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Abstract

Objective. To determine whether an interactive self-
management Website for people with chronic back
pain would significantly improve emotional manage-
ment, coping, self-efficacy to manage pain, pain
levels, and physical functioning compared with
standard text-based materials.

Design. The study utilized a pretest–posttest ran-
domized controlled design comparing Website
(painACTION-Back Pain) and control (text-based
material) conditions at baseline and at 1-, 3, and
6-month follow-ups.

Participants. Two hundred and nine people with
chronic back pain were recruited through dissemi-
nation of study information online and at a pain
treatment clinic. The 6-month follow-up rates for the
Website and control groups were 73% and 84%,
respectively.

Measurements. Measures were based on the rec-
ommendations of the Initiative on Methods, Mea-
surement, and Pain Assessment in Clinical Trials
and included measures of pain intensity, physical
functioning, emotional functioning, coping, self-
efficacy, fear-avoidance, perceived improvement
with treatment, self-efficacy, and catastrophizing.

Results. Compared with controls, painACTION-
Back Pain participants reported significantly: 1)

lower stress; 2) increased coping self-statements;
and 3) greater use of social support. Comparisons
between groups suggested clinically significant
differences in current pain intensity, depression,
anxiety, stress, and global ratings of improvement.
Among participants recruited online, those using
the Website reported significantly: 1) lower “worst”
pain; 2) lower “average” pain; and 3) increased
coping self-statements, compared with controls.
Participants recruited through the pain clinic evi-
denced no such differences.

Conclusions. An online self-management program
for people with chronic back pain can lead to
improvements in stress, coping, and social support,
and produce clinically significant differences in
pain, depression, anxiety, and global rates of
improvement.

Key Words. Back Pain; Website; Self-Management;
Psychosocial; Tailored; Cognitive Behavior Therapy

Introduction

Chronic low back pain is a prevalent health care problem
[1] and is often difficult to treat. Psychological and psy-
chosocial factors complicate the treatment picture—
general distress, psychopathology, depression, abuse,
and catastrophizing are risk factors for the development
and maintenance of chronic pain [2]. This multiplicity of
factors has led pain management experts to recommend
that interventions for chronic back pain should include
significant self-management and cognitive–behavioral
therapy (CBT) components, e.g., exercise, pacing activi-
ties, relaxation, assertiveness, task persistence, body
mechanics, positive self-statements, ignoring pain, and
avoiding guarding, catastrophizing, pain-contingent rest,
and pain-contingent analgesics [3].

Studies suggest that patients participating in active self-
management activities with self-developed action plans
experience significantly reduced pain symptoms [4]. Self-
management approaches also tend to be low cost and
work in diverse populations [5]. Numerous studies have
found CBT to be effective in changing a variety of pain-
related outcomes, such as catastrophizing, disability,
patient functioning, and coping [3,6–8].

Unfortunately, the expansion of self-management pro-
grams has been limited by factors such as the lack of
trained personnel to teach patients self-management skills
and patient–physician relationships based upon patient
dependency rather than partnership [4]. In addition,
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effective methods such as CBT are not readily available or
affordable to the vast majority of patients with chronic
back pain [9].

In recent years, there has been considerable interest in
using the Internet as an interactive health communication
(IHC) medium to deliver interventions to people with
chronic illnesses. IHC provides general or individualized
health information on demand, can facilitate informed
medical decisions, promotes positive health behaviors,
offers mutual support to individuals with specific health
conditions, and encourages self-management of health
problems without direct intervention from a health care
professional [10]. In addition, users may provide more
candid responses to sensitive health questions posed on
a computer, resulting in a more realistic appraisal of prob-
lematic health behavior [11,12].

People with chronic illnesses and disabilities have shown
great interest in maximizing these advantages. Eighty-
seven percent of these individuals have searched for at
least one health topic, placing them among the most
active “health seekers” on the Internet [13]. To respond to
the needs of these individuals, the number of back pain
Websites has proliferated. However, the quality is incon-
sistent, and the information provided is often inadequate
[14,15]. Butler and Foster [16] found that more than 75%
of the back pain Websites fail to indicate the sources of
information. A review of 74 back pain Websites found that
about 80% of the sites were focused on advertising, and
only seven sites were considered “high quality” by the
authors [17]. More recent reviews continue to find that the
majority of Websites related to spinal disorders [12] and
chronic pain [18] is poor in quality.

Very few back pain Websites have been subjected to
empirical scrutiny, but there are several available controlled
studies of Internet-based interventions for back pain.
These interventions are generally based on self-
management strategies and cognitive behavior therapy
(CBT) principles [19–21]. A randomized study compared a
closed, moderated back pain e-mail discussion group to a
subscription to a non-health-related magazine and dem-
onstrated significant improvements in reported pain, dis-
ability, role functioning, and health distress, as well as fewer
physician visits and hospital days [20]. An evaluation of a
5-month online self-management program for people with
back pain found significant decreases in back pain inten-
sity, medical consultation, and use of pain medications,
compared with a control group [21]. In a separate study of
an 8-week Internet-based cognitive–behavioral interven-
tion with telephone support for people with back pain,
significant improvements in catastrophizing, control over
pain, and ability to decrease pain were noted in Website
participants, compared with a wait-list control group [19].
Improvements were maintained at 3-month follow-up.

This article reports on a study that tested the efficacy of
painACTION-Back Pain, an online self-management
program for people with chronic back pain. Recent defi-
nitions of Internet-supported therapeutic interventions

include components such as structured behavior change
content, created to alter cognitions and behavior; use of
more than one multimedia format; interactivity; and tai-
lored feedback [22]. painACTION-Back Pain was
designed with all of these attributes and tested for usabil-
ity, content, and appearance [23]. We are not aware of any
other large randomized trial of an evidenced-based, tai-
lored, Internet-delivered intervention for back pain.

This study examined the hypotheses that, relative to a
control condition using standard back pain management
text materials, painACTION-Back Pain participants would
report significantly: 1) reduced psychological distress; 2)
increased use of positive coping strategies; 3) increased
self-efficacy to perform pain self-management activities,
daily activities, and symptom management strategies; 4)
reduced pain; 5) increased physical functioning; and 6)
increased patient global impression of positive change
(PGIC). Based on recommendations by the Initiative on
Methods, Measurement, and Pain Assessment in Clinical
Trials (IMMPACT) [24], we also hypothesized that these
changes would be clinically significant.

Methods

Sample

Inclusion/Exclusion Criteria

The inclusion criteria for study participants were: 1) the
presence of back pain for at least 10 days each month for
at least three consecutive months immediately prior to
participation in the study; 2) spinal origin of pain; and 3)
English language fluency (written and spoken). Exclusion
criteria included: 1) medical conditions that may explain
the back pain and not be spinal in nature (e.g., fibromy-
algia, rheumatologic disorders, etc.); 2) cervical pain
without low back pain; and 3) psychiatric hospitalization(s)
in the past year. Participants were required to have access
to a computer and e-mail in order to receive instructions
and notifications of assessments.

Recruitment

We recruited participants through two major methods—
online dissemination through professional and patient
contacts, and staff recruiting at a pain center associated
with a large urban medical school. Dissemination was
accomplished through: 1) sending letters and follow-up
e-mails to members of the American Pain Association; 2)
posting on the American Chronic Pain Association
Website (membership = 5000); 3) newsletter announce-
ments to health professionals who were registered at
PainEDU.org, a continuing education Website for pain
management; and 4) posting on Craigslist, a centralized
network of online communities.

Interested volunteers called a telephone number provided
or sent an e-mail. They were screened for eligibility by a
research staff member, who asked in depth about the
nature of their back pain, including the: 1) diagnosis
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(examples included disk herniation, spinal stenosis,
spondylolisthesis, sciatica, fracture, osteoporosis, scolio-
sis, spondylosis, degenerative disk disease, ankylosing
spondylitis); 2) the type of provider who diagnosed the
condition; 3) location of their back pain; and 4) their
average pain score over the past 90 days (0–10 rating, 0
being “no pain” and 10 being “pain as bad as you can
imagine”). If there were questions about whether the par-
ticipant met medical criteria for the study, one of the
authors (a physician who is a pain specialist) was con-
sulted to make an eligibility decision. Those who met
study criteria and agreed to participate were e-mailed
consent forms and asked to fax, scan, or e-mail the
signed consent back in order to be entered into the study.
When the informed consent was received, the participant
was e-mailed a link to the online baseline assessment.

Screening and informed consent for individuals recruited
from the pain clinic was accomplished through face-to-
face contact, staff referrals, and the placement of flyers at
the clinic. The pain clinic is affiliated with a large urban
hospital, so the research protocol and informed consent
was approved by the hospital Institutional Review Board
(IRB) prior to recruitment at that site. Participants were
screened for eligibility by research staff at the clinic using
identical procedures as participants recruited through the
dissemination and professional contact methods. Those
who were eligible to participate were then e-mailed a link
to the online baseline assessment by research staff.

Procedures

Randomization Procedure

Participants were e-mailed a link to complete baseline
measures online. After completing the baseline measures,
participants were randomized to two conditions: 1)
Website (painACTION-Back Pain), and 2) control (back
pain information only). Participants were randomized
using an adaptive or “stratified” randomization that
ensures group equivalence on preselected variables that
may relate to outcome across conditions [25]. Gender,
race/ethnicity, and age bracket (18–40, 41–60, 60 and
over) were included in the randomization algorithm.

Conditions

painACTION-Back Pain was designed with input from
people with back pain, pain treatment clinicians, and back
pain researchers [23]. This Website is based on CBT and
self-management principles, and includes components
that help people cope with chronic low back pain: 1)
collaborative decision making with health professionals; 2)
CBT to improve self-efficacy, manage thoughts and
mood, set clinical goals, work on problem-solving life situ-
ations, and prevent pain relapses; (3) motivational
enhancement through tailored feedback; and (4) wellness
activities to enhance good sleep, nutrition, stress manage-
ment, and exercise practices. Information is tailored
through a recommendation engine that matches self-

reported user characteristics to lessons, interactive tools,
personalized assessments, and articles.

Participants in the Website condition were instructed to log
onto the painACTION-Back Pain study Website, in their
own environment, for two weekly sessions across 4 weeks
(total = 8 sessions). Participants were asked to spend at
least 20 minutes in each session and were able to spend a
longer time if they wished. They followed protocols that
served as guides to online content to be reviewed, with
instructions for the intervention phase (first 4 weeks) as
well as the booster phase (five monthly visits during the
follow-up period). Online activities generally revolved
around the tailored content presented on the participant’s
“My Page” through the recommendation engine. The pro-
tocols were used as a means to standardize “dosage”
(Website usage) among Website participants. At the end of
each session, participants indicated completed activities
and content viewed in online session logs.

The control group participants were e-mailed a back pain
guide (National Institute of Neurological Disorders and
Stroke [26]) after baseline. The guide is typical of what is
given to patients and covers topics such as the structure
of the back, causes and associated conditions, treat-
ments, prevention, practical tips, and additional
resources. Control participants were asked to read the
guide over a 4-week period. Control participants did not
receive a maintenance component.

The Website and control groups completed study
measures at four time points—baseline, 1 month post-
baseline, 3 months post-baseline, and 6 months post-
baseline. Participants received $50 for successful
completion of each of the four assessment points, for a
total of $200.

Fidelity Monitoring

Recent reviews have focused on the importance of utiliz-
ing multiple measures of exposure to assess participant
involvement with online interventions [27]. As a means of
assuring participant use of the Website, several fidelity
monitoring strategies were implemented. Each participant
logged in with a personal identification code. Following
each session, participants completed an online session
log that required completion of a checklist of tasks linked
to that session. We tracked completion of session logs to
follow which sessions were being completed. In addition,
we were able to track each user’s session dates and
session times (minutes spent) on the Website through
usage information on the server. Participants who missed
sessions or spent insufficient time were sent e-mail
reminders to follow the protocol. Controls participants
were not monitored.

Measures

In accordance with recommendations by the IMMPACT
[24], we included clinically meaningful measures in pain
intensity, physical functioning, emotional functioning, and
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a global rating of improvement. In addition, we included
measures of coping and cognitive functioning (catastro-
phizing, self-efficacy, and fear-avoidance).

The following measures were used.

Pain Intensity: Brief Pain Inventory

The Brief Pain Inventory (BPI) [28] is a widely used instru-
ment that assesses pain history, location, intensity, and
activity interference on general activity, mood, walking
ability, normal work, relations with others, sleep, and
enjoyment of life. The BPI discriminates levels of severity
and shows sensitivity to change in condition over time in
low back pain patients. This study utilized nine pain sever-
ity and functional items on this questionnaire.

Physical Functioning: Oswestry
Disability Questionnaire

The Oswestry Disability Questionnaire (ODQ) [29] is a
widely used self-report questionnaire designed for assess-
ing the degree of functional limitation in patients with low
back pain. The scale contains 10 items covering pain
intensity, personal care, lifting, walking, sitting, standing,
sleeping, sex life, social life, and traveling. The ODQ dem-
onstrates factorial and criterion-related validity, and is sen-
sitive to clinical change [30,31].

Emotional Functioning: Depression Anxiety
Stress Scales

The Depression Anxiety Stress Scale (DASS) [32] is a
21-item questionnaire that yields three subscale scores:
depression, anxiety, and stress. All of these are factors
known to be associated with back pain.

Global Rating: PGIC

The PGIC [33] is an outcome measure of global
improvement with treatment and consists of a single-
item self-rating (7-point scale, “very much improved” to
“very much worse”) of a participant’s perceived improve-
ment with an intervention. The PGIC has been widely
used in chronic pain clinical trials (e.g., Guy and Dunkl
et al. [34,35]).

Chronic Pain Coping Inventory-42

The Chronic Pain Coping Inventory (CPCI-42) [36,37] is a
42-item self-report measure that asks respondents to rate
the frequency of use of behavioral and cognitive coping
strategies on eight subscales: guarding, resting, asking for
assistance, relaxation, task persistence, exercise/
stretching, seeking social support, and coping self-
statements. The CPCI-42 demonstrated very high
correlations between the original and abbreviated CPCI
scales, as well as comparable internal consistency, test–
retest stability, and validity coefficients [37].

Pain Catastrophizing Scale

The Pain Catastrophizing Scale (PCS) [38] was developed
to assess three components of catastrophizing: rumina-
tion, magnification, and helplessness. The scale consists
of 13 items rated from 0 to 4 (0 = not at all, 4 = all the
time). The PCS showed strong evidence of criterion-
related, concurrent, and discriminant validity in a commu-
nity sample (Sullivan and colleagues [38]).

Pain Self-Efficacy Questionnaire

The Pain Self-Efficacy Questionnaire (PSEQ) [39] consists
of 10 items rated from 0 to 6 (0 = not confident at all,
6 = completely confident). The PSEQ measures the
strength and generality of a patient’s beliefs about per-
forming important coping activities and routines despite
the presence of pain. A high score indicates strong self-
efficacy beliefs. Studies indicate that the PSEQ correlates
highly with pain disability and coping measures, as well as
evidences high internal consistency and stability over time
[40].

Fear-Avoidance Beliefs Questionnaire

The Fear-Avoidance Beliefs Questionnaire (FABQ) [41] is a
16-item questionnaire, which was developed for patients
with low back pain and assesses patients’ beliefs about
the effects of physical activity and work on pain. The
questionnaire consists of two scales, fear-avoidance
beliefs about work and fear-avoidance beliefs about physi-
cal activity. The two factors on the FABQ have an internal
consistency of 0.88 and 0.77, respectively [41].

Demographics Questionnaire

Participants were asked to indicate their age, gender,
race, marital status, level of education, current employ-
ment status, and annual household income. Demograph-
ics were measured only at baseline.

Statistical Analysis

Data analysis was carried out in the following steps: 1)
computing descriptive statistics for all demographic vari-
ables and testing for differences in demographics
between conditions (Website vs control) and participant
recruitment source (pain clinic vs Internet); 2) testing for
mean differences between conditions over time on each
primary outcome (psychological distress, use of positive
coping strategies, self-efficacy, pain scores, level of physi-
cal function; and participant global impression of change)
using linear mixed modeling (LMM); 3) testing for differen-
tial Website effects based on participant recruitment
source using LMM; and 4) estimating the clinical signifi-
cance of the study outcomes by comparing changes in
groups based on IMMPACT criteria; “clinically significant”
was defined as a 10% decrease in pain level, physical
impairment, and emotional impairment scores. The per-
centages of Website and control group participants who
experienced at least a “minimally improved” status at
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post-intervention were also compared. A mixed model
approach was used in steps 2 and 3 because of its ability
to handle missing data and to model covariation using
flexible covariance structures among repeated measures.
Level of significance was set at a = 0.05 for each analysis.
To maintain an alpha of 0.05 for each statistical test, a
Bonferroni correction was applied to all post hoc con-
trasts; P values reported for post hoc comparisons have
been Bonferroni corrected unless otherwise noted. All
analyses were run using SAS 9.2 (SAS Institute, Cary, NC).

Results

Sample

Participant Inclusion and Attrition

Three hundred and thirty-two participants were screened,
and 228 met eligibility criteria and received a baseline

assessment. Two hundred and nine returned the baseline
assessment and were randomized into the Website
(N = 104) and control (N = 105) conditions. Of these, 10
were removed after being found ineligible after completing
study measures, resulting in a final study sample of 199
participants (95 Website and 104 control). There were
significantly more participants in the Website group (N = 9)
who were removed as compared with the control group
(N = 1), P < 0.01.

Flow Through Study

In accordance with the Consolidated Standards of
Reporting Trials group [42], the flow of participants
through the study is documented in Figure 1. Because the
study was designed with an intent-to-treat approach, the
goal was to follow as many participants as possible,
regardless of their completion of the interventions.

Assessed for eligibility (N=338)
Online Clinic

Eligible participants (232) 149 83
Ineligible participants (106) 100 6

Completed baseline and randomized (N=209)
Online Clinic

Randomized 147 62

Received baseline (N=228)
Online Clinic

Received baseline 149 79

Allocated to intervention
Experimental (N=104)

Allocated to intervention
Control (N=105)

Sent post (N=96) 
Did not complete post (N=14) 15%
Completed post (N=82) 85%

Sent post (N=105) 
Did not complete post (N=1) 1%%
Completed post (N=104) 99%

Sent 3 month (N=94)
Did not complete 3 month (N=18) 19%
Completed 3 month (N=76) 81%

Sent 3 month (N=105)
Did not complete 3 month (N=6) 6%
Completed 3 month (N=99) 94%

Sent 6 month (N= 93) 
Did not complete 6 month (N=26) 28%
Completed 6 month (N= 67) 72%

Sent 6 month (N=105 )
Did not complete 6 month (N=17 ) 16%
Completed 6 month (N=88 ) 84%

Illness (1) – Control 
Illiterate (1) – Exp
In multiple studies (4) – Exp
No data (2) - Exp
Usability testing (1) – Exp
Using multiple names (1) – Exp

Total (N=10) = 5%
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Figure 1 Consolidated Standards of Reporting Trials flow diagram.
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Characteristics

Of the 199 participants included in the analysis, 142 par-
ticipants were recruited online, and 59 participants were
recruited via a specialized pain clinic at a hospital in
Boston, Massachusetts. Sixty-seven percent were female
and 86.4% were white; of the 27 nonwhite participants,
11 reported their race as African American, 11 identified
as Hispanic/Latino, and 4 identified as Asian American.
The mean age of the sample was M = 46.14 (standard
deviation = 11.99) years, with participants’ ages ranging
from 18 at the youngest to 79 at the oldest. More than half
of the sample fell into an annual household income range
of $25,000–99,000. At baseline, 34.4% of participants
reported their employment status as “full time,” while
16.7% worked part time, 32.3% reported their employ-
ment status as “disabled,” and the remaining 10.1% were
unemployed, homemakers, retired, or students. Propor-
tions of employment status differed significantly for con-
trols compared with Website participants (c2 = 12.61,
P < 0.05). No other significant differences in demograph-
ics between the control group and the Website group
were found. Participants recruited from the pain clinic
were more likely to be male (53.5%, compared with 23.6%
of the online-recruited sample [c2 = 16.73, P < 0.01]) and
had significantly different distributions of educational
attainment (c2 = 11.51, P < 0.05), race (c2 = 11.00,
P < 0.05), employment status (c2 = 28.06, P < 0.01), and
opioid medication use (c2 = 9.33, P < 0.01). These results
are detailed in Table 1.

Primary Analyses: Treatment Effects

LMMs were run to ascertain whether Website participants,
as compared with control participants, evidenced a sig-
nificantly greater mean change over time on: 1) psycho-
logical distress; 2) use of positive coping strategies; 3)
self-efficacy; 4) pain scores; 5) level of physical function;
and 6) PGIC. The statistical focus of the first five analyses
was on the interaction effect, treatment-BY-time, as this
effect tests whether or not the Website was more effective
than the control condition over time. Significant two-way
interactions were followed up by appropriate contrasts.
For the analysis of the PGIC, the statistical focus was on
mean differences between conditions at each post-
baseline time point, because the PGIC asks the partici-
pant the extent to which he/she has changed over the
course of the study rather than current status. The results
of these analyses are presented in Table 2.

LMMs were also run to test for differential effects of treat-
ment depending on participant recruitment source (online
vs pain clinic). The statistical focus of these analyses was
the three-way interaction, treatment-BY-time-BY-source,
which was followed up by appropriate contrasts. The
results of these analyses are presented in Tables 3 and 4.

We also present comparisons in outcomes (degree of
change from baseline to post-intervention) between the
Website and control groups. These results can be found in
Table 5.

Decreased Psychological Distress

In order to assess change in participants’ psychological/
emotional functioning, LMMs were run to test for the effect
of the Website intervention compared with the control
condition over time on each of the three subscales of the
DASS. Results revealed a significant effect of treatment
over time for the stress subscale of the DASS (F3, 197

= 3.92, P < 0.01). Post hoc tests revealed that, compared
with the control group, participants who used the Website
reported significantly lower stress from baseline to
3-month follow-up (t = 3.23, P < 0.01) and 6-month
follow-up (t = 2.65, P < 0.05). No statistically significant
effects of condition over time were noted for fear-
avoidance behaviors, or for the depression or anxiety sub-
scales of the DASS (see Table 2). A comparison of study
findings with IMMPACT criteria suggested that Website
participants showed evidence of clinically significant
decreases in depression (15.5% decrease), anxiety
(20.1% decrease), and stress (16.5% decrease) from
baseline to post-intervention (see Table 5).

Increased Use of Positive Coping Strategies

Based on a LMM, a significant interaction effect of
treatment-BY-time was noted for the coping subscale of
the CPCI, F3, 197 = 4.07, P < 0.01; compared with the
control group, Website participants had a significantly
greater increased use of coping self-statements from
baseline to posttest (t = -2.67, P < 0.05), 3-month
follow-up (t = -3.19, P < 0.01), and 6-month follow-up
(t = -2.44, P < 0.05). A significant effect of treatment over
time was also noted for the social supports subscale of
the CPCI, F3, 197 = 2.99, P < 0.05; participants who used
the Website reported significantly greater use of social
supports from baseline to 6-month follow-up (t = -2.89,
P < 0.05), compared with controls (see Table 2).

A significant three-way interaction was noted for the
“coping” subscale of the CPCI, F3, 195 = 3.03, P < 0.05.
Participants recruited online demonstrated an increase in
coping self-statements from baseline to three-month
follow-up (t = -3.74, P < 0.01) and an increase from base-
line to six-month follow-up (t = -2.66, P < 0.05); no differ-
ences were seen amongst participants recruited from the
pain clinic (see Tables 3 and 4).

Increased Self-Efficacy

A LMM was also run to test for a significant effect of
condition-BY-time on self-efficacy as measured by the
PSEQ; no significant differences in mean self-efficacy
change were noted for Website participants over time,
compared with the control group.

Reduction in Pain

The effect of the Website intervention compared with the
control condition over time was examined for participants’
self-reported “worst pain,” “least pain,” “average pain,”
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Table 1 Baseline demographic characteristics for 199 study participants

Total Control Experimental Test
Statistic* P †

Clinic Online Test
Statistic* P ‡N = 199 N = 104 N = 95 N = 59 N = 140

Age§ 46.14 (11.99) 45.05 (11.72) 47.34 (12.23) -1.35 0.1794 47.53 (12.17) 45.56 (11.91) 1.06 0.2915
Gender¶

Male 64 (32.32) 33 (32.04) 31 (32.63) 0.01 0.9290 31 (53.45) 33 (23.57) 16.73 <0.0001
Female 134 (67.68) 70 (67.96) 64 (67.37) 27 (46.55) 107 (76.43)

Marital status
Single 47 (23.74) 24 (23.30) 23 (24.21) 6.68 0.3514 17 (29.31) 30 (21.43) 3.70 0.7176
Married 104 (52.53) 60 (58.25) 44 (46.32) 27 (46.55) 77 (55.00)
Separated 4 (2.02) 1 (0.97) 3 (3.16) 2 (3.45) 2 (1.43)
Widowed 5 (2.53) 1 (0.97) 4 (4.21) 2 (3.45) 3 (2.14)
Divorced 23 (11.62) 12 (11.65) 11 (11.58) 7 (12.07) 16 (11.43)
Remarried 3 (1.52) 1 (0.97) 2 (2.11) 1 (1.72) 2 (1.43)
Living with partner 12 (6.06) 4 (3.88) 8 (8.42) 2 (3.45) 10 (7.14)

Education
<11th grade 2 (1.01) 1 (0.97) 1 (1.05) 2.04 0.8430 1 (1.72) 1 (0.71) 11.51 0.0421
HS or GED 50 (25.25) 24 (23.30) 26 (27.37) 22 (37.93) 28 (20.00)
Partial college/AA 63 (31.82) 35 (33.98) 28 (29.47) 19 (32.76) 44 (31.43)
BA or BS 55 (27.78) 31 (30.10) 24 (25.26) 12 (20.69) 43 (30.71)
Master’s 26 (13.13) 11 (10.68) 15 (15.79) 3 (5.17) 23 (16.43)
PhD/MD 2 (1.01) 1 (0.97) 1 (1.05) 1 (1.72) 1 (0.71)

Race
White non-Hispanic 171 (86.36) 90 (87.38) 81 (85.26) 7.53 0.1106 48 (82.76) 123 (87.86) 11.00 0.0265
African American 11 (5.56) 3 (3.88) 8 (8.42) 7 (12.07) 4 (2.86)
Asian American 4 (2.02) 4 (3.88) 0 (0.00) 1 (1.72) 3 (2.14)
Hispanic/Latino 11 (5.56) 6 (5.83) 5 (5.26) 1 (1.72) 10 (7.14)
Other 1 (0.51) 0 (0.00) 1 (1.05) 1 (1.72) 0 (0.00)

Income ($)
24,999 or less 36 (18.18) 16 (15.53) 20 (21.05) 4.85 0.6787 14 (24.14) 22 (15.71) 10.07 0.1846
25,000–49,999 39 (19.70) 16 (15.53) 23 (58.97) 12 (20.69) 27 (19.29)
50,000–74,999 33 (16.67) 19 (18.45) 14 (14.74) 5 (8.62) 28 (20.00)
75,000–99,999 36 (18.18) 22 (21.36) 14 (14.74) 9 (15.52) 27 (19.29)

100,000–149,999 24 (12.12) 14 (13.59) 10 (10.53) 8 (13.79) 16 (11.43)
150,000–199,999 8 (4.04) 4 (3.88) 4 (4.21) 2 (3.45) 6 (4.29)
200,000 or more 5 (2.53) 3 (2.91) 2 (2.11) 0 (0.00) 5 (3.57)
I choose not to answer 17 (8.59) 9 (8.74) 8 (8.42) 8 (13.79) 9 (6.43)

Employment
Employed FT 69 (34.85) 32 (31.07) 37 (38.95) 12.61 0.0497 12 (20.69) 57 (40.71) 28.06 <0.0001
Employed PT 33 (16.67) 20 (19.42) 13 (13.68) 4 (6.90) 29 (20.71)
Unemployed 6 (3.03) 2 (1.94) 4 (4.21) 2 (3.45) 4 (2.86)
Disabled 64 (32.32) 33 (32.04) 31 (32.63) 34 (58.62) 30 (21.43)
Homemaker 12 (6.06) 11 (10.68) 1 (1.05) 2 (3.45) 10 (7.14)
Retired 8 (4.04) 2 (1.94) 6 (6.32) 2 (3.45) 6 (4.29)
Student 6 (3.03) 3 (2.91) 3 (3.16) 2 (3.45) 4 (2.86)

Opioid medication
Yes 162 (81.82) 85 (82.52) 77 (81.05) 0.07 0.7885 55 (94.83) 107 (74.43) 9.33 0.0023
No 36 (18.18) 18 (17.48) 18 (18.95) 3 (5.17) 33 (23.57)

Recruitment
Online 140 (70.4) 72 (69.2) 68 (71.6) 0.13 0.7171 — —
Clinic 59 (29.7) 32 (30.8) 27 (28.4) — —

* Test statistic is t for continuous variables and c2 for categorical variables, comparing experimental and control groups.
† P is for t-test for continuous variables and chi-square test for categorical variables, comparing experimental and control groups.
‡ P is for t-test for continuous variables and chi-square test for categorical variables, comparing online- and clinic-recruited groups.
§ Values given are mean (standard deviation).
¶ Values given are N (%).
HS = high school, GED = General Educational Development Diploma, AA = Associates degree, BA = Bachelor of Arts degree, BS = Bachelor of
Science degree, FT = full-time, PT = part-time.
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Table 2 LS means and standard errors for all outcome measures

Control Experimental
N = 104 N = 95

Baseline Post 3-month 6-month Baseline Post 3-month 6-month

BPI
Worst* 6.96 (0.17) 6.75 (0.21) 6.82 (0.23) 6.65 (0.25) 7.08 (0.18) 6.53 (0.23) 6.42 (0.26) 6.51 (0.28)
Least 3.93 (0.22) 3.66 (0.22) 3.89 (0.26) 3.70 (0.23) 3.52 (0.23) 3.37 (0.24) 3.60 (0.23) 2.86 (0.25)
Average* 5.59 (0.17) 5.35 (0.19) 5.44 (0.19) 5.18 (0.22) 5.57 (0.18) 5.13 (0.20) 5.04 (0.21) 4.78 (0.25)
Current 5.56 (0.22) 5.17 (0.23) 5.45 (0.24) 5.26 (0.28) 5.29 (0.23) 4.64 (0.26) 4.47 (0.27) 4.39 (0.31)
Relief 46.29 (2.52) 47.10 (2.48) 47.58 (2.64) 47.03 (2.93) 50.63 (2.63) 49.27 (2.80) 52.09 (2.99) 49.88 (3.29)
Interference 5.76 (0.23) 5.03 (0.26) 5.00 (0.26) 4.78 (0.29) 5.46 (0.24) 4.70 (0.29) 4.65 (0.29) 4.95 (0.32)

CPCI
Assistance 3.05 (0.21) 3.08 (0.19) 3.04 (0.21) 3.29 (0.23) 2.69 (0.22) 2.59 (0.21) 2.86 (0.23) 3.16 (0.26)
Coping* 4.09 (0.19) 4.23 (0.19) 4.03 (0.20) 4.10 (0.22) 3.71 (0.20)abc 4.50 (0.21)a 4.50 (0.22)b 4.51 (0.25)c

Exercise 3.06 (0.20) 3.64 (0.19) 3.46 (0.20) 3.29 (0.22) 2.78 (0.20) 3.43 (0.21) 3.26 (0.22) 3.47 (0.25)
Guarding 3.77 (0.18) 3.46 (0.17) 3.41 (0.19) 3.38 (0.21) 3.69 (0.19) 3.23 (0.18) 3.33 (0.21) 3.59 (0.23)
Persistence 3.64 (0.16) 3.87 (0.16) 3.88 (0.15) 3.85 (0.18) 3.54 (0.17) 3.91 (0.18) 3.82 (0.17) 3.87 (0.20)
Relaxation 2.34 (0.18) 2.66 (0.18) 2.53 (0.18) 2.64 (0.20) 2.34 (0.18) 2.93 (0.19) 3.05 (0.20) 3.19 (0.22)
Resting 3.98 (0.18) 3.86 (0.17) 3.81 (0.19) 4.13 (0.19) 4.15 (0.19) 4.03 (0.18) 3.97 (0.21) 4.42 (0.21)
Social 2.72 (0.19) 2.86 (0.19) 2.78 (0.20) 2.73 (0.21) 2.54 (0.20)a 3.09 (0.21) 3.08 (0.22) 3.33 (0.24)a

DASS
Anxiety 8.63 (0.82) 8.42 (0.89) 7.87 (0.78) 8.32 (0.84) 9.66 (0.85) 7.72 (0.98) 7.24 (0.86) 7.22 (0.92)
Depression 12.60 (1.09) 11.44 (0.98) 11.72 (1.02) 12.65 (1.12) 13.20 (1.14) 11.15 (1.08) 10.07 (1.13) 10.55 (1.24)
Stress 14.20 (0.90) 14.30 (0.94) 13.98 (0.88) 14.54 (0.96) 15.07 (0.94)abc 12.58 (1.03)a 11.16 (0.97)b 11.89 (1.07)c

FAB
Physical activity 15.35 (0.59) 15.00 (0.61) 14.46 (0.63) 14.80 (0.78) 15.89 (0.61) 14.15 (0.67) 13.93 (0.70) 14.80 (0.78)
Work 20.49 (1.32) 18.32 (1.39) 18.98 (1.37) 19.21 (1.42) 19.83 (1.38) 19.84 (1.50) 19.94 (1.49) 19.85 (1.55)

ODQ
Pain intensity 2.37 (0.09) 2.14 (0.10) 2.19 (0.11) 2.13 (0.12) 2.26 (0.10) 2.14 (0.11) 2.03 (0.12) 2.12 (0.13)
Personal care 1.37 (0.12) 1.29 (0.10) 1.12 (0.10) 1.23 (0.12) 1.32 (0.12) 1.08 (0.11) 1.28 (0.12) 1.12 (0.13)
Lifting 2.96 (0.12) 2.75 (0.13) 2.88 (0.13) 2.73 (0.13) 3.14 (0.13) 2.67 (0.14) 2.89 (0.15) 3.09 (0.15)
Walking 1.76 (0.13) 1.70 (0.12) 1.64 (0.12) 1.83 (0.14) 1.68 (0.13) 1.74 (0.13) 1.72 (0.14) 1.84 (0.16)
Sitting 2.20 (0.10) 2.13 (0.10) 2.11 (0.10) 2.19 (0.12) 2.12 (0.11) 2.03 (0.11) 2.10 (0.11) 1.94 (0.13)
Standing 2.53 (0.12) 2.55 (0.12) 2.62 (0.12) 2.51 (0.13) 2.62 (0.12) 2.47 (0.13) 2.54 (0.14) 2.67 (0.15)
Sleeping 1.91 (0.11) 1.92 (0.11) 1.77 (0.11) 2.00 (0.12) 1.84 (0.11) 1.98 (0.12) 1.94 (0.12) 1.91 (0.13)
Sex life 3.55 (0.23) 3.29 (0.22) 3.27 (0.24) 3.26 (0.26) 3.36 (0.24) 2.88 (0.25) 3.02 (0.27) 3.21 (0.29)
Social life 2.41 (0.13) 2.32 (0.14) 2.31 (0.14) 2.34 (0.15) 2.49 (0.13) 2.30 (0.15) 2.23 (0.15) 2.27 (0.16)
Traveling 2.08 (0.12) 1.95 (0.12) 2.01 (0.12) 2.13 (0.13) 2.02 (0.13) 1.93 (0.13) 1.90 (0.13) 1.96 (0.14)
Total score 46.36 (1.64) 44.09 (1.72) 43.85 (0.79) 44.53 (1.87) 45.69 (1.77) 42.62 (1.88) 43.35 (1.97) 44.51 (2.08)

PSEQ
Total 30.79 (1.45) 33.35 (1.49) 32.55 (1.52) 33.17 (1.62) 30.81 (1.52) 34.09 (1.61) 33.50 (1.65) 33.87 (1.76)

PCS
Magnification 5.13 (0.29) 4.34 (0.29) 4.38 (0.30) 4.15 (0.34) 4.28 (0.30) 3.18 (0.32) 2.94 (0.33) 3.27 (0.37)
Helplessness 10.34 (0.55) 9.15 (0.57) 8.71 (0.57) 9.05 (0.64) 8.97 (0.58) 6.21 (0.63) 6.31 (0.63) 6.16 (0.70)
Rumination 8.40 (0.42) 7.58 (0.43) 7.14 (0.45) 7.56 (0.50) 7.21 (0.44) 5.53 (0.48) 5.48 (0.50) 5.05 (0.56)
Total 23.86 (1.13) 21.08 (1.19) 20.24 (1.23) 20.76 (1.36) 20.46 (1.18) 14.92 (1.30) 14.77 (1.36) 14.52 (1.51)

PGIC
Improvement — 3.82 (0.10)a 3.45 (0.10)b 3.46 (0.13)c — 3.37 (0.11)a 3.02 (0.12)b 2.89 (0.15)c

Pairwise post hoc contrasts between experimental and control groups at each time point for PGIC and for the mean change in differences for all other
outcomes.
* Significant moderating effects of participant recruitment source were noted for these outcomes.
† Questions about opioid medication safety were limited to participants who reported using opioid medications at baseline (N = 162).
abc Unique superscripts indicate significant pairwise post hoc tests (Bonferroni-adjusted P < 0.05).
LS = Least Squares Means; BPI = Brief Pain Inventory; CPCI = Chronic Pain Coping Inventory; DASS = Depression Anxiety Stress Scale; FAB = Fear-
Avoidance Beliefs; ODQ = Oswestry Disability Questionnaire; PSEQ = Pain Self-Efficacy Questionnaire; PCS = Pain Catastrophizing Scale;
PGIC = Patients Global Impression of Change.
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Table 3 LS means and standard errors for all outcome measures for participants recruited online

Control Experimental
N = 72 N = 68

Baseline Post 3-month 6-month Baseline Post 3-month 6-month

BPI
Worst 6.74 (0.21) 6.64 (0.25) 6.54 (0.27) 6.15 (0.29) 7.04 (0.21)a 6.14 (0.26)a 6.06 (0.29) 6.39 (0.31)
Least 3.75 (0.26) 3.67 (0.27) 3.76 (0.30) 3.45 (0.27) 3.32 (0.27) 3.06 (0.28) 3.16 (0.33) 2.54 (0.29)
Average 5.61 (0.21) 5.38 (0.22) 5.45 (0.23) 5.92 (0.39) 5.47 (0.21)a 4.91 (0.24) 4.67 (0.24)a 4.57 (0.28)
Current 5.53 (0.26) 5.26 (0.28) 5.29 (0.29) 4.90 (0.33) 5.15 (0.27) 4.27 (0.30) 4.08 (0.31) 4.03 (0.35)
Relief 43.89 (3.01) 45.97 (2.96) 48.34 (3.12) 48.31 (3.49) 48.38 (3.09) 51.62 (3.21) 55.70 (3.38) 52.55 (3.75)
Interference 5.77 (0.28) 5.10 (0.32) 4.82 (0.31) 4.42 (0.34) 5.50 (0.29) 4.53 (0.34) 4.45 (0.33) 4.76 (0.36)

CPCI
Assistance 3.06 (0.25) 3.14 (0.23) 3.14 (0.25) 3.16 (0.28) 2.72 (0.26) 2.39 (0.24) 2.85 (0.27) 3.05 (0.30)
Coping 4.26 (0.22) 4.49 (0.23) 4.12 (0.24) 4.16 (0.27) 3.62 (0.23)ab 4.40 (0.25) 4.64 (0.26)a 4.54 (0.29)b

Exercise 3.17 (0.23) 3.77 (0.22) 3.48 (0.24) 3.22 (0.27) 2.65 (0.24) 3.52 (0.24) 3.32 (0.25) 3.63 (0.29)
Guarding 3.57 (0.21) 3.31 (0.20) 3.25 (0.23) 3.11 (0.25) 3.57 (0.22) 3.10 (0.21) 3.20 (0.24) 3.59 (0.26)
Persistence 3.68 (0.19) 4.02 (0.20) 4.01 (0.18) 4.10 (0.22) 3.51 (0.20) 3.84 (0.21) 3.80 (0.20) 3.95 (0.23)
Relaxation 2.49 (0.21) 2.85 (0.21) 2.69 (0.21) 2.71 (0.21) 2.41 (0.22) 3.11 (0.22) 3.22 (0.23) 3.25 (0.26)
Resting 3.79 (0.22) 3.76 (0.20) 3.77 (0.23) 3.93 (0.23) 4.06 (0.23) 3.94 (0.21) 3.81 (0.24) 4.29 (0.24)
Social 2.64 (0.23) 2.84 (0.23) 2.73 (0.24) 2.73 (0.26) 2.66 (0.24) 3.20 (0.24) 3.08 (0.26) 3.33 (0.28)

DASS
Anxiety 8.75 (0.99) 8.94 (1.07) 8.22 (0.93) 8.84 (1.01) 9.47 (1.01) 6.90 (1.14) 6.58 (1.00) 6.77 (1.07)
Depression 12.69 (1.32) 11.36 (1.19) 11.61 (1.23) 11.82 (1.34) 13.44 (1.35) 10.90 (1.26) 9.56 (1.31) 9.80 (1.43)
Stress 14.44 (1.09) 15.19 (1.13) 14.80 (1.05) 14.55 (1.15) 15.21 (1.12) 11.87 (1.20) 10.38 (1.12) 11.08 (1.23)

FAB
Physical activity 14.42 (0.69) 14.35 (0.73) 14.05 (0.76) 13.53 (0.84) 16.31 (0.71) 14.10 (0.78) 14.07 (0.82) 14.80 (0.90)
Work 18.21 (1.56) 15.24 (1.61) 16.13 (1.60) 16.48 (1.67) 18.41 (1.60) 18.21 (1.70) 18.66 (1.69) 18.85 (1.77)

ODQ
Pain intensity 2.35 (0.11) 2.10 (0.11) 2.11 (0.13) 2.06 (0.14) 2.18 (0.12) 2.05 (0.12) 1.89 (0.14) 1.95 (0.15)
Personal care 1.36 (0.14) 1.24 (0.12) 1.12 (0.13) 1.19 (0.14) 1.44 (0.14) 1.11 (0.13) 1.28 (0.13) 1.13 (0.15)
Lifting 2.93 (0.14) 2.67 (0.15) 2.71 (0.15) 2.60 (0.16) 3.16 (0.15) 2.68 (0.16) 3.03 (0.17) 3.14 (0.17)
Walking 1.65 (0.15) 1.58 (0.15) 1.52 (0.15) 1.75 (0.17) 1.68 (0.16) 1.75 (0.15) 1.62 (0.16) 1.87 (0.18)
Sitting 2.07 (0.12) 2.06 (0.12) 1.99 (0.12) 2.14 (0.14) 2.09 (0.12) 1.99 (0.12) 2.07 (0.13) 1.97 (0.15)
Standing 2.46 (0.14) 2.46 (0.14) 2.53 (0.15) 2.34 (0.15) 2.63 (0.14) 2.43 (0.15) 2.48 (0.16) 2.62 (0.17)
Sleeping 1.81 (0.13) 1.86 (0.13) 1.69 (0.13) 1.94 (0.14) 1.76 (0.13) 1.93 (0.14) 1.81 (0.14) 1.81 (0.16)
Sex life 3.58 (0.28) 3.89 (0.27) 3.34 (0.28) 3.22 (0.31) 3.13 (0.29) 2.66 (0.29) 2.70 (0.31) 2.68 (0.33)
Social life 2.46 (0.15) 2.24 (0.17) 2.22 (0.17) 2.20 (0.18) 2.46 (0.16) 2.15 (0.18) 2.07 (0.18) 2.09 (0.19)
Traveling 2.04 (0.14) 2.00 (0.14) 1.98 (0.14) 1.96 (0.15) 2.09 (0.15) 1.92 (0.15) 1.91 (0.15) 2.06 (0.16)
Total score 45.59 (1.98) 43.17 (2.07) 42.47 (2.14) 42.66 (2.22) 45.25 (2.10) 41.42 (2.21) 41.76 (2.29) 42.87 (2.39)

PSEQ
Total 31.92 (1.74) 34.19 (1.78) 33.74 (1.81) 35.64 (1.89) 31.94 (1.79) 35.08 (1.88) 34.93 (1.91) 35.78 (2.00)

PCS
Magnification 5.35 (0.34) 4.36 (0.35) 4.32 (0.36) 3.90 (0.41) 4.25 (0.35) 3.03 (0.37) 2.71 (0.39) 3.17 (0.43)
Helplessness 10.47 (0.66) 8.76 (0.69) 8.50 (0.68) 8.59 (0.76) 9.12 (0.68) 5.77 (0.73) 5.53 (0.73) 5.58 (0.81)
Rumination 8.74 (0.51) 7.65 (0.52) 7.09 (0.53) 7.43 (0.60) 7.32 (0.52) 5.32 (0.56) 5.10 (0.57) 4.64 (0.64)
Total 24.56 (1.36) 20.78 (1.44) 19.92 (1.47) 19.94 (1.63) 20.69 (1.40) 14.07 (1.52) 13.36 (1.57) 13.4 (1.74)

PGIC
Improvement — 3.85 (0.12)a 3.35 (0.12)b 3.10 (0.15) — 3.25 (0.13)a 2.85 (0.13)b 2.76 (0.16)

Pairwise post hoc contrasts between experimental and control groups at each time point for PGIC and for the mean change in differences for all other
outcomes.
* Questions about opioid medication safety were limited to participants who reported using opioid medications at baseline (N = 162).
abc Unique superscripts indicate significant pairwise post hoc tests (Bonferroni-adjusted P < 0.05).
LS = Least Squares Means; BPI = Brief Pain Inventory; CPCI = Chronic Pain Coping Inventory; DASS = Depression Anxiety Stress Scale; FAB = Fear-
Avoidance Beliefs; ODQ = Oswestry Disability Questionnaire; PSEQ = Pain Self-Efficacy Questionnaire; PCS = Pain Catastrophizing Scale;
PGIC = Patients Global Impression of Change.
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Table 4 LS means and standard errors for all outcome measures for participants recruited through pain
clinic

Control Experimental
N = 32 N = 27

Baseline Post 3-month 6-month Baseline Post 3-month 6-month

BPI
Worst 7.45 (0.31) 7.00 (0.37) 7.46 (0.41) 7.82 (0.44) 7.19 (0.34) 7.80 (0.46) 7.54 (0.52) 6.88 (0.55)
Least 4.34 (0.40) 3.64 (0.40) 4.19 (0.46) 4.26 (0.41) 4.00 (0.43) 4.27 (0.48) 4.94 (0.57) 3.85 (0.51)
Average 5.53 (0.31) 5.29 (0.34) 5.42 (0.34) 5.92 (0.39) 5.81 (0.34) 5.80 (0.40) 6.20 (0.41) 5.45 (0.49)
Current 5.64 (0.39) 4.96 (0.42) 5.83 (0.44) 6.10 (0.50) 5.67 (0.43) 5.77 (0.51) 5.70 (0.54) 5.46 (0.62)
Relief 51.85 (4.56) 49.66 (4.50) 45.59 (4.77) 43.80 (5.33) 56.30 (4.91) 40.88 (5.63) 39.17 (6.07) 40.69 (6.68)
Interference 5.73 (0.42) 4.87 (0.48) 5.41 (0.47) 5.62 (0.52) 5.36 (0.46) 5.26 (0.57) 5.34 (0.58) 5.58 (0.63)

CPCI
Assistance 3.03 (0.38) 2.95 (0.35) 2.80 (0.38) 3.59 (0.43) 2.62 (0.41) 3.25 (0.41) 2.89 (0.47) 3.53 (0.53)
Coping 3.71 (0.34) 3.62 (0.35) 3.82 (0.36) 3.97 (0.41) 3.93 (0.37) 4.77 (0.43) 3.99 (0.45) 4.40 (0.51)
Exercise 2.83 (0.35) 3.34 (0.34) 3.42 (0.36) 3.46 (0.41) 3.12 (0.38) 3.09 (0.41) 3.03 (0.44) 2.89 (0.51)
Guarding 4.20 (0.32) 3.81 (0.30) 3.75 (0.34) 4.01 (0.37) 3.98 (0.35) 3.59 (0.36) 3.72 (0.41) 3.49 (0.45)
Persistence 3.56 (0.29) 3.52 (0.30) 3.56 (0.28) 3.27 (0.33) 3.61 (0.31) 4.11 (0.36) 3.91 (0.34) 3.57 (0.41)
Relaxation 2.00 (0.32) 2.22 (0.32) 2.17 (0.33) 2.49 (0.37) 2.15 (0.34) 2.36 (0.38) 2.51 (0.40) 3.02 (0.45)
Resting 4.42 (0.33) 4.09 (0.30) 3.87 (0.34) 4.58 (0.34) 4.37 (0.36) 4.27 (0.36) 4.42 (0.42) 4.77 (0.42)
Social 2.90 (0.35) 2.90 (0.34) 2.91 (0.37) 2.73 (0.39) 2.23 (0.38) 2.81 (0.42) 3.12 (0.46) 3.37 (0.48)

DASS
Anxiety 8.40 (1.49) 7.22 (1.62) 7.06 (1.42) 7.10 (1.53) 10.15 (1.61) 10.31 (1.92) 9.28 (1.71) 8.59 (1.85)
Depression 12.36 (1.99) 11.62 (1.79) 11.97 (1.87) 14.61 (2.04) 12.59 (2.15) 12.09 (2.14) 11.86 (2.24) 13.10 (2.48)
Stress 13.68 (1.64) 12.24 (1.70) 12.08 (1.60) 14.57 (1.75) 14.74 (1.78) 14.99 (2.05) 13.75 (1.94) 14.62 (2.16)

FAB
Physical activity 17.48 (1.05) 16.45 (1.10) 15.35 (1.16) 16.40 (1.28) 14.85 (1.13) 14.56 (1.34) 13.68 (1.43) 15.03 (1.58)
Work 25.59 (2.34) 25.33 (2.43) 25.50 (2.42) 25.43 (2.53) 23.41 (2.54) 24.15 (2.83) 23.16 (2.87) 22.29 (3.05)

ODQ
Pain intensity 2.40 (0.17) 2.24 (0.17) 2.39 (0.19) 2.31 (0.21) 2.48 (0.18) 2.41 (0.21) 2.43 (0.24) 2.63 (0.26)
Personal care 1.38 (0.21) 1.42 (0.19) 1.14 (0.19) 1.33 (0.21) 1.00 (0.23) 1.02 (0.22) 1.36 (0.23) 1.14 (0.27)
Lifting 3.03 (0.22) 2.95 (0.23) 3.28 (0.24) 3.09 (0.24) 3.07 (0.24) 2.63 (0.28) 2.42 (0.29) 2.93 (0.30)
Walking 2.00 (0.23) 1.98 (0.22) 1.90 (0.22) 2.01 (0.26) 1.70 (0.25) 1.73 (0.26) 2.05 (0.27) 1.74 (0.32)
Sitting 2.51 (0.18) 2.31 (0.18) 2.39 (0.19) 2.33 (0.22) 2.19 (0.20) 2.16 (0.21) 2.20 (0.23) 1.85 (0.27)
Standing 2.69 (0.21) 2.76 (0.22) 2.83 (0.23) 2.90 (0.24) 2.59 (0.23) 2.62 (0.26) 2.75 (0.27) 2.80 (0.29)
Sleeping 2.15 (0.20) 2.04 (0.20) 1.93 (0.20) 2.13 (0.22) 2.04 (0.21) 2.10 (0.24) 2.35 (0.25) 2.20 (0.27)
Sex life 3.47 (0.42) 3.07 (0.41) 3.12 (0.43) 3.30 (0.47) 3.93 (0.45) 3.51 (0.50) 3.95 (0.54) 4.85 (0.58)
Social life 2.28 (0.23) 2.50 (0.26) 2.54 (0.25) 2.66 (0.27) 2.59 (0.25) 2.80 (0.30) 2.71 (0.30) 2.79 (0.32)
Traveling 2.18 (0.22) 1.84 (0.22) 2.06 (0.22) 2.50 (0.23) 1.85 (0.24) 2.01 (0.26) 1.93 (0.27) 1.63 (0.29)
Total score 48.08 (2.98) 46.20 (3.11) 42.47 (2.14) 48.85 (3.37) 46.80 (3.36) 46.24 (3.63) 48.28 (3.83) 49.52 (4.09)

PSEQ
Total 28.28 (2.63) 31.45 (2.69) 29.85 (2.74) 27.51 (2.86) 27.96 (2.84) 31.56 (3.12) 34.93 (1.91) 28.28 (3.41)

PCS
Magnification 4.62 (0.52) 4.31 (0.53) 4.54 (0.55) 4.74 (0.62) 4.37 (0.56) 3.66 (0.64) 3.68 (0.67) 3.54 (0.74)
Helplessness 10.03 (1.01) 10.04 (1.04) 9.20 (1.04) 10.13 (1.16) 8.59 (1.09) 7.75 (1.24) 8.90 (1.26) 8.09 (1.41)
Rumination 7.62 (0.77) 7.44 (0.79) 7.28 (0.81) 7.88 (0.91) 6.93 (0.83) 6.27 (0.96) 6.73 (0.99) 6.43 (1.14)
Total 22.24 (2.06) 21.81 (2.17) 21.03 (2.23) 22.69 (2.48) 19.89 (2.23) 17.83 (2.58) 19.47 (2.70) 18.23 (3.01)

PGIC
Improvement — 3.76 (0.18) 3.68 (0.18) 4.26 (0.22) — 3.73 (0.23) 3.56 (0.24) 3.33 (0.29)

Pairwise post hoc contrasts between experimental and control groups at each time point for PGIC and for the mean change in differences for all other
outcomes.
* Questions about opioid medication safety were limited to participants who reported using opioid medications at baseline (N = 162).
abc Unique superscripts indicate significant pairwise post hoc tests (Bonferroni-adjusted P < 0.05). LS = Least Squares Means; BPI = Brief Pain
Inventory; CPCI = Chronic Pain Coping Inventory; DASS = Depression Anxiety Stress Scale; FAB = Fear-Avoidance Beliefs; ODQ = Oswestry Dis-
ability Questionnaire; PSEQ = Pain Self-Efficacy Questionnaire; PCS = Pain Catastrophizing Scale; PGIC = Patients Global Impression of Change.
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and “current pain” levels. No statistically significant differ-
ence between conditions over time was noted for self-
reported pain levels.

A significant three-way interaction (F3, 195 = 4.60,
P < 0.001) was noted for the “worst pain” subscale of the
BPI. Results of follow-up tests showed that participants in
the Website group recruited online reported a significantly
greater mean decrease in self-reported “worst pain” from
baseline to posttest (t = 2.71, P < 0.05), while no signifi-
cant differences between conditions over time were noted
for the participants recruited from the pain clinic. In addi-
tion, a significant three-way interaction was noted for the
“average pain” subscale of the BPI, F3, 195 = 3.20,
P < 0.05, suggesting a differential response to the inter-
vention between participants recruited online compared
with those recruited through pain clinics. Participants in
the Website group recruited online reported a decrease in
average pain from baseline to the 3-month follow-up
assessment (t = 2.52, P < 0.05), whereas no significant
differences were seen in participants recruited from the
pain clinic (Tables 3 and 4).

When comparing study results to the IMMPACT criteria,
we observed a 12.3% decrease in current pain from base-
line to post-intervention among Website participants, as
compared with a 7% decrease in controls (Table 5).

Increased Physical Functioning

The effect of the Website intervention compared with the
control condition over time on participants’ self-reported

physical functioning was tested; no statistically significant
effect of condition over time on physical functioning was
noted.

PGIC

A LMM was run to test for a significant effect of treatment
on participants’ global impression of change. Significant
effects of both treatment (F1, 181 = 13.49, P < 0.01) and
time (F2, 18 = 12.39, P < 0.01) were noted; compared with
the control group, Website participants reported a greater
average improvement in their condition at posttest
(t = 3.01, P < 0.01), 3-month follow-up (t = 2.71,
P < 0.05), and 6-month follow-up (t = 2.83, P < 0.05)
(Table 2). Examination of the distribution of participants
across categories of perceived improvement revealed that
a greater proportion of Website participants (56.6%, com-
pared with 33.0% of controls, immediately post-
intervention) reported at least a minimal improvement in
their condition as a result of the study. Participants who
used the Website did not report clinically significant
changes in physical functioning (see Table 5).

Discussion

This study offers evidence that painACTION-Back Pain,
an online self-management program for persons with
chronic back pain, is helpful in reducing pain and stress,
and improving coping abilities. Comparisons with the
IMMPACT criteria [26] indicated differences between the
Website and control groups in ratings of current pain

Table 5 Study results according to IMMPACT criteria

Experimental Control
Measure Measure

Pain intensity BPI worst pain* 7.8% decrease 3% decrease
BPI least pain* 4.3% decrease 6.9% decrease
BPI average pain* 7.9% decrease 4.3% decrease
BPI current pain* 12.3% decrease§ 7.0% decrease

Physical functioning Oswestry* 6.7% decrease 4.9% decrease
BPI interference† 0.76 point decrease 0.73 point decrease

Emotional functioning DASS depression* 15.5% decrease§ 9.2% decrease
DASS anxiety* 20.1% decrease§ 2.4% decrease
DASS stress* 16.5% decrease§ 0.7% increase

Global rating of
improvement

Very much improved‡ 1 (1.32%) 2 (1.94%)
Much improved‡ 11 (14.47%) 7 (6.80%)
Minimally improved‡ 31 (40.79%) 25 (24.27%)
No change‡ 27 (35.53%) 51 (49.51%)
Minimally worse‡ 5 (6.58%) 11 (10.68%)
Much worse‡ 1 (1.32%) 5 (4.85%)
Very much worse‡ 0 (0.0%) 2 (1.94%)

* Calculated as: ([baseline group average – post-intervention group average]/baseline group average) ¥ 100.
† Calculated as: (baseline group average – post-intervention group average).
‡ Participants who endorsed each category, given as N (%).
§ Met 10% criterion for clinically significant reduction.
IMMPACT = Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials; BPI = Brief Pain Inventory;
DASS = Depression Anxiety Stress Scale.
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intensity, depression, anxiety, stress and global ratings of
improvement that may be clinically significant. In addition,
this study revealed that, in terms of pain reduction and
coping, participants recruited online responded better to
the Website intervention than those recruited through a
pain clinic. Hypotheses that exposure to painACTION-
Back Pain would significantly reduce pain, increase physi-
cal functioning, reduce psychological distress, and
increase self-efficacy to perform pain self-management
activities in comparison to the control group were not
supported.

Perceptions of stress, active coping, and social support
changed as a result of exposure to painACTION-Back
Pain. Increases in using coping self-statements changed
in the Website group compared with the control group and
were present at both the 3-month and 6-month follow-up
period. This finding is consistent with associations
between coping and chronic pain in non-Web delivered
interventions (e.g., Lopez-Martinez et al. and Jensen et al.
[43,44]). In a Web-based intervention, Buhrman et al. [19]
found changes in catastrophizing, perceptions of control
over pain, and the ability to decrease pain, but not spe-
cifically in increasing coping self-statements. Increases in
the use of social support were also found from baseline to
6-month follow-up for the intervention group, but not the
control group. We are unaware of other similar findings in
studies utilizing Internet-delivered self-management pro-
grams for back pain. The mechanism of this finding should
be explored in future studies. In our study, social support
was measured as a form of coping. Although increases in
social support as a form of coping with pain might be
expected following a support group intervention, an
Internet-delivered self-management program would not
ordinarily be expected to affect this dimension of coping.
Perhaps increases in active coping strategies (i.e., coping
self-statements) and decreases in perceived stress over
time affected the willingness of intervention participants to
seek social support from significant others.

Reductions in pain were not found between the Website
and control conditions, which is not an unusual finding in
the literature on CBT and pain, and other studies of
Internet-delivered self-management interventions. In ran-
domized controlled trials of CBT and behavior therapy for
people with pain conditions, mixed results on pain reduc-
tion are found [45]. In most trials, pain was not a primary
outcome, precisely because pain was not expected to
change due to the interventions employed, and more
emphases were placed on coping with pain [45]. These
mixed results are similar to other Internet-delivered inter-
ventions. Compared with individuals in control conditions,
changes in pain were found from baseline to posttest for
an e-mail intervention for back pain [20] and a 5-month
Internet-delivered self-management program for back
pain [21], but not for a 6-week CBT Internet-based treat-
ment with telephone follow-up [19]. Although changes in
pain were not statistically different between conditions
over time, the IMMPACT criteria for a clinically significant
difference were found over time for participants in the
Website condition.

There may have been several reasons for the lack of
findings in other areas (e.g., physical functioning, psycho-
logical distress, self-efficacy). The interventions as
designed were tailored to the person based on personal
characteristics and were not chosen to be correlated with
each measure. Basic self-management themes were
addressed across multiple content items, e.g., communi-
cation with providers, medication safety, emotional
coping, etc. The participant was instructed to complete
the tailored content and then allowed to explore the rest of
the site (i.e., a “library” of back pain content). This
approach attempted to balance recommended exposure
to personally meaningful content with the self-selected
way in which Websites are typically used (“surfing”).
However, this did not guarantee that all areas relevant to
the outcome measures would be covered. It is possible
that a different approach to assessment may be needed
to capture differences in groups exposed to tailored rather
than fixed content.

In addition to examining the differences between the
Website condition and the control condition over time
among all participants, we tested whether the Website, as
compared with the control condition, was particularly
effective for certain subgroups. Recruitment source, age,
and baseline pain level were found to be moderators of the
effect of the Website intervention over time. Recruitment
source proved to be a robust moderator variable, with
results favoring those who were recruited through other
means (online, ads, etc.) vs a pain clinic. Among partici-
pants recruited online, those exposed to the Website
reported significantly: 1) lower “worst” pain; 2) lower
“average” pain; and 3) increased coping self-statements,
compared with controls, whereas participants recruited
through the pain clinic evidenced no such differences.
Available data suggest that pain clinic patients are more
complex than community pain patients, evidencing
greater functional and psychosocial impairments [46].
Indeed, 58.6% of the clinic sample in this study was
persons with disabilities, while the disability rate among
participants recruited through other means was 21.4%. It
is possible that individuals who seek help at pain manage-
ment clinics have reached a stage of severity that reduces
the potential of further treatment gains. Another possibility
is that patients in a multidisciplinary clinic have already
received at least some information similar to that pre-
sented on painACTION-Back Pain (even though the infor-
mation may not have been tailored), suggesting a ceiling
effect. Finally, the group recruited online may have been
more comfortable and/or adept at using the Website
intervention.

Several limitations in this study should be noted. Website
participants were more likely to have more intensive
intervention exposure and monitoring over time than
control participants. The closer monitoring of the
Website group may explain why a larger number of
Website participants than control participants were
removed from the study sample. Although the propor-
tions were significantly different, each proportion made
up a small subset of the respective groups. The
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investigators do not feel that this constitutes a major
threat to study validity.

There were also differences in the manner in which the
interventions were delivered. Individuals in the control con-
dition were asked to read a text-based guide during the
course of the 1-month intervention period. The information
was not given sequentially, controlling for the incremental
nature in which the Website group received information.
While this design led to somewhat less experimental
control, we believe the results to be more generalizable.
Individuals in both conditions received exposure to the
materials that would have been typical for that group (i.e.,
a health care professional would likely not dictate how
much of a guide to read at a time). However, there was a
possible differential influence in staff contact due to
reminders to the Website group to complete protocols
that was not tested in this study. Much more needs to be
understood regarding dosage differences in Web-based
research and their relation to outcome [27]. For example,
some participants benefit from brief exposure to Web-
based interventions and may drop out earlier than others,
yet benefit from the brief exposure, while others may need
to be exposed and engaged to benefit [28]. Methodologi-
cal differences and best practices for research on Web-
based interventions are only beginning to be discussed in
the literature (e.g., Danaher and Seeley, and Ritterband
et al. [27,47]).

There were differences in the samples recruited when
compared by recruitment source. It is possible that the
source of recruitment may be a proxy for other variables
(e.g., demographics, severity, disability, socioeconomic
status). Although some of the differences observed in the
study were probably due to the nature of the sample
populations (e.g., online vs a specialized pain clinic popu-
lation) and would not change in subsequent studies, the
overall sample might change with additional recruitment of
patients with pain from other treatment settings (primary
care, community health clinics, etc.). In addition, the
recruitment sources utilized in this study resulted in a
sample that was primarily Caucasian, and samples with
greater minority participation may result in different out-
comes.

Conclusions

This study confirms that an online self-management
program with tailored content for persons with chronic
back pain can effect changes in stress, coping, and social
support, and produce clinically significant differences in
pain, depression, anxiety, and global rates of improve-
ment. Website interventions may be more effective in spe-
cific demographic or functional subgroups, such as
patients with higher levels of pain, older participants, and
participants whose condition has not yet reached a level of
severity that would lead them to seek specialized care at
a pain clinic. Further research is needed to determine
which clinical groups may be most effectively treated by
an online intervention, as well as to determine the mecha-

nisms of change, and to better understand why some
dimensions changed after exposure to the treatment while
others did not.
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