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Abstract 
Background and Objectives: Knee osteoarthritis is one of the primary causes of chronic pain among older adults and because of the aging 
population, the number of total knee arthroplasties (TKAs) performed is exponentially increasing. While pain reduction is a goal of TKA,  
movement-evoked pain is rarely assessed pre- and post-TKA. We characterized the distributions of change in pain, function, and situational cat-
astrophizing in patients from presurgery to 3 months postsurgery and explored associations among these pre–post changes.
Research Design and Methods: This prospective study longitudinally assessed movement-evoked pain, function, and situational catastrophiz-
ing in patients with knee osteoarthritis (N = 92) using in-person performance-based tests (6-min walk test [6MWT], stair-climb test [SCT]) prior 
to and 3 months after TKA. Patients also completed the Western Ontario McMaster Universities Scales (WOMAC) pain and function subscales, 
and Pain Catastrophizing Scale, presurgery and 3- and 6-months postsurgery.
Results: Movement-evoked pain and function on performance tests significantly improved from pre- to post-TKA. Improved SCT function was 
associated with reduced SCT pain and catastrophizing. Similarly, reduced pain during the SCT was associated with reduced catastrophizing 
during the SCT. However, 6MWT function was not associated with 6MWT pain or catastrophizing; yet reduced pain during the 6MWT was 
associated with reduced catastrophizing during the 6MWT. Reduced movement-evoked pain during both performance tests was consistently 
associated with improved WOMAC function and pain, whereas improved function on performance tests was inconsistently associated with 
WOMAC function and pain. Notably, greater movement-evoked pain on both performance tests at 3-month post-TKA was associated with 
worse WOMAC function and pain at 6 months, whereas better function on performance tests at 3 months was associated with better WOMAC 
function, but not related to WOMAC pain at 6 months.
Discussion and Implications: Findings highlight the importance of situation-specific and in vivo assessments of pain and catastrophizing during 
physical activity.

Translational Significance: Our findings highlight the importance of assessing patients’ pain and catastrophic thinking about pain in the 
moment of physical activity performance. Future research should incorporate in vivo assessments to gain further insight into how pain 
and catastrophizing affect the range and degree of physical activity that patients engage in during their daily lives. Some physical therapy 
protocols have begun incorporating elements of cognitive behavioral therapy, including addressing negative cognitive patterns such as 
catastrophizing. Our findings suggest that interventions, employed in the early recovery period, could potentially be enhanced by targeting 
situational pain catastrophizing, which may improve longer-term TKA outcomes.
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Knee osteoarthritis (OA) is an age-related condition and 
one of the leading causes of chronic pain and functional dis-
ability among older adults (Hawker & King, 2022; Khan et 

al., 2016). Total knee arthroplasty (TKA) is the most com-
monly performed surgery to treat knee OA (Arendt-Nielsen 
et al., 2010). There are approximately 790,000 TKAs 
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 performed annually in the United States (American College of 
Rheumatology, 2022), and as the population ages, this num-
ber is expected to increase to over 1.2 million by 2030 (Kurtz 
et al., 2007; Sloan et al., 2018). TKA generally results in sig-
nificant improvement in pain and function for the majority 
of patients (Kane et al., 2005; Shan et al., 2015). However, 
a subgroup of roughly 10% to 33% of patients continues to 
experience persistent pain (i.e., present for ≥3 months) and 
difficulty performing daily activities (Beswick et al., 2012; 
Wylde et al., 2007). Although recovery from TKA typically 
peaks around 6 months postsurgery, which is often a time to 
identify patients with suboptimal outcomes (Kennedy et al., 
2006), recovery after the first 3 months may be a critical time 
to benchmark progress, reassess rehabilitation approaches, 
and intervene to improve longer-term outcomes. Thus, it is 
important to characterize how knee OA pain and function 
change from pre- to 3 months post-TKA.

Although there is no gold standard for assessing the success 
of TKA, both pain reduction and improved functional abil-
ity are common goals. Indeed, pain and function are strongly 
interconnected (Clement & Burnett, 2013; Hanusch et al., 
2014), and musculoskeletal pain, such as knee OA, is primarily 
driven by pain experienced during physical activity (Graven-
Nielsen & Arendt-Nielsen, 2010). Additionally, there is evi-
dence that pain at rest is inherently different from pain related 
to movement (Rakel & Frantz, 2003). Yet, movement-evoked 
pain is rarely assessed in studies focused on change in pain 
post-TKA. The majority of extant research on postsurgical 
pain after TKA largely relies on retrospective, questionnaire- 
based assessments of pain, with the Western Ontario 
McMaster Universities Scales (WOMAC) pain subscale being 
the most commonly used (Escobar et al., 2007; Lewis et al., 
2015). Although the WOMAC is a validated and well-accepted 
assessment of pain for patients with knee OA (Bellamy et al., 
1988), and research has shown that patients’ pain ratings on 
the WOMAC generally decrease after TKA (Edwards et al., 
2022; Escobar et al., 2007; Fortin et al., 1999), it has notable 
limitations. For example, it does not allow for an examination 
of pain as a dynamic experience, but rather requires patients 
to reflect on pain experienced while engaging in various daily 
activities during the preceding few days, allowing for the dis-
torting influence of recall bias (over- or underestimation) in 
the degree of pain reported. Considering these limitations 
of self-report measurements, activity-based pain assessments 
provide an alternative approach that allows an investigation 
of an individual’s pain in a more realistic environment while 
simultaneously minimizing bias. Despite this, there has been 
surprisingly little reporting from real-time assessments com-
paring movement-evoked pain before and after TKA.

Similarly, most studies of physical functioning after TKA 
assess functional ability by asking patients to recall and report 
on their function over a recent period (e.g., “how much dif-
ficulty did you have when going up or down stairs during 
the last 48 hours?”; Lange et al., 2017). This is despite the 
fact that standardized functional performance tests, such as 
the stair-climb test (SCT) and 6-min walk test (6MWT), are 
available to provide useful, objective supplements to self- 
report measures. Standardized functional performance tests 
are designed to mimic daily functional activity—quantifying 
the ability to move around one’s environment—and may be 
more sensitive to objective changes in one’s ability to move 
and function, whereas patients may over- or underestimate 
functional ability on questionnaire-based assessments (Manko 

et al., 2002), which capture a patient’s (sometimes biased) 
perception of their functional ability (Kennedy et al., 2006; 
Mizner et al., 2011). While research indicates, on average, 
improved function following TKA assessed via both perfor-
mance tests (Bade et al., 2014; Dayton et al., 2016; Dominick 
et al., 2016) and questionnaire-based measures (Escobar 
et al., 2007; Fortin et al., 1999), the correlation between  
performance-based and questionnaire-based assessments of 
function is only small to moderate (Dayton et al., 2016; Kennedy 
et al., 2002). Therefore, considering the discrepancy between the 
two methodologies and the flaws inherent in self-report, retro-
spective assessments, measuring function and pain in a real-time 
setting and making the distinction between perceived and actual 
abilities are vital for the accurate assessment of these constructs 
during the early recovery period after TKA.

Likewise, while an individual’s psychological state and pro-
cessing of painful stimuli contribute to the development and 
maintenance of pain and functional disability, momentary 
affective state is seldomly assessed. A commonly assessed mod-
ifiable psychological factor is pain catastrophizing (Carriere 
et al., 2022; Quartana et al., 2009), which involves negative, 
maladaptive pain-related cognitions such as ruminating on, 
magnification of, and feeling helpless about pain (Sullivan et 
al., 1995). Pain catastrophizing can be characterized as both 
a trait (disposition) and state (situational) factor (Quartana 
et al., 2009). Most commonly, catastrophizing is assessed as a 
trait-like variable using the Pain Catastrophizing Scale (PCS; 
Sullivan et al., 1995), with several studies showing that trait 
catastrophizing is associated with greater pain and worse 
physical function after TKA (Birch, Stilling, Mechlenburg, 
& Hansen, 2019; Birch, Stilling, Mechlenburg, Reinholdt, et 
al., 2019; Edwards et al., 2009; Riddle et al., 2010). A meta- 
analysis showed that trait catastrophizing was one of the most 
consistent predictors of pain after TKA with a large effect size 
(Lewis et al., 2015). However, the assessment of trait catastro-
phizing is subject to recall bias, with some evidence suggesting 
that assessment of state catastrophizing (typically assessed in 
response to or during a painful task) may more sensitively 
measure the variance in catastrophic thinking about pain 
(Quartana et al., 2009). It remains unknown if pain cata-
strophizing during performance-based assessments (i.e., state 
catastrophizing) changes from before to after TKA, and how 
this potential change is related to movement-evoked pain 
and function among patients as they recover after surgery. 
Characterizing changes in situation-specific catastrophizing 
and potential links to changes in pain and function during 
the recovery period may help inform interventions to improve 
longer-term TKA outcomes.

This prospective study longitudinally assessed movement- 
evoked pain, function, and catastrophizing in knee OA patients 
using in-person performance-based assessments (6MWT and 
SCT). Patients completed in-person assessments prior to 
undergoing TKA and then again subsequently 3 months after 
TKA. We aimed to (a) characterize the distribution of changes 
in pain, physical function, and situational catastrophizing in 
patients from pre- to post-TKA, and (b) explore associations 
among these pre–post changes including movement-evoked 
pain, function, and situational catastrophizing, and com-
pare these with changes in questionnaire-based pain, func-
tion, and trait catastrophizing ratings. We hypothesized that 
movement-evoked pain, function, and situational catastro-
phizing on performance-based assessments would improve 
from pre- to post-TKA, and that these pre–post changes in 
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pain, function, and catastrophizing would be positively 
associated with each other. We also hypothesized that there 
would be a small to moderate association between changes in  
performance-based and questionnaire-based assessments.

Method
Participants and Procedure
Patients in this prospective, observational, longitudinal study 
were recruited before undergoing unilateral TKA. The primary 
outcomes of the parent study, which included 248 patients, 
were patient-reported pain and function on the WOMAC 
at 6 months, and an investigation of baseline predictors of 
those outcomes (Edwards et al., 2022). The current analysis 
used performance-based assessments to investigate changes 
in physical function, movement-evoked pain, and situational 
catastrophizing which were assessed at two in-person study 
visits (presurgery and 3 months postsurgery). A subset of 
patients (n = 92) who completed all in-person performance 
tests at both the baseline and 3-month post-TKA visits were 
included in the current analysis, which does not overlap with 
previously published results from the parent study (Abrecht 
et al., 2019; Carriere et al., 2022; Nandi et al., 2019; Speed 
et al., 2021).

Patients were recruited from Brigham and Women’s 
Hospital (BWH, Boston, MA) and Johns Hopkins University 
(JHU, Baltimore, MD) through flyers, advertisements posted 
in local clinics, mailed advertisements to patients sched-
uled for TKA, announcements on clinical research websites, 
and in-person information from orthopedic surgical clin-
ics. Inclusion criteria included age ≥45 years, meeting the 
American College of Rheumatology criteria for knee OA, 
and adequate fluency in English to complete study measures. 
Exclusion criteria included cognitive impairment that pre-
vented completion of the study procedures, recent myocardial 
infarction, history of Raynaud’s disease or severe neuropathy, 
severe peripheral vascular disease, current infection, diagno-
sis of restless legs syndrome, autoimmune disorders, recent 
history of substance abuse or dependence, and use of oral 
steroids. The Institutional Review Boards of BWH and JHU 
approved all study procedures, and patients provided written 
informed consent before initiating study procedures.

Approximately 2 weeks before surgery, patients attended 
an in-person initial visit that included performance-based 
testing (6MWT, SCT) to assess function, movement-evoked 
pain, and situational catastrophizing. Approximately 2/3 of 
patients in the parent cohort (157/248, 63%) had complete 
function and movement-evoked pain data using performance- 
based assessments at the initial, in-person presurgery visit. 
At 3 months post-TKA, 59% (92/157) of the patients with 
complete performance-based data at the presurgery visit 
also had complete data at the in-person follow-up visit at 3 
months. A number of factors contributed to missing data on  
performance-based tests, as they were not a primary outcome 
for the parent study. Some patients declined to participate in 
these elective procedures because of geographic proximity 
and instead completed these visits remotely, precluding the 
opportunity to perform performance-based testing, and some 
patients were unable to stay for the full in-person research 
visit (which was often scheduled around clinic appointments) 
and consequently either did not start or finish the testing.

During the initial visit, patients also completed vali-
dated questionnaire-based assessments of pain and function 

(WOMAC), trait catastrophizing (PCS), self-reported their 
demographic and clinical information (i.e., prior knee sur-
geries, other chronic pain, body mass index [BMI]), and 
completed the Patient Reported Outcomes Measurement 
Information System (PROMIS) depression scale (Cella et al., 
2007). At 3 months postsurgery, patients attended a second 
in-person visit that included the same performance-based test-
ing and questionnaire-based assessments. Patients also com-
pleted an online follow-up survey at 6 months postsurgery, 
which included questionnaire-based assessments of function 
and pain (WOMAC). Comparing group differences between 
those who did (n = 92; included in final analysis) and those 
who did not have full performance-based data (excluded from 
analysis), we found no significant difference (all ps > .05) in 
key study variables (i.e., WOMAC pain or function, or trait 
PCS) or demographic variables (i.e., age, sex, race, education, 
marital status, employment).

Performance-Based Assessments: Function, Pain, 
and Situational Catastrophizing
Patients completed two performance-based tests that are 
commonly used in studies of patients with knee OA (Ko 
et al., 2013; Wideman et al., 2014). The 6MWT assessed 
the distance in feet that participants could walk on a stan-
dardized indoor course in 6 min. Patients were allowed to 
stop and rest, if necessary, but were instructed to cover as 
much distance as possible. Higher scores indicated greater 
distance walked (i.e., better functional status). Patients 
rated their pain (0–100) after each minute of walking, for 
a total of six pain ratings. An index score of pain during 
walking was created by averaging patients’ six pain scores. 
Immediately after the 6MWT, patients completed the 
six-item Situational Pain Catastrophizing Scale (SPCS; 
Edwards et al., 2006) to assess negative, pain-related think-
ing that occurred during the walking test (e.g., “I couldn’t 
stop thinking about how much it hurt”) on a scale from 
0 (not at all) to 4 (all the time). Items were summed and 
higher scores indicated elevated situational catastrophizing 
while walking. The SPCS represented a measure of state 
catastrophizing. Patients completed the 6MWT presurgery 
and 3 months postsurgery, and it took approximately 8–10 
minutes to complete, per visit, including time allotted for 
preparation and instruction.

Next, patients completed the SCT, which assessed the 
time in seconds it took participants to ascend and descend 
two flights of stairs (22 steps) in their usual manner. Time to 
ascend and descend the stairs was averaged for an index of 
total stair-climb time. Lower scores indicated a shorter time 
needed to climb stairs (i.e., better functional status). Patients 
provided one pain rating (0–100) at the completion of the 
SCT. Then, patients completed the SPCS after the SCT to 
assess negative, pain-related thinking that occurred during 
stair-climbing. Higher scores reflected elevated situational 
catastrophizing while climbing the stairs. Patients completed 
the SCT presurgery and 3 months postsurgery, and it took 
approximately 3–4 min to complete, per visit, including time 
allotted for preparation and instruction.

Questionnaire-Based Assessments: Function, Pain, 
and Trait Catastrophizing
The WOMAC is a commonly used assessment of physical 
function and pain in knee OA patients (Bellamy et al., 1988), 
and has shown good psychometric properties (Wolfe, 1999). 
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The 17-item WOMAC physical function subscale and five-
item WOMAC pain subscale assessed patients’ retrospective 
(i.e., in the last 48 hr) perceived difficulty with and pain while 
performing tasks such as walking on a flat surface and going 
up and down stairs. Patients rated each item using a 100-
mm visual analog scale. Items were averaged, and higher 
scores reflected greater self-reported physical impairment and 
greater pain, respectively. Patients completed the WOMAC 
before surgery, and at 3- and 6-months postsurgery.

The 13-item PCS (Sullivan et al., 1995) was used to ret-
rospectively assess catastrophic pain-related cognitions that 
patients tend to have when experiencing painful situations in 
their lives (e.g., “I keep thinking about how much it hurts”). 
The PCS is a widely used assessment of pain catastrophizing 
that has shown good psychometric properties in pain sam-
ples (Osman et al., 1997). All items (0 = not at all to 4 = all 
the time) were summed, and higher scores indicated elevated 
levels of pain catastrophizing. The PCS was used as an assess-
ment of trait catastrophizing. Patients completed the PCS pre-
surgery and 3 months postsurgery.

Statistical Analysis
Previous primary analysis of this longitudinal cohort (n = 
248) investigated predictors of persistent WOMAC pain and 
impaired WOMAC function at 6 months after TKA (Edwards 
et al., 2022). Measures of interest (physical function,  
movement-evoked pain, and situational catastrophizing during  
performance-based tests [6MWT and SCT]) were assessed 
both pre- and 3 months post-TKA. A subset of patients (n = 92)  
who completed all in-person performance-based tests at both 
the presurgery visit and 3 months postsurgery were included 
in the current analysis.

Wilcoxon signed-rank tests were conducted to explore 
group-level mean changes over time from pre- to 3-months 
post-TKA for each measure. Change scores for all vari-
ables were calculated by subtracting presurgery scores from 
3-month postsurgery scores. Spearman correlations were used 
to explore associations among changes in performance-based 
function, movement-evoked pain, and situational cata-
strophizing, as well as their associations with changes in  
questionnaire-based function and pain (WOMAC) and general 

catastrophizing (PCS). We also used Spearman correlations to 
conduct an exploratory analysis testing whether performance- 
based function and movement-evoked pain (6MWT and SCT) 
at 3 months postsurgery were associated with subsequent 
WOMAC function and pain at 6 months postsurgery.

Results
Patient Characteristics
Patients were an average age of 65.6 years (standard deviation 
[SD] = 8.7; range: 48–87), 60% female, with 64% holding at 
least a college degree, 45% retired, and 67% married. Patients 
self-identified as White (88%), African American or Black 
(8%), Asian (3%), and American Indian/Alaskan Native (1%). 
All patients identified as non-Hispanic. About half of patients 
(54%) reported having a prior knee surgery or procedure and 
29% self-reported having another chronic pain condition.

Changes in Function, Pain, and Catastrophizing 
From Pre- to Post-TKA
Changes in performance-based assessments
At the group level, there was significant improvement in 
6MWT performance from pre- to post-TKA (Table 1). The 
distance that patients walked significantly increased overall 
(M = 19.81 feet, SD = 236.81), while movement-evoked pain 
(M = −17.20, SD = 25.26) and situational catastrophizing (M 
= −0.95, SD = 4.20) during the 6MWT significantly decreased. 
Notably, there was wide variation in the degree and direc-
tion of individual change scores (Figure 1A–C). Although the 
majority of patients improved, there was a small group of 
patients whose distance walked and pain and situational cat-
astrophizing while walking worsened from pre- to 3-months 
postsurgery.

Similarly, at the group level, there was an overall significant 
improvement in the SCT from pre- to post-TKA (Table 1). 
The time it took patients to climb up and down the stairs 
significantly decreased (M = −4.33 s, SD = 12.09), as did their 
pain ratings (M = −17.12, SD = 27.80) and situational cata-
strophizing (M = −1.42, SD = 3.97) during the SCT. However, 
similar to 6MWT, the extent of improvement in SCT perfor-
mance was variable (Figure 2A–C).

Table 1. Changes in Function, Pain, and Catastrophizing From Pre- to Post-TKA

 pre-TKA 3 months post-TKA p Value z Effect size 

Performance tests outcomes

  6MWT function 948.20 ± 271.36 968.01 ± 288.69 .045 −2.01 0.15

  6MWT pain 28.88 ± 22.59 11.68 ± 17.23 <.001 −5.78 0.43

  6MWT situational catastrophizing 2.03 ± 3.54 1.09 ± 2.43 .024 −2.26 0.17

  SCT function 24.10 ± 12.38 19.78 ± 9.33 <.001 −4.03 0.30

  SCT pain 34.90 ± 25.73 17.78 ± 21.79 <.001 −5.13 0.39

  SCT situational catastrophizing 2.46 ± 3.89 1.03 ± 2.78 <.001 −3.77 0.28

Questionnaire-based outcomes

  WOMAC function 44.17 ± 22.88 19.68 ± 21.54 <.001 −6.91 0.51

  WOMAC pain 43.46 ± 21.89 20.14 ± 20.19 <.001 −6.89 0.51

  PCS 13.44 ± 11.02 8.00 ± 9.29 <.001 −4.54 0.33

Notes: 6MWT = 6-min walk test (higher scores = better function); PCS = Pain Catastrophizing Scale; SCT = stair-climb test (lower scores = better function); 
TKA = total knee arthroplasty; WOMAC = Western Ontario McMaster Universities Scales (lower scores = better function). Means presented are group-level 
averages.
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Interestingly, changes in performance-based function, pain, 
and situational catastrophizing were not significantly related 
to patients’ age, gender, race, employment status, education, 
marital status, BMI, having prior knee surgery, having another 
chronic pain condition, or presurgery depressive symptoms 
(Supplementary Table S1).

Changes in questionnaire-based assessments
In parallel with the performance-based tests, at the group 
level, patients reported significant improvements in physical 
function, pain, and catastrophizing on questionnaire-based 

assessments (Table 1). WOMAC pain (M = −23.00, SD = 
25.31) and functional impairment (M = −23.87, SD = 26.73) 
scores significantly decreased from pre- to post-TKA. Patients’ 
general catastrophizing (PCS) also significantly decreased 
over time (M = −5.44, SD = 11.53).

Associations Between Changes in Performance-
Based Assessments
To understand why some patients’ performance test assess-
ments improved more than others (and indeed why some had 
somewhat worsened performance 3 months post-TKA), we 
explored how changes in function, movement-evoked pain, 

Figure 1. Group-level mean changes in physical function (A), movement-evoked pain (B), and situational catastrophizing (C) during the 6-min walk test 
(6MWT) from presurgery to 3 months postsurgery. Function = higher scores indicate improved function; pain = lower scores indicate decreased pain; 
catastrophizing = lower scores indicate decreased catastrophizing.

Figure 2. Group-level mean changes in physical function (A), movement-evoked pain (B), and situational catastrophizing (C) during the stair-climb test 
(SCT) from presurgery to 3 months posturgery. Function = lower scores indicate improved function; pain = lower scores indicate decreased pain; 
catastrophizing = lower scores indicate decreased catastrophizing.

http://academic.oup.com/innovateage/article-lookup/doi/10.1093/geroni/igad045#supplementary-data
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and situational catastrophizing were correlated (Table 2). 
Improved function on the SCT (i.e., a reduction in the time 
required to ascend and descend the stairs) was significantly 
associated with reduced pain and situational catastrophizing 
during that test, and reduced pain during the SCT was sig-
nificantly associated with reduced situational catastrophizing 
during the test. Although improved function on the 6MWT 
(i.e., an increase in the distance walked) was only marginally 
associated with a decrease in pain and situational catastro-
phizing during that test, reduced pain during the 6MWT was 
significantly associated with reduced situational catastrophiz-
ing during the test.

Associations Between Changes in Performance-
Based and Questionnaire-Based Assessments
Next, we explored how changes in performance-based func-
tion, movement-evoked pain, and situational catastrophiz-
ing related to changes in questionnaire-based assessments 
(WOMAC recalled function and pain, and general trait cata-
strophizing [PCS]). Improved function on the SCT was signifi-
cantly associated with improved WOMAC function, but only 
marginally associated with reduced WOMAC pain. Improved 
function on the 6MWT was only marginally associated 
with improved WOMAC function and pain. Reductions in  
movement-evoked pain during both the 6MWT and SCT were 
significantly associated with improved WOMAC function 
and pain. Similarly, reductions in situational catastrophizing 
during both the 6MWT and SCT were significantly associ-
ated with improved WOMAC function and pain. Interestingly, 
change in general pain catastrophizing (PCS) was not signifi-
cantly associated with changes in performance-based func-
tion, movement-evoked pain, or situational catastrophizing, 
despite being significantly associated with questionnaire-based 
improvements in WOMAC pain and function.

Exploratory Analysis
Associations between performance-based assessments at 3 
months and questionnaire-based assessments at 6 months
We explored whether performance-based (6MWT and SCT) 
function and movement-evoked pain at 3 months postsur-
gery were associated with subsequent questionnaire-based 
(WOMAC) function and pain at 6 months postsurgery (Table 
3). Movement-evoked pain during both the 6MWT and SCT 
at 3 months was associated with worse function and greater 
pain on the WOMAC at 6 months. Interestingly, better 
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Table 3. Spearman Correlations of Performance-Based Assessments at 3 
Months Post-TKA With Questionnaire-Based Assessments at 6 Months 
Post-TKA

3 months post-TKA 6 months post-TKA

WOMAC function WOMAC pain 

6MWT function −0.23* −0.15

6MWT pain 0.52*** 0.51***

SCT function 0.31** 0.17

SCT pain 0.55*** 0.55***

Notes: 6MWT = 6-min walk test (higher scores = improved function); SCT 
= stair-climb test (lower scores = improved function); TKA = total knee 
arthroplasty; WOMAC = Western Ontario McMaster Universities Scales 
(lower scores = improved function/pain).
***p < .001. **p < .01. *p < .05.
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functional performance on both the 6MWT and SCT at 3 
months was associated with better WOMAC function, but 
not significantly related to WOMAC pain at 6 months.

Discussion
Due to the aging population and subsequent increase in the 
number of annual TKA surgeries performed (Kurtz et al., 
2007), it is important to characterize how knee OA pain 
and function change from pre- to post-TKA, particularly 
during the early recovery period. Patients in this prospective, 
longitudinal study showed overall improvements in phys-
ical function and pain from pre- to 3 months post-TKA on 
both performance-based and questionnaire-based assess-
ments. However, there were only small to moderate asso-
ciations between improvements in performance-based and  
questionnaire-based assessments. Notably, decreased situa-
tional catastrophizing (SPCS) during performance tests was 
most consistently related to improved function and reduced 
movement-evoked pain during performance tests, and to 
recalled, questionnaire-based WOMAC pain and function. In 
contrast, decreased general, trait pain catastrophizing (PCS) was 
not significantly associated with changes in performance-based 
function or pain. These findings highlight the importance of 
understanding and assessing patients’ pain and catastrophic 
thinking about pain in the moment of physical activity.

Overall, patients demonstrated objective improvements 
in physical function post-TKA, as evidenced by a significant 
increase in walking distance (~20 feet further; 6MWT) and 
a decrease in stair-climb time (~4 s faster; SCT). While some 
research suggests that an increase in walking distance of 85 feet 
constitutes a minimal clinically important difference (MCID) 
in distance walked at 6 months postsurgery among patients 
with knee OA (Naylor et al., 2016), there is debate on meth-
odological approaches for calculating MCID, which has also 
shown to differ based on the timing of the post-TKA assess-
ment (e.g., 3, 6, 12 months) and other patient characteristics 
during the preoperative period. Thus, although our patients 
on average only walked 20 feet further, our post-TKA assess-
ment was during a recovery period (3 months postsurgery) 
and improvements in function have shown to peak around 6 
months (Kennedy et al., 2006). Similarly, inconsistencies exist 
in MCID for stair-climb time due to an inconsistent number 
of stairs required to climb across studies and the timing of 
the post-TKA assessment. Importantly, patients in the present 
study showed greater signs of functional impairment presur-
gery compared to other studies of knee OA patients (King et 
al., 2022; Mizner et al., 2011; Naylor et al., 2016), such that 
they walked a shorter distance (6MWT) and took longer to 
climb the stairs (SCT) on average. One related consideration 
is that the patient population at these academic tertiary refer-
ral centers might have had more comorbidity and lower func-
tional status than patients at community-based practices, as 
reported in prior surgical studies (Khuri et al., 2001).

In addition to improved function on the performance-based 
assessments, patients reported improved function on 
the WOMAC. While there appears to be a larger change 
in WOMAC function compared to performance-based 
function, this may be due to differences in objective ver-
sus patient-perceived functional abilities, such that larger 
changes in WOMAC function may reflect an overestimation 
by patients. Indeed, other research has shown that patients 
self-reported improvements in functional ability 2 months 

post-TKA surgery, yet their function on performance-based 
tests showed no significant improvements over time (Parent 
& Moffet, 2002), indicating a discrepancy between objec-
tive and subjective assessments. Additionally, in the present 
study, improved WOMAC function was significantly asso-
ciated with improved stair-climb function (SCT), but only 
marginally related to walking function (6MWT). These 
findings further highlight discrepancies between the two 
forms of assessments and align with prior research (Dayton 
et al., 2016). Despite these discrepancies, together these 
assessments provide a more comprehensive understanding 
of patients’ recovery. Additionally, it is important to incor-
porate performance-based assessments of function to iden-
tify impairment that may go unrecognized and untreated 
based on solely questionnaire-based reported functional 
ability.

Given that pain when engaging in physical activity may 
be distinct from more general pain, and that pain and func-
tion are strongly intertwined (Clement & Burnett, 2013; 
Hanusch et al., 2014; Judge et al., 2012), it is important 
to not only assess physical function on performance-based 
tests, but also movement-evoked pain during these tests. 
We found that on average, patients’ pain while engaging 
in both the 6MWT and SCT significantly decreased from 
pre- to post-TKA. Although performance-based pain was 
significantly correlated with recalled, questionnaire-based 
pain (WOMAC), such associations were moderate in size. 
Interestingly, decreased pain during the SCT test, but not 
WOMAC pain, was associated with improved function on 
both performance tests. However, it is important to note that 
WOMAC pain was marginally associated with improved 
performance-based function. To our knowledge, this is one 
of the first studies to investigate how movement-evoked 
pain changed from pre- to 3 months post-TKA, and how 
these changes correlated with changes in recalled, self- 
reported pain. Given the scarcity of research on changes in  
movement-evoked pain from pre- to post-TKA, more 
research in this area is needed to further understand these 
changes and their associations with other assessments.

A recent study demonstrated that greater daily pain cat-
astrophizing predicted subsequent decreases in physical 
activity among older adults with knee OA (Zhaoyang et al., 
2020). We found that decreased situational pain catastroph-
izing, but not trait pain catastrophizing (PCS), was generally 
associated with improved performance-based function and  
movement-evoked pain from pre- to post-TKA. These find-
ings suggest that situation-specific and in vivo assessments, 
such as catastrophic thoughts during physical activity, may 
be more important than general catastrophizing for under-
standing function and movement-evoked pain post-TKA, par-
ticularly during the early recovery period. In general, these 
findings are broadly consistent with prior studies in this area, 
though the present work is the first to examine situational 
catastrophizing during physical activity among a surgical 
sample of older adults with knee OA. For example, in a pedi-
atric sample, situational catastrophizing during a painful task 
was more predictive of subsequent clinical outcomes than 
general catastrophizing on the PCS (Durand et al., 2017). 
Similar findings have been reported in studies of adolescents 
undergoing surgery (Grosen et al., 2016).

Prior research has demonstrated that changes in WOMAC 
pain and function within the first 3 months post-TKA con-
tributed to subsequent pain and function 2 years post-TKA 
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(Gandhi et al., 2018). In the present study, we found that 
reduced movement-evoked pain on both the 6MWT and SCT 
at 3 months was significantly related to subsequent pain and 
function on the WOMAC at 6 months. In contrast, improve-
ments in function on both the 6MWT and SCT at 3 months 
were significantly related to subsequent function on the 
WOMAC, but not WOMAC pain at 6 months. Understanding 
how pain and function in the early recovery period predict 
longer-term TKA outcomes is important because it may sug-
gest appropriate early intervention strategies. Because most 
patients undergo formal physical therapy after surgery, this 
might be an ideal point of assessment, and physical therapy 
specialists are particularly skilled at assessing functional out-
comes and function-related pain, potentially empowering 
them to identify and intervene and/or refer patients to pain 
specialists.

Given the importance of state catastrophizing identified 
in this study, treatment approaches, such as psychologically 
informed physical therapy, may be crucial options for opti-
mizing patients’ functional outcomes (Coronado et al., 2020). 
Catastrophizing involves negative, maladaptive pain-related 
cognitions (ruminating on, magnification of, and feeling help-
less about pain) and has shown to predict long-term postsur-
gical pain and disability (Coronado et al., 2015; Seebach et al., 
2012). Catastrophizing in response to physical activity during 
the first few months of recovery may be an early indicator 
of poor long-term outcomes, potentially signifying the need 
for additional postoperative intervention. Increasingly, some 
physical therapists are incorporating elements of cognitive 
behavioral therapy into their treatments to address unhelpful 
cognitive patterns (Coronado et al., 2020). Our findings indi-
cate that specifically targeting situational pain catastrophiz-
ing could enhance the benefits of these interventions. Given 
that physical therapy is typically offered to patients after, and 
increasingly before, TKA, our findings suggest that physical 
therapists have an opportunity to use brief, in-the-moment 
assessments to identify individuals who may need extra sup-
port during the early recovery period. Further, research also 
suggests that helplessness, a key component of catastroph-
izing, is related to less treatment compliance (Shelby et al., 
2012). Thus, it is plausible that interventions during the 
early recovery period aimed at reducing catastrophizing may 
enhance patients’ compliance with physical therapy treatment 
or engagement in activity-promoting interventions, indirectly 
leading to improved long-term TKA outcomes. However, 
more research is needed to examine these relationships more 
closely.

Limitations and Future Directions
Our findings should be interpreted in light of several import-
ant limitations. This sample of patients had a higher pro-
portion of females, who were predominately White and had 
relatively high levels of formal education, which may limit the 
generalizability of these findings. Similarly, the demographic 
composition of our sample may have limited our ability to 
sensitively assess for associations between demographic char-
acteristics and performance-based pain or physical function. 
Our sample size was also relatively small, and we were not 
able to collect precise data on medication use and dosage. 
Future studies should aim to recruit a larger, more demo-
graphically diverse sample, and potentially apply methods 
such as daily diaries in order to assess factors such as analge-
sic medication use that may affect patients’ pain and function.

A strength of the present research is the use of both  
performance-based and questionnaire-based assessments of 
function and pain. It is important to note that the performance- 
based tests only assessed engagement in two activities (walking, 
climbing stairs), and improvements may have occurred in other 
functional dimensions, such as range of movement. Thus, both 
the performance-based and questionnaire-based assessments 
likely did not fully capture the breadth of daily activities that 
patients engage in postsurgery. Future research should incor-
porate other methodological approaches, such as ecological 
momentary assessments, to gain insight into daily function, 
including the types of physical activity that patients engage in 
and specific activities that may evoke the worst pain.

While 3 months post-TKA is an early time point in the 
recovery period, it cannot fully capture the trajectory of per-
sistent postsurgical pain (or recovery from TKA). However, 
this time point is early enough that it may still be a salient 
point of postoperative intervention, allowing identification of 
potentially modifiable factors to improve subsequent pain and 
function. Additionally, while there was strength in the pro-
spective, longitudinal nature of the study design, more than 
two time points, and later time points, are necessary to investi-
gate truly long-term changes across time, and provide further 
insight into patients who make a full recovery. In the future, 
researchers should aim to understand how performance-based 
function and movement-evoked pain predict longer-term TKA 
outcomes. Future longitudinal designs can also help establish 
the temporal ordering among changes in pain, catastrophiz-
ing, and function to better inform intervention targets.

Conclusion
This prospective, longitudinal study of middle-aged and 
older adults undergoing TKA showed that decreased  
movement-evoked pain and situational catastrophizing 
during performance tests were most consistently associated 
with improvements in physical function on performance tests 
during the early recovery period (3 months postsurgery). 
These findings highlight the importance of understanding and 
assessing patients’ pain and catastrophic thinking about pain 
in the moment of physical activity. Findings also suggest an 
opportunity to use such data to identify individuals who may 
need extra support, guiding a personalized interventional 
approach, before and during the early recovery period, to 
promote better long-term TKA outcomes.
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