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Abstract

Objectives: This study aimed to estimate patient acceptable symptom state (PASS) thresholds in the Forgotten Joint Score (FJS) 1 year
following primary total knee arthroplasty (PTKA) while investigating the impact of patients’ characteristics on PASS thresholds.

Study Design and Setting: This cohort study used data from patients who underwent PTKA at a public hospital in Scotland between
April 2021 and December 2022. Assessment of FJS (0-100, high-low knee awareness) was completed 1 year postoperatively. A single-item
question about satisfaction with the operated knee was completed at 1 year and served as the anchor for estimating PASS thresholds.
Anchor-based predictive modeling (adjusted and unadjusted) and receiver operating characteristic (ROC) curve methods were used to deter-
mine PASS thresholds. The impact of patient characteristics on PASS threshold values was investigated by calculating stratified PASS
values based on gender and age groups.

Results: A total of 1832 PTKAs were performed between April 2021 and December 2022, of which 1359 (74%) had complete data
comprising the study cohort. The median age and body mass index of patients included in the study were 70 years and 31.2 kg/m?, respec-
tively, with 54% being females. The proportion of satisfied patients was 84%. A moderate positive correlation between FJS and patient
satisfaction was found (r = 0.64, P < .001), which supports the validity of the external anchor. PASS thresholds for the entire cohort were
31 (ROC method) and ~33 points (predictive modeling method). Larger PASS values were found for male patients and patients aged >70
years compared to their female and younger counterparts. The adjusted predictive modeling estimate was 15.3; given that the data do not
meet the assumption of normal distribution, we consider this threshold might be biased and must be interpreted with circumspection.

Conclusion: A postoperative FIS of >33 points can be used as a reference guide to evaluate successful achievement of a ‘“‘forgotten
joint” in a Scottish population. Patients’ characteristics impact PASS estimates and should be considered when interpreting outcome
scores. © 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http:/
creativecommons.org/licenses/by/4.0/).

Keywords: Patient acceptable symptom state; Patient-reported outcome measures; Knee replacement; Joint-specific outcomes; Anchor-based methods; Pa-
tient characteristics

1. Introduction

Total knee arthroplasty (TKA) is one of the most com-
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pain and enhance patients’ quality of life [1]. As health care
increasingly prioritizes patient perspectives, the systematic
evaluation of surgical interventions through patient-
reported outcome measures (PROMs) has become essential
to clinical practice [2,3]. PROMs now serve multiple crucial
functions, from guiding individual patient care to informing
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Plain Language Summary

years seem to need higher scores.

After knee replacement surgery, patients want their new knee to feel natural. The FIS measures how much a person
notices their artificial knee in daily life. The score goes from 0 to 100, with higher numbers meaning the knee feels more
natural. We studied data from over 1300 patients in Scotland using modern statistical methods. Our results show that most
patients need a score of at least 33 to feel satisfied with their knee 1 year after surgery, while men and people aged >70

quality improvement initiatives, comparative effectiveness
research, and value-based health care decisions [2,4].

While statistically significant changes in PROM scores
are commonly reported, these do not always reflect out-
comes that are meaningful to patients [5]. Standardized
thresholds help provide clinically relevant benchmarks for
interpreting PROM scores, assisting both patients and clini-
cians in assessing postoperative success [5—7]. One such
threshold is the Patient Acceptable Symptom State (PASS),
which defines the score at which patients perceive their
symptom state as acceptable [7]. Unlike broader measures
of satisfaction, PASS offers a structured metric to deter-
mine whether a patient’s postsurgical symptoms have
reached a tolerable level.

Among PROMs used for TKA assessment, the Forgotten
Joint Score (FJS) has gained prominence due to its unique
construct and favorable measurement properties. The FJS
ranges from 0 to 100, with higher scores indicating less
joint awareness and better outcomes. Unlike traditional
metrics that primarily assess pain or function, FJS evaluates
joint awareness, reflecting the extent to which a patient no
longer consciously perceives their operated joint during
daily activities. The ability of FJS to capture this aspect
makes it particularly valuable for assessing patient recovery
and overall success of arthroplasty. In addition, FJS demon-
strates low ceiling and floor effects, ensuring its sensitivity
in detecting variations in high-functioning patients and
minimizing measurement limitations often observed in
other PROMs [8—11]. Its validation through Item Response
Theory models has further enhanced its precision and
adaptability in outcome assessment [12]. Consequently,
the FJS is increasingly being adopted as a primary outcome
measure, especially when evaluating cohorts with good and
excellent outcomes [11,13].

Despite the increasing adoption of FIS, only a limited
number of studies have attempted to define PASS thresh-
olds [14—16], with reported values varying considerably
due to methodological differences and varying follow-up
durations. Research indicates that a 1-year follow-up repre-
sents the optimal time point for assessing TKA outcomes
[17,18], as changes beyond this period are minimal [17,19].

Existing studies rely predominantly on traditional
receiver operating characteristic (ROC) curve methods,
which may be less precise for threshold determination
compared to the new predictive modeling (PM) method
[20]. Although a formula for adjusting the PM estimates
has been proposed [21,22], its effect remains untested in

nonnormally distributed data, such as the FJS, where
studies have so far reported only adjusted estimates
[16,23]. Moreover, geographic representation in current
literature is limited, which is particularly significant, given
documented international variations in patient demo-
graphics, PROMs, surgical thresholds, and approaches to
outcome assessment [24,25]. Furthermore, the influence
of patient characteristics on PASS estimates is yet to be
investigated despite related studies suggesting their impor-
tance in interpreting PROMs [26].

This study aims to address these gaps by calculating
PASS thresholds for the FJS at 1 year following TKA using
both PM (adjusted and unadjusted) and ROC-based ap-
proaches, with a larger sample size to enhance threshold
reliability. By refining methodology and incorporating pa-
tients’ characteristics, the findings will provide a robust
benchmark for interpreting FJS scores in clinical practice.

2. Materials and methods

This study used data from patients who underwent unilat-
eral primary TKA between April 2021 and December 2022
at a large Scottish arthroplasty center identified retrospec-
tively within its Clinical Outcome Report Structure (CORS)
database held at the study center. A total of 1832 PTKAs
were performed within the period, of which 1828 were
considered eligible for extraction (Fig 1). The 4 ineligible
cases were for patients who died before their 1-year
follow-up for reasons unrelated to their procedure. In addi-
tion, 33 complex PTKAs were performed during the same
period. Complex PTKAs are defined as procedures where
revision-type implants have been used for extensive bone
loss or gross instability in a primary setting. Given that these
procedures represent an extreme, they were excluded to
avoid skewing the data because they are not directly compa-
rable to a routine primary procedure. The present study was
approved as a component of the CORS project by the hospi-
tal research ethics committee through its audit process. All
data were handled in accordance with the UK Caldicott prin-
ciples while we applied the Strengthening the Reporting of
Observational Studies in Epidemiology [27] checklist.

2.1. Outcome measures

The FJS is a 12-item questionnaire assessing patient’s
awareness of their artificial joint during activities of daily
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What is new?

Key findings

e Male patients and those aged >70 years have high-
er patient acceptable symptom state (PASS) thresh-
olds than their female and younger counterparts.

e Adjusted predictive modeling (APM) thresholds
decreased substantially by more than 50% from
the predictive modeling thresholds.

What this adds to what was known?

e New and more precise PASS thresholds for the
Forgotten Joint Score 1 year after knee arthroplasty
based on a large sample from the Scottish
population.

What is the implication and what should change

now?

o The validity of APM method in skewed data needs
to be robustly examined and established.

e Future studies should report both adjusted and un-
adjusted thresholds along with data characteristics
to enhance understanding and interpretation of
results.

living such as climbing stairs, bathing/showering. Each
item is rated from O (worst) to 4 (best), which are
summed and then transformed to a 0 (worst) to 100 (best)
scale. The FJS was collected postoperatively, aligned
with its original development purpose of measuring pa-
tient awareness of their artificial joint. At 1-year follow-
up, patients completed an FJS questionnaire along with
a single-item satisfaction questionnaire to record satisfac-
tion with their surgery: “How satisfied are you with your
operated knee?” Response: “very satisfied,” “‘satisfied,”
“unsure,” “dissatisfied.”

2.2. Statistical analysis

2.2.1. Estimates for PASS

Anchor-based methods were used to determine PASS
thresholds. These methods reference PROM scores to an
external measure considered important to patients and are
preferred by the Consensus-based Standard for selection
of health status Measurement Instruments (COSMIN)
group [28]. Patient satisfaction questionnaire was chosen
as a suitable anchor question for estimating the PASS
because it addresses the overarching outcome of “‘satisfac-
tion” from the patient perspective [6]. In addition, its val-
idity as an anchor was assessed by calculating the
Spearman’s correlation coefficient with the FJS, and a min-
imum correlation of 0.3 was considered acceptable [29].

PTKAs performed between April 2021 —
December 2022
n =1832 in 1770 patients

Excluded for death before 1 year follow up
n=4

PTKAs assessed for PROMs completion
n = 1828 in 1766 patients

Excluded for missing 1 year FJS
n =441

PTKAs with complete 1 year FIS
n = 1387 in 1349 patients

| Excluded for missing anchor question
| n=28

PTKAs with complete data
n = 1359 in 1323 patients (74%)

Figure 1. Flowchart of patients included in the study. PTKA, primary
total knee arthroplasty; FJS, Forgotten Joint Score.

Similar to Clement et al [14], responses to the anchor ques-
tion responses were dichotomized into “‘satisfied”
(comprising “very satisfied” or ‘“‘satisfied’’) and ‘‘unsatis-
fied” (comprising ‘“unsure” or ‘“‘dissatisfied’’). The group
of “satisfied” patients were considered as having satisfac-
tory symptom state while the ‘“‘unsatisfied” group were
seen as having unsatisfactory symptom state.

PASS thresholds were estimated using 2 methods,
namely, the PM and the ROC curve method. The PM
method [20] is an approach based on binary logistic regres-
sion using the dichotomized anchor response as dependent
variable and the PROM score as independent variable. The
PROM score that corresponds to a likelihood ratio of 1 de-
fines the PASS value [20] denoted by PASS,,.,. Terluin et al
[21] recommend adjusting the estimate for the bias that oc-
curs when the proportion of “‘satisfied”” group deviates
from 0.5. This bias is further amplified by poor reliability
of the anchor [22]. Using the updated adjusted predictive
modeling (APM) method [22], an adjusted predictive PASS

Table 1. Comparison of preoperative demographics between patients
with complete PROMs and those with incomplete PROMs data

Completers Noncompleters
Characteristics (n = 1359) (n = 473) P-value®
Female, n (%) 736 (54) 267 (56) 0.387
Age 70 (64-76) 68 (61-74) <0.001

Body mass 31.2 (27.8-34.8) 31.7 (28.1-35.8) 0.093

index

PROM, patient-reported outcome measure.

Values are median (interquartile range), unless otherwise stated.

@ Wilcoxon signed rank test for continuous variables and chi-
square test for dichotomous.
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Table 2. Preoperative demographics and Forgotten Joint Score according to responses to anchor question

Characteristics Dissatisfied (n = 56)

Unsure (n = 158)

Satisfied (n = 289) Very satisfied (n = 856)

Female, n (%) 32 (57)

Age 70 (65—74)
Body mass index 30.8 (26.8—34.6)
FJS 2.1 (0-10.9)

95 (60)
69 (63—75)
32.7 (29.0-35.7)
13.1 (2.1-18.4)

167 (58)
71 (64—76)
31.3 (28.0—-34.8)
33.3 (20.8-52.1)

442 (52)
70 (64-76)
30.9 (27.7-34.7)
75.0 (50.0-91.7)

Values are median (interquartile range), unless otherwise stated.

was obtained denoted by PASS,gjuseq- The reliability of the
anchor question was estimated using a confirmatory factor
analysis (CFA) approach [30]. The ROC curve method
identifies the PASS (denoted by PASSkoc) as the FJS that
optimally discriminates between ‘‘satisfied”” and ‘“‘unsatis-
fied” patients at the point of maximal sensitivity and spec-
ificity according to the Youden criterion [31].

2.2.2. Effects of demographic characteristics

To investigate the effect of patient characteristics on
PASS estimates, we stratified the data into male and female
groups based on the ‘“gender” wvariable, as well as
“younger” (<70 years) and “older” (>70 years) groups
based on the median age of the study cohort. Subsequently,
we estimated the PASS values for the stratified samples us-
ing the same methods for the unstratified sample.

2.2.3. Software

Statistical analyses were performed using R version
4.4.3. Normality was assessed using Shapiro-Wilk tests,
and data were considered to be nonnormally distributed.
Continuous variables are presented as median and inter-
quartile range, whereas categorical variables are presented
as frequencies and percentages. Nonparametric bootstrap-
ping (n = 1000) was used to determine 95% ClIs for the
PASS estimates.

3. Results
3.1. Characteristics of the study population

A total of 1832 PTKAs were performed within the
enrollment period, of which 1359 (74%) had complete
1-year FJS and satisfaction data (Fig 1). Patients with com-
plete PROMs data were 2 years older than those with
incomplete data, and other preoperative characteristics
were comparable (Table 1).

Preoperative demographics and FIS according to anchor
question responses are summarized in Table 2. FJS increased
with higher levels of patient satisfaction (Fig 2). Correlation
between the anchor question and FJS was 0.64. The percent-
age of “satisfied” patients was 84% (Table 3). The mean
(SD) of the FIS for the entire study cohort was 53.8 (32),
and the skewness (kurtosis) was —0.11 (—1.3).

3.2. Estimates for PASS

PASS thresholds estimated based on the APM, PM, and
ROC methods for the entire cohort and stratified groups are
reported in Table 4. Table 5 presents the anchor reliability
derived for adjusting the PM thresholds using CFA models
as well as the fit indices for the CFA models.

4. Discussion

This study used anchor-based PM and ROC methods to
estimate PASS thresholds for the English version of the FJS
at 1 year following TKA. The study provides 3 key contri-
butions: (1) the first comprehensive determination of PASS
thresholds for the FJS at 1-year post-TKA in a UK popula-
tion, (2) assessment of the effect of adjusting the PM esti-
mates on nonnormally distributed data, and (3) clinically
meaningful benchmarks derived from a large cohort using
COSMIN-aligned anchor-based methods and accounting
for patient demographic characteristics.

PASS estimates for the entire cohort ranged from 15
(PASS qgjustea) 10 33 (PASS,,.q). Similar to results in previ-
ous studies, the precision of the ROC-based estimates
was much lower than the PM estimates. Moreover, PASS
estimates derived using PM and ROC methods varied with

100+ .

804

60+

404

Forgotten Joint Score

20+

[Y R —| T

Dissatisfied (n=56) Unsure (n=158) Satisfied (n=289) Very satisfied (n=856)

Anchor Question

Figure 2. Box plots of Forgotten Joint Score 1 year following total knee
arthroplasty according to anchor question responses.
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Table 3. Descriptive statistics of Forgotten Joint Score according to
dichotomized anchor

Satisfied patients Unsatisfied patients

Statistics (n = 1145) (n = 214)

n (%) 1145 (84) 214 (16)

Median 64.6 10.4

Interquartile 35.4-87.5 2.1-25.0
range

Mean 61.0 15.4

Standard 28.9 17.7
deviation

Skewness -0.29 1.5

the PASSpy, being consistently larger than the PASSzoc es-
timates by 2 to 7 points (Table 4). Terluin et al [20] reported
that unequal variances or nonmirroring distributions in the
“satisfied”” and “‘unsatisfied”” groups yield discordant ROC
and PM estimates. This is the case with the study cohort
where the groups had unequal variances howbeit oppositely
skewed distributions (Table 3).

The estimates produced in this study are comparable
with results from previous studies. Singh et al [15], study-
ing an American cohort, used the Knee Injury Osteoarthritis
Outcome Survey score as external anchor and reported a
PASSroc threshold of 33.3 points, which is slightly higher
than our PASSgoc of 31 points. Heijbel et al [16] reported
the same PASSgoc value of 31 points in a Swedish cohort
also using patient satisfaction as anchor question. They re-
ported a PASS,gjusiea Value of 20, which is higher than our
15 points; however, they used an earlier version of the APM
method, which does not account for anchor question reli-
ability. Within the UK context, Clement et al [14] reported
PASSRoc of 22 points using patient satisfaction as anchor at
6 months post-TKA, which is ~9 points lower than our es-
timate at 1 year. This difference aligns with expectations, as
patients typically report significantly better outcomes at
1 year compared to 6 months post-TKA [17].

A key observation was the marked decrease (15-19
points) in predictive PASS estimates following adjustment
for proportion of “satisfied” patients and the reliability of

anchor question using the APM method. This decline ap-
pears to be directly related to the method’s assumption of
normal distribution of PROM scores [22], which was not
observed in our data. While the APM method adjusts for
unequal proportion in anchor response groups and anchor
reliability, it does not address skewness in PROMs score
distribution—an important limitation when applied to
skewed data, such as FJS. The only study that used the
APM for FJIS PASS estimation did not report unadjusted
PASS values or describe the underlying data distribution
[16]. Consequently, PASS thresholds determined from the
APM method must be interpreted with caution, as the
method’s sensitivity to nonnormal distributions remains un-
certain. More research is needed to refine the APM
approach and evaluate its applicability to skewed data.
Furthermore, future methodological advancements should
aim to update the APM framework to explicitly handle non-
normality, ensuring that estimated PASS thresholds remain
clinically meaningful and reproducible across diverse pa-
tient populations.

The PASS estimates for the younger patients were
consistently lower by 3 to 8 points than those of older pa-
tients, and male patients had slightly higher (0.4—1.2
points) PASS estimates than females. Although we
observed differences in PASS thresholds between age and
gender groups, these findings warrant careful interpretation.
The variation across demographic strata likely reflects com-
plex interactions of unmeasured patient factors rather than
age or gender being primary determinants of satisfaction
thresholds.

PASS is multifactorial, influenced by preoperative func-
tion, comorbidity burden, psychological factors, activity
expectations, and symptom duration. Single demographic
variables cannot capture this complexity. Future research
should investigate the strongest predictors of PASS thresh-
olds and examine additional patient characteristics,
including comorbidities, activity levels, and preoperative
expectations.

There are some limitations to consider in the present
study. First, the retrospective design and requirement for
complete FJS and satisfaction questionnaires introduced

Table 4. PASS values estimated using predictive modeling (PM), adjusted predictive modeling (APM), and receiver operating characteristic (ROC)

methods for entire cohort and stratified groups

Sample Sample size PM ROC APM

Entire cohort 1359 33.4 (30.8—-35.6) 31.0 (21.5-31.6) 15.3 (12.0-18.5)
Female 736 32.8 (29.5-35.7) 31.0 (15.2-38.0) 15.7 (11.4-19.7)
Male 623 34.0 (30.0-37.7) 31.6 (26.0—41.3) 16.1 (10.5—20.9)
Younger 625 29.3 (25.8-32.8) 27.2 (14.1-31.6) 13.5 (8.8—-18.0)
Older 734 37.0 (33.6—40.2) 29.8 (26.0—-53.3) 17.7 (12.8—22.6)

Values in parentheses are 95% CI.
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Table 5. Anchor reliability derived using confirmatory factor analysis (CFA) and fit statistics used to evaluate the CFA models

Sample Anchor reliability CFl scaled TLI scaled RMSEA scaled
Entire cohort 0.72 0.998 0.996 0.068
Female 0.70 0.997 0.996 0.074
Male 0.74 0.998 0.997 0.068
Younger 0.74 0.997 0.997 0.068
Older 0.69 0.998 0.997 0.058

CFl, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; TLI, Tucker-Lewis Index.

potential selection bias, with 26% of patients having
incomplete data. However, comparison of the study cohort
with those having incomplete data showed no significant
differences in preoperative characteristics (except age).
Moreover, the demographic characteristics of the patients
closely match those from the UK National Joint Registry
and Scottish Arthroplasty Project. The generalizability of
our results is further confirmed by the cohort’s size and
the fact that the study center serves patients across multiple
geographic regions within and outside Scotland. Further-
more, the anchor question uses a 4-point response scale
(““very satisfied”, ‘‘satisfied”, ‘“‘unsure”, ‘‘dissatisfied”)
that could have biased responses toward ‘‘satisfaction”.
To mitigate this potential bias, we have considered “‘un-
sure” as ‘“‘unsatisfied” when dichotomizing the anchor
question.

In conclusion, this study has estimated PASS values for
interpreting FJS scores 1 year following TKA while inves-
tigating the impact of age and gender on the threshold
values. A postoperative FJS of at least 33 points was pre-
dictive of achieving PASS as defined by patient satisfac-
tion and predictive modeling method. This value reflects
the symptom state (joint awareness) that an average pa-
tient in Scotland considers satisfactory.
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