1). Participants not meeting response criteria for clinically meaningful improvement in pain and
function after Step 1 progress to Step 2, which involves bi-weekly physical activity coaching calls for 3 months.
Participants not meeting response criteria after Step 2 progress to in-person PT visits (Step 3). Outcomes will be
assessed at baseline, 3, 6 and 9 months (primary outcome time point). The primary outcome is the Western Ontario
and McMasters Universities Osteoarthritis Index (WOMAC), and secondary outcomes are objective measures of
physical function. Linear mixed models will compare outcomes between the STEP-KOA and AE control groups at
follow-up. We will also evaluate patient characteristics associated with treatment response and conduct a cost-
effectiveness analysis of STEP-KOA.

Discussion: STEP-KOA is a novel, efficient and patient-centered approach to delivering exercise-based interventions
to patients with knee OA, one of the most prevalent and disabling health conditions. This trial will provide
information on the effectiveness of STEP-KOA as a novel potential model of care for treatment of OA.

Trial Registration: Clinicaltrials.gov, NCT02653768 (STepped Exercise Program for Knee OsteoArthritis (STEP-KOA)),
Registered January 12, 2016.
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Background

Osteoarthritis (OA) is one of the most prevalent chronic
conditions in the U.S. Knee OA is particularly common,
with one study indicating a lifetime risk of 45% [1, 2].
The prevalence of knee OA is expected to rise dramatic-
ally over the next several decades [3]. OA is associated
with significant pain, functional limitations, and reduced
health-related quality of life [4]. U.S. military Veterans
experience a disproportionate burden of OA [5, 6], likely
due in part to high rates of joint injuries and loading.
One study showed that rates of OA in military ser-
vice members are about twice as high as those in
comparable age groups in the general population [6].
Data from a national survey showed that 32% of Vet-
erans reported a doctor’s diagnosis of arthritis (with
knee OA being the most common form), compared
with 22% of non-Veterans [7]. Veterans who receive
care within the Department of Veterans Affairs (VA)
healthcare system have a particularly high burden of
OA. For example, national survey data also show that
VA health care users are more likely to report a diag-
nosis of arthritis (43% vs. 30%, p <0.001) compared
to Veterans who receive care outside the VA health
care system. Furthermore, among Veterans with
arthritis (most commonly OA), those receiving VA
care are more likely to report limitation in their daily
activities because of joint symptoms (63% vs. 42%,
p <0.001) [7].

OA treatment guidelines consistently recommend
both exercise programs and physical therapy (PT) as
core components of managing knee OA [8-10], based
on strong evidence for their effectiveness [11-14]. Ef-
fect sizes for improvements in pain and function fol-
lowing exercise-based programs for knee OA are
comparable to those observed for pharmacological
treatment of OA [11]. However, despite the evidence
for exercise programs and PT in managing OA symp-
toms, both are substantially under-utilized [15, 16]. In
a study of adults who had or were at risk for knee
OA, only 2% of African Americans and 13% of whites
were currently meeting physical activity recommenda-
tions [16]. In our recent study of VA health care
users with knee OA [17], less than half had ever re-
ceived PT, despite a relatively long average duration
of disease (14years). Although the reasons for low
use of PT for knee OA have not been fully elucidated,
there are two likely contributors. First, neither treat-
ment guidelines nor prior studies indicate which pa-
tients with knee OA have the greatest need for or
may benefit most from PT visits (versus lower resource
approaches to enhance physical activity) [8—10]. The lack
of evidence in this area leaves primary care providers
without guidance for making appropriate referrals. Sec-
ond, outpatient PT visits are a limited resource in many
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healthcare systems [18], including the VA. Because of
these challenges, there is a need to identify strategies to ef-
ficiently and appropriately focus PT services and identify
complementary, lower resource strategies to help improve
physical activity and associated outcomes among patients
with knee OA.

This study is evaluating a STepped Exercise Program
for patients with Knee OsteoArthritis (STEP-KOA).
Stepped care interventions, which begin with low inten-
sity / low resource treatments and “step up” to more in-
tensive treatments if patients do not make clinically
relevant improvement, are attractive from both patient
and resource allocation perspectives [19, 20] and have a
strong evidence base in the context of pain management
and other health conditions [21-25]. However, to our
knowledge, no studies have previously examined a stepped
approach to increasing physical activity for patients with
OA. We believe a stepped approach is particularly appro-
priate in this context for several reasons. First, knee OA
is highly common among Veterans, and there is a
need for an efficient approach to fostering physical
activity in this large group. Second, among patients
with knee OA there is considerable variability in pain
severity, physical function, exercise abilities, and other
factors that likely influence the intensiveness of phys-
ical activity intervention needed. A stepped care ap-
proach can address this heterogeneity. Third, the
demand for outpatient PT for knee OA is increasing,
including within the VA, due to the rising prevalence
of this health condition. A stepped intervention could
guide more focused use of these PT visits for knee OA.
As described in detail below, STEP-KOA begins with a
low-resource intervention, involving access to an
internet-based exercise program for knee OA (Step 1).
Participants who do not meet response criteria for pain
and function, established by the Outcome Measures in
Rheumatology group and the Osteoarthritis Research
Society International (OMERACT-OARSI [26]), after
Step 1 progress to a more intensive intervention ap-
proach, adding telephone coaching to address barriers
to physical activity (Step 2). Patients who still do not
meet response criteria after Step 2 progress to a more
intensive Step 3, involving in-person PT visits. This
manuscript describes the protocol for a clinical trial
testing the effectiveness of STEP-KOA within the VA
healthcare system. Specific aims and associated hypoth-
eses for this project are:

Aim 1: To examine the effectiveness of STEP-KOA on
key patient-centered outcomes among Veterans with
symptomatic knee OA.

Hypothesis 1: Veterans who receive STEP-KOA will
have clinically relevant improvements in self-reported
pain, stiffness, and function, measured by the Western
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Ontario and McMasters Universities Osteoarthritis
Index (WOMAC), immediately following the 9-month
program, compared with Veterans in an Arthritis
Education (AE) control group.

Specific Aim 2: To estimate maintenance effects of
STEP-KOA at 15 month follow-up, 6 months following
completion of the program.

Hypothesis 2: At 15-months, Veterans in the STEP-
KOA group will maintain improvements in WOMAC
scores achieved at 9 months (i.e. there will be no esti-
mated mean difference in WOMAC scores between 9
and 15 months).

Specific Aim 3: To describe patients who are non-
responders at each Step in the STEP-KOA group,
and to examine patient characteristics associated
with non-response.

Specific Aim 4: To examine the cost effectiveness of
overall STEP-KOA intervention, compared with the
AE control group.
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Methods

This study was reviewed and approved by the Institu-
tional Review Board of the Durham VA Healthcare Sys-
tem (#01933).

Study sites and design

This study is being conducted in two sites within the VA
Mid-Atlantic Health Care Network, Durham, NC and
Greenville, NC. This is a randomized controlled trial
with participants assigned to two groups: STEP-KOA
and Arthritis Education (AE) (Fig. 1). Participants are
randomized in a 2:1 ratio (STEP-KOA: AE Control); this
design gives ample sample size to characterize the
STEP-KOA process and to explore characteristics of re-
sponders and non-responders at each evaluation time
point (Specific Aim #3). Randomization is stratified by
gender and study site to ensure groups are balanced in
these respects. Three and six-month assessments will be
used to determine whether participants in STEP-KOA
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need to progress to more intensive steps. The primary
outcome point (Aim 1) will be at 9 months. In addition,
Aim 2 will examine whether any effects are maintained in
the STEP-KOA group in the 6 months following the inter-
vention period (15 months post-randomization). Following
completion of 9-month assessments, participants assigned
to the AE control group will be offered access to the
internet-based exercise training program, along with the
Step 2 exercise coaching calls. All participants are permit-
ted to continue other usual medical care for OA during
the full study period.

Participant eligibility criteria

This study involves n =345 Veterans with symptom-
atic knee OA. All participants must meet the follow-
ing criteria: 1) Diagnosis of Knee OA (identified
from VA electronic medical records and self-report)
and 2) Current Joint Symptoms (based on
self-report). Specifically, participants must self-report
having an average knee pain of 3 or greater (on a
scale of 0-10) over that past 2 weeks. Exclusion cri-
teria are listed in Table 1.

Recruitment, enrollment and randomization procedures

Recruitment methods include: 1) direct contact by the
study team (primary method), 2) self-referral, 3.) pro-
vider referral. Direct contact of patients by the study

Table 1 Exclusion criteria

Currently completing PT visits for knee OA
Gout (in knee)

Rheumatoid arthritis, fibromyalgia, or other systemic rheumatic
disease

Dementia, psychosis or active substance abuse disorder
Meniscus or knee ligament tear in the past 6 months

Total joint replacement or other major lower extremity surgery
in the past 6 months or planned in the next 9 months

Severe hearing or visual impairment

Serious / terminal illness

Hospitalization for a cardiovascular condition in the past 3 months
Unstable angina

History of ventricular tachycardia

Unstable chronic obstructive pulmonary disease (two hospitalizations
within the previous 12 months and/or on oxygen)

Uncontrolled hypertension (diastolic blood pressure > 110 mm/Hg
or systolic > 200 mm/Hg, measured at the baseline visit)

Stroke with moderate to severe aphasia
Recent history of three or more falls
Resident of a long-term care facility

Other health problem that would prohibit participation in the
study and/or warrant immediate PT

Current participation in another OA intervention study
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team begins with a pull of VA electronic medical record
data to identify patients with diagnosis codes for knee
OA and no exclusionary diagnoses, followed by an intro-
ductory letter. Self-referral involves Veterans responding
to posters and brochures placed in clinic waiting rooms
and other common areas. To facilitate provider referral,
VA clinicians may give brochures to patients or utilize a
consult within the medical record system. For partici-
pants identified via all three methods, a screening tele-
phone call is used to further assess eligibility. Patients
meeting screening criteria are asked to come to their VA
site for an initial visit, which consists of consent and
baseline assessments.

The randomization sequence is generated by a study
statistician and maintained in the tracking database. The
randomization assignment for each participant can only
be obtained by a study team member once that partici-
pant has completed consent and baseline assessments
and is ready to be notified of their group assignment.
After the enrollment visit, at study team member calls
participants to give them their randomization assign-
ment. At that time, participants assigned to STEP-KOA
are given an orientation to the Step 1 website and assist-
ance with getting set up as a new user. Participants are
also sent information on how to use the website, along
with general information about physical activity and
osteoarthritis. Participants are also sent a study-issued
iPad if needed.

STEP-KOA intervention

Overview

Components of the STEP-KOA program are evidence-
based and focus on enhancing physical activity but differ
in the amount, type and mode of care provided. Partici-
pants begin with the intervention component requiring
the least resources to deliver (access to a tailored,
internet-based exercise training program) and progress
to additional components if they fail to meet response
criteria for clinically relevant improvement in pain and /
or function. Participants are evaluated for treatment re-
sponse every 3 months, based on prior research indicating
this is an adequate time period to observe meaningful
changes in pain and function [27]. All participants in
STEP-KOA will continue to have access to the Step 1
internet-based program for the full 9-month intervention
period, regardless of whether they progress to Steps 2 and
3. This is because the internet-based program may serve
as a complementary resource to participants who go on to
other steps, and this approach is similar to other stepped
care interventions [21, 23]. Some participants who initially
meet response criteria for improvement at the first
(3-month) assessment point (and therefore remain at Step
1) may regress by 6 months and no longer meet bench-
marks when compared to baseline pain and function.
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These participants are then advanced to the Step 2 inter-
vention at the 6-month time point; this approach is also
similar to other stepped care interventions [21, 23].

The OMERACT-OARSI responder criteria are used to
determine whether participants progress to Step 2 and
Step 3 interventions [26]. These criteria were established
using a combined data-driven and expert opinion ap-
proach, and they have been used in over 30 clinical trials
of behavioral, pharmacological and surgical interventions
for OA [2, 28]. Participants can meet OMERACT-OARSI
response criteria in two ways: 1) >50% improvement in
pain OR function AND absolute change >20, 2) Improve-
ment in at least two of the following: pain >20% and abso-
lute change >10; function pain >20% and absolute change
>10; patient’s global assessment >20% and absolute change
>10. The project coordinator, not blinded to study assign-
ment, informs participants via telephone about whether
they progress to Step 2 and 3, following completion of 3-
and 6-month assessments.

Step 1: Internet-based Exercise Training (IBET)
The IBET program used for Step 1, described in de-
tail previously, was developed by a multidisciplinary
team of patients and clinicians. The program was de-
signed with an aim of mirroring a “real life” rehabili-
tation experience for patients with knee OA, including
provision of personalized exercise recommendations,
monitoring and progression of activities [29]. Results of a
pre-post pilot study showed that the modified short form
of the Western Ontario and McMaster Universities
Osteoarthritis Index (mSF-WOMAC, a measure of lower
extremity pain, stiffness and function [30]) decreased by
about 7 points following the program, which is a large
effect size [29].

The program is comprised of the following components:

1. Tailored Exercise Routines. The program includes
five exercise levels that span a continuum of
functional abilities. Initial assignment to an exercise
level is based on patients’ responses to the mSE-
WOMAC and other items assessing exercise
abilities and function. The algorithm for assigning
exercise levels was validated against recommended
assignments by physical therapists familiar with the
exercise levels. Exercises within each level, including
strengthening and stretching, are based on clinical
guidelines and selection by a panel of orthopedic
surgeons, physiatrists, rheumatologists and physical
therapists. Exercises emphasize the lower body.
Specific exercises included in a participant’s
assigned routine are randomly selected from within
the appropriate level, and participants may request
to change the specific exercises within a level at any
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time. Participants are also prescribed aerobic
exercises appropriate for each level.

2. Animations of Strengthening and Stretching
Exercises (Fig. 2). When participants log in to the
program, a static version of their strengthening and
stretching exercises is displayed. Patients can click
on each exercise to view the animated version.
These video presentations are important for
instructing patients in safe, appropriate ways to
perform each exercise.

3. Monitoring and Progression of Exercise Routine.
Participants are asked to record their exercises after
each session. Participants can request at any time to
move to a more difficult or easier exercise level, but
they are only enabled to move to a harder exercise
level if their mSF-WOMAC score is better than or
equal to their previous score. If this score is worse
than previously, they are automatically given a new
exercise routine at their current level. With
increasing exercise level, the difficulty of the routine
progresses based on a combination of number of
assigned strengthening / stretching exercises,
difficulty of the specific exercises, and resistance of
the strengthening exercises (e.g., body weight,
amount of weight in the ankle weights); duration of
recommended aerobic activity also increases with
each level.

4. Pain Monitoring. Patients are also asked to report
any increases in pain as a result of their exercises. If
patients record an increase in pain after three
consecutive sessions but do not request a lower
exercise level, a suggestion is given to consider
trying a lower exercise level. If patients do not
report increased pain for 2 weeks, they are
encouraged to try a more difficult level.

Participants in this study are given an individualized
code and instructions for accessing the IBET program.
They are also given weigh-t adjustable ankle weights and
elastic resistance bands, since these are utilized in some
exercises. If participants do not enter the website within
2 weeks of being provided access, they receive a call
from a project coordinator, encouraging them to access
the website and inquiring about any technical difficul-
ties. Participants are given a telephone number to con-
tact the project coordinator if they need additional
technical support regarding the website or study-issued
iPad. Participants are encouraged to access the IBET
program immediately after being randomized and
throughout the study period. Based on physical activity
guidelines [31], we recommend that participants perform
stretching and strengthening exercises at least three
times per week and aerobic exercises daily (or as often
as possible), guided by the website.
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Fig. 2 Sample Screen Shots from the Internet-Based Exercise Training Program (Used with permission from Visual Health Information (VHI)

Step 2: Telephone-Based Physical Activity Coaching
Participants who move to Step 2 receive bi-weekly tele-
phone calls from a physical activity coach for a 3-month
period. This component was chosen because studies in-
dicate that personal support from an physical activity
coach (or similar role) can increase physical activity [32].
Also, although this approach is more resource intensive
than an internet-based program, it is less costly than
in-person PT visits and does not require Veterans to
travel to a VA facility.

The overall goals of Step 2 calls are to address any OA
or health-related difficulties participants are having with

their exercise program, provide additional social support
for physical activity, and reinforce information about the
benefits of physical activity. Each phone call is guided by
a script. Content for the first telephone call includes: 1)
Introduction of the physical activity coach and their role.
2) Questions for the participant about their OA symp-
toms, health problems, or other barriers that present
challenges to their engagement in activity, 3)_Review of
guidelines for physical activity for individuals with OA
including description of “safe” exercises, general instruc-
tions for performing aerobic, strengthening and stretch-
ing exercises, good long-term goals for each type of
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exercises (150 min of aerobic exercises weekly, strength-
ening exercises 2—-3 times per week, stretching daily),
and tips for managing pain with physical activity. 4) De-
scription of SMART (Specific, Measurable, Action-ori-
ented, and Time-Bound) [33] goal setting, 5)
Goal-setting for the next 2 weeks, 6) Time for additional
questions from the participant. For calls #2-#5, the con-
tent includes: 1) Asking the participant about their phys-
ical activity about the prior call, including what they
have been doing, any barriers they faced and strategies
to resolve, and any increases in joint pain, 2) Discussion
of other potential strategies to address any barriers the
participant is facing regarding their physical activity, 3)
Goal-setting for the next 2 weeks, 4) Time for additional
questions from the participant. The content for call #5
includes topics included for calls #2-#5, as well as: 1) Re-
view of the participant’s progress toward SMART goals
since the beginning of the study and encouragement of
the participant for their progress, 2) Planning for future
physical activity progression and dealing with setbacks.

Motivational interviewing strategies, including use of
open-ended questions and reflective listening, are
employed to identify any ambivalence patients experience
about engaging in physical activity [34]. All physical activ-
ity coaches (n = 3) received training from co-investigators
with experience in exercise science, physical activity
coaching, telephone-based interventions and motivational
interviewing (Allen, Hall, Morey). Physical activity coaches
performed calls with “mock” participants prior to inter-
vention delivery, with co-investigators providing feedback.
For each coach, a subset of intervention calls are
audio-recorded, and one or more co-investigators listens
to the call and provides specific feedback using a stan-
dardized fidelity checklist. Intervention calls were also re-
corded in a study database, which assisted with scheduling
logistics as well as documenting participants’ goals so that
the coaches could refer to these in subsequent calls.

Step 3: PT Visits
This intervention component was chosen because phys-
ical therapists have specialized training to evaluate func-
tional impairments and biomechanical issues and can
assist patients with tailoring exercises to address these
deficits. Physical therapists can also evaluate patients’
needs for knee braces, shoe lifts, or other assistive de-
vices. We posited that patients who do not experience
meaningful improvement after remotely delivered phys-
ical activity interventions (Steps 1 and 2) may have
greater functional impairments or other underlying clin-
ical issues that will benefit from in-person attention by a
physical therapist.

The Step 3 intervention is based on usual PT care for
knee OA. Specifically, core components of PT for knee
OA include: instruction in a tailored exercise program,
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instruction in activity pacing and joint protection, and
evaluation of mobility, stability, function, knee align-
ment, limb length inequalities, specific areas of weakness
or inflexibility, and need for mobility aids, knee braces,
and shoe orthotics. Participants are encouraged to at-
tend between 3 and 7 1-on-1 PT visits, based on pro-
gress toward goals. The first PT session lasts about 1h,
since this involves an initial evaluation, and remaining
visits are 30 min each. To mirror VA processes for pro-
viding travel-related compensation for patients, study
participants are paid $10 for each physical therapy visit,
plus an additional amount that varies by distance
traveled.

The first session for Step 3 intervention begins with an
evaluation that was developed in collaboration with VA
physical therapist to reflect usual care. Specific compo-
nents of the evaluation include: 1) Assessment of partici-
pants’ knee symptoms, 2) Assessment of prior injuries
and falls, 3) Discussion of participants’ goals for therapy,
4) Palpation to check for edema, warmth, tenderness,
crepitus and bony enlargement, 5) Evaluation of strength
and active range of motion for knee flexion, knee exten-
sion, ankle plantar flexion and ankle dorsiflexion, 6) As-
sessment of current knee pain severity, 7) Knee
alignment (varus, valgus, neutral), 8) Check for leg
length inequality, 9) Evaluation of static balance, dy-
namic balance and gait problems 10) Additional tests as
indicated and at the physical therapists discretion (for
example, muscle length abnormalities, tests for anterior
and medial cruciate ligament abnormalities). Following
this evaluation the physical therapist discusses treatment
recommendations and follow-up plans with the partici-
pant, which could include manual therapy, balance/
neuromuscular education, balance / neuromuscular edu-
cation, gait / stair training, and referrals for additional
evaluations for assistive devices, knee braces, and shoe
lifts / orthotics. The final component of the first visit in-
volves review of the participant’s current exercise and
providing recommendations for tailoring or modifica-
tions to their home exercise program. Although the
physical therapists tailor participants’ home exercise pro-
grams to their functional abilities and goals, general rec-
ommendations are that the program should include
about 4-5 exercises and take about 15 min to complete
each time it is performed.

At all subsequent PT visits begin with a brief
re-assessment of pain and home exercise. This is followed
modifications and progressions to the home exercise pro-
gram and having the participant perform the new exercise
set to ensure appropriate performance. The physical
therapists may also follow up on previous treatment rec-
ommendations (e.g., referrals for knee braces, manual
therapy). All PT visits are documented in a study
database.



Allen et al. BMC Musculoskeletal Disorders (2019) 20:254

Arthritis education (AE) control condition

The AE control group was selected for two reasons. First,
as this is an active condition (rather than a control condi-
tion with no intervention), it allows participants to receive
an OA-focused intervention immediately. This can help to
improve satisfaction and retention participants, and it
helps to account for any effects due simply to receiving an
intervention (e.g., attention effects). Second, AE has been
used as an effective, feasible control condition in prior
studies of behavioral interventions for OA [35-37]. Partic-
ipants in the AE control group receive low literacy educa-
tional materials via mail every 2 weeks for 9 months.
Because STEP-KOA is a multi-component intervention,
with participants receiving different numbers of Steps, it is
not feasible to implement a control condition that mir-
rored the exact intervention “dose” and contact type re-
ceived by all participants in the intervention group.
However, the AE condition achieves the goal of providing
an active, OA-related control condition. We selected a
mail format because it mirrors the “remote” aspect of the
Step 1 intervention. We selected the 2 week interval for
mailings because it mirrors aspects of each of the
STEP-KOA components: The AE intervention includes a
comprehensive set of topics related to OA and its manage-
ment, based on established treatment guidelines (Table 2)
[8, 38]. All AE materials are shown in Additional file 1.

Measures

Study assessments are conducted in person at baseline
and 9-months (primary outcome point). Interim assess-
ments (3-months, 6-months) and longer-term follow-up
(15-months) are conducted via telephone. Assessments

Table 2 Topics for AE intervention
What is OA?

Diagnosis of OA

Risk Factors for OA

Health Care Providers And OA
Pain Medications (Oral)
Topical Pain Medications
Knee Braces

Shoes and Orthotics

Physical Activity

Weight Management

Joint Protection

Pain Coping Skills

Surgery

Complementary and Alternative Therapies
OA and Sleep

OA and Mental Health

OA and Fatigue
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are conducted by a research assistant blinded to group
assignment. Participants’ responses are entered into a
study database (DatStat Illume®) that was programmed
to minimize risks of out-of-range and missing data. The
study measures database and tracking database are
housed on a secure VA server, accessible only to autho-
rized study team members. Participants are paid $40 for
in-person and $20 for telephone-based assessments.

Primary Outcome: Total WOMAC Score (Collected at
Baseline and all Follow-Up Time Points)

The primary outcome measure is the WOMAC, a meas-
ure of lower extremity pain (5 items), stiffness (2 items),
and function (17 items), with items rated on a Likert scale
of 0 (no symptoms) to 4 (extreme symptoms). The reli-
ability and validity of the WOMAC total score and sub-
scales have been confirmed [39]. The WOMAC has been
widely used in trials of behavioral interventions for knee
OA, confirming its sensitivity to change. The WOMAC
has also been validated for use via telephone [40].

Secondary Outcome: Objective Physical Function (Collected
at Baseline and 9-Month Follow-Up)

Physical function assessments are based on OARSI rec-
ommendations for clinical trials of knee OA [41]. These
tests have been previously validated and have shown
good sensitivity to change in clinical trials among pa-
tients with OA. Tests include a 30 s stair stand test, a 40
m fast-paced walk, a timed get up and go test, stair
climbing test, and a 6-min walk test, following previ-
ously established procedures for each. The 30s stair
stand asks participants to rise and sit back down in a
chair as many times as they can during that time period,
without using hands or arms for support [42]. The 40 m
fast-paced walk is a timed test of walking twice back and
forth (as fast as participants are able) over a 10 m dis-
tance [43].The timed get up-and-go test requires the
participants to stand from a standard arm chair, walk 3
m and then return to sitting in the same chair (as
quickly and safely as possible). The stair climbing test
measures the time it takes to ascend and descend a flight
of 12 steps (each step 18 cm high and 28 cm deep). Par-
ticipants are asked to complete the test as quickly as
they feel safe and comfortable. The use of one handrail
is allowed if necessary, but patients are encouraged to
minimize their use of the handrail. The 6-min walk test
is a self-paced task during which individuals are
instructed to walk as far as they can during a 6-min
period. Walking aids are permitted as needed. Following
each tests, participants are asked to indicate the max-
imum pain they experienced, on a scale of 0-10, during
the test.
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Exploratory and process measures

Self-Efficacy for Exercise Scale (Collected at Baseline and 9-
Month Follow-Up)

The Self-Efficacy for Exercise scale assesses individuals’
confidence in engaging in exercise in nine different situ-
ations that could present barriers (including having pain
when exercising) [44]. For each situation, individuals are
asked to rate their confidence in being able to exercise
three times a week for 20 min each time, on a scale of 0
(not confident) to 10 (very confident). A total score is
derived by taking the average across the 9 items,
resulting in a possible total score ranging from 0 to 10.
Validity of this measure was confirmed by expected as-
sociations with actual exercise, as well as physical and
mental health.

Social Support for Exercise Scale (Collected at Baseline and
9-Month Follow-Up)

This scale includes 13 items that assess the frequency with
which friends and family members (separately) engage in
behaviors that may either support exercise (e.g., “Gave me
encouragement to stick with my exercise program”) or
discourage exercise (e.g., “Complained about the time I
spend exercising”) [45]. All items are measured on a scale
of 1 (none) to 5 (very often). The scale has shown accept-
able test-retest reliability, internal consistency reliability,
and concurrent criterion related validity through a strong
correlation with exercise habits.

Physical activity and adherence measures

Physical Activity Scale for the Elderly (PASE) (Collected at
Baseline and all Follow-Up Time Points)

The PASE is a self-report, 12-item scale that measures
occupational, household, and leisure activity during a
1-week period [46]. This scale was developed for use
among older adults and is appropriate for patients with
knee OA who typically have more limited physical activ-
ity than the general population. The PASE has been vali-
dated for use via telephone.

Additional Self-Report Physical Activity Items (Collected at
Baseline and all Follow-Up Time Points)

We are also specifically interested in purposeful exercise
behaviors. Participants were asked to report the number
of times and minutes per week, on average, they were
completing strengthening, stretching, and aerobic
exercises.

Adherence to Intervention Step Components

Participants’ use of the IBET program is tracked on the
website. For participants who advance to Step 2, we col-
lect information on the number of scheduled phone calls
completed, and for participants who advance to Step 3,
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we collect information on the number of PT visits
attended.

Participant Characteristics (Collected at Baseline only)

We collect the following participant demographic and
clinical characteristics: age, race / ethnicity, gender,
household financial state, education level, work status
marital status, body mass index, questions about internet
and technology use, the Patient Activation Measure, co-
morbid illnesses (Self-Administered Comorbidity Ques-
tionnaire) [47], joints with OA, self-rated general health
(excellent, very good, or good vs. fair or poor).

Knee OA and Related Care During Study Period (Collected
at Baseline 9-Month and 15-Month Follow-Up)

We assess use of treatments for knee OA at baseline and
follow-up assessments, including pain medications,
topical creams, knee braces, joint injections, physical
therapy and assistive devices. (At follow-up visits, partic-
ipants are asked about OA treatment use since their last
study visit.) These items are assessed through a combin-
ation of self-reported and VA electronic medical records.
Participants who start new OA treatments during the
study period, but any observed between-group differ-
ences in these patterns will be evaluated in exploratory
analyses. Because of the drastic improvements typically
associated with joint replacement surgery, participants
having this surgery during the study period are excluded
at that time point.

Measures for cost-effectiveness analysis

Intervention Costs

We will use a micro-costing approach to derive labor
and equipment costs for the STEP-KOA intervention.
Labor costs for Step 1 include programmer time to
maintain the website and phone calls for technical sup-
port. Labor costs for the Step 2 intervention include the
time needed to train the physical activity coach and to
conduct the telephone calls; this time includes any re-
quired pre-call preparation, post-call activities, partial
call completions, call attempts and callbacks. Labor costs
for Step 3 involve the physical therapists time to
complete in-person visits. Hourly wage + fringe benefit
rates for personnel will be applied to the labor time to
derive total labor costs. The equipment costs for Step 1
include ankle weight and elastic bands, as well as the
Apple iPad Air 16GB with Mobile Broadband Access
Calling Plan costs for a subset of participants. Equip-
ment costs for Step 3 include any devices recommended
by the physical therapist. Total labor and equipment
costs will be divided by the number of patients in the
STEP-KOA arm to derive per-patient intervention cost.
We note that costs will vary across participants, as par-
ticipants will not all receive the same Steps. We will
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report this variability but are primarily interested in the
average cost per participant.

Patient Resource Utilization and Costs

The intervention may affect primary care and specialist
outpatient visits for OA and outpatient pain medication
use. Outpatient encounters will be categorized using clinic
stop codes of interest, as well as a count of total encoun-
ters and total costs of OA-related outpatient care. We will
also include fee basis OA-related outpatient care and costs
of the same categories because these are of increasing im-
portance to VAs. Our primary analysis will focus on cost
categories specific to OA-related outpatient care and pain
medications because these were the main types of
utilization that we a priori expected the intervention to
affect (e.g. reduce utilization in these domains). In a sensi-
tivity analysis, we will aggregate total costs of outpatient
encounters and outpatient medications (e.g. not coded as
being specifically to address OA-related care), to see if
there were spillovers from OA-specific outpatient care
and outpatient pain medication, to the outpatient and out-
patient pharmacy setting more broadly.

Effectiveness Measures

We use two effectiveness measures to calculate cost ef-
fectiveness ratios: WOMAC units (described above) and
the EuroQoL EQ-5D-5L questionnaire. The EuroQol
health outcome measure (EQ-5D-5L and EQ-VAS) al-
lows us to calculate quality-adjusted life years (QALYs),
and it has been used successfully in previous research
among patients with arthritis [48].

Participant Feedback on STEP-KOA (Collected at 9-Month
Follow-Up Only)

Participants in the STEP-KOA group are asked
open-ended questions regarding the intervention com-
ponents. For example, we will ask participants about us-
ability of the IBET website, appropriateness of the
number and length of telephone sessions with the exer-
cise counselor, content of PT visits, and ways we might
improve the interventions.

Data analyses

Primary Analysis (Specific Aim 1)

The main study outcome, WOMAC, is a continuous
measure collected at baseline, 3, 6, 9 (primary assess-
ment time) and 15 months (STEP-KOA group only). A
linear mixed model with an unstructured covariance to
address within-patient correlation between repeated
measures over time will be used to fit a constrained lon-
gitudinal data model, in which baseline WOMAC score
is modeled as a dependent variable in conjunction with
the constraint of a common baseline mean across treat-
ment arms [49]. We will estimate the parameters in the
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model and set up contrasts for tests of hypotheses using
the SAS procedure MIXED (Cary, NC). For improve-
ment in precision, the model will be adjusted for stratifi-
cation variables [50].

Secondary Analyses

Since the secondary outcomes for objective physical
function are continuous, longitudinally collected mea-
sures, we will use similar modeling procedures as those
described above for WOMAC scores to assess
between-group differences at 9-month follow-up. We
will also examine Poisson or negative-binomial mixed
models as a sensitivity analysis as these outcomes (par-
ticularly chair stands) can be skewed and assumption of
a normal distribution may not be reasonable.

For Specific Aim 2, to examine the maintenance effects
of STEP-KOA at thel5-month follow-up, we will add the
15-month outcomes and the 15-month time-point to the
fixed effect portion of the model. We will set up contrasts
of model parameters to estimate the difference and associ-
ated 95% confidence intervals in outcomes between the
9-month and 15-month time points.

For Specific Aim 3, we are interested in understanding
the flow of responders and non-responders through the
STEP-KOA intervention. We will first calculate propor-
tions of responders and non-responders at each time
point and describe responder patterns longitudinally.
We will also calculate proportions of individuals who
meet response criteria in the two different ways permit-
ted in the OARSI-OMERACT criteria. We will then
examine characteristics associated with responder status
at each time point, using multivariable logistic regression
models. In these models, we will first focus on four a
priori patient characteristics: age, baseline pain and func-
tion, and baseline self-rated health, to avoid spurious
statistical findings [51]. Based on clinical experience, we
believe these variables have potential to predict response,
and they can be assessed easily and quickly, making
them practical screening tools.

Missing Data

Because the main predictors of interest, intervention
arm and patient characteristics, are collected at baseline,
we do not anticipate much missing data in these vari-
ables. There may be missing values in the follow-up out-
come measures due to dropout, death, a missed interim
assessment, or item non-response. Our main analysis
technique for the primary outcomes, general linear
mixed models via maximum likelihood estimation, im-
plicitly accommodates missingness when missingness is
due either to treatment, to prior outcome, or to other
baseline covariates included in the model, defined as
missing at random [52, 53]Depending on the type and
scope of missing data [54], we will also explore multiple



Allen et al. BMC Musculoskeletal Disorders (2019) 20:254

imputation as a sensitivity analysis conducted via the
SAS procedure PROC MI or the SAS macro IVEware
(http://www.isr.umich.edu/src/smp/ive/).

Sample Size

The sample size estimate of n = 345 patients was based on
a 2:1 randomization and the comparison of the primary
outcome between the STEP-KOA and AE control arms at
9 months. Since AIM 3 is to describe the responder pat-
terns for the Step progression in STEP-KOA we used a
2:1 randomization to facilitate our ability to evaluate these
patterns [55]. For sample size calculations we used
methods appropriate for Analysis of Covariance type ana-
lyses [56], which are equivalent in terms of efficiency to
our linear model in randomized trials [49]. This method is
based on performing a two-sample t-test sample size cal-
culation for the between group difference and adjusting
based on an assumed correlation between baseline and
follow-up time point outcome measures. Based on our
previous data, we assumed a correlation of 0.4 between
baseline and follow-up WOMAC scores, a standard
deviation of 17.5 and an attrition rate of 20% at 9-months
[17, 57, 58]. With 80% power, alpha = 0.05, standard devi-
ation = 17.5, rho = .4, and approximately 20% attrition rate
by 9-months, 230 and 115 participants are needed in the
STEP-KOA and AE groups, respectively, for an effect size
of 0.33. This corresponds to a 5.8 point difference in mean
total WOMAC scores at 9-months between STEP-KOA
and AE, which is a clinically relevant improvement [59].
We are also powered to detect medium effect size differ-
ences in secondary study outcomes.

Economic Evaluation The overall goal of Specific Aim
#4 is to provide the VA with information about the value
of the STEP-KOA program, from a cost effectiveness per-
spective. In addition to informing the VA regarding the
overall average cost of STEP-KOA per patient, this evalu-
ation will provide information on how much improvement
in outcomes can be achieved for that cost. The analysis
will begin with descriptive statistics of the cost and effect-
iveness (utility) data. We will examine each measure of ef-
fectiveness, WOMAC and mean QALY (and the pain/
discomfort sub-core of the EQ-5D-5L), using the general
analytic procedures described above for primary and sec-
ondary outcomes. We will calculate the incremental cost
effectiveness ratio (ICER) of STEP-KOA compared to the
AE control group, separately for WOMAC and QALYs.
The ICER will be calculated as the difference in the aver-
age total cost per participant STEP-KOA and AE, divided
by the difference in the average effectiveness per partici-
pant between STEP-KOA and AE. Bootstrapping of esti-
mates, multiple imputation for missing EuroQoL values,
and sensitivity analyses will all be conducted to ensure ro-
bustness of our results.
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Discussion

This study has several important features. First, it is a
novel model for combining exercise-based interven-
tions with knee OA. To our knowledge, prior studies
have examined individual components (e.g., PT,
home-based exercise) but have not combined them in
a stepped approach. This strategy can be cost-saving
for health systems like the VA and can help to tailor
the intervention approach to patient needs. Second,
this study is being conducted in the VA health care
system, which is important because of the increased
burden of OA in Veterans. The Step 3 intervention is
being delivered by VA physical therapists in order to
mirror a real-world clinical scenario and usual care
approach to PT for patients with knee OA. Third, this
study will not only evaluate the effectiveness of STEP
KOA but also includes supporting aims that will in-
form decisions about downstream implementation.
These include a cost-effectiveness analysis and explor-
ation of patient characteristics that predict treatment
response and the need to transition to more resource
intensive steps of the intervention.

We recognize this study also has limitations. First, it is
being conducted in two VA healthcare sites, and
generalizability may be limited. Second, due to time lim-
itations of the project award period, we will not be able
to fully assess longer-term effects of the intervention.
Third, this study involves an internet-based interven-
tion component. Although we aimed to enhance
generalizability of the study by providing iPads to par-
ticipants who did not have internet regular access, an
internet-based program might not be accessible to all
patients in a real-world setting.

In summary, this study is evaluating a novel, stepped
approach to providing exercise-based interventions to
patients with knee OA. Given the rising prevalence of
knee OA, the centrality of exercise as a first-line treat-
ment component, and the need to increase use of
exercise-based interventions for patients with knee OA,
we believe this study fills an important need. This type
of intervention may be particularly relevant for health
care settings where there are limitations to PT access
and the need for other approaches to provide support
for appropriate exercise. Health systems could provide
access to an IBET program and telephone-based coach-
ing in lieu of an immediate referral to PT, assess re-
sponse, then advance to PT only if additional treatment
is warranted based on improvement and any unresolved
functional issues. The Step 1 and 2 interventions could
also be offered at the time of referral to PT when pa-
tients have a significant wait time before a visit is sched-
uled. If this intervention is shown to yield clinically
relevant improvements and be cost effective, next steps
will involve planning feasible implementation strategies.
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