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Abstract

Objective. To assess whether brief mindfulness-based cognitive behavioral therapy (MBCBT) could enhance the
benefits of total knee arthroplasty (TKA) in improving pain and pain-related disability. Specifically, to determine 1)
whether patients who received MBCBT differed from matched controls who received treatment-as-usual with regard
to postsurgical pain outcomes and 2) whether changes in pain catastrophizing, depression, or anxiety explained the
potential effects of MBCBT on pain outcomes. Design. Pilot clinical trial. Setting. An academic teaching hospital
serving a large urban and suburban catchment area surrounding the Boston, Massachusetts metropolitan region.
Subjects. Sample of 44 patients undergoing TKA. Patients who completed a brief MBCBT intervention (n =22) were
compared with age-, race-, and sex-matched controls who received treatment-as-usual (n=22). Methods. The
MBCBT intervention included four 60-minute sessions delivered by a pain psychologist in person and via telephone
during the perioperative period. Participants were assessed at baseline and at 6 weeks, 3 months, and 6 months after
surgery. Results. Compared with matched controls, patients who received MBCBT had lower pain severity and pain
interference at 6 weeks after surgery. Group differences in outcomes were mediated by changes in pain catastroph-
izing but not by changes in depression or anxiety. The MBCBT group had similar reductions in pain severity and
interference as the control group did at 3 and 6 months after surgery. Conclusions. This work offers evidence for a
safe and flexibly delivered nonpharmacological treatment (MBCBT) to promote faster recovery from TKA and
identifies change in pain catastrophizing as a mechanism by which this intervention could lead to enhanced
pain-related outcomes.
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Introduction

The knee is one of the joints most commonly affected by
osteoarthritis [1, 2], with approximately 24% of the
global population experiencing symptomatic knee osteo-
arthritis (KOA) [3-5]. As the age distribution shifts with
increased life expectancy, the proportion of individuals
65 years of age or older continues to rise both globally
and locally [6]; given that age is a major risk factor for
osteoarthritis, the number of people suffering from KOA
is also likely to increase [7]. Total knee arthroplasty
(TKA) is the most common surgical treatment for
patients with end-stage KOA and, like KOA cases, is
expected to increase in prevalence. In the United States
alone, the number of knee arthroplasties performed
reached more than 700,000 in 2012 and is projected to
increase several-fold by 2050 [8]. TKA is generally con-
sidered a safe and effective treatment for KOA, with the
majority of patients reporting substantial pain relief and
improved functional status [9].

Although most patients benefit from TKA, approxi-
mately 10% to 34% experience unfavorable long-term
outcomes such as persistent postoperative pain, despite
clinical and radiological indications of successful surgery
[10]. Persistent pain after TKA is associated with patient
dissatisfaction, as well as with increased health care and
personal burden [11, 12]. Studies have shown that preop-
erative psychological distress (depression and anxiety)
and pain catastrophizing (negative cognitive and emo-
tional responses to actual or anticipated pain) contribute
to worse pain-related outcomes in patients undergoing
TKA [13-22]. In response to these findings and to the
risks associated with opioids and sedatives [23], recent
efforts have focused on testing nonpharmacological, psy-
chological interventions to safely enhance recovery from
surgery and prevent the transition from acute postsurgi-
cal pain to chronic pain.

Psychological or mind-body interventions have histor-
ically been included as part of multidisciplinary treat-
ment for chronic pain and are designed to reduce pain
intensity, psychological distress, and pain-related disabil-
ity. Such mind-body approaches, which have been effec-
tively integrated into the treatment of patients with
established chronic pain, are being adapted for the perio-
perative period [24, 25]. In the context of TKA, there is
some evidence that perioperative cognitive behavioral
therapy (CBT) and mindfulness-based interventions
improve postoperative pain and functioning [26-33].
Mindfulness-based CBT (MBCBT), which combines
components of CBT (e.g., cognitive restructuring, activity
pacing, sleep hygiene) and mindfulness-based interven-
tions (e.g., mindfulness exercises) [34, 35], might confer
even greater benefits on pain-related outcomes than those
provided by either approach alone [36-39]. To date, no
studies have tested the effects of MBCBT on postopera-
tive outcomes after TKA.

The purpose of this pilot trial was to assess whether
brief MBCBT could enhance the efficacy of TKA in
improving pain and pain-related disability. Specifically,
we examined whether patients who received MBCBT dif-
fered from matched controls who received treatment as
usual (TAU) with regard to postsurgical outcomes (pain
severity and interference at 6 weeks, 3 months, and
6 months after TKA) (Aim 1) and whether changes in
pain catastrophizing, depression, or anxiety explained
the potential effects of MBCBT on postsurgical pain out-
comes (Aim 2).

Methods

Study Design

This was a pilot clinical trial comparing pain outcomes
of patients undergoing TKA who completed a brief
MBCBT intervention with the outcomes of age-, race-,
and sex-matched controls from a larger parent study who
received TAU. The parent study examined bio-behavioral
risk factors associated with the development of persistent
postsurgical pain after TKA [40]. Additional studies
based on the parent study do not overlap with the present
study with regard to aims or data presented [41-46]. All
study-related procedures were approved by the Brigham
and Women’s Hospital Institutional Review Board,
and the study was registered on ClinicalTrials.gov
(NCT04328701). Informed consent was obtained from
each participant.

Participants

All participants (N =44) were recruited from Brigham
and Women’s Hospital through posted flyers, advertise-
ment letters mailed to patients scheduled for TKA, adver-
tisements in local orthopedic clinics, and announcements
on the hospital research website, as well as directly from
orthopedic surgery clinics at Brigham and Women’s
Hospital. The parent study for this pilot trial evaluated
6-month outcomes after TKA [40], enrolling patients
from 2012-2019. Participants enrolled in the MBCBT
arm (n=22) were recruited specifically for the present
pilot study, which had its own Institutional Review
Board approval, ClinicalTrials.gov registration, and con-
sent form; otherwise, all recruitment and assessment pro-
cedures matched the parent study. Participants in the
MBCBT arm were demographically matched to 22 par-
ticipants in the parent study who underwent surgery as
usual. Inclusion criteria included 1) age >4S5years; 2)
meeting American College of Rheumatology diagnostic
criteria for KOA; 3) scheduled TKA; 4) English profi-
ciency; and 5) stable medication dosage for at least
1month before study enrollment. Exclusion criteria
included 1) use of opioids in the previous 30 days; 2)
recent history of substance abuse disorder; 3) presence of
a sleep disorder, systemic inflammatory disorder, or
autoimmune disorder; 4) pregnancy; 5) Raynaud’s



578

Pester et al.

disease; 6) current infection; 7) moderate-to-severe
peripheral neuropathy; 8) history of myocardial infarc-
tion or other serious cardiovascular condition in the prior
12 months; 9) current use of oral steroids; and 10) delir-
ium, dementia, psychosis, or other cognitive impairment
that would prevent completion of study procedures.

Mindfulness-Based Cognitive Behavioral Therapy
The four-session MBCBT protocol used in this study was
adapted from CBT and mindfulness-based stress reduction
protocols used in a study of chronic low back pain [47].
The protocol was adapted for use in the perioperative
period by maximizing flexibility to better accommodate
surgical patients [25] (e.g., shortened from eight sessions to
four sessions, allowed for remote sessions via telephone),
and included both presurgical and postsurgical sessions.
The first and fourth sessions were conducted in person dur-
ing the baseline and 6-week follow-up visits, whereas the
second and third sessions were conducted via telephone.
Participants were flexibly able to schedule the second and
third sessions, one before and one after surgery. Each
MBCBT session lasted approximately 60 minutes and was
delivered by a clinical pain psychologist (SMM). All 22
participants in the MBCBT arm completed all four ses-
sions. Session content is outlined in Table 1.

Measures

All measures were administered at baseline (before
MBCBT and/or TKA) and at 6 weeks, 3 months, and
6 months after surgery.

Primary Outcomes

Pain severity and interference. The Brief Pain Inventory
[48] is a self-report measure of pain severity and interfer-
ence. Participants were asked to indicate the level of their
worst, least, average, and current pain on numeric rating
scales from 0 (no pain) to 10 (worst pain you can imag-
ine). The mean of these scores was used as a measure of
pain severity. Participants were asked to indicate the
degree to which pain interfered with seven daily activ-
ities. The mean of these scores was used as a measure of
pain interference. Higher scores on the Brief Pain
Inventory are indicative of greater pain severity and pain
interference. The Brief Pain Inventory is a widely used,
well-validated, and reliable measure of pain severity and
interference across many chronic pain populations [49].

Potential Mediators

Pain catastrophizing. The Pain Catastrophizing Scale is a
self-report measure assessing three dimensions of nega-
tive pain-related cognitions: rumination, magnification,
and helplessness [50]. Items were summed, with higher
total scores indicative of greater catastrophizing. The
Pain Catastrophizing Scale is a well-validated and widely
used measure of catastrophic thinking associated with
pain [51].

Table 1. Summary of MBCBT session content

Session Topics Covered

Session 1 ® Psychoeducation
(in-person) ¢ Introduction to mindfulness
® CBT theory
* Body scan
® Physical activity
* Home practice (e.g., body scan, mindfulness of
daily activities, noticing automatic reactions
worksheet, physical activity)
Session 2 * Homework check-in
(telephone) ® Are thoughts facts?
* Introduction to sitting mindfulness practice
* Discussion of pain catastrophizing and mindful-
ness reappraisal
® Review of physical activity goal setting
* Introduction of activity pacing
* Discussion of sleep hygiene
® Home practice (e.g., sitting mindfulness practice,
physical activity)
Session 3 * Homework check-in
(telephone) * Introduction to confronting difficulties with
mindfulness
* Discussion of healthy coping behaviors (e.g., self-
care, sleep hygiene, physical activity)
* Introduction to mindfulness practices (e.g., body
scan, mindfulness breathing)
* Discussion of nourishing and depleting activities
* Home practice (e.g., mindfulness practices, trig-
gers of pain worksheet, physical activity)
Session 4 * Homework check-in
(in-person) * Introduction to mindfulness acceptance of pain
exercise
* Introduction to loving kindness and mindfulness
exercise
* Discussion of mindfulness in daily life
* Discussion of MBCBT- and/or CBT-based
relapse prevention (e.g., signs of not using skills
and creating a plan for dealing with setbacks)
® Home practice (e.g., mindfulness acceptance of
pain, monitoring acceptance of pain worksheet,
practices of loving kindness, setting goals for
physical activity)

Depression and anxiety. The Patient-Reported
Outcomes Measurement Information System Short Forms
were used to assess depression and anxiety symptoms
[52]. The depression scale consists of eight items, and the
anxiety scale consists of seven items, each rated from 1 to
5, with higher scores indicative of greater symptoms. The
Patient-Reported Outcomes Measurement Information
System has shown good reliability and validity in patients
with osteoarthritis [53].

Statistical Analysis

All data were analyzed in IBM SPSS Statistics for
Windows, Version 28.0 (IBM Corp., Armonk, NY, USA).
Two-sample ¢t and chi-squared tests were used to compare
MBCBT participants and matched controls on sociode-
mographic variables and baseline levels of outcome and
mediator variables. To examine group differences in
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postsurgical outcomes (Aim 1), two-way mixed-design
analyses of variance (mixed-design ANOVAs) were con-
ducted, with time (baseline and 6 weeks, 3 months, and
6 months after surgery) as the within-subject factor, group
(MBCBT and TAU) as the between-subjects factor, and
group X time as the interaction term. These analyses were
followed with simple main-effects analyses. All tests were
two tailed, with alpha set at 0.05. Between-group effect
sizes for ANOVAs were calculated with partial eta
squared (n,); effect sizes are generally considered small
at np2:0.01, medium at np2:0.06, and large at
n,>=0.14 [54].

Potential mediators of improvements in pain outcomes
(Aim 2) were examined with the SPSS MEMORE macro
[55], which assesses mediation in repeated-measures
designs. We first conducted 1) mixed-design ANOVAs to
examine group differences in potential mediators (i.e.,
pain catastrophizing, depression, and anxiety) and 2)
bivariate Pearson correlations between changes in poten-
tial mediators and changes in pain severity and interfer-
ence in the full sample. We then included those variables
in the mediation models that were related to the predictor
(MBCBT vs TAU) and outcome variables
(changes in pain severity and interference).

variable

Results

Preliminary Analyses
Figure 1 depicts patient flow through the study. Results
of t and chi-squared tests confirmed that the matching

[ Enrollment J

Assessed for eligibility (n = 36)

system was successful; there were no significant differen-
ces between the MBCBT group (n=22) and matched
controls (n=22) on any of the baseline sociodemo-
graphic variables (Table 2). The full sample of 44 partici-
pants was predominantly female (55%), middle- to
older-aged (mean [M]=67years, standard deviation
[SD]=7years; sample age range: 52-84years), and
White (86%). The MBCBT and TAU arms did not differ
significantly on any of the outcome or potential mediator
variables at baseline (Table 2). All participants completed
the entirety of the baseline, 6-week, 3-month, and 6-
month assessments, resulting in minimal missing data
(<0.5%). Participants with missing data on a given meas-
ure at one or more time point(s) were excluded from
analyses using that measure and time point(s).

Comparison of the MBCBT and TAU Groups on
Postsurgical Outcomes
Mean pain severity and interference ratings for each
group at baseline and at 6 weeks, 3 months, and 6 months
after surgery are depicted in Figure 2. Table 3 displays
the results of two-way mixed-design ANOVAs, including
main effects of time (baseline, 6 weeks, 3 months,
6 months) and interaction effects of group (MBCBT,
TAU) and time for each outcome variable. Table 4 shows
the results of simple main-effects analyses.

Mixed-design ANOVAs showed overall significant
group differences (group x time interactions) in pain
severity (medium to large effect size) and pain interference

Excluded (n=11)

e Declined to participate (n = 2)

I—»|  Did not meet inclusion criteria (n = 9)

Enrolled (n = 25)

Allocation and
v | Follow-up

Received allocated MBCBT intervention (n = 22)
Did not receive allocated intervention (n = 3)

e Discontinued prior to intervention (n = 2)

e PI deemed patient no longer eligible (n = 1)

Age-, race-, and sex-matched participants received surgery
as usual (n =22)

{ Analysis

Analyzed (n =22)

Excluded from analysis (n = 0)

Analyzed (n =22)

Excluded from analysis (n = 0)

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram displaying study enrollment, allocation, participation,

and follow-up.
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Table 2. Group comparisons on sociodemographic, outcome, and mediator variables at baseline

Variable Full sample (N =44) MBCBT (n=22) TAU (n=22) t/y? P
Age, years, M = SD 66.8+7.0 67.6 7.2 65.9+6.9 0.79 0.432
Sex, n (%) 0.00 1.000
Male 20 (45.5) 10 (45.5 10 (45.5)
Female 24 (54.5) 12 (54.5 12 (54.5)
Race, n (%) 2.11 0.349
White 38 (86.4) 18 (81.8) 20 (90.9)
Black 4(9.1) 2(9.1) 2(9.1
Declined to answer 2(4.5) 2(9.1) 0 (0.0
Outcome variables, M = SD
BPI severity 3.5+2.1 4.0x2.3 29+1.9 1.69 0.098
BPI interference 3.6+2.2 4.1+23 3.1 +2. 1.36 0.181
Mediator variables, M = SD
PCS 12.9£10.3 15.1£11.8 10.7 £8.2 1.43 0.161
PROMIS depression 46.1*+6.8 47.3+5.7 45.0+7.6 1.09 0.282
PROMIS anxiety 504+7.9 50175 50.7 £ 8.4 0.26 0.797

BPI = Brief Pain Inventory; PCS = Pain Catastrophizing Scale; PROMIS = Patient-Reported Outcomes Measurement Information System. All tests were two

tailed.
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Figure 2. Mean pain severity and interference ratings at baseline and at 6 weeks, 3 months, and 6 months after surgery by group.

Table 3. Main effects of time and interaction effects of group
and time on pain outcomes

Pain Outcome F df P np*
Pain severity
Time 12.43 3,108 <0.001 0.26
Group x time 3.93 3,108 0.010 0.10
Pain interference
Time 18.36 3,105 <0.001 0.34
Group X time 2.94 3,105 0.037 0.08

All tests were two tailed. The P values are bold when they are less than the
significance level cutoff of 0.05. Effect sizes were calculated with partial eta
squared (np?).

(medium effect size). The MBCBT group had significantly
lower pain severity at 6 weeks (M =1.82, SD =1.19) than
did the TAU group (M =2.90, SD =1.77) (F[1,36] =4.89,
95% confidence interval [CI]=0.09 to 2.07, P=0.033,
Np>=0.12 [medium to large effect size]). Though the
result was nonsignificant, the MBCBT group also reported
lower pain interference at 6 weeks (M =2.24, SD =1.77)
than did the TAU group (M=3.36, SD=2.02)

(F[1,35]=3.20, 95% CI=-0.15 to 2.39, P=0.082,
np” = 0.08 [medium effect size]). Simple main-effects anal-
yses indicated that participants in the MBCBT group had
significant reductions in pain severity and interference
from baseline to 6 weeks after surgery (large effect sizes),
whereas those who received TAU showed no improve-
ments in pain severity or interference at 6 weeks after
surgery. The groups did not significantly differ on pain
outcomes at any other time point (P for all > 0.40,
np>=0.00-0.02). The MBCBT group had significant
reductions in pain severity and interference from baseline
to 3 and 6 months after surgery (large effect sizes), and the
TAU group had significant reductions in pain severity from
baseline to 6 months (large effect size) and in pain interfer-
ence from baseline to 3 and 6 months after surgery (large
effect sizes).

Mediation Analyses

Given that the MBCBT and TAU arms differed in out-
comes at 6 weeks after surgery only, this time point was
used in mediation analyses. Results of mixed-design
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Table 4. Simple main effects of time on pain outcomes by
group

Mean
Pain Outcome Difference SE F df P np*
MBCBT
Pain severity
Baseline to 6 weeks -2.05 0.51 15.98 1,36 <0.001 0.31

-2.22 0.48 21.77 1,36 <0.001 0.38
-2.04 046 19.74 1,36 <0.001 0.35

Baseline to 3 months
Baseline to 6 months
Pain interference
Baseline to 6 weeks -1.62 0.53 9.37 1,35 0.004 0.21
Baseline to 3 months  —1.88 0.55 11.82 1,35 0.002 0.25
Baseline to 6 months ~ -2.65 0.48 30.90 1,35 <0.001 0.47
TAU
Pain severity
Baseline to 6 weeks -0.08 0.51 0.02 1,36 0.878 0.00
Baseline to 3 months  -0.85  0.48 3.17 1,36 0.083 0.08
Baseline to 6 months  -1.17  0.46 6.51 1,36 0.015 0.15
Pain interference
Baseline to 6 weeks 0.26 0.52 0.25 1,35 0.621 0.01
Baseline to 3 months  -1.33  0.53 6.26 1,35 0.017 0.15
Baseline to 6 months ~ -1.81 0.46 15.14 1,35 <0.001 0.30

All tests were two tailed. The P values are bold when they are less than the
significance level cutoff of 0.05. Effect sizes were calculated with partial eta
squared (np?).

Table 5. Main effects of time and interaction effects of group
and time on potential mediators

Potential Mediator F df P np*
Pain catastrophizing
Time 4.57 1,39 0.039 0.11
Group X time 2.22 1,39 0.144 0.05
Depression
Time 1.59 1,39 0.214 0.04
Group X time 0.52 1,39 0.476 0.01
Anxiety
Time 0.95 1,39 0.335 0.02
Group x time 0.92 1,39 0.342 0.02

All tests were two tailed. The P values are bold when they are less than the
significance level cutoff of 0.05. Effect sizes were calculated with partial eta
squared (np?).

ANOVAs showed a medium-magnitude group difference
in pain catastrophizing from baseline to 6 weeks, though
it was not statistically significant in this small sample
(Table 5). The MBCBT group had significant reductions
in catastrophizing from baseline to 6 weeks (M =-6.37,
standard error [SE]=2.57, 95% CI=-11.57 to -1.17,
P=0.018), whereas the TAU group did not (M =-1.14,
SE=2.39, 95% CI=-5.97 to 3.70, P=0.637). There
were no group X time interaction effects, or main effects
of time, for depression or anxiety. Results of Pearson cor-
relations indicated that a change in pain catastrophizing
from baseline to 6 weeks was associated with changes in
pain severity (r=0.51, P<0.001) and pain interference
(r=0.36, P=0.025), but changes in depression or anxi-
ety were not associated with changes in pain severity or
pain interference (Table 6). Thus, only pain catastrophiz-
ing was included in mediation analyses.

Results of mediation analyses indicated significant
indirect effects of MBCBT on pain outcomes through
changes in pain catastrophizing (Figure 3). Participants
who underwent MBCBT experienced a decrease in cata-
strophizing, which in turn was associated with improved
pain at 6 weeks after surgery (b =-0.40, 95% CI=-1.03
to —0.02). Similarly, MBCBT led to decreased catastroph-
izing, which was associated with improvements in pain
interference at 6 weeks after surgery (b=-0.36, 95%
CI=-0.98 t0 -0.02).

Discussion

Patients in this pilot clinical trial who received a four-
session MBCBT appeared to improve more rapidly after
TKA than did matched controls who received TAU,
with significantly lower pain severity and pain interfer-
ence at 6 weeks after surgery in the MBCBT group. The
MBCBT group subsequently had reductions similar to
those of matched controls in pain severity and interfer-
ence at 3 and 6 months after surgery. These findings
add to the growing body of evidence [26-33] that a non-
pharmacological, psychological intervention flexibly
delivered during the perioperative period could safely
and effectively promote faster recovery from TKA. This
is potentially crucial for patients, as faster recovery
could result in earlier return to work and physical activ-
ity and lower reliance on opioids and other pain
medications.

In addition, this study identified change in pain cata-
strophizing as a mechanism by which perioperative
MBCBT might lead to enhanced pain-related outcomes.
When left untreated, catastrophic responses to actual or
anticipated pain can lead to fear and avoidance of activ-
ity, which in turn leads to deconditioning, increased
pain, and distress [56—58]. Our findings suggest that brief
MBCBT can effectively reduce catastrophizing in
patients undergoing TKA and in turn can help them
recover more quickly from surgery in terms of pain and
pain interference. These findings are consistent with lit-
erature showing that pain catastrophizing augments
pain processing and strongly contributes to the develop-
ment and maintenance of chronic pain, including
chronic postsurgical pain [13, 59, 60], and can be
reduced in patients undergoing TKA through psycholog-
ical intervention [61].

Unexpectedly, MBCBT did not result in greater reduc-
tions in anxiety or depression at 6 weeks after surgery,
and changes in anxiety and depression were not related
to changes in pain outcomes, despite prior literature
showing that psychological distress is associated with
increased postoperative pain in patients undergoing TKA
[62] and can be reduced through nonpharmacological
adjunctive interventions [63]. One possible explanation
is that participants in the present study had, on average,
low baseline levels of anxiety and depression that
remained consistently low during the study period. Thus,
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psychological distress might not have been a significant
contributing factor to patients’ pain in this sample. It is
also possible that surgery-related impact on mood and
functioning caused depression and anxiety to persist or
even increase during the immediate recovery period.
Thus, although patients’ depressive and anxiety symp-
toms did not improve at 6 weeks after surgery, their
mood symptoms might have improved at subsequent
time points (e.g., 3 months or 6 months after surgery),
particularly those who received perioperative psychologi-
cal intervention.

Table 6. Correlations between changes in potential mediators
and changes in outcome measures at 6 weeks after surgery

Change in Change in
Potential Mediators BPI Severity BPI Interference
Change in PCS 0.51%*** 0.36*
Change in PROMIS depression 0.18 0.11
Change in PROMIS anxiety 0.02 -0.01
BPI=Brief Pain Inventory; PCS=Pain Catastrophizing Scale;

PROMIS = Patient-Reported Outcomes Measurement Information System.
*P <0.05;
**P<0.01;
###P <0.001; correlations are bold when they are significant at the
P <0.05 level.

Limitations and Future Directions
A notable shortcoming of this study is the lack of a
randomized design. Although experimental participants
were compared with age-, race-, and sex-matched con-
trols, the lack of randomization precludes concluding
definitively that MBCBT, compared with TAU, improved
pain-related outcomes in patients undergoing TKA. It is
possible that the observed group differences were instead
due to uncontrolled processes. That is, participants who
elected to participate in the pilot intervention program
might have differed systematically from the controls in
the parent observational cohort study. Indeed, the
MBCBT group generally reported more severe pain and
higher levels of distress before surgery, though these dif-
ferences did not reach statistical significance. In addition,
the fourth and final MBCBT session was delivered during
patients’ 6-week visit, which could have acutely influ-
enced self-reported outcomes that were assessed at that
visit. Finally, the study sample was relatively small and
homogenous (mostly White), limiting the generalizability
of our findings. Overall, more rigorous randomized con-
trolled trials with larger and diverse samples are needed.
In addition, quality improvement studies are needed
to enhance this relatively novel nonpharmacological
approach to preventing chronic postsurgical pain. To

Change in pain

catastrophizing
-3.56" 0.11*"
MBCBT vs. TAU Change in pain
. severity
-0.85
X Y
M
Change in pain
catastrophizing
-4.13" 0.09"
MBCBT vs. TAU C!langc in pain
interference
-0.49
X Y

Figure 3. Direct and indirect effects of MBCBT on pain severity and interference at 6 weeks after surgery through change in pain cat-

astrophizing. *P< 0.05; **P<0.01.
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potentially increase or prolong the benefits of psychologi-
cal interventions, future work could experiment with
alternative evidenced-based approaches (e.g., acceptance
and commitment therapy, biofeedback), format (e.g., in
person, by telephone, or virtual face to face, and group vs
individual sessions), and the structure and timing of ses-
sions (e.g., single sessions, booster sessions, presurgical
and postsurgical timing of treatment). Future research in
this area should also examine additional mechanisms to
explain how these brief perioperative interventions con-
fer benefits in surgical patients. Our findings suggest that
pain catastrophizing might be a crucial target for inter-
vention in this patient population and can be improved
through MBCBT. By identifying additional mechanisms
(e.g., mindfulness, pain acceptance, perceived support,
increased physical activity, reduced opioid use), we can
refine these interventions to optimize outcomes and
patient satisfaction while reducing provider burden. It is
also of interest to determine what elements of the inter-
vention might contribute most robustly to its benefits. At
least one large, multisite trial of a CBT-oriented treat-
ment did not report significant benefit on pain-related
outcomes [64], and it is possible that the mindfulness-
based elements of the present protocol provided addi-
tional pain-reducing effects at the 6-week time point.
Recently, hospital systems have begun implementing
Enhanced Recovery After Surgery (ERAS) protocols to
optimize hydration, nutrition, and pain control, leading
to faster, safer, and more comfortable recovery from sur-
gery [65]. Findings from the present study and similar
work could be used to inform the integration of psycho-
logical treatment (e.g., CBT, mindfulness-based interven-
tions) into ERAS protocols to further enhance the
efficacy of a second generation of ERAS programs.

Conclusions

This pilot clinical trial provides further support for the
efficacy of perioperative psychological interventions in
enhancing postoperative pain outcomes. Specifically, our
findings offer evidence for a safe and flexibly delivered
nonpharmacological treatment (MBCBT) to promote
faster recovery from TKA, and our findings identify
change in pain catastrophizing as a mechanism by which
this intervention might lead to enhanced pain-related
outcomes. Rigorous randomized controlled trials with
larger samples are needed to enhance the long-term bene-
fits for more patients and could experiment with different
therapeutic approaches, format, and structure and timing
of treatment. Future work should also identify additional
core mechanisms that can be targeted by interdisciplinary
health care providers (e.g., health psychologists, physical
therapists, surgeons) to safely optimize outcomes and sat-
isfaction in surgical patients and to prevent long-term
sequelae of chronic pain.
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