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Abstract

Psychological factors consistent with fear-avoidance models are associated with the development of
chronic low back pain (LBP). As a result, graded activity (GA) and graded exposure (GX) have been
suggested as behavioral treatment options. This clinical trial compared the effectiveness of treatment
based classification (TBC) physical therapy alone, to TBC augmented with GA or GX for patients
with acute and sub-acute LBP. Our primary hypothesis was that GX would be most effective for
those with elevated pain-related fear. In total, 108 patients enrolled in this clinical trial and were
randomly assigned to receive TBC, GA, or GX. Outcomes were assessed by a blinded evaluator at
4-weeks and by mail at 6-months. The primary outcomes for this trial were disability and pain
intensity, and secondary outcomes were fear-avoidance beliefs, pain catastrophizing, and physical
impairment. There were no differences in 4-week and 6-month outcomes for reduction of disability,
pain intensity, pain catastrophizing, and physical impairment. GX and TBC were associated with
larger reductions in fear-avoidance beliefs at 6-months only. Six month reduction in disability was
associated with reduction in pain intensity, while 6-month reduction in pain intensity was associated
with reductions in fear-avoidance beliefs and pain catastrophizing. This trial suggests that
supplementing TBC with GA or GX was not effective for improving important outcomes related to
the development of chronic LBP.

Introduction

Psychological factors are associated with the development and maintenance of chronic low
back pain (LBP)[35,36]. As a result, biopsychosocial models of LBP[48,49] have been
endorsed as an effective way to manage LBP. The Fear-Avoidance Model of Musculoskeletal
Pain (FAM) is a specific psychological model used to explain the development and
maintenance of chronic LBP [25].

The FAM proposes that pain-related fear (including fear of movement and re-injury) and pain
catastrophizing are the primary affective and cognitive components influencing pain
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perception. These factors interact to determine the individual's initial behavioral response to
pain, which can range from avoidance (maladaptive) to confrontation (adaptive). Long-term
avoidance behavior has been hypothesized to have adverse psychological, physical, and
societal consequences[46], although evidence for this hypothesis is not absolute [40].

Effective behavioral interventions based on the FAM have been reported in the literature [4,
18,28,44,47]. Graded exercise and graded exposure are specific behavioral interventions that
dose exercise and activity parameters on factors other than pain abatement. Briefly, graded
exercise utilizes a quota system to progresses subjects' therapeutic exercise and activity [13].
In contrast, graded exposure hierarchically exposes subjects to specific situations of which they
are fearful by starting with exercise or activity that elicits minimal amounts of fear, and then
gradually increasing to situations that elicit larger amounts of fear [44].

Currently, there is a lack of consensus on whether graded exercise or graded exposure is a more
effective intervention for patients with LBP. There is also a question of whether behavioral
interventions should be targeted toward those with elevated pain-related fear [43], as such
individuals may have a higher likelihood of developing chronic LBP. These are important
issues to resolve if behavioral interventions are to be used as secondary prevention strategies
in patients with acute or sub-acute LBP[14,22,29,31].

Therefore, the purpose of this randomized clinical trial was to compare the effectiveness of
physical therapy to physical therapy augmented with graded exercise or graded exposure for
patients with acute and sub-acute LBP. The primary outcomes for this clinical trial were
disability and pain intensity, and the secondary outcomes were fear-avoidance beliefs, pain
catastrophizing, and physical impairment. Our previous randomized trial reported that
treatment based classification physical therapy augmented with graded exercise was effective
only for those with elevated pain-related fear[18]. Subsequent reports have suggested that
graded exposure might be more effective for patients with chronic LBP [27,30,44,45] leading
to its inclusion in the current trial. Our primary hypothesis was that graded exposure would be
most effective for those with elevated pain-related fear, in comparison to the other treatments.
Additionally, we hypothesized that reduction in fear-avoidance beliefs and pain catastrophizing
would be predictive of reduction in disability and pain intensity, lending additional support for
their inclusion as treatment targets for patients with acute and sub-acute LBP[19].

Patients referred for rehabilitation of LBP that met the eligibility criteria and provided informed
consent were randomly assigned to receive treatment based classification physical therapy
alone, or augmented with graded exercise, or graded exposure. Licensed physical therapists
followed treatment guidelines for 4-weeks. Patients were re-assessed by a blinded evaluator at
4-weeks and provided mail follow-up at 6-months after the date of random assignment. The
relative effectiveness of the interventions was determined by statistically comparing the three
groups for differences at 4-weeks and 6-months. This clinical trial was registered at
www.clinicaltrials.gov under the identifier of NCT00373867.

Consecutive patients seeking treatment for LBP at 3 participating University of Florida
affiliated clinics were considered for participation from January 2006 to October 2007. This
trial was approved by the University of Florida Institutional Review Board, and all subjects
provided informed consent before study participation was confirmed. The inclusion and
exclusion criteria were based on guidelines from the Quebec Task Force on Spinal Disorders
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(QTFSD)[1]. For purposes of this trial acute and sub-acute LBP were operationally defined as
reporting current symptoms for 1 — 24 weeks. Chronic LBP was defined as reporting current
symptoms for greater than 24 weeks.

Inclusion Criteria
*  QTFSD classification

l1a or 1b (acute or sub-acute LBP without radiation below the gluteal fold);
2a or 2b (acute or sub-acute LBP with proximal radiation to the knee)
3a or 3b (acute or sub-acute LBP with distal radiation below the knee)
The ability to read and speak English
*  Agel5-60

Exclusion Criteria—~Patients were excluded for meeting any one of the exclusion criteria.
*  QTFSD classification

1c (chronic LBP without radiation below the gluteal fold)

2¢ (chronic LBP with proximal radiation to the knee)

3¢ (chronic LBP with distal radiation below the knee)

4a or 4b or 4c (acute or subacute or chronic low back pain with distal
radiation below the knee and neurological signs)

5 (presumptive lumbar nerve root compression)

6 (confirmed lumbar nerve root compression)

7 (confirmed lumbar spinal stenosis)

8 (post-surgical status, less than 6 months after surgical intervention)

9.1 (post-surgical status, more than 6 months after surgical intervention,
asymptomatic)

11 (other spinal disorders including metastatic disease, visceral disease, or
fracture)
Pregnancy

Osteoporosis

Measures were administered prior to randomization at baseline and 4-weeks after
randomization. Patients completed 6-month follow-up data by mail.

Demographic and historical information—Demographic and historical data was
collected with a standard questionnaire. Information collected included gender, age,
employment status, marital status, educational level, onset of symptoms, duration of symptoms,
and previous episodes of low back pain.

Treatment preference—Patient preference for treatments in this study was measured with
a standard form. These data were collected because patient treatment preference may influence
the outcome of a randomized trial by affecting response to treatment or by enrolling patients
without strong treatment preferences [11,42].
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Treatment satisfaction—Treatment satisfaction was assessed with selected items from a

previously described measure that assessed treatment delivery and effect [7]. At the 6-month
assessment, patients mailed their questionnaire responses directly to the investigators to ensure
clinical staff would not influence satisfaction ratings.

Primary outcome measures—~Primary outcomes were assessed with previously validated
measures of low back related disability and pain intensity. Disability was assessed with the
Oswestry Disability Questionnaire (ODQ), which has been recommended as appropriate
outcome measure for self-report of disability[9,10]. The ODQ has 10 items that assess how
LBP affects common daily activities, for example sitting, standing, and lifting. The ODQ has
arange of 0 (no disability due to back pain) to 100 (completely disabled due to back pain), so
higher scores indicate higher disability from LBP. Patients rated their pain intensity using a
numerical rating scale (NRS), ranging from “0” (no pain) to “10” (worst pain imaginable)
[23]. Patients rated pain intensity over 3 conditions, the present pain intensity, the worst pain
intensity over the past 24 hours, and the best pain intensity over the past 24 hours. These 3
ratings were summed and divided by 3 (arithmetic mean) for use in data analyses. Use of this
composite score is justified by its high correlation with actual average pain intensity ratings (r
=.82) from a previous study using daily diary ratings as reference standard[24].

Secondary outcome measures—Secondary outcomes were assessed with previously
validated measures. The Fear-Avoidance Beliefs Questionnaire (FABQ) was used to quantify
fear-avoidance beliefs[50]. The FABQ contains 2 scales, a 7-item FABQ work scale (FABQ-
W, range 0-42) and a 4-item FABQ physical activity scale (FABQ-PA, range 0-24). Higher
scores indicate higher levels of fear-avoidance beliefs for both FABQ scales. The FABQ-PA
was used in this trial because it is more commonly used as an outcome measure (including our
prior study) and we anticipated recruiting low amounts of work related LBP from these clinical
settings. The Pain Catastrophizing Scale (PCS) was used to quantify pain catastrophizing.
[41] The PCS is a 13-item scale that assesses the degree of catastrophic cognitions a patient
reports due to LBP. The PCS has a total range of 0 to 52 and higher scores are associated with
higher amounts of pain catastrophizing. A physical impairment scale (P1S) performed by
blinded physical therapist quantified physical impairment due to LBP[51]. The PIS consists
of 7 different examination procedures performed by the patient and performance for each
procedure is scored as a negative (0) or positive (1) for presence of impairment. The PIS has
a total range of 0 to 7, and higher scores indicate higher levels of physical impairment due to
LBP. The PIS was not performed at 6-months because this follow-up was performed by mail.

Randomization Procedure

The randomization scheme was prepared by computer and completed prior to the start of the
study. Randomization was balanced to ensure equal allocation to each treatment group, and
randomization was stratified based on the 3 participating clinics. Treatment assignments were
contained in sealed, numbered envelopes which were opened in sequential order, as each
patient enrolled in the study.

Physical Therapist Selection and Training

Licensed physical therapists were selected from a pool (n = 11) that participated in an in-service
given by the first author. These therapists completed a survey about their beliefs of treatment
effectiveness for the interventions being studied. A majority believed the treatments had an
average or better effect; 9 (82%) for the standard care, 10 (91%) for the graded exercise, and
11 (100%) for the graded exposure. The 6 physical therapists selected for this study were
matched on having average or better treatment effectiveness beliefs for all 3 interventions.
Three physical therapists worked in the first clinic, 2 worked in the second clinic, and 1 worked
at the third clinic. These physical therapists completed a training module led by the first author
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that included instruction in standard allocation of the interventions, documentation for research
purposes, and procedure for reporting adverse events. The physical therapists participating in
the study demonstrated written competence in all these areas.

Intervention details are summarized below and in Table 1. The intervention was considered
allocated for a given subject if he or she attended 2 or more physical therapy sessions. The total
time for each intervention session ranged between 45 minutes — 1 hour, regardless of the
assignment.

Treatment based classification physical therapy—All patients received physical
therapy consistent with a treatment-based classification (TBC) system originally described by
Delitto et al [8]. TBC is a standard system with acceptable reliability that assists clinicians in
identifying LBP sub-groups and matching appropriate treatment[15,17]. These sub-groups
have been previously described in more detail and are named for their corresponding treatment
category of specific exercise, manipulation or mobilization, lumbar stabilization, or traction
[17]. Furthermore, these LBP subgroups were used in our previous clinical trial[18], and other
recently reported clinical trials [3,16]. Patients assigned to TBC had patient education materials
that were anatomically focused, and supplemented with the Handy Hints pamphlet[18].

Graded activity—Patients randomly assigned to this group had their TBC augmented with
graded exercise (GA). The GA protocol followed parameters established in our previous
clinical trial[18]. Briefly, an activity quota was determined by having the patient perform
standard aerobic and therapeutic exercises to pain tolerance. The parameters (duration,
intensity, and frequency) used to reach pain tolerance were then established as the activity
quota. Graded activity principles were used to progress exercise during subsequent treatment
sessions[13]. For example, if the patient met his/her quota it was increased by at least 10% in
duration, intensity, and/or frequency for future treatment sessions. If the patient did not meet
the quota it was maintained for the next session. Patients assigned to GA had patient education
materials that were focused on a biopsychosocial model, and supplemented with The Back
Book pamphlet[37].

Graded exposure—~Patients randomly assigned to this group had their TBC augmented with
graded exposure (GX). The GX protocol was a modified version of what has been previously
described in the literature by Vlaeyen et al[44]. First, fearful activities were assessed with a
standard questionnaire that listed 10 activities subjects with LBP are commonly fearful of, for
example, lifting, carrying, twisting, and bending. The questionnaire also had 2 options for open-
ended responses where the subject could provide additional examples. Patients rated each item
using a numerical rating scale NRS that ranged from 0 (No fear) to 100 (Maximal fear). A
summary of the 10 activity fear ratings is included in Table 2.

The physical therapists then selected 2 items ranked as most fearful for implementation in the
GX protocol. Lifting more than 20 pounds, carrying more than 20 pounds, and reaching to
floor were commonly rated has highly fearful by this sample (Table 2). Standardization of the
activities was not possible because of the variability in clinical presentation and level of
functional activity by a particular patient. However, the progression of activity followed GX
principles and was standardized to address components related to position, intensity, frequency,
and duration as appropriate for a given activity. For example, a patient that was fearful of
reaching to the floor would include progression in position (lumbar flexion in supine to sitting
to standing), frequency (lower to higher repetitions), and intensity (no resistance to resistance).
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All GX activities were completed under supervision of study physical therapists and
appropriate clinical staff. Continued interaction with the patient to obtain NRS fear ratings
following activity performance was also an important part of the GX protocol. Activities rated
as highly fearful were initially included in the treatment plan at positions, intensities,
frequencies, and durations that did not increase fear. Thisinitial level of activity was determined
through patient history or by having the patient perform the activity at a self-selected level.
The decision to increase or maintain exposure levels was made from NRS fear ratings that
occurred within the same treatment session. Patient activity was maintained if NRS fear rating
did not change or increased after exposure to fearful activity. In this situation the importance
of attempting these activities was explained to the patient and activity exposure was maintained
at the current position, intensity, frequency, and duration for the subsequent session.

Patient activity was progressed if a decreased NRS fear rating was reported following exposure
to a fearful activity. In this situation the patient received positive reinforcement for
confrontation. Then, the position, intensity, frequency, and/or duration of activity was
increased for the subsequent session. The physical therapists increased activity levels by at
least 10% as per standard guidelines for this clinical trial. Patient feedback was also obtained
during this process to ensure that the increased activity level was associated with higher fear
NRS ratings. Once fear levels were adequately decreased in the clinic, patients were
encouraged to expose themselves to these activities as part of the home exercise program.
Patients assigned to GX had patient education materials that were focused on a biopsychosocial
model, and supplemented with The Back Book pamphlet[37].

Sample Size Estimate

Sample size estimates were based on the previous clinical trial in which a four variable
regression model explained 33% of the total variance in 6-month disability outcome[18]. We
estimated that a treatment interaction between the baseline level of fear-avoidance beliefs and
type of treatment would need to add between 5-7% additional variance to be a significant
addition to the regression model. Using those parameters, 80 subjects were necessary to detect
this interaction effect with statistical power of 84%. 6- month follow up rates were estimated
to be at 85%, therefore, to maintain 84% statistical power the total number of subjects necessary
to recruit was 92.

Data Analysis

Analyses were performed with SPSS, version 15.0 (Chicago, IL) and reported results were
consistent with CONSORT recommendations[33]. Baseline descriptive statistics for each
intervention group were calculated for demographic, historical, treatment preference, primary,
and secondary outcome measures. Then, post-randomization differences were assessed using
ANOVA for continuous data and chi-square tests for categorical data. Variables that differed
between intervention groups were considered as covariates in subsequent analyses.

Dropout and treatment satisfaction rates were assessed across the intervention groups to assess
systematic differences due to treatment. We analyzed the data in 2 different ways to assess the
effect missing data had on our hypotheses. First, we analyzed the data for completers only (i.e.
as treated analysis), as a liberal estimate of treatment effect. Then, we used an intention to treat
(ITT) principle (last value forward) to complete the analyses and generate a conservative
estimate of treatment effect.

The primary hypothesis was investigated with repeated measures ANOVA within the general
linear model using pre-defined main effects consistent with the previous clinical trial[18]. The
main effects were initial pain related fear level (dichotomized high and low based on FABQ-
PA > 14), randomly assigned treatment group (TBC, GA, or GC), and time (baseline, 4-weeks,
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and 6-months). The 3-way interaction between initial fear level, treatment group, and time
interaction was the effect of interest to support or refute our primary hypothesis. Separate
models were created for each of the primary and secondary outcomes. Separate analyses were
run for 4-week and 6-month outcomes comparing initial (pre-treatment) values with 4-week
and 6-month values respectively.

Treatment response was investigated by determining whether changes in fear-avoidance
beliefs, pain catastrophizing, and physical impairment were associated with changes in primary
outcome measures. Residualized change scores were used for this part of the analysis because
they control for the correlation between pre-treatment and post-treatment scores, and the
subsequent potential for raw difference scores to be unreliable and susceptible to error.
Residualized change scores were created by regressing post-treatment scores on pre-treatment
scores, and then the resultant residuals were used in subsequent analyses. Then, residualized
change scores were used in multiple regression to examine treatment change based on our a
priori hypotheses that change in psychological factors would be associated with change in
disability and pain intensity.

Figure 1 describes the number of patients screened for eligibility, excluded from the study, and
eventually enrolled in the trial. The majority of exclusions were patients with symptom duration
of greater than 24 weeks (73.0%). Patients that were eligible, but refused to participate in the
study (n = 25) were of similar sex distribution, age, and duration of symptoms when compared
to those that enrolled in the study (p > 0.05). Randomization resulted in 36 patients assigned

to TBC, 37 to GA, and 35 to GX. Intervention was not considered allocated for 2 patients in

each group. The most common reason for intervention not being allocated was attending less
than 2 physical therapy sessions (n = 5), while one patient required surgery for a shoulder blood
clot discovered after consenting to the study (n = 1). These exclusions left 102 patients with

the intervention appropriately allocated and included in subsequent analyses. There were no

adverse events reported during this trial.

The baseline, post-randomization descriptive statistics are summarized in Table 3. The groups
were balanced on most variables, but post-randomization differences existed for duration of
symptoms and pain catastrophizing (p < 0.05). Also, post-randomization differences existed
if only the 2 most common TBC subgroups (mobilization and immobilization) were compared
(p < 0.05). Neither duration nor pain catastrophizing was significantly correlated with the
primary outcome measures. Furthermore, the mobilization and immaobilization subgroups did
not differ on changes in primary outcome measures. Thus these variables did not meet the other
assumption of covariate analysis and were not included in subsequent models despite post-
randomization differences. The treatment parameters, follow-up rates, and follow-up times
were similar across the intervention groups at 4-weeks and 6-months (Table 4). Furthermore,
patients reported similar degrees of additional health care utilization and patient satisfaction
at the 6-month assessment (Table 4).

Primary Outcomes

The 4-week and 6-month outcomes for disability and pain intensity are reported in Table 5.
For disability only main effects for time were detected at 4-weeks [F(1,86) = 59.5, p < .01,
eta? = .41] and 6-months [F(1,66) = 71.5, p < .01, eta? = .52] indicating all treatment groups
showed a significant decrease in ODQ scores. The results for pain intensity ratings mirrored
the findings for disability. Only main effects for time were detected at 4-weeks [F(1,86) = 84.1,
p < .01, eta? = .49] and 6-months [F(1,66) = 100.2, p < .01, eta? = .60] indicating all treatment
groups reported a significant decrease in NRS ratings. Specific to our primary hypothesis, GX
was not more effective than GA or TBC for reducing disability and pain intensity for patients
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with elevated fear-avoidance beliefs (Figure 2). Effect sizes (Cohen's d) of the planned
comparisons (involving only patients with elevated fear-avoidance beliefs) were calculated to
allow additional understanding of the magnitude of these effects. At 4-weeks the effect sizes
for ODQ scores were GX vs. GA (-.40), GX vs. TBC (-.02), and GA vs. TBC (.39) and for
pain intensity were GX vs. GA (.11), GX vs. TBC (-.05), and GA vs. TBC (-.16). At 6-months
the effect sizes for ODQ scores were GX vs. GA (-.38), GX vs. TBC (-.37), and GA vs. TBC
(.01) and for pain intensity were GX vs. GA (-.32), GX vs. TBC (-.26), and GA vs. TBC (.01).
These post-hoc effect sizes suggest that for the primary comparisons of interest (GX vs. GA
and GX vs. TBC) total sample sizes needed to detect these magnitudes of differences would
range from 114 to over 700.

Secondary Outcomes

The 4-week and 6-month outcomes for fear-avoidance beliefs, pain catastrophizing, and
physical impairment are reported in Table 5. For fear-avoidance beliefs, only a main effect for
time was observed at 4-weeks [F(1,89) = 67.9, p < .01, eta? = .43) indicating all groups had a
significant reduction in FABQ-PA scores. The main effect of time remained significant at 6-
months [F(1,69) = 55.2, p < .01, eta? = .44) indicating all groups had lower FABQ-PA scores.
However, a treatment group x time interaction was also significant at 6-months [F(2,69) = 3.9,
p = .02, eta? = .10]. Follow-up simple contrasts indicated that both TBC (t = 5.3, p < .01,
Cohen's d = 1.03] and GX [t= 5.5, p < .01, Cohen's d = 1.12] showed significant decreases in
pain-related fear while GA [t=2.1, p = .05, Cohen's d = .40] had a smaller treatment response
(Figure 2).

For pain catastrophizing, main effects for time were observed at 4-weeks [F(1,86) = 13.1, p
<.01, eta®=.13] and 6-months [F(1,69) = 6.8, p = .01, eta? = .09] suggesting all groups showed
similar decrease in PCS scores. At 4-weeks [F(2,89) = 4.4, p = .02, eta2=.09] and 6-months
[F(2,69) = 3.9, p = .02, eta? = .10] a main effect of treatment group was significant suggesting
that the GX group had significantly higher overall PCS scores. This was consistent with the
baseline post-randomization analysis already reported and suggests these differences persisted
throughout the trial. No treatment group x time interactions reached statistical significance in
the model for pain catastrophizing. For physical impairment, only a main effect for time was
observed at 4-weeks [F(1,74) = 94, p < .01, eta? = .56] was observed, suggesting all treatment
groups showed a similar decrease in PIS scores following treatment.

Treatment Response

4-week ODQ residualized change scores indicated that the combination of FABQ-PA, PIS,
PCS, and NRS residualized change scores accounted for 47% of the variance (p <.001). At 4-
weeks only pain intensity change (beta = .58, p < .01) was uniquely associated with change in
disability, not changes in fear-avoidance beliefs (beta = .07), pain catastrophizing (beta = .16,)
and physical impairment (beta = .09). 4-week NRS residualized changed using FABQ-PA,
PIS, and PCS residualized change scores accounted for 23% of the variance (p < .01). At 4-
weeks changes in both fear-avoidance beliefs (beta = .26, p = .01) and physical impairment
(beta = .35, p <.01) were uniquely associated with change in pain intensity, not change in pain
catastrophizing (beta = .11).

At 6-months the combination of residualized change in NRS, PCS, and FABQ-PA scores
accounted for 65% of the variance in ODQ residualized change (p <.01). The standardized
beta weights indicated that pain intensity (beta = .70, p <.01) was uniquely associated with 6-
month disability change, not fear-avoidance beliefs (beta = .10) and pain catastrophizing (beta
=.10). Regression results indicated that FABQ-PA and PCS residualized change scores
accounted for NRS residualized change scores at 6-months (R? = .28, p <.01). Changes in both
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fear-avoidance beliefs (beta = .25, p =.02) and pain catastrophizing (beta = .38, p < 0.01) were
uniquely associated with change in pain intensity scores.

Categorical Outcomes

Previous literature has reported cutoffs scores to define clinically meaningful changes for the
ODQ (greater than 10 points)[34], NRS (greater than 2 points)[6], and FABQ-PA (greater than
4 points)[4]. Also, it has been suggested that estimates of treatment effect include categorical
outcomes for clinical trials involving pain research[10]. Therefore, proportion of 6-month
success vs. failure rates were calculated and compared across treatment groups. For ODQ), the
6-month success rates were 56%, 41%, 43% for TBC, GA, and GX respectively. The success
rate for ODQ change was not significantly different between groups (p = .70). For pain
intensity, the 6-month success rates were 42%, 43%, and 46% for TBC, GA, and GX,
respectively. The success rate for pain intensity change did not differ between treatment groups
(p = .76). For FABQ-PA, the 6-month success rates were 42%, 22%, and 43% for TBC, GA,
and GX, respectively. The success rate for FABQ-PA change did not differ between groups (p
=.17).

Intention to Treat Analysis

Baseline age, sex, disability, pain intensity, fear-avoidance beliefs, pain catastrophizing, and
physical impairment were compared between those who completed the 4-week and 6-month
assessments and those who did not. None of the variables showed statistically significant (p
> .05) differences for these comparisons. Then, all primary outcome variables were subjected
to an ITT analysis where pre-treatment values were substituted for follow-up values when
missing. Results of these analyses showed continued main effects for time on both ODQ and
pain intensity with none of the hypothesized interaction effects. These ITT analyses were
virtually identical to the completers only analyses already reported, so the ITT analyses are not
repeated here. Collectively these analyses indicate that dropouts should not adversely influence
the interpretation of these data.

Discussion

The purpose of this clinical trial was to compare the effectiveness of 3 different forms of
physical therapy (TBC, GA, and GX) for patients with acute and sub-acute LBP. Our primary
hypothesis was that patients with elevated pain related fear would benefit most from GX. This
hypothesis was not supported as only main effects for time were observed for primary
outcomes. Effect sizes indicated poorest disability and pain outcomes for GX; however these
findings were not statistically significant. In our previous trial disability scores were higher
and GA was more effective than TBC for those with elevated fear-avoidance beliefs. However,
these results were not replicated in this trial. Our hypothesis was supported for one secondary
outcome (fear-avoidance beliefs) as GX had better FABQ-PA outcomes at 6-months, in
comparison to GA. TBC had similar fear-avoidance beliefs outcomes as GX which was an
unexpected finding. The current findings suggest that supplementing TBC with GA or GX was
not effective for improving important outcomes related to the development of chronic LBP.

Recently reported clinical trials provide comparison data for patients with chronic LBP. Smeets
et al [38] reported that cognitive-behavioral treatment, active physical treatment, and a
combination of the 2 treatments resulted in similar clinical outcomes for single or combined
treatments. Linton et al[30] reported that GX was more effective than a wait list control group
receiving usual care for improvements in function, but not for pain intensity or pain-related
fear. Leeuw et al [27] reported no statistically significant differences between GA and GX for
functional disability, main complaints, daily activity levels, or pain intensity. Consistent with
the primary hypothesis of this trial, Leeuw et al[27] reported that the effects of GX and GA
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were equivalent for patients with elevated pain related fear. Although this literature is relatively
small, the available data from previous trials[27,30] and our own trial suggest that GX has the
potential to be effective in comparison to usual care, but not in comparison to GA.

TBC differs from typical administration of physical therapy in clinical trials of LBP and this
is an important factor to consider when interpreting these results. Our previous clinical trial
investigating GA included TBC using different guidelines based on clinical expertise[18]. In
the current trial empirically generated clinical prediction rules guided treatment decisions[5,
12,20]. These clinical prediction rules utilized different factors for treatment selection in
comparison to previous TBC guidelines. Therefore, treatment was linked to factors previously
associated with a higher probability of a positive outcome. Three recent clinical trials have
reported that treatment guided by TBC and the empirically generated clinical prediction rules
was more effective for LBP than guideline based treatment[16], unmatched treatment[3], or
stabilization exercises[5]. There is mounting evidence that TBC is an effective form of physical
therapy for LBP. The robust treatment effects associated with empirically generated clinical
prediction rules are a potential explanation for why neither GA nor GX supplements resulted
in improved clinical outcomes.

Another interpretation of these data is ineffective forms of GA and GX were utilized. We do
not suspect this to be a concern for GA as we have reported previous evidence for its
effectiveness for those with elevated pain related fear[18], and the same guidelines were used
in this trial. The implementation of GX was by a self-report questionnaire to identify fearful
activities. This procedure differs from what recently has been described as state of the art in
the literature, the Photograph Series of Daily Activities (PHODA)[26]. We utilized a pragmatic
approach for identifying fearful activities because we needed a process that would minimally
disrupt the clinical environment and the shortened version of the PHODA was unavailable at
the start of this trial. The empirical support for successful implementation of GX in this trial
comes from the lower 6-month fear-avoidance beliefs. While these results are encouraging,
additional data are necessary to determine if self-report questionnaires are an acceptable way
to implement GX.

There are obvious theoretical differences in GX and GA for determining exercise and activity
parameters. Those differences were accounted for when creating the dosing paradigms utilized
in this study. However, implementation of GX and GA may result in treatment overlap and
this is another potential explanation for the lack of differences in the behavioral supplements.
First, both approaches utilized an education approach of reducing the fear and threat associated
with LBP. Second, dosing exercise for GA is not absent of exposure to exercise and activities
of which the patient might also be fearful. Activities that were commonly rated as fearful for
subjects participating in this study (i.e. lifting, carrying, and reaching to the floor) would
typically be included in GA paradigms. Our current data suggest that it may not be necessary
to implement a formal exposure paradigm for patients with sub-acute or acute LBP if the GA
component includes a variety of activities that subjects are likely to fear.

The use of acute and sub-acute patients with LBP could be another reason the 3 treatment
groups had similar outcomes. A clinical trial in primary practice found no benefit from a
minimal intervention targeted at psychosocial prognostic factors for patients with sub-acute
LBP[22]. We targeted patients with acute and sub-acute LBP because one of our goals was to
determine if a more intensive intervention like GX was effective for secondary prevention of
LBP. Potentially effective secondary prevention models have been reported by Linton et al
[29,31]. Therefore, it seemed reasonable to hypothesize that GX had the potential to reduce
the likelihood of transitioning to chronic LBP. GX was not more effective in the current study,
but the Linton et al studies [29,31] included patients with neck and LBP, were performed in
occupational settings, utilized different interventions, and included sick leave and health care
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utilization as primary outcome measures. Future studies are necessary to clarify these
methodological differences, and to determine the optimal treatment approach to prevent
patients with acute and sub-acute symptoms from transitioning to chronic pain syndromes.

As expected, disability reduction was associated with reductions in pain intensity and physical
impairment at 4-weeks, and reduction in pain intensity alone at 6-months. Reductions in fear-
avoidance beliefs and pain catastrophizing did not significantly contribute to the reduction of
disability at 4-weeks or 6-months. These findings differ from previous studies demonstrating
that reduction in psychological factors were associated with reduction in disability, even after
controlling for pain intensity[19,39,52]. Pain intensity reduction was associated with
reductions in fear-avoidance beliefs and pain catastrophizing. These data are consistent with
the previously mentioned studies of chronic[39,52] and sub-acute LBP[19]. The immediate
clinical implication for patients with acute and sub-acute LBP seems to be that reduction of
these psychological variables remains an appropriate treatment target because of their
association with pain intensity. However, reduction of pain intensity and physical impairment
remains the primary goal for patients with acute and sub-acute LBP. The novel information
gained from this randomized trial is that it may not be necessary to apply GX or GA to reduce
psychological variables if TBC is used.

The primary limitation of this study is the lack of a true or wait list control group, neither of
which was an option in this clinical setting. Therefore, we can not make conclusions about
absolute treatment effectiveness for TBC, GA, or GX. We powered this study to detect a
treatment effect of 5-7% and reached our targeted sample size. Post-hoc calculations of effect
sizes indicated that future studies will need much larger sample sizes to detect statistically
significant group differences. Even with larger samples, however, the clinical importance of
similar magnitude findings is debatable[10]. Another limitation is that we only used pain related
fear to determine our groups for being at risk of developing chronic LBP to keep the
methodology consistent with our previous trial[18]. Other research has suggested that mood,
stress, or pain catastrophizing comprise musculoskeletal pain subgroups with increased risk of
developing chronic symptoms[2,32]. Other limitations include the existence of post-
randomization differences for duration of symptoms, pain catastrophizing, and 2 of the TBC
groups. Our covariate analysis suggests minimal influence on outcomes, but these differences
could still have influenced study results. Last, we assessed if LBP was work related, but did
not assess whether litigation was involved, which could be considered another limitation.

Future study in patients with LBP should focus on improving the identification of patients at
risk for developing chronic LBP and refining specific psychological targets that optimally
reduce pain intensity in acute and sub-acute phase[21]. Future studies should also define
optimal clinical levels of reduction for these psychological treatment targets. Future study
could consider the use of phobia criteria to determine a subgroup most likely to need GX. Using
standard phobia criteria coupled with specific phobic stimulus exposure is likely to yield the
highest treatment effect in future studies. Last, future study should also determine the relative
effectiveness of GX and GA based on stage of LBP and include cost data. Currently there is
not much data to support that these treatments differ largely in their effectiveness, so timing
and cost of the intervention may be important considerations for future clinical application.
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Excluded (n=319)

Reason

Refused to participate (n= 25)
Duration (n=233)

Age (n=43)

Pregnant (n= 8)

Post-operative (n=3)

Nerve root compression (n= 3)
Fracture (n=2)

Osteoporosis (n= 2)

Allocated to standard care (n=36)
Received intervention (n= 34)
Did not receive intervention (n= 2)
Reasons: Less than 2 sessions

Allocated to graded exercise (n=37)
Received intervention (n= 35)

Did not receive intervention (n= 2)
Reasons: Less than 2 sessions

Allocated to graded exposure (n=35)
Received intervention (n= 33)

Did not receive intervention (n= 2)
Reasons: Less than 2 sessions and
required shoulder surgery for clot

‘ Allocation }

l

4-week follow-up (n=33)

Lost to follow-up (n= 1)

6-month follow-up (n= 26)

Lost to follow-up (n=7)
Reasons: Moved out of town, not
responsive to phone calls or mail

4-week follow-up (n=29)

Lost to follow-up (n= 6)

6-month follow-up (n=22)

Lost to follow-up (n=7)
Reasons: Moved out of town, not
responsive to phone calls or mail

4-week follow-up (n=30)

Lost to follow-up (n=3)
6-month follow-up (n=24)

Lost to follow-up (n= 6)
Reasons: Moved out of town, not
responsive to phone calls or mail

|

‘ Follow-Up }

!

l

ITT standard care (n=34)
4-week AT (n= 33)

6-month AT (n= 26)

Excluded (n=2)

Reasons: treatment not allocated

ITT graded exercise (n= 35)
4-week AT (n=29)

6-month AT (n=22)

Excluded (n=2)

Reasons: treatment not allocated

ITT graded exposure (n=35)
4-week AT (n=30)

6-month AT (n= 24)

Excluded (n=2)

Reasons: treatment not allocated

[ Analysis ]

Figure 1. Summary of Recruitment, Enrollment, Allocation, Follow-up, and Analysis for
Behavioral Intervention Trial
ITT - Intention to treat analysis, AT — As treated (completers only) analysis
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Figure 2. Comparison of Disability, Pain Intensity, and Fear-Avoidance Outcomes by Initial Pain
Related Fear Level
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Treatment Based Classification Graded Activity Graded Exposure
Treatment matched by empirically Yes Yes Yes
generated clinical prediction rule?
Treatment progressed by pain Yes No No
abatement?
Treatment progressed by quota based No Yes No
system for therapeutic exercise and
general activity tolerance?
Treatment progressed by specifically No No Yes

performing fearful activities?
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Activity Mean (SD) 25" Percentile 50" Percentile 75" Percentile
Sitting for longer than 1 hour 39.1(34.8) 2 40 71
Standing for longer than 30 minutes 37.0 (35.6) 0 28 70
Walking for longer than 30 minutes 35.4 (35.1) 0 35 66
Lifting less than 20 pounds 26.3(30.1) 0 13 50
Lifting more than 20 pounds 50.6 (35.6) 20 50 85
Carrying less than 20 pounds 25.3 (28.8) 0 15 43
Carrying more than 20 pounds 52.0 (35.3) 20 60 88
Twisting 38.4(32.3) 10 40 60
Reaching to floor 41.3 (34.1) 9 40 66
Performing back exercises 35.6 (32.7) 5 28 53

Numerical scale ratings ranging from 0 (no fear) to 100 (worst fear imaginable) for each activity. Activities with highest individual ratings were

implemented in graded exposure protocol.
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Variable Treatment Based Classification Graded Activity Graded Exposure p-value
(n=234) (n=35) (n=33)

Age: 34.9 (14.4) 37.6 (15.8) 40.1 (14.5) .346

Sex 23 (68%) 24 (69%) 21 (64%) .901

(# of female subjects)

Currently employed 25 (74%) 26 (74%) 23 (70%) .845

(# employed)

Work related LBP 6 (18%) 7 (20%) 8 (24%) 971

(# with work related LBP)

Marital status 13 (38%) 17 (49%) 15 (45%) 676

(# of marriAed subjects)

Education 21 (62%) 16 (46%) 14 (42%) .268

(# of college graduates)

Prior history of LBP" 17 (50%) 24 (69%) 22 (67%) .288

(# with prior historx)

Leg pain with LBP 13 (38%) 17 (49%) 14 (42%) 787

(# with leg pain)

Onset of LBP 23 (68%) 24 (69%) 21 (64%) .804

(# with sudden onset)

Duration of LBP 6.7 (4.8) 5.8 (5.5) 9.8 (7.0) .015

(# of weeks present ep\isode)

Treatment preference 849

Physical therapy only 5 (15%) 5 (14%) 7 (21%)

Graded exercise 9 (26%) 15 (43%) 12 (36%)

Graded exposure 3 (9%) 2 (6%) 2 (6%)

No preference A 15 (44%) 12 (34%) 12 (36%)

Treatment classification 123

Specific exercise 3 (9%) 2 (6%) 3 (9%)

Mobilization 18 (53%) 20 (57%) 8 (24%)

Immobilization 10 (29%) 12 (34%) 20 (61%)

Traction 1 (3%) 1 (3%) 0 (0%)

Unable to classify 2 (6%) 0 (0%) 2 (6%)

Oswestry disability scoLe* 29.2 (15.7) 31.1(15.8) 30.7 (15.6) .346

Average pain intensity 43(2.0) 52(18) 47(2.) 215

Fear-avoidance lleliefs about 14.9 (4.8) 15.0 (4.4) 16.1 (6.0) .558

physical activity

Fear-avoidance beliefs about 12.5(10.1) 15.8 (12.5) 13.9 (11.5) 487

work

Pain ca[astrophizingi 12.6 (90) 16.4 (11.3) 20.7 (11.3) .025

Physical impairment 29(1.7) 36(2.1) 3.1(16) 338

All values reported as mean (standard deviation) or number (percentage within treatment assignment)

*

- Significance tested with ANOVA

N

- Significance tested with chi-square test

#. When only mobilization and immaobilization are compared there is significant difference (p < 0.05)
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Table 4

Treatment Summary for Behavioral Interventions Trial
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Four Weeks Treatment Based Classification Graded Activity Graded Exposure p-value
Days to follow-up” 29.6 (6.2) 30.6 (6.6) 306 (10.2) 853
Follow-up completed 33 (97%) 29 (83%) 30 (91%) 138
Number of appointments 116
Mean 6.2 (2.1) 5.4 (1.9) 6.2 (1.8)
Median 6 5 6
Range 2-12 2-9 2-10
Six Months Treatment Based Classification Graded Activity Graded Exposure p-value
Days to f0||ow-up* 181.5 (7.3) 183.7 (11.1) 184.7 (12.2) .655
Follow-up completed” 26 (77%) 22 (63%) 24 (73%) 439
Had other treatment since last 12 (55%) 10 (50%) 14 (61%) 771
research assessment
Satisfied with symptoms if 13 (50%) 8 (36%) 12 (50%) .564
present rest of life
Would select same treatment 24 (92%) 20 (91%) 21 (88%) .842
again
Overall rating of positive 23 (89%) 19 (86%) 21 (88%) .976
treatment effect
Positive rating of information 24 (92%) 21 (96%) 22 (92%) .865

Unless otherwise indicated all values reported as mean (standard deviation) for continuous data or number (percentage within treatment assignment) for

categorical data

*

- Significance tested with ANOVA

A

- Significance tested with chi-square test
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