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Abstract

Background: Chronic pain, especially back pain, isa prevalent condition that is associated with disability, poor health status,
anxiety and depression, decreased quality of life, and increased health services use and costs. Current evidence suggests that
exercise is an effective strategy for managing chronic pain. However, there are few clinical programs that use generally available
toolsand arelatively low-cost approach to help patients with chronic back pain initiate and maintain an exercise program.

Objective: The objective of the study was to determine whether a pedometer-based, Internet-mediated intervention can reduce
chronic back pain-related disability.

Methods: A parallel group randomized controlled trial was conducted with 1:1 allocation to theintervention or usual care group.
229 veterans with nonspecific chronic back pain were recruited from one Department of Veterans Affairs (VA) health care system.
Participants randomized to theintervention received an uploading pedometer and had accessto awebsite that provided automated
walking goals, feedback, motivational messages, and social support through an e-community (n=111). Usual care participants
(n=118) also received the uploading pedometer but did not receive the automated feedback or have access to the website. The
primary outcome was measured using the Roland Morris Disability Questionnaire (RDQ) at 6 months (secondary) and 12 months
(primary) with a difference in mean scores of at least 2 considered clinically meaningful. Both a complete case and all case
analysis, using linear mixed effects models, were conducted to assess differences between study groups at both time points.

Results: Baseline mean RDQ scores were greater than 9 in both groups. Primary outcome data were provided by approximately
90% of intervention and usual care participants at both 6 and 12 months. At 6 months, average RDQ scoreswere 7.2 for intervention
participants compared to 9.2 for usual care, an adjusted difference of 1.6 (95% CI 0.3-2.8, P=.02) for the complete case analysis
and 1.2 (95% CI -0.09to 2.5, P=.07) for the all case analysis. A post hoc analysis of patients with baseline RDQ scores >4 revealed
even larger adjusted differences between groups at 6 monthsbut at 12 monthsthe differenceswere no longer statistically significant.

Conclusions: Intervention participants, compared with those receiving usual care, reported agreater decreasein back pain-related
disability in the 6 monthsfollowing study enrollment. Between-group differenceswere especially prominent for patients reporting
greater baseline levels of disability but did not persist over 12 months. Primarily, automated interventions may be an efficient
way to assist patients with managing chronic back pain; additional support may be needed to ensure continuing improvements.

Trial Registration: Clinical Trials.gov NCT00694018; http://clinicaltrials.gov/ct2/show/NCT00694018 (Archived by WebCite
at http://www.webcitation.org/61sG4Y 90E).

http://www.jmir.org/2013/8/e181/ JMed Internet Res 2013 | vol. 15 | iss. 8 |e181 | p. 1
(page number not for citation purposes)


mailto:skrein@umich.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

(J Med Internet Res 2013;15(8):€181) doi: 10.2196/jmir.2605

Kreinetd

KEYWORDS

chronic pain; Internet; randomized controlled trial; exercise therapy

Introduction

Low back pain is a significant heath problem with
approximately one-half of adults reporting back pain during a
given year [1-3]. Low back pain that persists for longer than 3
monthsis considered chronic [4], and thelonger the pain persists
the greater the risk for long-term disability [5]. Chronic back
pain is associated with functional limitations, social isolation,
unemployment, and lost productivity [5-7], making it one of
the most costly health conditions in the United States [8-11].

Exercisetherapy has proven benefits for managing chronic back
pain [12-14]. Specifically, exercise can prevent recurrence,
reduce pain, improve function, and decrease disability for
patientswith chronic back pain[12,13,15-19]. It isalso generally
recognized that, to be effective, patients have to be willing and
able to perform the recommended exercise and for continuing
benefits remain adherent to the exercise program [18,20,21].
However, there are few efficient and effective strategiesto help
patients engage in exercise therapy for managing their chronic
low back pain.

Internet-based programs are an increasingly popular option for
promoting healthy behaviors, such as those related to diet and
exercise, and for delivering behavior change interventions
[22-24]. Studies have shown that the Internet can be used to
successfully promoteweight loss[25], increase physical activity
[26], and improve patient self-activation [27] or
self-management behaviors [22]. Studies of Internet-based
interventionsfor pain, while somewhat limited, show agenerally
positive effect on pain levels and, to some extent, activity
[27-30]. No studies, however, have focused primarily on
exercise to reduce pain-related disability and improve patient
function.

We conducted a randomized trial to investigate whether a
pedometer-based, Internet-mediated intervention designed to
assist patientswith initiating and maintaining aregular walking
program would reduce pain-related disability and functional
interference among patients with chronic back pain at 6 months
and over a 12-month timeframe.

Methods

Design Overview

We conducted aparallel group randomized controlled trial with
participants allocated in a 1:1 ratio to the intervention or
enhanced usua care (NCT00694018). This research was
approved by the Department of Veterans Affairs (VA), Ann
Arbor Healthcare System ingtitutional review board. The study
protocol, including conceptual framework, isdescribed in detail
elsewhere [31], with key elements summarized below. There
were no significant changes in methods following study
initiation.

http://www.jmir.org/2013/8/e181/

Setting and Participants

Participants were recruited from one VA Healthcare System
between May 2009 and March 2011. Eligible participants were
aged 18 years or older and identified through provider referrals
to back class and use of the VA electronic medical record
system. Specifically, we identified patients who had 2 or more
outpatient encountersin the previous 12 monthswith adiagnosis
of back pain with no neurologic findings (ICD-9-CM codes
724.2, 724.5, 846.0-846.9).

Study staff used a standardized protocol to screen potential
participants by phone or, for a minority of patients who could
not be reached by phone, in person when they arrived for back
class. Eligibility criteriaincluded: (1) persistent back pain >3
months, (2) self-reported sedentary lifestyle (defined as <150
minutes of physical activity per week in accordance with the
US Department of Health and Human Services 2008 Physical
Activity Guidelines for Americans [32]), (3) weekly access to
a computer with a USB port and Internet access, (4) ability to
provide written informed consent and communicatein English,
(5) community residence, (6) ability to walk at least one block,
and (7) report they are not pregnant. Prior to participation, all
eligible patients had to attend back class and obtain medical
clearance. Back class, led by a physical therapist, provided
general education about managing back pain. Participants also
performed back-specific strengthening and stretching exercises
under the supervision of a physical therapist.

Eligible participants then attended a study enrollment session
at which timethey provided written informed consent and were
told they were helping test an I nternet-based program and would
be assigned to one of two groups:. (1) an enhanced care group
that would upload pedometer data weekly and have accessto a
study website and computer discussion group (Internet support
group), or (2) ausua care group that would upload pedometer
datamonthly (monthly upload group). All participantsreceived
an uploading pedometer (the Omron HJ-7201 TC, which stores
42 days of step-count dataand has an embedded USB port [33]),
along with general guidance on using the pedometer and
instructions for logging onto and uploading data to the study
website. To establish a baseline step count that was not
influenced by use of the pedometer information, participants
were instructed to wear their pedometer for 7 days with the
display covered before completing their first upload.

Randomization

After completing the baseline survey, uploading 7 days of
useable pedometer data, and receiving medical clearance, each
participant was randomly allocated in a 1:1 ratio to the
intervention or usual care group by a computer program (using
a random number generator). The program also generated an
email message to inform participants about their group
assignment (Internet support or monthly upload) and instructions
to remove the sticker covering the pedometer display.
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Intervention

The study intervention, based on the Stepping Up to Health
program [31,34], consisted of three primary components. (1)
the uploading pedometer, (2) awebsite that provided automated
goal setting and feedback, targeted messages, and educational
materials, and (3) an e-community [31] (see Multimedia
Appendix 1). The conceptua framework and more detailed
description of the intervention components are published
elsewhere [31]. Briefly, participants were instructed to wear
their pedometer from the time they got up in the morning until
they went to bed. I ntervention participants then received weekly
email remindersto upload their pedometer data, which wasused
to establish weekly individualized walking goals. Each
participant’s goal was based on their average total step count
in the prior week with a fixed number of steps (800) added to
promote a gradual increase in walking for the following week.
The step count goal was emailed to the participant each week
and posted on the study website.

The study website, which was fully accessible to intervention
participants, also included graphical and written feedback about
their progress toward their walking goals and contained pain-
or activity-related motivational and informational messages.
These messagesincluded quick tips, which changed every other
day, and weekly updates about topics in the news. Back class
materials, which included handouts about topics such as body
mechanics, use of cold packs, lumbar rolls, and good posture,
as well as a video demonstrating specific strengthening and
stretching exercises were also available on the website. Finally,
the website based e-community or forum allowed participants
to post suggestions, ask questions, and share stories. Topics
discussed included mental health concerns, such as depression,
strategies for walking such as walking the dog or interesting
hiking trails, walking during hot weather and cold weather, and
use of alternative pain management strategies such as massage.
Research staff participated in and monitored the forum posts as
well as used the forum as a venue to generate competitions to
encourage meeting walking goals.

Enhanced Usual Care

Usual care participants also received the uploading pedometer
and monthly email reminders to upload their pedometer data.
However, they did not receive any goals or feedback and their
access to the study website was limited to completing surveys
and reporting adverse events only.

Monitoring of Adverse Events

Both groupswere encouraged to report any health problemsvia
the website, email, or phone. Four weeks after randomization
and every 8 weeks thereafter, participants were prompted to
complete asurvey that asked about specific adverse events (eg,
heart attack) and symptoms such as shortness of breath. This
information was closely monitored and participants with
potentially serious health-related problems were contacted for
further assessment and follow-up.

Outcomes and Follow-Up

Outcomeswere measured at baseline, 6 months, and 12 months
using a survey administered through the study website, or by a
mailed questionnaire if the participant could not complete the
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computerized instrument. The prespecified primary outcome
was pain-related disability at 12 months, as measured using the
back pain-specific Roland Morris Disability Questionnaire
(RDQ) [35], and a generic pain-related function measure from
the Medical Outcomes Study (MOS) [36]. The RDQ, a24-item
scale with higher scores indicating greater disability, has been
widely used in back pain studies as ameasure of self-perceived
disability [35,37-39]. The MOS measure assesses the effect of
pain on mood and behaviors aswell as pain severity, with higher
scores also indicating greater functional interference [36].

Pain intensity, a secondary outcome, was evaluated using a
numeric rating scale with standard anchors (0="no pain” and
10="worst pain imaginable”) [40]. Walking, also a secondary
outcome, was measured as the average number of steps per day
over the past 7 days using step-count data collected through the
pedometer uploads. Other secondary outcomes included
pain-rel ated fear-avoidance, measured using the Fear-Avoidance
Beliefs Questionnaire physical activity subscale (higher scores
reflect higher levels of fear-avoidance) [41], and self-efficacy
for exercise, measured using the Exercise Regularly Scale, with
higher scores indicating higher levels of self-efficacy [42].
Additional datacollected at baselineincluded age, gender, race,
employment status, education level, relationship status, average
household income, body mass index, and use of narcotic
medications for pain management. An administrative interface
to the website provided data on the number of pedometer
uploads and website log-ins.

Sample Size

Sample size was based on the RDQ score as the primary
outcome with aminimally detectable and clinically meaningful
effect size determined as a difference of 0.4 standard deviation
(SD) in change scores or a 2-point difference, based on
published data[38,43,44]. To detect adifference of 0.4 SD with
80% power using a two-sided 0.05 level 2 group t test, we
sought to enroll 130 subjects in each group, to alow for an
attrition rate of 25% at 1 year.

Statistical Analysis

The analyst assessing final trial outcomes was blinded to study
gnment. All analyseswere conducted using an intent-to-treat
approach with participants analyzed according to original group
assignment. We conducted both complete and all case analyses
to assess differences between groupsin changein RDQ at 6 and
12 months. The complete case analysis was conducted using
multiple linear regression models with adjustment for baseline
values of the RDQ. The all case analysis was conducted using
linear mixed-effects models, allowing us to use data from all
participants and provide an unbiased estimate of the outcome,
assuming dataare missing at random [45]. For example, for our
12-month analysis, RDQ scores at baseline and 12 monthswere
used as dependent variables, with the primary independent
variables consisting of an indicator for the intervention group
and an interaction term of time by intervention group. Each
participant’s data was modeled using a random intercept to
allow within-patient correlation of the repeated measures.
Adjustment for covariates was only planned if an imbalance
was found between groups at baseline.
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We also conducted a post hoc subgroup analysis of participants
with baseline RDQ scores of 24. As a pragmatic trial we did
not screen based on RDQ scores, and some participants had
baseline scores that were very low or even 0. Thus, to assess
the effect of the intervention on participants reporting at least
modest levels of back pain-related disability at baseline, we
conducted a subgroup analysis of those with baseline RDQ
scores of >4 using the same methods previously described.

Analyses were conducted using Stata 11.2 and all reported P
values are from adjusted analyses.

Results

Summary

Over 1400 potentia participants (Figure 1) were assessed for
eligibility. Primary reasonsfor ineligibility werelack of regular
access to a computer or the Internet (n=310) and being too
physically active (n=159). Of those determined to be eligible,
229 completed al of the steps in the enrollment process, with
111 randomly allocated to the Internet-mediated intervention
and 118 to enhanced usual care. Primary outcome data were
provided by 91% of intervention and 90% of usua care
participantsat 6 months, and by 92% of thosein theintervention
group and 89% receiving usual care at 12 months.

Baseline Characteristics

Participants were predominantly male and white, with an
average age of 51 years (Table 1). The majority had completed
some college, were either married or living with someone as a
couple, and the mean body massindex was over 30. At baseline,
less than 40% of participants reported being employed full- or
part-time and over 40% reported taking narcotic medications
for their back pain. None of the observed differencesin baseline
characteristics were statistically significant.

Primary Outcomes

At baseline, mean RDQ scores were greater than 9 in both
groups (Table 1), indicating moderately severe back pain-related
disability. The mean RDQ score at 6 months was 7.2 for
intervention participants compared to 9.2 for thosein usual care
(Figure 2), an adjusted difference of 1.6 (95% CI 0.3-2.8, P=.02)
for the complete case analysis and 1.2 (95% CI -0.09 to 2.5,
P=.07) for the all case analysis (Table 2). When restricted to
the subgroup with at least moderate back pain at baseline (RDQ
score =4) (Figure 2, Table 2), patientsin the intervention had a
significant improvement in back pain-related disability
compared to the control group, an adjusted difference of
approximately 2 in both the complete (1.9, 95% CI 0.5-3.3,
P=.01) and al case (1.7, 95% Cl 0.3-3.0, P=.02) analyses. RDQ
scores continued to decline between 6 and 12 months in both
groups and, while scores for the intervention group remained
lower than for usual care, at 12 months these differences were
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no longer statistically significant. The MOS function measure
also suggested greater improvementsin function for intervention
compared to usual care participants at 6 months (Figure 2), but
none of the adjusted differences were statistically significantly
different.

Secondary Outcomes

At baseline, pain severity was rated at approximately 6 on a
0-10 scale by both intervention and usual care participants
(Table 1). Reported pain levels decreased in both groups at 6
months and remained lower than baseline at 12 months. The
greatest change occurred between baseline and 6 monthsamong
thosein theintervention group (6.0-4.7 vs6.1-5.2 in the control
group), although the adjusted difference between arms of 0.5
was not significant (Table 3).

Average step counts of slightly more than 4000 steps per day
at baselinein each group increased at 6 monthsfor intervention
patients, with an adjusted difference between groups of more
than 700 steps. By 12 months, however, the adjusted difference
between groups was only 100-200 steps. Exercise self-efficacy
scores appeared to be the same or lower (worse) for both groups
at 6 months, although the decrease was significantly less for
those in the intervention compared to the control group, an
adjusted difference of 0.8 (95% CI 0.24-1.4, P=.01) in the
complete case analysis and 0.7 (95% CI 0.12-1.2, P=.02) for
the al case analysis (Table 3). This difference did not persist
at 12 months. There was no difference between groups in the
physical activity fear-avoidance scale at any time point.

I ntervention Engagement

Intervention participants uploaded pedometer data at least once
per week for amedian of 32 weeks (62% of the recommended
time), although more than 25% of participants uploaded data
for at |east 42 weeks (80% compliance). However, intervention
participants logged into the website at least once per week for
a median of only 20 weeks (38% of the recommended time),
with approximately 20% logging in for at least 42 weeks.

Adver se Events

During the study, approximately 600 adverse events were
reported by participants (250 by those in usual care and nearly
350 by those in the intervention). These events ranged from
callusesto chest pain. Worsening back pain, the most frequently
reported event, accounted for 29% of events reported by the
usual care group and 25% of those reported by the intervention
group. Overall, more musculoskeletal events (n=112) were
reported than cardiovascular events (n=85), and muscul oskel etal
injuries were more likely to be reported by participants in the
intervention group compared to those in usual care. However,
no major study-related adverse events (eg, heart attack) were
identified for either group.
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Table 1. Participant baseline characteristics.

Characteristic Internet-mediated inter-  Enhanced usual care
vention (n=118)
(n=111)
Age (y), mean (SD) 51.2 (12.5) 51.9 (12.8)
Male (%) 89 86
Race (%)
White 74 86
Black 13 9
Other or prefer not to answer 14 5

Education level (%)

High school or less 29 25
Some college 56 59
4 years of college or more 16 16
Married or living with a partner (%) 59 68
Employed full-time or part-time (%) 39 31
Annual household income (%)
<US $10,000 18 13
US $10,000-$39,999 61 54
= US $40,000 21 33
Take narcotic medications for back pain (%) 41 49
Genera health status, fair or poor (%) 41 43
Body mass index, mean (SD) 30.6 (5.7) 31.6 (5.5)
RDQ score (0-24)2 mean (SD) 9.1 (6.0) 9.8(5.7)
MOS pain-related functional interference score (0-100) mean (SD) 48.5(18.6) 51.8 (16.3)
Level of pain severity, 0-10 scale® mean (SD) 6.0 (1.9) 6.1(1.6)
Daily step counts, mean (SD) 4492.9 (2749.9) 4321.9 (2285.4)
Exercise self-efficacy score, 1-10b, mean (SD) 6.8(2.1) 6.5(2.3)
Physical activity fear-avoidance behavior scale, 0-28% mean (SD) 13.9(5.9) 15.1(6.0)
Jower scores are better
bhigher scores are better
http://www.jmir.org/2013/8/e181/ JMed Internet Res 2013 | vol. 15 | iss. 8| €181 | p. 5
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Figure 1. Study flow diagram.

JOURNAL OF MEDICAL INTERNET RESEARCH

Assessed for eligibility (n=1412)

[ Enrollment ]

Excluded (n=1147)

¢ Not meeting criteria for phone
screen (n=56)

¢ Not meeting inclusion criteria
(n=523)

4

Consented (n=265)

A 4

¢ Declined to participate (n=2186)

s Eligible, not able to enroll by
end of recruitment period
(n=60)

e Unable to contact for phone
screen (N=292)

A

Randomized (n=229)

Not Randomized (n=36)

e Failedto obtain Medical Clearance
(n=7)

o Withdrew prior to activation (n=3)

o Withdrawn by staff (n=1)

¢ Failed to complete activation steps
(n=25)

A

Allocated to Intervention (n=111)

[ Allocation ]

A 4

[ Follow-Up ]

Lost to follow-up (n= 8)

o Deceased (n=1)

¢ Failed to complete 12 month
assessments (n=7)

Discontinued intervention (n= 1)

o Pt Withdrawal, no reason stated
(n=1)

h 4

Follow-up analysis
6 Months: 101 (91%)
12 Months: 102 (92%)
¢ Includes 4 with no 6 Month
data

[ Analysis

http://www.jmir.org/2013/8/e181/

Y

Allocated to Usual Care (n=118)

h 4

Lost to follow-up (n=11)

o Deceased (n=2)

¢ Failed to complete 12 month
assessments (n=9)

Discontinued Control (n= 2)

e Withdrawn by provider (n=1)

o Withdrawn by study staff (n=1)

Follow-up analysis
6 Months: 106 (90%)
* Includes 1 with no baseline
data
12 Months: 105 (89%)
» Includes 6 with no 6 Month
data

Kreinetd

JMed Internet Res 2013 | vol. 15 | iss. 8 | €181 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kreinet a

Table 2. Primary outcomes, back pain-specific and general pain-related function.

Adjusted between-group difference®
Primary outcome (95% CI)

Complete case P value All case P value

RDQ score (0-24)
6 months 1.6(0.3t02.8) 02 1.2 (-0.09t0 2.5) .07
12 months 1.2(-0.3t02.7) A1 0.7 (-0.8t02.2) .38
MOS pain-related functional interference score (0-100)
6 months 3.6(-051t07.7) .09 25(-1.5t06.5) .23
12 months 0.1(-4.0t04.2) 97 -1.4(-5.4t0 2.5) 48
Subgroup with RDQ scores >4 at baseline RDQ score (0-24)
6 months 1.9(05t03.3) 01 1.7 (0.3t03.0) .02
12 months 1.1(-06t02.7) .20 0.8(-0.8t02.4) .34
MOS pain-related functional interference score (0-100)
6 months 4.6 (-0.1t09.3) .05 3.8(-0.7t08.3) 10
12 months -0.5 (-5.0t0 4.0) 83 -15(-5.810 2.8) 49

3Adjusted for baseline values and cal cul ated as pain or function in enhanced usual care group minus I nternet-mediated intervention group so that positive
scores reflect greater improvement in the intervention group.
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Table 3. Secondary outcomes.

Secondary outcome Mean (SD) Adijusted between-group difference®
(95% CI)
Internet-mediated  Enhanced usual Complete case P value All case P vaue
intervention care

Level of pain severity, 0-10 scale®

6 months 472.) 52(2.1) 05 06 05 07
(-0.01t0 0.98) (-0.03t00.9)
12 months 5.4 (2.2) 5.6 (2.0) 0.1 81 0.04 86
(-0.41t00.5) (-0.4t00.5)
Daily step counts ©¢
6 months 5370.0 (3180.8) 4682.5(2925.0) 725.5 12 724.0 .08
(-193.6 to 1644.7) (-75.2t0
1523.2)
12 months 4681.8 (3000.6) 4758.1(2991.1) 122.4 .75 143.4 .64
(-623.9 to 868.6) (-460.2 to
747.1)

Exer cise self-efficacy score ©

6 months 6.7 (2.4) 5.7 (25) 0.8 .01 0.7 .02
(0.24t0 1.4) (0.12t0 1.2)

12 months 6.4 (2.6) 59(2.3) 0.3 .32 0.2 .55
(-0.3t00.9) (-0.4t0 0.74)

Physical activity fear-avoidance behavior scale b

6 months 13.2 (6.0) 14.0 (5.9) 0.6 42 0.1 94
(-0.881t02.1) (-1.6t0 1.5)

12 months 13.3(6.7) 151 (6.1) 11 18 0.6 50
(-0.5t02.7) (-1.1t02.2)

3Adjusted for baseline values and cal cul ated as pain or function in enhanced usual care group minus I nternet-mediated intervention group so that positive
scores reflect greater improvement in the intervention group.

B ower scores are better
Chigher scores are better
dpedometer data: intervention (n=84 at 6 months, n=78 a 12 months), usua care (n=70 at 6 months, N=68 at 12 months).
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Figure2. Mean RDQ scores (top) and MOS functional interference scores (bottom). A and B: full sample, C and D: patients with baseline RDQ scores
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Discussion

Principal Findings

Improving management of chronic pain is a significant public
health challenge and moral imperative according to a recent
Intitute of Medicine report [8]. More than 1 million adultsin
the United States have chronic pain, with low back pain being
the most frequently reported condition [8]. Our findings show
that an automated, | nternet-mediated walking intervention may
help to reduce back pain-related disability among patients with
chronic back pain, although the benefits did not persist for the
entire 12-month study period. Improvement was greatest for
those individuals reporting moderate to severe levels of
pain-related disability at baseline.

The functional results observed are generally similar to those
found in other recent studies of non-invasiveinterventions, such
as yoga and massage [46,47]. These studies also tend to show
more rapid improvements for those receiving the intervention
but with gradual improvements over time for those in usual
care. Moreover, if we employ the criteria proposed by Jordan
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and colleagues [48] to classify patients as clinically improved
or at least possibly improved (compared with not improved),
as defined by a reduction in the RDQ score of at least 30% at
6 months, we find that 46% of those in the intervention versus
27% in the control group would meet this definition. Although
we did not have a global health question and so are unable to
isolate what proportion would qualify as definitely improved,
this classification generally corresponds with other measures
that suggest clinical improvement, such as return to work, less
pain, improved function, and fewer physician visits[48]. Thus,
we believe that our findings suggest that automated, remotely
delivered interventions can be effectively used to promote a
more rapid reduction in back pain-related disability and
supplement carefor patientswith chronic low back pain. Further
investigation is needed, however, to understand the
characteristics of patientswho had an early or enduring response
to the intervention so that we may better target patients most
likely to benefit and broaden the response.

Given the proven benefits of exercise for managing low back
pain [19], a key component of the intervention focused on
increasing daily step counts (ie, walking). During the first 6
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months of the study, we saw an increase of nearly 700 more
steps or one-third of a mile per day among intervention
compared to usual care participants. Although not astatistically
significant difference, we believe that even modest increasesin
activity can be beneficial. Asoneintervention participant noted:
“1 didn’t know what the walking could do for me. But...it seemed
to alleviate my back pain...the true test came when | had to go
off the program because of my illness and the back pain
returned. In fact, just up until recently when | had resumed
walking.” On the other hand, step-count improvements were
not sustained for the entire 12 months and poor adherence or
declining engagement, as demonstrated by the percentage of
patients who uploaded or logged into the website, could in part
account for the lack of sustained benefit or added improvement
over time. Although we do not know specific reasons for this
lack of participation, these data suggest that additional strategies
to keep people active and engaged may be needed. This could
include, for example, an online coaching component, which has
been shown to improve adherence to other types of behavioral
changes [47-49].

Our monitoring of adverse events showed a higher number of
reported events by intervention participants. This information
was, however, collected solely through self-report and we expect
that some of the difference in the overall number of events
reported between groups could be due to our more freguent
contact with intervention participantsviaemail and through the
website. In addition, despite the higher level of muscul oskel etal
events reported by intervention participants, we found no
evidence that the intervention led to excessive harms. Thus,
even though more work to understand the circumstances for
those reporting musculoskeletal problems or worsening back
pain may be required, these findings add to the evidence base
to support walking as a generally safe and potentially effective
intervention for some patients with chronic low back pain
[49-52].

Other potential mechanisms of action are less clear. Despite a
marginally greater decrease in pain levels among intervention
participants at 6 months, this effect did not persist at 12 months.
In addition, while there was a significant difference between
groupsin self-efficacy for exercise at 6 months, rather than the
hypothesized improvement for those in the intervention, both
groups reported lower levels of self-efficacy. However, the
decline was smaller for those receiving the intervention. The
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reason for the decrease is not entirely clear but may be largely
dueto an unrealistic assessment of self-efficacy at baseline[53].

Limitations

Among the strengths of our study arethe high rate of participant
follow-up and our collection of detailed adverse event
information. This study aso has severa limitations. First,
patients were recruited from only 1 medical center and the
sample was predominantly male. Although more than 10% of
participants were female, which is relatively high for studies
using a general VA patient population, the number is not
sufficient for a formal subgroup analysis. However, based on
trials of similar types of interventions, we expect this approach
could be even more effective among women [54]. Second, we
are not able to directly compare our results to other types of
back pain interventions (eg, yoga), although as previously noted
the genera trgjectory of our primary outcome (RDQ score)
appears consistent with recent trialsin thisarea. Third, although
a consistent data collection format is generally recommended
[55], we used both Internet-based and paper surveys. However,
prior research has demonstrated similar psychometric properties
between Internet and paper-and-pencil questionnaires[55] and
specifically equivalence for our primary outcome[56]. We also
believe that using both modes hel ped to ensure a high follow-up
rate. Finally, as a multifaceted intervention, we are not able to
determine which elements were most effective and can only
draw conclusions about the program as a whole. Nonethel ess,
our results highlight the importance of providing active support
(eg, goa setting and feedback) to encourage walking as
compared with ssimply giving someone a pedometer to track
step counts.

Conclusions

In sum, our findings indicate that a facilitated walking
intervention that uses an uploading pedometer and the Internet
may help to reduce back pain-related disability among patients
with chronic back pain, at least in the short term. Additional
support, however, is likely needed to ensure continuing
improvements long term. Nevertheless, this type of primarily
automated intervention can be used to deliver care with broad
reach and could be an efficient way of delivering or
supplementing care provided through traditional facility-based
programs.

This project was funded through a grant from the Department of Veterans Affairs, Health Services Research and Devel opment
Service (IIR 07-177). The views expressed in this article are those of the authors and do not necessarily reflect the position or
policy of the Department of Veterans Affairs or the US government. The study sponsors had no role in the design or conduct of
the study; the collection, management, analysis, and interpretation of the data; or the preparation, review, or approval of the
manuscript. Dr Piette is a VA Senior Research Career Scientist. Dr Richardson was supported in part by a career development
award from the National Heart, Lung, and Blood Institute (K23HL075098) and a Physician Faculty Scholars Program award
from the Robert Wood Johnson Foundation (57408).

Development of the Stepping Up to Health intervention platform was supported by pilot grant funding from the following
University of Michigan centers: Michigan Diabetes Research and Training Center (P60 DK020572), the Center for Health
Communications Research (P50 CA101451), and the Michigan Institutefor Clinical and Health Research (NIH #UL 1RR024986).
Technical development of the Stepping Up to Health website could not have been accomplished without the expertise of our Web
developers, Michael Hess, with assistance from Elizabeth Wilson and Adrienne Janney. Thanks also to Jill Bowdler for assistance

http://www.jmir.org/2013/8/e181/ JMed Internet Res 2013 | vol. 15 | iss. 8 | €181 | p. 10

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kreinet a

with manuscript preparation. Finally, the authors would like to thank Robert Kerns, Jack Rosenberg, and Robert Werner for their
assistance during the design of this study, as well as the Physical Therapy Service at the VA Ann Arbor Medical Center for their
help during the conduct of the project.

Authors Contributions

SLK, JDP, EAK, HMK, and CRR were involved in the conception and design of the study. RK and MH were involved in study
datacollection. SLK, RH, and HMK conducted study analyses. All authorswere involved in drafting the manuscript and revising
it for critically important content. All authors have read and approved the final manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Intervention components.

[PDEF File (Adobe PDF File), 915K B-Multimedia Appendix 1]

Multimedia Appendix 2
CONSORT-EHEALTH checklist V1.6.2 [57].

[PDE File (Adobe PDF File), 1000K B-M ultimedia Appendix 2]

References

1. DeyoRA, MirzaSK, Martin Bl. Back pain prevalence and visit rates: estimates from U.S. national surveys, 2002. Spine
(PhilaPa1976) 2006 Nov 1;31(23):2724-2727. [doi: 10.1097/01.brs.0000244618.06877.cd] [Medline: 17077742]

2. Brooks PM. The burden of musculoskeletal disease--a global perspective. Clin Rheumatol 2006 Nov;25(6):778-781. [doi:
10.1007/s10067-006-0240-3] [Medline: 16609823]

3. Lawrence RC, Helmick CG, Arnett FC, Deyo RA, Felson DT, Giannini EH, et al. Estimates of the prevalence of arthritis
and selected musculoskeletal disordersin the United States. Arthritis Rheum 1998 May;41(5):778-799. [doi:
10.1002/1529-0131(199805)41:5<778::A|D-ART4>3.0.CO;2-V] [Medline: 9588729]

4.  KoesBW, van Tulder MW, Thomas S. Diagnosis and treatment of low back pain. BMJ 2006 Jun 17;332(7555):1430-1434
[FREE Full text] [doi: 10.1136/bmj.332.7555.1430] [Medline: 16777886]

5. Andersson GB. Epidemiological features of chronic low-back pain. Lancet 1999 Aug 14;354(9178):581-585. [doi:
10.1016/S0140-6736(99)01312-4] [Medline: 10470716]

6. Weiner DK, Haggerty CL, Kritchevsky SB, Harris T, Simonsick EM, Nevitt M, Health, Aging, and Body Composition
Research Group. How doeslow back painimpact physical function inindependent, well-functioning older adults? Evidence
from the Health ABC Cohort and implications for the future. Pain Med 2003 Dec;4(4):311-320. [Medline: 14750907]

7.  JacobsJIM, Hammerman-Rozenberg R, Cohen A, Stessman J. Chronic back pain among the elderly: prevalence, associations,
and predictors. Spine (PhilaPa1976) 2006 Apr 1;31(7):E203-E207. [doi: 10.1097/01.brs.0000206367.57918.3c] [Medline:
16582841]

8. Indtitute of Medicine (US) Committee on Advancing Pain Research Care and Education. Relieving Pain in America: A
Blueprint for Transforming Prevention, Care, Education, and Research. Washington, DC: National Academies Press; 2011.

9.  Soni A. Back problems: Use and expenditures for the U.S. adult population, 2007. 2010. URL: http://meps.ahrg.gov/
mepsweb/data files/publications/st289/stat289.pdf [accessed 2013-02-27] [WebCite Cache ID 6EKNbJzhX]

10. Freburger K, Holmes GM, Agans RP, Jackman AM, Darter JD, Wallace AS, et al. The rising prevalence of chronic low
back pain. Arch Intern Med 2009 Feb 9;169(3):251-258. [doi: 10.1001/archinternmed.2008.543] [Medline: 19204216]

11. DrussBG, Marcus SC, Olfson M, Pincus HA. The most expensive medical conditionsin America. Health Aff (Millwood)
2002 Aug;21(4):105-111 [FREE Full text] [Medline: 12117121]

12. Hayden JA, van Tulder MW, Mamivaara AV, Koes BW. Meta-analysis: exercise therapy for nonspecific low back pain.
Ann Intern Med 2005 May 3;142(9):765-775. [Medline: 15867409]

13. van Tulder MW, Koes B, Malmivaara A. Outcome of non-invasive treatment modalities on back pain: an evidence-based
review. Eur Spine J2006 Jan; 15 Suppl 1:S64-S81 [FREE Full text] [doi: 10.1007/s00586-005-1048-6] [Medline: 16320031]

14. Chou R, Huffman LH, American Pain Society, American College of Physicians. Nonpharmacologic therapies for acute
and chronic low back pain: areview of the evidence for an American Pain Society/American College of Physiciansclinical
practice guideline. Ann Intern Med 2007 Oct 2;147(7):492-504. [Medline; 17909210]

15. Sherman KJ, Cherkin DC, Erro J, Miglioretti DL, Deyo RA. Comparing yoga, exercise, and a self-care book for chronic
low back pain: arandomized, controlled trial. Ann Intern Med 2005 Dec 20;143(12):849-856. [Medline: 16365466]

http://www.jmir.org/2013/8/e181/ JMed Internet Res 2013 | vol. 15 | iss. 8 | €181 | p. 11
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v15i8e181_app1.pdf&filename=bc90a9d0abb2d97b87d4b7d35d4c121f.pdf
https://jmir.org/api/download?alt_name=jmir_v15i8e181_app1.pdf&filename=bc90a9d0abb2d97b87d4b7d35d4c121f.pdf
https://jmir.org/api/download?alt_name=jmir_v15i8e181_app2.pdf&filename=549e2304b0f12ce9c19c9993a224da20.pdf
https://jmir.org/api/download?alt_name=jmir_v15i8e181_app2.pdf&filename=549e2304b0f12ce9c19c9993a224da20.pdf
http://dx.doi.org/10.1097/01.brs.0000244618.06877.cd
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17077742&dopt=Abstract
http://dx.doi.org/10.1007/s10067-006-0240-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16609823&dopt=Abstract
http://dx.doi.org/10.1002/1529-0131(199805)41:5<778::AID-ART4>3.0.CO;2-V
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9588729&dopt=Abstract
http://europepmc.org/abstract/MED/16777886
http://dx.doi.org/10.1136/bmj.332.7555.1430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16777886&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(99)01312-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10470716&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14750907&dopt=Abstract
http://dx.doi.org/10.1097/01.brs.0000206367.57918.3c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16582841&dopt=Abstract
http://meps.ahrq.gov/mepsweb/data_files/publications/st289/stat289.pdf
http://meps.ahrq.gov/mepsweb/data_files/publications/st289/stat289.pdf
http://www.webcitation.org/

                                                6EkNbJzhX
http://dx.doi.org/10.1001/archinternmed.2008.543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19204216&dopt=Abstract
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=12117121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12117121&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15867409&dopt=Abstract
http://europepmc.org/abstract/MED/16320031
http://dx.doi.org/10.1007/s00586-005-1048-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16320031&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17909210&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16365466&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kreinet a

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Von Korff M, Balderson BH, Saunders K, Miglioretti DL, Lin EH, Berry S, et a. A trial of an activating intervention for
chronic back pain in primary care and physical therapy settings. Pain 2005 Feb;113(3):323-330. [doi:
10.1016/j.pain.2004.11.007] [Medline: 15661440]

Smeets RJ, Vlaeyen JW, Hidding A, Kester AD, van der Heijden GJ, van Geel AC, et al. Active rehabilitation for chronic
low back pain: cognitive-behavioral, physical, or both? First direct post-treatment results from a randomized controlled
trial [ISRCTN22714229]. BMC Muscul oskel et Disord 2006;7:5 [FREE Full text] [doi: 10.1186/1471-2474-7-5] [Medline:
16426449]

Mailloux J, Finno M, Rainville J. Long-term exercise adherence in the elderly with chronic low back pain. Am JPhys Med
Rehabil 2006 Feb;85(2):120-126. [Medline: 16428902]

van Middelkoop M, Rubinstein SM, Kuijpers T, Verhagen AP, Ostelo R, Koes BW, et a. A systematic review on the
effectiveness of physical and rehabilitation interventions for chronic non-specific low back pain. Eur Spine J 2011
Jan;20(1):19-39 [FREE Full text] [doi: 10.1007/s00586-010-1518-3] [Medline: 20640863]

Hayden JA, van Tulder MW, Tomlinson G. Systematic review: strategies for using exercise therapy to improve outcomes
in chronic low back pain. Ann Intern Med 2005 May 3;142(9):776-785. [Medline: 15867410]

Friedrich M, Gittler G, Arendasy M, Friedrich KM. Long-term effect of a combined exercise and motivational program on
the level of disability of patientswith chronic low back pain. Spine (PhilaPa1976) 2005 May 1;30(9):995-1000. [Medline:
15864148]

Lorig KR, Ritter PL, Laurent DD, Plant K. Internet-based chronic disease self-management: arandomized trial. Med Care
2006 Nov;44(11):964-971. [doi: 10.1097/01.mlIr.0000233678.80203.c1] [Medline: 17063127]

Tate DF, Jackvony EH, Wing RR. A randomized trial comparing human e-mail counseling, computer-automated tailored
counseling, and no counseling in an Internet weight loss program. Arch Intern Med 2006;166(15):1620-1625. [doi:
10.100V/archinte.166.15.1620] [Medline: 16908795]

Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote health behavior change: a systematic review and
meta-analysis of the impact of theoretical basis, use of behavior change techniques, and mode of delivery on efficacy. J
Med Internet Res 2010;12(1):e4 [EREE Full text] [doi: 10.2196/jmir.1376] [Medline: 20164043]

Neve M, Morgan PJ, Jones PR, Collins CE. Effectiveness of web-based interventions in achieving weight loss and weight
loss maintenancein overweight and obese adults: a systematic review with meta-analysis. Obes Rev 2010 Apr;11(4):306-321.
[doi: 10.1111/j.1467-789X.2009.00646.x] [Medline: 19754633]

van den Berg MH, Schoones JW, Vliet Vlieland TP. Internet-based physical activity interventions: a systematic review of
the literature. J Med Internet Res 2007;9(3):€26 [EREE Full text] [doi: 10.2196/jmir.9.3.626] [Medline: 17942388]
Solomon M, Wagner SL, Goes J. Effects of a\Web-based intervention for adults with chronic conditions on patient activation:
onlinerandomized controlled trial. JMed Internet Res 2012;14(1):e32 [FREE Full text] [doi: 10.2196/jmir.1924] [Medline:
22353433]

Schulz PJ, Rubinell S, Hartung U. An internet-based approach to enhance self-managementof chronic low back paininthe
italian-speaking population of Switzerland: results from a pilot study. Int J Public Health 2007;52(5):286-294. [Medline:
18030944]

Macea DD, Gajos K, DagliaCalil YA, Fregni F. The efficacy of Web-based cognitive behavioral interventions for chronic
pain: asystematic review and meta-analysis. JPain 2010 Oct;11(10):917-929. [doi: 10.1016/j.jpain.2010.06.005] [Medline:
20650691]

Bender JL, Radhakrishnan A, Diorio C, Englesakis M, Jadad AR. Can pain be managed through the Internet? A systematic
review of randomized controlled trials. Pain 2011 Aug;152(8):1740-1750. [doi: 10.1016/j.pain.2011.02.012] [Medline:
21565446]

Krein SL, Metreger T, Kadri R, Hughes M, Kerr EA, Piette JD, et a. Veterans walk to beat back pain: study rationale,
design and protocol of arandomized trial of a pedometer-based internet mediated intervention for patients with chronic
low back pain. BMC Musculoskelet Disord 2010;11:205 [FREE Full text] [doi: 10.1186/1471-2474-11-205] [Medline:
20836856]

U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines for Americans Summary. 2008. URL:
http://www.heal th.gov/paguidelines/guidelines/summary.aspx [accessed 2013-05-30] [WebCite Cache ID 6HOg4ccVE]
Zhu W, Lee M. Invariance of wearing location of Omron-Bl pedometers: a validation study. J Phys Act Health 2010
Nov;7(6):706-717. [Medline: 21088300]

Richardson CR, Mehari KS, Mclntyre LG, Janney AW, Fortlage LA, Sen A, et al. A randomized trial comparing structured
and lifestyle goals in an internet-mediated walking program for people with type 2 diabetes. Int JBehav Nutr Phys Act
2007;4:59 [FREE Full text] [doi: 10.1186/1479-5868-4-59] [Medline: 18021411]

Roland M, MorrisR. A study of the natural history of back pain. Part |: development of areliable and sensitive measure
of disability in low-back pain. Spine (Phila Pa 1976) 1983 Mar;8(2):141-144. [Medline: 6222486]

Ware JE, Sherbourne CD. The M OS 36-item short-form health survey (SF-36). |. Conceptual framework and item selection.
Med Care 1992 Jun;30(6):473-483. [Medline: 1593914]

Roland M, Fairbank J. The Roland-Morris Disability Questionnaire and the Oswestry Disability Questionnaire. Spine (Phila
Pa 1976) 2000 Dec 15;25(24):3115-3124. [Medline: 11124727]

http://www.jmir.org/2013/8/e181/ JMed Internet Res 2013 | vol. 15 | iss. 8 | €181 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.pain.2004.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15661440&dopt=Abstract
http://www.biomedcentral.com/1471-2474/7/5
http://dx.doi.org/10.1186/1471-2474-7-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16426449&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16428902&dopt=Abstract
http://europepmc.org/abstract/MED/20640863
http://dx.doi.org/10.1007/s00586-010-1518-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20640863&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15867410&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15864148&dopt=Abstract
http://dx.doi.org/10.1097/01.mlr.0000233678.80203.c1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17063127&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.15.1620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16908795&dopt=Abstract
http://www.jmir.org/2010/1/e4/
http://dx.doi.org/10.2196/jmir.1376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20164043&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2009.00646.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19754633&dopt=Abstract
http://www.jmir.org/2007/3/e26/
http://dx.doi.org/10.2196/jmir.9.3.e26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17942388&dopt=Abstract
http://www.jmir.org/2012/1/e32/
http://dx.doi.org/10.2196/jmir.1924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22353433&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18030944&dopt=Abstract
http://dx.doi.org/10.1016/j.jpain.2010.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20650691&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2011.02.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21565446&dopt=Abstract
http://www.biomedcentral.com/1471-2474/11/205
http://dx.doi.org/10.1186/1471-2474-11-205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20836856&dopt=Abstract
http://www.health.gov/paguidelines/guidelines/summary.aspx
http://www.webcitation.org/

                                                6H0g4ccVE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21088300&dopt=Abstract
http://www.ijbnpa.org/content/4//59
http://dx.doi.org/10.1186/1479-5868-4-59
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18021411&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6222486&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1593914&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11124727&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kreinet a

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

Riddle DL, Stratford PW, Binkley JM. Sensitivity to change of the Roland-Morris Back Pain Questionnaire: part 2. Phys
Ther 1998 Nov;78(11):1197-1207 [FREE Full text] [Medline: 9806624]

Hsieh CY, Phillips RB, Adams AH, Pope MH. Functional outcomes of low back pain: comparison of four treatment groups
in arandomized controlled trial. J Manipulative Physiol Ther 1992 Jan;15(1):4-9. [Medline: 1531488]

Mularski RA, White-Chu F, Overbay D, Miller L, Asch SM, Ganzini L. Measuring pain as the 5th vital sign does not
improve quality of pain management. J Gen Intern Med 2006 Jun;21(6):607-612 [FREE Full text] [doi:
10.1111/j.1525-1497.2006.00415.x] [Medline: 16808744]

Waddell G, Newton M, Henderson I, Somerville D, Main CJ. A Fear-Avoidance Beliefs Questionnaire (FABQ) and the
role of fear-avoidance beliefsin chronic low back pain and disability. Pain 1993 Feb;52(2):157-168. [Medline: 8455963]
Lorig K, Stewart A, Ritter P, Gonzalez V, Laurent D, Lynch J. Outcome measures for health education and other health
careinterventions. Thousand Oaks, CA: Sage Publications; 1996.

Patrick DL, Deyo RA, Atlas SJ, Singer DE, Chapin A, Keller RB. Assessing health-related quality of lifein patients with
sciatica. Spine (PhilaPa 1976) 1995 Sep 1;20(17):1899-908; discussion 1909. [Medline: 8560339]

Davidson M, Keating JL. A comparison of five low back disability questionnaires: reliability and responsiveness. Phys
Ther 2002 Jan;82(1):8-24 [FREE Full text] [Medline: 11784274]

Schafer JL, Graham JW. Missing data: our view of the state of the art. Psychol Methods 2002 Jun;7(2):147-177. [Medline:
12090408]

Sherman KJ, Cherkin DC, Wellman RD, Cook AJ, Hawkes RJ, Delaney K, et al. A randomized trial comparing yoga,
stretching, and a self-care book for chronic low back pain. Arch Intern Med 2011 Dec 12;171(22):2019-2026 [FREE Full
text] [doi: 10.1001/archinternmed.2011.524] [Medline: 22025101]

Cherkin DC, Sherman KJ, Kahn J, Wellman R, Cook AJ, Johnson E, et al. A comparison of the effects of 2 types of massage
and usual care on chronic low back pain: arandomized, controlled trial. Ann Intern Med 2011 Jul 5;155(1):1-9 [FREE Full
text] [doi: 10.7326/0003-4819-155-1-201107050-00002] [Medline: 21727288]

Jordan K, Dunn KM, Lewis M, Croft P. A minimal clinically important difference was derived for the Roland-Morris
Disability Questionnaire for low back pain. J Clin Epidemiol 2006 Jan;59(1):45-52. [doi: 10.1016/].jclinepi.2005.03.018]
[Medline: 16360560]

Hendrick P, Te Wake AM, Tikkisetty AS, Wulff L, Yap C, Milosavljevic S. The effectiveness of walking as an intervention
for low back pain: a systematic review. Eur Spine J 2010 Oct;19(10):1613-1620 [FREE Full text] [doi:
10.1007/s00586-010-1412-7] [Medline: 20414688]

Hartvigsen J, Morsg L, Bendix T, Manniche C. Supervised and non-supervised Nordic walking in the treatment of chronic
low back pain: a single blind randomized clinical trial. BMC Muscul oskelet Disord 2010;11:30 [FREE Full text] [doi:
10.1186/1471-2474-11-30] [Medline: 20146793]

Murtezani A, Hundozi H, Orovcanec N, Sllamniku S, Osmani T. A comparison of high intensity aerobic exercise and
passive modalities for the treatment of workers with chronic low back pain: arandomized, controlled trial. Eur J Phys
Rehabil Med 2011 Sep;47(3):359-366 [FREE Full text] [Medline: 21602759]

Shnayderman |, Katz-Leurer M. An aerobic walking programme versus muscle strengthening programme for chronic low
back pain: arandomized controlled trial. Clin Rehabil 2013 Mar;27(3):207-214. [doi: 10.1177/0269215512453353] [Medline:
22850802]

Bandura A. Self-efficacy: the exercise of control. New York: W.H. Freeman; 1997.

Johnson F, Wardle J. The association between weight loss and engagement with a web-based food and exercise diary in a
commercia weight loss programme: aretrospective analysis. Int J Behav Nutr Phys Act 2011;8:83 [FREE Full text] [doi:
10.1186/1479-5868-8-83] [Medline: 21810222]

Carlbring P, Brunt S, Bohman S, Austin D, Richards J, Ost L, et a. Internet vs. paper and pencil administration of
guestionnaires commonly used in panic/agoraphobiaresearch. Computersin Human Behavior 2007 May;23(3):1421-1434.
[doi: 10.1016/j.chb.2005.05.002]

Bishop FL, Lewis G, Harris S, McKay N, Prentice P, Thiel H, et al. A within-subjectstria to test the equivalence of online
and paper outcome measures: the Roland Morris disability questionnaire. BMC Muscul oskelet Disord 2010;11:113 [FREE
Full text] [doi: 10.1186/1471-2474-11-113] [Medline: 20529332]

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e€126 [ FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

Abbreviations

MOS: Medical Outcomes Study

RDQ: Roland Morris Disability Questionnaire
SD: standard deviation

VA: Department of Veterans Affairs

http://www.jmir.org/2013/8/e181/ JMed Internet Res 2013 | vol. 15 | iss. 8 | €181 | p. 13

(page number not for citation purposes)


http://www.ptjournal.org/cgi/pmidlookup?view=long&pmid=9806624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9806624&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1531488&dopt=Abstract
http://europepmc.org/abstract/MED/16808744
http://dx.doi.org/10.1111/j.1525-1497.2006.00415.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16808744&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8455963&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8560339&dopt=Abstract
http://www.ptjournal.org/cgi/pmidlookup?view=long&pmid=11784274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11784274&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12090408&dopt=Abstract
http://europepmc.org/abstract/MED/22025101
http://europepmc.org/abstract/MED/22025101
http://dx.doi.org/10.1001/archinternmed.2011.524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22025101&dopt=Abstract
http://europepmc.org/abstract/MED/21727288
http://europepmc.org/abstract/MED/21727288
http://dx.doi.org/10.7326/0003-4819-155-1-201107050-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21727288&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2005.03.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16360560&dopt=Abstract
http://europepmc.org/abstract/MED/20414688
http://dx.doi.org/10.1007/s00586-010-1412-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20414688&dopt=Abstract
http://www.biomedcentral.com/1471-2474/11/30
http://dx.doi.org/10.1186/1471-2474-11-30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20146793&dopt=Abstract
http://www.minervamedica.it/index2.t?show=R33Y2011N03A0359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21602759&dopt=Abstract
http://dx.doi.org/10.1177/0269215512453353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22850802&dopt=Abstract
http://www.ijbnpa.org/content/8//83
http://dx.doi.org/10.1186/1479-5868-8-83
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21810222&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2005.05.002
http://www.biomedcentral.com/1471-2474/11/113
http://www.biomedcentral.com/1471-2474/11/113
http://dx.doi.org/10.1186/1471-2474-11-113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20529332&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kreinet a

Edited by G Eysenbach; submitted 07.03.13; peer-reviewed by M Buhrman, P Janwantanakul; comments to author 12.05.13; revised
version received 03.06.13; accepted 18.06.13; published 22.08.13

Please cite as:

Krein S, Kadri R, Hughes M, Kerr EA, Piette JD, Holleman R, Kim HM, Richardson CR

Pedometer-Based I nter net-Mediated Intervention For Adults With Chronic Low Back Pain: Randomized Controlled Trial
J Med Internet Res 2013;15(8): €181

URL: http://www.jmir.org/2013/8/e181/

doi: 10.2196/jmir.2605
PMID: 23969029

©Sarah L Krein, Reema Kadri, Maria Hughes, Eve A Kerr, John D Piette, Rob Holleman, Hyungjin Myra Kim, Caroline R
Richardson. Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 22.08.2013. This is an
open-access  article  distributed under the terms of the Creative Commons  Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, alink to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

http://www.jmir.org/2013/8/e181/ JMed Internet Res 2013 | vol. 15 | iss. 8 | €181 | p. 14
(page number not for citation purposes)

RenderX


http://www.jmir.org/2013/8/e181/
http://dx.doi.org/10.2196/jmir.2605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23969029&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

