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Objective: The aim of this systematic review and meta-analysis was to evaluate all evidence on mea-
surement properties of the Hip disability and Osteoarthritis Outcome Score - Physical function Shortform
(HOOS-PS) and the Knee Injury and Osteoarthritis Outcome Score - Physical function Shortform (KOOS-
PS).
Design: This study was conducted according to the COnsensus-based Standards for the selection of
health Measurement INstruments (COSMIN) guideline for systematic reviews of PROMs. MEDLINE,
EMBASE, The Cochrane Library, CINAHL and PsychINFO through February 2019 were searched. Eligible
studies evaluated patients with hip or knee complaints and described a measurement property, inter-
pretability, feasibility, or the development of either the HOOS-PS or KOOS-PS.
Results: Twenty-three studies were included. For both questionnaires, the content validity was found
inconsistent and the quality evidence was moderate for a sufficient reliability and high for an insufficient
construct validity. The HOOS-PS had a high quality evidence of sufficient structural validity and internal
consistency (pooled Cronbach's alpha 0.80; n ¼ 3761) and low quality evidence of sufficient measure-
ment error and indeterminate responsiveness. Concerning the KOOS-PS, the quality evidence was high
for an insufficient responsiveness, moderate for an inconsistent structural validity and internal consis-
tency and low for an inconsistent measurement error.
Conclusions: The inconsistent evidence for content validity implies that scores on the HOOS-PS and
KOOS-PS may inadequately reflect physical functioning. Furthermore, there is evidence for insufficient
construct validity and responsiveness in patients with knee osteoarthritis receiving conservative treat-
ment. Using the HOOS-PS or KOOS-PS as outcome measurement instruments for comparing outcomes,
measuring improvements or benchmarking in patients with hip or knee complaints or undergoing
arthroplasty should only be done with great caution.
Review registration: PROSPERO number CRD42017069539

© 2020 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
C. Braaksma, Department of
P.O. Box 2500, Nieuwegein,
Fax: 31-(0)88-320-23-99.
enhuis.nl (C. Braaksma).

ternational. Published by Elsevier L
Introduction

In total joint arthroplasty, patient reported outcome measures
(PROMs) are widely used to evaluate the effect of treatment on
individual patients and for comparative effectiveness research. In
addition, the health care industry has become interested in using
these instruments as an indicator of quality of care1.
td. All rights reserved.
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Widely used PROMs measuring physical functioning in patients
with hip or knee complaints are the Hip disability and Osteoar-
thritis Outcome Score - Physical function Shortform (HOOS-PS)2

and the Knee Injury and Osteoarthritis Outcome Score - Physical
function Shortform (KOOS-PS)3, respectively. The items on the
HOOS-PS and KOOS-PS were selected using Rasch analysis of the
Western Ontario McMaster Universities Osteoarthritis Index
(WOMAC)4 and the full-length HOOS5 and KOOS6. The HOOS-PS
and KOOS-PS aim tomeasure physical functioning with fewer items
and similar validity compared to the full-length measurements
instruments, in order to minimize the burden of the responder and
decrease the administrative load. The HOOS-PS and KOOS-PS are
selected as outcome measurement instruments by global standard
sets of outcome measures, arthroplasty registries and clinical
research studies7e9.

Although the full-length HOOS and KOOS are extensively eval-
uated, the measurement properties of the short forms of these
questionnaires have not been summarized10e13. The available sys-
tematic reviews did not pool the data quantitatively, included only
one article or did not focus on the short form measurement
instruments10e13. Furthermore, the PROM development and con-
tent validity were not qualitatively evaluated. It is important to
assess if the HOOS-PS and KOOS-PS are a valid reflection of physical
functioning since the outcomes of these measurement instruments
are used to evaluate individual patients and to benchmark health
care providers.

The goal of this systematic review and meta-analysis is to
evaluate all evidence on the measurement properties (content
validity, structural validity, internal consistency, reliability, mea-
surement error, cross-cultural validity/measurement invariance,
construct validity, criterion validity and responsiveness) and the
interpretability of the HOOS-PS and KOOS-PS in patients with hip
or knee complaints or undergoing total hip or knee arthroplasty.

Materials and methods

Protocol and registration

This review was reported according to the Preferred Reporting
Items for Systematic review and Meta-Analysis Protocols (PRISMA-
p)14. A study protocol was registered in PROSPERO
Measurement property Definition

Content validity The degree to which the co
Structural validity The degree to which the sc

measured
Internal consistency The degree of the interrelat
Reliability The proportion of the total v
Measurement error The systematic and random

be measured
Cross-cultural validity/measurement

invariance
The degree to which the per
reflection of the performan

Construct validity The degree towhich the sco
measures the construct to b

Criterion validity The degree to which the sc
Responsiveness The ability to detect change
Interpretability The degree to which one ca

connotations) to a PROM's

Table I Taxonomy of the measurement properties and the in
(2010)

25
[CRD42017069539]. The systematic review was conducted ac-
cording to the.

COnsensus-based Standards for the selection of health Mea-
surement INstruments (COSMIN) guideline for systematic reviews
of PROMs15. COSMIN aims to improve the selection of outcome
measurement instruments by developing methodology and prac-
tical tools for selecting the most suitable outcome measurement
instrument.

Eligibility criteria

Eligible studies were full text articles evaluating at least one
measurement property or the interpretability of the HOOS-PS and
KOOS-PS, or reporting on the development of either the HOOS-PS
or KOOS-PS. Furthermore, the development studies of theWOMAC,
full-length HOOS or KOOS were eligible, since the items of the
HOOS-PS and KOOS-PS were extracted from these measurement
instruments in unchanged form. All studies had to evaluate patients
of any age with hip or knee complaints or patients who underwent
arthroplasty. Included measurement properties were the content
validity, structural validity, internal consistency, reliability, mea-
surement error, cross-cultural validity/measurement invariance,
construct validity, criterion validity and responsiveness. Table I
provides an overview of the definitions of the measurement
properties and the interpretability. The HOOS-PS and KOOS-PS had
to be patient reported or research administrator assisted. Reviews,
study protocols or studies using the outcome measurement in-
struments for assessment of patients with other limb conditions
than hip or knee complaints were excluded. The search was not
restricted on language, publication status or study design.

Searches

A literature search was performed in the following electronic
bibliographic databases (February 11, 2019): MEDLINE through
PubMed, EMBASE through OVID, The Cochrane Library (Cochrane
Database of Systematic Reviews, Cochrane Central Register of
Controlled Trials, Cochrane Methodology Register), CINAHL and
PsychINFO. The search strategy was reviewed by a clinical librarian
and can be found in the Supplemental material. References were
searched manually to identify other potential studies. Furthermore,
ntent is an adequate reflection of the construct to be measured
ores are an adequate reflection of the dimensionality of the construct to be

edness among the items
ariance in the measurements which is because of true differences among patients
error of a patient's score that is not attributed to true changes in the construct to

formance of the items on a translated or culturally adapted PROM are an adequate
ce of the items of the original version
res are consistent with hypotheses based on the assumption that the PROM validly
e measured
ores are an adequate reflection of a ‘‘gold standard’’
over time in the construct to be measured
n assign qualitative meaning (that is, clinical or commonly understood
quantitative scores or change in scores.

terpretability, obtained from Mokkink et al. Osteoarthritis
andCartilage
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the website http://www.koos.nu was checked for other publica-
tions or PhD theses.

Data extraction (selection and coding)

After duplicate removal, two reviewers (CB and NW) identified
potentially eligible studies after assessing title and abstract of the
retrieved studies independently. If one or both of the reviewers
identified a study as potentially eligible, the full text was retrieved
and independently assessed by the same two reviewers (CB and
NW). Studies were included if they met the eligibility criteria.

The data from the included studies were extracted using a data
extract template of the COSMIN manual for systematic reviews of
PROMS16. The extraction was done by one reviewer (CB) and the
second reviewer checked the extracted data (NW) on patient
characteristics (number of participants, mean age, sex distribution,
disease characteristics, response rate) and type of measurement
(HOOS-PS, KOOS-PS, time interval used for follow-up, setting in
which the study was conducted, country, language, mode of
administration) and all information available on measurement
properties. In case differences, consensus was reached by
discussion.

Strategy for data synthesis

The methodological quality of the identified studies was
assessed per measurement property (taxonomy of measurement
properties, Table I) according to the recently updated COSMIN Risk
of Bias checklist17. Per study, the methodological quality of the
measurement property was scored by two independent authors
(CB and NW) on a four-point rating scale (i.e., ‘very good’,
‘adequate’, ‘doubtful’ or ‘inadequate’ quality)18. Subsequently, each
measurement property was evaluated against the criteria for good
measurement properties per study as ‘sufficient’, ‘insufficient’ or
‘indeterminate’15. The quality criteria for good measurement
properties are available in the Supplemental materials. A third
reviewer was consulted if no consensus was reached (CP).

Summarize quality of evidence and pooling evidence

The overall quality of the PROM was determined using the
modified GRADE approach15, taking into account the methodo-
logical quality of the studies and the quality of the measurement
properties. The modified GRADE approach was used to downgrade
the quality of evidence when there are concerns regarding the risk
Number Hypothesis

1 Correlations with (changes in) instruments measuring physical funct
Oxford Hip Score (OHS)/Oxford Knee Score (OKS) should be >0.50

2 Correlations with (changes in) instruments measuring pain (like the p
WOMAC stiffness subscale) should be 0.30e0.50

3 Correlations with (changes in) instruments measuring unrelated con
4 Correlations with (changes in) instruments measuring similar constr

instruments measuring related but dissimilar constructs
5 Correlations with (changes in) instruments measuring related constr

instruments measuring unrelated constructs

Table II Predefined hypotheses: the expected correlations betw
ator instruments
of bias (evaluated by the COSMIN Risk of Bias checklist), incon-
sistency in results, imprecision and indirect results15. The modified
GRADE approach is described in detail in the COSMIN manual for
systematic reviews16. Quality was graded as ‘high’, ‘moderate’,
‘low’ or ‘very low’. The evidence on the measurement properties
was pooled quantitatively when the studies were comparable in
terms of study population and methodological quality. Otherwise,
they were qualitatively summarized. To be able to pool the results
of the construct validity and the responsiveness, the authors
defined hypotheses about the expected correlations between the
HOOS-PS or KOOS-PS and comparator instruments (Table II). All
correlations of the (changes in) HOOS-PS and KOOS-PS scores with
the comparator instruments found in the included studies were
tested against the predefined hypotheses. Afterwards, the per-
centage of accepted hypotheses and the studies were pooled by
calculating the weighted average of the correlations. Discrepancies
regarding the pooling of the results and grading of the evidence
were resolved by discussion. A third reviewer was consulted when
needed (CP).
Statistical analysis

Meta-analysis was done following the method of Feldt and
Charter (2006) to compute the pooled internal consistency19.
Cronbach's alphas were transformed to Fisher's ɀ values that were
averaged (weighted average for sample size per study) and con-
verted back to a pooled Cronbach's alpha. Stepwise approach:

1. Calculate a ɀ value per Cronbach's alpha19

ɀ ¼ 1.1513 {log10 [(1 þ r)/(1 e r)]}

2. Calculate the average weighted ɀ19.

ɀ ¼ S (nj e 3)ɀj / S (nj e 3)

3. Convert the ɀ value back to a pooled Cronbach's alpha19

r ¼ (10 ɀ/1.1513e1)/(10 ɀ/1.513 þ 1)
ion like the physical function subscale of the WOMAC, the KOOS/HOOS and the

ain subscale of either the WOMAC, OKS/OHS or KOOS/HOOS) or stiffness (like the

structs like mental health or social functioning should be <0.30
ucts should differ by a minimum of 0.10 from correlations with (changes in)

ucts should differ by a minimum of 0.10 from correlations with (changes in)

een the HOOS-PS or KOOS-PS and compar- Osteoarthritis
andCartilage
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We combined the framework of DerSimonian (1986)20 and Feldt
and Charter (2006)19 to compute the pooled test-retest reliability.
Fisher's transformation to z values were computed by the method
of DerSimonian20. Computing weighted average was done for the
ICC and the confidence interval (95%) the same as for the Cron-
bach's alpha, with the method of Feldt19. Stepwise approach:

1. Calculate the ɀ value per ICC20

ɀ ¼ 0.5 � ln ((1 þ ICC)/(1 e ICC))

2. Calculate the average weighted z19.

ɀ ¼ S (nj e 3)ɀj/S (nj e 3)

3. Convert the z value back to a pooled ICC19

r ¼ (10 ɀ/1.1513e1)/(10 ɀ/1.513 þ 1)
Fig. 1 PRISMA flow diagram of the literature search and selectio
Results

The results of the literature search and selection of the studies
are displayed in the PRISMA flow diagram [Fig. 1]. The character-
istics of the included PROMs are presented in Table III. The char-
acteristics of the included studies and their populations are
presented in Table IV. The summary of findings for each measure-
ment property is presented in Table V.
Content validity

The way PROMs are developed effects the content validity. The
HOOS-PS and KOOS-PS were developed via Rasch analysis of the
full-length HOOS, KOOS and WOMAC and tested in populations of
all ages, from several countries with a wide spectrum of severity of
osteoarthritis. The construct to be measured and the target popu-
lationwere clearly described2,3. However, no theoretical framework
was used to define the construct in a broader setting. The items of
the outcome measurement instruments were created in the
development studies of the full-length versions and selected in
n of the studies. Osteoarthritis
andCartilage



Measurement property HOOS-PS(2) KOOS-PS(3)

Construct Physical function Physical function
Target population People with hip problems People with knee problems
Mode of administration Self-administered Self-administered
Recall period 1 week 1 week
Scale (number of items) 15 17

Response options None/Mild/Moderate/Severe/Extreme None/Mild/Moderate/Severe/Extreme
Range of scores/scoring 0-100 (with 0 representing extreme difficulty) 0-100 (with 0 representing extreme difficulty)
Original language English English
Available translations Danish

Dutch*
English, French*
German
Italian

Norwegian Polish Portuguese
(Brazil) Swedish Turkish*

Arabic (Saudi
Arabia) Chinese
Danish
Dutch*
English
French*
German
Hindi (India)
Italian

Korean
Norwegian Polish
Portuguese* Portuguese (Brazil) Singapore (English)
Spanish Swedish Turkish*

* Validated translations.

Table III Characteristics of the included PROMs Osteoarthritis
andCartilage
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unchanged form. Therefore, the methodology and possible limita-
tions of the PROM development studies of the full-length HOOS,
KOOS and WOMAC effect the methodological quality of the shorter
versions. The items in the development studies were created based
on literature review, consulting expert panels and pilot studies4e6.
No cognitive interviews were conducted to evaluate the compre-
hensiveness or comprehensibility.

The content validity was inconsistent of the HOOS-PS2,4,5,21,22

and KOOS-PS3,4,21,23,24. Content validity refers to the relevance (the
degree to which the content is considered applicable for measuring
physical functioning), comprehensiveness (the degree to which all
key aspects of the constructs are covered) and the comprehensi-
bility (the degree to which the items, response options and in-
structions are understood by patients as intended)25. Consecutively
the relevance, comprehensiveness and comprehensibility are
discussed.

There was low quality evidence for an inconsistent relevance of
the items of the HOOS-PS and KOOS-PS. The full-length HOOS and
KOOS development studies evaluated the items on relevance in
patients and included the items with the highest responses. How-
ever, theydid not use a cut-off value for inclusion of the items5,6. The
relevance of the itemsof theHOOS-PS andKOOS-PSwasdetermined
in patients undergoing hip or knee arthroplasty andwas considered
insufficient21. In this study including more than 1,200 patients, the
item ‘running’ of the HOOS-PS was found unimportant by 77.7% of
patients21. In the same study, the items ‘kneeling’ and ‘squatting’ of
the KOOS-PS were found unimportant by 32.7% and 39.5% of the
patients, respectively21. The appropriateness of the responseoptions
and recall period, and the relevance for the construct of interest and
the context of use were not evaluated.

There was very low quality evidence for an insufficient
comprehensiveness of the HOOS-PS and KOOS-PS. As no studies
evaluated the comprehensiveness, this rating is based on the re-
viewers rating solely.

There was moderate quality evidence for a sufficient comprehen-
sibility of the HOOS-PS and KOOS-PS. Evidence regarding the
comprehensibility is available from studies translating or developing
the items of the full-length HOOS, KOOS and WOMAC4,5,21e24. The
WOMAC development study evaluated the comprehensibility and
relevanceof a partof the itemsof theHOOS-PS andKOOS-PS, however
not all items4.The translated full-length HOOS and KOOS into Dutch
were ratedas comprehensible ina sampleof15patientsper study22,23,
however, methodological quality of these studies was doubtful. It is
not clear if skilled group interviewers were used or an appropriate
interview guide, if the interviews were recorded and transcribed,
howthedatawasevaluatedandanalysedand if (besides the items) the
instructions and response options were evaluated as well.
Structural validity

There was high quality evidence for a sufficient structural
validity of the HOOS-PS. The PROM development study (method-
ological quality rated as ‘very good’) assessed the structural validity
in a sample of 2,643 persons2. Confirmatory factor analysis (CFA)
showed a unidimensional construct and showed there was no
clustering (location item mean 0 (SD 1.64), X2 42.29 with a prob-
ability of 0.0672, PSI 0.80).

There was moderate quality evidence for an inconsistent
structural validity of the KOOS-PS. The KOOS-PS was developed
using a Rasch analysis (methodology rated as ‘very good’)3

and showed with CFA that the one factor (unidimensional)
structure has an adequate fit (location item mean 0 (SD 1.229),
X2 73.34 with a probability of 0.1751, PSI 0.904). Two
studies repeated the analysis of the items. First, Franchignoni
et al. (methodology rated as ‘adequate’) could not replicate the
selection of items of the KOOS-PS in patients with knee
osteoarthritis26. The items “Twisting/pivoting on your injured
knee” showed a borderline infit value and “Rising from bed”
showed overfit and thus did not fit the Rasch model. Second,
Harris et al., 2013 (methodology rated as ‘very good’) showed
with CFA that there was no acceptable evidence to support the
structural validity of the KOOS-PS in 113 knee osteoarthritis
patients27.



Reference Country; evaluated
language

Setting single-centre or
multi-centre study

PROM Number of patients Age in years
Mean(SD), range

Diagnosis Gender FU

Bond 201238 USA; English Interview-
administered

multicentre HOOS-PS 48 60.3(9.4) Hip OA, conservative
treatment

68.8% female 13 weeks

KOOS-PS 156 61.2(9.2) Knee OA, conservative
treatment

68.8% female 13 weeks

Davis 200928 Canada; English Patient-administered,
setting unclear

multicentre HOOS-PS 201 62.3(12.1) Hip OA, pre and post
THR

53% female 6 months

KOOS-PS 248 64.5(10.3) Knee OA, pre and post
TKR

63% female, 6 months

Davis 20082 Countries: Canada,
Sweden, Austria,
Finland, France,
Germany, Hungary,
Iceland, Italy, Poland,
Spain, Sweden,
Switzerland, United
Kingdom; multiple
languages.

Patient-administered,
setting unclear

multicentre HOOS-PS 2,991 range 19e96 pre-THR surgery
cohorts, community
cohort

male: female
1:1.23

NA

Franchignoni 201326 Italy; Italian Patient-administered,
setting unclear

single centre KOOS-PS 200 69.4(9.5), range 50e84 Knee OA 73.5% female NA

Goncalves 201031 Portugal; Portuguese Patient-administered,
setting unclear

multicentre KOOS-PS 85 65.7(6.9) Knee OA 74.1% female 48 h, 4 weeks or 6
weeks

Gul 201332 Turkey; Turkish Unclear setting and
administration

single centre KOOS-PS 80 58.9(8.7), range 42e76 Knee OA 88.7% female NA

Harris 201327 England; English Patient-administered
paper by mail

single centre KOOS-PS 134 59(11) Knee OA 50% female 3 months

Mahler 201641 Netherlands; Dutch Patient-administered
paper by mail

single centre KOOS-PS 161 59(9) Knee OA 61% female 3 months

Mehta 201629 Sweden, UK, Australia
Canada, Czech republic,
France, Netherlands;
multiple languages

Patient-administered,
setting unclear

multicentre HOOS-PS 745 64.9(11.4) Hip OA 57% female NA
KOOS-PS 1,064 66.8(10.6) Knee OA 58% female NA

Ornetti 200936 France; French Baseline unclear,
follow-up patient-
administered setting
unclear

single centre HOOS-PS 50 65(10) Hip OA 74% female Up to 1 month
KOOS-PS 87 72(9) Knee OA 71% female Up to 1 month

Paulsen 201437 Denmark; Danish Baseline unclear,
follow-up patient-
administered paper by
mail

multicentre HOOS-PS 1,335 68, range 23e94 1,175 hip OA, 45 other
arthritis, 30 childhood
hip diseases, 6 sequel
from fracture, 7
necrosis of femoral
head

54% female 1 year

Perrucio 20083 Sweden, Canada,
France, Estonia,
Netherlands; multiple
languages

Patient-administered,
setting unclear

multicentre KOOS-PS 2,145 range 26e95 community, knee OA,
medial wedge, pre-
osteotomy, post ACL

male: female
1:1.4

NA

Ruyssen 201130 France; French Patient-administered,
setting unclear

single centre HOOS-PS 172 validity 65.1(12.3) Hip OA 53.5% female 12 weeks
33 reliability 64.7(12.1) 63.6% female
107 responsiveness 65.6(10.2) 48.6% female

KOOS-PS 128 validity 70.9 (10.5) Knee OA 72.7% female 12 weeks
30 reliability 69.3 (10.9) 66.7% female
60 responsiveness 71 (10.3) 68.3% female
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Singh 201435 USA; English Patient-administered,
setting unclear

multicentre HOOS-PS 54 Hip and knee cohort
together: 60.8 (11.4)

Hip OA Hip and knee
cohort
together: 42.6%
female

Up to 20 days

KOOS-PS 141 Hip and knee cohort
together: 60.8 (11.4)

Knee OA Hip and knee
cohort
together: 42.6%
female

Up to 20 days

Stratford 201440 Canada; English Patient-administered,
setting unclear

single centre KOOS-PS 377 64.4(10.5) Knee OA 63% female NA

Wiering 201721 Netherlands; Dutch Patient-administered
online and patient-
administered paper

multicentre HOOS-PS 1,393 72(9.1) Post THA Hip and knee
cohort
together: 65.7%
female

NA

KOOS-PS 1,278 72(9.1) Post TKA Hip and knee
cohort
together: 65.7%
female

NA

Yilmaz 201434 Turkey; Turkish Literate patients:
patient-administered,
setting unclear.
Illiterate patients were
read aloud by an
investigator.

single centre HOOS-PS 50 59.1(9.2), range 41e77 Hip OA 74% female 1 week

Groot 200823 Netherlands; Dutch Patient-administered,
setting unclear

unclear KOOS-PS 15 unclear Knee OA unclear NA

Groot 200722 Netherlands; Dutch Patient-administered,
setting unclear

unclear HOOS-PS 15 unclear Hip OA unclear NA

Roos 199824 Sweden, USA; Swedish
and English

Patient-administered,
setting unclear

unclear KOOS 75 56, range 35e76 Knee OA not described NA

Klassbo 20035 Sweden; Swedish Patient-administered,
setting unclear

single centre HOOS 52 64, range 42e48 Hip complaints,
patients with and
without hip OA

female/male
35/17

NA

Bellamy 19864 Canada; English 90 face to face
interview-
administered, 10
telephone interview
administered, 15
patients unclear

multicentre WOMAC 100 (11 hip, 57
knee and 32 both
hip and knee)

61.07, range 27e93 Hip or knee OA female/male
63/37

NA

Gandek 201933 USA; English Patient administered,
either paper-pencil or
on internet, at the
outpatient clinic or at
home

Multicentre KOOS-PS 1,295 66.5, range 37e100 Knee OA 68.2% female

Abbreviations: OA: osteoarthritis, TKR: total knee replacement, THR: total hip replacement, NA: not applicable.

Table IV Characteristics of the included study populations Osteoarthritis
andCartilage
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Content validity Summary (methodologic rating) Overall rating Quality of evidence

HOOS-PS2,4,5,21,22 Inconsistent relevance (very low), insufficient comprehensiveness (very low)
and sufficient comprehensibility (moderate). None of the included studies
evaluated all domains of content validity.

Inconsistent No grading, since overall rating was inconsistent it is not possible to judge
quality of evidence

KOOS-PS3,4,21,23,24 Inconsistent relevance (very low), insufficient comprehensiveness (very low)
and sufficient comprehensibility (moderate). None of the included studies
evaluated all domains of content validity.

Inconsistent No grading, since overall rating was inconsistent it is not possible to judge
quality of evidence

Structural validity Summary or pooled result Overall rating Quality of evidence

HOOS-PS2 Unidimensional scale Sufficient High as there was one study with very good methodology
KOOS-PS2,26,27 Three studies with inconsistent results varying from an unidimensional

structure to no acceptable evidence to support the structural validity
Inconsistent Moderate as there was inconsistency in results

Internal consistency Summary or pooled result Overall rating Quality of evidence

HOOS-PS2,28e30 Pooled Cronbach's alpha ¼ 0.80; total sample size 3761 Sufficient High as there were several studies with very good methodology
KOOS-PS26e31,33,34 Pooled Cronbach's alpha ¼ 0.85; total sample size 3212 Indeterminate Moderate as the structural validity was inconsistent

Cross-cultural validity Summary or pooled result Overall rating Quality of evidence

HOOS-PS No info available No info available No info available
KOOS-PS No info available No info available No info available

Reliability Summary or pooled result Overall rating Quality of evidence

HOOS-PS30,34e36 Pooled ICC ¼ 0.86 (0.67e0.91); total sample size 142 Sufficient Moderate as there was very serious risk of bias (all studies doubtful
methodology)

KOOS-PS30e32,35,36 Pooled ICC ¼ 0.81 (0.67e0.87); total sample size 291 Sufficient Moderate as there was very serious risk of bias (all studies doubtful
methodology)

Measurement error Summary or pooled result Overall rating Quality of evidence

HOOS-PS36,37 LoA < MIC Sufficient Low as there was very serious risk of bias (only one study with doubtful
methodology)

KOOS-PS27,35,37 Inconsistent results Indeterminate Low as there was serious risk of bias (two studies with doubtful methodology)
and there were inconsistent results

Hypotheses testing Summary or pooled result Overall rating Quality of evidence

HOOS-PS28e30,34,36,38 3 out of 5 results in accordance with hypotheses Insufficient High: there were several studies with adequate methodology. As the
hypotheses came from inadequate comparator instruments, we ignored these
results

KOOS-PS27e32,36,38,40 3 out of 5 results in accordance with hypotheses Insufficient High: there were several studies with adequate methodology. As the
hypotheses came from inadequate comparator instruments, we ignored these
results

Responsiveness Summary or pooled result Overall rating Quality of evidence

HOOS-PS27,28,30,31,36,38,41 No data available of studies with an adequate methodology Indeterminate Very low: as there were only studies with inadequate methodology and there
were inconsistent results

KOOS-PS27,41 2 out of 5 results in accordance with hypotheses Insufficient High: as we included two studies with very good methodology and these had
consistent results

Abbreviations: ICC: intraclass correlation, LoA: limit of agreement, MIC: minimally important change.
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Internal consistency

There was high quality evidence for a sufficient internal con-
sistency of the HOOS-PS. Pooled Cronbach's alpha in four studies
with good methodological quality was 0.80 for the HOOS-PS in
3761 patients2,28e30.

There was moderate quality evidence for an indeterminate in-
ternal consistency of the KOOS-PS. Sincewe showed that the KOOS-
PS is not unidimensional, the internal consistency (pooled outcome
of the Cronbach's alpha (0.85 in 3212 patients26e33) is difficult to
interpret and could not be used and the overall rating was scored as
indeterminate. One study was excluded from pooling, because of
doubtful methodological quality34. One study was rated as suffi-
cient after a discussion within the research team, despite of a
Cronbach's alpha of 0.6930.

Reliability

There was moderate quality evidence for a sufficient reliability
of the HOOS-PS and KOOS-PS. Pooled ICC of the HOOS-PS was 0.86
(95% CI 0.67e0.91) in 142 patients30,34e36. Pooled ICC of the KOOS-
PS was 0.81 (95% CI 0.67e0.87) in 291 patients30e32,35,36. Major
reasons for themoderate quality evidencewere the inclusion of less
than fifty subjects per study and not being clear if test conditions
and the situation of the patients were similar at baseline and retest.
One study was rated as sufficient after consensus meeting, despite
an ICC of 0.6635.

Measurement error

There was low quality evidence of a sufficient measurement
error of the HOOS-PS. Limits of agreement (LoA)36 were smaller
than the minimally important change (MIC) obtained from another
included study37 so the measurement error was rated sufficient.
Construct validity

HOOS-PS KOOS-PS

1 Accepted Accepted
100% of the correlations with instruments
measuring physical function had a correlation
of �0.50

92% of the correlatio
measuring physical f
of �0.50

2 Rejected Rejected
14% of the correlations with instruments
measuring pain, stiffness or a combination of
physical function and pain were 0.30e0.50

8% of the correlation
measuring pain, stiffn
physical function and

3 Rejected rejected
60% of the correlations with instruments
measuring unrelated constructs like mental
health or social functioning were <0.30

27% of the correlatio
measuring unrelated
health or social funct

4 Accepted accepted
The mean correlation with instruments
measuring similar constructs differed 0.156
from the mean correlation with instruments
measuring related but dissimilar constructs

The mean correlation
measuring similar co
the mean correlation
measuring related bu

5 Accepted accepted
Mean correlation with instruments measuring
related but dissimilar constructs differed 0.34
from instruments measuring unrelated
constructs

Mean correlation wit
related but dissimilar
from instruments me
constructs.

Table VI Hypotheses testing for construct validity and responsiv
There was low quality evidence for an inconsistent measure-
ment error of the KOOS-PS. The measurement error could not be
pooled because there were inconsistent results between studies,
probably explained by methodological flaws. The first study
showed that the standard error of measurement of 6.7 and an an-
chor based MIC of 12 results in a smallest detectable change of 18.6
points. This is larger than the MIC, so the measurement error was
insufficient27. The second study showed that the LoA was smaller
than the MIC so the rating was sufficient (no absolute numbers
available for the LoA, MIC 28 obtained from another study)35,36.
Cross-cultural validity\measurement invariance

Cross-cultural validity and measurement invariance could not
be evaluated, because no studies evaluated this measurement
property of either the HOOS-PS or the KOOS-PS.
Hypotheses testing for construct validity

There was high quality evidence for an insufficient construct
validity of the HOOS-PS and KOOS-PS. 60% of the results were in
accordance with the hypotheses of both the HOOS-PS and KOOS-PS
(Table II); this is below the threshold of 75% for a sufficient rating
(Table VI).

Six studies determined the construct validity of the HOOS-PS by
correlations with comparator measurement instruments, contain-
ing a total of 20 correlations28e30,34,36,38. 60% of the results were in
accordance with the hypotheses (3 out of 5).

The construct validity of the KOOS-PS was evaluated in nine
studies, with a total of 35 correlations of the KOOS-PS with
comparator measurement instruments27,29e32,36,38e40. 60% of the
results were in accordance with the hypotheses (3 out of 5).
Responsiveness

KOOS-PS

Rejected
ns with instruments
unction had a correlation

33% of the correlations with instruments
measuring physical function had a correlation
of �0.50
Rejected

s with instruments
ess or a combination of
pain were 0.30e0.50

33% of the correlations with instruments
measuring pain or a combination of physical
function and pain were 0.30e0.50
Accepted

ns with instruments
constructs like mental
ioning were <0.30

100% of the correlations with instruments
measuring unrelated constructs like mental
health or self-efficacy were <0.30
Rejected

with instruments
nstructs differed 0.13 from
with instruments
t dissimilar constructs

Mean correlation of instruments measuring
similar constructs differed 0.06 from the mean
correlation of instruments measuring related
but dissimilar constructs
Accepted

h instruments measuring
constructs differed 0.27
asuring unrelated

Mean correlation with instruments measuring
related but dissimilar constructs differed 0.32
from instruments measuring unrelated
constructs.

eness Osteoarthritis
andCartilage



Weighted average score (SD; n) Anchor based values

Osteo-arthritis Post THR/TKR Post conservative
treatment

MIC PASS SDC Floor/ceiling effects Missing items

HOOS-PS 56.7 (20; 4084)21,28e30,36e38 20.1 (19; 2949)21,28,37) 41.3 (16.2; 20)36 23 (CI 19e30)37 88 (CI 87e88)37 NR None34,36 0e3%34,36,37

KOOS-PS 52.9 (17.6; 4651)27e32,36,38,40,41 34 (16.6; 2289)21,28,33 38.4 (18.4; 257)27,31,36 2.2 (SD 17.5)
and 12.027,35

NR 16 and 28.327,35 <0.01% ceiling, <2.4% floor;
none; ceiling 5%, floor
0.4%;33,36,40

0%; 0%; 7e11.7%,
squatting and
kneeling items
missing 4e6%
post TKR31,36

Abbreviations: SD ¼ standard deviation, n ¼ number of patients, THR/TKR ¼ total hip replacement, total knee replacement, NR ¼ not reported, PASS ¼ patient acceptable symptom state, MIC ¼ minimally important change,
CI ¼ confidence interval, SDC ¼ smallest detectable change.

Table VII Interpretability: average scores, floor and ceiling effects, MIC/PASS/SDC values for HOOS-PS and KOOS-PS
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Feasibility aspects HOOS-PS KOOS-PS

Patients comprehensibility Not evaluated, assumed to be good Not evaluated, assumed to be good
Clinician's comprehensibility Good Good
Type and ease of administration Self-administered, easy to use Self-administered, easy to use
Length of the instrument Short, 5 items Short, 7 items
Completion time Not registered, assumed to be maximal 3 min Not registered, assumed to be maximal 3 min
Patient's required mental and

physical ability level
Usage >13 years, mentally competent,
all patients with hip complaints

Usage >13 years, mentally competent,
all patients with knee complaints

Ease of standardization No data available No data available
Ease of score calculation Easy Easy
Copyright Permission not required to use the HOOS-PS Permission not required to use the KOOS-PS
Cost of an instrument Free of charge Free of charge
Required equipment Paper or online Paper or online
Availability in different settings Self-administered. No interview or

phone formats are available
Self-administered. No interview or
phone formats are available

Regulatory agency's requirement
for approval

Not known Not known

Table VIII Feasibility of the HOOS-PS and KOOS-PS, table based on the COSMIN manual and the guideline for
selecting PROMs for Core Outcome Sets

16
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Criterion validity

Criterion validity could not be evaluated, because no studies
compared the KOOS-PS or HOOS-PS with summed full-length
HOOS or KOOS function and sports subscales.
Responsiveness

There was very low quality evidence for indeterminate
responsiveness of the HOOS-PS. All studies used the standardized
response mean (SRM) to evaluate the responsiveness of the HOOS-
PS27,28,30,31,36,38,41. The SRM can be used as an indirect measure
when the expected change in health status is known, however it is
not the preferred method. Since the expected change in health
status on the construct of interest is not known, the SRM cannot be
used for evaluating responsiveness of the HOOS-PS15.

There was high quality evidence for insufficient responsiveness
of the KOOS-PS in patients with knee osteoarthritis receiving con-
servative treatment. Two studies with a very good methodology
were pooled27,41. 40% of the results were in accordance with the
hypotheses (Table VI). Both included studies assessed the correla-
tions between changes of the KOOS-PS with comparator mea-
surement instruments, with predefined hypotheses in patients
with knee osteoarthritis receiving conservative treatment. 13 cor-
relations of changes in the KOOS-PS with comparatormeasurement
instruments were found. All other studies evaluated responsive-
ness had an inadequate methodology and were
excluded27,28,30,31,33,36,38,41 because of using an inappropriate
measure of responsiveness.
Interpretability

Table VII presents the summary of the interpretability. It shows
theweighted average score and standard deviation on the HOOS-PS
and KOOS-PS in patients with osteoarthritis, after total joint
replacement or conservative treatment. Furthermore, the MIC, the
smallest detectable change and the patient acceptable symptom
state are presented. There were no floor or ceiling effects.
Feasibility

Table VIII shows an overview of the feasibility. The authors
described the application of the measurement instruments as easy
to use, short, and free of charge and copyright.

Discussion

The present study determined the current evidence on the
measurement properties of the HOOS-PS and KOOS-PS. The most
important finding was the observed lack of several components of
the validity of the HOOS-PS and KOOS-PS, such as content validity
and construct validity. This implies that the scores on the HOOS-PS
and KOOS-PS may inadequately reflect physical functioning in pa-
tients with hip or knee complaints. Furthermore, there is evidence
for insufficient construct validity and responsiveness in patients
with knee osteoarthritis receiving conservative treatment.

All outcome scores and data on measurement properties must
be interpreted with caution because the content validity of both
outcome measurement instruments was inconclusive. This means
that it is unclear if the HOOS-PS and KOOS-PS adequately reflect
physical functioning. This can be explained by concerns regarding
the relevance and the comprehensiveness of the items of the
questionnaires. The unclear content validity can possibly interfere
with outcomes on all other measurement properties and should be
taken into account when evaluating and interpreting them.

An implication of the problematic validity is the assumption
that the HOOS-PS is a reliable outcome measurement instrument,
however it cannot be confirmed that the HOOS-PS is reliably
measuring the construct physical functioning solely and compre-
hensively. The found correlations between the HOOS-PS and KOOS-
PS with instruments measuring different constructs like pain and
stiffness were higher than hypothesized; indicating that they may
be measuring a broader construct than just physical functioning.
For example, constructs of physical functioning, pain and stiffness
may theoretically be distinguishable; however, patients may
respond globally. Regarding the HOOS-PS and KOOS-PS, it is
possible that the difficulty during activity experienced by patients
is influenced by the degree of pain, physical functioning or stiffness.
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The inability to distinguish between pain and physical functioning
was demonstrated for other outcome measurement in-
struments42,43. Concerning the KOOS-PS, of the eight measurement
properties, most were rated as indeterminate or inconsistent and
only the reliability was sufficient. This could be due to the incon-
sistent evidence on content validity.

This is the first review evaluating the responsiveness of the
KOOS-PS with studies using adequate methodology, whereas
earlier reviews only considered inadequate measures for respon-
siveness as SRM and effect size10,13. The responsiveness was rated
as insufficient, indicating that the KOOS-PS is limited in detecting
improvement in physical function over time in patients with knee
osteoarthritis receiving conservative treatment and thus is prob-
ably not the most suitable instrument for measuring outcomes in
this population. A previous review evaluating the structural validity
concluded that the majority of evidence suggested a unidimen-
sional structure of the KOOS-PS13, however we were unable to find
evidence to support this. Evidence for the structural validity of the
KOOS-PSwas rated as inconsistent and because of this, we rated the
evidence for internal consistency as indeterminate.

A strength of this systematic review is that this review was
conducted according to the COSMIN guideline for systematic re-
views15. The research question was answered extensively and
completely. As the HOOS-PS and KOOS-PS are widely used mea-
surement instruments, we could evaluate more evidence on the
measurement properties than previous reviews. We evaluated the
PROM development and content validity in a systematic and
qualitative manner and used not only the PROM development
studies of the short forms but also the item development studies of
the full-length HOOS, KOOS and WOMAC to obtain information.

The limitations of this study were in particular caused by the
inadequate methodology of the included studies. Many measure-
ment properties were evaluated with an inadequate methodology
making them unusable to include in this review and more impor-
tantly, the inadequate methodology can lead to incorrect conclu-
sions in the studies in question. For instance, with regard to
reliability several studies included less than 50 patients. None of
the studies used an adequate method to evaluate cross-cultural
validity, despite several translations intended to34, therefore, cross-
cultural validity could not be evaluated. Of all included articles, six
articles extracted the HOOS-PS and/or KOOS-PS scores out of the
full-length HOOS or KOOS. This may have influenced the outcome
or missing data. While internal consistency, reliability, construct
validity and responsiveness were assessed frequently, the proper-
ties content validity, structural validity, cross-cultural validity and
criterion validity were not.

Further research should evaluate the content validity of the
HOOS-PS and KOOS-PS in more detail and focus on improving the
relevance and comprehensiveness of the items to better measure
the construct of physical functioning. Alternatively, other PROMs
can be explored, for example the promising computer adaptive
testingwith Patient-Reported OutcomesMeasurement Information
System (PROMIS)44. Although not encouraged, when developing
new measurement instruments, it is recommended to use a theo-
retical model (for example the International Classification of
Functioning (ICF45)) to map the construct to a model. Furthermore,
future studies assessing measurement properties of PROMs, are
recommended to use the COSMIN design checklist as a guide for
achieving adequate methodology17.

This review andmeta-analysis shows that thewidespread use in
clinical practice of the HOOS-PS and KOOS-PS is not scientifically
supported. Although we found evidence for sufficient reliability,
the inconsistent evidence on content validity and the insufficient
construct validity and responsiveness has implications on all these
properties. It may be that the HOOS-PS and KOOS-PS may not
measure physical functioning solely and comprehensively.
Concluding, scores on the HOOS-PS and KOOS-PSmay inadequately
reflect physical functioning in patients undergoing total hip and
total knee arthroplasty and in patients with hip or knee complaints.
Possible consequences of continuing using these questionnaires,
are incorrect interpretation of the outcome scores of the individual
patients and average outcome scores of healthcare providers with
possible patient- and hospital related consequences. Using the
HOOS-PS or KOOS-PS as outcome measurement instruments for
comparing outcomes, measuring improvements or benchmarking
in patients with hip or knee complaints or undergoing arthroplasty
should only be done with great caution.
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