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Abstract Background: Individuals with advanced osteo-
arthritis (OA) of the knee experience significant impair-
ments in balance and in essential physical functions such
as walking and rising from a chair. There is limited evidence
on valid outcome measures to capture these impairments.
Questions/Purposes: We sought to examine the construct
validity of three physical performance measures in patients
with advanced knee OA: a gait speed (GS) test, the Short
Physical Performance Battery (SPPB), and the Timed Up
and Go (TUG) test. Methods: We designed a cross-sectional
clinical measurement study in which patients with advanced
knee OA completed two self-reported measures: the Knee
Injury and Osteoarthritis Outcome Score—Physical Func-
tion Shortform (KOOS-PS) and a four-part numeric pain

rating scale (Q-NPRS). They were also administered the
GS test, TUG test, and SPPB. Convergent and divergent
construct validity were assessed by examining relationships
between the GS test, the SPPB, the TUG test, the KOOS-PS,
and the Q-NPRS and calculating Pearson correlation coeffi-
cients (r). The scores for the GS, TUG test, and SPPB were
compared with established normative values for age-
matched healthy controls. Results: Forty-four subjects
(mean age, 66.9 ± 8.1 years) participated in the study. The
GS test showed low concordance with the SPPB component
tests and the TUG test. The relationships between the phys-
ical performance measures and the self-reported measures
were low. The scores for the GS test, TUG test, and SPPB in
our sample were significantly worse when compared with
age-matched normative values, indicating impairments in
physical performance. Conclusion: These results advance
the understanding of the validity of the GS test, TUG test,
and SPPB in demonstrating the impairments in physical
performance that patients with advanced knee OA experi-
ence in walking, balancing, and rising from a chair. Future
research should examine the reproducibility and responsive-
ness of the GS test, TUG test, and SPPB in patients with
advanced knee OA, in order to facilitate the integration of
these measures into clinical practice.
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Introduction

Aside from causing pain and limiting movement, advanced
osteoarthritis (OA) of the knee can result in impaired phys-
ical function and overall restrictions in mobility [12, 35]. In
particular, those with advanced knee OA demonstrate mark-
edly worse impairments in postural sway and propriocep-
tion, which elevate the risk of falling [23, 42, 43]. Such
multidimensional impairments cascade into more-global
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problems, such as reduced participation in physical activity
and community engagement [14]. It is not surprising that
reaching optimal physical activity levels and participating in
different life roles are key endpoints for individuals with
advanced knee OA and those undergoing total knee replace-
ment (TKR) [3, 7, 32].

Although self-reported measures are recommended for
the assessment of pain and functional limitations in pa-
tients with advanced knee OA [8, 19], self-reporting may
not provide an accurate and comprehensive assessment of
a patient’s ability to function within his or her environ-
ment [38, 39]. In particular, self-reported measures result
in overestimates of functional ability in patients with
advanced knee OA and those who have undergone TKR
[39, 40]. In 2013, the Osteoarthritis Research Society
International (OARSI) released consensus-based recom-
mendations regarding which performance-based measures
(PBMs) to use to obtain a clearer assessment of physical
functioning in individuals with advanced knee OA or
TKR [11]. In essence, these PBMs are used to assess such
aspects of everyday physical functioning as walking
shorter or longer distances, changing directions while
ambulating, negotiating stairs, and sitting down and stand-
ing up [11]. Despite the OARSI recommendations, the use
of PBMs to assess physical functioning in patients with
advanced knee OA remains limited in rehabilitation prac-
tice. One possible reason is that the evidence supporting
the measurement properties of these PBMs in people with
advanced knee OA is still emerging. There is preliminary
evidence to support the use of the Timed Up and Go
(TUG) and chair stand tests in advanced knee OA [9,
10]. Takacs et al. showed that the TUG and gait speed
(GS) tests both have adequate concurrent and discriminant
construct validity in the assessment of patients with knee
OA [41]. Nonetheless, most participants in their study had
mild-to-moderate knee OA and were highly functional.
The evidence supporting the measurement properties of
the common PBMs in assessing physical function in indi-
viduals with advanced knee OA is limited [20, 44, 47].

The Short Physical Performance Battery (SPPB) is a
commonly used PBM in the assessment of physical func-
tions as they relate to lower-extremity impairments [17]. The
SPPB uses balance tests, a 4-m GS test, and the five-
repetition sit-to-stand test to assess the performance of func-
tional tasks [17]. Research has consistently demonstrated
that when used in older adults with different pathologies,
the SPPB has high interrater and test–retest reliability, with
an intraclass correlation coefficient (ICC) exceeding the
“acceptable” benchmark of 0.75 [24, 28, 29]. The SPPB
has been found to be valid and provides a fair prediction
of the development of functional disability, as well as the
risk of institutionalization, in individuals with lower-
extremity impairments [16, 17]. The advantage of using
the SPPB is that it provides a reliable and valid estimate of
important domains of physical functioning but carries a low
administrative burden. Importantly, two of the areas in
which it captures impairments—the ability to walk for short
distances and the ability to stand up and sit down—have
been deemed crucial by the OARSI in the assessment of

physical functioning in patients with knee OA [10]. Re-
search has also found the SPPB to be clinically useful in
assessing physical functioning in patients with knee OA
[45]. There is also evidence suggesting that SPPB scores
have good concurrent and discriminant construct validity
in the assessment of individuals with symptomatic knee
OA [34]. Nonetheless, the evidence regarding the mea-
surement properties of the SPPB in individuals with ad-
vanced knee OA remains limited and needs further
empirical validation.

With an objective of advancing the knowledge and evi-
dence surrounding the measurement properties of commonly
used measures of physical performance in advanced knee
OA population, this study aimed to answer three specific
research questions: (1) Do the GS test, the TUG test, and the
SPPB have acceptable construct validity in assessing phys-
ical performance in patients with advanced knee OA when
being evaluated by an orthopedic surgeon for suitability for
TKR? (2) Do GS test, TUG test, and SPPB scores adequate-
ly discriminate between healthy subjects and those with
symptomatic advanced knee OA? (3) Do the GS test scores
obtained using two different test variants agree with each
other?

Methods

This was a cross-sectional clinical measurement study with
one collection session to obtain the required data. The data
were extracted from two separate cross-sectional studies
(unpublished data), both of which had a common overarch-
ing goal of validating balance and physical performance
measures in individuals with advanced knee OA seeking
consultation regarding TKR.

Patients

Patients with advanced knee OA who were consulting an
orthopedic surgeon at a hospital-based outpatient tertiary
care clinic were approached to participate in both of the
cross-sectional studies. The orthopedic surgeon (A.O.)
established the severity of the knee OA using radio-
graphs and clinical presentation, although no specific
objective criteria were used for this determination. A
set of common inclusion and exclusion criteria guided
the selection of participants for the cross-sectional stud-
ies. Native English speakers with advanced knee OA
were deemed eligible. Excluded from the study were
non–English speakers and patients with a history of
TKR or total hip replacement on either side, lower-
extremity injury in the previous 6 months, or other
neuromuscular impairments that could account for re-
duced physical function. Participants who needed a
walker or rollator for ambulation were also excluded.
Details of the protocols for both studies were discussed
with patients who met eligibility criteria, and consent
was obtained from all participants. The current study
was approved by the institutional review board at our
university.
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GS Testing

There are several variants for assessing GS in community-
dwelling adults or those with defined pathologies [37]. We
chose to test the GS along a 10-m path; in the test, the first
2 m and the last 2 m were considered the areas of acceler-
ation and deceleration, and the middle 6 m was considered
the testing distance [36]. Our rationales for using this ver-
sion were to ensure that the distance was short enough to
minimize fatigue, which could have affected subjects’ per-
formance, and to use a long enough walk to provide a
reliable estimate of walking speed; assessments of GS of
less than 6 m have not been considered to have sufficient
validity [31]. Procedures for obtaining GS have been de-
scribed in detail elsewhere [31]. In summary, each subject
underwent three trials, the first being a test trial; the average
of the subsequent two trials was recorded as the GS. There
was a rest break of 30 s between each trial. The time needed
to complete the 6-m walking distance was recorded to the
nearest 100th of a second. The average time of the two trials
was then divided by 6 to determine the GS in meters per
second.

The TUG Test

The TUG test is commonly used to assess functional mobil-
ity in patients with balance or strength impairments. Each
participant was seated on a normal-height chair with their
back against the backrest. On the word “go,” the participant
stood up from the chair, walked to a target 3 m (9.8 ft) away,
turned around, walked back to the chair, and sat down. The
time (in seconds) from the command “go” to the moment the
participant’s buttocks touched the chair was recorded. Par-
ticipants were encouraged to wear regular footwear, use gait
devices as necessary, and walk at a comfortable and safe
speed during the test. Participants were given one practice
trial, and the average of the subsequent two trial times was
recorded. Participants had a rest break of 30 s between each
trial. The interrater and intrarater reliability of the TUG test
in individuals with OA of the knee has been found to be
excellent, with an ICC of greater than 0.9 [1]. A recent study
also suggested that the TUG test had fair interrater and
intrarater reliability, with an ICC greater than or equal to
0.75, but raised concerns over the stability of this point
estimate because of a suboptimal lower bound of confidence
interval for the ICC value (as low as 0.54) [9].

The SPPB

The SPPB involves the assessment of balance (side-by-side,
semitandem, and tandem stand), assessment of GS (over
4 m), and the five-repetition sit-to-stand test. Testing and
scoring procedures are described in detail elsewhere (http://
h d c s . f u l l e r t o n . e d u / c s a / R e s e a r c h / d o c um e n t s /
SPPBInstructions_ScoreSheet.pdf). Participants were
allowed to use a gait device if they needed to during the
GS component of the SPPB. Each of the three components
of the SPPB is scored between 0 and 4, where 0 indicates the
worst and 4 indicates the best performance in that

component. Therefore, the summary score on the SPPB
can range from 0 to 12, with 12 indicating the best physical
performance. The summary score for the SPPB has been
shown to have acceptable reliability (ICC > 0.75) in subjects
with pathologies other than advanced knee OA [24, 28, 29].

The Knee Injury and Osteoarthritis Outcome
Score—Physical Function Shortform

The seven-item Knee Injury and Osteoarthritis Outcome
Score—Physical Function Shortform (KOOS-PS) is a self-
reported measure that was developed from the full-length
KOOS with the aim of reducing administrative burden and
item redundancy while preserving sound measurement prop-
erties in assessing physical functions in patients with ad-
vanced knee OA [30]. Each of the seven items of the KOOS-
PS is scored on a scale of 0 to 4, with 0 indicating no
difficulty and 4 indicating extreme difficulty in completing
the functional task. The total score across the seven items is
converted into an adjusted score of 0 to 100, with 0 indicat-
ing complete functional impairment and 100 indicating no
impairment. The KOOS-PS has been validated as a tool for
examining physical functions in multiple linguistic and cul-
tural contexts [25].

Numeric Pain Rating Scale

The 10-point numeric pain rating scale (NPRS) is arguably
the most common tool used by clinicians to assess the
intensity of pain. Patients indicate pain intensity by selecting
a number between 0 and 10, with 0 indicating no pain and 10
indicating the worst pain. For the purposes of our study, we
administered a quadruple NPRS (Q-NPRS) that determined
pain intensity using four questions: pain at present, average
pain over 24 h, pain when it is at its worst, pain when it is at
its best. Each question had the same scaling structure, 0 to
10, used in the single-question NPRS. The responses across
the four questions were averaged to obtain the Q-NPRS
score. The NPRS is deemed to be reliable and valid in
individuals with advanced knee OA [2].

Examiners

Both studies from which the current data were extracted
were cross-sectional in nature: the study data were collected
over a single session by one of the students enrolled in an
entry-level physical therapy program. The three student
physical therapists (SPTs) had been exposed to the outcome
measures used in this study as part of their curriculum,
which ensured standardization to some extent. They also
underwent a standardization session before initiating data
collection for the study. The purposes of the standardization
session were to familiarize the SPTs with the study protocol
and ensure consistency in the instructions, the administration
of the tests, and the scoring of the outcome measures. The
standardization session also involved collecting GS test,
TUG test, and SPPB pilot data on 12 healthy subjects to
examine interrater reliability among the three SPTs. The
analysis revealed that the SPTs had excellent interrater

HSSJ (2019) 15:261–268 263

http://hdcs.fullerton.edu/csa/Research/documents/SPPBInstructions_ScoreSheet.pdf
http://hdcs.fullerton.edu/csa/Research/documents/SPPBInstructions_ScoreSheet.pdf
http://hdcs.fullerton.edu/csa/Research/documents/SPPBInstructions_ScoreSheet.pdf


reliability (ICC > 0.90) [22] in administering the GS test,
TUG test, and SPPB.

Protocol

Once participants provided consent, one of the SPTs obtain-
ed demographic and health-related information. The demo-
graphic variables collected were age, sex, and height and
weight. The health-related variables collected were the du-
ration of advanced knee OA pain (in months) and the side
affected. Subsequently, participants completed the paper
versions of the KOOS-PS and Q-NPRS. Finally, participants
were administered the GS test, TUG test, and SPPB in a
random order determined a priori. They were allowed to
wear the footwear they had worn during their visit. This
was to avoid an order effect on test results. Participants were
given a 1-min break between each of the tests. The SPPB
data were collected in only one of the two cross-sectional
studies; therefore, scores for the SPPB were not available for
all of the participants in the current study.

Data Analysis

Demographic and health-related variables were summarized
using descriptive statistics, including mean and standard
deviations (SD) for continuous variables and frequency
count (percent) for categorical variables. The assumptions
of normality were verified using the Shapiro–Wilk test [13].
The concurrent construct validity of the physical perfor-
mance measures was examined by assessing convergent
and divergent relationships between the measures. Pearson
correlation coefficients (r) were calculated to assess these
relationships (greater than 0.7 was considered high, 0.50 to
0.7 was moderate, and less than 0.5 was low). We hypoth-
esized that because the GS test, TUG test, and SPPB assess
overlapping (albeit diverse) aspects of physical functioning,
they would demonstrate moderate-to-high convergent valid-
ity with one another, with r values of greater than or equal to
0.50 (hypothesis 1) [27]. We also hypothesized that the GS
test, TUG test, and SPPB, being PBMs, would demonstrate
poor convergent validity with the self-reported measures
(the KOOS-PS and Q-NPRS), with r values of less than
0.50 (hypothesis 2) [27].

In order to examine the discriminant validity, we ran an
independent sample t test between the scores of the GS test,
TUG test, and SPPB obtained in our sample with the nor-
mative values established (in the literature) for community-
dwelling, age-matched healthy controls for the GS test [6],
the TUG test [21], and the SPPB [4]. p values of less than
0.05 were considered significant and indicative of sufficient
discriminant validity.

Last, we extracted the GS test scores from the SPPB
(expressed as meters per second over 4 m) to determine
whether they were comparable to those obtained in the
separate, longer (10 m) version. If the GS test scores obtain-
ed from the SPPB have reliability comparable to that of the
10-m version, an argument could be made that the GS
component of the SPPB can serve a dual purpose, being
factored in the SPPB summary score and being an

independent estimate of GS (to be used in related inferences
from that score). ICCs were used to examine the reliability
between these two GS scores under the hypothesis that both
GS scores would have good reliability (an ICC of greater
than 0.75) [22]. In addition, we examined whether there
were any systematic differences between these two GS
scores using a Bland–Altman plot: the differences in the
GS scores were plotted on the y-axis, and the average
(mean) GS scores for the sample were plotted on the x-axis
[5], with limits of agreement (LOAs) shown as the mean
difference in GS test score (± 2 SD). The graph shows the
extent of agreement between the two GS test scores across
the sample and whether participants scored consistently
higher on one than on the other.

The data analyses were completed using IBM SPSS
software, version 22.0 (Armonk, NY, USA).

Results

A total of 44 participants (age, 66.9 ± 8.1 years; 27 women,
17 men) consented to participate and completed the testing
(Table 1). Given that both of the studies were cross-sectional
in nature, we had no missing data or dropout. The data for
the SPPB were available for 32 participants. The data for all
the continuous variables met the assumptions of normality,
with the exception of duration of knee pain.

The concurrent construct validity of the physical perfor-
mance measures was variable. The relationships of the TUG
test with the SPPB and its component tests were moderate to
high (r ≥ 0.50), which was consistent with hypothesis 1.
However, the relationships of the GS test with other mea-
sures, including the GS component of the SPPB, were often
low (r < 0.50), which was in contrast to hypothesis 1. We
also examined the concurrent validity of the 10-m GS test
with the scores extracted from the SPPB. This relationship
was clearly convergent, with r values of 0.86 (p < 0.0001)
(data not shown). Consistent with hypothesis 2, the physical
performance measures showed poor convergent validity
(r < 0.50), with self-reported measures of the KOOS-PS
and Q-NPRS. Pearson correlation coefficients demonstrating
the concurrent relationships between the KOOS-PS, the
Q-NPRS, the GS test, the TUG test, and SPPB tasks are
shown in Table 2.

The physical performance measures were found to have
discriminant validity (Table 3). The mean scores of the
physical performance measures obtained in the current study
were compared with pre-established normative values for
age-matched older adults. Because the normative scores for
the GS test [6] and the TUG test [21] were given for women
and men separately without a pooled value for adults be-
tween 60 and 69 years, we considered the worse score on
these tests, to minimize the possibility of a type 1 error. The
results suggest that the subjects with advanced knee OA in
our study had worse GS test, TUG test, and SPPB scores, as
compared with the age-matched norms, indicating worse
physical performance.

The results of the 10-m GS test and the GS value
extracted from the SPPB (4-m distance) were reliably
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similar; the ICC values were 0.81 (95% confidence inter-
val, 0.64 to 0.90). This validated our hypothesis that GS
values obtained over the shorter distance would provide
results comparable to those obtained in the 10-m version.
In the Bland–Altman plot, showing the agreement be-
tween the two GS tests (Fig. 1), the mean score for the
GS extracted from the SPPB was higher by 0.06 m per
second, as compared with that of the GS obtained from
the 10-m version. In addition, there were outliers—not
contained within the LOAs—on both sides. This suggests
that there is no pattern in which one version of the GS test
definitively scores higher than the other.

Discussion

Physical performance measures provide a look into measure-
ments of functional status in patients with advanced knee
OA that self-reported measures are unable to capture [38],

despite their use being recommended [11]. This study pro-
vides a further understanding of the measurement properties
of some of the commonly used physical performance mea-
sures in advanced knee OA. Importantly, this study substan-
tiates the concurrent validity of the TUG test and GS test,
although it provides only preliminary evidence concerning
the concurrent validity of the SPPB in this population. The
study also demonstrated that patients with advanced knee
OA had significantly slower GS and worse scores on the
TUG test and SPPB than did age-matched controls. This
finding not only indicates deficits in physical performance in
those with advanced knee OA but also shows that the GS
test, TUG test, and SPPB have good discriminant validity.
However, these findings should be viewed in the context of
the fact that sample size estimates were not conducted.

A few limitations to our study should be acknowledged.
First, we did not calculate the requisite sample size needed
for conducting the analyses and testing our study hypothe-
ses. Our study was exploratory in nature, and we recom-
mend further research to substantiate our results using larger
sample sizes. Second, we examined selected measurement
properties of concurrent and discriminant validity but did
not provide an assessment of other properties, such as re-
producibility, measurement error, or responsiveness, for
these measures. One study is not adequate to indicate inte-
gration of any measure into clinical practice, and building
evidence across different studies over time facilitates such
integration. To this end, we do recommend future research
that assesses important attributes such as reproducibility and
responsiveness in subjects with advanced knee OA. Finally,
our results are specific to those with advanced knee OA and
may not be relevant to patients with early knee arthritis or in
those who undergo TKR.

Several variants of the GS test have been described in the
literature that vary in the participants’ walking distance and
speed (comfortable gait speed [CGS] or fast gait speed
[FGS]). Some of the common variants are the 10-m version
[36], a 40-m FGS version recommended by the OARSI [11],
and GS assessed over a 3-m and 4-m path [15]. We chose the
10-m version rather than the longer or shorter versions for
two reasons. First, normative values have been established
for the 10-m version, which will provide context for future
assessments [36]. Second, we wanted a balance between
high accuracy and pragmatism wherein the administrative

Table 2 Concurrent validity (Pearson correlation coefficients) between outcome measures

Q-NPRS TUG test GS test SPPB total SPPB balance SPPB gait SPPB chair stand

KOOS-PS − 0.716a 0.025 0.115 0.308 0.128 0.419b 0.246
Q-NPRS 0.168 − 0.199 − 0.406b 0.286 − 0.432b 0.299
TUG test − 0.324b − 0.710a − 0.536a − 0.688a − 0.529a

GS test 0.518a 0.324 0.442b 0.470a

SPPB total 0.782a 0.696a 0.867a

SPPB balance 0.389b 0.460a

SPPB gait 0.453a

Q-NPRS quadruple numeric pain rating scale, TUG Timed Up and Go, GS gait speed, SPPB Short Physical Performance Battery, KOOS-PS Knee
Injury and Osteoarthritis Outcome Score—Physical Function Shortform
aCorrelations are significant at the 0.01 level (two-tailed)
bCorrelations are significant at the 0.05 level (two-tailed)

Table 1 Characteristics of participants (N = 44)

Variable

Age, years (± SD) 66.9 ± 8.1
Sex
No. women (%) 27 (61.3%)
No. men (%) 17 (38.7%)

Side of involvement
No. right (%) 21 (47.7%)
No. left (%) 17 (38.7%)
No. both (%) 6 (13.6%)

Duration of knee pain in months (± SD) 18.9 ± 21.5
BMI, mean (± SD) 33 ± 6.1
KOOS-PS score, mean (± SD) 54.6 ± 15.6
Q-NPRS, mean score (± SD) 4.7 ± 2
TUG test time in seconds, mean (± SD) 12.8 ± 3.8
GS score, meters per second (± SD) 1.08 ± 0.32
SPPB total score (n = 32), mean (± SD) 8.94 ± 2.26
Balance, mean (± SD) 3.44 ± 0.95
Gait speed in seconds, mean (± SD) 3.69 ± 0.64
Chair stand in seconds, mean (± SD) 1.81 ± 1.23

SD standard deviation, BMI body mass index (weight in kilograms
divided by the square of the height in meters), KOOS-PS Knee Injury
and Osteoarthritis Outcome Score—Physical Function Shortform, Q-
NPRS quadruple numeric pain rating scale, TUG Timed Up and Go, GS
gait speed, SPPB Short Physical Performance Battery
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burden was optimal for the test. The 10-m GS test has been
shown to have superior construct validity over the shorter
version of the GS test [31]. In addition, we believe that the
10-m GS test will be more easily and quickly implemented
than the 40-m FGS version. Our results show only low-to-
moderate correlations of the GS with the component tests of
the SPPB, as well with as the TUG test. However, the
relationship between the GS test and the TUG test has been
shown to be high in individuals with multiple sclerosis (r =
0.90) [33]. The validity is context dependent, and although
the relationship between the GS and TUG tests was low in
our study (r = − 0.42), the possibility that this result could be
a function of the sample recruited cannot be ruled out. We
were not able to locate earlier research in which the concur-
rent validity of the 10-m version of GS test was compared
with either the SPPB or the TUG test; it is therefore difficult
to contextualize our results. The performance on the SPPB is
scored on an ordinal scale of 0 to 4, with 4 being the best
performance, rather than the actual performance in actual
units, such as meters per second for the GS component or the
number of repetitions for the sit-to-stand component. It is
possible that the low-to-moderate correlations we found
between the 10-m GS test scores and the aggregate scores
of the SPPB were a result of the diverse scoring approaches.

This was partly substantiated in our study in that the rela-
tionship between the scores of the 10-m GS and the 4-m GS
extracted from the SPPB, also scored in meters per second,
was high (r = 0.86).

The finding that the scores of the GS test, TUG test, and
SPPB were significantly different between our sample and
the established norms [4, 6, 21] has two important implica-
tions. First, it provides support of the discriminant validity of
the GS test, TUG test, and SPPB in individuals with ad-
vanced knee OA. Second, it is clear that the individuals with
advanced knee OA experience poor physical function across
important domains of daily activities, such as maintaining a
healthy walking speed, maintaining balance during mobility,
and rising from a chair. This is consistent with the prevalent
understanding that individuals with advanced knee OA dem-
onstrate significantly impaired mobility and balance [18]. In
particular, the mean GS test score of 1.08 ± 0.32 m per
second observed in our sample clearly suggests that, even
when they can walk at a safe speed, people with advanced
knee OA are likely to experience significant limitations in
the performance of household activities and in essential
functions outside the home such as safely crossing the street
and carrying groceries [26]. In addition, the mean SPPB
score of 8.94 ± 2.26 in our sample was lower than what is
recommended (higher than 10) to be able to walk at least
400 m in the community, and patients with advanced knee
OA are likely to transition to severe mobility deficits over
time [46]. In view of these findings, a preventive approach
to managing balance and mobility impairments might be
warranted in those who have advanced knee OA.

The scores extracted from the GS component of the SPPB
were reproducible when compared with the scores of 10-mGS
test (ICC = 0.81). Our findings provide further support to the
previously reported result of Peters et al. [31], in which GS

Table 3 Discriminant validity of the physical performance measures

Tests Our sample Established norms p value

Gait speed (m/s) 1.08 ± 0.32 1.29 ± 0.21 p = 0.003
TUG test (s) 12.8 ± 3.8 11.4 ± 2.4 p = 0.021
SPPB 8.94 ± 2.26 10.5 ± 1.6 p = 0.002

m/s meters per second, TUG Timed Up and Go, SPPB Short Physical
Performance Battery

Average of Gait Speed Assessed Using 10m Version versus Gait Speed 
Assessed by SPPB  

1.751.501.251.00.75.50
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Fig. 1. Bland–Altman plot showing agreement between the scores of 10-m gait speed and 4-m gait speed extracted from the Short Physical
Performance Battery (SPPB)
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assessed over both distances had comparable reliability matri-
ces, albeit in healthy older adults. However, our results diverge
from other findings: the Bland–Altman plot in our study
revealed a smaller discrepancy of 0.06 m per second between
the two versions of the GS test; in Peters et al., there was a
difference of 0.15 to 0.17 m per second [31]. A simple
paired t test between the mean values of two the GS test
scores in our study also showed no differences (p = 0.69).
Last, the relationship between the two GS test scores in our
study was high (r = 0.86). All of these ancillary analyses
suggest that in patients with advanced knee OA, the shorter
version of the GS test is reproducible and provides a valid
estimate of the GS, as compared with that seen with the 10-
m version. Measures that have a low administrative burden
yet provide a reliable estimate of an important domain, in
this instance GS, are preferred by clinicians. Clinicians
could extract the scores of a GS test in meters per second
when they administer the SPPB without having to admin-
ister an additional 10-m GS test, which reduces the burden
of testing while still successfully providing a measurement
of an important separate domain.

In conclusion, the results of our research advance the
understanding of the validity of the GS test, TUG test, and
SPPB in patients with advanced knee OA. In addition, they
indicate that those with advanced knee OA experience
marked impairments in physical performance in important
activities such as walking, balancing, and rising from a chair,
as compared with their age-matched healthy counterparts.
We recommend future research that increases our under-
standing of reproducibility and responsiveness of the GS,
TUG test, and SPPB in patients with advanced knee OA, in
order to facilitate the integration of these measures into
clinical practice.
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