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Abstract

Purpose The Osteoarthritis Research Society International
has identified a core set of performance-based tests of physi-
cal function for use in people with knee osteoarthritis (OA).
The core set consists of the 30-second chair stand test (30-s
CST), 4 x 10 m fast-paced walk test (40 m FPWT) and a stair
climb test. The aim of this study was to evaluate the reliabil-
ity, validity and responsiveness of these performance-based
measures to assess the ability to measure physical function
in knee OA patients.

Methods A prospective cohort study of 85 knee OA
patients indicated for total knee arthroplasty (TKA) was per-
formed. Construct validity and responsiveness were assessed
by testing of predefined hypotheses. A subgroup (n=30)
underwent test-retest measurements for reliability analysis.
The Oxford Knee Score, Knee injury and Osteoarthritis
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Outcome Score—Physical Function Short Form, pain dur-
ing activity score and knee extensor strength were used as
comparator instruments. Measurements were obtained at
baseline and 12 months after TKA.

Results Appropriate test-retest reliability was found for
all three tests. Intraclass correlation coefficient (ICC) for
the 30-s CST was 0.90 (95% CI 0.68; 0.96), 40 m FPWT
0.93 (0.85; 0.96) and for the 10-step stair climb test (10-step
SCT) 0.94 (0.89; 0.97). Adequate construct validity could
not be confirmed for the three tests. For the 30-s CST, 42%
of the predefined hypotheses were confirmed; for the 40 m
FPWT, 27% and for the 10-step SCT 36% were confirmed.
The 40 m FPWT was found to be responsive with 75% of
predefined hypothesis confirmed, whereas the responsive-
ness for the other tests could not be confirmed. For the
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30 s CST and 10-step SCT, only 50% of hypotheses were
confirmed.

Conclusions The three performance-based tests had good
reliability, but poor construct validity and responsiveness
in the assessment of function for the domains sit-to-stand
movement, walking short distances and stair negotiation.
The findings of the present study do not justify their use for
clinical practice.
Level of evidence Level 1. Diagnostic study.
Keywords Total knee arthroplasty - Osteoarthritis -
Functional outcome - Performance-based measures

Introduction

Knee osteoarthritis (OA) has large societal, psychological
and physical burdens for patients affected by the disease [1].
Knee OA patients often experience pain and restrictions in
physical functioning [2]. Important goals of knee OA treat-
ment with total knee arthroplasty (TKA) are pain relief and
improvement of physical function [3].

The evaluation of treatment outcome after TKA should at
least assess the domains pain, function and a global assess-
ment [4]. For the measurement of physical function, self-
reported measures of function and testing of the execution
of a specific task associated with function (performance-
based tests) can be used [5]. Whereas patient reported out-
come measures (PROMs) assess what patients perceive
they can do, performance-based measures aim to quantify
what patients actually can do [6]. When measuring change
in physical function after TKA, a discrepancy is observed
between the results of these methods [7, 8]. This leads to the
idea that these two types of outcome measurement instru-
ments, although being related, measure different aspects of
the construct physical functioning [7, 9, 10]. Integration of
both types of measurement in an assessment continuum is
suggested, and considered complementary in the evaluation
of physical function [5, 11].

The functional tasks that are most relevant to measure
are pathology and population specific [12]. The three most
relevant functional domains for knee OA are level walking,
stair negotiation and sit-to-stand movement [13]. Impair-
ment on these domains is classified as ‘activity limitations’
on the World Health Organisation International Classifica-
tion of Functioning, Disability and Health (ICF) [14].

Based on the currently available evidence and expert
consensus, the Osteoarthritis Research Society Interna-
tional (OARSI) identified a set of performance-based tests to
assess these functional domains [9, 13]. The aimed construct
of measurement is physical function, which is related to the
ability to “move around” and “perform daily activities” and
can be classified as activities using the ICF model [9, 13,

14]. The core set consist of the 30-second chair stand test
(30-s CST), 4 x 10 m fast-paced walk test (40 m FPWT) and
a stair climb test [13].

For tests to be usable in both clinical practice and
research, measurement properties should be appropriate
[15, 16]. Data on the reliability, validity and responsiveness
of the OARSI core set of performance-based measures are
either unavailable or from low quality studies [9]. Therefore,
good quality research investigating measurement properties
of these performance measures is necessary [6, 9]. The aim
of the current study was to evaluate the reliability, valid-
ity and responsiveness of the core set performance-based
measures for the measurement of physical function in knee
OA patients.

Materials and methods

A prospective cohort study of patients indicated for TKA
was performed. Evaluation of measurement properties of the
30-s CST, 40 m FPWT and 10-step chair climb test (10-step
SCT) was conducted following the COSMIN methodology
(COnsensus based Standards for the selection of health sta-
tus Measurement INstruments) [15]. The COSMIN checklist
is a consensus-based checklist and can be used to evaluate
the methodological quality of studies on the measurement
properties of health status measurement instruments [15].
The Méaxima Medical Center Medical Ethics Committee
approved the study (registration code 2014-73).

Patient population

All symptomatic knee OA patients scheduled for primary
TKA in the Maxima Medical Center were eligible for inclu-
sion. Exclusion criteria were comorbidity leading to ina-
bility to perform the performance-based tests, insufficient
knowledge of the Dutch language leading to inability to fill
out the study questionnaires and inability to visit follow-up
appointments. If the patient met the criteria and was willing
to participate, an informed consent form was signed.

Study procedures

At baseline the following clinical parameters were recorded;
side of operation, gender, age, and body mass index (BMI).

Testing procedures took place at the outpatient clinic of
the Maxima Medical Center, in a designated testing area by
a research nurse. Measurement of the OARSI core set of
performance-based tests was executed strictly according to
the manual provided by the OARSI, following a standard-
ized protocol with the following fixed order of tests [13].
Measurements were obtained pre-operatively and 12 months
post-operative.
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Performance-based measures
30-s CST

The 30-s CST is a performance-based measure that evalu-
ates the activity ‘sit-to-stand movement’[13]. The test is
executed by scoring the maximum amount of complete
chair stand movements during 30 seconds. A full sit-to-
stand and consecutive stand-to-sit cycle is counted as one
chair stand. A 43 cm high, straight back chair without
arm rests was used. To date no previous reliability reports
specifically for knee OA patients are available. In a com-
bined group of hip and knee OA patients, an excellent
reliability is reported, with an intraclass correlation coef-
ficients (ICC) of 0.95 (SD 0.93-0.97), and a standard error
of measurement (SEM) of 0.7 repetitions [17]. Construct
validity and responsiveness have not been reported previ-
ously in knee OA patients.

40 m FPWT

The 40 m FPWT assesses the activity ‘walking short dis-
tances’ [13]. It scores the maximal walking speed on a
marked walkway of four times 10 m, excluding turns. The
result is expressed as speed in m/s. There are no previous
reports on the reliability of this version of the 40 m FPWT
[18]. Kennedy et al. report on a similar walk test, scoring
walking speed using a walkway of two times 20-m. Their
results show good reliability with an ICC of 0.91 (SD 0.81,
0.97) and SEM of 1.73 m/s (SD 1.39-2.29) [18]. No previ-
ous reports on construct validity of the 40 m FPWT are
available in the literature [9].

10-step SCT

For assessment of the activity ‘stair negotiation’, no spe-
cific stair climb test is advised by the OARSI [13]. In the
present study, the 10-step stair climb test (10-step SCT)
was selected, as the stair in the testing area had ten steps.
The step height was 18.8 cm and depth 22.4 cm. The time
needed to ascend and descent these steps is recorded in
seconds.

No previous reports on reliability of the 10-step SCT
are available. Almeida et al. reported excellent reliability
with an ICC of 0.94 (SD 0.55-0.98) and a SEM of 2.35 s
for the 11-step stair test in knee OA patients [19]. The
11-step SCT is essentially the same test as the 10-step ver-
sion, with the only difference that the stairway used has
one step more.
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Comparator instruments
KOOS-PS

The Knee injury and Osteoarthritis Outcome Score—Phys-
ical Function Short Form (KOOS-PS) Dutch version is a
7-item questionnaire that assesses the construct physical
function. From a 5-point Likert scale question, a normal-
ized score is calculated (0 indicating no symptoms and 100
indicating extreme symptoms) [20]. KOOS-PS has good
reliability, face and content validity and ability to detect
change over time in knee OA patients [20-23].

OKS

The Dutch version of the Oxford Knee Score (OKS) is a
12-item PROM designed to measure function and pain after
TKA. Each question consists of a 5-point Likert scale, lead-
ing to a total score ranging from a best functional score of 12
to the worst functional outcome of 60 [24]. It is short, repro-
ducible, valid and sensitive to clinically important changes
[24]. The OKS has adequate internal consistency and test
retest reliability, good face, content and construct validity and
good sensitivity and responsiveness in knee OA patients [21].

EQ-5D

The Dutch version of the EuroQol 5D-3L (EQ-5D) is a
5-item PROM, measuring generic health status [25]. Scor-
ing the lowest score on the EQ-5D index indicates the worst
health state possible and a score of 1 represents the best
possible health state [25]. The EQ-5D has good reliability
and validity in knee OA patients [26].

NRS pain

Numerical Rating Scale (NRS) for pain during activity (NRS
pain) was used to measure level of pain during activity. The
scale consists of 11 points in which the patient can score
the pain during activities in general from O to 10. A score
of 0 represented ‘no pain’ and a score of 10 represented
‘worst imaginable pain’. The NRS has good reliability and
responsiveness [23].

Anchor question

At 12-month postoperative follow-up, a 7-point Likert scale
anchor question was scored for change in activities of daily
living. Response options ranged from 1 (a lot worse) to 7
(very much improved).
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ROM

Range of motion (ROM) of the affected knee was measured
in supine position using a goniometer, considering the bony
landmarks of the greater trochanter, lateral femoral condyle,
and lateral malleolus. Maximal flexion was scored as posi-
tive value and an extension deficit was scored as negative
value. In knee OA, ROM measurement has adequate reli-
ability with a reliability coefficient of 0.81 for extension and
0.96 for flexion [27].

Quadriceps strength

To determine quadriceps strength of the affected leg, maxi-
mal isometric knee extensor strength was measured using
a handheld dynamometer (HHD). Testing took place in an
upright position. The HHD was positioned perpendicular to
the anterior aspect of the tibia, 5 cm proximal of the medial
malleolus. A protective shin guard was used for patient com-
fort as well as standardisation of HHD placement. Three
consecutive measurements were obtained, of which the
highest value was used for analysis. An HHD is a widely
used, reliable, and valid instrument to measure knee exten-
sor strength, with good reliability in OA patients (ICC 0.94)
[28].

Evaluation of the measurement properties
Reliability

Reliability is defined as the extent to which scores for
patients, who have not changed, are the same for repeated
measurement under similar conditions [15]. To evaluate the
reliability of the three performance-based tests, test-retest
measurements were obtained in a random subset of patients.
After initial measurement (TO) patients rested for 30 min,
after which a second round of testing was performed (TO_1).
This test—retest design was considered appropriate as the
resting period allows full recovery from the performed tests,
and the tested function can be assumed to remain stable over
the testing period. Circumstances, setting, order of the three
tests and instructions in the retest setting were identical to
the first round of testing.

Reliability analysis consisted of determining ICC for
absolute agreement with the corresponding 95% confidence
intervals (CI), SEM, and smallest detectable change (SDC).
An ICC value > 0.70 is considered appropriate [29, 30].

Construct validity
There is no ‘Gold Standard’ available for the assessment

of the functional domains level walking, stair negotia-
tion and sit-to-stand movement in knee OA. Therefore,

determining construct validity is the designated method
to analyse the degree to which the studied measurement
instruments are measuring the constructs that they aim
to measure [15, 16, 31]. This method is internationally
accepted and recommended by the COSMIN for these
circumstances [15, 16, 31]. Predefined hypotheses were
formulated on the relationships of performance-based tests
scores with scores on other instruments measuring similar
or dissimilar construct [16, 31]. A panel comprising of
four experts in the field of outcome measurement in knee
OA (orthopedic surgeon, orthopedic resident and Ph.D.
candidate, specialist in measurement property analysis and
methodologist), formulated 11 to 15 hypotheses for each
measurement instrument under study. An overview of the
hypotheses can be found in Table 3.

The predefined hypotheses consisted of both convergent
and discriminant validity hypotheses, and comparative
hypothesis on a closer relationship with similar compared
to dissimilar constructs. The hypothesis included direc-
tion and magnitude of the expected results. In general,
we hypothesised the following. The performance-based
measures would be moderately correlated to PROMs and
quadriceps strength. PROMs have a stronger correlation
with pain scores than with the performance-based meas-
ures. Performance-based measures were expected to have
a stronger correlation with PROMs measuring functional
outcome than with a PROM measuring general health.
Specific questions of the PROMs regarding walking, stair
negotiation and sit-to-stand movement were expected to
correlate stronger to their respective performance-based
measure than to the total score of the PROM.

Correlations of measurements with similar constructs
were expected to be at least moderate > 0.4 or <—0.4.
Measurements that were unrelated or had different con-
structs were expected to have a poor correlation [— > 0.39;
<0.39]. The performance-based tests are assumed valid if
at least 75% of the predefined hypotheses are confirmed
[29, 30].

Responsiveness

Responsiveness is defined as the ability of the instruments
to detect change over time in the construct measured [15,
16, 31]. In the absence of a gold standard, the assessment
of responsiveness relies on hypotheses testing (i.e. a con-
struct approach) [15, 16, 31]. These hypotheses concern
the expected relationships between changes on the studied
instruments and changes on other instruments that measure
similar or different constructs with adequate responsiveness
[16, 30, 31]. These hypotheses, with expected direction and
magnitude of the correlations, were formulated a priori.

@ Springer



2902

Knee Surg Sports Traumatol Arthrosc (2019) 27:2898-2909

The performance-based tests are assumed to be ade-
quately responsive if minimally 75% of the predefined
hypotheses are confirmed [29, 30]. The responsiveness
hypothesis can be found in Table 5. In summary, it was
hypothesised that the anchor question was moderately cor-
related to change in the performance-based measures scores.
Only a moderate correlation was expected, because experi-
enced change in functional ability is not exactly the same
construct as actual change in execution of the task. Further-
more, we hypothesised that the change in PROMs is more
correlated to pain, than to change in the performance-based
test scores.

Statistical analysis

Statistical analysis was performed with SPSS statistics ver-
sion 24.0 (IBM corporation). The reliability analysis was
performed using a two-way random model with absolute
agreement. SEM was calculated using the formula: Stand-
ard Deviation (SD) diﬁ”erence/\/n. Where n represents the
number of measurement repetitions; n =2 for the present
study. The SDC was calculated as 1.96 X \/2 X SEM [32].
For the construct validity and responsiveness analysis
Pearson or Spearman correlation coefficients were cal-
culated, depending on normality of data distribution.
Comparison of performance-based measures and PROM
scores before and after TKA was conducted using a paired
samples ¢ test or Wilcoxon signed-rank test, depending
on normality of data distribution. The sample size was
based on the COSMIN criteria, aiming for a good score
for the construct validity and responsiveness analysis (> 50
patients) and fair for reliability assessment (> 30 patients)
[15, 30].

Results

Patient characteristics

Between April and October 2015, 85 consecutive patients
with knee OA were included. The baseline characteristics
are described in Table 1. Number of patients included in
the reliability, construct validity and responsiveness analysis
and reasons for loss to follow-up are summarised in Fig. 1.
Measurement properties

Reliability analysis

Test-retest measurements were performed in a random
subgroup consisting of the first 30 patients that were

@ Springer

Table 1 Baseline characteristics

Total cohort (n=85) Reliability analy-
sis cohort (n=30)

Age (years) 69.3 (£8.2) 67.8 (£7.7)
Gender, female [n (%)] 46 (57) 13 (43)
Side affected, right [n (%)] 41 (48) 17 (57)
BMI (kg/m?) 29.6 (£5.0) 29.9 (£5.6)
Maximal flexion (°) 110 (+17.0) 106 (+18.9)
Extension deficit (°) 4 (x£7.0) 4 (£6.5)

Data are presented as mean and standard deviation between parenthe-
ses, or reported otherwise as mentioned

included in the study. Mean test scores and reliability
parameters are presented in Table 2.

Construct validity (hypothesis testing)

Spearman’s correlation coefficients for the construct valid-
ity analysis are presented in Table 3. Confirmation of 75%
or more of the predefined hypotheses was achieved by none
of the three performance-based measures. 5/12 (42%) were
confirmed for the 30-s CST, 4/15 (27%) for the 40 m FPWT
and 4/11 (36%) for the 30-s SCT.

Responsiveness

The scores of the performance-based measures at base-
line and after TKA at 12-month follow-up are presented
in Table 4. All performance-based measures, PROMs and
the NRS pain score showed significant improvement at
12-month follow-up. Only the use of a handrail during the
10-step SCT did not show significant change. On the anchor
question for change in activities of daily living the mean
score at 12 month follow-up was 6.2 (95% CI 5.9-6.5), this
represents ‘much improved’. Spearman’ s correlation coef-
ficients for responsiveness analysis are presented in Table 5.
For the 30-s CST, 4/8 (50%) of the hypothesis were con-
firmed, for the 40 m FPWT, 6/8 (75%) and for the 10-step
SCT, 4/8 (50%).

Discussion

The present study showed good reliability of the OARSI
recommended core set of performance-based measures.
However, based on a low percentage of confirmation of our
predefined hypotheses, construct validity and responsiveness
of the tests were poor.

Test—retest reliability of the three performance-based
measures is adequate, as the presented ICC values are well
above 0.70, which is considered acceptable [33]. This is
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Fig. 1 Number of patients
included in analysis and reasons
for loss to follow-up. LTFU lost

to follow-up Excluded n=1

* Insufficient command
of Dutch language n=1

112 consecutive
patients indicated
for TKA

|

| Not willing to participate n=26

Included in study
n=85

l

Construct validity
n=85

Not able to perform test
40m FPWT n=2
10-step SCTn=3

Table 2 Reliability analysis (n=30)

Reliability
n=30

Responsiveness
n =70 (82.4%)

LTFU (n =13, 15.3%)

* 6 not able to visit center due to
logistic reasons

* 1died

* 2 not able to visit center due to
unrelated comorbidity

* 4 unknown

Excluded (n = 2, 2.4%)

* 2 patients TKA contralateral side
during follow-up

Not able to perform test
10-step SCT: n=5

Mean score baseline Mean retest score Mean of difference (base- ICC SEM SDC
line—retest score)
30-s CST (stands) 9.0 (7.9-10.1) 9.8 (8.6-11.0) 0.8 (0.4to 1.3) 0.90 (0.68-0.96) 0.85 2.4
40 m FPWT (m/s) 1.30 (1.16-1.44) 1.32 (1.20-1.45) —0.02 (—0.08 to 0.03) 0.93 (0.85-0.96) 0.10 0.27
10-step SCT (s) 16.7 (13.5-19.9) 16.6 (13.5-19.7) 0.1 (=1.0to 1.1) 0.94 1.98 5.5

(0.89-0.97)

Data are presented as mean and 95% confidence interval between parentheses, or reported otherwise as mentioned

ICC intraclass correlation coefficient, SEM standard error of measurement, SDC smallest detectable change

in line with previous reports on test—retest reliability for
these tests [18, 19]. The SDC values reported in the pre-
sent study for the 30-s CST and 10-step SCT are similar
to those reported in the literature [17, 19]. There is no
consensus on what SDC value is acceptable [32]. From
a clinical point of view, the SDC’s of 2.5 stands for the
CST and 0.27 m/s for the 40 m FPWT reported in the
present study seem reasonable. This is different however
for the 10-step SCT. With an SDC of 5.5 s, an individual
patient has to improve or deteriorate almost 1/3 of the
mean time taken for the initial test, to be certain a change
has occurred. From a clinical perspective, this seems quite
a large difference, resulting in a low sensitivity to change
on the tested functional domain.

In the construct validity assessment, the necessary
75% hypotheses confirmation was achieved by none of

the performance-based tests. The main reason for this was
the rejection of all convergent hypotheses for correlations
between the performance-based measures and the patient
reported measures of function. As PROMs are, by definition,
subjective measures of function, only a moderate correlation
with the more objective measurements of the performance-
based measures was expected. For example, PROMs are
known to be more related to pain than to actual execution of
the task at hand [7, 8, 34] as was also found in the present
study. Self-reported and performance-based assessment of
activities are inherently linked, considering that both meth-
ods aim to measure the same ‘activities’ defined in the ICF
theoretical framework [14]. In our view for performance-
based measures to be clinically relevant, some relation
between experienced performance and the result of the per-
formance-based measure of this activity should be present.
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Table 3 Construct validity

Predefined hypotheses 30-s CST 40 m FPWT 10-step SCT (CC in opposite
direction®)

Correlation coefficient Hypoth- Correlation coefficient Hypoth- Correlation coefficient® Hypothesis
esis con- esis con- confirmed
firmed firmed

Moderate correlation with -0.33 No —-0.25 No 0.26 No
KOOS-PS (£-0.4)?

Moderate correlation with OKS  0.35 No 0.32 No -0.33 No
(=042

Moderate correlation with 0.60 Yes 0.64 Yes -0.74 Yes
quadriceps strength (>0.4)*

Unrelated with EQ-5D [—-0.35; 0.25 Yes 0.18 Yes -0.18 Yes
0.35]

Correlation with KOOS-PS is —-0.33/0.25 No —-0.25/0.18 No 0.26/-0.18 No
minimal 0.1 stronger than
with EQ-5D

Correlation with OKS is mini-  0.35/0.25 Yes 0.32/0.18 Yes —0.33/-0.18 Yes
mal 0.1 stronger than with
EQ-5D

‘Absolute’ correlation between  0.37/—0.10 Yes 0.37/-0.07 Yes 0.37/0.01 Yes

NRS pain and KOOS-PS

is minimal 0.1 higher than
between performance-based
measure and NRS pain

‘Absolute’ correlation between — —0.45/—0.10 Yes NA NA
NRS pain and OKS is
minimal 0.1 higher than
performance-based measure
and NRS pain

‘Absolute’ correlation 30-s CST —0.21/-0.33 No NA NA
with KOOS-PS Question 3 is
minimal 0.1 higher than with
KOOS-PS (total score)

‘Absolute’ correlation 30-s CST —0.21/0.35 No NA NA
with KOOS-PS Question 3 is
minimal 0.1 higher than with
OKS
‘Absolute’ correlation 30-s —0.21/0.25 No NA NA
CST with KOOS-PS Ques-

tion 3 is minimal 0.1 higher
than with EQ-5D Score

Moderate correlation 30-s —-0.21 No NA NA
CST with KOOS-PS Ques-
tion 3 (£-04)

‘Absolute’ correlation NA —0.09/0.26 No NA

40 m FPWT with EQ-5D
Question 1 is minimal 0.1
stronger than with KOOS-PS

‘Absolute’ 40 m FPWT with ~ NA —0.09/0.32 No NA
EQ-5D Question 1 is mini-
mal 0.1 stronger than with
Oxford Knee Score

‘Absolute’ correlation 40 m NA —0.09/0.18 No NA
FPWT with EQ-5D Ques-
tion 1 is minimal 0.1 higher
than with EQ-5D Score
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Table 3 (continued)

Predefined hypotheses 30-s CST

40 m FPWT

10-step SCT (CC in opposite
direction®)

Correlation coefficient Hypoth-
esis con-
firmed

Correlation coefficient Hypoth-

Correlation coefficient® Hypothesis
esis con- confirmed

firmed

‘Absolute’ correlation 40 m NA
FPWT with OKS Question 6
is minimal 0.1 stronger than

with KOOS-PS

‘Absolute’ correlation 40 m
FPWT with OKS Question 6
is minimal 0.1 stronger than
with OKS

‘Absolute’ correlation 40 m
FPWT with OKS Question 6
is minimal 0.1 stronger than
with EQ-5D Score

Moderate correlation 40 m
FPWT with EQ-5D Ques-
tion 1 (£ -0.4)

Moderate correlation 40 m
FPWT with OKS Question 6
(£-04)

‘Absolute’ correlation 10-step
SCT with OKS Question 12
is minimal 0.1 stronger than
with KOOS-PS

‘Absolute’ correlation 10-step
SCT with OKS Question 12
is minimal 0.1 stronger than
with OKS

‘Absolute’ correlation 10-step
SCT with OKS Question 12
is minimal 0.1 stronger than
with EQ-5D

Moderate correlation 10-step
SCT with OKS Question 12
(£-04)

Hypothesis confirmed

NA

NA

NA

NA

NA

NA

NA

NA

5/12 42%

—-0.

-0.

-0.

-0.

—-0.

NA

NA

NA

NA

4/15

03/-0.25 No NA

03/0.32 No NA

03/0.18 NA

09 No NA

03 No NA

0.22/0.26 No

0.22/-0.33 No

0.22/-0.18 No

0.22 No

27% 4/11 36%

KOOS-PS Knee injury and Osteoarthritis Outcome Score—Physical Function Short Form, OKS Oxford Knee Score, NA not applicable, NRS
pain Numerical Rating Scale for pain during activity, 30-s CST 30-second Chair Stand Test, 40 m FPWT 40-m Fast-Paced Walk Test, /0-step

SCT 10-step Stair Climb Test

“The 10-step SCT is scored in the opposite direction of the 30-s CST and 40 m FPWT (better performance is a lower score), therefore the

hypothesised correlations are in the opposite directions

However, even the moderate correlations we predicted were
not met, resulting in poor construct validity.

An explanation for the poor construct validity might be
that timed measures of performance did not fully capture
impairment on the activities at hand. The time taken to
execute a task is not the only factor in the performance of
this task in daily living. A patient might execute the activ-
ity swiftly, but if the quality of performance is affected
by, for example, limping or instability, it can still be con-
siderably impaired [11, 35, 36]. Such an impairment can-
not be captured by merely timing the activity [35, 36].

Another explanation for discordance between self-reported
and performance-based measurement of function can be
underrepresentation [37]. Whereas the OKS and KOOS-
ps measure the general construct physical function, the
performance-based tests under study aim to quantify per-
formance on specific functional tasks. The narrower con-
struct of the performance test might not be represented by
these two PROMs used as comparative instruments [37].
If underrepresentation were the case, the specific questions
addressing the functional tasks measured by the respective
tests would be likely to correlate stronger to these tests. To
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Table 4 Performance-based
measures and PROM scores
before and after TKA

Table 5 Responsiveness

Baseline 12-month follow-up  p value
after TKA
30-s CST (stands) 9.2 (8.4-10.0) 11.3 (10.3-12.4) <0.001
40 m FPWT (m/s) 1.25 (1.16-1.34) 1.38 (1.25-1.50) 0.001
Use of assistive device during 40 m FPWT 2 0 NA
(patients, n)

10-step SCT (s) 21.8 (18.4-25.1) 15.5 (13.9-17.1) 0.007
Use of handrail 10-step SCT (patients, ) 39 24 0.40 (n.s.)
KOOS-PS score 54.2 (50.8-57.5) 28.9 (24.6-33.1) <0.001
OKS 21.7 (20.2-23.2) 40.1 (38.1-42.1) <0.001
EQ5D 0.48 (0.42-0.55) 0.84 (0.79-0.89) <0.001
NRS pain 7.6 (7.2-7.9) 2.1 (1.6-2.7) <0.001

Data are presented as mean and 95% confidence interval between parentheses, or reported otherwise as

mentioned

n.s. non-significant

Predefined hypotheses

30-s CST (change score)

40 m FPWT (change score)

10-step SCT (change score)

Correlation coefficient Hypoth-
esis con-

firmed

Correlation coefficient Hypoth-
esis con-

firmed

Correlation coefficient Hypothesis
confirmed

Moderate correlation with
anchor question (>0.4)

Moderate correlation with

change score NRS pain during

activity (< —0.4)

Moderate correlation with
change score KOOS-PS (<
—-0.4)

Moderate correlation with
change OKS (>0.4)

Correlation between change
scores NRS pain and KOOS-
PS is minimal 0.1 stronger
than between NRS pain and
performance-based test

Correlation between change
scores NRS pain and KOOS-
PS is minimal 0.1 stronger
than between KOOS-PS and
performance-based test

Correlation between changes
scores NRS pain and OKS
minimal 0.1 stronger than
between NRS pain and
performance-based test

Correlation between change
scores NRS pain and OKS
is minimal 0.1 stronger than
between OKS and perfor-
mance-based test

Hypothesis confirmed

0.22 No

-0.20 No

-0.26 No

0.22 No

0.56/—0.20 Yes

—0.56/-0.26 Yes

—-0.70/-0.20 Yes

-0.70/-0.22 Yes

4/8 50%

0.40 Yes

-0.36 No

-0.28 No

0.43 Yes

0.56/—0.36 Yes

0.56/-0.28 Yes

—0.70/-0.36 Yes

—0.70/0.40 Yes

6/8 75%

-0.25 No

0.08 No

0.27 No

-0.36 No

—0.56/0.08 Yes

—0.56/0.27 Yes

—0.70/-0.08 Yes

—0.70/-0.36 Yes

4/8 50%

KOOS-PS Knee injury and Osteoarthritis Outcome Score—Physical Function Short Form, OKS Oxford Knee Score, NA not applicable, NRS
pain Numerical Rating Scale for pain during activity, 30-s CST 30-s Chair Stand Test, 40 m FPWT 40-m Fast-Paced Walk Test, 10-step SCT

10-step Stair Climb Test
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account for this, we made hypothesis on correlations with
these specific questions. The correlations found on these
hypotheses were even lower, making underrepresentation
as an explanation unlikely.

The strong relationship between pain and self-reported
function found in the construct validity analysis was even
more obvious in the responsiveness analysis. The change in
NRS pain score was strongly related to the change in subjec-
tive scores, but unrelated to the performance-based meas-
ures. This supports claims that performance-based meas-
ures are less pain driven than PROMs, and provide a more
objective view on the task performed [7, 8]. On the other
hand, it is our opinion that for a test to be clinically relevant
some relationship between actual change and experienced
change in performance on the functional task at hand should
exist. Therefore, we hypothesised that the overall change in
PROM scores 1 year after TKA would correlate moderately
to the change in performance-based measures. Only for the
40 m FPWT, most hypotheses in this regard were confirmed.
For the other two tests, no such relationship was found. As
mentioned earlier for the construct validity, underrepresen-
tation and the inability of timed measures to fully capture
impairment on the tested domains might explain the lack of
responsiveness of the 30-s CST and 10-step SCT.

A remark has to be made on the comparative instruments
used for the construct validity and responsiveness analysis.
These consisted of a combination of objective and subjec-
tive measurements of function and general health with good
reliability, construct validity and responsiveness in a knee
OA population [38—41]. Other options for comparison could
have been objective measures such as optoelectric- or iner-
tia-based motion analysis systems. These measures are suit-
able for a strictly kinematic analysis, but their clinical rel-
evance has not been clarified [35, 42]. Therefore, we believe
that they are not suitable of the construct validity analysis
in this regard. In our view, the comparative measurement
instruments in the present study were the most appropriate
instruments available.

To our knowledge, this is the first study assessing the
most important measurement properties of the OARSI
recommended core set of performance-based measures. A
strength of the present study is the strictly followed, state-
of-the-art methodology [15]. We report on an unselected,
consecutive group of knee OA patients awaiting total knee
arthroplasty in a general hospital. Previous reports on meas-
urement properties often included a combined population of
knee and hip OA patients, resulting in a more heterogene-
ous population [17, 18]. Combining these distinctly different
groups reduces the accuracy of the previously reported data.
Our findings can be considered representative for knee OA
patients.

The sample size can be considered good for the construct
validity and responsiveness analysis and fair for reliability

assessment [15, 30]. A limitation of this research was
the incomplete 12-month follow-up, the 82.4% follow-up
achieved is however acceptable. For the subset of patients
with incomplete data, no difference in preoperative demo-
graphics or baseline measurement was observed. Therefore,
a systematic bias because of the loss to follow-up seems
unlikely. The results for the reliability assessment should
be interpreted with some caution as a subgroup of only
30 patients was used. There is concurrent evidence on
test—retest measurements from others studies, with similar
results [18, 19]. When combining these data, stronger evi-
dence for an adequate reliability can be obtained. As men-
tioned earlier, the SDCs in the present study are relatively
large, especially for the 10-step SCT. Test—retest measure-
ments in a larger population would have resulted in a more
precise determination of the SDC; it might be smaller than
reported in the present study.

Conclusion

The OARSI core set of performance-based measures was
advised to obtain a more complete view of the functional
performance of knee OA patients [13]. The 30-s CST, 40 m
FPWT and 10-step SCT have good reliability, but poor
construct validity and responsiveness in the assessment of
function and change in function for the domains sit-to-stand
movement, walking short distances and stair negotiation
respectively. The findings of the present study do not justify
their use for clinical practice.
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