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Abstract
Internet-based educational and therapeutic programs (e-health applications) are becoming
increasingly popular for a variety of psychological and physical disorders. We tested the efficacy
of an online Chronic Pain Management Program, a comprehensive, fully self-directed and self-
paced system that integrates social networking features and self-management tools into an
interactive learning environment. Of 305 adult participants (196 women, 109 men), a total of 162
individuals with chronic pain were randomly assigned unsupervised access to the program for
approximately 6 weeks; 143 were assigned to the wait-listed control group with treatment as usual.
A comprehensive assessment was administered before the study and approximately 7 and 14
weeks thereafter. All recruitment, data collection, and participant involvement took place online.
Participation was fully self-paced, permitting the evaluation of program effectiveness under real-
world conditions. Intent-to-treat analysis that used linear growth models was used as the primary
analytic tool. Results indicated that program utilization was associated with significant decreases
in pain severity, pain-related interference and emotional burden, perceived disability,
catastrophizing, and pain-induced fear. Further, program use led to significant declines in
depression, anxiety, and stress. Finally, as compared to the wait-listed control group, the
experimental group displayed a significant increase in knowledge about the principles of chronic
pain and its management. Study limitations are considered, including the recognition that not all
persons with chronic pain are necessarily good candidates for self-initiated, self-paced, interactive
learning.
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1. Introduction
Many obstacles stand in the way of pain amelioration for millions of people, including
financial barriers (both personal and insurance based), inadequacies in assessment
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(especially in primary care settings), patient reluctance to seek treatment, perceived
communication barriers between patient and health care provider, and a paucity of
comprehensive multidisciplinary treatment options [17,28,41,42,46]. Thus, there has been a
movement to supplement and extend established therapeutic and educational interventions
for chronic pain with innovative, cost-effective, and empirically sound alternatives such as
automated telephone services, progress monitoring via regular mail and e-mail, electronic
diaries, video-based psychoeducational programs, and online sites for the delivery of health
information [18,19,21,22,26,30]. Across a range of health domains, including not only
chronic pain but also depression [31], anxiety [5], eating disorders [45], and addictive
disorders [14], Internet-mediated or computer-aided behavior change interventions based on
well-tested cognitive behavior therapy principles are currently seeing wider application for
children and adults, with the type of available online help ranging from text-based,
information-only sites to custom-built software applications [9,20,27,32,39,43]. As noted in
several systematic reviews of Web-based interventions for chronic pain [3,24], small but
significant improvements in pain experience and reductions in functional disability have
been reported, although the program effects on psychosocial outcomes (eg, depression,
anxiety) have proved less consistent.

Notable also is the use of self-management methods in an on line format, with a literature
that has progressed from case studies and uncontrolled feasibility testing [1,11] to
randomized clinical trials [7,29,44]. Although early applications of interventions labeled
‘self-management’ tended to focus on biofeedback methods [40], contemporary approaches
attempt to educate persons with pain in a variety of skills and motivational strategies
presumed necessary for self-guided symptom management and everyday task persistence.
Such skills include (but are not limited to): self-observation (aka self-monitoring), self-
statement modification, goal setting, self-induced relaxation, physical exercise, attention
control, emotion regulation, belief reappraisal, self-efficacy enhancement, planning, coping,
and pacing [25,29,38].

The present research, building on previous efforts, evaluates a newly developed,
multielement program for the self-management of chronic pain designed to be accessed via
the Internet. The Chronic Pain Management Program (CPMP) leverages technical
capabilities with program content and functionality derived from cognitive behavior therapy,
interpersonal, and self-management approaches to address the adaptive burdens of chronic
pain in adults. We provide the results of a preliminary test of the effectiveness of the
program in the domains of pain-related outcomes, mental health, knowledge about the
principles of pain management, and daily life functioning. By means of an intent-to-treat
analysis and linear growth curve models, we sought to demonstrate, via a randomized
controlled trial, that the CPMP would yield improvements in pain adaptation, in
psychosocial adjustment, and in pain-related knowledge relative to wait-listed, treatment-as-
usual control subjects.

2. Methods
2.1. Participants

A participant flow diagram consistent with the CONSORT statement [2] is depicted in Fig.
1. As indicated, 330 participants were randomized. Twenty-five participants (3 experimental
subjects and 22 control subjects) failed to take part in any aspect of the study upon
randomization. The final sample therefore consisted of 305 individuals who completed the
pretest and 1 or more follow-up tests, with 162 (53%) in the experimental group and 143
(47%) in the wait-listed/usual treatment control group. At the second (approximately 7
weeks) and third (approximately 14 weeks) data collection waves, 241 (79%; 111 in the
experimental group and 130 in the control group) and 225 (73.8%; 99 in the experimental

Ruehlman et al. Page 2

Pain. Author manuscript; available in PMC 2013 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



group and 126 in the control group) respondents provided data, respectively. Chi-square
tests indicated that the probability of missing data differed across the 2 conditions, with the
experimental group having the higher missing data rate. As described later, we used full
information maximum likelihood estimation to deal with missing data. Maximum likelihood
uses all of the available data to estimate the model parameters without the need for
discarding cases or filling in the missing values [13]. Maximum likelihood yields unbiased
parameter estimates under the so-called missing-at-random assumption, where the
propensity for missing data at a particular wave is related to predictor variables (eg,
treatment group membership, initial pain severity levels, age) or to the scores from previous
assessments, but not to the scores that would have been obtained had the data been
complete. Consequently, the unequal distribution of missing data is not necessarily
problematic.

With regard to demographics, participants in this sample were predominantly white (82%),
6% were African American, 2% were American Indian, 2% were Asian, and 8% were more
than one race or “other.” More than half of the sample was female (64%). Approximately
65% of the participants were married or living as married, 19% were single, and the
remaining participants were either divorced (14.4%) or widowed (0.7%). Participant ages
ranged between 19 and 78 years, with an average age of 44.93 years. With respect to
education, 10.5% of the sample had a high school degree or lower, 70.8% reported attending
at least some college, and 18.4% had advanced degrees. Employment status varied
considerably; 39% were employed full time, 7.5% part time (due to pain 2.6%; not due to
pain 4.9%), and the remaining participants were dispersed across a variety of categories,
including unemployed (due to pain 14.4%; not due to pain 5.7%), retired (due to pain, none;
not due to pain 4.6%), and disabled (due to pain 15.7%; not due to pain 3.9%). Most
participants (91%) were under a doctor's for their pain problems. Most participants (89.5%)
reported having pain for more than 2 years. A series of chi-square tests indicated that the
experimental and control conditions did not differ significantly in the distribution of
demographic or pain history characteristics.

At the beginning of the study, participants provided information about their medical
diagnoses and pain problems. Table 1 presents the percentage of respondents who reported
having 1 or more of 11 different pain-related diagnoses; the most common diagnoses were
migraine headaches (65.5%) and back injury (60.5%). Tension headaches, fibromyalgia,
osteoarthritis, face or jaw pain, and premenstrual pain were somewhat less common, with
20–40% of the participants reporting these. The average number of reported diagnoses was
approximately 3 (range 0–8). An independent t test indicated that the experimental and
control groups did not differ in their number of reported diagnoses (t(164) = 1.17, P = .25).

Participants were also asked to rate the amount of pain that they experienced from a variety
of physical locations. Table 2 summarizes these ratings (scores ranged 0–5). The highest
pain severity ratings were associated with head, shoulder/upper back, neck/ throat, lower
back, and bones/joints; all produced ratings above 3.00 in magnitude (Table 2). The
employment status question from the demographic survey also provided some indication of
pain status, as 32.7% of the respondents reported being unemployed, disabled, or limited to
working part time as a result of their pain.

2.2. Materials
2.2.1. Measures—Participants completed a battery of online assessments at each
assessment interval. The battery consisted of the Center for Epidemiological Studies
Depression Scale [33], the Depression, Anxiety, Stress Scales [23], a test of pain knowledge
that assessed a wide range of topics addressed within the program (eg, the role of thought,
emotion, social responses to pain, and behavior to the pain experience), and the Profile of
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Chronic Pain: Screen (PCP-S) and Profile of Chronic Pain Extended Assessment (PCP-EA)
[36,37]. The 15-item PCP-S provides a multidimensional assessment of the individual's pain
problem with scales that measure pain severity and interference, as well as the emotional
burden of pain. The 95-item PCP-EA assesses pain location and prior diagnoses, pain
characteristics (eg, worst daily pain), medication use, and health care status. In addition, the
PCP-EA includes 13 multi-item subscales addressing aspects of coping (guarding, ignoring,
task persistence, and positive self-talk), catastrophizing, pain attitudes and beliefs (including
disability beliefs, belief in a medical cure for pain, belief in pain control, and pain-induced
fear), and positive (tangible and emotional) and negative (insensitivity and impatience)
social responses. Finally, functional limitations in 10 areas of daily living are evaluated. The
PCP-S and PCP-EA have been found to have adequate reliability, validity, and low social
desirability response bias; the factor structure of the various scales has been confirmed
across several samples; age- and gender-based national norms are available [36,37].

2.2.2. Content development for the CPMP—Content development was an iterative
process involving 3 teams: a team of 3 psychologists who created the initial content, a
content review team of 3 professionals who treat chronic pain (2 psychologists and 1
employee assistance professional), and a team of 10 individuals with chronic pain to
evaluate content. First, we examined the chronic pain literature to identify face-to-face
forms of psychosocial interventions for chronic pain that have demonstrated efficacy. These
fell easily into 4 basic categories: cognitive, behavioral, social, and emotional regulation.
Four learning modules were created to reflect these content domains: “Thinking Better,”
“Doing More,” “Relating Better,” and “Feeling Better.” Within each learning center, we
created a multimedia presentation as an overview to the concepts within the center. Next, we
created a series of interactive activities within the learning center to teach basic concepts and
allow for both online and off-line practice. Naturally, depending on content domain, the
nature of the learning activities varied widely and involved different media. For example, in
“Thinking Better,” the program focuses on teaching basic concepts concerning the role of
thought in pain, provides criteria for evaluating helpful vs self-defeating thinking, and
engages the user in a series multimedia presentations and interactive online activities to
practice evaluating thought content. A set of offline self-monitoring activities help the user
to identify his or her own self-defeating thoughts. In contrast, a major goal of “Doing More”
is assisting the user in developing an exercise program. This involved the creation of an
interactive activity to help the user to learn about and create a realistic exercise plan. In
addition, a physical medicine and rehabilitation physician and a physical therapist created 15
different strength and flexibility exercise programs. Models were photographed
demonstrating each exercise within each of the 15 programs. As a third example of the
diversity of content development tasks, we created a series of relaxation sessions in which it
was necessary to develop the text for each session (eg, progressive muscle relaxation),
record each session, and locate relaxing and appropriate photographs for each session. In
some cases, additional functionality was created to augment content.

As content was created, formative evaluations were conducted by our teams of professionals
and individuals with pain. All reviews were conducted online and included a large series of
questions concerning content, user experience, and functionality. Most of the questions
involved 0–5-point Likert-type rating scales; some open-ended questions were included as
well. Feedback from the review teams was used to modify content; additional reviews were
conducted until reviewers reached consensus that we had attained high quality (generally,
average ratings of 4 or higher on 0–5-point scales).

2.2.3. Structure of the CPMP—An overview of the structure of the program is presented
in Fig. 2. A custom learning plan is created for each user after the online completion of the
Profile of Chronic Pain (PCP). A user's responses on the PCP are automatically scored,
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compared to national age- and gender-based norms, and presented in an online report.
Scores on the PCP map onto the 4 learning modules. Program recommendations are
generated suggesting the order of completion of the 4 learning modules (based on normative
analyses). Each of the 4 learning modules includes online and off-line activities. Online
activities are a combination of didactic material and interactive exercises. For example, in
Feeling Better, the user completes a number of interactive activities to learn about the role of
emotion in pain management. Two types of off-line activities are akin to homework and
include self-monitoring exercises and the practice of new skills. The third off-line activity
type includes lifestyle activities such as exercise, relaxation, or implementation of goal-
directed behavior.

The Navigator is a custom-built system that integrates self-management tools into the
learning environment. The user may schedule off-line practice activities on the Calendar
tool, send email/text reminders, or invite a friend to join in an activity. The Self-Monitoring
Tool allows the user to create and track self-monitoring tasks. The Pacing Tool assists the
user in the creation and tracking of a plan to gradually increase the duration of an activity
that the user may find difficult to do. For example, if the user can only walk for 5 min but
would like to walk for 30 min, the pacing tool will guide the user in the creation of a plan to
increase walking by 10% each week. The user simply enters the baseline and target activity
duration and the days and times to perform the activity. The Pacing Tool automatically
creates a plan, schedules it on the calendar, and sends e-mail/text reminders.

The Navigator tool also allows for the tracking of progress of offline practice activities. At
the end of each day, the user is encouraged to indicate whether each scheduled activity was
completed, how helpful the activity was in pain management, and what factors helped or
hindered activity completion. These data are stored and presented graphically in the My
Progress section of the program. The user tracks functional progress via a second type of
daily check-in. A graph displays the user's end of day ratings of pain management, mood,
and activity level. Users who report low levels of activity, mood, or pain management are
encouraged to use one of their custom activity boosters, mood boosters, or pain soothers. For
example, a mood booster is defined as a brief, easy-to-complete activity that the user has
found to provide a small boost to mood. The user can create an online list of such activities
and schedule them on the Navigator Calendar along with a reminder (e-mail/ text) to
complete them.

Finally, the social networking component of the CPMP allows the user to create a profile
(with privacy options), join and participate in a variety of unmoderated community forums
(eg, migraine, male and female forums, back pain, facial pain), invite friendship with other
users, and send messages.

2.3. Procedure
The study was approved by the New England Institutional Review Board. Several online
pain sites assisted in the recruitment of efficacy study participants. The sites were The
National Headache Foundation, American Chronic Pain Association, National Pain
Foundation, and the American Pain Foundation. The sites posted information about the
study on their sites, sent e-mails to their members, and included information in their
newsletter (if they distributed a newsletter). The recruitment request included information
about the study, participation details, and the online address of the consent form. A consent
database was created consisting of all of those who completed the online consent form and
were eligible for participation (n = 532). Eligibility criteria included age 18 years or older,
presence of a chronic pain problem for 6 or more months, access to a computer with high-
speed Internet capabilities, and the ability to read and write English. We sought to include an
equal number of men and women and a representative sample by ethnicity and race.
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Subgroups of potential participants were selected on the basis of gender, race, and ethnicity
and assigned at random to either the control or experimental groups. First, to address
difficulties in filling race and ethnicity enrollment quotas, all minorities were included and
randomly assigned to either the experimental or control group. Having assigned all available
minorities, we then sought to fill our gender quotas and randomly assigned nonminority
male and female subjects to either the experimental or control group.

All 305 participants completed the pretest. Follow-up data were requested at approximately
7 and 14 weeks. Participants received $25 for completing each assessment across the 3
intervals (for a possible total of $75). Those who failed to complete one or more follow-up
assessments were reminded on multiple occasions via e-mail and phone call until
approximately 1 month after the target follow-up date. Upon completion of the study, the
wait-listed control group was given full access to the program.

Interventions for chronic pain have primarily made use of the face-to-face channel of
communication, with formally evaluated programs that typically are (a) manualized, (b)
delivered and/or supervised by a team of trained health professionals, (c) fixed in terms of
session duration and in total number of sessions, (d) externally monitored to ensure fidelity
to protocol parameters, and (e) conducted in an academic, clinic, or hospital setting [15]. In
contrast to such clinical outcome studies in which the subjects' participation is highly
managed by an external team, we sought to test the effectiveness of the CPMP under real-
world conditions. Participation by the experimental group was fully self-directed and self-
paced. Participants were paid for completion of the assessments, but not for participation in
the program. They were prompted to complete the assessments in a timely fashion, but were
otherwise not contacted or managed by the research team.

3. Results
As noted previously, the final sample consisted of 305 individuals, with 162 (53%) in the
experimental group and 143 (47%) in the wait-listed/usual treatment control group. In the
experimental group, 29 individuals completed the initial assessment battery but failed to
participate in the online pain program. Consistent with an intent-to-treat analysis, we
included these individuals in the experimental condition for all statistical analyses. (Note
that 25 participants, 3 experimental and 22 control, failed to take part in any aspect of the
study upon randomization. Because no data were available for these individuals, they were
not considered part of the study.) The means and standard deviations for the study variables
are presented in Table 3.

3.1. Analyses
A linear growth model was the primary analytic tool for the study. The linear growth model
expresses the outcome variable as a function of a temporal predictor variable that captures
time since the baseline assessment. Specifically, we used the following model:

(1)

where & β0 and β1 represent the baseline mean and the average growth rate for the control
group, respectively, β2 is the baseline mean difference between the treatment and control
groups, and β3 is the growth rate difference between groups (ie, the group-by-time
interaction effect). Like a conventional linear regression model, the β terms are partial
regression coefficients that control for the covariates. Finally, the model incorporates a pair
of residuals that allow baseline scores and growth rates to vary across participants (ie, b0i

Ruehlman et al. Page 6

Pain. Author manuscript; available in PMC 2013 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



and b1i respectively), and eti is a time-specific residual that captures the misfit between an
individual's observed scores and idealized linear growth trajectory.

A series of initial analyses indicated that most of the outcomes exhibited nonlinear growth,
such that the largest changes were observed between baseline and the first follow-up. Rather
than move to a more complicated quadratic model, we chose to linearize the growth function
by expressing change as a function of the square root of time since baseline. The timing of
the assessments was such that this transformation effectively equated the change between
the first and second assessment to the change between the second and final assessment (eg, a
growth rate estimate of −5.00 implies that scores decreased by 5 points between the first and
second assessment, on average, and scores decreased by another 5 points between the
second and final assessment). To facilitate interpretation, we use the model-implied means
from the final assessment to construct standardized mean difference effect size. Importantly,
transforming the temporal predictor has a negligible impact on baseline and end-point mean
estimates. Consequently, the effect size estimates from the transformed model were virtually
identical to those from a more complicated quadratic growth curve model. The primary
advantage of this transformation is that a single parameter quantifies the group-by-time
interaction. Assessing this effect is more difficult with a quadratic model because
differential growth requires 2 parameters (ie, group by linear and the group by quadratic
coefficients).

We used Mplus 5.21 to estimate the growth models. Mplus accommodates missing data by
using maximum likelihood estimation. This approach makes the so-called missing at random
assumption where the probability of missing data at a particular assessment is related to
scores at previous assessments or to scores on the covariates. Methodologists regard
maximum likelihood as a state of the art missing data handling approach, and this method
has a number of theoretical and empirical advantages (eg, less bias, greater power) over
traditional approaches such as deletion of incomplete cases [13].

Several of the scales in this study were grouped together to form a smaller number of
broader constructs, including the extent of the pain problem (pain severity, interference, and
emotional burden), pain attitudes and beliefs (perceived disability, perceived control, belief
in a medical cure, and pain-induced fear), psychological functioning (depression, anxiety,
stress), and pain interference in 10 areas of daily functioning (social, sex, sleep, recreation,
household chores, work, self-care, parenting, physical activities, and exercise). Two other
constructs, catastrophizing and pain knowledge, were measured by single scales. Because it
was of interest to obtain a fine-grained evaluation of the intervention, we analyzed each
scale separately and made no attempt to model growth at the latent variable level (eg, by
using scale scores as manifest indicators of a larger construct). To streamline the subsequent
presentation, we present the results for groups of scales, highlighting the estimates from the
analyses that produced a significant group-by-time interaction effect.

3.2. Changes in pain problem magnitude
Pain magnitude was characterized by the PCP-S scales that measured interference, severity,
and emotional burden. Table 4 presents the regression coefficients and standard errors for
selected parameters, omitting the coefficients for the covariates because these variables were
not of substantive interest. Because the covariates were centered at their means, this
omission has no bearing on the values or the interpretation of the growth model coefficients.
To illustrate the interpretation of the growth model parameter estimates, we provide a
detailed description of the interference scale results. Because many of the outcomes
produced results that corresponded to those of the interference scale, we elected to condense
the description of subsequent analyses.
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As seen in the table, the control group had an average interference score of 23.44 at the
baseline assessment and decreased by approximately 0.65 points between each assessment,
on average (ie, β0 and βa, respectively). After controlling for the covariates, the treatment
group average was approximately 1.05 points higher at baseline (ie, β2) but this different
was not statistically significant. Finally, the growth rate difference (ie, β3, the group-by-time
interaction) was significant and indicated that the treatment group decreased by roughly 1.63
points more than the control group, on average (ie, the treatment group growth rate was
−0.65 − 1.63 = −2.28).

Consistent with a linear regression analysis, the parameter estimates in Table 4 combine to
produce simple slopes that represent the linear trends for each group. Fig. 3 shows these
growth curves, with the points on the lines representing the model-implied averages at each
assessment. The simple slopes provide a graphic representation of the estimates in Table 4.
For example, notice that for Interference the treatment group starts with a slightly higher
average than the control group but decreases more rapidly over time. The vertical separation
of the simple slopes at the final assessment is an estimate of the end-of-study mean
difference. Dividing this difference by pooled within-group standard deviation from the
baseline assessment yields a standardized mean difference effect size that is comparable to
Cohen's d. As seen in the bottom row of Table 4 (wave 3 effect size), the standardized mean
difference for the interference scale was 0.30, which indicates that the group means differed
by nearly a third of a standard deviation at the final assessment. The magnitude of this effect
size is consistent with Cohen's [8] benchmark for a small effect size (ie, d > 0.20). Again, it
is important to reiterate that this effect size estimate is nearly identical to that from a more
complex quadratic growth model.

Table 4 also shows the parameter estimates for the severity and the emotional burden scales.
The estimates are largely consistent with those from the interference scale. Specifically, the
control group showed significant decreases over time, but the rates of change for the
treatment group significantly exceeded the gains for the control group (ie, the group-by-time
interactions were significant). Consistent with the interference scale, the mean differences at
the final wave could be characterized as a small effect sizes. The top and bottom panels of
Fig. 3 show the corresponding simple slopes for the severity and the emotional burden
scales.

3.3. Changes in pain attitudes and beliefs
PCP-EA Battery scales measured perceived disability, perceived control, belief in a medical
cure, and pain-induced fear reflect pain attitudes and beliefs. Two of these outcomes,
perceived disability and pain-induced fear, produced significant group-by-time interaction
effects, such that the treatment group decreased at a rate that was significantly different than
the control. Table 5 gives the regression coefficients and standard errors for the parameters
of substantive interest, and Fig. 4 displays the corresponding simple slopes for each
intervention group.

3.4. Changes in catastrophizing
Catastrophizing was assessed by the PCP-EA. The growth model parameter estimates are
listed in Table 6. The results closely follow those from previous analyses. Specifically, the
group-by-time interaction effect was significant, such that the treatment group decreased at a
greater rate than the control group. To further illustrate these results, Fig. 5 shows the simple
slopes for the 2 groups.
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3.5. Changes in pain knowledge
Finally, pain knowledge was assessed by a single scale, the parameter estimates for which
are provided in Table 7. Unlike most of the previous measures, a treatment effect for this
outcome is evidenced by a score increase. Consistent with the previous outcomes, the
growth model produced a significant group-by-time interaction, such that the treatment
group knowledge scores improved at a higher rate than those of the control group. To further
illustrate these results, Fig. 6 shows the simple slopes for the 2 groups.

3.6. Changes in psychological functioning
Depression, stress, and anxiety were measured via the Center for Epidemiological Studies
Depression scale (CES-D; [33]) and the Depression, Anxiety, Stress Scales (DASS; [23]).
Statistically significant interaction effects were observed for all of the 4 scales: depression
(both the CES-D and the DASS subscales), stress, and anxiety. Table 8 lists the regression
coefficients and standard errors from the analyses. Because the pattern of estimates was
largely similar across the 4 significant outcomes, we use the CES-D to illustrate the results.
As seen in Table 8, the control group had an average baseline depression score of β0 =
22.40. This group's average change rate was β1 = −0.61, which was nonsignificant (the
control group did not show significant change on any of the psychological outcomes). The
treatment group had a higher baseline average, although the difference was not statistically
significant. Finally, the negative group-by-time interaction coefficient (β3 = −1.64) indicated
that the treatment group experienced a greater decrease in psychological problems relative to
the control group. To illustrate the results graphically, Fig. 7 shows the average growth
trajectories for each of the 4 significant outcomes. The modest end-of-study effect sizes
estimates (the values in Table 8 fall below Cohen's small effect benchmark) may be because
the treatment group had higher baseline means than the control group.

3.7. Changes in pain interference in 10 areas of functioning
The degree to which pain interferes with daily functioning was assessed via interference
ratings over 10 different areas of daily functioning (sleep, sex, recreation, social life, work,
household chores, self-care, parenting, routine physical activity, and exercise). As seen in
Table 9, there was a significant group-by-time interaction effect for the following items:
interference with social life, sleep, recreational activities, household chores, and work. With
the exception of the social life variable, the control group exhibited nonsignificant change
during the course of the study. Furthermore, the baseline mean difference between the
intervention and the control group was nonsignificant for all items that produced a
significant interaction effect. Fig. 8 depicts the simple slopes for interference with social
life, sleep, recreational activities, chores, and work.

4. Discussion
The present findings suggest that a self-paced, interactive pain management training
program undertaken by persons with a variety of pain problems and recruited not from
clinics or hospitals but from pain Web sites can achieve measurable, albeit modest, effects
on varied indicators of pain adjustment, mental health, and learning. The conditions under
which the CPMP was carried out were designed to mirror, as much as possible, those that
would obtain in the daily lives of persons with pain. That is, except for the fact that our
participants received a small financial incentive for providing us with preprogram and
postprogram data, they were free to determine if and when they would avail themselves of
all program elements. It is therefore noteworthy that even when including individuals
assigned to the experimental group who failed to participate in the program (n = 29), our
growth model analyses revealed significant decreases in perceived pain magnitude (severity,
interference, and emotional burden), disability, catastrophizing, pain-induced fear,
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depression, anxiety, stress, interference with areas of living, and increases in pain
knowledge.

Generally speaking, our findings relevant to program effects mirror what has been reported
in recent reviews/meta-analyses of Web-based interventions [3,24]. That is, the CPMP
revealed significant albeit modest reductions in pain-related variables relative to wait-listed
control subjects. Notably, however, our attrition rate (25 of 330, 7.6%) was smaller than the
average of 26% (yet ranging as high as 99%) reported in several reviews [3,16,35], and the
effects for psychosocial outcomes (depression, anxiety, and stress) were more apparent than
previously noted. That our participants showed an increase in pain knowledge after program
exposure seems to be novel.

Because the growth curve model used as our data analytic strategy has not been widely used
in the pain literature, its value may not seem immediately obvious. However, it should be
noted that its ability to handle missing data and its capacity to obtain more precise estimates
of individual change parameters relative to typical analysis of variance procedures enhances
our confidence that the CPMP altered pain adjustment and pain learning. That our effect
sizes tended to be modest is not surprising in light of the unsupervised nature of the
program.

Despite the comparatively low attrition rate in the present study, it would be premature to
conclude that professional support for program participation would not have added
significantly to the efficacy of the CPMP. Whether self-paced training such as that provided
by the CPMP is employed as an adjunct to face-to-face treatment, or whether clinician
participation is used to support or bolster the effects of a fully self-contained e-health
program, the combination of online and off-line learning and motivation may well maximize
the program's ultimate adaptive yield. Further research is clearly needed that focuses on the
pragmatics of merging Internet-based and traditional methods of treatment delivery for
persons with chronic pain.

Several interpretive limitations of our findings must also be noted. First, whereas our
recruitment from Internet sites is fully consistent with the expected mode of access to and
delivery of the CPMP, we are nonetheless restricted in our ability to address the
generalizability of the present set of outcomes. As there is no logical or clinical warrant for
precluding patient recruitment from hospital and clinic sites, future investigations are needed
to address program utility for individuals so recruited. Of course, because most (91%) of our
participants reported being under a doctor's care, we anticipate that our results are not
seriously population specific. Second, as we sought to be minimally intrusive, we were
unable to obtain the sorts of data that would allow us to address fidelity of program use,
such as actual time spent on individual program components, or to address possible
moderators of program success. But, once again, apparent program success tends to offset
(but not fully justify) these omissions. In addition, as we had no control over the treatment-
as-usual regimens available to our control participants, we cannot offer strong comparative
evaluations of the potency of the CPMP. Interestingly, a recent study comparing an
interactive Web site for chronic back pain management [6] against a structured text-based
control condition, likewise found support for the relative superiority of the e-program on
varied measures of pain adjustment. Nonetheless, although we have some reason to be
optimistic that the CPMP provides more than mere expectancy enhancement, we must
acknowledge the finding [20] that studies of computer-based intervention with lower levels
of methodological quality tend to have a higher likelihood of reporting significant treatment
effects relative to control conditions. Thus, we are cognizant of the need to enhance the
assessment of treatment fidelity in a fluid medium such as the Internet.
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Additionally, despite the differences in slopes between our experimental and control
conditions (all in the hypothesized directions) as depicted in Figs. 3–8, future research
would need to extend the postprogram follow-up interval to permit us to make justified
comparisons between the CPMP and traditional therapist-led pain treatment modalities.
Nonetheless, it is important to bear in mind that the CPMP, unlike interventions of fixed
session length and fixed program duration, is designed to be used for as long as needed and
at the convenience of the individual patient. Indeed, the concept of “follow-up” per se
derives from the convention that treatment duration is necessarily restricted by third party
payment options, patient finances, and patient-clinician scheduling constraints. By contrast,
Internet-based training, retraining, and/or progress monitoring is meant to be a mouse-click
away, deliverable on an as needed basis. Thus, computer-aided psychoeducational
assessment and training might best be evaluated on a regular and continuous schedule, one
defined by patient need rather than logistics or pragmatics.

We also acknowledge that the use of portable interactive interventions depends on patient
readiness to assume a level of initiative and responsibility that may not characterize a large
segment of children and adults with chronic pain. In fact, even the most conscientious users
of the CPMP (ie, the most dedicated and compliant) may not have accrued maximal benefit
from its many interactive features (Fig. 2). Future research will need to carefully track
program adherence among participants who differ in (among other things) types of pain,
levels of pain-related disability, interest in self-managed change, and computer comfort in
order to clarify which training elements work best for which types of patients.

Despite the acknowledged limitations of the present study, the present findings offer a sense
of cautious optimism in response to Eccleston's [12] query as to whether e-health technology
can truly deliver on its promise for persons with chronic pain. Unlike several previous
investigations, ours revealed that several psychosocial outcomes (indices of anxiety,
depression, stress, and pain-related knowledge) could be improved along with the expected
program-induced decreases in pain severity, fear, disability, functional interference,
perceived emotional burden, and catastrophizing. It is also worth noting that, unlike several
other computer-assisted pain intervention programs that have been formally described and
evaluated, the CPMP remains available on the Internet.

Finally, it must be acknowledged that the Internet as a means of clinical services delivery is
still in its infancy. The lure of technical advancements in patient monitoring and online
program delivery should not overshadow the continuing need to ensure program quality and
minimize risk [4,10,34]. Advocates of electronic programs for chronic pain will, in the
future, need to (among other things): provide evidence of their effectiveness relative to
credible alternatives (not just wait-listed control subjects), ensure that social networking
options do not lead to violations of ethics and privacy, address differences in user
sophistication and attrition potential, maximize the safety of data storage, and better educate
practitioners and the public about the benefits and challenges of computer technology
relative to its costs and practical limitations.
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Fig. 1.
Participant flow diagram.
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Fig. 2.
Structure of the Chronic Pain Management Program.
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Fig. 3.
Simple slopes for the extent of pain problems outcome measures. The graphs suggest that
the amount of time between pretest and follow-up 1 was identical to the time between
follow-up 1 and follow-up 2, which it was not. The growth curve analyses modeled change
as a function of the square root of time since pretest. This transformation effectively equated
the amount of elapsed time between the 2 pairs of assessments. Although the graphs suggest
that change was constant, the greatest changes occurred between pretest and follow-up 1.
However, this transformation does not affect the end-point differences (ie, the vertical
separation of the simple slopes at follow-up 2).
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Fig. 4.
Simple slopes for the pain attitudes and beliefs outcomes. The graphs suggest that the
amount of time between pretest and follow-up 1 was identical to the time between follow-up
1 and follow-up 2, which it was not. The growth curve analyses modeled change as a
function of the square root of time since pretest. This transformation effectively equated the
amount of elapsed time between the 2 pairs of assessments. Although the graphs suggest that
change was constant, the greatest changes occurred between pretest and follow-up 1.
However, this transformation does not affect the end-point differences (ie, the vertical
separation of the simple slopes at follow-up 2).
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Fig. 5.
Simple slopes for the catastrophizing outcome. The graph suggests that the amount of time
between pretest and follow-up 1 was identical to the time between follow-up 1 and follow-
up 2, which it was not. The growth curve analyses modeled change as a function of the
square root of time since pretest. This transformation effectively equated the amount of
elapsed time between the 2 pairs of assessments. Although the graph suggests that change
was constant, the greatest changes occurred between pretest and follow-up 1. However, this
transformation does not affect the end-point differences (ie, the vertical separation of the
simple slopes at follow-up 2).
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Fig. 6.
Simple slopes for the pain knowledge outcome. The graph suggests that the amount of time
between pretest and follow-up 1 was identical to the time between follow-up 1 and follow-
up 2, which it was not. The growth curve analyses modeled change as a function of the
square root of time since pretest. This transformation effectively equated the amount of
elapsed time between the 2 pairs of assessments. Although the graph suggests that change
was constant, the greatest changes occurred between pretest and follow-up 1. However, this
transformation does not affect the end-point differences (ie, the vertical separation of the
simple slopes at follow-up 2).
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Fig. 7.
Simple slopes for the CES-D and DASS scales. The graphs suggest that the amount of time
between pretest and follow-up 1 was identical to the time between follow-up 1 and follow-
up 2, which it was not. The growth curve analyses modeled change as a function of the
square root of time since pretest. This transformation effectively equated the amount of
elapsed time between the 2 pairs of assessments. Although the graphs suggest that change
was constant, the greatest changes occurred between pretest and follow-up 1. However, this
transformation does not affect the end-point differences (ie, the vertical separation of the
simple slopes at follow-up 2).
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Fig. 8.
Simple slopes for areas of interference. The graphs suggest that the amount of time between
pretest and follow-up 1 was identical to the time between follow-up 1 and follow-up 2,
which it was not. The growth curve analyses modeled change as a function of the square
root of time since pretest. This transformation effectively equated the amount of elapsed
time between the 2 pairs of assessments. Although the graphs suggest that change was
constant, the greatest changes occurred between pretest and follow-up 1. However, this
transformation does not affect the end-point differences (ie, the vertical separation of the
simple slopes at follow-up 2).
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Table 1

Diagnosis summary.

Pain source %

Migraine headaches 65.5

Back injury/disease 60.5

Tension headaches 41.0

Osteoarthritis 31.1

Facial/jaw pain 29.1

Premenstrual syndrome 28.1

Cluster headaches 16.1

Pelvic injury/disease 12.2

Rheumatoid arthritis 7.1

Cancer 0.8
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Table 2

Pain severity ratings by physical location.

Pain location M SD

Head 3.94 1.39

Shoulder/upper back 3.46 1.39

Neck/throat 3.37 1.49

Lower back 3.35 1.56

Bones/joints 3.34 1.42

Muscles 3.07 1.50

Hip 2.81 1.62

Face 2.65 1.60

Stomach 2.35 1.57

Teeth/gums 1.90 1.63

Genital 1.81 1.66

Chest 1.68 1.50

Skin 1.65 1.58

Other 2.75 1.92
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Table 6

Growth model parameter estimates for catastrophizing.

Parameter Catastrophizing

Est. SE p

Control baseline (β0) 8.83 0.39 .00

Control growth (β1) −0.32 0.19 .09

Baseline difference (β2) 0.55 0.56 .33

Growth difference (β3) −0.77 0.29 .01

Wave 3 effect size 0.18

Pain. Author manuscript; available in PMC 2013 February 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Ruehlman et al. Page 29

Table 7

Growth model parameter estimates for pain knowledge.

Parameter Pain knowledge

Est. SE p

Control baseline (β0) 75.14 1.06 .00

Control growth (β1) 0.31 0.51 .54

Baseline difference (β2) 0.20 1.46 .89

Growth difference (β3) 1.60 0.78 .04

Wave 3 effect size 0.27
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