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Abstract

Background The Oxford Knee Score (OKS) has been designed for patients with knee osteoarthritis and has a wide-
spread use. It has 12 questions, with each question having the same weight for the overall score. Some authors have
observed a significant ceiling effect, especially when distinguishing slight postoperative differences. We hypothesized
that each questions’ weight will depend significantly on the patient’s sociodemographic data and lifestyle.

Methods In this international multicentric prospective study, we included patients attending a specialist outpatient
knee clinic. Each patient filled out 3 questionnaires: (a) demographic data and data pertaining to the OKS, (b) the
standard OKS, and (c) the patient gave a mark on the weight of the importance of each question, using a 5-point
Likert scale (G OKS). Linear regression models were used for the analysis.

Results In total 203 patients (106 female and 97 male) with a mean age of 64.5 (+12.7) years and a mean body mass
index (BMI) of 29.34 (+5.45) kg/m? were included. The most important questions for the patients were the questions
for pain, washing, night pain, stability, and walking stairs with a median of 5. In the regression models, age, gender,
and driving ability were the most important factors for the weight of each of the question.

Conclusion The questions in the OKS differ significantly in weight for each patient, based on sociodemographic
data, such as age, self-use of a car, and employment. With these differences, the Oxford Knee Score might be limited
as an outcome measure. Adjustment of the OKS that incorporates the demographic differences into the final score
might be useful if the ceiling effect is to be mitigated.

Level of Evidence: Level Il prospective prognostic study
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Introduction

The Oxford Knee Score (OKS) was first described by
Dawson et al. [1] in 1997 and is one of the most common
patient-reported outcome measures (PROM). The OKS
was specifically developed and validated for measuring
outcomes of knee replacement surgery, designed to be
used pre- and postoperatively [1, 2]. The OKS [1] consists
of 12 questions assessed on a Likert scale, each question
valued from O to 4. A summative score is calculated, with
48 points as the best possible score (least symptomatic)
and 0 points as the worst possible score (most sympto-
matic) [1-3].

Patients who underwent a knee arthroplasty are in
general satisfied in terms of pain reduction and overall
improved function, due to improvements in materials,
surgical technique, and fixation [6—8]. But in the past
20 years, the dissatisfaction has remained stagnant at
10-20% [9]. Furthermore, the improvements resulted in
ceiling effects in commonly applied PROMs, including
OKS and WOMAC [10, 11]. Ceiling or floor effects occur
when a considerable number of patients score the maxi-
mum or minimum score [2]. As a result, the outcome
measure is unable to discriminate between subjects at the
top or bottom of the scale [12, 13].

PROMs are also often unable to detect subtle differ-
ences in patient satisfaction between different designs
or implantation techniques [11]. Alternative alignment
strategies such as kinematic alignment are increasingly
used to improve patient outcome. Results are mixed
without clear statistically significant differences in post-
operative outcome between different alignment tech-
niques [14]. To detect subtle differences, new PROMs
were subsequently developed, such as the Forgotten Joint
Score 12 (FJS-12) [11]. The FJS-12 is only used postop-
eratively and aims at different questions compared with
established scores such as the OKS or Western Ontario
and McMaster Universities Osteoarthritis (WOMAC)
score [11], with significantly lower ceiling effects com-
pared with the OKS [15].

The OKS rates each of its question with the same
numeric value. We hypothesized that each question does
not have the same weight for each patient and that the
weight depends significantly on the patient’s sociodemo-
graphic data and lifestyle. Therefore, this study was con-
ducted to evaluate the weight of all questions of the OKS
in patients with osteoarthritis of the knee.

Material and methods
Study setting and design
This prospective multicentric cohort study recruited
patients coming to two specialist outpatient knee clin-
ics in two German-speaking countries. The patients
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attended the clinics because of symptoms associated to
osteoarthritis of the knee. All patients received X-rays of
the knee to validate the osteoarthritis of the knee. The
patients were asked to complete three questionnaires, in
this consecutive order: First, they provided demographic
data (age, gender, height, weight, and BMI) as well as
data pertaining to the OKS. At this point, the patient was
blinded to the subsequent questionnaires (stairs at home,
self-use of a car, use of walking aids, working status, and
previous surgery). Then, the patient filled out the stand-
ard validated OKS in the German language [1, 4]. Finally,
the patient gave a grade to the personal importance of
each question’s topic, using a 5-point Likert scale (G
OKS).

Ethics

Ethics approval was obtained from the local ethics com-
mittee in both centers (1286/2020 and 2021-2439-evBO)
prior to conducting the study. All patients gave informed
consent for participating in this study.

Statistical analysis

Data analysis was performed using SPSS version 27.0
(IBM SPSS statistics, Armonk, NY, USA). A power anal-
ysis was performed to achieve a 0.3 Pearson correlation
coefficient using a beta of 0.8 and an alpha of 0.05. At
least 85 patients were required. Descriptive analysis was
conducted for patient demographics. Normality distribu-
tion was assessed using the Shapiro—Wilk test. Normally
distributed data is presented using mean [+ standard
deviation (SD)], whereas non-normally distributed data
are presented using median [interquartile range (IQR)].
Testing for differences in patient demographics between
both centers was done with Mann—Whitney-U-test for
continuous variables and with Fisher’s exact test for cat-
egorical variables. A 5-point Likert scale was used for
measuring the importance of each question (Q) of the
OKS. Linear regression models were created to predict
the weight of each of the questions. A p-value of <0.05
was defined as significant.

Results

Demographics

All patients screened for inclusion were included in the
study. In total, 203 patients were included in this study,
with a median age of 66 years [13] — 100 patients in
Center A and 103 patients in Center B. The study group
consisted of 106 female patients and 97 male patients
with a median BMI of 28.10 [6.53] kg/m?; see Table 1. As
for the OKS-related demographic data, 92.1% of patients
had stairs at home, 71.4% were still driving a car, 26.6%
were using walking aids, 33.5% were still working, and
62.6% underwent previous knee surgery (Table 1).
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Table 1 Patient demographics for the general cohort separated
by center; p-value for testing for difference between both centers

Patient Total Center 1 Center 2 p-Value
demographics

Number of patients 203 (100.0%) 100 (49.3%) 103 (50.7%)

Male 97 (47.8%) 49 (49%) 48 (46.6%) 0.732
Female 106 (52.2%) 51 (51%) 55 (53.4%)

Age (median, 66+16 64.5+17 68+15 <0.001
in years)

BMI (kg/mz) 28.10+£653 2897+756 28.1+6 0.869
Height (cm) 168+ 15 170+ 16 168+13 0.094
Weight (kg) 82+23 825+278 8216 0574
Stairs 187(92.1%) 89 (89%) 188 (92.6%) 0.053
Drivers 145 (71.4%) 71 (71%) 74 (71.8%) 0.894
Walking aids 54 (26.6%) 20 (20%) 34 (33%) 0.036
Working 68 (33.5%) 36 (36%) 33 (32%) 0.551

Previous surgery 127 (62.6%) 70 (70%) 55.7 (55.3%) 0.031

Bold values indicate signifiacant p-values

For demographic data, there were differences between
both centers in age (p<0.001), the use of walking aids
(p=0.036), and previous surgeries (p =0.031; Table 1).

Oxford Knee Score and scored weight

The highest average score in the OKS was found for
pain, with 3.61 points, and for kneeling, with 3.29 points
(Table 2). The lowest average scores were found for wash-
ing, with 1.56 points, and walking for a longer distance,
with 1.90 points (Table 2). The most important questions
for the patients were the questions for pain, washing,
night pain, stability, and walking stairs, with a median of
5. The scores for the OKS and the Likert scale on impor-
tance are given in Table 2.
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Predictive analysis

Question 1: Pain

In the regression models for the weight of each of the
questions, pain was associated with older age (»p=0.009;
B=-0.013) and gender (p=0.015, B=0.301; Table 4).

Question 2: Washing

Washing was associated with older age (p=0.013,
B=-0.010) and gender (p<0.001, B=0.387) in the
regression model (Table 4).

Question 3: Transport

The question on transport was associated with the
patients’ self-use of a car (p<0.001; B=0.707) in the
regression model (Table 4).

Question 4: Walking for a longer distance

The question on walking was associated with older age
(p=0.041, B=-0.013), gender (p=0.046, B=0.347),
height (p=0.015, B=0.022), and self-use of a car
(p=0.002, B=0.496) in the regression model (Table 4).

Question 5: Standing up after eating

Getting up after eating was associated with older age
(»=0.009, B=-0.013) and self-use of a car (p=0.031,
B=0.285) in the regression model (Table 4).

Question 6: Limping

Limping was associated with older age (p=0.011,
B=-0.016), gender (p=0.031, B=0.385), and self-use
of a car (p=0.037, B=0.334) in the regression model
(Table 4).

Table 2 Mean and median values for the questions of the OKS and their importance according to the 5-point Likert scale

Category Mean OKS Median OKS Mean G OKS Median
G OKS
OKS Q1 Pain 3.61 4 448 5
OKS Q2 Washing 1.56 1 4.54 5
OKS Q3 Transport 2.1 2 412 4
OKS Q4 Walking for a longer distance 1.90 2 4.12 4
OKS Q5 Standing up after eating 224 2 422 4
OKS Q6 Limping 253 3 4.20 4
OKS Q7 Kneeling 329 4 402 4
OKS Q8 Night pain 2.71 3 4.62 5
OKS Q9 Working 268 3 443 4
OKS Q10 Stability 1.96 2 4.49 5
OKS Q11 Shopping 1.96 2 4.28 4
OKS Q12 Walking stairs 241 3 443 5
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Question 7: Kneeling

In the regression model, kneeling was associated with
the self-use of a car (p=0.027, B=0.394; Table 4). A
significant negative correlation between the recorded
OKS score and recorded OKS weight was found for the
question on kneeling (r=—0.158, p=0.024; Table 3).

Question 8: Night pain

A significant positive correlation between the recorded
OKS score and recorded OKS weight was found for the
question on night pain (r=0.143, p=0.043) (Table 3).
In the regression model, night pain was associated with
older age (p=0.037, B=-0.009) (Table 4).
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Question 9: Working

In the regression model, the weight of the question on
work was associated with gender (p=0.004, B=0.345),
height (p=0.041, B=0.013), and self-use of a car
(p=0.014, B=0.269; Table 4=). A significant positive cor-
relation between the recorded OKS score and recorded
OKS weight was found for the question on working
(r=0.174, p=0.014; Table 3).

Question 10: Stability

In the regression model, instability was associated
with older age (p<0.001, B=-0.015), self-use of a car
(p=0.007, B=0.301), and previous surgery (p=0.040,
B=0.192; Table 4). A significant positive correlation
between the recorded OKS score and recorded OKS

Table 3 Predictive analysis between the recorded OKS score and recorded OKS weight (significant values in bold letters)

OKS Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12
p-Value 0.079 0.182 0.120 0.108 0.468 0.703 0.024 0.043 0.014 0.018 0.071 0.691
r 0.124 —-0.094 -0.110 -0.114 0.051 0.027 —0.158 0.143 0.174 0.166 -0.127 -0.028

Table 4 Regression coefficient B and p-values for the regression models for each question of the OKS and age, gender, height, weight,
BMI, stairs, driving, use of walking aids, working status, and previous knee surgeries

OKS Age Gender Height BMI Stairs Driving Walking aids Working Previous surgery
Q1 B —0.013  0.301 0.002 —-0.003 0014 0.126 0.145 0.146 —-0.059
p-Value 0.009 0.015 0.796 0.757 0.945 0.346 0.263 0.291 0.601
Q2 B —0.010 0.387 0.009 —-0.002 0.100 —-0.040 -0.174 0.179 0.086
p-Value 0.013  0.001 0.171 0.763 0.542 0.705 0.092 0.104 0338
Q3 B -0.012  0.146 -0.002 0.003 —-0.236 0.707 -0.034 0.098 0.164
p-Value 0.053 0.367 0.802 0.777 0.295 <0.001 0.812 0.531 0.181
Q4 B —0.013  0.347 0.022 0.001 —-0.126 0.496 0.055 0.059 0.022
p-Value 0.041  0.046 0.015 0.947 0.600 0.002 0714 0.724 0.869
Q5 B —0.013  0.242 0.006 —-0.008 -0.020 0.285 0034 -0.108 0.077
p-Value 0.009 0.094 0400 0444 0921 0.031 0.789 0422 0480
Q6 B —0.016  0.385 0.004 -0.023 —-0.008 0.334 0.024 0211 0.245
p-Value 0.011  0.031 0676 0.064 0972 0.037 0.879 0.200 0.066
Q7 B -0.011 0.089 0.004 —-0.025 —0.252 0394 -0248 —-0.076 0.162
p-Value 0099 0648 071 0.064 0.354 0.027 0.147 0.680 0.275
Q8 B —0.009 0.064 -0.003 —-0.002 0.009 —-0.050 —0.141 0.197 0.127
p-Value 0.037 0590 0.664 0.840 0.956 0.646 0.175 0.078 0.158
Q9 B -0.008  0.345 0.013 —0.008 —0.090 0.269 0.080 0.103 0.126
p-Value 0070  0.004 0.041 0.344 0.590 0.014 0448 0361 0.168
Q10 B —0.015 0.241 0.001 -0.010 —-0.223 0.301 0.017 0.019 0.192
p-Value <0.001  0.050 0.907 0.251 0.193 0.007 0.872 0.866 0.040
Qn B -0.006  0.304 0.007 -0.006 -0.113 0.160 —-0.198 0.123 0.217
p-Value 0.187  0.019 0.324 0488 0.529 0.173 0.081 0310 0.028
Q12 B —-0.010 0217 0.006 —-0.009 0.470 0.240 -0.066 0.060 0.224
p-Value 0.025 0.088 0.344 0317 0.008 0.038 0.550 0613 0.021

Bold values indicate signifiacant p-values
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weight was found for the question on stability (r=0.166,
p=0.018; Table 3).

Question 11: Shopping

Household shopping was again influenced by gender
(p=0.019, B=0.304) and previous surgery (p=0.028,
B=0.217; Table 4).

Question 12: Walking stairs

Walking down a flight of stairs was associated with
older age (p=0.025, B=—0.010), having a set of stairs at
home (p=0.008, B=0.470), self-use of a car (p=0.038,
B=0.248), and previous surgery (p=0.021, B=0.224;
Table 4).

Discussion

The most important finding of the present study is that
age, driving ability, using walking aids, and working sta-
tus were the most important factors for the weight of
each of the questions.

There are mixed results for a possible ceiling effects of
the OKS [2, 5, 10, 15, 16]. Marx et al. [10] noted that 5%
of patients at 6 months and 7% of patients at 12 months
post-surgery achieved the top score, indicating the pres-
ence of a ceiling and floor effect of the OKS. Hamilton
et al. [17] reported 8% of top possible score in 4709
patients undergoing total knee arthroplasty (TKA). Post-
operative ceiling effects for the OKS have been reported
up to 27% [18] and 33% [16]. Harris et al. [2] did not find a
ceiling effect for the OKS. However, in subgroup analyses
males tended to score higher on postoperative OKS than
females. The proportion of patients achieving postoper-
ative top scores in males was almost double that of the
female population, with 3.8% compared with 2% [2]. The
results in the present study indicate differences according
to gender. The questions on pain and washing were more
important for female patients in the regression models.
Therefore, female patients may have different expecta-
tions preoperatively and focus on different daily activi-
ties than male patients. As the OKS does not differentiate
between different genders, this may result in an inherent
difference in the OKS, leading to generally lower average
mean scores because of the conception of questions and
equal importance. A distinction between both genders
and a consecutive adjustment for gender could be a pos-
sible improvement for the OKS and other PROMs.

Another ceiling effect for the OKS is described for age
[6]. Harris et al. [6] found the highest ceiling percentage
of 3% in the subgroup of patients between 60 and 79 years
of age. These findings are also supported by the results of
the presented study. Older age was the most important
factor in the regression models in this study. This indi-
cates that patients with older age are more focused on
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pain and night pain and focus their importance weight
more on these categories. Therefore, a benefit in analyz-
ing the pain and function subscales of the OKS separately
after TKA is suggested [2]. The higher focus on pain due
to older age demonstrated by the results in the presented
study backs this suggestion. The equal scoring systems of
the OKS might lead to ceiling effects because of missing
representation of different age groups, which could be
a possible target for adjustment of PROMs such as the
OKS.

Ceiling and floor effects are initially addressed in the
conception of a PROM [2]. In the conception of the OKS,
a number of different items have been rejected [2]. How-
ever, ceiling and floor effects in PROMs are common [10].
Ceiling effects are also related to the number of items in a
scale [11]. The more items a scale addresses, the less likely
the patient chooses the highest or lowest response cat-
egory in every single item [11]. However, the WOMAC
score is outperformed by the FJS-12, which contains only
half as many questions with only half as many patients
achieving the best possible score [11]. In evaluating the
Danish version of the FJS-12, the ceiling effect was signif-
icantly lower, with 16% compared with 37% for the OKS
[15]. In scoring a PROM, the scoring systems is equally
important as the quality of the question itself. The ques-
tion itself can discriminate patients according to age or
gender or activity level. Furthermore, an equally scaled
scoring system can also lead to discrimination, as not all
questions are equally important, which is demonstrated
by the results presented in this study, as, e.g., the ques-
tion on driving is more important for patients with self-
use of a car. The FJS-12 also uses the same 5-item scoring
scale for each question [11]. The questions are conceived
to overcome discrimination such as in case of asking for
awareness of the artificial joint while doing the patients’
favorite sports. It tries to overcome the different level
of activities by asking for the patients’ favorite sport.
However, in case of elderly patients, this question might
impair the final score because the patients are not able to
answer this question adequately, as they do not engage in
sports at all.

One major advantage of the OKS lies in the simplicity
in completing it [1]. Problems with possible ceiling effects
or floor effects of one PROM could be addressed by using
different outcome scores [3]. Some authors suggest using
both joint-specific and generic health measures to assess
the outcome after TKA [20, 21]. Measurements of quality
of life such as the 36-Item Short Form Survey (SF-36) are
commonly used in combination with PROMs [3]. How-
ever, the SF-36 was not developed specifically for total
joint arthroplasty (TJA), leading to susceptibility to other
influences such as pain and disability from other weight-
bearing joints and other symptomatic conditions [1, 22].
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Additionally, utilizing too many questionnaires can lead
to response burden of the patient [23-25]. Response
burden depends on the cognitive function of the patient
[24] and is merely relying on the base decisions on use of
instruments on the content rather than the length of the
questionnaire [25].

Although pain relief and improvement in function
after TJA is generally achieved to a satisfying extent for
patients undergoing TJA, nuisance symptoms are gener-
ally common. As an alternative to PROMs focusing on
pain or stability of the joint, newer PROMs such as the
Forgotten Joint Score (FJS-12) focus on other aspects in
TJA [11]. Noble et al. [19] found patients who had under-
gone arthroplasty to have a lower functional level than
age- and sex-matched healthy controls. This indicates
that the current concepts of TKA are not able to restore
normal healthy joint function with an artificial joint in
the near future [11, 19]. This is also an important aspect
for PROMs, as it is elusive to ask questions about daily
activities that are not possible or not relevant for patients
after TKA. This would be an important aspect for future
adjustments to new PROMs: to distinguish more clearly
activities that are more important for arthroplasty
patients.

Some limitations need to be noted. Firstly, the study
was powered on an r-value of 0.3, which is low correla-
tion. However, we found statistically significant cor-
relation and significant predictive values for several
sociodemographic aspects and several OKS questions.
Secondly, the sociodemographic data of some of the cat-
egories was collected using a binary questionnaire. Even
so, the outcomes even for these variables were significant
in a number of instances. A further breakdown of the
number of stairs at home and the number of kilometers
driven would certainly provide more information. Due
to a single-site data collection, the results might differ in
other centers and countries.

Conclusion

The questions in the OKS differ significantly in weight for
each patient, based on sociodemographic data, such as
age, self-use of a car, and employment. With these differ-
ences, the Oxford Knee Score might be limited as an out-
come measure. Adjustment of the OKS that incorporates
the demographic differences into the final score might be
useful if the ceiling effect is to be mitigated.
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