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Abstract
This study used Ward’s minimum variance hierarchical cluster analysis to identify homogeneous
subgroups of rheumatoid arthritis patients suffering from chronic pain who exhibited similar pain
behavior patterns during a videotaped behavior sample. Ninety-two rheumatoid arthritis patients
were divided into two samples. Six motor pain behaviors were examined: guarding, bracing, active
rubbing, rigidity, grimacing, and sighing. The cluster analysis procedure identified four similar
subgroups in Sample 1 and Sample 2. The first subgroup exhibited low levels of all pain behaviors.
The second subgroup exhibited a high level of guarding and low levels of other pain behaviors. The
third subgroup exhibited high levels of guarding and rigidity and low levels of other pain behaviors.
The fourth subgroup exhibited high levels of guarding and active rubbing and low levels of other
pain behaviors. Sample 1 contained a fifth subgroup that exhibited a high level of active rubbing and
low levels of other pain measures. The results of this study suggest that there are homogeneous
subgroups within rheumatoid arthritis patient populations who differ in the motor pain behaviors
they exhibit.
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Introduction
Pain behaviors include both verbal behaviors (e.g., crying, verbal descriptions of pain) and
non-verbal behaviors (e.g., guarded movement, pain-related facial expressions) that serve to
communicate pain to others (1). Pain behaviors are increasingly being viewed as important by
pain theorists, researchers, and clinicians. The newly developed evolutionary theory of pain
(2), for example, highlights the adaptive role pain behaviors play in survival of the human
species since these behaviors can effectively signal distress and elicit help from others. The
communication model of pain, likewise, emphasizes the value of pain behavior in fostering
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interpersonal communication about the perceived severity and impact of pain (3).
Observational measures of pain behavior, long used in animal studies of pain, are now being
more frequently incorporated into clinical research studies to supplement and provide
comparisons to ratings of pain gathered using self-report (4). Improvements in pain behaviors
(e.g., increases in activity level, decreases in pain medication intake) are also viewed as key
indices of outcome in clinical settings (5,6).

Over the past decade, one of the most consistent findings emerging from studies of pain
behavior in persons having persistent pain is the variability in observed in pain behavior. Put
simply, some persons display high levels of pain behavior, while others display few or no pain
behaviors. Although numerous studies have examined how these variations relate to biological,
psychological, and social factors (4,7–9), few studies have addressed the possibility that these
variations in pain behavior may be due to the fact that the samples of patients studied are quite
heterogeneous and that, within these samples there may be subgroups of patients who are
homogeneous with regard to the types of pain behavior they display. In fact, to our knowledge,
only one study of chronic low back pain patients has used sophisticated multivariate cluster
analytic methods to identify homogenous pain behavior subgroups (10).

Rheumatoid arthritis (RA) provides a particularly good model in which to study variations in
pain behavior. RA is painful, debilitating, and is associated with a range of pain behaviors that
can be coded in a reliable and valid fashion (11). Furthermore, there is evidence that patients
with RA vary considerably in how they express pain behaviorally (12). These variations are
not only important not only from a clinical perspective but also because they can make it
difficult for family members, friends, and others to accurately identify and respond to the
patient’s pain experience.

The present study represents a preliminary step in identifying pain behavior subgroups in
persons having RA. The aims of the study were twofold: 1) to use cluster analysis to identify
homogenous pain behavior subgroups among persons having RA; and, 2) to determine if the
subgroups identified differed on measures of pain, self-efficacy, and psychological distress.

Methods
Participants

Participants for the study were 104 RA patients (81.5% women) recruited from the
Rheumatology Clinics of Duke University Medical Center. All patients were participants in a
treatment outcome study which examined the efficacy of psychosocial intervention for
managing pain in rheumatoid arthritis patients. The findings reported in this paper are based
on data collected at a pre-treatment evaluation that occurred prior to the onset of any treatment.
Eighty percent of the patients in the study sample were White and 17% were African American.
The mean age of the patients was 56.67 years (SD ± 13.0) with average disease duration of
13.34 years (SD ± 10.7).

Measures
Pain Behavior—Following the protocol previously established for recording pain behavior
in persons having RA (12), a videotaped sample of pain behaviors was obtained from each
participant. During the session, the patient was asked by a research assistant to: a) stand for
both a one-minute and two-minute period; b) sit for both a one-minute and two-minute period;
c) recline for two separate one-minute periods; and, d) walk for two separate one-minute
periods. The total recording time was 10 minutes. The order of these activities was randomly
varied across subjects to minimize order effects. No interaction with the patients occurred
during these activities except when the research assistant directed the patient to change position.
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The videotaped behavior sample was then viewed and coded by a trained observer. The
observers noted the occurrence of six different pain behaviors in ongoing intervals containing
20 seconds of observation and 10 seconds of recording. These pain behaviors have been
previously described and investigated in studies in both our lab and others (11,12). The
definitions of the six motor pain behavior categories are as follows:

1. Guarding – abnormally stiff, interrupted, or rigid movement while changing positions.

2. Bracing – a stationary position in which a fully extended limb supports and maintains
an abnormal distribution of weight for at least three seconds.

3. Active rubbing – Rubbing/massaging affected pain area for at least three seconds
using either another body part or object (e.g., chair).

4. Grimacing – an obvious facial expression of pain which may include a furrowed brow,
narrowed eyes, tightened lips, corners of mouth pulled back and clenched teeth.

5. Sighing – an obvious exaggerated exhalation of breath usually accompanied by
shoulders first rising and then falling; cheeks may be expanded.

6. Rigidity – the affected body part held stationary in an unnaturally stiff or awkward
position for at least three seconds.

A composite score, total pain behavior, was also calculated by summing the total occurrences
of all six motor pain behaviors observed in one session. Percent agreement of 0.85 was found
between observers on coding of pain behaviors.

Pain Ratings—Pain was assessed using the McGill Pain Questionnaire (MPQ) (13). The
MPQ consists of a series of 20 sets of adjective pain descriptors. Patients were asked to check
the one adjective in each category that best described their pain. The adjectives are grouped
into three subscales, sensory, affective, and evaluative, that measure different aspects of the
pain experience. Pain intensity was assessed using the Pain Rating MPQ subscale score.
Previous research has provided strong support for the reliability and validity of the MPQ
(14).

Arthritis Self-Efficacy Scale—The Arthritis Self-Efficacy Scale (ASES) (15) was used to
assess patients’ beliefs in their ability to control arthritis pain, perform routine physical
functions, and control other arthritis symptoms (e.g., fatigue and frustration). The ASES is a
20-item scale on which patients rate how confident they are that they can perform a particular
task using a scale ranging from 10 (very uncertain) to 100 (very certain). The ASES has been
found to have good validity, reliability and internal consistency (15) and has been used in a
number of studies with rheumatoid arthritis patients (16–18).

Psychological Distress—The Symptom Checklist-90 Revised (SCL-90-R) (19) was used
to measure psychological distress. Patients were asked to rate the extent to which they had been
bothered by each symptom during the past week using a scale ranging form 0 (not at all) to 4
(extremely). The 90-item, self-report inventory measured overall psychological distress based
on nine symptom dimensions: somatization, obsessive-compulsiveness, interpersonal
sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism.
The reliability and validity of the SCL-90-R has been widely established (19).

Analysis of Data
Patients were randomly divided into two samples (Sample 1 and Sample 2), each containing
52 subjects. Agglomerative hierarchical cluster analysis using Wards Minimum Variance
method was performed on the observed pain behaviors of Sample 1 in an attempt to identify
homogeneous subgroups. The Wards Minimum Variance method sums clusters together to
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form new clusters in a manner that minimizes the increase in the squared distance between
variables (20). Although empirical studies have shown that Wards minimum variance method
consistently works well in recovering structures from subject data (i.e., non-hypothetical data)
with average linkage appearing to have near equal structure recovery (20), outliers have been
shown to have a significantly detrimental effect on this method. Therefore, to reduce outlier
distortion and to optimize the Ward clustering technique, 10 percent of both samples were
trimmed (in accordance with the SAS/STAT User Guide (21)). This trimming procedure
resulted in removing six patients for each of the study samples. The cubic clustering criterion,
which measured the increase in the within-group sums of squares, was used as an aid in
determining the optimal number of subgroups or clusters. Observing a sharp increase would
suggest that accuracy had been lost by reducing the amount of clusters (22). The same clustering
procedure was applied to the Sample 2 data. For purposes of describing the subgroups
identified, low frequency behaviors were identified as occurring from zero to two times per
session; moderate frequency behaviors as more than two and less than six times per session;
and high frequency behaviors as occurring six or more times per session.

Results
Pain Behavior Subgroups

The cluster analysis procedure identified five pain behavior subgroups for patients in Sample
1 (Figure 1). These subgroups were: 1) a low pain behavior subgroup (n=16; 35% of sample)
– patients in this subgroup displayed low levels of all pain behavior; 2) a high guarding
subgroup (n=11; 24% of sample) – patients in this subgroup exhibited high levels of guarding
but low levels of all other pain behaviors; 3) a high guarding/active rubbing subgroup (n=7;
15% of sample) – patients in this subgroup exhibited high levels of guarding and active rubbing
and low levels of the other pain behaviors; 4) a high guarding/rigidity subgroup (n=7; 15% of
sample) – patients in this subgroup exhibited high levels of guarding and rigidity and low levels
of the other pain behaviors; and, 5) a high active rubbing subgroup (n=5; 11% of sample) –
patients in this subgroup displayed high levels of active rubbing and low levels of the other
pain behaviors.

The cluster analysis procedure identified four pain behavior subgroups for patients in Sample
2 (Figure 2). These subgroups were: 1) a low pain behavior subgroup (n=11; 24% of sample)
– patients in this subgroup displayed low levels of all pain behavior; 2) a high guarding
subgroup (n=25; 54% of sample) – patients in this subgroup exhibited high levels of guarding
but low levels of all other pain behaviors; 3) a high guarding/active rubbing subgroup (n=6;
13% of sample) – patients in this subgroup exhibited high levels of guarding and active rubbing
and low levels of the other pain behaviors; 4) a high guarding/rigidity subgroup (n=4; 9 % of
sample – patients in this subgroup exhibited high levels of guarding and rigidity and low levels
of the other pain behaviors. The fifth subgroup identified in Sample 1 (high active rubbing)
was not identified in Sample 2.

Demographic Characteristics of Pain Behavior Subgroups
Table 1 provides demographic information for patients in each of the subgroups identified in
Sample 1 and Sample 2. A series of one-way analyses of variance (ANOVA) and Chi-squared
tests of independence identified no statistically significant differences between the subgroups
in age, disease duration, race, and sex.

Differences in Total Pain Behavior by Pain Behavior Subgroup
To examine differences in total pain behavior as a function of pain behavior subgroup
membership, the patient data from the subgroups in Sample 1 and Sample 2 were pooled and
the mean total pain behavior values for the combined subgroups were compared (see Figure
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3). The results of a one-way ANOVA identified statistically significant subgroup differences
in total pain behaviors displayed, F(4,90) = 33.01, P<0.001. An overall η2 = 0.16 indicated a
large effect size (23). Post-hoc analyses using Bonferroni adjustment (0.05/5 = 0.01) indicated
that patients in the high guarding/rigidity subgroup exhibited the highest total pain behavior,
with approximately 16 pain behaviors observed per session. The total pain behavior level
observed for the high guarding/rigidity group was significantly greater than that exhibited by
the high guarding, high active rubbing, and low pain behavior subgroups. The total pain
behavior level observed for the low pain behavior subgroup was significantly lower than that
exhibited by all of the other pain behavior subgroups.

Differences in Total Pain Ratings by Pain Behavior Subgroup
Average self-report ratings of pain for the five pain behavior subgroups are presented in Figure
4. A one-way analysis of variance (ANOVA) found no statistically significant differences in
the amount of reported pain among the five pain behavior subgroups, F(4, 87) = .565, ns,
η2=.01. Moreover, one-way analyses of variance (ANOVA) found no statistically significant
pain behavior group differences in the sensory, F(4, 87) = 0.555, η2=0.02; affective, F(4, 87)
= 0.898, η2=0.02; or evaluative, F(4, 87) = 0.747, η2=0.01, pain subscales. It should be noted,
however, that 1%–2% of the variance (viz., small effect sizes (23)) in overall pain scores and
scores on the three pain subscales could be explained by differences in pain behavior subgroups.

Differences in Arthritis Self-Efficacy by Pain Behavior Subgroups
Pain behavior subgroup differences in self-efficacy ratings were identified using one-way
ANOVAs. Statistically significant differences in self-efficacy for physical function were
identified, F(4,86) = 3.33, P = 0.014, η2 = 0.04. Post-hoc analyses using Bonferroni adjustment
(0.05/5 = 0.01) indicated that patients in the low behavior pain behavior subgroup reported
significantly higher ratings of self-efficacy for physical function than patients in the high
guarding subgroup. No statistically significant differences were found among the subgroups
on ratings of self-efficacy for managing arthritis pain, F(4,86) = 0.65, ns, η2 = 0.01, or self-
efficacy for managing other arthritis symptoms, F(4,86) = 1.18, ns η2 = 0.03. Overall effect
sizes were small (23).

Differences in Psychological Distress by Pain Behavior Subgroups
A one-way ANOVA was performed to examine differences in psychological distress as a
function of pain behavior subgroup membership. The results of the analysis revealed
statistically significant differences in the level of psychological distress reported by the five
pain behavior subgroups, F(4,87) = 3.23, P<0.05, η2 = 0.06. Differences in pain behavior
subgroups accounted for 6% of the variance in psychological distress scores, denoting a
moderate effect size (23). Post-hoc analyses using Bonferroni adjustment (0.05/5 = 0.01)
indicated that patients in the high active rubbing subgroup had higher ratings of psychological
distress than patients in the low pain behavior and high guarding subgroups.

Discussion
Using hierarchical cluster analyses, we were able to identify five homogeneous pain behavior
subgroups within a population of RA patients (viz., low behavior subgroup, high guarding
subgroup, high guarding/active rubbing subgroup, high guarding/rigidity subgroup, and high
active rubbing subgroup). Our findings support the results of previous research (10) in
suggesting that patients in populations suffering from persistent pain may be classified into
homogeneous subgroups based on differences in pain behavior patterns. These pain behavior
pattern variations may require different approaches to assessment and treatment among the
five pain behavior subgroups. For example, guarding and rigidity are associated with high
levels of muscle tension (9), which may increase fatigue and decrease tolerance for daily
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activities. RA patients in this subgroup may benefit from psychophysiological interventions
designed to reduce muscle tension (e.g., applied relaxation therapy) and physical therapy
designed to stretch and strengthen muscles. Likewise, cognitive-behavioral interventions
designed to reduce depression and anxiety (e.g., cognitive restructuring) (24) may prove
beneficial for RA patients who exhibited high levels of active rubbing. For patients who
exhibited high levels of both guarding and active rubbing, assessments might include measures
of depression and anxiety, as well as using behavioral observation to identify physical activities
most closely associated with guarding. Combining the information obtained from a variety of
assessments may help clinicians identify which factors have the greatest influence on pain
behaviors and determine which intervention(s) should be used.

One of the most interesting findings of this study was that, although the pain behavior
subgroups in the study differ in the number of pain behaviors expressed, patients in these
subgroups report experiencing similar levels of pain. This finding is consistent with predictions
of operant behavioral theory (1), which maintains that non-verbal pain behaviors are not always
consistent with verbal pain behaviors (i.e., verbal reports of pain). These findings also fit with
the conclusions of a recent meta-analysis of studies reporting correlations between non-verbal
pain behaviors and pain report (4). This report found that the pain behavior – pain report
association can vary substantially with some studies reporting no association and others finding
a highly significant association. One explanation for such variations is that the factors that
control non-verbal pain behaviors and verbal pain reports may differ (4). An important
implication of these findings is that verbal pain reports cannot be equated with non-verbal pain
behaviors or vice versa. A thorough assessment of pain requires consideration of both non-
verbal and verbal pain behaviors. A focus on pain behavior (or pain report) alone may lead to
inadequate treatment. Patients who report pain yet display few pain behaviors may not receive
adequate pain medication because their physicians are less likely to prescribe opioids for them
(25). Conversely, in a hospital environment, where communications between patients and
medical staff may be limited, adequate medication is often withheld from patients exhibiting
what is considered to be excessive pain behaviors (26).

This study found some differences among the pain behavior subgroups based on self-efficacy.
Specifically, patients in the subgroup that showed high levels of guarding reported significantly
lower self-efficacy for controlling physical function than patients in the low pain behavior
subgroup. This finding is important because research has shown that self-efficacy is one of the
most important factors related to how patients adjust rheumatoid arthritis. Assessment efforts
for patients in the high guarding group might focus on pinpointing specific functional tasks
that elicit guarding and for which patients report low self-efficacy. Using applied relaxation
methods, patients may learn to perform these tasks with much less guarding and, perhaps,
enhance their self-efficacy for physical function.

This study contains several limitations. First, the small size of some of the pain behavior
subgroups may have masked group differences on some of the variables of interest. However,
even with low power, we were able to detect small-to-medium overall effect sizes for pain
behavior subgroup differences on overall pain and subscale measures of pain and self-efficacy
for pain management and management of other symptoms. Additional studies with larger
samples are needed to determine: 1) if pain behavior subgroup sizes remain proportionally the
same within a larger sample, and 2) if our results can be replicated.

Another limitation to the present study is the use of patient volunteers participating in a clinical
trial within a large medical center, which raises the issue of generalizability. Patients who do
not volunteer for research participation or volunteer in other locations may demonstrate pain
behaviors differently than the patients in our study. To help other researchers determine the
conveyance of our results to their particular setting, we have provided extensive patient
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demographic information and described our method for identifying and classifying pain
behaviors in considerable detail.

Overall, the findings of this study suggest that there are distinct and replicable subgroups of
rheumatoid arthritis patients who differ in the motor behaviors they display. Additional
research is needed to replicate these findings. Future studies also need to examine other
potential psychological correlates (e.g., pain coping, pain-related anxiety, mood, depression,
and personality factors) and social correlates (marital satisfaction, spousal responses to pain
behavior, work environment) of pain behavior subgroups.
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Fig. 1.
Mean frequency of occurrence of pain behaviors for each of the five subgroups identified
through cluster analysis of the pain behavior data of Sample 1.
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Fig. 2.
Mean frequency of occurrence of pain behaviors for each of the four subgroups identified
through cluster analysis of the pain behavior data of Sample 2.
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Fig. 3.
Mean frequency of occurrence of pain behaviors for each of the four subgroups of the combined
Sample 1 and Sample 2 pain behavior data.
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Fig. 4.
Mean pain ratings for combined Sample 1 and Sample 2 pain behavior subgroups.
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