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Abstract

Background Although TKA is a common and proven re-
liable procedure for treating end-stage knee osteoarthritis, a
minority of patients still do not achieve satisfactory levels
of pain relief and functional improvement. Even though
several studies have attempted to identify patients at risk
of having poor clinical outcomes, few have approached
this issue by considering the outcome of the patient-

acceptable symptom state (PASS), defined as the value
on a patient-reported outcome measure scale above
which the patient deems their current symptom state
acceptable.

Questions/purposes (1) What is the proportion of patients
who do not attain the PASS in pain and function at 1 year
after TKA? (2) Which preoperative patient factors are
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associated with not achieving the PASS in pain at 1 year
after TKA? (3) Which preoperative patient factors are as-
sociated with not achieving the PASS in function at 1 year
after TKA?

Methods This retrospective study is a secondary analysis of
the 1-year follow-up data from a prospective, international,
multicenter study of a single TKA system. Inclusion criteria
for that study were patients diagnosed with primary osteo-
arthritis or post-traumatic arthritis and who were able to
return for follow-up for 10 years; exclusion criteria were
infection, osteomyelitis, and failure of a previous joint re-
placement. Between 2011 and 2014, 449 patients underwent
TKA at 10 centers in five countries. At 1 year, 13% (58 of
449) were lost to follow-up, 2% could not be analyzed
(eight of 449; missing 1-year KOOS), leaving 85% (383
of 449) for analysis here. The primary outcomes were not
surpassing evidence-derived PASS thresholds in the
Knee Injury and Osteoarthritis Outcome Score (KOOS)
Pain and Activities in Daily Living (ADL) sub-scores.
Multivariate binary logistic regressions considering
preoperative demographic, radiographic, and patient-
reported outcome measure data were constructed using a
forward stepwise elimination algorithm to reach the
simplest best-fit regression models.

Results At 1 year after TKA, 32% of the patients (145 of
449) did not reach the PASS in KOOS Pain, 31% (139 of
449) did not reach the PASS in KOOS ADL, and 25% (110
of 449) did not achieve the PASS in either KOOS Pain or
ADL. After controlling for potentially confounding varia-
bles such as gender, age, BMI, and comorbidity scores, we
found that men (odds ratio 2.09; p = 0.01), and patients
with less-than-advanced radiographic osteoarthritis (OR
2.09; p=0.01) were strongly associated with not achieving
the PASS in pain. After controlling for the same potentially
confounding variables, we found that patients with less-
than-advanced radiographic osteoarthritis (OR 2.09; p =
0.01) were also strongly associated with not achieving the
PASS in function.

Conclusions We found that patients with less severe os-
teoarthritis were much less likely to attain the PASS in pain
and function at 1 year after TKA, and that men were much
less likely to achieve the PASS in pain at 1 year after TKA.
Based on these findings, surgeons should strongly consider
delaying surgery in patients who present with less-than-
severe osteoarthritis, with increased caution in men.
Surgeons should counsel their patients on their expect-
ations and their chances of achieving meaningful levels of
pain and functional improvement. Future regional and
national registry studies should assess the true proportion
of patients attaining PASS in pain and function after TKA
and confirm if the preoperative factors identified in this
study remain significant in larger, more diverse patient
populations.

Level of Evidence Level 111, therapeutic study.
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Introduction

TKA is a common and proven reliable procedure for
treating end-stage osteoarthritis in patients with pain and
physical disability [34]. Despite low revision and compli-
cation rates, studies report that up to 20% of patients do not
achieve a level of pain relief and functional increase that
they deem to be satisfactory [4, 11]. The number of pro-
cedures performed per year continues to grow worldwide,
and recent work has urged researchers to identify modifi-
able patient factors to help decrease the proportion of
patients who do not achieve satisfactory outcomes [34].

In recent years, patient-reported outcome measures
(PROMs) have been increasingly used to quantify the
patient’s subjective experience throughout their treatment
and recovery. Although PROMs offer insight into the
patient-perceived outcome of an operation, they also require
special considerations that are not necessary for more tra-
ditional outcome measures such as survival, reoperation, and
infection. One important consideration, especially when
working with a large number of PROMs, is the possibility of
finding a statistically significant, yet clinically irrelevant,
difference in PROM scores between study groups [23, 25].
In response to this issue, concepts such as the patient-
acceptable symptom state (PASS) and minimal important
change have been introduced to improve our ability to assign
qualitative meaning to quantitative PROM scores.

The PASS represents the value on a PROM scale above
which the patient deems his or her current symptom state
satisfactory, while the minimal important change represents
the smallest change in a PROM that is perceived as impor-
tant to the average patient [21, 47]. The two concepts are
roughly equivalent to determining if the patient is feeling
better (minimal important change) or if the patient is feeling
good (PASS) after the intervention. Although both concepts
can readily be applied to procedures such as TKA, the PASS
offers an additional advantage in that it may be used to
evaluate post-intervention scores in isolation [21].
Additionally, the PASS threshold allows the estimation of
the probability of a satisfactory outcome, which in health
outcomes research provides an advantage over relying on
the patient’s subjective satisfaction scores alone, which can
be affected by a variety of factors such as gender, poor
mental health, preoperative opioid use, and socioeconomic
status [2, 27]. The PASS concept is an evidence-based
outcome that could be used to estimate success in clinical
trials and quality assessments conducted in local and na-
tional joint registries [40].

Studies reporting on the preoperative predictors of
achieving the PASS in pain and function are limited [8, 24].
However, several previous studies sought to identify pre-
operative factors that predict achieving other outcomes
such as the minimal important change or minimal clinically
important improvement, a concept similar to minimal
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important change, in pain or function after TKA. These
studies have found that factors correlated with post-
operative outcomes include BMI [35], comorbidity burden
[36], mental health [2, 9], functional status [36], and os-
teoarthritis severity [13, 49]. There is, however, no clear
consensus on which factors are associated with achieving
acceptable levels of pain and functional improvement after
TKA, and very few of these studies used a validated PROM
evaluation such as a PASS threshold as an outcome.

Therefore, we asked, (1) what is the proportion of
patients who do not attain the PASS in pain and function at
1 year after TKA? (2) Which preoperative patient factors
are associated with not achieving the PASS in pain at 1 year
after TKA? (3) Which preoperative patient factors are as-
sociated with not achieving the PASS in function at 1 year
after TKA?

Patients and Methods
Study Design and Setting

This retrospective study is a secondary analysis of the 1-year
follow-up data from a prospective, international, multicenter
study of a single TKA system. The aim of the original
prospective study was to evaluate the safety and efficacy of
vitamin-E infused polyethylene at long-term follow-up after
TKA (clinicaltrials.gov NCT01374230). The data collected
in the original prospective, multicenter study was well-
suited for the present study because it followed a cohort of
patients who received a modern, widely-used implant sys-
tem; gathered data from a wide array of countries, surgeons,
and practice settings; and used a robust battery of disease-
specific and general-health PROMs at the preoperative and

1-year timepoints. The current study considers only 1-year
data from this study because improvements in PROM scores
typically reach a maximum at 1 year, and do not change
significantly in subsequent years [30, 37].

Participants

Inclusion criteria for the original study were patients with a
diagnosis of primary osteoarthritis or post-traumatic arthritis
who were able to return for follow-up for 10 years; absolute
exclusion criteria were infection, osteomyelitis, failure of a
previous joint replacement, and inability to understand the
study protocol (Table 1). Between 2011 and 2014, 449
patients underwent TKA at 10 centers in five countries.
Patients were enrolled in the United States (four centers; 138
patients), Denmark (two centers; 127 patients), Sweden (one
center; 41 patients), Korea (two centers; 100 patients), and
Australia (one center; 43 patients). At 1 year, 13% (58 of
449) were lost to follow-up, 2% could not be analyzed
(eight; missing 1-year KOOS), leaving 85% (383 0f449) for
analysis here. Additional criteria for inclusion in the multi-
variable models included complete preoperative de-
mographic data, PROMs, and standing AP radiographs,
leaving 70% (315 of 449) for inclusion in multivariate
analyses. When comparing patients with incomplete versus
complete preoperative data for inclusion in the multivariable
models, there were no differences in age (p = 0.80) or BMI
(p =0.35), although there was a higher proportion of men in
the incomplete cohort (49%, 34 of 69) than in the complete
cohort (34%, 107 of 314; p=0.01). After collection, all data
were anonymized and transferred to an academic contract
research organization (ACRO) at the Massachusetts General
Hospital, Boston, USA, via a secure, web-based portal by all

Table 1. Inclusion and exclusion criteria for the prospective, multicenter study on which the current retrospective analysis is based

Inclusion criteria

Exclusion criteria

Painful and disabled knee resulting from osteoarthritis
or traumatic arthritis where one or more compartments
are involved

Patient desire to obtain pain relief and functional
improvement

Patient willingness to return for follow-up for 10 years
Good nutritional state including control of weight and
activity level

May have a bilateral knee replacement but must only
have one knee enrolled

Previous periprosthetic joint infection, sepsis, osteomyelitis, or
failure of a previous joint replacement®

Patient inability to understand study protocol or unwillingness to
return for follow-up for 10 years®

Osteomalacia
Osteoporosis

Vascular insufficiency, muscular atrophy, neuromuscular disease

Incomplete or deficient soft tissue surrounding the knee

Rapid joint destruction, marked bone loss or bone resorption
apparent on radiographic examination

Metabolic disorder which may impair bone formation

%Indicates absolute contraindication.
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participating study sites. Informed consent was obtained
from all patients, and the original study protocol was ap-
proved by the institutional review board at each respective
study site and the ACRO. Additional consent was not re-
quired for the present analysis.

Description of Experiment, Treatment, or Surgery

All patients underwent unilateral TKA using vitamin
E-diffused highly cross-linked polyethylene (E1) in the
Vanguard® Knee System (Zimmer-Biomet, Warsaw, IN,
USA). For each patient, the tibial bearing’s level of constraint
was decided by the operating surgeon. Of those with com-
plete 1-year data, 49% of the knees (186 of 383) received
cruciate-retaining (CR) implants and 47% (179 of 383) re-
ceived posterior-stabilized implants. The proportion of
patients receiving CR differed by country (p <0.01). Patellar
resurfacings were performed at the discretion of the surgeon,
resulting in 76% (292 of 383) patients with patellar resur-
facing. The proportion of patients receiving patellar resur-
facing differed by country (p <0.01). All TKAs in this study
were cemented. The medial parapatellar approach was used
in 99% (378 of 383) of TKAs, while the lateral parapatellar
and mid-vastus approaches were used in 1% (two of 383)
and 1% (three of 383) of TKAs, respectively. Postoperative
care and rehabilitation programs were based on the standard
of care defined by each participating surgeon.

Description of the Follow-up Routine

All patients provided consent to be followed with plain
standing AP and supine lateral radiographs and a set of
PROMs preoperatively (median preoperative period:
1.3 weeks, interquartile range 0.1-3.5 weeks) and at 1 year
postoperatively (mean follow-up period: 1.1 = 0.3 years).
Radiographs and PROMs were administered at the same clinic
visits. At enrollment, basic demographic data were collected,
and comorbidity classes of A, B, and C were assigned using an
adaptation of the Charnley Comorbidity Classes [5].

Variables, Outcome Measures, Data Sources, and Bias

The Knee injury and Osteoarthritis Outcome Score (KOOS)
is a knee-specific questionnaire including five subscales:
pain, symptoms, activities of daily living (ADL), sports and
recreation (Sports/Rec), and knee-related quality of life
(QOL) [41]. All subscales are scored separately from 0 to
100 points, with 0 points indicating extreme knee problems,
25 points indicating severe problems, 50 points indicating
moderate problems, 75 points indicating mild problems, and
100 points indicating no knee problems.
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The EuroQol (EQ)-5D is a generic, health-related
quality of life instrument that evaluates patients in five
dimensions: mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression. All dimensions are
combined to yield a global health index with a weighted
total value ranging from -0.594 to a maximum of 1.0 [10].
The EQ-5D also includes a VAS (EQ-VAS), used to rep-
resent the general health state, that ranges from 0 (worst
imaginable) to 100 (best imaginable).

The final PROM evaluated was the University of
California Los Angeles Activity Score, which classifies
patients’ physical activity on a 0 to 10 scale, with 10 cor-
responding to a high level of physical activity [28].

Through the inclusion of validated knee-specific and
generic, health-related QOL PROMSs, we gained a multi-
dimensional understanding of treatment outcome from the
patient’s perspective. All PROMs were administered on
paper in the local languages of the study sites and trans-
ferred to the ACRO via a secure, internet-based portal.

Radiographic Analysis

Preoperative standing AP knee radiographs taken within
6 months before the index surgery were also collected and
used to calculate the degree of osteoarthritis severity using
the Kellgren-Lawrence osteoarthritis grading system [16].
Based on this grading system, preoperative radiographs were
used to grade osteoarthritis as Grade 0 (none; no radio-
graphic features of osteoarthritis), Grade 1 (mild: doubtful
joint space narrowing and possible osteophytic lipping),
Grade 2 (moderate: definite osteophytes and possible joint
space narrowing on AP views), Grade 3 (severe: multiple
osteophytes, definite joint space narrowing, sclerosis, and
possible bony deformity), or Grade 4 (advanced: large
osteophytes, marked joint space narrowing, severe sclerosis,
and definite bony deformity). All radiographic readings were
performed by a single board-certified orthopaedic surgeon
(CSN) who was blinded to patient demographics and clinical
outcomes. The reader’s intra-reader reliability score was
high (kappa value > 0.9). Only three patients had Kellgren-
Lawrence Grade 1 osteoarthritis in our cohort. For multi-
variate analyses, Kellgren-Lawrence Grades 1, 2, and 3
osteoarthritis were grouped together and compared with
Kellgren-Lawrence Grade 4 for the multivariate analysis.

Statistical Analysis, Study Size

The two primary outcomes considered in this study were the
PASS values for the KOOS Pain and ADL sub-scores at 1
year after TKA. The PASS values were derived from a
previous international multicenter study using valid, anchor-
based methodology: 84.5 for the KOOS Pain subscale and
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83.0 for the KOOS ADL subscale [6]. We chose to use the
PASS thresholds determined by Connelly et al. [6] because
they (1) were the only evidence-derived and validated
thresholds in previous studies for the KOOS at 1 year after
TKA, (2) calculated PASS thresholds using an anchor-based
approach, and (3) used data from a large, multicenter, in-
ternational cohort.

A post-hoc power analysis was conducted to determine
the number of patients needed in each group to detect a 5%
or 10% difference in the proportion of patients who did not
achieve the PASS in either KOOS Pain or ADL with 80%
power and a Type I error rate of 0.05. To detect a 5% or
10% difference in the proportion of patients who did not
achieve the PASS, a minimum of 901 or 196 patients in
each group would be needed, respectively.

First, we calculated the percentages of patients who
achieved the PASS in KOOS Pain, KOOS ADL, and both
KOOS Pain and ADL using all patients who had a com-
plete KOOS questionnaire at 1 year. Then, we performed
Spearman’s rank correlation test for not achieving the
PASS in KOOS Pain and not achieving the PASS in KOOS
ADL to determine the relationship between the two out-
come variables.

Next, we entered all preoperative variables into a mul-
tivariable binary logistic regression analysis which pre-
dicted not achieving the PASS in either KOOS Pain or
ADL, using a forwards stepwise inclusion algorithm.
Variables included in the models were demographic in-
formation, general health state, comorbidity score, generic
and knee-specific PROMs, and preoperative Kellgren-
Lawrence osteoarthritis grade. Only patients with complete
data for all covariates were included in the multivariate
analysis. KOOS Pain and KOOS ADL scores were in-
cluded in the multivariate models testing not reaching the
PASS in Pain and ADL because studies have shown that
achievement of the PASS is not confounded by the
patient’s preoperative PROM levels [39, 47].

Significance was set at p < 0.05 for all comparisons.
SPSS Statistics Version 26.0 (IBM, Armonk, NY, USA)
was used for all analyses.

Results

What Is the Proportion of Patients Who Do Not Attain
the PASS in Pain and Function at 1 Year After TKA?

Based on the evidence-derived values, 38% of the patients
(145 of 383) did not reach the PASS in KOOS Pain, 36%
(139 of 383) did not reach the PASS in KOOS ADL, and
29% (110 of 383) did not achieve the PASS in either KOOS
Pain or ADL. There was a strong correlation between not
attaining acceptable pain relief and not attaining acceptable
improvement in functional status (r; = 0.64; p < 0.01).

Which Preoperative Factors Are Associated with not
Achieving the PASS in Pain at 1 Year After TKA?

After controlling for potentially confounding variables
such as gender, age, BMI, and comorbidity scores, we
found that men and patients with less-than-advanced ra-
diographic osteoarthritis findings were strongly associated
with not achieving the PASS in pain. Additionally, we
found several other factors that were weakly associated
with not achieving the PASS in pain, but the effect sizes of
these additional factors were small. Specifically, our model
demonstrated that gender (men) (odds ratio 1.95; 95% CI
1.14 to 3.33; p = 0.02), Kellgren-Lawrence Grades 1-3
(versus Grade 4) (OR 2.26; 95% CI 1.47 to 4.46; p <0.01),
younger age (OR 0.97; 95% CI 0.94 to 1.00; p = 0.03),
lower preoperative EQ-VAS scores (OR 0.98; 95% CI 0.96
to 0.99; p < 0.01), and lower preoperative KOOS
Sports/Rec scores (OR 0.98;95% CI10.96 t0 0.99; p <0.01)
were independently associated with not achieving the
PASS in KOOS Pain (Table 2). It is important to note that
the effect sizes of younger age, lower EQ-VAS, and lower
KOOS Sports/Rec scores were small, indicating that these
scores likely have clinically relevant impact only when
patients fall at the upper and lower extremes of the scales.

Which Preoperative Factors Are Associated with Not
Achieving the PASS in Function at 1 Year After TKA?

After controlling for potentially confounding variables
such as gender, age, BMI, and comorbidity scores, we
found a strong association between less severe radio-
graphic osteoarthritis findings and failure to attain accept-
able functional outcomes, as well as two other factors
weakly associated with not achieving the PASS in func-
tion. Specifically, we found that Kellgren-Lawrence oste-
oarthritis Grades 1-3 (versus Grade 4) (OR 2.09; 95% CI
1.23 to 3.55; p = 0.01), lower EQ-VAS scores (OR 0.98;
95% CI 0.96 to 0.99; p < 0.01), and lower preoperative
KOOS Sports/Rec scores (OR 0.98; 95% CI 0.96 to 0.99;
p=0.01) were independently associated with not achieving
the PASS in KOOS ADL (Table 3). It is important to note
that the effect sizes of lower EQ-VAS and lower KOOS
Sports/Rec scores were small, indicating that these scores
likely have clinically relevant impact only when patients
score at the upper and lower extremes of the scales.

Discussion

Recent research has projected that the demand for TKA
will increase by 401% by 2040 [45]. Despite generally high
success rates, roughly 20% of patients still do not achieve a
level of pain relief and functional increase that they deem to
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Table 2. Demographics, preoperative PROM values, and multivariable model results for patients who did and did not achieve the
PASS in KOOS Pain

Achieved Did not achieve Multivariable
All the PASS in KOOS the PASS in KOOS p values (B;
Variable (n=315) Pain (n = 205) Pain (n = 110) odds ratio; 95% Cl)
Men (versus women) gender® 34 (101) 31 (64) 40 (45) 0.02 (0.67; 1.95;
1.14 t0 3.33)
Age (years)® 66 (8) 67 (8) 63 (9) 0.03 (-0.03; 0.98;
0.94 to 1.00)
BMI (kg/m?)° 30 (6) 30 (6) 31 (6)
Charnley Class B (versus A)® 32 (100) 35(72) 25 (28)
Charnley Class C (versus A)? 42 (134) 38(79) 50 (55)
Asian or other (versus white) 28 (87) 32 (66) 19 (21)
Kellgren-Lawrence Grade 1-3 43 (135) 38 (77) 52 (58) < 0.01 (0.95; 2.26;

(versus Grade 4) OA®

Preoperative EQ index® 0.59 (0.16-0.69)

Preoperative EQ-VAS® 70 (50-80)
Preoperative moderate-to-severe 34 (106)
anxiety or depression (versus none)?

Preoperative UCLA score® 4 (3-6)
Preoperative KOOS Pain® 42 (31-50)
Preoperative KOOS Symptoms© 43 (32-57)
Preoperative KOOS ADL® 44 (34-57)
Preoperative KOOS Sports/Rec® 15 (5-25)
Preoperative KOOS QOL® 25 (19-38)

0.62 (0.16-0.69)

1.47 to 4.46)
0.59 (0.16-0.69)

74 (60-80) 60 (40-80) < 0.01 (-0.02; 0.98;
0.96 to 0.99)
30 (62) 39 (44)
4 (3-6) 4 (3-6)
42 (28-53) 39 (31-44)
43 (29-57) 46 (32-57)
44 (34-60) 43 (35-53)
25 (5-25) 10 (0-25) < 0.01 (-0.02; 0.98;
0.96 to 0.99)
25 (19-38) 25 (19-31)

Data are presented as the 2% (n), Pmean (SD), or “median (interquartile range). UCLA = University of California Los Angeles Activity

score; QOL = quality of life.

be satisfactory [4, 14]. As the number of people undergoing
TKA continues to grow, it will be critical to identify modi-
fiable risk factors to help improve patient satisfaction, pain
relief, and functional improvement. As we attempt to ad-
dress this issue, it is vital that studies consider objective,
validated outcomes that are fundamentally tied to the
patient’s experience, such as the PASS. Based on our in-
ternational, multicenter cohort of patients treated with a
modern, widely-used implant system, we found that patients
with less severe osteoarthritis were less likely to reach the
PASS in both pain and function. We also found that men
were less likely than women to reach the PASS in pain but
not function.

Limitations

Our study was not without limitations. First, only standing
AP radiographs were used to assess osteoarthritis severity. A
recent study has suggested the weight-bearing posterior-
anterior flexed view (Rosenberg view) may be superior to
the standing AP view for grading the severity of knee

{=). Wolters Kluwer

osteoarthritis [42]. However, this study demonstrated im-
proved diagnostic improvement only in valgus osteoarthri-
tis, and showed no statistically significant improvement in
detection of wvarus or patellofemoral osteoarthritis.
Additionally, other peer reviewed publications examining
the effects of osteoarthritis severity on TKA outcomes have
relied upon standing AP radiographs [26, 49]. Second, two
studies have shown that the Kellgren-Lawrence osteoar-
thritis grading system may have a poor correlation with the
actual severity of osteoarthritis or underestimate the actual
osteoarthritis severity [ 1, 19]. Therefore, our study may have
underestimated or misclassified the actual severity of oste-
oarthritis in our patient population, although the Kellgren-
Lawrence osteoarthritis grading system using standing AP
radiographs is still widely used, accepted, and provides high
diagnostic accuracy [20].

Third, the use of the PASS concept to analyze post-
operative outcomes might be limited by the instrument’s
dichotomization of a continuous outcome, which can lead
to a loss of information. Furthermore, the PASS may vary
based on the statistical method used to calculate it [38, 46].
Slightly different PASS thresholds for the same PROM
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Table 3. Demographics, preoperative PROM values, and multivariable model results for patients who did and did not achieve the

PASS in KOOS ADL

Achieved Did not achieve Multivariable
All the PASS in KOOS the PASS in KOOS p values (B b; odds
Variable (n =315) ADL (n = 203) ADL (n=112) ratio; 95% Cl)
Men (versus women) gender® 34 (101) 34 (68) 36 (41)
Age (years)® 66 (8) 66 (8) 65 (8)
BMI (kg/m?)P° 30 (6) 30 (6) 31 (6)
Charnley Class B (versus A)? 32 (100) 36 (73) 24 (27)
Charnley Class C (versus A)? 42 (134) 38 (77) 50 (57)
Asian or other (versus white) race® 28 (87) 30 (61) 23 (26)
Kellgren-Lawrence Grade 1-3 64 (201) 58 (117) 75 (84) 0.01 (0.73; 2.09;

(versus Grade 4) OA?

Preoperative EQ index® 0.59 (0.16-0.69)

Preoperative EQ-VAS® 70 (50-80)
Preoperative moderate-to-severe 34 (106)
anxiety or depression (versus none)?

Preoperative UCLA® 4 (3-6)
Preoperative KOOS Pain® 42 (31-50)
Preoperative KOOS Symptoms© 43 (32-57)
Preoperative KOOS ADL® 44 (34-57)
Preoperative KOOS Sports/Rec® 15 (5-25)
Preoperative KOOS QOL® 25 (19-38)

0.62 (0.16-0.69)

1.23 to 3.55)
0.52 (0.13-0.69)

74 (60-80) 60 (43-76) < 0.01 (-0.02; 0.98;
0.96 to 0.99)
31 (63) 38 (43)
4 (3-6) 4 (3-6)
42 (31-53) 39 (31-44)
43 (29-57) 46 (32-54)
45 (35-60) 43 (34-54)
25 (5-25) 10 (0-25) 0.01 (-0.02; 0.98;
0.96 to 0.99)
25 (19-38) 25 (19-31)

Data are presented as the 2% (n), Pmean (SD), or “median (interquartile range). UCLA = University of California Los Angeles Activity

score; QOL = quality of life.

could theoretically yield differing results as to factors asso-
ciated with not achieving the PASS. Despite this potential
limitation, it is imperative that orthopaedic outcomes re-
search use patient-centered outcome measures such as the
PASS, which correlate PROM scores to the patient’s sub-
jective experience without having to rely on VAS satisfac-
tion scores, which can be affected by a variety of factors
outside of the surgeon’s control [2, 27]. At the time of this
study, only one evidence-based, internally validated set of
PASS thresholds was available in the literature for the
KOOS subscales at 1-year after TKA [6]. Despite the po-
tential statistical limitations of PASS, it is a state-of-the-art
metric tied to the patient’s experience through self-reported
satisfaction, which increases confidence in the clinical rel-
evance of our findings.

Fourth, study inclusion criteria required patient willing-
ness to return for follow-up until 10 years after surgery,
which may have introduced selection bias in our study co-
hort. Patients who are willing and able to return for such
stringent follow-up may also be more inclined to strictly
follow postoperative rehabilitation regiments. Therefore,
our cohort may not be representative of the TKA population
as a whole, and readers must take this into consideration
when deciding if our results apply to their patients. Fifth, the

prospective study on which this retrospective analysis is
based was not specifically designed to answer our specific
study question, and thus we are missing some important
preoperative factors shown to affect pain and functional
outcomes after TKA, such as smoking and opioid use [12,
50]. These known risk factors for poor clinical outcomes
should be considered in addition to the risk factors identified
in the current study. Finally, we considered only patients
with a single TKA system, which may limit the generaliz-
ability of the findings. However, the use of a single TKA
system may also be viewed as an advantage, as the implant
type was eliminated as a confounding variable in the anal-
ysis. Additionally, the Vanguard knee system is a widely
used and modern TKA system.

What Is the Proportion of Patients Who Do Not Attain
the PASS in Pain and Function at 1 Year After TKA?

A sizable proportion of patients did not reach the PASS for
pain relief, function, or both at 1 year. The current study is
the first to report factors associated with not achieving the
PASS in KOOS Pain and ADL at 1 year after TKA. One
prospective, multicenter study from the Netherlands using
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the Oxford Knee Score to assess pain and function found
that 26% of patients did not achieve the PASS at a mean of
3.2 years after surgery [18]. Another multicenter study from
the United States assessed function via the WOMAC
Physical Function subscale and found that 29% of patients
did not reach the PASS at a minimum of 6 months after TKA
[24]. Our study found a higher proportion of patients did not
attain the PASS in pain and function than these two previous
studies, although it is important to note that direct compar-
ison between the KOOS, OKS, and WOMAC is imperfect.
In addition, the current study used a more geographically
and culturally diverse cohort of TKA patients than the two
previous studies examining PASS after TKA, which may
partially explain the differences in the rates of achieving the
PASS. Specifically, our study cohort included many
Scandinavians, who have been shown in one previous study
to score lower on postoperative PROMs than patients in the
United States and Korea [43]. The relatively high rate of
patients who failed to attain the PASS in pain and function at
1 year after TKA highlights that there remains room for
improvement in how surgeons identify which patients are
likely or unlikely to benefit from TKA.

Which Preoperative Factors Are Associated with not
Achieving the PASS in Pain at 1 Year After TKA?

Men and patients with less severe arthritis (Kellgren-
Lawrence grades < 4) were strongly associated with not
achieving the PASS in pain at 1 year after TKA. Younger
age, lower preoperative general health scores, and lower
preoperative KOOS Sports/Rec were also weakly associated
with not achieving the PASS in pain, although the effect
sizes of these variables were small. Our finding regarding
gender disagrees with several previous studies that have
shown men typically have better outcomes than women
regarding pain and functional outcomes after TKA [14, 29].
Our finding may be due to the fact that men were slightly
underrepresented in our study cohort, at just 37%.
Nevertheless, our study’s contrary findings highlight the
need for large-scale registry studies to clarify the relationship
between gender and pain and functional outcome. Although
we do not believe that gender should play a role in the
surgeon’s decision to perform TKA, it is imperative that
surgeons use the available data to manage patient expect-
ations. With regard to preoperative osteoarthritis grade, our
findings are consistent with previous single-center [48] and
multicenter studies [15, 49] that have reported worse pain
outcomes in patients with less severe osteoarthritis grade
before TKA. However, other studies have shown no asso-
ciations between preoperative osteoarthritis severity and
pain outcomes [26, 33]. The diverging findings between
these studies may be due to differences in the outcome
measures used, radiologic criteria for osteoarthritis, and

am—
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differing follow-up times after TKA. Our multinational
study provides further evidence for the association between
less severe osteoarthritis and worse pain outcomes after
TKA using the PASS, a known, clinically relevant outcome.
Given the fact that osteoarthritis severity is a potentially
modifiable risk factor, we recommend that surgeons care-
fully consider osteoarthritis severity while counselling their
patients and consider delaying TKA in patients with less
severe osteoarthritis, especially in patients with Kellgren-
Lawrence Grades 1 or 2. Our findings that younger age,
lower preoperative EQ-VAS scores, and lower preoperative
KOOS Sports/Rec likely have little clinical utility based on
their small effect sizes in our cohort. The small effect of
younger age on attaining PASS in pain could be related to
higher expectations for postoperative outcomes, as has been
demonstrated by several previous studies [32, 44]. As TKA
becomes more common in the younger population [22], it
will be crucial to gain a better understanding of the role
young age plays in pain and functional outcomes after TKA.
Previous large multicenter studies have shown that lower
self-reported general health predicted poor outcomes in pain
after TKA [3, 29]. Our findings weakly support this notion,
but further research is needed to elucidate this relationship.
The clinical utility of the KOOS Sports/Rec score in de-
termining likelihood of attaining the PASS in pain is
doubtful given that the score may have limited applicability
to patients undergoing TKA [31].

Which Preoperative Factors Are Associated with Not
Achieving the PASS in Function at 1 Year After TKA?

We found that several factors were weakly associated with
poorer functional outcomes, but the strongest association
was with less severe radiographic findings. Our findings are
consistent with previous single-center [7] and multicenter
[15, 17] studies, which have demonstrated that those with
more severe osteoarthritis experienced greater improve-
ments in function. However, other studies have shown no
associations between preoperative osteoarthritis severity and
pain and functional outcomes [26, 33]. These studies varied
based on the outcome measures used, radiologic criteria for
osteoarthritis, and differing follow-up times after TKA,
which may partially explain the inconsistency in findings.
Our study is the first to examine the impact of osteoarthritis
severity on the PASS in function specifically, and therefore
adds important evidence that the association between less
severe osteoarthritis grade and worse functional outcomes
has a clinically relevant impact. Given the fact that OA se-
verity is a potentially modifiable risk factor, we recommend
that surgeons carefully consider osteoarthritis severity while
counselling their patients and consider delaying TKA in
patients with less severe osteoarthritis, especially in patients
with Kellgren-Lawrence Grades 1 or 2. Our findings that
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lower preoperative general health scores and lower pre-
operative KOOS Sports/Rec likely have little clinical utility
based on their small effect sizes in our cohort. With regard to
general health, several studies have shown that lower self-
reported general health are associated with worse functional
outcomes after TKA [3, 29]. Our findings weakly support
this relationship, and further research on the topic is war-
ranted. Based on the preoperative KOOS Sports/Rec score’s
minimal effect size and the metric’s limited applicability to
TKA patients [31], its clinical utility is likely minimal.

Conclusions

In conclusion, we found that patients with less severe os-
teoarthritis were much less likely to attain the PASS in pain
and function at 1 year after TKA than patients with more
severe disease, and that men were much less likely than
women to achieve the PASS in pain at 1 year after TKA.
Based on these findings, surgeons should strongly consider
delaying surgery in patients who present with less-than-
severe osteoarthritis, with increased caution in men. Based
on our findings, we recommend surgeons use our results to
guide patient expectations by counseling their patients on
their chances of achieving meaningful levels of pain and
functional improvement. Future regional and national
registry studies should assess the true proportion of patients
attaining PASS in pain and function after TKA and confirm
if the preoperative factors identified in this study remain
significant in larger, more diverse patient populations.
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