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Abstract 

Background:  Patients’ psychological health may influence recovery and functional outcomes after total knee arthro-
plasty (TKA). Pain catastrophizing, known to be associated with poor function following TKA, encompasses rumina-
tion, magnification, and helplessness that patients feel toward their pain. Resilience, however, is an individual’s ability 
to adapt to adversity and may be an important psychological construct that supersedes the relationship between 
pain catastrophizing and recovery. In this study we sought to identify whether pre-operative resilience is predictive of 
3-month postoperative outcomes after adjusting for pain catastrophizing and other covariates.

Methods:  Patients undergoing TKA between January 2019 and November 2019 were included in this longitudinal 
cohort study. Demographics and questionnaires [Brief Resilience Scale (BRS), Pain Catastrophizing Scale (PCS), Knee 
injury and Osteoarthritis Outcome Score, Junior (KOOS, JR.) and Patient-Reported Outcomes Measurement Infor-
mation System Physical and Mental Health (PROMIS PH and MH, respectively)] were collected preoperatively and 
3 months postoperatively. Multivariable regression was used to test associations of preoperative BRS with postopera-
tive outcomes, adjusting for PCS and other patient-level sociodemographic and clinical characteristics.

Results:  The study cohort included 117 patients with a median age of 67.0 years (Q1–Q3: 59.0–72.0). Fifty-three per-
cent of patients were women and 70.1% were white. Unadjusted analyses identified an association between resilience 
and post-operative outcomes and the relationship persisted for physical function after adjusting for PCS and other 
covariates; in multivariable linear regression analyses, higher baseline resilience was positively associated with better 
postoperative knee function (β = 0.24, p = 0.019) and better general physical health (β = 0.24, p = 0.013) but not gen-
eral mental health (β = 0.04, p = 0.738).

Conclusions:  Our prospective cohort study suggests that resilience predicts postoperative knee function and gen-
eral physical health in patients undergoing TKA. Exploring interventions that address preoperative mental health and 
resilience more specifically may improve self-reported physical function outcomes of patients undergoing TKA.
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Background
Total knee arthroplasty (TKA) is a procedure that is 
currently performed over 600,000 times annually in the 
United States [1]. Common indications for TKA include 
pain, disability, impact on daily function, and arthritic 
deformity of the knee such as osteoarthritis, rheuma-
toid arthritis, and other forms of arthritic deformity [2]. 
Patients with osteoarthritis account for approximately 
95% of TKA cases each year [2, 3]. Typically, before sur-
gery is considered, physicians will initiate a trial period 
of conservative therapies [4]. These can vary based on 
the type of arthritic insult, but can include weight loss, 
aerobic and anaerobic exercise, nonsteroidal anti-inflam-
matory drugs, and a variety of other treatments. Con-
sideration of psychological interventions is not common 
and are not standard practice even preoperatively despite 
evidence to suggest their potential benefit.

Despite pain reduction and mobility improvements 
from TKA, research has indicated that patients under-
going TKA with higher levels of preoperative pain cata-
strophizing experience lower levels of function following 
surgery [5]. Similar to depression and anxiety, pain cata-
strophizing is a negative psychological construct that has 
received attention in orthopedics and other fields. Pain 
catastrophizing captures patients’ pain-related thoughts 
of rumination, magnification, and feelings of helpless-
ness [5]. In chronic pain studies, pain catastrophizing 
has been cited as a vulnerability factor in the pathway to 
physical functioning whereas resilience mechanisms are 
thought to represent coping responses [6]. Additionally, 
a recent systematic review conducted in patients with 
TKA demonstrated a relationship between pain catastro-
phizing and increased chronic pain [7]. Higher levels of 
pain catastrophizing have also been linked to poor func-
tion [8], more postoperative pain [9], and more nighttime 
pain [9] consistently in other studies.

Unlike pain catastrophizing, resilience is a positive psy-
chological construct that has recently gained more atten-
tion in orthopedics. This construct encompasses positive 
environmental and emotional characteristics that allow 
a person to endure adversity [10]. Optimism, independ-
ence, and protective family and community networks are 
also used to define this construct [11, 12]. Psychologi-
cal resilience is inversely correlated with depression and 
facilitates adaptation to distressing events, such as psy-
chological and physical trauma [13–15]. Patients who 
have suffered traumatic physical injuries (brain, spinal 
cord, and musculoskeletal) and engage in resilience-
building programs return to work in a shorter amount of 

time and have improved self-efficacy [16]. Further, higher 
resilience may predict reductions in pain catastrophizing 
in chronic pain patients over time [17]. Only a few stud-
ies in the arthroplasty literature have attempted to define 
the association between resilience and post-surgical out-
comes, specifically focusing on knee function and quality 
of life [18–20] with conflicting findings to date. Research 
on the association of resilience and outcomes specific to 
TKA is sparse. Further, it is unclear if stronger positive 
resilience would be associated with better post-surgical 
outcomes after accounting for negative psychological 
constructs such as pain catastrophizing. Clearly delin-
eating these relationships could play an important role in 
how clinicians optimize patients prior to TKA.

To more clearly define the relationship between resil-
ience and postoperative outcomes, we conducted a 
prospective cohort study to investigate whether preop-
erative resilience is predictive of postoperative knee func-
tion, general physical health, and general mental health 
3 months after TKA, and whether any association identi-
fied would persist after adjusting for pain catastrophizing 
and patient sociodemographic and clinical characteris-
tics. These two psychological constructs are often studied 
independent of one another and to our knowledge, this 
is the first study of patients with TKA to examine them 
together.

Methods
Study design and setting
In this prospective cohort study, patients were recruited 
from an outpatient orthopedic clinic of a large academic 
medical center from January 2019 to November 2019. 
Approval from the Institutional Review Board (IRB) was 
obtained prior to initiation of this study. Patient informa-
tion was collected and stored within REDCap, a secure, 
web-based application platform [21].

Patients and enrollment
Prior to a clinic appointment, the patient’s electronic 
medical record was pre-screened for study eligibility. Fol-
lowing consent for surgery by one of four joint replace-
ment surgeons in the outpatient orthopedic clinic, 
patients were informed of the opportunity to participate 
in a study of outcomes for patients undergoing TKA. If 
interested and study eligible, the study was explained, 
and the patient consented prior to leaving the clinic. 
Patients were eligible if they were able to read and write 
in English, able to provide written informed consent, 
35–85  years old, and approved to undergo unilateral 
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TKA by an orthopedic surgeon. We chose not to include 
patients younger than 35 years in order to select against 
patients with knee pathology related to congenital, trau-
matic, and developmental origins [22]. The maximum 
age of 85 years was chosen to minimize loss to follow-up 
based on the clinic’s experience with electronic data col-
lection where patients were required to participate from 
home after surgery. Patients were excluded based on the 
following criteria: medically unstable presentation at 
time of consent (indicating a picture of shock or sepsis), 
TKA scheduled because of a fracture, malignancy or an 
infection, bilateral TKA, cognitive and/or neurological 
disorders that could interfere strongly with question-
naires and surveys. Patients were further excluded if their 
baseline measures were incomplete.

Perioperative care
Total knee arthroplasty management criteria at the 
study’s institution are fairly standardized. On the day 
of surgery, patients were treated preoperatively with 
regional anesthesia to include a spinal block in addition 
to one or two additional peripheral nerve blocks. Post-
operatively, in addition to the regional anesthesia blocks, 
patients received pain medications (e.g., Tylenol, non-
steroidal anti-inflammatories, and opioids) for break-
through pain. Patients were discharged on a combination 
of these medications. For postoperative therapy, patients 
were weight-bearing as tolerated and began therapy on 
postoperative day zero. Aggressive range of motion was 
discouraged until at least 2-weeks post-surgery, allowing 
swelling to dissipate and the wound to heal.

Data, sources, and procedures for collection
Data collection procedures
Baseline assessments were collected at least 7 days prior 
to the patient’s surgery date. Following study enrollment, 
patients completed a demographics survey capturing 
age, sex, race, ethnicity, marital status, employment sta-
tus, years of education, and insurance type. The patient’s 
current overall pain intensity was assessed using a Pain 
Numeric Rating Scale (NRS). The Pain NRS is a single 
item response value on a scale of 0–10 with higher scores 
indicating increased intensity [23].

At baseline, patients were asked to complete four 
questionnaires. These questionnaires were repeated at 
3-months following surgery. At the postoperative visit, a 
study investigator would systematically attempt to meet 
patients in person at their scheduled clinic visit with the 
operating provider (if scheduled). If no appointment was 
scheduled, study investigators would utilize email, then a 
phone call, which was followed by a mailed survey packet 
if no contact was made. All follow-up data were obtained 
no more than 1  week before or after each scheduled 

3-month follow-up time point. When evaluating patient-
reported function and pain, studies have shown that clin-
ical services and the majority of change occurs within the 
3-month postoperative period [24, 26].

Data and sources
Comorbidities have been shown to influence functional 
outcomes of following TKA. To account for these factors, 
baseline clinical information was collected via retrospec-
tive chart review of the electronic medical record. These 
data included a documented history or clinical diagnosis 
of depression, anxiety, and back pain (with specific cat-
egory for low back pain). We also evaluated for the pres-
ence of diabetes by identifying patients with a history or 
clinical diagnosis of diabetes, or evidence of any of the fol-
lowing: blood sugar > 7 mmol/L or > 126 mg/dL on two or 
more fasting plasma glucose tests; blood sugar > 200 mg/
dL on two or more oral glucose tolerance tests; blood 
sugar > 200  mg/dL on random plasma glucose test in 
the presence of increased urination, increased thirst, or 
unexplained weight loss; hemoglobin A1c ≥ 6.5%; chronic 
treatment with anti-diabetic medications, including insu-
lin. Classification for a history or clinical diagnosis of dia-
betes for this study did not include gestational diabetes, 
glycemic disorders (e.g., hypoglycemia), or pre-diabetes.

Patients were evaluated for hypertension by deter-
mining if they had a history or clinical diagnosis of high 
blood pressure; or evidence of any of the following: 
hypertension, whether treated or untreated; blood pres-
sure > 140  mm Hg systolic and/or > 90  mm Hg diastolic 
for patients without diabetes or chronic kidney disease; 
blood pressure > 130  mm Hg systolic and/or 80  mm Hg 
diastolic on at least two occasions for patients with dia-
betes or chronic kidney disease; currently prescribed 
medication for treatment of hypertension (e.g., Angio-
tensin-converting enzyme inhibitor, angiotensin receptor 
blocker, beta blocker and diuretic). Finally, patients were 
considered to have a history of cardiovascular disease if 
there was documentation of a history or clinical diag-
nosis of coronary artery disease, myocardial infarction, 
stroke, arrhythmia, valvular disease, or heart failure [24]. 
Body mass index (BMI), the American Society of Anes-
thesiologists (ASA) classification score (1 = a normal 
healthy patient, 2 = a patient with mild systemic disease, 
3 = a patient with severe systemic disease, 4 = a patient 
with severe systemic disease that is a constant threat to 
life, 5 = a moribund patient who is not expected to sur-
vive without the operation and 6 = a declared brain-dead 
patient whose organs are being removed for donor pur-
poses) [25], surgery type (primary vs. revision), previous 
TKA on the contralateral side, diagnostic criteria (knee 
arthritis etiology), smoking status, and pack years were 
also collected in the retrospective chart review.
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Pain catastrophizing scores were calculated using the 
Pain Catastrophizing Scale (PCS) [5, 26]. This instru-
ment incorporates common thoughts and reactions seen 
in pain catastrophizers: rumination (“I can’t stop think-
ing about how much it hurts”), magnification (“I worry 
that something serious may happen”), and helplessness 
(“There is nothing I can do to reduce the intensity of the 
pain”). This scale is useful because it analyzes recent pain-
related thoughts. The PCS score is obtained by summing 
the values for all 13 items within the measure. Scores 
range from 0 to 52 and higher scores indicate increased 
pain catastrophizing.

Patient resilience scores were calculated using the 
Brief Resilience Scale (BRS) [11]. This 6-item scale was 
designed to succinctly assess a patient’s perception of 
their ability to “bounce back” in the setting of negative 
life events. This scale represents the concept of resilience 
most directly, whereas other scales are more reflective 
of the personality traits and strategies that patients uti-
lize in order to increase their resilience. Items on the BRS 
are scored on a 5-point Likert Scale. The total BRS score 
(range 1–5) is an average of all of the items (after reverse 
coding 3 items) with higher scores indicating more resil-
ient individuals.

The following standardized instruments were utilized 
to collect patient-reported information regarding health:

Knee injury and Osteoarthritis Outcome Score Joint 
Replacement (KOOS, JR.) [27]
The KOOS, JR. is a Likert-style questionnaire designed 
to evaluate patient’s stiffness, pain (“twisting/pivoting”, 
“straightening”, “going up or down the stairs”, and “stand-
ing”), and functional ability (“rising from sitting” and 
“bending to the floor”). Patients indicate their level of 
stiffness and pain/difficulty performing these tasks based 
on the following options: “none”, “mild” “moderate”, 
“severe”, or “extreme”. The KOOS Jr. questions capture 
patient opinions up to 1  week prior to survey adminis-
tration. Scores are transformed to a scale ranging from 0 
to 100, with higher scores representing better knee func-
tion. The test has been validated against legacy measures, 
the Western Ontario and McMaster Universities Osteo-
arthritis Index (WOMAC) and full-length KOOS, which 
take considerably longer to administer [27]. This meas-
ure is also recommended for use with patients undergo-
ing TKA in the perioperative period by the Centers for 
Medicare and Medicaid under the Comprehensive Care 
for Joint Replacement Model [28].

Patient‑Reported Outcomes Measurement Information 
System (PROMIS) Global Health Instrument [29]
This instrument utilizes 10 items to provide an assess-
ment of different components of patient quality-of-life. 

Items are used to provide raw scores for physical and 
mental health and raw response scores for the patient’s 
perception of overall health and social health. The physi-
cal health raw score (PROMIS PH) is calculated from 
items that ask patients to “rate” their physical health, 
fatigue, and pain while also considering the patient’s abil-
ity to carry out every day physical activities. Similarly, the 
mental health raw score (PROMIS MH) can be derived 
from items based on the patient’s general quality of life, 
mood and ability to think, social satisfaction, and sus-
ceptibility to emotional problems [30]. T-score tables are 
used for comparison of the physical and mental health 
raw scores to the general population [31]. After conver-
sion, 50 is the mean, and converted t-scores that are 10 
points below or above this number are understood to 
be 1 standard deviation away from the mean [30]. This 
allows for comparison of the mental and physical health 
scores to the general population with higher scores indi-
cating better health. The social and overall health raw 
response scores provide insight into the patient’s per-
ception at present, but these two items are not incorpo-
rated into composite scores [30]. For these two items, 
responses are recorded on a 5-point Likert Scale ranging 
from 1 = poor to 5 = excellent.

Sample size
A sample size of 100 patients, achieves at least 80.9% 
power to detect an effect size (f2) of 0.10 attributable to 1 
independent variable using an F-Test with a significance 
level (alpha) of 0.05. The variable tested can be adjusted 
for up to an additional 15 independent variable(s). An 
effect size of 0.15 can be detected with 93.4% power 
under similar assumptions. Cohen’s f2 interpretation: 
0.02 = small, 0.15 = medium, 0.35 = large. Thus, we were 
adequately powered to detect a small to medium effect 
size. Additional patients were recruited assuming that 
some patients would be lost to follow-up [32].

Statistical analysis
Continuous variables are presented using the mean and 
standard deviation (SD) or median with 25th and 75th 
percentiles dependent on data distribution. Normality 
of continuous data was assessed using the Shapiro–Wilk 
test. Categorical variables are described using counts and 
percentages of non-missing data. Certain categorical var-
iables were simplified into common subgroups to reduce 
categories and increase power. In order to measure 
internal consistency, Cronbach’s alpha coefficients were 
calculated for the primary patient-reported outcomes; 
values ≥ 0.70 generally indicate good reliability [33, 34].

Correlations among continuous preoperative vari-
ables were determined by calculating Pearson correla-
tion coefficients to determine the linear relationship. 
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Multivariable linear regression models were constructed 
for each 3-month postoperative primary outcome, 
including KOOS and PROMIS (GH and MH). The goal 
was to describe the independent association between 
each of resilience and pain catastrophizing and the out-
come variable of interest. Based on our predetermined 
data collection procedures we anticipated the number of 
missing patients would be low. Therefore, we constructed 
three multivariable models for knee function, general 
physical health, and general mental health using only 
complete cases. Preoperative covariates were chosen for 
each of three models using univariable linear regression 
analyses to determine the relationship of each preopera-
tive variable (described in Table 1) to each outcome. Each 
covariate with a significance level of p < 0.15 was consid-
ered and ultimately included in the multivariable mod-
els. Therefore, covariates for each model vary. This cutoff 
was selected to increase chances of including predictors 
in each final model that most appropriately explain each 
outcome in this cohort. Final models were assessed for 
multicollinearity using the variance inflation factor with 
a cutoff of 3. Assumptions for multiple regression were 
met for each outcome (i.e., normality of the residuals, 
homoscedasticity, and linearity). Model results are pre-
sented as the regression slope estimate with 95% confi-
dence interval (CI).

Pairwise differences within subject were calculated 
for baseline versus 3-month measurements for each 
outcome. The significance of each difference was tested 
using the Wilcoxon sign rank test for paired compari-
sons. A p < 0.05 was considered statistically significant 
unless otherwise indicated. Analyses were conducted 
using RStudio [35].

Results
A total of 404 patients with upcoming clinic visits for sur-
gery evaluation were screened in clinic based on chart 
review of eligibility criteria. Of those eligible patients, 
276 candidates were excluded from inclusion or declined 
to participate based on rationale provided in Fig.  1. Of 
eligible subjects, 128 consented to participate; however, 
following consent, 11 patients were administratively 
withdrawn because of the change in their eligibility due 
to surgery (Fig. 1) leaving 117 patients in the final study 
cohort. The median number of days that baseline assess-
ments were completed before surgery was 15 days (Q1–
Q3: 12.0–22.0). At 3-months postoperative, the overall 
(clinic + phone/email/mail methods) response rate was 
86.3%. Data were collected by phone/email/mail for 
89.1% of the 101 patients analyzed at 3-month follow-up.

Overall, 53.0% of patients were women, and 70.1% 
of patients were white (Table  1).  Of the 117 patients 
included in analyses, the median age was 67.0  years 

Table 1  Population description (N = 117)

Continuous variables are presented using the median (25th, 75th percentiles) 
and categorical data are displayed using counts with percentages for non-
missing data unless otherwise noted

BMI body mass index, ASA Class American Society of Anesthesiologists physical 
status classification system, BRS Brief Resilience Score, PCS Pain Catastrophizing 
Scale, Pain Rating pain intensity on a 0–10-point scale, KOOS IS KOOS interval 
score, PROMIS PH PROMIS Global Physical Health T-score, PROMIS MH PROMIS 
Global Mental Health T-score, PROMIS Overall Health Rating raw response score 
from item 1 on PROMIS Global Health scale, PROMIS Social Activity Rating raw 
response score from remaining item 9 on PROMIS Global Health scale
a Hispanic or Latino Ethnicity was not included in further analyses due to low 
representation
b Pack years not available for every patient. N = 32

Variable N (%) Median (Q1, Q3)

Age, years 67.0 (59.0, 72.0)

Female sex 62 (53.0)

White race 81 (70.1)

Hispanic or Latino ethnicitya 1 (0.9)

Private insurance 51 (43.6)

Married or living as married 83 (70.9)

Employed in or out of the home 46 (39.3)

4-Year college or higher 67 (57.3)

BMI, kg/m2 33.1 (29.0, 37.7)

ASA class

 1 2 (1.7)

 2 67 (57.3)

 3 48 (41.0)

 4–6 0 (0)

Primary surgery 106 (90.6)

Contralateral knee TKA 37 (31.6)

Osteoarthritis etiology 113 (96.6)

History of depression 36 (30.8)

History of anxiety 22 (18.8)

Smoking status

 Never smoker 74 (63.25)

 Former smoker 37 (31.62)

 Current smoker 6 (5.13)

Pack yearsb 16.3 (6.0, 23.5)

History of diabetes 37 (31.6)

History of hypertension 72 (61.5)

History of cardiovascular disease 21 (17.9)

History of back pain 68 (58.1)

History of low back pain 56 (47.9)

Pain rating 5.0 (3.0, 7.0)

BRS 4.0 (3.5, 4.3)

PCS 13 (5.0, 21.0)

KOOS IS 47.5 (39.6, 59.4)

PROMIS PH 39.8 (34.9, 44.9)

PROMIS MH 50.8 (45.8, 56.0)

PROMIS overall health rating 3.0 (3.0, 4.0)

PROMIS social activity rating 3.0 (2.0, 4.0)
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(Q1–Q3: 59.0–72.0). Additionally, 70.9% of patients 
were married and a history of depression was seen in 
30.8% of patients while 18.8% of patients were found to 
have a history of anxiety. A history of diabetes and low 
back pain were reported in 31.6% and 47.9% of patients, 
respectively. Baseline measures of pain catastrophizing, 
resilience, pain, and general health are also included in 
Table  1 (Descriptive summaries of 3-month postopera-
tive measures are included as Additional file 1: Table S1). 
The primary measures in the study demonstrated a sat-
isfactory level of internal consistency with Cronbach’s 
alpha coefficients of 0.84 (BRS), 0.95 (PCS), 0.88 (KOOS), 
0.71 (PROMIS PH), and 0.81 (PROMIS MH).

Correlations for baseline psychological variables with 
concurrent health and function measures are presented 
in Table 2. All correlations for pain catastrophizing and 
resilience across health and function measures at base-
line were significant. Pain catastrophizing was negatively 

correlated with knee function, and general physical and 
mental health, while resilience was positively correlated 
with knee function and general physical and mental 
health prior to TKA.

Simple linear regression and adjusted multiple vari-
able regression models were used to determine whether 
baseline resilience was associated with knee function 
and general physical and mental health (Table 3). There 
was a significant association between preoperative resil-
ience and knee function (β = 0.31, p = 0.002), general 
physical health (β = 0.40, p < 0.001), and mental health 
(β = 0.51, p < 0.001) in unadjusted models. After adjust-
ing for pain catastrophizing and other covariates, the sig-
nificant association of resilience persisted with 3-month 
knee function (β = 0.24, p = 0.019) and general physical 
health (β = 0.24, p = 0.013), but not with mental health at 
3  months (β = 0.04, p = 0.738). The full multiple regres-
sion models are displayed in Additional file 2: Table S2, 

Study cohort
(n = 117)

Enrolled patients excluded (n =11)
6 Surgery cancelled
5 Surgery type converted to partial knee arthroplasty

Analyzed at 3-month follow-up
(n = 101)

Patients included after chart review 
(n = 404)

Patients enrolled
(n = 128)

No data collected (n=16)
15 Lost to follow-up

1 Withdrew

Candidates excluded (n = 276)
95 Provider recommended conservative treatment
71 Cancelled or did not show for appointment 
38 Not seen due to staffing/scheduling issues
35 Scheduled for partial knee arthroplasty/another 
surgery or received a different diagnosis 
16 Declined Participation
21 Did not meet inclusion/exclusion criteria

Fig. 1  Flow diagram of patients in study
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Additional file 3: Table S3, and Additional file 4: Table S4 
as additional files.

Discussion
In the current study, we investigated the association 
between preoperative resilience and postoperative knee 
function and general health among patients undergoing 
TKA. The association has not been widely explored in 
this patient population and to-date has not accounted for 
a known negative psychological construct, pain catastro-
phizing. We found preoperative resilience was positively 
correlated with preoperative knee function and general 
health. Importantly, our findings suggest that baseline 
resilience was predictive of 3-month knee function and 
general physical health and the significant association 
persisted after adjusting for pain catastrophizing and 
other patient covariates. This positive psychological con-
struct may be an important area of focus for future inter-
vention in support of optimizing patient outcomes after 
TKA.

Few studies of patients with TKA have explored resil-
ience and postoperative outcomes and comparisons are 
limited due to differences in populations studied. Our 
findings specific to patients with TKA demonstrated a 
statistically significant association between resilience 
and physical function; clinical significance was mar-
ginal as in previous studies [27, 36]. Rebagliati et  al. 

[18] studied patients who underwent elective or trau-
matic hip and knee surgery. Though the study found 
no relationship between resilience (measured by the 
Resilience Scale [37]) and functional independence, 
the number of patients with knee surgery in this cohort 
was unspecified which limits and our ability to com-
pare findings. A second study by this research group 
using the same resilience scale found that the level of 
presurgical resilience did not relate to functional inde-
pendence for patients who had undergone elective joint 
replacement surgery [19]. This study of 80 patients who 
underwent joint replacement due to fracture concluded 
that patients who were less resilient when measured 
preoperatively were less likely to be functionally inde-
pendent post-operatively; however only seven of the 80 
who participated in the study had TKA and other base-
line characteristics were not reported for patients with 
TKA versus THA. In a recent study, Magaldi et al. [20] 
demonstrated that baseline resilience (measured by the 
BRS) was not associated with knee function measured 
by KOOS JR. but was associated with PROMIS physi-
cal health and mental health scores at 3-month and 
12-month follow-up. We hypothesize that our 3-month 
findings differ because we adjusted for pain catastro-
phizing in the current study which has a solid foun-
dation of evidence for its influence on outcomes after 
TKA.

Table 2  Correlation of baseline patient measures

Values are given as the Pearson correlation coefficient with corresponding confidence interval

BRS Brief Resilience Score, PCS Pain Catastrophizing Scale, KOOS IS KOOS interval score, PROMIS PH PROMIS Global Physical Health T-score, PROMIS MH PROMIS Global 
Mental Health T- score

KOOS IS PROMIS PH PROMIS MH

rp 95% CI rp 95% CI rp 95% CI

PCS − 0.63 − 0.51 to − 0.17 − 0.55 − 0.62 to − 0.32 − 0.46 − 0.52 to − 0.18

BRS 0.29 0.11 to 0.47 0.32 0.21 to 0.54 0.64 0.33 to 0.63

Table 3  Regression models—unadjusted and adjusted associations between baseline resilience and function, physical health, and 
mental health at 3 months postoperative

Models adjusted for preoperative covariates based on p < 0.15 in univariable analyses:
a Baseline KOOS IS, pain rating, race, education level, employment status, BMI, and arthritis etiology. Adjusted R-squared = 0.25
b Baseline PROMIS PH, pain rating, age, race, education level, employment status, procedure type, BMI, history of contralateral TKA, diabetes, hypertension, and low 
back pain. Adjusted R-squared = 0.40
c Baseline PROMIS MH, pain rating, age, education level, primary insurance, procedure type, history of depression, anxiety, cardiovascular disease, and of low back 
pain. Adjusted R-squared = 0.49

Baseline resilience Unadjusted Adjusted for baseline pain 
catastrophizing

Adjusted for baseline pain 
catastrophizing and covariates

β (95% CI) p value β (95% CI) p value β (95% CI) p value

3-Month knee function 0.31 (0.11–0.50) 0.002 − 0.19 (− 0.02 to 0.40) 0.074 0.24a (0.04–0.44) 0.019

3-Month physical health 0.40 (0.21–0.58) < 0.001 0.23 (0.04–0.42) 0.018 0.24b (0.05–0.42) 0.013

3-Month mental health 0.51 (0.33–0.68) < 0.001 0.43 (0.24–0.62) < 0.001 0.04c (− 0.18 to 0.25) 0.738
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Based on our findings, we also postulate that patients 
with positive perceptions of their recovery process are 
able to handle the mental and physical stressors of sur-
gery better than those with negative perceptions. Their 
opinions of recovery are likely based on previous adverse 
experiences, daily recovery progress, as well as traits 
that cumulatively guide the patient toward specific emo-
tional and behavioral responses [17, 38]. Some patients 
may embody a trait known as “committed action”, which 
prompts them to intentionally pursue physically and 
mentally challenging tasks [39]. A patient who believes 
they are resilient will likely have higher levels of self-effi-
cacy and will be more determined to complete what they 
perceive to be difficult physical tasks following surgery 
[40]. Alternatively, these resilient patients may not view 
surgery as an insurmountable obstacle, believing that 
the process of recovery is simply part of a necessary rou-
tine [6]. Furthermore, resilient patients may have a more 
positive evaluation of their perceived function during 
the recovery process because they self-identify as resil-
ient patients, necessitating an equivalent self-evaluation 
to prevent cognitive dissonance. Finally, these resilient 
patients may also have social support networks that posi-
tively influence their progress perioperatively [38].

The relationship between pain catastrophizing and 
postoperative knee function, specifically in persons with 
TKA has received much attention over the last 2  dec-
ades. Three studies have found significant relationships 
between pain catastrophizing and function as measured 
by the WOMAC knee function subscale and postopera-
tive function during follow-up as early as 6-weeks [5], 
6-months [41], and 1-year [42] after adjustment. A recent 
study found that patients with higher PCS scores (> 21) 
showed more improvement than patients with lower 
PCS scores (< 11) with regard to function on the Oxford 
Knee Score at 12-months postoperative [43]. In the cur-
rent study, pain catastrophizing was negatively corre-
lated with knee function and the PROMIS general health 
assessments. This is the first study we are aware of to ana-
lyze pain catastrophizing and associations with PROMIS 
physical health and mental health components. We used 
this as an important signal of influence on recovery and 
why pain catastrophizing should be adjusted for in cohort 
studies examining outcomes of patients after TKA.

Considering the evidence to-date regarding psychologi-
cal health and the relationship with outcomes after TKA, 
we suggest that further research is warranted in this field 
to elicit other key factors influencing functional recov-
ery [44–47]. Determining which factors significantly and 
consistently predict postoperative outcomes will allow 
clinicians to gain insights about their patients’ potential 
functional trajectory that may not have been considered 
previously. As suggested in recent literature, the broader 

understanding of the patient experience beyond negative 
psychosocial factors may hold the key to eliciting modifi-
able risk factors for patients undergoing TKA [39]. The 
current study is powerful because it highlights a rarely 
assessed concept that has potential for integration into 
future multimodal predictions tools for outcomes related 
to TKA [39]. In addition to defining the mechanisms 
behind the relationships between resilience and func-
tion as presented above, additional research in this area 
can also expand on the role of new psychosocial variables 
in the context of patient satisfaction in an increasingly 
patient-centered and patient-evaluated health care sys-
tem. In addition to the development of new preoperative 
tools, future directions in the field may target periopera-
tive interventions that address key psychological con-
structs. Two recent studies sought to improve functional 
outcomes in pain catastrophizing patients undergoing 
TKA using pain coping skills training [48] and cognitive 
behavioral therapy [49]; however, neither study was able 
to demonstrate that the selected interventions were supe-
rior to usual care. To our knowledge, there are no studies 
in the arthroplasty literature that have tested interven-
tions for patients with low resilience in an effort to 
improve postoperative function, general health or quality 
of life.

The current study is limited mostly by factors which 
were related to the most efficient and practical meth-
ods of collecting data from a prospective patient cohort 
in this academic medical center [50, 51]. Patients were 
excluded based on English written or verbal proficiency. 
Standardized measures were not available in the vari-
ous languages present in this geography and interpreters 
were not available to study staff for each data collection 
time point, necessitating this limitation to generalizabil-
ity. Neither the prospective data collection or electronic 
medical record included duration of the disease or stage 
of the disease (e.g., the Kellgren Lawrence classification 
scores), limiting our ability to examine any differences 
in outcomes by these variables. Additionally, although 
patients were generally managed with pain medications 
under similar drug classes, the postoperative regimens 
for individual patients may have varied outside of the 
hospital setting. This study also has strengths that should 
be considered. Enrollment was conducted primarily by 
the same individual, which contributes to the consistency 
of delivering study details, answering patient questions 
and obtaining consent. All patients provided complete 
contact information (email address, phone number, and 
mailing addresses) upon enrolling in the study which 
facilitated subsequent data collection. Patients in the 
study were screened consecutively to limit selection bias. 
Additionally, the patients of four providers within the 
practice were utilized in order to increase generalization 
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of the results. To prevent loss of patients to follow-up, 
the team prioritized the patients’ post-surgery visits in 
clinic to complete follow-up measures despite that this 
may have introduced social desirability bias. Investigators 
made an effort to limit unmeasured confounding by con-
sidering other variables available in the medical record 
that may influence associations.

Conclusions
In conclusion, our study contributes new information on 
preoperative resilience and its association with 3-month 
patient-reported outcomes of knee function and physi-
cal health. To our knowledge, this is the first study of 
patients with TKA that suggests this association per-
sists after accounting for pain catastrophizing, sociode-
mographic, and clinical factors. The results of this study 
reinforce the importance of assessing preoperative psy-
chological variables prior to TKA. Additional research is 
needed to support the development and implementation 
of resilience-related interventions in patients undergoing 
TKA to evaluate the potential for improvement in knee 
function and physical health following surgery.
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