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Abstract
Objectives—The purpose of this secondary analysis was to test the hypothesis that an
empirically derived psychological subgrouping scheme based on multiple Fear-Avoidance Model
(FAM) constructs would provide additional capabilities for clinical outcomes in comparison to a
single FAM construct.

Methods—Patients (n = 108) with acute or sub-acute low back pain (LBP) enrolled in a clinical
trial comparing behavioral physical therapy interventions to classification based physical therapy
completed baseline questionnaires for pain catastrophizing (PCS), fear-avoidance beliefs (FABQ-
PA, FABQ-W), and patient-specific fear (FDAQ). Clinical outcomes were pain intensity and
disability measured at baseline, 4-weeks, and 6-months. A hierarchical agglomerative cluster
analysis was used to create distinct cluster profiles among FAM measures and discriminant
analysis was used to interpret clusters. Changes in clinical outcomes were investigated with
repeated measures ANOVA and differences in results based on cluster membership were
compared to FABQ-PA subgrouping used in the original trial.

Results—Three distinct FAM subgroups (Low Risk, High Specific Fear, and High Fear &
Catastrophizing) emerged from cluster analysis. Subgroups differed on baseline pain and disability
(p’s<.01) with the High Fear & Catastrophizing subgroup associated with greater pain than the
Low Risk subgroup (p<.01) and the greatest disability (p’s<.05). Subgroup × time interactions
were detected for both pain and disability (p’s<.05) with the High Fear & Catastrophizing
subgroup reporting greater changes in pain and disability than other subgroups (p’s<.05). In
contrast, FABQ-PA subgroups used in the original trial were not associated with interactions for
clinical outcomes.

Discussion—These data suggest that subgrouping based on multiple FAM measures may
provide additional information on clinical outcomes in comparison to determining subgroup status
by FABQ-PA alone. Subgrouping methods for patients with LBP should include multiple
psychological factors to further explore if patients can be matched with appropriate interventions.
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INTRODUCTION
Low back pain (LBP) is a heterogeneous condition, therefore it is not surprising that patient
homogeneity has been described as a “myth” for LBP and other musculoskeletal diagnoses.1

Subgrouping of patients has been suggested as a method for implementing targeted
treatment approaches and investigating which individuals respond favorably (or
unfavorably) to specific interventions.1–3 An advantage of incorporating subgrouping
methodology into studies investigating the effects of LBP interventions is the potential to
identify larger effects between matched and unmatched treatment groups that may not have
been detected in a heterogeneous sample of patients.1, 2, 4, 5 Consequently, subgrouping
methodology has been used in previous LBP studies6 and suggested as a priority for future
LBP research,2, 7–9 including studies focusing on psychosocial interventions.10

Psychological risk factors have been associated with the development and maintenance of
chronic LBP.11–15 Subgrouping strategies based on psychological models have been
incorporated into prior studies investigating the effectiveness of psychosocial interventions
for LBP.4, 16, 17 Originally introduced by Lethem et al.,18 the Fear-Avoidance Model (FAM)
of Musculoskeletal Pain is one specific psychological model that provides a potential
explanation for why some individuals develop chronic LBP following an episode of acute
LBP.19 The FAM consists of multiple psychological constructs (e.g., pain catastrophizing,
fear of pain, and pain anxiety) that are associated with the development and maintenance of
chronic musculoskeletal pain conditions. Previous studies have incorporated multiple FAM
constructs into subgrouping methodology investigating prospective outcomes,4, 20 while
others have used single FAM constructs (i.e., fear-avoidance beliefs) to specifically
investigate the effects of psychosocial interventions for LBP.21–23

In previous randomized trials of behavioral physical therapy interventions for individuals
with acute or subacute LBP, psychological subgrouping based on initial fear-avoidance
beliefs about physical activity (Fear-Avoidance Beliefs Questionnaire: physical activity
scale – FABQ-PA) scores were used in the analysis of clinical outcomes.22, 23 In 2003,
George et al., used FABQ-PA scores in hierarchical regression models to investigate the
influence of initial fear-avoidance beliefs on future clinical outcomes following physical
therapy.22 Results indicated that when the interaction between type of treatment and initial
fear-avoidance beliefs was added to the model, prediction of future disability was improved.
In 2008, George et al., dichotomized initial FABQ-PA scores based on a 14-point cutoff
score to categorize individuals into either high or low fear subgroups, which were ultimately
not associated with clinical outcomes when type of treatment (i.e., classification based
physical therapy alone, classification based physical therapy + graded activity, or
classification based physical therapy + graded exposure) was considered.23 A potential
limitation to the psychological subgrouping methodology used in the 2008 study is that only
fear-avoidance beliefs about physical activity were considered.10, 24, 25 As previously
mentioned, the FAM consists of multiple psychological constructs, however FABQ-PA
scores only represent a single specific construct (i.e., fear-avoidance beliefs about physical
activity). If a wider range of FAM constructs were used to develop subgroups; there may
have been better probability for observing a differential response to the behavioral
treatments.

Therefore, the current study is a secondary FAM subgrouping analysis conducted on data
from a previous randomized trial of physical therapy behavioral interventions for acute and
subacute LBP.23 Our primary aim was to test an empirically derived psychological
subgrouping scheme consisting of multiple FAM constructs for prognostic (i.e.,
characteristics that identify patients who recover at different rates or have different
outcomes; regardless of the nature of intervention)26 and treatment moderation (i.e.,
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characteristics that identify subgroups of patients who respond differently to a particular
intervention)26 capabilities for clinical outcomes. Our secondary aim was to determine if the
current subgrouping scheme provided additional information about clinical outcomes in
comparison to the single FAM construct psychological subgrouping scheme used in the
original trial. We hypothesized that the current subgrouping scheme would provide
additional information on clinical outcomes in the form of treatment moderation and that
this capability would not be evident when incorporating the previous subgrouping scheme.

MATERIALS AND METHODS
Participants

Inclusion and exclusion criteria were based on guidelines from the Quebec Task Force on
Spinal Disorders.27 For purposes of this study and the original trial,23 acute and subacute
LBP were operationally defined as reporting current symptoms for 1 to 24 weeks and
chronic LBP was defined as reporting current symptoms for greater than 24 weeks.
Consecutive patients seeking treatment for LBP at University of Florida affiliated clinics
were recruited and screened for eligibility. Inclusion criteria were patients aged between 15
and 60 with acute/subacute LBP with or without radiating symptoms. Patients had to have
the ability to read and speak English because of the number of questionnaires. Exclusion
criteria were patients with chronic LBP, signs of nerve-root compression, lumbar spinal
stenosis, and postoperative lumbar spine surgery. Patients were also excluded for pregnancy,
osteoporosis, and spinal disorders related to metastatic disease, visceral disease, or fracture.
The study was approved by the University of Florida Institutional Review Board, and all
subjects provided informed consent before participating in this study.

Demographic and Historical Information
Demographic and historical data were collected with a standard questionnaire during the
initial physical therapy evaluation. Information collected included age, gender, race, work
status, and duration of LBP symptoms.

Measures
Patients completed all self-report questionnaires before physical therapy evaluation.

Fear-Avoidance Model Measures
The Pain Catastrophizing Scale (PCS) was used to quantify the extent of catastrophic
cognitions a patient reports in relation to LBP.28–30 The PCS is a 13-item scale with a total
range of 0 to 52 and higher scores indicate elevated levels of pain catastrophizing. The Fear-
Avoidance Beliefs Questionnaire (FABQ) was used to quantify general fear-avoidance
beliefs specific to LBP.31 The FABQ contains 2 scales, a 4-item FABQ physical activity
scale (FABQ-PA, range: 0 to 24) and a 7-item FABQ work scale (FABQ-W, range: 0 to 42).
Higher scores indicate elevated levels of fear-avoidance beliefs for both scales. The FABQ-
PA and FABQ-W are reported separately as this is matches how the FABQ is implemented
clinically and is consistent with previous studies.23, 32, 33 The Fear of Daily Activities
Questionnaire (FDAQ) was used to quantify fear of specific activities commonly reported
by patients experiencing LBP.34 The FDAQ is a 10-item scale with a total range of 0 to 100
and higher scores indicate higher fear of specific activities.

Clinical Outcome Measures
The clinical measures used in this study were consistent with domains recommended for
chronic pain clinical trials,35 and were measured at baseline, 4-weeks, and 6-months. To
account for the pain intensity domain, patients rated their worst, best, and current pain
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intensity over the past 24 hours using a numerical rating scale (NRS), ranging from “0” (no
pain) to “10” (worst pain imaginable).36 These 3 pain ratings were averaged and used as the
numerical rating scale pain intensity variable in this study.37 To account for the physical
function domain self-report of disability was assessed with the modified Oswestry Disability
Questionnaire (ODQ).38, 39 The modified ODQ has 10 items that assess how LBP affects
common daily activities, for example sitting, standing, and lifting. The ODQ has a range of
0 (no disability due to back pain) to 100 (completely disabled due to back pain), so higher
scores indicate higher disability from LBP.

Interventions
This study is a secondary analysis of data from a clinical trial involving behavioral
interventions for patients with acute or subacute LBP.23 Patients who met eligibility criteria
provided informed consent and received treatment for 4 weeks under the supervision of a
licensed physical therapist according to their random assignment of classification based
physical therapy (PT) alone, PT with graded activity, or PT with graded exposure. Patients
were reassessed by a blinded evaluator 4 weeks following randomization and completed
mail follow-up for self-report questionnaires at 6 months. For the purpose of this secondary
analysis, patients that received supplemental behavioral treatment (i.e., graded activity or
graded exposure) were collapsed into one group (PT + Behavioral) and compared to patients
that received classification based PT alone (PT).

Data Analysis
Analyses were performed with SPSS, version 17.0 (Chicago, IL). Baseline descriptive
statistics were calculated for demographic variables, FAM measures, and clinical outcome
measures. Raw scores for each FAM measure were transformed to z-scores to provide
standardized scores for subsequent cluster analysis techniques. An exploratory hierarchical
agglomerative cluster analysis was performed using Ward’s clustering method with squared
Euclidean distances as the similarity measure to create distinct cluster profiles among FAM
measures. Agglomeration coefficients were inspected and plotted to establish the most
optimal cluster solution based on the percent change between adjacent cluster solutions40

and plot characteristics (i.e., elbow criterion).41

Next, discriminant function analysis with cross-validated (jackknifed) classification was
performed on the same sample as a follow-up to interpret the cluster profiles.42 We used
discriminant function analysis to determine: 1) which FAM measures differentiated
subgroup allocation from the cluster analyses, and 2) the accuracy in subgroup allocation
using solutions from the cluster analyses.

To identify potential cluster group differences in demographic variables, FAM measures and
baseline clinical measures, one-way ANOVA with Bonferroni post-hoc correction was used
for continuous variables and chi-square analysis was used for categorical data.

Changes in clinical outcomes (i.e., pain intensity and disability) based on cluster
membership were then investigated with repeated measures ANOVA. The main effects were
cluster membership, type of treatment (PT or PT + Behavioral) and time (baseline, 4-weeks,
and 6-months). Detection of interactions that include cluster membership would support
cluster membership being associated with treatment effect moderation capabilities.2, 5, 26

Specifically, the presence of three-way interactions between cluster membership, treatment,
and time would indicate the capability of cluster membership as a specific treatment effect
moderator (i.e., PT or PT + Behavioral). Alternatively, the presence of only two-way
interactions between cluster membership and time would indicate the capability of cluster
membership as a general treatment effect moderator (i.e., regardless of the nature of
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treatment). Results from these analyses indicating only cluster membership main effects
would suggest its capability as a prognostic indicator for changes in clinical outcomes and
not as a treatment effect moderator.2, 5, 26 Separate models were created with pain intensity
(NRS) and disability (ODQ) as the dependent variables.

The effect of subgrouping based on cluster membership was compared to effects of
subgrouping based on initial fear that was used when assessing clinical outcomes in the
original trial and consisted of FABQ physical activity scores (dichotomized high and low
based on FABQ-PA scores > 14).23 This was investigated with similar repeated measures
ANOVA models as described in the previous section with the only exception being that the
effect of cluster membership was removed from the model and replaced with dichotomized
FABQ-PA scores. Alpha level was set at (.05) for all analyses.

RESULTS
Descriptive statistics of the study sample (n = 108) and resultant cluster solutions are
provided in Table 1.

Cluster Analysis
Z-score transformations for FAM measure scores were required for cluster analysis
procedures; however raw scores are reported for descriptive purposes because they are more
clinically interpretable. Inspection of all predictor z-scores indicated that absolute values did
not exceed 4.0 (range = −2.7 to 2.9), suggesting the data did not contain extreme
outliers.42, 43 Inspection of agglomeration coefficients from a hierarchical agglomerative
cluster analysis of 4 FAM measures revealed that the percent change was large (56.5%)
between the 3 and 2-cluster solutions with relatively smaller changes in preceding steps,
suggesting a 3-cluster solution is appropriate, which was further confirmed by visual
inspection of plotted agglomeration coefficients.40, 41 Cluster 1 was labeled “Low Risk” (n =
46, 43%) and was comprised of individuals that were associated with low levels of fear
avoidance beliefs, specific fear, and pain catastrophizing. Cluster 2 was labeled “High
Specific Fear” (n = 27, 25%) and was comprised of individuals that were associated with
only high levels of specific fear. Cluster 3 was labeled “High Fear & Catastrophizing” (n =
35, 32%) and was comprised of individuals that were associated with high levels of fear
avoidance beliefs, specific fear, and pain catastrophizing (Figure 1).

Discriminant Function Analysis
Discriminant function analysis run with simultaneous entry method with 4 predictors (PCS:
Wilks’ λ = .59, p < .001; FABQ-PA: Wilks’ λ = .70, p < .001; FABQ-W: Wilks’ λ = .41, p
< .001; FDAQ: Wilks’ λ = .42, p < .001) suggested that each predictor contributed uniquely
to cluster solutions and resulted in 2 discriminant functions for the 3 clusters. The overall
test of the 2 functions (i.e., functions 1 and 2) was significant (χ2 (8) = 196.82, Wilks’ λ = .
15, p < .001) indicating that predictor scores were able to discriminate among the 3 cluster
solutions. The test for function 2 alone was also significant (χ2 (3) = 49.05, Wilks’ λ = .62,
p < .001), indicating that that even after function 1 is removed, there remained significant
discrimination. Function 1 accounted for 76% (canonical R = .87) and function 2 accounted
for 37% (canonical R = .61) of the total relationship between predictors and clusters. The
two discriminant functions account for 84% and 16%, respectively, of the between-cluster
variability. The pooled within-groups correlations between discriminating variables and
standardized canonical discriminant functions, as well as the standardized canonical
discriminant function coefficients (analogous to multiple regression beta weights) are
provided in Table 2. When discriminant function analyses result in multiple functions, the
first function is considered the most important.42 Therefore, based on the standardized
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coefficients for the first discriminant function in Table 2, fear-avoidance beliefs about work
(FABQ-W) demonstrated the strongest relationship with the discriminant function, whereas
pain catastrophizing (PCS) and fear of specific daily activities (FDAQ) demonstrated
moderate relationships and fear-avoidance beliefs about physical activity (FABQ-PA)
demonstrated the weakest relationship. Together, the functions were able to correctly
classify 93.5% of the 3 subgroups (97.8% of the Low Risk, 88.9% of the High Specific Fear,
and 91.4% of the High Fear & Catastrophizing).

Cluster Comparisons
Differences in demographic variables were detected between subgroups on race and the
presence of work-related LBP, however not on age, gender, or work status. Chi-square
analyses revealed that the High Fear & Catastrophizing subgroup had proportionally more
African Americans (66.7%) compared to Low Risk (25.0%) or High Specific Fear (8.3%)
subgroups (χ2 (4) = 17.48, p = .002). Furthermore, there were proportionally more patients
with work-related LBP in the High Fear & Catastrophizing (40.0%) subgroup compared to
Low Risk (9.5%) or High Specific Fear (15.4%) subgroups (χ2 (2) = 11.30, p = .004).

Differences in FAM measures were detected between subgroups for PCS, FABQ-PA,
FABQ-W, and FDAQ z-scores (Figure 1). Post-hoc comparisons with Bonferonni correction
revealed that the Low Risk subgroup was associated with lower PCS, FABQ-PA and FDAQ
scores compared to other subgroups and lower FABQ-W scores compared to the High Fear
& Catastrophizing subgroup (p’s < .01). Furthermore, the High Specific Fear subgroup was
associated with lower FABQ-PA and FABQ-W scores compared to the High Fear &
Catastrophizing subgroup (p’s < .01), however there were no statistical differences between
these two subgroups for PCS or FDAQ scores (p’s > .05).

Differences in baseline clinical measures were detected between subgroups for pain intensity
ratings and disability scores, however not for symptom duration. Post-hoc comparisons with
Bonferonni correction revealed that the Low Risk subgroup was associated with lower
baseline pain intensity ratings compared to the High Fear & Catastrophizing subgroup (p < .
01) and lower baseline disability scores compared to the High Fear & Catastrophizing and
High Specific Fear subgroups (p’s < .01). High Specific Fear subgroup disability scores
were also lower when compared to the High Fear & Catastrophizing subgroup (p < .05).

Clinical Outcomes
The 4-week and 6-month outcomes for pain (NRS) and disability (ODQ) scores (n = 72,
66.7%) are reported in Table 3. There were no three-way (cluster membership × treatment ×
time) interactions for clinical outcomes associated with either subgrouping scheme.
Moreover, there were no two-way interactions that included treatment, indicating that
individuals receiving PT alone or PT + Behavioral treatment were associated with similar
changes in clinical outcomes in both subgrouping schemes. However, models consisting of
subgrouping based on our cluster analysis results indicated two-way (time × cluster)
interactions for pain [F (4,128) = 2.54, p < .05, η2 = .07] and disability [F (4,128) = 3.64, p
< .01, η2 = .10] scores, indicating that cluster membership was associated with changes in
both clinical outcomes and demonstrated general treatment effect moderation capabilities
(i.e., regardless of the nature of treatment) (Figures 2 and 3). Pairwise comparisons between
clusters indicated that the High Fear & Catastrophizing cluster reported greater changes in
pain intensity ratings and disability scores when compared to the Low Risk or High Specific
Fear clusters (p’s < .05). Models consisting of subgrouping based on initial fear that was
used in assessing clinical outcomes in the original trial and consisted of FABQ physical
activity scores (dichotomized high and low based on FABQ-PA scores > 14) indicated only
main effects for time for pain [F (2, 132) = 68.18, p < .01, η2 = .51] and disability [F (2,
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132) = 52.95, p < .01, η2 = .44] scores, indicating that both initial fear subgroups (i.e., high
and low) and both treatment groups (i.e., PT and PT + Behavioral) demonstrated significant
decreases in pain intensity ratings (NRS) and disability scores (ODQ).

We then investigated the distribution of subgroups using chi-squared analysis for
participants that completed 6-month follow-up assessments (n = 72). As expected,
subgroups were not evenly distributed (χ2 (2) = 14.33, p < .01) as indicated by a greater
proportion of participants in the Low Risk subgroup (75.0%; standardized residual = 2.1)
and lower proportion of participants in the High Fear & Catastrophizing subgroup (4.2%;
standardized residual = −2.2) that were also allocated to the low fear subgroup (33.3%) used
in the original trial. Interestingly, subgroups generated from the current study through
cluster analysis were fairly evenly distributed across the high fear subgroup (66.7%) used in
the original trial (31.3% Low Risk; 29.2% High Specific Fear; 39.6% High Fear &
Catastrophizing). This finding suggests that the original subgroup method based on
dichotomized FABQ-PA scores may have missed subgroups identified through clustering
methods.

As an exploratory analysis, we tested if our clinical outcome results differed when
behavioral treatments were not collapsed. Similar to the results previously reported in this
study, there were no three or two-way interactions that included treatment for clinical
outcomes (p’s > .05), indicating that individuals receiving PT alone, PT + graded activity, or
PT + graded exposure were associated with similar changes in pain and disability outcomes
in both subgrouping schemes.

DISCUSSION
The primary aim of the current analyses were to determine if a psychological subgrouping
scheme based on multiple FAM constructs (i.e., pain catastrophizing, fear-avoidance beliefs,
and fear of specific activities) provided prognostic or treatment moderation capabilities for
clinical outcomes in comparison to the single FAM construct (i.e., fear-avoidance beliefs
about physical activity).23 Our results suggested that 3 FAM subgroups (Low Risk, High
Specific Fear, and High Fear & Catastrophizing) emerged from cluster analysis solutions
with different profiles in pain catastrophizing, fear-avoidance beliefs, and fear of specific
activities (Figure 1). These FAM subgroups were used to detect subgroup × time
interactions for changes in clinical outcomes, suggesting that subgroup status is potentially a
treatment moderator based on these data. Alternatively, subgroup status based exclusively
on fear-avoidance beliefs about physical activity was associated with prognostic capability
for clinical outcomes but not as a treatment moderator.

A potential limitation to previous studies investigating FAM subgrouping methodology is
that the interaction between subgroups and responses to various treatments were not
considered in subsequent analyses.4, 20 In this study we explored this question from two
different perspectives. First, using our cluster analysis, we investigated the generated
subgroups for capabilities as prognostic indicators or treatment effect moderators for clinical
outcomes. Second, we compared our cluster analysis generated subgrouping scheme to the
subgrouping scheme used in the original trial by investigating results from repeated
measures analyses for clinical outcomes. Treatment effect moderators have been described
as characteristics that identify subgroups of patients who respond differently to a particular
intervention, while prognostic indicators have been described as characteristics that identify
patients who recover at different rates or have different outcomes; regardless of the nature of
intervention.26 It has been suggested that identification of treatment effect moderators
should be based on tests of statistical interactions, while the presence of only main effects
are indicative of prognostic indicators.2, 5, 26 Therefore, subgrouping capabilities as a
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prognostic indicator for clinical outcomes would be supported by the presence of only
subgroup main effects, which were detected when subgroups generated from dichotomized
FABQ-PA scores were modeled. Alternatively, subgrouping capabilities as a treatment
effect moderator for clinical outcomes would be supported by the presence of statistical
interactions that include the effect of subgroup status, which were detected when subgroups
generated from our cluster analysis solutions were modeled. Considering there were no
statistical interactions that included type of treatment, the specific effects associated with
treatment were similar across treatment groups (i.e., PT or PT + Behavioral) regardless of
subgrouping methodology. Furthermore, this finding potentially suggests that the FAM
subgroups generated from our cluster analysis solutions were associated with general
treatment effect moderation, as opposed to specific treatment effect moderation.

Fear-avoidance beliefs about physical activity (i.e., dichotomized FABQ-PA scores) were
used to subgroup individuals in the original trial and were not associated with clinical
outcomes.23 Discriminant analyses indicated that FABQ-PA scores were the weakest
contributors in determining cluster membership in this study when measured on a
continuous scale (Table 2). In general, subgroups generated from our cluster analysis
solutions differed based on FAM measure z-scores. The Low Risk subgroup was associated
with lower FAM measure scores compared to other subgroups, with the only exception
being FABQ-W scores which were similar to the High Specific Fear subgroup. FABQ-W
scores were the strongest contributors in determining cluster membership in this study
(Table 2) and were highest in the High Fear & Catastrophizing subgroup that consisted of
the highest proportion of individuals with work-related LBP. Collectively, these findings
potentially suggest that: 1) FABQ-PA scores alone may not be sufficient for generating
FAM subgroups associated with clinical outcomes; 2) although PCS, FABQ-PA, and FDAQ
scores were important for differentiating Low Risk from other subgroups, FDAQ scores
were most important (based on z-score mean differences; not reported) for differentiating
between Low Risk and High Specific Fear subgroups followed by PCS and FABQ-PA
scores; and 3) work-related LBP and associated FABQ-W scores were most important for
differentiating between High Fear & Catastrophizing and High Specific Fear subgroups.

Subgroups identified by cluster analysis did not differ in age, gender, work status, or
symptom duration, however did differ in racial composition, and baseline pain intensity
ratings and disability scores. Our results indicated consistent dose-response patterns based
on a plausible (albeit theoretical) Low Risk < High Specific Fear < High Fear &
Catastrophizing relationship for baseline pain intensity ratings and disability scores,
although not all were statistically significant. The presence of psychological distress dose-
response patterns for clinically relevant domains (i.e., pain and disability) potentially
provides further support for the cluster analysis generated subgroups in this study. Previous
cross-sectional studies44–47 have indicated that elevated psychological distress is associated
with higher levels of initial pain and disability. Furthermore, elevated levels of initial pain or
disability have been implicated as being strong predictors of future pain or disability in
previous longitudinal studies.48, 49 Therefore, based on the results of this study we cannot
speculate if baseline clinical characteristics or subgroup allocation were more important for
predicting clinical outcomes.

Identifying subgroups of individuals within the FAM has been suggested as a potential
method to improve its clinical utility.4, 25 Cluster analysis techniques have been described as
a useful statistical procedure to maximize the homogeneity within-clusters and maximizing
the heterogeneity between-clusters in respect to variables of interest.50 Our resultant cluster
solutions are consistent with previous studies that have used these techniques to identify
individuals with similar scoring patterns on psychological screening questionnaires to
investigate if resultant subgroups were associated with study outcomes and could potentially
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be used to guide treatment in future studies. For example, Boersma & Linton used the
Örebro Musculoskeletal Pain Screening Questionnaire to identify distinct subgroups with
similar scoring patterns of psychological distress.4, 20 Collectively, their results indicated
that subgroups with elevated levels of psychological distress (e.g., pain-related fear,20 fear-
avoidant 4) were associated with increased pain and decreased function (cross-sectionally)20

and poor outcomes (prospectively)4, 20 in comparison to lower risk subgroups.

Our study included a measure of specific fear that has not been incorporated in previous
cluster analyses. The potential importance of specific fear has been highlighted in a recent
FAM review25 and its identification is consistent with a previously suggested research
agenda to investigate the role and effectiveness of early psychosocial interventions for LBP
(i.e., treatment that matches individual patient characteristics or prognostic profiles).10

Interestingly, High Specific Fear was represented in a distinct subgroup in this study (Figure
1). Post-hoc analyses of baseline FAM measure z-scores indicated that individuals in the
High Specific Fear subgroup were associated with greater FDAQ scores in comparison to
PCS, FABQ-PA, or FABQ-W scores (p < .02), therefore individuals reporting elevated
levels of specific fear related to activities were not associated with elevated levels of general
pain-related fear beliefs or catastrophizing. Moreover, our results indicated that specific fear
as measured by the FDAQ was a strong contributor to the first discriminant function and the
strongest contributor to the second discriminant function (Table 2). The implications of
measuring general or specific fear is currently an unresolved issue related to the FAM,19

however our results suggest that specific fear should be accounted for separately for
individuals with LBP. Furthermore, composite measures of psychological distress (e.g.,
Örebro Musculoskeletal Pain Screening Questionnaire51 or STarT Back Screening Tool52)
may not be accounting for a potentially important patient subgroup because they do not
include items associated with specific fears and there is the potential that the effects of
elevated fear or catastrophizing in isolation may be different from the cumulative effects
associated with elevated levels of fear and catastrophizing.

We acknowledge there are important conceptual differences between graded activity and
graded exposure and these differences may be masked by combining these intervention
groups in this analysis. Our rationale for collapsing patients that received physical therapy
supplemented with either graded activity or graded exposure into a single treatment group
(i.e., PT + Behavioral) was based on data from the original trial23 and a separate clinical trial
by our group53 where primary and secondary outcomes associated with either behavioral
treatment were equivalent. Graded activity and graded exposure are based on different
theoretical backgrounds and clinical application. For example, both are focused on
behavioral principles in the progression of treatment, however graded activity incorporates a
pre-established quota-based system, while graded exposure is primarily based on the
performance of fearful activities. Therefore, it is important to acknowledge that the results of
this study should not be interpreted as having implications for matching patients with
specific behavioral interventions (i.e., graded activity or graded exposure). These results are
best generalized to application of supplemental behavioral treatment in general.

Several limitations should be considered when interpreting the results of this study. First,
these results were based on cluster analysis solutions. These techniques will generate
solutions regardless if they are associated with any theoretical plausibility. Unfortunately,
there is no standard objective process to determine the optimal number of clusters.50 As a
result, we employed various “stopping rules” combined with practical judgment and
theoretical foundations in determining our final number of clusters solutions.50 Future
studies should consider establishing an a-priori optimal number of cluster solutions with an
empirical basis, then determine if agglomeration coefficients and plot characteristics confirm
or refute their hypothesis. Second, other previously described FAM subgrouping studies
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using cluster analysis included a measure of depression.4, 20 Including measures of
depression, anxiety, and kinesiophobia would have provided a more comprehensive
representation of the current FAM19 that may have resulted in different findings. We did not
incorporate more comprehensive measures because of attempt to replicate the previous 2003
trial22 and also for concerns of patient burden. Therefore, future studies investigating FAM
subgrouping should consist of a comprehensive set psychological construct measures within
the current FAM. Third, behavioral treatments used in the original trial23 were primarily
based on a high and low fear approach and were not tailored to the three subgroups
generated through cluster analysis in this study which may be viewed as a limitation.
Finally, 6-month follow-up data was only available for 66.7% (n = 72) of the study sample,
therefore this sample size was not powered to detect the statistically meaningful interactions
of interest (i.e., three-way subgroup × treatment × time) for this study.54 As an exploratory
analysis, we only tested individuals in the High Specific Fear subgroup to detect if
individuals in the PT + Behavioral group that received graded exposure were associated with
larger treatment effects. There were no statistical interactions detected when these analyses
were performed providing “proof of concept” that we did not miss any potential beneficial
effects that were observed descriptively.

Collectively, the results of this study suggest that questionnaires measuring FAM constructs
can be used to detect psychological profiles central to the FAM via cluster analysis
techniques. Moreover, cluster solutions are useful in detecting subgroups of patients that are
distinctly associated with baseline measures of pain and disability that may be useful as
general treatment moderators for future outcomes. Furthermore, the findings of this study
indicate that cluster analysis methods may be more useful in identifying subgroups in
comparison to arbitrary dichotomization methods involving continuous measures.
Specifically, a more valid representation of the multivariate distribution may be more
optimally identified through clustering methods in comparison to using dichotomies to
identify potential subgroups when a bimodal distribution is not present. Finally, results from
this type of subgrouping methodology have potential to be integrated into clinical decision-
making processes associated with targeting appropriate psychological variables for early
intervention.
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Figure 1.
Z-scores of 3 clusters using baseline FAM measure responses
PCS – Pain Catastrophizing Scale; FABQ-PA – Fear-Avoidance Beliefs Questionnaire
(physical activity scale); FABQ-W – Fear-Avoidance Beliefs Questionnaire (work scale);
FDAQ – Fear of Daily Activities Questionnaire. Bonferroni post-hoc comparisons: (Low
risk < other subgroups) for PCS, FABQ-PA and FDAQ scores (p’s < .01); (Low risk < High
Fear & Catastrophizing) for FABQ-W scores (p < .01); (High Specific Fear < High Fear &
Catastrophizing) for FABQ-PA and FABQ-W scores (p’s < .01), however not for PCS or
FDAQ scores (p’s > .05).
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Figure 2.
Results from repeated measures ANOVA for pain intensity ratings using cluster analysis
generated FAM subgroups
NRS – Numeric Rating Scale (range = 0 to 10)
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Figure 3.
Results from repeated measures ANOVA for disability scores using cluster analysis
generated FAM subgroups
ODQ – revised Oswestry Disability Questionnaire (range = 0% to 100%)
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