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Background: Despite the growing frequency of revision total knee arthroplasty (rTKA), there is limited information
regarding patient-reported outcome measures (PROMs) after that procedure. Therefore, the purpose of this study was to
determine (1) PROM improvements in pain, function, quality of life (QOL), and global health and (2) predictors of PROMs for
patients undergoing aseptic rTKA as determined using a multilevel model with patients nested within surgeons.

Methods: A prospective cohort of 246 patients who underwent aseptic rTKA from January 2016 to December 2017 and had
baseline and 1-year postoperative PROMs were analyzed. The most common surgical indications were aseptic loosening (n =
109), instability (n = 73), and implant failure (n = 64). The PROMs included in this study were the Knee injury and Osteoarthritis
Outcome Score (KOOS)-Pain, -Physical Function Short Form (PS), and -Quality of Life (QOL) as well as the Veterans Rand-12 (VR-
12) Physical Component Summary (PCS) and Mental Component Summary (MCS). Multivariable linear regression models with
patients nested within surgeons were constructed for predicting change in PROMs from baseline to 1 year.

Results: The mean 1-year postoperative improvements in the KOOS-Pain and PS PROMs were 30.3 and 19.15 points,
respectively, for the overall rTKA series. Improvement in the KOOS-Pain was associated with older age, baseline arthro�b-
rosis, lower baseline pain, and non-Medicare/Medicaid insurance and worsening of the scores was associated with multiple
prior surgical procedures and instability. Improvement in the KOOS-PS was associated with baseline arthro�brosis and
female sex and worsening was associated with limited baseline function, an instability diagnosis, multiple prior surgical
procedures, and increased hospital length of stay (LOS). Overall, the mean KOOS-QOL improved by 29.7 points. Although the
mean VR-12 PCS improved, 54.9% of the patients saw no clinical improvement. Additionally, only 31.3% of the patients
reported improvements in the VR-12 MCS. A multilevel mixed-effects model with patients/operations nested within surgeons
demonstrated that the differences in the surgeons’ results were minimal and explained only ;1.86%, ;1.12%, and ;1.65%
of the KOOS-Pain, KOOS-PS, and KOOS-QOL variance that was not explained by other predictors, respectively.

Conclusions: Overall, patients undergoing aseptic rTKA had improvements in pain, function, and QOL PROMs at 1 year.
Although overall QOL improved, other global-health PROMs remained unchanged. The associations highlighted in this
study can help guide the preoperative clinical decision-making process by setting expectations before aseptic rTKA.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

R ising health-care expenditure has ampli�ed demand to
increase health-care value by delivering higher-quality
care at a lower cost1,2. In an effort to align physicians,

hospitals, and insurers to provide improved value-based patient

care, the United States Centers for Medicare & Medicaid Services
(CMS) developed bundled payments, which have been shown to
be successful alternatives to traditional fee-for-service payments
for both primary3-5 and revision arthroplasty6,7. As alternative
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payment models continue to evolve, there is increasing attention
on outcomes as true markers for quality and value provided2.
Patient-reported outcome measures (PROMs) are pivotal in
value-based reform as they allow patient input regarding
improvement to be incorporated in assessments of both quality
and cost of care8-10. There are several studies in the literature, with
data collection and reporting from multiple registries, of PROMs
for primary total knee arthroplasty (TKA)11-20.

Despite the growing frequency of revision TKA (rTKA),
the literature is limited regarding both the potential use of
validated PROMs to help inform clinical decisions and the
discernment of patient variations that in�uence outcomes.
Furthermore, data are inconclusive with regard to the impact of
aseptic rTKAs on quality of life (QOL) or global health. Cur-
rent literature on rTKA for aseptic causes focuses mainly on
postoperative complications and implant survivorship21-25. As
surgical technique, implant bearing surfaces, and patient life
expectancy continue to improve, there is a crucial need to assess
rTKA outcomes based on pain relief, restoration of function,
and improvement in QOL. QOL outcomes can further help
guide the preoperative clinical decision-making process for
orthopaedic surgeons by setting patient expectations and
demonstrating clinical value2 after aseptic rTKA.

Therefore, the purpose of this study was to determine (1)
improvements in pain, function, QOL, and global-health
PROMs and (2) predictors of PROMs after aseptic rTKA
using a multilevel model with patients nested within surgeons.

Materials and Methods

Aprospective cohort of patients who underwent aseptic
rTKA from January 2016 to December 2017 was identi�ed

using the OrthoMiDas (Orthopaedic Minimal Data Set) Epi-
sode of Care (OME) Database10,26. The OME system is a pro-
spectively collected patient-reported outcomes database that
leverages the Research Electronic Data Capture (REDCap)27

software and enables patient-reported data, including assess-
ments of joint-speci�c pain (Knee injury and Osteoarthritis
Outcome Score [KOOS]-Pain28-30), function (KOOS-Physical
Function Short Form [PS]28-30), knee-related and general health-
related quality of life (KOOS-QOL28-30 and Veterans Rand-12
[VR-12]31, respectively), and general demographic characteris-
tics and surgeon-collected data including patient demographics,
surgical history, and procedural details32. The STROBE
(Strengthening the Reporting of Observational Studies in Epi-
demiology) statement recommendations were followed33.

All patients treated with aseptic rTKA who had baseline
and 1-year PROMs were screened for eligibility (Fig. 1). The
diagnosis leading to the aseptic revision was recorded by the
surgeon at the time of surgery and included the following
categories: loosening, instability, and implant failure. Insta-
bility was determined clinically and subjectively as excessive
TKA displacement and �exion-extension gap mismatch.
Clinical instability was managed with soft-tissue balancing and
the use of constrained implants as needed during rTKA.
Exclusion criteria were concurrent bilateral TKA (n = 2);
unicompartmental arthroplasty converted to TKA (n = 35);
rTKA for diagnoses other than aseptic loosening, instability, or
implant failure (n = 41); inability to complete the PROMs (n =
15); and failure to enroll the patient at baseline (n = 14). Of the
356 eligible patients, 2 died and 108 were lost to follow-up,
leaving 246 patients (69.1%) for �nal analysis.

Patient-related baseline risk factors included age, sex,
race, ethnicity, body mass index (BMI), Charlson Comorbidity
Index (CCI)34, smoking status (never, quit, or current), range
of motion (arthro�brosis de�ned by a total range of motion of
<90�), multiple prior surgical procedures on the operatively
treated joint, diagnosis leading to the rTKA, implant con-
straint, surgery duration, hospital length of stay (LOS), dis-
charge disposition, and insurance provider. Revision TKA for
arthro�brosis focused on adequate soft-tissue releases and

Fig. 1
STROBE �ow diagram. UKA = unicompartmental arthroplasty and T0 = time zero (baseline).
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TABLE I Patient Demographics

Cohort with 1-Yr PROMs (N = 246) Cohort Lost to Follow-up (N = 110) P Value*

Age† (yr) 64.9 (9.63) 64.3 (10.5) 0.596

Sex (no. [%]) 0.068
Male 105 (42.7%) 35 (31.8%)
Female 141 (57.3%) 75 (68.2%)

Race (no. [%]) <0.001
Non-white 36 (16.0%) 39 (37.1%)
White 189 (84.0%) 66 (62.9%)

Hispanic/Latino (no. [%]) 0.070
No 226 (96.2%) 97 (90.7%)
Yes 9 (3.83%) 10 (9.35%)

BMI† (kg/m2) 33.1 (7.65) 33.9 (9.18) 0.451

CCI† 0.86 (1.31) 1.32 (1.87) 0.020

Smoking status (no. [%]) 0.016
Never 130 (52.8%) 63 (57.3%)
Quit 101 (41.1%) 32 (29.1%)
Current 15 (6.10%) 15 (13.6%)

Laterality (no. [%]) 0.097
Left 139 (56.5%) 51 (46.4%)
Right 107 (43.5%) 59 (53.6%)

Range of motion (no. [%]) 0.462
Normal extension 94 (38.2%) 34 (30.9%)
Limited extension 45 (18.3%) 24 (21.8%)
Limited �exion 46 (18.7%) 26 (23.6%)
Limited extension and �exion 61 (24.8%) 26 (23.6%)

Multiple prior surgical procedures (no. [%]) 0.727
No 166 (67.5%) 77 (70.0%)
Yes 80 (32.5%) 33 (30.0%)

Aseptic diagnosis (no. [%]) 0.282
Implant failure 64 (26.0%) 34 (30.9%)
Loosening/bone-related 109 (44.3%) 52 (47.3%)
Instability 73 (29.7%) 24 (21.8%)

Prosthesis type (no. [%]) 0.797
Low constraint 103 (43.3%) 44 (41.1%)
High constraint 135 (56.7%) 63 (58.9%)

Component revision (no. [%]) 0.264
Polyethylene only 61 (24.8%) 20 (18.2%)
Single component 33 (13.4%) 20 (18.2%)
Both components 152 (61.8%) 70 (63.6%)

Surgery duration† (min) 164 (72.0) 156 (63.5) 0.305

LOS‡ (days) 2.00 (2.00; 3.00) 3.00 (2.00; 4.00) 0.141

Discharge disposition (no. [%]) 0.011
Home/home health 206 (84.1%) 79 (71.8%)
Non-home 39 (15.9%) 31 (28.2%)

Insurance (no. [%]) 0.323
Medicare/Medicaid 115 (47.3%) 58 (53.7%)
Non-Medicare/Medicaid 128 (52.7%) 50 (46.3%)

continued
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equal �exion and extension soft-tissue gap balancing. Knee
pain was measured with the KOOS-Pain subscale (range, 0 to
100 points, with higher scores indicating less pain)35. Knee
function was quanti�ed with the KOOS-PS (range, 0 to 100
points, with higher scores indicating better function)36. QOL
was assessed with the KOOS-QOL subscale (range, 0 to 100
points, with higher scores representing better QOL)35. Global-
health physical and mental assessments were performed using
the VR-12 Physical Component Summary (PCS) and Mental
Component Summary (MCS), respectively, which use a norm-
based scale on which 50 represents the mean nonpatient
control group score and every 10 units represent 1 standard
deviation (SD) from the mean37.

The mean 1-year change in the PROMs and the per-
centage of patients who had ‡10 points of score improvement
(“better”), ‡10 points of score worsening (“worse”), or scores
within 10 points of baseline (“no change”) were calculated on
the basis of established minimal clinically important difference
(MCID) cutoffs35. Multivariable linear regression models were
constructed for predicting 1-year PROMs.

Statistical Analysis
Continuous variables were summarized as the mean and SD,
and categorical variables were summarized as frequencies.
Patient-population differences were analyzed with t tests and
Mann-Whitney U tests for continuous variables and chi-square
tests for categorical variables. T tests and chi-square tests were
used to analyze the relationships between score change (from
baseline to 1-year follow-up) and the different aseptic diagnoses.
Adjusted p values for multiple comparisons between diagnoses
were not provided, as aseptic diagnosis was included in the
model. Paired t tests were used to determine if the PROMs
differed signi�cantly between baseline and 1-year follow-up.
Linear mixed-effects models with patients nested within sur-
geons were used to model change in PROMs at 1 year postop-
eratively for the 5 continuous outcomes: KOOS-Pain, KOOS-PS,
KOOS-QOL, VR-12 PCS, and VR-12 MCS. Model quality was

assessed by verifying model assumptions and calculating an
adjusted R2 value. Nomograms for each linear regression model
were created to represent each coef�cient estimate as a separate
bar with a computed value. The analysis was done in R (R
Foundation for Statistical Computing) using the “Hmisc,” “ti-
dyverse,” “rms,” “compareGroups,” and “gvlma” packages. P
values of <0.05 were considered signi�cant.

TABLE I (continued)

Cohort with 1-Yr PROMs (N = 246) Cohort Lost to Follow-up (N = 110) P Value*

Ipsilateral reoperation within 1 yr
(obtained from surgeon) (no. [%])

1 (100%) 1 (100%)

90-day readmission (no. [%]) 0.897
Yes 15 (6.67%) 8 (7.77%)
No 210 (93.3%) 95 (92.2%)

Baseline PROM score†
KOOS-Pain 39.9 (19.9) 38.3 (19.1) 0.457
KOOS-PS 45.9 (17.8) 43.8 (17.9) 0.293
KOOS-QOL 18.5 (18.8) 16.7 (16.3) 0.369
VR-12 PCS 26.7 (8.28) 25.9 (7.68) 0.383
VR-12 MCS 45.8 (13.2) 42.9 (14.0) 0.070

*Signi�cant p values are in bold. †The values are reported as the mean (SD). ‡The values are reported as the median (25th; 75th percentile).

TABLE II Surgical Procedures Lost to Follow-up by Surgeon

Surgeon

Surgical Procedures

Total % Lost to Follow-up

A 54 17%

B 45 51%

C 37 24%

D 32 25%

E 32 38%

F 21 33%

G 21 33%

H 20 20%

I 19 32%

J 19 37%

K 19 32%

L 14 14%

M 6 50%

N 5 60%

O 4 0%

P 3 67%

Q 2 0%

R 1 100%

S 1 0%

T 1 100%
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Results
Demographics

The �nal analysis included 246 patients with a mean age of
64.9 ± 9.63 years and a mean BMI of 33.1 ± 7.65 kg/m2

(Table I). The indication for the rTKA was aseptic loosening in
44% of the patients, instability in 30%, and implant failure
in 26%. A total of 110 patients (31%) were lost to follow-up
(Table II), and some of the demographic characteristics of
those patients differed signi�cantly from those of the 246
patients in the analysis data set. The group of patients lost to
follow-up had a signi�cantly larger proportion of non-white
individuals and mean CCI, a signi�cantly different distri-
bution of smoking status, and a signi�cantly lower propor-
tion of patients discharged home (Table I).

KOOS-Pain and KOOS-PS
The mean 1-year postoperative improvements in KOOS-Pain
and KOOS-PS scores for the rTKAs overall were 30.3 ± 24.5 and

19.15 ± 22.5 points, respectively (Table III). The improvement in
the KOOS-Pain score differed signi�cantly (p < 0.001) among
the diagnoses leading to the rTKA, with the instability cohort
demonstrating the lowest mean improvement (20.8 points). The
aseptic loosening cohort contained the largest proportion of
patients (87.2%) who displayed a clinically relevant improve-
ment in the KOOS-Pain score. The overall distribution of clin-
ically relevant KOOS-Pain improvements differed signi�cantly
among the 3 diagnostic cohorts (p = 0.017). Although the raw
improvements in KOOS-PS differed signi�cantly among the 3
cohorts (p = 0.007), the overall distribution of clinically relevant
KOOS-PS improvements did not (p = 0.255).

KOOS-QOL and VR-12
Overall, the mean KOOS-QOL improved by 29.7 ± 28.0 points,
with a signi�cant difference in the mean improvement among
the different diagnostic groups (p = 0.024) (Table IV).
Although there was a mean improvement in the VR-12 PCS

TABLE III Change in Pain and Function PROMs After Aseptic rTKA

Variable/Outcome All (N = 246)
Implant Failure

(N = 64)
Aseptic Loosening/

Bone-Related (N = 109) Instability (N = 73) P Value*

�KOOS-Pain† 30.3 (24.5) 30.2 (24.9) 36.7 (23.3) 20.8 (23.0) <0.001
Better 194 (79.5%) 50 (80.6%) 95 (87.2%) 49 (67.1%) 0.017
No change 42 (17.2%) 11 (17.7%) 12 (11.0%) 19 (26.0%)
Worse 8 (3.28%) 1 (1.61%) 2 (1.83%) 5 (6.85%)

�KOOS-PS† 19.15 (22.5) 18.46 (21.6) 23.72 (23.6) 12.92 (20.2) 0.007
Better 153 (66.2%) 39 (70.9%) 74 (70.5%) 40 (56.3%) 0.255
No change 60 (26.0%) 11 (20.0%) 24 (22.9%) 25 (35.2%)
Worse 18 (7.79%) 5 (9.09%) 7 (6.67%) 6 (8.45%)

*Signi�cant p values are in bold. †The values are reported as the mean (SD), after which “better, no change, and worse” are reported as
number (%).

TABLE IV Change in Quality-of-Life PROMs After Aseptic rTKA

Variable/Outcome All (N = 246)
Implant Failure

(N = 64)
Aseptic Loosening/

Bone-Related (N = 109) Instability (N = 73) P Value*

�KOOS QOL† 29.7 (28.0) 28.3 (28.9) 34.8 (27.8) 23.4 (26.3) 0.024
Better 175 (72.0%) 44 (69.8%) 82 (75.9%) 49 (68.1%) 0.171
No change 54 (22.2%) 13 (20.6%) 24 (22.2%) 17 (23.6%)
Worse 14 (5.76%) 6 (9.52%) 2 (1.85%) 6 (8.33%)

�VR-12 PCS† 9.37 (10.5) 9.74 (11.0) 11.1 (9.93) 6.44 (10.4) 0.012
Better 111 (45.1%) 29 (45.3%) 59 (54.1%) 23 (31.5%) 0.007
No change 130 (52.8%) 35 (54.7%) 49 (45.0%) 46 (63.0%)
Worse 5 (2.03%) 0 (0.00%) 1 (0.92%) 4 (5.48%)

�VR-12 MCS† 4.40 (12.8) 2.07 (11.8) 6.77 (12.4) 2.91 (13.9) 0.033
Better 77 (31.3%) 12 (18.8%) 41 (37.6%) 24 (32.9%) 0.020
No change 141 (57.3%) 45 (70.3%) 60 (55.0%) 36 (49.3%)
Worse 28 (11.4%) 7 (10.9%) 8 (7.34%) 13 (17.8%)

*Signi�cant p values are in bold. †The values are reported as the mean (SD), after which “better, no change, and worse” are reported as
number (%).
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(9.37 ± 10.5 points), 54.9% of the overall cohort saw no clinical
improvement. Of the 3 QOL/general health PROMs, the VR-12
MCS showed the smallest mean improvement (4.4 ± 12.8
points). Only 31.3% of the cohort reported improvements in
the VR-12 MCS whereas 57.3% reported no change and 11.4%
reported worse scores. The distribution of clinically relevant
VR-12 MCS outcomes differed signi�cantly among the groups
(p = 0.020), with the aseptic loosening group having the
highest proportion of patients with an improvement (37.6%)
and the instability group having the highest proportion of
patients with a worse score (17.8%).

Predictors of PROM Improvement/Worsening
Multivariable analyses demonstrated that 1-year postoperative
KOOS-Pain scores improved with older age, decreased preoper-
ative range of motion, lower baseline pain, and non-Medicare/
Medicaid insurance but decreased (worsened) with multiple prior
surgical procedures and instability compared with implant failure
or aseptic loosening (Table V, Fig. 2). The largest-magnitude
coef�cients in the model were related to the mode of failure.

KOOS-PS improvement was better for patients with
baseline arthro�brosis and among females and worse for those
with limited baseline function, multiple prior surgical proce-
dures, and longer LOS (Table VI, Fig. 3). Instability as the mode
of failure was shown to predict lower postoperative function
improvement compared with implant failure (coef�cient =
13.17) and aseptic loosening (coef�cient = 7.07).

Preoperative KOOS-QOL, range of motion, and multiple
prior surgical procedures were signi�cant predictors of 1-year
KOOS-QOL (Table VII, Fig. 4). Preoperative VR-12 PCS (p <
0.001) as well as range of motion (p = 0.003), multiple prior
surgical procedures (p = 0.003), and indication for surgery
(p = 0.018) were all signi�cant predictors of 1-year VR-12
PCS. The only signi�cant predictor of 1-year VR-12 MCS
was baseline VR-12 MCS (p < 0.001).

Multilevel Model
The multilevel mixed-effects model with patients/surgical
procedures nested within surgeons demonstrated that the dif-
ferent surgeons accounted for only ;1.86%, ;1.12%, and

TABLE V Linear Regression Model Results: KOOS-Pain (Higher = Better)

Variable
Estimate

(95% Con�dence Interval) P Value*

Age 0.48 (0.14, 0.8) 0.008

Female (vs. male) sex 4.24 (21.55, 10.09) 0.176

White (vs. non-white) race 5.35 (23.3, 12.77) 0.219

Hispanic/Latino (vs. not) 22.23 (215.64, 13.12) 0.773

BMI 20.14 (20.52, 0.2) 0.463

CCI 1.06 (21.34, 3.12) 0.38

Smoking status
Quit (vs. never) 21.19 (26.77, 4.5) 0.695
Current (vs. never) 1.85 (210.42, 13.33) 0.773

Range of motion
Limited extension (vs. normal) 4.67 (23.63, 12.94) 0.3
Limited �exion (vs. normal) 7.63 (20.4, 15.67) 0.065
Limited extension and �exion (vs. normal) 11.42 (4.44, 18.84) 0.004

Baseline KOOS-Pain 20.59 (20.75, 20.44) <0.001

Baseline VR-12 MCS 0.14 (20.09, 0.36) 0.254

Multiple prior surgical procedures: yes (vs. no) 210.37 (216.89, 24.66) 0.003

Aseptic diagnosis
Implant failure (vs. instability) 14.86 (7.2, 22.23) <0.001
Loosening/bone-related (vs. instability) 11.02 (4.63, 18.01) 0.003

High-constraint (vs. low-constraint) prosthesis type 1.29 (25.34, 7.14) 0.703

Surgery duration 0.02 (20.03, 0.06) 0.474

LOS 0.21 (21.78, 2.04) 0.836

Non-home (vs. home/home-health) discharge 21.86 (210.44, 6.49) 0.682

Non-Medicare/Medicaid (vs. Medicare/Medicaid) insurance 8.59 (1.56, 14.52) 0.016

*Signi�cant p values are in bold.
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;1.65% of the KOOS-Pain, KOOS-PS, and KOOS-QOL vari-
ance not explained by other predictors, respectively.

Discussion

Health-care policy changes have increased the incentive to
deliver value-based care that focuses on improving

quality of health outcomes while decreasing expenditure. The
collection of clinically relevant outcomes through validated
PROMs preoperatively and during de�ned postoperative

intervals has grown in importance to measure the effect of
surgery on patients’ function and joint-related health as well as
the overall value of care provided38. Although there is a plethora
of data on primary-TKA PROMs11-20, the literature on aseptic
rTKA has focused mainly on complications and implant sur-
vivorship. This is the �rst study, to our knowledge, to perform a
comprehensive PROMs evaluation at baseline and postopera-
tively after aseptic rTKA. Our �ndings demonstrate that
patients undergoing aseptic rTKA had overall improvement in

Fig. 2
Nomogram modeling KOOS-Pain at 1-year follow-up (higher score = less pain).

e114(7)
TH E JO U R NA L O F BON E & JOI NT SU RG E RY d J B J S .ORG

VO LU M E 102-A d NU M BE R 20 d OC TO BE R 21, 2020
PAT IE NT-RE P O RT E D OU TC O M E ME A S U R E S AF T E R AS E P T I C RE VI S I O N

TOTA L KN E E ART H ROP L A S T Y



pain and function scores at 1 year postoperatively. Although
knee-related QOL improved nearly 30 points, >50% of patients
did not demonstrate improvement in their overall global health
at 1 year. Predictors of improved 1-year pain scores were older
age, baseline arthro�brosis, lower baseline pain, and non-
Medicare/Medicaid insurance whereas the predictors of
improved 1-year function scores were baseline arthro�brosis
and female sex.

In this study, the overall postoperative pain score
improved an average of 30.3 points (MCID = 10 points), with
larger mean improvements in the implant failure and aseptic
loosening cohorts and the least improvement in the instability
cohort. Although instability is one of the leading causes of
aseptic TKA failure39-44, results after rTKA for this indication are
highly variable given the several different causative factors45.
Recurrent instability is a frequent complication and concern
after revision arthroplasty, further suggesting dif�culty with its
diagnosis and management and the variability of postoperative
outcomes43-46. These factors may explain the lowest improve-
ment in pain scores in the instability cohort.

Our result showing greater 1-year postoperative
improvement in pain scores for patients with baseline arthro-
�brosis is similar to observations in previous studies47,48.
Interestingly, our �ndings demonstrated more pain-score
improvement in patients with higher age, lower baseline pain
scores, and non-Medicare/Medicaid insurance. However, sev-
eral studies have shown that elderly patients have comparable,
as opposed to improved, pain relief in relation to younger
patients49-51. In contrast to our study, the reported literature has
focused on primary TKA and not rTKA. In a study of primary
TKA, Feng et al.14 compared PROMs between 91 patients
covered by commercial insurance and 102 with Medicare and
found that, after adjusting for patient-speci�c variables, the
PROMs at baseline and 12 weeks postoperatively were similar
in the 2 cohorts. However, unlike our study, these �ndings were
limited to the immediate postoperative global period and pri-
mary TKA. More studies are warranted to determine whether
patients with higher age, higher baseline pain status, and non-
Medicare/Medicaid insurance have better pain relief after
aseptic rTKA.

TABLE VI Linear Regression Model Results: KOOS-PS (Higher = Better)

Variable Estimate (95% Con�dence Interval) P Value*

Age 0.27 (20.03, 0.57) 0.099

Female (vs. male) sex 5.82 (0.61, 11.19) 0.043

White (vs. non-white) race 2.03 (25.6, 9.16) 0.611

Hispanic/Latino (vs. not) 27.36 (220.53, 6.53) 0.314

BMI 20.03 (20.38, 0.29) 0.854

CCI 20.36 (22.45, 1.6) 0.743

Smoking status
Quit (vs. never) 0.32 (24.82, 5.51) 0.91
Current (vs. never) 21.94 (212.72, 8.31) 0.733

Range of motion
Limited extension (vs. normal) 0.71 (27.06, 8.12) 0.862
Limited �exion (vs. normal) 6.4 (20.12, 13.53) 0.084
Limited extension and �exion (vs. normal) 8.42 (1.77, 14.79) 0.019

Baseline KOOS-PS 20.71 (20.87, 20.56) <0.001

Baseline VR-12 MCS 20.01 (20.22, 0.19) 0.942

Multiple prior surgical procedures: yes (vs. no) 26.17 (212.13, 0.22) 0.044

Aseptic diagnosis
Implant failure (vs. instability) 13.17 (6.19, 20.32) 0.001
Loosening/bone-related (vs. instability) 7.07 (1.27, 13.29) 0.032

High-constraint (vs. low-constraint) prosthesis type 2.22 (23.64, 7.68) 0.472

Surgery duration 0 (20.04, 0.05) 0.852

LOS 22.02 (23.77, 20.35) 0.031

Non-home (vs. home/home-health) discharge 22.84 (210.69, 4.7) 0.495

Non-Medicare/Medicaid (vs. Medicare/Medicaid) insurance 3.82 (22.17, 9.49) 0.23

*Signi�cant p values are in bold.
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Higher rates of improved KOOS-PS outcome scores were
associated with a decreased preoperative range of motion, higher
baseline function, and female sex. Other studies also showed
signi�cant increases in functional outcomes after rTKA for ar-
thro�brosis52. Rutherford et al.52 reported that >70% of patients
had improvement in range of motion and Knee Function Scores
in their arthro�brosis TKA cohort, which is consistent with
current literature48,53-57. There are inconsistent data regarding
whether female sex portends better functional outcomes after

rTKA51,58-60. Future studies with increased sample sizes are
needed to determine if sex is a predictive factor for improved
functional outcomes after aseptic rTKA. The factors that led to
worse KOOS-PS outcomes in this study, including low preop-
erative baseline function and multiple prior surgical procedures,
are consistent with the �ndings of previous studies51,58,61-63.

The overall mean scores for QOL PROMs were increased
1 year after aseptic rTKA (by 29.7 points, MCID = 10 points).
Although the large proportion of patients reporting better QOL

Fig. 3
Nomogram modeling KOOS-PS at 1-year follow-up (higher score = better function).
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(72%) did not meet statistical signi�cance, this improvement is
clinically relevant. Patients in the aseptic loosening cohort
presented with the greatest QOL improvement and patients
who underwent rTKA for instability, with the least
improvement. This may be explained by the aforemen-
tioned discussion that recurrent instability is a frequent
complication after revision arthroplasty and certainly con-
tributing to variable postoperative outcomes43-46.

More interestingly, however, is the fact that, while there
were slight but not clinically relevant improvements in overall
global physical and mental health PROMs, a large proportion
of the cohort reported unchanged or worse 1-year global-
health PROMs (54.9% and 68.7% of patients for VR-12 PCS
and MCS, respectively). Baseline VR-12 PCS and MCS were
identi�ed as signi�cant predictors of postoperative outcomes,
�ndings analogous to those in other studies64-67. These �ndings
are interesting as some studies have shown depression and
lower preoperative mental assessment scores to be associated
with poor functional outcomes after TKA62,68-71 whereas other
authors found no association72,73. While the reasons for such

contradictory �ndings are inconclusive, there is a lack of con-
sistent evidence of medical and psychological comorbidity
being associated with knee function after aseptic rTKA.

This study has limitations. First, PROMs were assessed at
1-year follow-up and we could have missed improvement that
continued beyond the 1-year time point74; however, a recent meta-
analysis showed no TKA PROM difference between 12- and 24-
month follow-up75. Second, only certain PROMs were used, and
additional tools such as the Oxford Knee Score (OKS), Knee
Society Score (KSS), and Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC) may provide additional
insight. However, another systematic review and meta-analysis
showed no single validated and reliable PROM to address all TKA
patients’ priorities or to be superior76. Third, despite the OME pro-
spective cohort being a validated tool documenting procedural and
PROM details77, classi�cation of aseptic rTKA depended on surgeon
interpretation and documentation completion. Further classi�cation
and subgroup analysis are warranted to further understand predictors
of improvement. Fourth, although only patients with baseline and 1-
year PROM data were included in this analysis, not every patient

TABLE VII Linear Regression Model Results: KOOS-QOL (Higher = Better)

Variable Estimate (95% Con�dence Interval) P Value*

Age 0.25 (20.18, 0.66) 0.269

Female (vs. male) sex 1.54 (25.64, 8.9) 0.694

White (vs. non-white) race 6.07 (24.34, 15.24) 0.252

Hispanic/Latino (vs. not) 27.52 (224.74, 11.22) 0.438

BMI 20.22 (20.69, 0.21) 0.365

CCI 1.45 (21.45, 4.1) 0.335

Smoking status
Quit (vs. never) 22.24 (29.17, 4.84) 0.551
Current (vs. never) 28.49 (224.81, 6.06) 0.309

Range of motion
Limited extension (vs. normal) 11.42 (0.52, 21.07) 0.042
Limited �exion (vs. normal) 12.54 (3.56, 22.53) 0.015
Limited extension and �exion (vs. normal) 17.88 (8.5, 26.51) <0.001

Baseline KOOS-QOL 20.56 (20.76, 20.37) <0.001

Baseline VR-12 MCS 0.2 (20.09, 0.46) 0.183

Multiple prior surgical procedures: yes (vs. no) 213.13 (221.3, 26.08) 0.002

Aseptic diagnosis
Implant failure (vs. instability) 9.67 (20.32, 19.65) 0.059
Loosening/bone-related (vs. instability) 10.61 (2.64, 19.41) 0.021

High-constraint (vs. low-constraint) prosthesis type 1.69 (26.51, 9.08) 0.689

Surgery duration 20.01 (20.06, 0.05) 0.801

LOS 21.49 (23.89, 0.82) 0.243

Non-home (vs. home/home-health) discharge 25.85 (216.71, 4.54) 0.306

Non-Medicare/Medicaid (vs. Medicare/Medicaid) insurance 1.82 (26.74, 9.56) 0.684

*Signi�cant p values are in bold.
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completed all PROM (KOOS-Pain/KOOS-PS) metrics at 1 year, re-
sulting in the potential for detection bias.

Finally, 31% of eligible patients were lost to follow-up
and excluded from the �nal analysis. Since these patients had
statistical differences in race, CCI, smoking status, and non-
home discharge, they may have had worse outcomes and their
exclusion could have altered the regression model. However,
the actual in�uence on the regression model cannot be deter-

mined, again resulting in a potential for detection bias. Since
our institution is a large, academic, tertiary care center, a large
percentage of patients travel from outside the region for their
surgical procedure and this may have contributed to follow-up
loss. While loss to follow-up is an important limitation, several
authors have suggested avoiding the automatic assumption that
lost patients experienced treatment failure or had poor
results78-80. Furthermore, although there is no consensus

Fig. 4
Nomogram modeling KOOS-QOL at 1-year follow-up (higher score = better QOL).
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threshold that de�nes an adequate follow-up rate for PROM
studies, our 69% rate is within the current literature’s mini-
mum 60% to 70% threshold for acceptable frequency of
response and documentation of non-responders16,38,81.

Despite the limitations, our �ndings provide critical PROM
data that corroborate the overall quality and, most importantly, the
value that aseptic rTKA provides to patients. As the volume of
primary and revision arthroplasty is projected to continuously
rise82,83, providing value-based care is the central goal and at the
forefront in today’s cost-conscious health-care environment2,84. Our
results show that patients undergoing aseptic rTKA had an overall
improvement in pain and function PROMs at 1 year. Patients who
underwent rTKA because of instability showed the least improve-
ment, with 33% having no improvement in pain scores and 44%
having none in function. Patient baseline characteristics such as
multiple previous surgical procedures, instability, and male sex may
be indicative of lower 1-year postoperative PROM scores. As these
trends were seen, physicians may utilize these results in the shared
decision-making process and in setting expectations before aseptic
rTKA. Further research is required in the �eld of revision arthro-
plasty to continue to explore PROMs in conjunction with tradi-
tional survivorship analysis. n
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Update
This article was updated on October 26, 2020, because of a previous error. On page e114(1), in the byline, the listed authors

that had read “Nicolas S. Piuzzi, MD, and Cleveland Clinic OME Arthroplasty Group*” now reads “Ahmed Siddiqi, MD, MBA,
Carlos A. Higuera-Rueda, MD, Viktor E. Krebs, MD, Robert M. Molloy, MD, Alison Klika, MS, Nicolas S. Piuzzi, MD, and the
Cleveland Clinic OME Arthroplasty Group*.”

An erratum has been published: J Bone Joint Surg Am. 2020 Dec 2;102(23):e134.
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