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Background and purpose — When evaluating the outcome after
total knee arthroplasty (TKA), increasing emphasis has been put
on patient satisfaction and ability to perform activities of daily
living. To address this, the forgotten joint score (FJS) for assess-
ment of knee awareness has been developed. We investigated the
validity and reliability of the FJS.

Patients and methods — A Danish version of the FJS ques-
tionnaire was created according to internationally accepted
standards. 360 participants who underwent primary TKA were
invited to participate in the study. Of these, 315 were included in a
validity study and 150 in a reliability study. Correlation between
the Oxford knee score (OKS) and the FJS was examined and test-
retest evaluation was performed. A ceiling effect was defined as
participants reaching a score within 15% of the maximum achiev-
able score.

Results — The validity study revealed a strong correlation
between the FJS and the OKS (intraclass correlation coefficient
(ICC) =0.81, 95% CI: 0.77-0.85; p < 0.001). The test-retest eval-
uation showed almost perfect reliability for the FJS total score
(ICC = 091, 95% CI: 0.88-0.94) and substantial reliability or
better for individual items of the FJS (ICC > 0.79). We found a
high level of internal consistency (Cronbach’s o = 0.96). The ceil-
ing effect for the FJS was 16%, as compared to 37% for the OKS.

Interpretation — The FJS showed good construct validity and
test-retest reliability. It had a lower ceiling effect than the OKS.
The FJS appears to be a promising tool for evaluation of small
differences in knee performance in groups of patients with good
clinical results after TKA.

When arthroplasty was first introduced as a treatment for
osteoarthritis of the knee, the main aims when evaluating
the success of the treatment were pain relief and achieve-
ment of an acceptable range of movement. Since the 1970s,
as prosthetic designs have evolved, the results of total knee
arthroplasty (TKA) have greatly improved in line with grow-
ing patient expectations. This development has led to greater
emphasis on patient-perceived outcome, such as patient satis-
faction and ability to perform activities of daily living (ADL),
when evaluating the results of TKA in search of optimal treat-
ment protocols.

Several scoring systems based on patient-reported outcome
measures (PROMs) have been developed in order to evaluate
outcome after TKA (Bellamy et al. 1988, Insall et al. 1989,
Ware and Sherbourne 1992, Dawson et al. 1998, Rabin and
de Charro 2001, Talbot et al. 2010, Collins and Roos 2012).
A scoring system that has been widely used in TKA research
is the Oxford knee score (OKS), which has been repeatedly
validated (Dawson et al. 1998, Dunbar et al. 2000, Haverkamp
et al. 2005, Naal et al. 2009, Takeuchi et al. 2011). In recent
years, however, the OKS has been shown to have a consider-
able ceiling effect (Marx et al. 2005, Jenny and Diesinger 2012,
Jenny et al. 2014), which makes it less suitable when investigat-
ing potentially small differences in performance of the knee in
patients with good or excellent clinical results after TKA.

To address this issue, a new scoring system—the forgot-
ten joint score (FJS)—was recently developed (Behrend et al.
2012). The FIS scoring system is based on a 12-item question-
naire concerning patients’ ability to forget their artificial joint
in everyday life (i.e. lack of awareness of the knee), because
this could be considered to be the ultimate goal after arthro-
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Validity study

Primary TKA
invited to the validity study
n = 360

FJS + OKS Excluded (n = 45):
questionnaires | == - not returning questionnaire, 38
- incomplete response, 7

Included in the validity study
n=2315

Reliablity study

Invited to the reliability study
n =200

FJS Excluded (n = 50):
questionnaires - reported change in knee function, 25
- not returning questionnaire, 14
- incomplete response, 11

Included in the reliability study
n=150

Figure 1. Flow diagram presenting participants who were invited to
participate in the study and included in the analysis.

plasty. Earlier studies have found good correlation between
the FJS and other PROMs (WOMAC and KOOS) and they
have shown that the FJS has promising ability to measure out-
come (Behrend et al. 2012, Thienpont et al. 2014, Thompson
et al. 2015). Correlation between the FJS and OKS has not
been investigated previously.

We developed a Danish version of the FJS and investigated
its validity and responsiveness, including correlation with the
OKS and test-retest characteristics of the FJS. Investigation
of correlation with the OKS was chosen on the basis of an
earlier study by Dunbar et al. (2001), who found that the OKS
was the most appropriate disease-specific PROM to use when
evaluating the outcome of TKA.

Patients and methods

In this retrospective cross-sectional survey-based study, we
randomly selected 360 patients who had received a primary
unilateral TKA at our institution (Copenhagen University
Hospital, Hvidovre, Denmark) between January 2010 and
January 2013. They had not undergone previous open knee
surgery and did not have revision surgery after primary TKA.
The patients who were invited to participate in the study were
treated either with a cemented previous-generation fixed-bear-
ing, cruciate retaining TKA (AGC; Biomet, Warsaw, IN), a
cemented newer-generation fixed-bearing, cruciate retaining
TKA (Vanguard CR; Biomet) or an uncemented, mobile-bear-
ing, cruciate retaining TKA (Vanguard ROCC; Biomet). All 3
prosthetic designs have shown good clinical results (Emerson
et al. 2000, Worland et al. 2002, Ritter 2009, Stormont and
Chillag 2009, Bercovy et al. 2012, Thomsen et al. 2013, Atrey
et al. 2014, Kievit et al. 2014, Schroer et al. 2014).

Table 1. Questions included in the FJS questionnaire

Are you aware of your artificial knee ...

... in bed at night?

... When sitting on a chair for more than one hour?
... when you are walking for more than 15 minutes?
... when taking a bath/shower?

... when traveling in a car?

... when climbing stairs?

... when walking on uneven ground?

... When standing up from a low-sitting position?
... when standing for long periods of time?

... Wwhen doing housework or gardening?

.. when taking a walk or hiking?

.. when doing your favorite sport?

O©CoO~NOOTAWN =

—_
N = O

The study was conducted according to the COSMIN guide-
lines (Mokkink et al. 2010) and consisted of 2 parts, a validity
study and a reliability study. In January 2014, all 360 patients
were invited to participate in the study, giving a follow-up
period of 1-4 years. All participants received a set of ques-
tionnaires consisting of a Danish version of the FJS and OKS
questionnaires. If participants had not returned the question-
naires within 2 weeks, a new set of questionnaires was sent.
After 4 weeks, 315 participants had completed the question-
naires sufficiently well. The 315 participants who completed
the first survey were included in the validity study.

The first 200 participants who returned the first set of ques-
tionnaires were then invited to participate in the reliability
study. These participants were asked to complete a second FJS
questionnaire 4 weeks after the first set of questionnaires had
been delivered to the patients. Patients were excluded from
the reliability study if they reported a change in knee pain or
function in the period between the first questionnaire and the
second one. 150 participants completed the second question-
naire sufficiently well and were included in the reliability
study (Figure 1 and Table 2).

The FIS is a 12-item questionnaire concerning the par-
ticipants’ awareness of their artificial joint during ADL. The
questions included in the FJS questionnaire are presented in
Table 1. For each question, the participant can choose between
6 response options: never, almost never, seldom, sometimes,
mostly, or not relevant for me.

When calculating the total score for the FJS, all responses
are summed (never, 0 points; almost never, 1 point; seldom, 2
points; sometimes, 3 points; mostly, 4 points) and then divided
by the number of completed items (questions met with “not
relevant for me” were treated as having a missing value and
were not included in completed items). This mean value is
subsequently multiplied by 25 to obtain a total score range of
0 to 100. Finally, the score is subtracted from 100 to change
the direction of the final score in such a way that high scores
indicate a high degree of “forgetting” the artificial joint—i.e. a
low degree of awareness. If more than 4 responses are “not rel-
evant for me” or missing, the total score should be discarded
(Behrend et al. 2012).
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The OKS is a previously validated PROM based on a
12-item questionnaire. It has been widely used to evaluate
outcome after TKA. Participants can have a total score of 0 to
48, where 48 indicates the best possible outcome. In the case
of missing responses, the mean value representing all of their
other responses is used. If more than 2 responses are missing,
the total score should be discarded (Dawson et al. 1998).

Translation

Translation of the FJS questionnaire to Danish was performed
according to internationally adopted methods including for-
ward translation, back translation, evaluation of translation
quality, and confirmation (Guillemin et al. 1993, Ware et al.
1995, Ganestam et al. 2013). First, 3 independent Danish
translations of the English version of the FIS questionnaire
were done. The 3 translators then agreed on a consensus ver-
sion of the translated questionnaire. An extra answer option
stating: “not relevant for me” was added to each individual
question in order to improve responsiveness of the question-
naire. A bilingual translator then translated the Danish con-
sensus version back into English. Finally, the inventor of the
questionnaire approved the backward translation to ensure
that comprehension of the content was not lost in the transla-
tion process (Behrend et al. 2012). All the translations were
performed by medical doctors.

Statistics

Construct validity of the FIS was assessed using Pearson’s
correlation coefficient with the OKS as a reference. The OKS
has previously been validated (Dawson et al. 1998).

The test-retest reliability was evaluated using the intra-
class correlation coefficient (ICC) estimated from a one-way
ANOVA model with a random effect parameter for subject.
The ICC calculated was classified in terms of agreement
according to the guidelines presented by Landis and Koch
(1977): < 0.2, poor; 0.2-0.4, fair; 0.4-0.6, moderate; 0.6-0.8,
substantial; and > 0.8, almost perfect. The standard error of
measurement (SEM) was calculated using the formula: SEM
=SD x V(1 = ICC) where SD is standard deviation. The SEM
was used to calculate the minimal detectable change (MDC)
for the FJS using the formula: MDC = 1.96 x V(2 x SEM) (de
Vet et al. 20006).

Internal consistency of the FIS was evaluated using Cron-
bach’s o, which indirectly measures the extent to which each
of the 12 items of the FJS questionnaire measure the same con-
struct. A Cronbach’s a of > 0.9 was considered satisfactory.

A ceiling effect was defined as when patients reached a
score within 15% of the maximum achievable score for the
FIS (= 85 points) and the OKS (> 41 points).

Item response modeling

Exploratory factor analysis was used to evaluate the uni-
dimensionality of the FJS score, thereby determining whether
the items of the score related to a single latent factor or several.

Table 2. Demographics of patients included in the validity and reli-
ability studies. The numbers in parentheses are standard deviations
(SDs) where the data were normally distributed, or percentages of
the total

Validity study Reliability study

n=2315 n =200

Female 187 (59%) 82 (55%)
Age (range) 65 (36-91) 66 (44-91)
Prosthesis

Van-CR 35 (11%) 19 (12%)

Van-ROCC 68 (22%) 40 (27%)

AGC 212 (67%) 91 (61%)
Year of surgery

2010 28 (9%) 17 (11%)

2011 111 (35%) 56 (37%)

2012 164 (52%) 72 (48%)

2013 12 (4%) 5 (3%)
FJS 53 (SD 29) 56 (SD 31)
OKS 35 (SD 10)

Item response models were used to describe the relationship
between the items and the underlying latent factor that they
were intended to measure. The items in the FJS score contain
5 possible answers. The graded response model was therefore
chosen to describe the data. Both a model with equal discrimi-
nation parameters (constrained model) and a model with esti-
mated discrimination parameters (unconstrained model) were
fitted to the data, to determine whether the items should be
weighted. Likelihood ratio test (LRT) was used to test the dif-
ference between the models. Item characteristic curves were
plotted for each item to illustrate the probability of giving a
specific answer given the trait level.

Any p-value of less than 0.05 was considered statistically
significant. All analyses were performed using R version 3.0.2
(R foundation for Statistical Computing, Vienna, Austria).

Ethics

The study was approved by the Danish National Data Protec-
tion Agency (AHH-2014-010).

Results

315 of the 360 invited participants returned the first FIS ques-
tionnaire sufficiently well completed, giving a response rate
of 88% (Table 2).

Construct validity

There was a strong correlation between the FJS and OKS scor-
ing systems, with a correlation coefficient of 0.81 (95% CI:
0.77-0.85; p < 0.001).

Reliability
Reliability testing evaluated the ability of the questionnaire
to distinguish patients from each other despite the measure-
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Table 3. Intraclass correlation coef- Percentage of patients Percentage of patients
ficients (ICCs) of total and individual 10 10
sub-scores of the FJS
8+ 8
ICC (95% Cl)
FJS Total 0.91 (0.88-0.94) 6 6 i
FJS 1 0.84 (0.78-0.88) i
FJS 2 0.80 (0.73-0.85)
FJS 3 0.82 (0.77-0.87) ol ol
FJS 4 0.87 (0.83-0.91)
FJS 5 0.79 (0.72—-0.84) M
FJS 6 0.85 (0.80-0.89)
FJS 7 0.81 (0.74-0.85) 27 27
FJS 8 0.82 (0.76-0.87)
FJS 9 0.80 (0.73-0.85)
FJS 10 0.86 (0.81-0.90) 0 . w w 1 0 w 1 1 1
FJS 11 0.85 (0.78-0.89) 0 20 40 60 efo_ 100 0 10 20 30 40 50
FJS 12 0.89 (0.84-0.93) Forgotten joint score Oxford knee score

ment error. The test-retest evaluation showed almost perfect
reliability for the FJS total score (ICC = 0.91) and substantial
reliability or better for the individual FJS sub-scores (Table 3).
The agreement of the questionnaire (the ability of the ques-
tionnaire to detect changes over time) was evaluated using the
calculated SEM and MDC. The calculated SEM was 8.7. The
calculated MDC was 24 (95% CI: 21-28).

Internal consistency

We found a high level of internal consistency amongst the 12
individual FJS sub-scores (Cronbach’s o = 0.96).

Ceiling effect

Distributions of the total FJS and OKS scores are presented in
Figures 2 and 3. We found a ceiling effect of 16% for the FJS,
as compared to 37% for the OKS.

Item response modeling

Exploratory factor analysis supported the assumption of uni-
dimensionality of the FJS score; factor loading values were all
between 0.66 and 0.90, with item 4 having the weakest loading.

Testing between a constrained model and an unconstrained
model showed a significant difference in the LRT (p = 0.005),
indicating that an unconstrained model provided a better fit.
Estimates from the unconstrained model showed that item 2
had a lower discrimination estimate (2.0) than the other items
(2.4-3.7). Because of this, a second model not including item
2 was tested; this 11-item model showed no significant dif-
ference between the constrained model and the unconstrained
model (p=0.1).

The analysis that followed was done from the constrained
12-item FJS score model, since this related to the construct
of the 12-item FJS score. Estimates of the constrained model
can be found in Table 4. There was a difference between the
threshold parameters across the different items, mostly items
4 and 8. Item 4 had the largest threshold estimates, making it

Figure 2. Distribution of FJS scores.

Figure 3. Distribution of OKS scores.

positively skewed, and item 8 had the lowest threshold esti-
mates, making it negatively skewed (Figure 4).

Discussion

For patients to “forget” their artificial knee, it has to be free of
pain, has to offer an acceptable range of movement, and has to
provide stability in all degrees of flexion during ADL. The FJS
includes all these parameters in the evaluation of the outcome
after TKA. This study was conducted to investigate the valid-
ity and reliability of the FJS.

The translation of the FJS questionnaire from English to
Danish was performed according to internationally accepted
methods. We therefore believe that the Danish version of the
FJS questionnaire is an acceptable representative of the origi-
nal questionnaire, and that it can be used in research concern-
ing the outcome of TKA.

The OKS is a disease-specific PROM that has been widely
used in TKA research. It has already been extensively vali-

Table 4. Estimates from the constrained graded response model

ltem Threshold parameters Discrimination
b1 b2 b3 b4
1 -0.347 0.241 1.019 1.565 3.034
2 -0.831 -0.137 0.553 1.296 3.034
3 —-0.407 0.088 0.597 1.329 3.034
4 0.270 0.638 1.148 1.952 3.034
5 -0.588 0.172 0.734 1.586 3.034
6 -1.095 -0.296 0.312 0.966 3.034
7 —-0.985 -0.302 0.609 1.258 3.034
8 -1.232 -0.666 0.058 0.630 3.034
9 -0.863 -0.200 0.413 1.166 3.034
10 -0.834 -0.067 0.565 1.481 3.034
11 -1.055 -0.155 0.554 1.242 3.034
12 -0.971 -0.299 0.550 1.143 3.034
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Figure 4. ltem characteristic curves for individual FJS items of the con-
straint graded response model.

dated (Dawson et al. 1998, Dunbar et al. 2000, Haverkamp
et al. 2005, Naal et al. 2009, Takeuchi et al. 2011) and in an
earlier study, Dunbar et al. (2001) found the OKS to be the
most appropriate disease-specific PROM to use when evalu-
ating outcome after TKA. For this reason, we chose to use
correlation to the OKS for validation of the FJS in this study.

We found that the FJS showed good construct validity, as
it correlated strongly with the OKS (r = 0.81). Our findings
are supported by the results of earlier studies where the FJS
was compared to the WOMAC and the KOOS (Behrend et al.
2012, Thompson et al. 2015).

When evaluating the test-retest reliability of the FJS, we
found an ICC of 0.91 for the total FJS score. According to the
interpretation put forward by Landis and Koch (1977), this
equals almost perfect reliability. When looking at the indi-
vidual sub-scores of the FJS, the lowest ICC was found for
question 5 concerning awareness of the knee when traveling
in a car. The ICC for question 5 was 0.79, which indicated a
substantial degree of reliability. For all other sub-scores, we
found almost perfect reliability (ICC > 0.8). This high degree
of reliability for each question leads us to believe that all the
questions in the FJS questionnaire are suitable and warranted
when evaluating the outcome of TKA. Our findings concern-
ing test-retest reliability of the FJIS are similar to the findings
of Thompson et al. (2015), who validated an English version
of the FJS and found an ICC of 0.97 for the total FJIS score.

The calculated MDC of 24 points found in our study was
relatively high, which can be explained by the wide distribu-
tion of the individual participant scores (Figure 2). This could
indicate that the FJS is less suitable for repeated assessments
of individual patients during follow-up after TKA, as only
differences above 24 points for individual patients can be
expected to be detected.

The reported high level of reliability and internal consistency
along with a lower degree of ceiling effect do, however, lead
us to believe that the FJS system is reliable and useful when
evaluating the outcome of groups of patients in TKA research.

The FIS presents an even distribution of scores throughout
the total scoring scale compared to the distribution of the OKS
scores, which clearly has a distribution that is shifted to the
right (Figures 2 and 3). This was reflected in the assessment
of the ceiling effect. We found a ceiling effect of 16% for the
FIS and 37% for the OKS, which is comparable to the find-
ings presented in earlier studies (Marx et al. 2005, Behrend
et al. 2012, Jenny and Diesinger 2012, Giesinger et al. 2014,
Jenny et al. 2014, Thompson et al. 2015). The wide distribu-
tion of FIS scores for patients with good clinical results after
TKA could indicate that the FJS is more sensitive than the
OKS when evaluating small differences in knee performance
in these patients.

Item response analysis of the FJS score showed evidence
of an unconstrained model structure, meaning that a weighted
sum of the items of the FJS score would give a better repre-
sentation of the underlying trait. However, there was no evi-
dence of a better fit with an unconstrained model when item
2 was removed, suggesting that error from not using weights
is mainly introduced from item 2. Item 4 showed positively
skewed threshold parameters, indicating that the item has dif-
ficulty in identifying people with low awareness. Likewise,
item 8 was found to be negatively skewed, indicating diffi-
culty in identifying people with a high degree of awareness.

A limitation of this study was that we were not able to include
preoperative FJS and OKS scores because of the retrospective
design. We therefore cannot draw any conclusions regarding
the ability of the FJS to measure changes in knee awareness
over time (responsiveness). An earlier study by Giesinger et
al. (2014) found that the FJS performed well when changes in
knee awareness after TKA were being evaluated. The ability
of the FJS in evaluation of changes in knee awareness over
time, however, requires further evaluation.

The follow-up period of only 1 year for some patients in this
study was short, and one could argue that patients still in reha-
bilitation could have have influenced the results concerning
test-retest reliability. Earlier studies, however, have revealed
that knee function reaches a plateau beyond 1 year after
TKA (Shoji et al. 1990, Kim et al. 2009). Also, patients who
reported a change in knee pain or function were excluded. We
therefore believe that the reliability of the FJS found in this
study is valid.

In summary, the FJS demonstrated good construct validity,
correlated with the OKS, and had good test-retest reliability
at the group level. The FJS had a lower ceiling effect than the
OKS. Suggestions for improvement of the FJS score would be
rephrasing of items 4 and 8§ and considering item weighting or
exclusion of item 2. The FJS appears to be a promising tool for
evaluation of small differences in knee performance in groups
of patients with good or excellent clinical results after TKA.
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