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ABSTRACT. Knee osteoarthritis (OA) is a serious disease and has no cure to date. Knee OA is a leading cause of functional

limitation (e.g., difficulty walking). Walking speed is 1 method of quantifying difficulty with walking and
should be assessed in clinical practice for adults with knee OA because it has prognostic value and is modifi-
able. Specifically, slow walking speed is associated with increased risk of adverse health outcomes, including
all-cause mortality in adults with knee OA and can be modified by engaging in physical activity or exercise.
However, at present, there is little consensus on the distance and instructions used to conduct the walk test.
Distance is often selected based on space availability, and instruction varies, from asking the participants to
walk at a comfortable pace versus as fast as possible. Therefore, the purpose of this narrative review is to sum-
marize the measurement properties, strengths, and limitations of a fixed-distance walk test < 40 meters in
adults with knee OA. Good measurement properties in terms of reliability and validity were observed across
the different testing protocols for fixed-distance walk test (i.c., any distance < 40 m and fast- or self-paced).
Therefore, clinicians and researchers can select a testing protocol that can safely and consistently be per-
formed over time, as well as provide a practice trial to acclimatize the patients to the fixed-distance walk test.

Key Indexing Terms: knee osteoarthritis, outcomes, performance-based test, physical function,

psychometrics, walking speed

Knee osteoarthritis (OA) is a leading cause of functional limita-

1234 and it affects over 250 million

tion, such as difficulty walking
people worldwide®. Walking ability serves as an important indi-
cator of overall health in adults with knee OA, given that adults
who report difficulty walking have a 51% higher risk for all-cause
mortality compared to those with no difficuley®. Walking speed is

one method of quantifying difficulty with walking. Slow walking
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speed is associated with a variety of health outcomes, including
disability, prolonged hospitalization, and all-cause mortality in

well-functioning older adults™®10!

and other patient popula-
tions, such as those with stroke and spinal cord injury'>'>'%. For
this reason, walking speed is considered a “functional” vital sign
of overall health'®®. Additionally, engaging in physical activity
or exercise improves walking speed and minimizes the risk of
developing walking difficuley'®'”!%; these are important for the
knee OA population given that no cure has been found to date.
Therefore, walking speed should be assessed in clinical practice
for adults with knee OA because it is modifiable and has prog-
nostic value.

There are different protocols for walk tests, specifically a
fixed-duration [6-min walk test (6MWT)], fixed-distance
(8-foot, 10-meter, or 20-meter walk test), or walk tests with
incremental speed (shuttle walk test). In this review, we will
focus only on a fixed-distance walk test < 40 meters because
it measures the ability to walk over short distances, an activity
commonly restricted in adults with knee OA. Fixed-distance
walk tests measure the time needed to ambulate over a specific
distance. Participants are instructed to walk either at a comfort-
able/usual pace [self-paced walk test (SPWT)] or as fast as
possible [fast-paced walk test (FPWT)]. Walking speed can
then be calculated by dividing the total distance by the total time
taken to complete the test. Slower walking speed indicates worse
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physical function'. Both self-paced and fast-paced walk tests
have been used in various patient populations, including those
with and without musculoskeletal pain, and those with neuro-
logical diseases such as stroke!>!>4,

To facilitate the use of walk tests, understanding its measure-
ment properties is critical for both clinicians and researchers.
From a clinical perspective, knowledge about psychometric
properties will guide healthcare professionals to screen patients
and assess their expected health, as well as describe whether
patients have improved or worsened over time. For instance, it
will help healthcare professionals to identify whether observed
change is meaningful or considered as a measurement error.
Comparing scores to normative values will help quantify walking
impairments. From a research perspective, understanding the
psychometric properties of walk tests will assist researchers
in choosing the most reliable and responsive walk tests when
selecting outcomes for clinical trials or observational studies.

The Osteoarthritis Research Society International (OARSI)
recommends the 40-meter FPWT (40mFPWT) to assess
physical function in adults with knee OAY. However, the
distances and instructions utilized for conducting walk tests
(i.e., participants are told to walk at comfortable pace vs as fast
as possible) are variable. Distance is usually selected based on
the space available within the clinical and research settings. To
better facilitate the use of the walk test in research and clinical
practice, there is a need to understand the psychometric prop-
erties and predictive elements of walking speed measured using
fixed-distance walk tests. A systematic review on walk tests in
knee OA was conducted in 2012%. Therefore, the purpose of
this narrative review is to provide an up-to-date description of
measurement properties of fixed-distance walk tests < 40 meters
in knee OA and discuss their strengths and limitations. A goal
of this review is to encourage clinicians and researchers to
make use of walk tests, given that they are quick and easy tests
to utilize. Another goal is to provide insights on how to imple-
ment walk tests in the clinical and research settings based on the
latest evidence. Additionally, an infographic has been created
to provide a visual representation for the narrative review

(Figure 1).

Methods

Relevant literature for articles investigating the measurement
properties of walk tests in adults with knee OA were identified
using targeted search in PubMed and Google Scholar. Broad
searches were initially performed using “walk test” and “knee
osteoarthritis” alone and in combination with several different
terms, including “performance-based measures,” “psychometric
property,” “reliability,” “validity,” “construct validity,” “predictive
validity,” “health outcomes,” and “measurement property.” Only
English-language articles indexed in PubMed or Google Scholar
through August 2020 were included. Titles, abstracts, and full
reports of the identified articles were screened for relevance. The
articles were included in this review if they examined at least 1
measurement property of fixed-distance walk test < 40 meters in
adults with knee OA.

In this review, we examined the following measurement

properties of walk tests of varying distances in adults with knee
OA: reliability, validity, measurement error, and responsiveness.

e Reliability refers to the consistency of the walk test.
Specifically, test-retest reliability examines the reproducibility of
the test results across different (interrater) and/or same (intra-
rater) examiners over multiple sessions, which can be evaluated
using intraclass correlation coefficients (ICC)?".

o Construct validity examines the relationship of the walk test
to another test of physical function or purported constructs,
which can be evaluated using a correlation coefficient. Predictive
validity provides information regarding the ability of the test to
predict future health outcomes, including mortality®..

e The standard error of measurement (SEM) is the amount of
error that reflects the measurement error of the walk test. SEM is
the dispersion around the true value for the walk test. Minimal
detectable change (MDC) is the minimum amount of change,
beyond measurement error, necessary to ensure that the change
was not due to random variability.

o Responsiveness is the ability of the test to identify clinically
relevant or meaningful change following an intervention, or
over time. This can be determined using test scores anchored
to patient-reported or provider-reported thresholds, and inter-
preted using the minimum clinically important difference

(MCID)2.

Quality review of the literature

The methodological quality of the studies included in the review
was investigated using the COnsensus-based Standards for the
selection of health Measurement INstruments (COSMIN)
checklist®. This appraisal was performed only for studies that
investigated the following measurement properties: reliability,
construct validity, measurement error, and responsiveness.
We acknowledged that the COSMIN checklist was originally
developed to investigate the methodological quality of each
measurement property for patient-reported outcome measures.
However, since its inception, the checklist has been used to eval-
uate methodological quality for performance-based measures
including walk tests®*%. We used the checklist to evaluate reli-
ability, construct validity, measurement error, and responsive-
ness when reported by the included studies. Each measurement
property contains items related to study design and statistical
methods that can be used to assess whether a study on a specific
measurement property meets the standard for good method-
ological quality. Each item is rated as excellent, good, fair, or
poor. We utilized a similar scoring approach that was taken by
Dobson, ez al*®. Specifically, in agreement with the COSMIN
developers, the authors chose to use the “second worst score
counts” method, as several of the studies would be appraised as
“poor” based on small sample size. We reported the scoring as
“+” for positive, “?” for indeterminate, and “~” for poor ratings.
The detailed methodology for determining positive, indetermi-
nate, and poor rating for each psychometric properties of the
walk tests has been published in a previous study by Dobson, ez
al?®. “NR” (not reported) was used if the specific measurement
property was not reported or investigated in the study.
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Results

An electronic broad search yielded 1012 abstracts, which were
reviewed (by titles and abstracts) for relevance according to our
inclusion criteria and 972 articles were subsequently excluded.
This left a total of 40 articles for full review. After full review,
including manual search of reference lists, 22 articles were subse-
quently excluded, given that they used fixed-time walk tests (e.g.,
6MWT) or other performance-based measures (e.g., sit-to-
stand test), or did not include the knee OA population). Thus,
a total of 18 articles were included in this review, of which 12
articles described reliability, construct validity, and/or measure-
ment error, and 6 articles described predictive validity of the
fixed-distance walk test up to 40 meters in adults with, or at risk
of, knee OA. The majority of the included studies only assessed
2 or fewer of the psychometric properties (17/18, 94.4%), while
Tolk, et al”® was the only study to assess 4 properties (reliability,
construct validity, measurement error, and responsiveness). Gill,
et al assessed 3 properties (reliability, construct validity, and
measurement error) from the same sample (i.c., adults awaiting
for hip/knee replacement as well), but these were reported in 2

separate articles?®?’.

Reliability. To determine the reliability of the walk test, 1 study
used ICC1,1 (1-way random single measures)®, 3 studies used
ICC2,1 (2-way random single measures)®**, 1 study used
ICC3,1 (2-way mixed single measures)*, 3 studies used ICC

25,32,33
>

(no information on type available) and 1 study used
Spearman correlation®. Good reliability has been seen in the
50-foot, 8-meter, 13-meter, 20-meter, and 40-meter walk tests.
Specifically, the test-retest and/or intra-/interrater reliability
for the S0-foot, 8-meter, and 40-meter FPW'T were excellent,
with ICC being > 0.9%2¢#3%3! Two studies have shown good
test-retest reliability for the 13-meter SPWT and 20-meter
SPWT (20mSPWT), ICC > 0.9, or Spearman rho between
the sessions being > 0.9°*%. A few studies reported improve-
ment in test-retest reliability when the first trial was excluded
from the analysis®**>* (Table 1). Fransen, ¢t a/* investi-
gated reliability for both SPWT and FPWT in the study. In
this study, 1 test was conducted prior to each session where
participants were instructed to walk at an unspecified pace.
Regardless of whether it was fast-paced or self-paced, the reli-
ability of a fixed-distance walk test < 40 meters was excellent
in adults with varying severity of knee OA (mild OA to those
waiting for knee replacement surgery)®****%. Of the 9 studies
that assessed reliability, 5 studies®?#***"3 had participants who
used assistive devices/walking aids. However, the effects of the
use of an assistive device on reliability were not fully explored.

Construct validity. Regardless of test distances, FPWT have
shown good construct validity with other known measures of
physical function [i.e., 30-second chair stand test, 36-item Short
Form Health Survey (SF-36) physical function scale, quadriceps
strength, SF-36 physical component summary scale, Western
Ontario and McMaster Universities Arthritis Index (WOMAC)
function, and Lower Extremity Functional Scale??23>3¢;

Table 1]. One study by Tolk, e a/* found that the 40mFPW'T
had limited construct validity (Spearman rho of 40mFPW'T

with Knee injury and Osteoarthritis Outcome Score-Physical
Function Short Form < 0.3). However, the same study found
a moderate to strong correlation between the 40mFPWT and
quadriceps strength (Spearman rho > 0.6)%. The evidence for
SPW'T was limited, although a study conducted by Bacon, ez
al’” showed that quadriceps strength and 20mSPWT may have

nonlinear relation in adults with symptomatic knee OA.

Predictive validity. Slow walking speed can predict incident
symptomatic and radiographic knee OA in community-dwelling
participants®. Further, slow walking speed was associated with
increased mortality risk® irrespective of the history of decline
over the past 1 year in adults with knee OA%, and indicates
physical inability to engage in physical activity (i.e., walking
fewer steps per day*'; Table 2). However, evidence on predictive
validity for FPWT is limited.

Walking slower than 1.2 m/s on a 20mSPWT and walking

slower than 0.5 m/s on an 8-foot SPWT was predictive of
all-cause mortality in adults with radiographic knee OA?¥.
The risk of developing radiographic knee OA increases by 8%
for every 0.1 m/s decline in walking speed over 1 year after
accounting for age, knee injury, BMI, and Physical Activity Scale
for the Elderly score™. Decline in walking speed over 1 year was
associated with a 104% increase in risk of knee replacement in
the following year compared to those without any change in
walking speed®.
Measurement error. SEM and/or MDC with 2 90% CI (MDC9O)
were reported for both SPWT and FPWT in adults with knee
OA. Table 3 shows the values for the SEM and MDC,| for walk
tests that were found in adults with knee OA. Specifically, the
SEM and MDC,| for the 40mSPWT was 0.14 m/s and 0.32
m/s, respectively, in adults with endstage hip and knee OA%.
SEM and MDC, for the 10-meter FPWT were 0.10 m/s and
0.28 m/s, respectively, in adults with hip or knee OA or following
joint replacement®.

Responsiveness. Tolk, et al® reported that the 40mFPWT was
responsive, given that at least 75% of the hypothesis on the
correlation between the change scores in the walk test and
anchor question were confirmed. However, we did not find
the evidence for responsiveness for SPW T in adults with knee

OA.

Appraisal of methodological quality of studies included in this
review. We used the COSMIN checklist® to evaluate the meth-
odological quality of the included articles and determined that
all studies met ecither an indeterminate or positive rating if
the property was assessed. Table 4 displays the rating for each
specific property reported by the articles. Twelve individual arti-
cles were appraised for methodological quality for the following
measurement properties: reliability, construct validity, measure-
ment error, and responsiveness only. For reliability, we rated 8
articles as positive (66.7%), 1 as indeterminate (8.3%), and 3
could not be rated as they did not include the appropriate metric
(25%). For construct validity, 4 articles were appraised as posi-
tive (36.4%) and 1 article was appraised as indeterminate (9.1%),
while the remaining 7 articles did not report on construct
validity (54.5%). For measurement error, 6 articles were rated as

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved. I—

4

The Journal of Rheumatology 2021;48:doi:10.3899/jrheum.200771

Downloaded on April 20, 2024 from www.jrheum.org


http://www.jrheum.org/

1rede yjoam [ UOISSIS 7 -

VO 22Uy ,08°0 :Aep usamIog S[EI11 U9aMIaq 2oed Sunyjem
10§ £213949G jo spre Sunjres asned 1521 UTW-7 - J[qEIIOJWOD [EWIOU I3 I8
590 xapuy ausanba ,86°0 :Aep urgar pasn syuedmnred ( UOISSIS/S[ELII 7+ SIOUS ATRUIpIO Yaim Y[ep,  W-¢] VO 22Uy 91 SN
VN sonradord auswomseaur Jesmok
9[edg [euondUN, U0 1592 1nq panrursdd Sunoxa1940 MOYIM UED Laserdorygare aauy 10 dry
(65°0-97°0) ¥%°0 Aaruranxyg 1omo —  sea spre Sunyream Jo asn) VN noA se Appnb se syrea w-(7 (€201 Sunreme syudne] €6 J? 72 ‘pIojIENS
3seJ 29 03 19PISU0d Nok
+(96°0-060) €60 ey ooed € e yem
IS[RLI) G XN IS[RLI) G IXAN]
[em yoes
u2aM12q asned s ()9—GF - Jewiouaq
uonE[NqE 100pul Poed asey e 01 19p1sU0d Nok
2(960-88°0) €60 oy preSunfemepasn  sen ¢ 3xou pue doed ey ooed € e yem
sspem ¢ asary - sauedonaed oy Jo suoN [ewIou Je S[eL ¢ - iSTern ¢ 811 w-g Y Uy PIM INpy % 12 ‘udsuer]
VN
sonradoxd Juswamsesw uo JesmoA Suniaxataso
§109JJ0 INq PIMO[E SeA noyIIm ued nok se VO Uy
(£6:0-18°0) 160 pre Sunyream jo asn) SIUDLISSISSE ¢ Appmb se e w-( pue diy ofeaspuy 12 J? 72 Kpauuayy
(85°001€70)
w0
(LT0-02660-)
8¢°0~-
(610~ 0295°0~) ,uORIUNY DY INOM * VN sonsadord
6€0-" 12SDd 9¢-1S JUDWIINSEIUW UO £128ms
(6%0-0362°0-) Ad9¢-1S $199JJ0 INq PIMO][E SeAL Sea Appyes ued Juawooe|dar souy/dry
90—+ 2180-0¢" poz(86°0-06°0) L6°0 pre Sunyea jo asn) Sem g noA se 1sej se 00) -0 Sunreme ajdoag 78 Leod? 12 D
(86'0-580) $6°0
€ pUE 7 UOISsOg
(¢6'0-570) 8£0
m ﬁ—.—d 1 :Oﬁmwum o
s,Aep usamiag
(66:0-160)
160 € uorssas g Le(T -
(L6'0-2L0)
06°0 Z uoIssas ‘T Ae(J: Apnas o arede
(86°0-€80) ¥6°0 UI PapN[OUI 10U 219 skep ()-8 SISIA 7 - (23ed pazdaas-as
T uorssas T Ae(T - SIDIADP DATISISSE PISTL 2ISTA/SUOTSSIS 7 - © 3¢ Pa3ONpU0d VO de1powr
s, &ep urqar oym syuedpnreg QUOISSIS /S[ELI T - 210M $1591 Y[BA\ w-()7 031 PN qT 47 12 FAo0N
(1D %%6)
(1D %S6) * 1uewreadg 10 DO
dapriep Krprfep 1onmsuo)y  :Aariqery 1eressaur SIIIAI(] SADSISSY aoueIsI(] uonemndog u 971§
1ON1SU0D) 10§ 101e18dWOY) /-€11U] 10 159191183 joasn S[eLLL, "ON uondnIsuy 1837, usneg opdureg Apmag

“(VO) SHHY3IE03350 29U Y31Ar SIMPE UT 3533 yTeam Jo Krpirea pue Kpiqersy 1 79

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved. I—

Master, et al: Walk tests in knee OA

Downloaded on April 20, 2024 from www.jrheum.org


http://www.jrheum.org/

*XOPUJ SHLIYATY SINISIIATU[) INSEIAIJA] PUE OLILIUQ) WIS *DVINOM 2628 uonduny [esrsyd £oa1ng ya[es] wio] 110yg waf-9¢ :IJ 9¢-1S *a[eds Arewrwns 1usuoduwiod [esrskyd :gD) J £2109G 22Uy pI0JXQ) SO ‘A[qe[reat
10U 1N WO 1I0YS UONIUN] [e1SKY 2100 SWONIN() SLIYLILONS() PuE AInfur 29Uy :§J-SO O] IUIDYJI0d UONE[DIIOD SSL[OBIUL 1)) 1593 PUEIS IEYD PU0d3s-(¢ 1 1.§D-0¢ "2[qerrea 3uspuadopur sem toreredwod pue
J[qeirea 3uapuadop sea paads Suny[em uaym PO UOISSIIFHT Y3 WO} PAUTEIGO IUIIDII0 £39q S1UasdIday ; *(£ep U2am1aq 10§ O T°T PUE Aep UIYIIM 10§ 9F°() :7S) Pa31odar sem 4§ Inq ‘partodar 10U sem D) 966 , PIAOWDI sem
Tern 351 uaym pasoxdur Kiqenay , KITIqer]pT UoTSSIs-UYaLA 105 A[Teoy1oads ‘uonepirod uewieads Sursn panduwio a1om $HILWNSI 19970 YT, , ‘PIPUIWWOIDT [e113 2N o "¢ PPdd0Is Aprerpouuruu sem 3593 a3 ¢(Surs3of

10 Suruuni “33) 1085385 23 £q pauTwIAP se paads Juryies Pazdd[As-[as [EWIOU 1Y 30U KJsnotaqo sea Jey aded € 3e JY[em 03 uedoq juedionied 31

»

*2dudpIAd a1 ur pantodar azam Loy J1 ajqea ur patodar are [0 9466

Surddoss a105oq
aur] ystuy ayp ydnory
y13uans Suny[ea anunuod 01
4260 sdoorrpenb eroeq - Apnas oy ur papnpour PUE 12430 913 03 SIUOD VO [erowdjo1qn
(quurp paajoaur) 10U 2I9M SIDIAIP IATISISSE 30 395 au0 woy d[qissod srydexSorper
#S0° pSuans sdaupeny) - pasn oym syuedionreg s[en ¢ seAppmbseyes,  w-og pue onewordwig 9L 4v 12 Koyrepy-ong
1591 Y[[em Y3 arede Kaoyes Surstworduwos
(66'0-96'0) 860  Surwrogiad arym saued skep ¢ suorssas 7 - oy d[qssod VO 22wy onewordwds
ISUOISSIS 7 UIMIdY pasn sauedpnied ¢ UoIssas /[erna | - seaseseye\,  W-0f Jo/puedryderSorpey 0% W 72 WOl
JERIREIR I
Koy yorym ur aoed
[ewIXeW 2y 38 Y[em
iS[eI 7 XN
86°0 *S[EM 7 XU 10 aoed 1sey 3e spern 7 oed [ensn
1xou pue 2oed IO (IIA YoM VO 22Uy
€670 :S[ELII 0 ST VN [ensn 3e spem 7 1S[EL13 OM1 25T w-O7 10 dry 210A9¢ 0z oV 17 UISPE[[IA
$9°0 pSuans sdaoupeny) - 1591 913 arede urw (7 Suruunz inoyum Lasedoryare soury
€0 SO - Surmp spre Sunyem S[BLI) 7 :1UDWISSISSE aqqssod se Ajoyes [e203 10§ paedtpur  (Karprpea) 68
ST0-" SI-SOOY * (96'0-$80) €60 pasn sauedmnred 7 Lariqerpar 10g seanq Appmb seyen WO x§ syuoned y (O 2ouy “(Lpiqerpar) ¢ J? 12 9[oL
(spre Sunyres
(€6'0-080) 88°0 ou “37) yrunwwod 1rede yoom-| Suruunx Juowoaoe[dax
Kaiqerpax oy ut £puopuadopur SUOISSIS 7 moyua d[qrssod 1utof Suimorjoy 10
DE-uLy  parenquie ssuedonieg UoIs$95 /[e113 st Appnb se Sunyren w-O[ ‘YO 2auy 1o dipy IS o7 72 uosqo
(spre Sunyres
(96'0-780) 760 ou “37) yrunwwod 1rede Suruunz inoyum Juawaoe[dax
Lpiqerpar oy ut puapuadapur J[99M [ SUOISSIS 7 « aqqrssod se AJoyes se aurof Surmorjoy 10
DRE-UMLA  parenque siuedonieg UOISSas /[eLma | - g Appmbse ey,  w-p ‘YO 22uy 1o dipy IS oJ? 72 ‘w0sqoq
(10 %S$6)
(1D %$6) 1 1uewreadg 10 DO
Aarprres farprjep nnsuo)  AIqer[oy IoreLuT SIIAI(] JANSISSY aouesi(] uonendog u 9zIg
1DNSUOD) 10§ 103e1edWOD) /-13U] 10 189191-189] Jjoasn S[eLIL, "ON uono>NIsu| 23], wusneg ordureg Lpmag

‘panunuo)) ‘7 9. [

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved. I—

The Journal of Rheumatology 2021;48:doi:10.3899/jrheum.200771

Downloaded on April 20, 2024 from www.jrheum.org


http://www.jrheum.org/

Tiable 2. Predictive validity of self-paced walk test in community-dwelling older adults and adults with knee osteoarthritis (OA).

Study Sample Size Patient Population Walk Test Outcome

Purser, ez al’® 1858 Community-dwelling adults 8-ft Walking 0.1 m/s slower was associated with a greater incidence of
radiographic and symptomatic knee OA

Master, et al?’ 4215 Adults with radiographic knee OA  20-m Walking 0.2 m/s slower was associated with an increased
mortality risk

Master, et al” 1244 Adults with radiographic knee OA  8-ft Walking 0.2 m/s slower was associated with an increased
mortality risk

Master, et al* 4229 Adults with or at risk of knee OA 20-m Walking < 1.2 m/s was associated with an increased mortality
risk, irrespective of decline over the past year

Master, et al'! 1925  Adults with or at risk of knee OA 20-m Walking 0.1 m/s slower indicates inability to walk at least 6000
steps per day

Herzog, er al* 1460 Adults without radiographic knee OA  20-m Every 0.1 m/s decline in walking speed over 1 year increases the

risk of developing radiographic knee OA
Harkey, et al® 4264  Adults with or at risk of knee OA 20-m 1-year decline in walking speed was associated with an increased
risk of future incident knee replacement

Table 3. SEM and ability to detect change of walk test in adults with knee osteoarthritis (OA).

Study Sample  Patient Population Walk Test SEM MDC,
Size, n

Kennedy, ez al?® 21 Endstage hip and knee OA 40-m SPWT 0.14m/s 0.32 m/s
Dobson, ez al*® 51 Hip or knee OA or following joint replacement 10-m FPWT 0.10 m/s 0.28 m/s
Dobson, ez alP® 51 Hip or knee OA or following joint replacement 40-m FPWT 0.07 m/s 0.19 m/s
Gill, ez al* 82 People awaiting hip/knee replacement surgery 50-ft FPW'T 1.32s 3.08s
Tolk, ez al® 30 Knee OA patients indicated for total knee arthroplasty 4 x 10-m FPWT 0.10 m/s

Villadsen, ez aP* 20 Severe hip or knee OA 20-m SPWT 1.7s
Villadsen, et al?® 20 Severe hip or knee OA 20-m FPW'T 0.9s
Holm, ¢z al’! 40 Radiographic and/or symptomatic knee OA 40-m FPWT 0.2m/s

FPWT: fast-paced walk test; MDC, : minimal detectable change at 90% CI; SEM: standard error of measurement; SPWT: self-paced walk test.

Table 4. Appraisal of the methodological quality of the included studies using the COSMIN checklist.

First Author Sample Size, n Walk Test Reliability Construct Validity ~ Measurement Error Responsiveness
Motyl, ez alP* 15 20-m SPWT ? NR NR NR
Gill, ez al? 82 50-ft FPWT + NR + NR
Gill, et al”” 82 50-ft FPWT NR + NR NR
Kennedy, ez al® 21 40-m FPWT + NR + NR
Fransen, et al”® 41 8-m SPWT

8-m FPW'T + NR NR NR
Stratford, et 2/ 93 20-m FPWT NR + NR NR
Marks® 15 13-m SPWT + + NR NR
Dobson, et al*® 51 40-m FPWT

10-m FPWT + NR + NR
Tolk, ez al? 30 (reliability 4 x 10-m FPWT + ? + +

and measurement
error), 85 (validity),

70 (responsiveness)

Villadsen, et a/* 20 20-m SPWT

20-m FPW'T + NR + NR
Holm, et al’! 40 40-m FPWT + NR + NR
Luc-Harkey, ez al® 76 20-m FPWT NR + NR NR

+: positive rating; ?: indeterminate rating; COSMIN: COnsensus-based Standards for the selection of health Measurement INstruments; FPWT: fast-paced
walk test; NR: not reported; SPWT: self-paced walk test.
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positive (50.0%) and 6 articles did not receive a rating (50.0%).
Only 1 article, which was rated positive (100%), assessed respon-
siveness in adults with knee OA.

Discussion

In this narrative review, we found that there were inconsisten-
cies in the testing protocol for fixed-distance walk tests up to 40
meters. However, regardless of the variability in distance and
instructions used to conduct the test, they were reliable in the
knee OA population. FPWT have good construct validity and
were responsive, whereas SPWT have good predictive validity.
Specifically, slow walking speed (measured using self-paced
fixed-distance walk tests) was associated with an increased risk of
mortality in knee OA and increased the risk of developing radio-
graphic and symptomatic knee OA. Good measurement proper-
ties, in terms of reliability and validity, were observed across the
different testing protocols. Hence, clinicians and researchers can
likely select a testing protocol that can safely and consistently be
performed in a clinical or research setting, and be assured that
it will likely perform well. We have summarized methods, inter-
pretation, pros/cons, and the application of fixed-distance walk
tests in an infographic (Figure 1).

We found that the reliability of the walk test was good in
adults with varying severity of knee OA?**3, regardless of the
distance and instructions used to conduct the test. However,
the reliability may be affected by the number of trials. For both
SPWT and FPWT, reliability improved when the first trial was
removed*****. The first trial may serve as a practice trial and may
facilitate the adults with knee OA to get acclimated to the test;
this may explain the improvement in the reliability. Therefore,
it is recommended to administer practice trials in clinical and
research settings to obtain reliable values for both SPWT and
FPWT.

Walk tests are relatively easy for clinicians and researchers
to administer and can be conducted in most clinical/research
settings. The equipment needed includes a marked walkway,
stopwatch, and tape measure. Further, scoring on most tests
allows the use of assistive devices by patients if needed. However,
it is important to note that the protocol used to conduct the
walk test and information regarding the scoring needs to be
documented and kept consistent for repeated measurements.
The respondent and administrative burden is minimal, given
that tests can be completed in less than 5 minutes, and no special-
ized training is needed to conduct the test. Further, they can be
administered and adapted to any language. Normative comfort-
able walking speed values based on age range from 20-79 years
are published*. A recent study showed reference values (by
sex, age, Kellgren-Lawrence grade, or BMI) for walking speed
measured using the 20-minute walk test®. Given walk tests are
a performance-based measure, they are not subject to the same
limitations as using patient-reported physical function measures,
such as recall bias®. Though the evidence on the MCID for the
walk test is not established in the knee OA population, previous
studies in older adults have shown that the SPW'T has the ability
to detect clinically meaningful change. Specifically, Kwon, ez al?

found the change 0f 0.08 m/s on the 4-meter SPWT as clinically
meaningful change in sedentary adults aged 70-89 years.

Strengths and limitations. The major strengths of walk tests are
that they are valid, have good test-retest reliability in adults with
knee OA, and have good predictive validity for health outcomes
in older adults. This test has shown to predict health outcomes,
including the ability to be physically active, and mortality
in adules with knee OA. Further, it is easy to administer and
interpret, requires little equipment and/or training, and is thus
inexpensive. However, there are several limitations. First, there
is little consensus regarding the distance to be used for the test
and whether participants were instructed to turn around while
testing. This, in turn, can affect the acceleration and deceler-
ation phases needed to complete the walk test. Prior studies
caution against using walking speed values interchangeably for
short- versus standard-distance walk tests (i.e., 4-m vs 20-m or
10-m)*#3°, Thus, we caution against generalizing the evidence
regarding walking speed measured using different test distances
and instructions. Second, prior studies have shown that age,
race, psychological factors (e.g., depression), and disease severity
are associated with slower walking speed®*>°**%. Therefore,
patient-specific factors should be accounted for when inter-
preting walking speed values. Third, there are limited construct
validity studies for SPWT; however, the predictive validity of
the SPWT is strong. On the contrary, construct validity studies
for the FPW'T are extensive, but there is limited evidence on
predictive validity in the knee OA population. Therefore,
further research is needed to investigate the psychometrics for
both SPWT and FPWT. Last, the focus of this review was on a
fixed-distance walk test < 40 meters. Therefore, future research
or review on measurement properties on fixed-duration walk
tests (e.g., 6GMWT) or fixed-distance walk test > 40 meters in
knee OA population is needed.

Summary

Regardless of test distances, walk tests are recommended to
objectively assess walking difficulty in adults with varying degrees
of knee OA (mild to endstage knee OA) for clinical and research
purposes. However, there is a need to highlight the distance used
to measure walking speed as well as whether the walk test was
conducted at a comfortable or fast pace in research studies so
the thresholds indicative of poor health outcomes can be applied
appropriately. Healthcare providers should stick with the testing
protocol (best suited as per the space availability) and use it over
time to ensure the walk test’s reliability and ability to interpret
change. Further, when possible, a practice trial may be consid-
ered to acclimatize the patients to the fixed-distance walk test.

REFERENCES
1. Murray CJ, Richards MA, Newton JN, Fenton KA, Anderson HR,
Atkinson C, et al. UK health performance: findings of the Global
Burden of Disease Study 2010. Lancet 2013;381:997-1020.
2. Guccione AA, Felson DT, Anderson JJ, Anthony JM, Zhang Y,
Wilson PW, et al. The effects of specific medical conditions on
the functional limitations of elders in the Framingham study. Am J

Public Health 1994;84:351-8.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved. I—

8

The Journal of Rheumatology 2021;48:doi:10.3899/jrheum.200771

Downloaded on April 20, 2024 from www.jrheum.org


http://www.jrheum.org/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo
RA, et al; National Arthritis Data Workgroup. Estimates of the
prevalence of arthritis and other rheumatic conditions in the United
States. Part II. Arthritis Rheum 2008;58:26-35.

Hubertsson J, Petersson IF, Thorstensson CA, Englund M. Risk of
sick leave and disability pension in working-age women and men
with knee osteoarthritis. Ann Rheum Dis 2013;72:401-5.

Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M,
et al. Years lived with disability (YLDs) for 1160 sequelae of 289
diseases and injuries 1990-2010: A systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2012;380:2163-96.
Hawker GA, Croxford R, Bierman AS, Harvey PJ, Ravi B, Stanaitis
I, et al. All-cause mortality and serious cardiovascular events in
people with hip and knee osteoarthritis: a population based cohort
study. PLoS One 2014;9:¢91286.

Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M, et
al. Gait speed and survival in older adults. JAMA 2011;305:50-8.
Cesari M, Kritchevsky SB, Penninx BW, Nicklas BJ, Simonsick EM,
Newman AB, et al. Prognostic value of usual gait speed in
well-functioning older people--results from the Health, Aging and
Body Composition Study. ] Am Geriatr Soc 2005;53:1675-80.
Fritz S, Lusardi M. White paper: “Walking speed: the sixth vital
sign”. ] Geriatr Phys Ther 2009;32:46-9.

Middleton A, Fritz SL, Lusardi M. Walking speed: the functional
vital sign. ] Aging Phys Act 2015;23:314-22.

Langlois JA, Keyl PM, Guralnik JM, Foley D], Marottoli RA,
Wallace RB. Characteristics of older pedestrians who have difficulty
crossing the street. Am J Public Health 1997;87:393-7.

Goldie PA, Matyas TA, Evans OM. Deficit and change in gait
velocity during rehabilitation after stroke. Arch Phys Med Rehabil
1996;77:1074-82.

Ekstrom H, Dahlin-Ivanoff S, Elmstahl S. Effects of walking speed
and results of timed get-up-and-go tests on quality of life

and social participation in elderly individuals with a history of
osteoporosis-related fractures. ] Aging Health

2011;23:1379-99.

van Hedel HJ, Dietz V, Curt A. Assessment of walking speed

and distance in subjects with an incomplete spinal cord injury.
Neurorchabil Neural Repair 2007;21:295-301.

Cummings SR, Studenski S, Ferrucci LJJ. A diagnosis of
dismobility—giving mobility clinical visibility: a Mobility Working
Group recommendation. JAMA 2014;311:2061-2.

White DK, Lee J, Song J, Chang RW, Dunlop D. Potential
functional benefit from light intensity physical activity in knee
osteoarthritis. Am ] Prev Med 2017;53:689-96.

Messier SP, Mihalko SL, Legault C, Miller GD, Nicklas BJ,

DeVita P, et al. Effects of intensive diet and exercise on knee joint
loads, inflammation, and clinical outcomes among overweight and
obese adults with knee osteoarthritis: the IDEA randomized clinical
trial. JAMA 2013;310:1263-73.

White DK, Tudor-Locke C, Zhang Y, Fielding R, LaValley M,
Felson DT, et al. Daily walking and the risk of incident functional
limitation in knee osteoarthritis: an observational study. Arthritis
Care Res 2014;66:1328-36.

Dobson F, Hinman RS, Roos EM, Abbott JH, Stratford P, Davis
AM, et al. OARSI recommended performance-based tests to

assess physical function in people diagnosed with hip or knee
osteoarthritis. Osteoarthritis Cartilage 2013;21:1042-52.

Dobson F, Hinman R, Hall M, Terwee C, Roos EM, Bennell K.
Measurement properties of performance-based measures to assess
physical function in hip and knee osteoarthritis: a systematic review.
Osteoarthritis Cartilage 2012;20:1548-62.

Scholtes VA, Terwee CB, Poolman RW. What makes a measurement
instrument valid and reliable? Injury 2011;42:236-40.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Beaton DE, Bombardier C, Katz JN, Wright JG, Wells G, Boers

M, et al. Looking for important change/differences in studies of
responsiveness. OMERACT MCID working group. Outcome
measures in theumatology. Minimal clinically important difference.
J Rheumatol 2001;28:400-5.

Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol
DL, et al. The COSMIN checklist for assessing the methodological
quality of studies on measurement properties of health status
measurement instruments: an international Delphi study. Qual Life
Res 2010;19:539-49.

Bartels B, De Groot JF, Terwee CBJP. The six-minute walk test in
chronic pediatric conditions: a systematic review of measurement
properties. Phys Ther 2013;93:529-41.

Tolk JJ, Janssen RP, Prinsen CA, Latijnhouwers DA, van der

Steen MC, Bierma-Zeinstra SM, et al. The OARSI core set of
performance-based measures for knee osteoarthritis is reliable but
not valid and responsive. Knee Surg Sports Traumatol Arthrosc
2019;27:2898-909.

Gill S, McBurney H. Reliability of performance-based measures

in people awaiting joint replacement surgery of the hip or knee.
Physiother Res Int 2008;13:141-52.

Gill SD, de Morton NA, Mc Burney H. An investigation of the
validity of six measures of physical function in people awaiting joint
replacement surgery of the hip or knee. Clin Rehabil 2012;
26:945-51.

Kennedy DM, Stratford PW, Wessel J, Gollish JD, Penney D.
Assessing stability and change of four performance measures: a
longitudinal study evaluating outcome following total hip and knee
arthroplasty. BMC Musculoskelet Disord 2005;6:3.

Fransen M, Crosbie J, Edmonds J. Reliability of gait measurements
in people with osteoarthritis of the knee. Phys Ther 1997;
77:944-53.

Dobson F, Hinman RS, Hall M, Marshall CJ, Sayer T, Anderson C,
ct al. Reliability and measurement error of the osteoarthritis research
society international (OARSI) recommended performance-based
tests of physical function in people with hip and knee osteoarthritis.
Osteoarthritis Cartilage 2017;25:1792-6.

Holm PM, Nyberg M, Wernbom M, Schreder HM, Skou ST.
Intrarater reliability and agreement of recommended
performance-based tests and common muscle function tests in knee
osteoarthritis. ] Geriatr Phys Ther 2020 Apr 9 (E-pub ahead of
print).

Marks R. Reliability and validity of self-paced walking time measures
for knee osteoarthritis. Arthritis Care Res 1994;7:50-3.

Villadsen A, Roos EM, Overgaard S, Holsgaard-Larsen A.
Agreement and reliability of functional performance and muscle
power in patients with advanced osteoarthritis of the hip or knee.
Am J Phys Med Rehabil 2012;91:401-10.

Motyl JM, Driban JB, McAdams E, Price LL, McAlindon TE.
Test-retest reliability and sensitivity of the 20-meter walk test among
patients with knee osteoarthritis. BMC Musculoskelet Disord
2013;14:166.

Stratford PW, Kennedy D, Pagura SM, Gollish JD. The relationship
between self-report and performance-related measures: Questioning
the content validity of timed tests. Arthritis Rheum 2003;
49:535-40.

Luc-Harkey BA, Blackburn JT, Ryan ED, Harkey MS, Davis HC,
Gaynor BR, et al. Quadriceps rate of torque development and
disability in persons with tibiofemoral osteoarthritis. ] Orthop
Sports Phys Ther 2018;48:694-703.

Bacon KL, Segal NA, Qiestad BE, Lewis CE, Nevitt MC, Brown
C, et al. Thresholds in the relationship of quadriceps strength with
functional limitations in women with knee osteoarthritis. Arthritis
Care Res 2019;71:1186-93.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved. I—
Master, et al: Walk tests in knee OA

9

Downloaded on April 20, 2024 from www.jrheum.org


http://www.jrheum.org/

38.

39.

40.

41.

42.

43,

45.

Purser JL, Golightly YM, Feng Q, Helmick CG, Renner JB, Jordan
JM. Association of slower walking speed with incident knee
osteoarthritis-related outcomes. Arthritis Care Res 2012;
64:1028-35.

Master H, Neogi T, Callahan LF, Nelson AE, Lavalley M, Cleveland
RJ, et al. The association between walking speed from short- and
standard-distance tests with the risk of all-cause mortality among
adults with radiographic knee osteoarthritis: data from three large
United States cohort studies. Osteoarthritis Cartilage 2020 Aug 28
(E-pub ahead of print).

Master H, Neogi T, LaValley M, Thoma LM, Yuqing Z, Voinier D,
et al. Does the degree of decline in walking speed predict mortality
risk beyond the present level of walking speed in knee osteoarthritis?
J Rheumatol 2020 Sep 1 (E-pub ahead of print).

Master H, Thoma LM, Christiansen MB, Polakowski E, Schmitt
LA, White DK. Minimum performance on clinical tests of physical
function to predict walking 6000 steps/day in knee osteoarthritis: an
observational study. Arthritis Care Res 2018;70:1005-11.

Herzog MM, Driban JB, Cattano NM, Cameron KL, Tourville TW,
Marshall SW, et al. Risk of knee osteoarthritis over 24 months in
individuals who decrease walking speed duringa 12-month period:
data from the Osteoarthritis Initiative. ] Rheumatol 2017;
44:1265-70.

Harkey MS, Lapane KL, Liu SH, Lo GH, McAlindon TE, Driban
JB. A decline in walking speed is associated with incident knee
replacement in adults with and at risk for knee osteoarthritis.

J Rheumatol 2020 Jun 15 (E-pub ahead of print).

Bohannon RW. Comfortable and maximum walking speed of adults
aged 20—79 years: reference values and determinants. Age Ageing
1997;26:15-9.

Harkey MS, Price LL, Reid KF, Lo GH, Liu S-H, Lapane KL, et

al. Patient-specific reference values for objective physical function
tests: data from the Osteoarthritis Initiative. Clinical Rheumatology
2020:39:1961-70.

46.

47.

48.

49.

50.

SI.

S2.

53.

54.

White DK, Master H. Patient-reported measures of physical
function in knee osteoarthritis. Rheum Dis Clin North Am
2016;42:239-52.

Kwon S, Perera S, Pahor M, Katula J, King A, Groess E, et al. What
is a meaningful change in physical performance? Findings from a
clinical trial in older adults (the LIFE-P study). ] Nutr Health Aging
2009;13:538-44.

Peters DM, Fritz SL, Krotish DE. Assessing the reliability and
validity of a shorter walk test compared with the 10-meter walk test
for measurements of gait speed in healthy, older adults. ] Geriatr
Phys Ther 2013;36:24-30.

Najafi B, Helbostad JL, Moe-Nilssen R, Zijlstra W, Aminian K.
Does walking strategy in older people change as a function of
walking distance? Gait Posture 2009;29:261-6.

Johnson RT, Hafer JF, Wedge RD, Boyer KA. Comparison of
measurement protocols to estimate preferred walking speed between
sites. Gait Posture 2020;77:171-4.

Haas SA, Krueger PM, Rohlfsen L. Race/ethnic and nativity
disparities in later life physical performance: the role of health and
socioeconomic status over the life course. ] Gerontol B Psychol Sci
Soc Sci 2012;67:238-48.

Penninx BW, Guralnik JM, Ferrucci L, Simonsick EM, Deeg

DJ, Wallace RB. Depressive symptoms and physical decline in
community-dwelling older persons. JAMA 1998;279:1720-6.
Steffen TM, Hacker TA, Mollinger L. Age-and gender-related test
performance in community-dwelling elderly people: six-minute walk
test, Berg balance scale, timed up & go test, and gait speeds. Phys
Ther 2002;82:128-37.

Thomson D, Liston M, Gupta A. Is the 10 metre walk test on sloped
surfaces associated with age and physical activity in healthy adults?
Eur Rev Aging Phys Act 2019;16:11.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2021. All rights reserved. I—

10

The Journal of Rheumatology 2021;48:doi:10.3899/jrheum.200771

Downloaded on April 20, 2024 from www.jrheum.org


http://www.jrheum.org/

