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Abstract
Background Pain-coping strategies and appraisals are
responses to the pain experience. They can influence
patient-reported and physical performance outcome
measures in a variety of disorders, but the associations

between a comprehensive profile of pain-coping responses
and preoperative pain/function and physical performance
measures in patients scheduled for knee arthroplasty have not
been examined. Patients with moderate to high pain
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catastrophizing (a pain appraisal approach associated with an
exaggerated focus on the threat value of pain) may represent
an excellent study population in which to address this
knowledge gap.
Questions/purposes We asked the following questions
among patients with high levels of pain catastrophizing who
were scheduled for TKA: (1) Do maladaptive pain responses
correlate with worse self-reported pain intensity and function
and physical performance? (2) Do adaptive pain-coping
responses show the opposite pattern? As an exploratory hy-
pothesis, we also asked: (3) Do maladaptive responses show
more consistent associations with measures of pain, function,
and performance as compared with adaptive responses?
Methods A total of 384 persons identified with moderate
to high levels of pain catastrophizing and who con-
sented to have knee arthroplasty were recruited. The
sample was 67% (257 of 384) women and the mean age
was 63 years. Subjects were consented between 1 and 8
weeks before scheduled surgery. All subjects completed
the WOMAC pain and function scales in addition to
a comprehensive profile of pain coping and appraisal
measures and psychologic health measures. Subjects also
completed the Short Physical Performance Battery and
the 6-minute walk test. For the current study, all measures
were obtained at a single point in time at the preoperative
visit with no followup. Multilevel multivariate multiple
regression was used to test the hypotheses and potential
confounders were adjusted for in the models.
Results Maladaptive pain responses were associated with
worse preoperative pain and functionmeasures. For example,
themaladaptive pain-coping strategy of guarding and the pain
catastrophizing appraisal measures were associated with
WOMAC pain scores such that higher guarding scores (b =
0.12, p = 0.007) and higher pain catastrophizing (b = 0.31, p <
0.001) were associated with worse WOMAC pain; no adap-
tive responses were associated with better WOMAC pain or
physical performance scores. Maladaptive responses were
also more consistently associated with worse self-reported
and performance-basedmeasure scores (six of 16 associations
were significant in the hypothesized direction), whereas
adaptive responses did not associate with better scores (zero
of 16 scores were significant in the hypothesized direction).
Conclusions The maladaptive responses of guarding, rest-
ing, and pain catastrophizing were associated with worse
scores on preoperative pain and performance measures.
These are pain-related responses surgeons should consider
when assessing patients before knee arthroplasty. TKA
candidates found to have these pain responsesmay be targets
for treatments that may improve postoperative outcome
given that these responses are modifiable. Future
intervention-based research should target this trio of mal-
adaptive pain responses to determine if intervention leads to
improvements in postsurgical health outcomes.
Level of Evidence Level I, prognostic study.

Introduction

The prognostic role of pain-coping strategies and apprais-
als has been the focus of research in individuals with
a variety of chronic pain conditions, but less so for persons
undergoing TKA. Pain-coping strategies are a person’s
responses to manage pain and its effects and include such
strategies as resting, exercising, or asking for assistance.
Pain-coping strategies are generally classified as adaptive
strategies thought to result in better outcomes over time or
maladaptive strategies thought to result in worse outcomes
over time [20]. Pain-related beliefs or appraisals are a per-
son’s thoughts regarding the pain. These can be classified
as adaptive (self-efficacy beliefs about being able to man-
age pain) [4] or maladaptive (“catastrophizing” or exces-
sively negative thoughts about pain) [41]. Research in
other populations has shown that maladaptive coping
strategies and pain-related appraisals tend to be more
consistently associated with important outcomes than
adaptive ones [16, 40], suggesting that it may be more
useful to help patients decrease their use of maladaptive
responses than to increase their use of adaptive ones.

The two most commonly used measures of pain-coping
strategies are the Chronic Pain Coping Inventory (CPCI)
[22] and the Coping Strategies Questionnaire [34]. Two
commonly used measures of pain-related beliefs or
appraisals are the Pain Catastrophizing Scale (PCS) [39]
and the Arthritis Self-efficacy Scale (ASES) [28]. Pain-
coping strategies and appraisals are important to study as
potential prognostic indicators for persons with chronic
pain, in part because they are modifiable. This provides an
opportunity to intervene and potentially improve both
short- and long-term outcomes. One prior study in patients
undergoing TKA of which we are aware has examined
associations between pain-coping strategies and related
appraisals with patient-reported outcome measures
(PROMs), but only for isolated coping or appraisal meas-
ures [1]. We found no studies that evaluated the extent to
which a profile of pain coping and appraisal measures in-
dependently associates with preoperative measures of
pain, function, and physical performance. This evidence gap
is particularly important given the recent emphasis on
performance-based outcomes as part of a comprehensive as-
sessment [11]. A study examining these associations would
provide evidence that couldmore fully inform surgeons of the
most likely coping and appraisal targets for intervention be-
fore and after TKA.

Given these considerations, we analyzed data obtained
from a sample of patients with moderate to high pain cat-
astrophizing who were consented for TKA to determine if
(1) maladaptive pain-coping strategies (such as guarding,
resting, asking for assistance) and a pain-related appraisal
(such as pain catastrophizing) were associated with worse
preoperative self-reported pain intensity, function, and
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observed physical performance after adjustment for po-
tential confounding variables; and if (2) adaptive pain-
coping strategies and pain-related appraisals (including
task persistence, exercise/stretch, coping self-statements,
relaxation, seeking support, and pain self-efficacy beliefs)
would show the opposite pattern. As an exploratory hy-
pothesis, we also asked: (3) Domaladaptive responses show
more consistent associations with measures of pain, func-
tion, and performance as comparedwith adaptive responses?

Patients and Methods

Study Design and Setting
The study was a prospective National Institutes of Health-
funded randomized clinical trial (UM1AR062800,
NCT01620983) conducted at five sites (Duke University,
Durham, NC, USA; New York University Medical Cen-
ter, New York, NY, USA; Virginia Commonwealth
University, Richmond, VA, USA; Wake Forest Univer-
sity, Winston-Salem, NC, USA; and Southern Illinois
University, Springfield, IL, USA). The purpose of the trial
is to test the effectiveness of a telephone-based pain-
coping skills training program in patients who report
moderate to high levels of pain catastrophizing before
surgery. Please see the published protocol for more in-
formation [31]. The current study is a cross-sectional
study of baseline preoperative data collected during the
trial. Patients were recruited and signed an institutional
review board-approved consent form between January
2013 and June 2016. Only the preoperative baseline data
were used to test the study hypotheses.

Participants

Patients were included if they (1) were aged 45 years or
older; (2) had a diagnosis of osteoarthritis as confirmed by
the surgeon; (3) had TKA scheduled between 1 week and 8
weeks after consent; (4) scored 16 or greater on the PCS
[32], given that the primary study was designed to evaluate
the efficacy of an intervention for reducing catastrophizing;
and (5) were able to read and speak English. Patients were
excluded if they (1) were scheduled for revision surgery;
(2) underwent another arthroplasty within 6 months of the
surgery of interest; (3) had a self-reported diagnosis of
inflammatory arthritis (eg, rheumatoid arthritis, psoriatic
arthritis); (4) were scheduled for bilateral TKA; (5) planned
to undergo hip or knee arthroplasty within 6 months after
the current knee arthroplasty; (6) scored 20 or greater on the
depression screener (indicating severe clinical depression,
which was judged to be a safety risk for the trial) [27]; and
(7) scored 2 or less on the cognitive screener [6]. In general,

we were interested in studying a sample of persons with
knee osteoarthritis who had moderate to high pain cata-
strophizing and the patients indicating they had no sched-
uled arthroplasty procedures on other joints. In addition,
they indicated they had no other arthroplasty surgeries in
the 6 months before study participation. We also wanted to
recruit persons who had normal cognitive function to as-
sure sound data collection and we wanted to exclude per-
sons with severe clinical depression leading to safety
concerns during the trial. A total of 4043 patients were
considered for screening. Of these, 551 declined to par-
ticipate, 917 did not respond to requests to screen, 1976 did
not meet one or more inclusion criteria, and 599 met all
criteria. Of the 599 who met all criteria, 402 consented and
197 declined consent to participate. Of 402 patients who
consented to participate, 18 had their surgery either can-
celed or delayed for medical reasons over the entire study
period and were not included in the final sample. A total of
384 subjects participated.

Description of Experiment

Between 1 and 8 weeks before surgery, patients at each
of the five sites were approached by the site coordinator
and were informed about the purpose of the clinical trial.
If patients were interested, they signed an institutional
review board-approved consent form and then com-
pleted all required baseline data collection. All patients
underwent either TKA (n = 367) or partial knee arthro-
plasty (n = 17). A total of 32 surgeons performed TKAs
across the five sites and the total number of patients seen
by each surgeon ranged from one to 54.

OutcomeMeasures of Interest at the Preoperative Visit

The PROMs were the WOMAC pain and the WOMAC
function scales. WOMAC pain scores ranged from 0 to 20
with higher scores indicating greater pain with activity.
The WOMAC function scale quantifies the extent of
perceived difficulty with daily activities with scores
ranging from 0 (no difficulty with activity) to 68 (extreme
difficulty with all activity). Reliability and validity of the
WOMAC have been repeatedly demonstrated for persons
undergoing TKA [2, 3, 13].

The performance-based outcome measures were the
Short Physical Performance Battery (SPPB) and the 6-
minute walk test. The SPPB is a composite measure that
includes balance tests, a 4-m walk gait speed test, and
a single and repeated chair stand test [19]. The SPPB has
been shown to be both reliable and valid for measuring
physical performance-related deficits in persons with hip
and knee osteoarthritis [7, 15, 19]. Scores on the SPPB
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range from 0 to 12 with higher scores equating to better
physical performance. The 6-minute walk test is a reliable
measure of actual walking endurance and when the SPPB
and 6-minute walk test are combined with self-reported
measures provides a comprehensive summary of PROMs
and performance-based outcome measures [11, 25, 37].

Predictors

The pain-coping predictors were the subscale scores derived
from the previously validated CPCI [22]. All two-item sub-
scales from the CPCI were included in the analyses (Table 1).
There are three maladaptive coping strategies (such as
guarding, resting, and asking for assistance) and five adaptive
coping strategies (like relaxation, task persistence, exercise/
stretch, seeking support, and coping self-statements). Each
subscale is scored from 0 to 14 with higher scores indicating
higher use of each coping strategy in the previous week.
Reliability and construct validity of each subscale have been
supported [21].

We used two pain-related appraisal measures, the PCS and
the ASES. The PCS patient self-report instrument quantifies
the extent to which a person amplifies their pain symptoms,
feels helpless when experiencing pain, and ruminates about
their pain experience. The PCS is a 13-item scale ranging
from 0 (no pain catastrophizing) to 52 (most severe pain
catastrophizing) [39]. Substantial research supports both the
psychometric and prognostic importance of the PCS for
patients undergoing TKA [32, 38, 39, 43]. The eight-item
ASES is a validatedmeasure of a patient’s beliefs in the ability
to control pain and functional difficulty associated with ar-
thritis [30]. Scores for the ASES range from 8 (lowest self-
efficacy) to 80 (highest self-efficacy).

Potential Confounders

To account for other variables that may be associated with
pain coping, appraisal, and PROMs or performance-based
outcomes measures (that is, to reduce bias), we included
measures of age, sex, race, body mass index (BMI),

Table 1. Sample items from the Chronic Pain Coping Inventory (CPCI)* and associated measurement construct for each strategy

Maladaptive strategies General measurement construct
Sample items

Guarding Measures how frequently a person limits upright activities
including standing to either prevent pain or in response to pain1. Limited in my standing time

Resting Measures how frequently a person reclines in either a bed or chair
to either prevent pain or in response to pain1. Rested in a chair or recliner

Asking for assistance Measures how frequently a person asks for help with a variety of
daily tasks to either prevent pain or in response to pain1. Asked for help with a chore or task

Adaptive strategies

Sample items

Relaxation Measures how frequently a person uses relaxation techniques to
either prevent pain or in response to pain1. Focused on relaxing my muscles

Task persistence Measures how frequently a person minimizes their response to
pain on daily activity to either prevent pain or in response to pain1. I did not let the pain interfere with

my activities

Exercise/stretch Measures how frequently a person exercises and stretches to
either prevent pain or in response to pain1. Exercised to improve my overall

physical condition for at least 5
minutes

Seeking support Measures how frequently a person talks to a friend or family
member for support to either prevent pain or in response to pain1. got support from a friend

Coping self-statements Measures how frequently a person uses self-reminders designed
to minimize pain severity or impact to either prevent pain or in
response to pain

1. Toldmyself the painwill get better

*Instructions to patients completing the CPCI are as follows: During the past week, howmany days did you use each of the items at
least once in the day to cope with your pain? Please include days when you used each item to prevent or minimize pain, even if you
did not have pain at the time.
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comorbidity, depression, and anxiety. Race was di-
chotomized to black subjects or all other subjects. BMI was
recorded as kg/m2. We used the validated modified
Charlson comorbidity index to quantify extent of comor-
bidity [23]. The previously validated Patient Health
Questionnaire (PHQ-8) [27] and the Generalized Anxiety
Scale (GAD-7) [26, 36] were used to quantify extent of
depressive and anxiety symptoms, respectively. The PHQ-
8 is scored from 0 to 24 and the GAD-7 is scored from 0 to
21 with higher scores indicating more severe depressive or
anxiety symptoms.

Statistical Analysis

Multilevel multivariate multiple regression was used to ex-
amine the hypotheses. The selection of multilevel regression
(that is, a random intercept model) accounted for cluster-
based sampling of patients nested within surgeons. The
choice of a multivariate analysis was motivated by a goal to
estimate the effects of predictors on all four PROMs and
performance-based outcome variables simultaneously. The
regression analyses were run with the potential confounders
included, which allowed us to estimate the effects of potential
confounders on the prediction. The 6-minutewalk test and the
SPPB scores had 15% and 4% missing scores, respectively,
either because the patient declined or because the patient was
judged to be unsafe to perform the tests, whereas the
WOMACmeasures had nomissing data. The full information
maximum likelihood method was used to handle the missing
data. We report standardized b coefficients for each model,
which allows for direct comparison of each of the predictor
variables in the models. Importantly, because this is a cross-
sectional study, the predictor variables in our models are be-
ing used to identify predictors of outcome measures and not
causes of these measures. MPlus (Version 7.4, https://www.
statmodel.com/) was used to estimate the model and p < 0.05
indicated statistically significant associations.

Study Sample

Characteristics of the sample demonstrate substantial var-
iation across a variety of dimensions (Table 2).

Results

The maladaptive pain-coping strategy of guarding and the
pain catastrophizing appraisal measures were positively as-
sociated with WOMAC pain scores such that higher
guarding scores (b = 0.12, p = 0.007) and higher pain cat-
astrophizing scores (b = 0.31, p < 0.001) were associated
with worse WOMAC pain. Similar associations were found

Table 2. Characteristics of the sample (n = 384)

Variable
Mean (SD) or
percent

Age 63 (8)

Sex (female) 67%

Body mass index (kg/m2) 32 (6)

Race (black) 35%

Current income (USD)

< 10,000 9%

10,000-24,999 20%

25,000-49,999 23%

50,000-99,999 24%

$ 100,000 14%

Declined 10%

Current work status

Work for pay 33%

Unpaid work for family business 0%

Not working in part as a result of
health problems

25%

Not working for other reasons 42%

Declined 0%

Education

Less than high school 6%

High school graduate 22%

Some college 26%

College degree or higher 46%

Marital status

Married 50%

Separated 5%

Divorced 19%

Never married 12%

Widowed 12%

Member of an unmarried couple 2%

Declined 1%

Current smoker (yes) 12%

Overall health

Modified Charlson comorbidity
score

8 (4)

Self-reported knee symptoms and
physical function

WOMAC pain 11 (3)

WOMAC physical function 37 (11)

Short Physical Performance Battery 8 (2)

Six-minute walk test (meters) 311 (173)

Psychologic health

Patient Health Questionnaire (PHQ-
8)

5.87 (4.89)

Generalized Anxiety Scale (GAD-7) 5.37 (4.94)

Self-efficacy scale 49 (18)

Pain Catastrophizing Scale 30 (98)
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forWOMAC function scores (b = 0.13 for guarding andb =
0.24 for pain catastrophizing). These associations were
present even after accounting for potential confounding
variables. For physical performance outcome measures, the
maladaptive pain-coping strategy of resting was negatively

associated with SPPB scores (b = -0.15, p = 0.013) such that
greater resting was associated with worse SPPB scores.
Additionally, higher pain catastrophizing scores were asso-
ciated with worse SPPB scores (b = -0.14, p = 0.039) after
adjustment for potential confounding. These findings gen-
erally supported our hypotheses. All maladaptive pain-
coping strategies and the pain catastrophizing appraisal
measure are noted as “maladaptive responses,” whereas all
adaptive pain-coping strategies and the self-efficacy ap-
praisal measure are labeled “adaptive responses” in the
statistical models analyzed (Table 3). Similar to partial
correlation coefficients, the standardized b coefficients in
multiple regression analysis are used as effect size indicators
and are comparable. Using Cohen’s guidelines, standardized
b coefficients indicate small effects when the coefficients
approximate 0.1,moderate effects when it approximates 0.3,
and large effects when the coefficient approximates 0.5 [9].
Applying this guideline to our study, all associations were
small with the exception of associations between pain cat-
astrophizing and WOMAC pain and function, which ap-
proximated a moderate effect size.

The adaptive pain-coping strategy of seeking support
was positively associated with baseline WOMAC pain

Table 2. continued

Variable
Mean (SD) or
percent

Pain coping

Guarding 5 (2)

Resting 4 (2)

Asking for assistance 2 (3)

Relaxation 3 (3)

Task persistence 4 (3)

Exercise and stretching 4 (3)

Seeking support 4 (3)

Coping self-statements 6 (2)

*All parameter estimates are standardized regression
coefficients
†significant b coefficient.

Table 3. Multilevel regression for predicting WOMAC pain and function scales, Short Physical Performance Battery (SPPB), and 6-
minute walk test scores*

Predictors with potential
confounders included

WOMAC pain WOMAC function SPPB 6-minute walk

b p value b p value b p value b p value

Maladaptive responses

Coping–guarding 0.121† 0.007 0.133† 0.017 -0.044 0.398 -0.015 0.766

Coping–resting 0.013 0.807 0.063 0.235 -0.150† 0.013 -0.090 0.292

Coping–asking for assistance 0.071 0.238 0.088 0.165 0.034 0.515 -0.042 0.593

Appraisal–pain catastrophizing 0.307† < 0.001 0.242† < 0.001 -0.144† 0.039 -0.123 0.062

Adaptive responses

Coping–relaxation -0.007 0.922 0.078 0.155 -0.063 0.235 0.020 0.676

Coping–task persistence 0.034 0.470 0.009 0.842 0.000 0.995 0.051 0.272

Coping–exercise/stretching 0.011 0.790 -0.065 0.098 0.095 0.073 0.056 0.371

Coping–seeking support 0.113† 0.029 0.067 0.088 -0.029 0.585 0.023 0.782

Coping–self-statements 0.017 0.738 -0.004 0.942 0.014 0.778 0.002 0.973

Appraisal–self-efficacy -0.073 0.057 -0.056 0.151 0.029 0.555 -0.037 0.554

Potential confounders

Age (years) 0.053 0.258 0.043 0.261 -0.206† < 0.001 -0.151† 0.015

Sex (female) 0.080† 0.028 0.016 0.737 -0.147† < 0.001 -0.212† < 0.001

Race (black) 0.121 0.060 0.121† 0.021 -0.143† < 0.001 -0.091 0.179

Comorbidity -0.057 0.388 -0.037 0.627 0.076 0.216 -0.006 0.946

Depressive symptoms 0.133† < 0.001 0.133† 0.008 -0.126† 0.022 -0.138† 0.018

Generalized anxiety 0.111 0.107 0.160† 0.029 -0.243† < 0.001 -0.055 0.350

Body mass index -0.065 0.063 0.008 0.811 -0.015 0.783 -0.025 0.697

*All parameter estimates are standardized regression coefficients
†significant b coefficient.
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scores (p = 0.029). That is, the higher the seeking support
scores, the higher the WOMAC pain scores. However, the
direction of this association was inconsistent with our hy-
pothesis that higher adaptive coping responses would be as-
sociated with lower (that is, less) preoperativeWOMAC pain
or better WOMAC function scores. No other adaptive
responses were negatively associated with WOMAC pain
scores or WOMAC function scores nor was self-efficacy in-
dependently associated with the scores (Table 3).

Maladaptive responses generallywere positively associated
with self-reported and performance-based outcome measures,
whereas adaptive coping strategies and appraisal scores were
not associated with either WOMAC or performance-based
scores in the hypothesized direction. These data are consistent
with our exploratory hypothesis.

The adaptive coping strategies of relaxation, task persis-
tence, exercise/stretching, coping self-statements, and self-
efficacy appraisals did not predict any study measure score
after adjusting for potential confounding variables. The mal-
adaptive coping strategy, asking for assistance, also was not
associated with any measure. Similarly, two covariates, BMI
and comorbidity, were not related to study measures after
adjustment for all other variables in the model.

Discussion

The study of pain-coping strategies and beliefs is important
because these responses impact outcome measures for a va-
riety of health conditions, and they are modifiable. There is
thus the potential that these modifiable responses can be tar-
gets of interventions in those patients at risk for a poor out-
come because of poor pain coping. We examined the
association of a profile of both adaptive and maladaptive pain
responses with self-reported baseline pain and functional
scores in a sample of persons at particularly high risk for
a poor outcome, those preparing for TKA with moderate to
high levels of pain catastrophizing.

There are some limitations to our study. Our study was
cross-sectional and we studied only persons who were
screened into a planned randomized controlled trial
(NCT01620983) and who had moderate to high levels of
pain catastrophizing. This limits the potential generalizability
of the findings to only patients with this symptom set. Fur-
thermore, the restriction of range for pain catastrophizing
scores attenuates the strength of the relationship between
pain catastrophizing and other variables [14, 38, 43]. An
additional important limitation is also related to the cross-
sectional nature of the study design, where patients were
tested at only one point in time. Although this allowed us to
test specific hypotheses regarding the associations between
pain-related coping and appraisals andmeasures of important
function domains, the findings from such a design do not

allow for inferences of causality. Association is only one of
several criteria necessary for making a causal inference [8,
29]. Future longitudinal research and research using experi-
mental designs (such as random assignment to interventions
that target coping and appraisals for change) are needed to
evaluate the extent to which pain coping and appraisals may
be causally related to a subsequent change in function.

We identified a number of maladaptive responses to be
associated with both PROMs and physical performance
outcome measures. Both guarding and resting are related
strategies that reflect a person’s hesitation to engage in
physical activity. Both are also potentially modifiable. Thus,
if patients were taught or encouraged to increase their ac-
tivity and minimize time spent resting in response to pain,
WOMAC pain and function scores could potentially be
improved before surgery. Research is needed to test this
possibility. The pain appraisal approach of pain cata-
strophizing was the only maladaptive response to be sig-
nificantly associated with both WOMAC scores and
physical performance. Consistent with a large body of re-
search across a variety of chronic pain conditions [12], pain
catastrophizing evidenced the most consistent association
with preoperative measures among the four maladaptive
approaches that we studied. Although pain catastrophizing
has both trait and state-like qualities, pain-coping skills
training has been shown to reduce pain catastrophizing in
multiple studies [5, 24, 42] including persons with osteoar-
thritis [35]. These data support the need to evaluate the ef-
ficacy of treatments that target this appraisal for outcome
effects in the TKA population.

We found only one adaptive coping strategy to be as-
sociated with WOMAC pain: the coping strategy of seek-
ing support, which indicates the extent to which a person
gets support from or talks to friends or family. However,
the direction of the association found was opposite that
hypothesized. More support-seeking was associated with
higher (worse) WOMAC pain such that a 1-SD higher
seeking-support strategy was associated with higher
WOMAC pain scores by 0.11 SD, on average, after ad-
justment for confounding. Reasons for this association are
unclear, but may be related to the cross-sectional nature of
the data. That is, it is possible that patients with more pain
seek social support as a way to help buffer the negative
effects of that pain on their overall mood and function [17,
18], beneficial effects of which could not be detected in this
study because outcomes subsequent to the coping respon-
ses were not assessed. It is also possible that although social
support can have beneficial effects on psychologic func-
tion, some aspects of social support can have unintended
negative effects as social reinforcers of pain and disability
[10, 33].

As an exploratory hypothesis, we examined whether
maladaptive responses, which we hypothesized would as-
sociate with worse scores on the preoperative measures
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tested, would demonstrate more consistent associations
than adaptive responses, which we hypothesized would
associate with better scores. Specifically, based on research
in other pain populations [10, 33], we anticipated that
responses to knee pain that were maladaptive would have
a more consistent overall impact on both PROMs and
physical performance-based outcome measures than
adaptive responses. The data appear to support this hy-
pothesis. None of the adaptive responses were associated
with score measures in the hypothesized direction (that is,
less pain, better function, and better performance), whereas
three maladaptive responses were positively associated
with self-reported pain and function as well as physical
performance (worse pain and function). These data sug-
gest the possibility that maladaptive responses may have
a greater impact on pain and function before TKA relative
to adaptive responses.

Guarding and resting, in addition to pain catastrophiz-
ing, were the maladaptive responses that were in-
dependently associated with worse preoperative WOMAC
and physical performance measures, whereas adaptive
coping responses were not related to better pain and
functional scores in this sample of preoperative patients
about to undergo TKA. Surgeons should consider assess-
ing patients for guarding and resting responses to pain as
well as pain catastrophizing given that these responses to
pain associate with worse measures preoperatively, are
modifiable, and could potentially impact outcome after
surgery. Assessments of guarding and resting can be made
quickly (in this study, this required only two items for
each), and the PCS requires approximately 5 minutes for
a patient to complete. In combination, these domains effi-
ciently assess the most likely pain responses that could
negatively impact postoperative recovery. Future research
should focus on the prognostic benefit of measures of these
three domains for identifying persons at risk for poor out-
comes and for informing interventions designed to enhance
recovery.

Acknowledgments We acknowledge study staff and particularly the
patients for their participation.
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