
VOL. 4, No. 7, JULY 2015 120

 INSTRUCTIONAL REVIEW: KNEE

Patient-reported outcome measures after 
total knee arthroplasty
A SYSTEMATIC REVIEW

P. N. Ramkumar,
J. D. Harris,
P. C. Noble

From Houston 
Methodist 
Orthopedics and 
Sports Medicine, 
Houston, Texas, 
United States

 P. N. Ramkumar, MBA, Medical 
Student
Hospital for Special Surgery, 535 
E 70th St, Bellaire Building, Suite 
9-11, New York 10021, USA.

 J. D. Harris, MD, Orthopaedic 
Surgeon
 P. C. Noble, PhD, Professor
Houston Methodist Orthopedics 
and Sports Medicine, 
6550 Fannin Street, 
Smith Tower, Suite 2511 
Houston, Texas 77030, USA.

Correspondence should be sent 
to Mr P. N. Ramkumar; email: 
premramkumar@gmail.com

doi:10.1302/2046-3758.47. 
2000380 $2.00

 2015;4: 120 – 127. 
Received 08 January 2015; 
Accepted after revision 19 March 
2015

Objectives
A lack of connection between surgeons and patients in evaluating the outcome of total knee 
arthroplasty (TKA) has led to the search for the ideal patient-reported outcome measure 
(PROM) to evaluate these procedures. We hypothesised that the desired psychometric 
properties of the ideal outcome tool have not been uniformly addressed in studies 
describing TKA PROMS.

Methods
A systematic review was conducted investigating one or more facets of patient-reported 
scores for measuring primary TKA outcome. Studies were analysed by study design, subject 
demographics, surgical technique, and follow-up adequacy, with the ‘gold standard’ of 
psychometric properties being systematic development, validity, reliability, and 
responsiveness.

Results
A total of 38 articles reported outcomes from 47 different PROMS to 85 541 subjects at 26.3 
months (standard deviation 30.8) post-operatively. Of the 38, eight developed new scores, 
20 evaluated existing scores, and ten were cross-cultural adaptation of existing scores. Only 
six of 38 surveyed studies acknowledged all ‘gold standard’ psychometric properties. The 
most commonly studied PROMS were the Oxford Knee Score, New Knee Society Score, 
Osteoarthritis Outcome Score, and Western Ontario and McMaster Universities 
Osteoarthritis Index.

Conclusions
A single, validated, reliable, and responsive PROM addressing TKA patients’ priorities has 
not yet been identified. Moreover, a clear definition of a successful procedure remains elusive.

Cite this article: Bone Joint Res 2015;4:120–127

Introduction
The value of total knee arthroplasty (TKA) is
being subjected to increased scrutiny, due
both to the cost of the procedure to the
healthcare system, and to numerous reports
suggesting disturbing rates of patient dissat-
isfaction with the outcome of this proce-
dure.1-8 Moreover, given the ubiquity of
osteoarthritis of the knee and the demand for
prosthetic replacement, increasing pressure
is being placed on healthcare providers to
demonstrate the benefits and cost effective-
ness of TKA in an objective manner.9-11 This
has prompted a recent push to quantify the

success of these procedures using patient-
reported outcome measures (PROMS).12-14

Like many medical procedures, any eval-
uation of value and effectiveness of TKA
depends on our definition of a ‘successful’
treatment of a debilitating condition within
the multiple dimensions of clinical out-
come. These include relief of the patient’s
symptoms, restoration of their physical
function, and realisation of their pre- and
post-operative aspirations.2-6 Previous
studies have shown that 10% to 25% of
patients are dissatisfied with the outcome
of knee replacement at one to three years
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after surgery, primarily because of the presence of resid-
ual symptoms and the failure of the procedure to meet
the patient’s pre-operative expectations.6-8,11,13-15 
  An additional disturbing finding is the difference in percep-
tion of patients and their surgeons regarding the success of
the procedure, with the view of surgeons often being more
sanguine.2,7,8,11,15,21 However, these expectations are both
multifaceted and evolve as part of the process of recovery
and psychological adjustment following surgery. The
immediate expectation of patients undergoing joint arthro-
plasty is relief of pain.16-20 Moreover, almost all patients
expect to be able to perform activities of daily living (ADLs)
without limitation after surgery. Unfortunately, for nearly all
clinical conditions, including TKA, a single, properly devel-
oped, validated, reliable, and responsive PROM has not yet
been developed.15,21

A systematic review was conducted to elucidate the psy-
chometric properties and variations among the available
PROMS. The review sought to answer three questions: 

- Which PROMs designed to measure the outcome of
TKA have been shown to be valid, reliable, responsive and
systematically developed?

- What do these instruments measure?
- Is one instrument best suited to measuring the func-

tional status of patients with knee complaints and at fol-
low-up after TKA?

We hypothesised that the desired psychometric proper-
ties (development, validity, reliability, and responsiveness)
of the ideal outcome instrument have not been uniformly
addressed in all the studies analysing PRO instruments. 

Materials and Methods
A systematic review was conducted in accordance with
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines to address the
hypotheses of this study. Prior to the commencement, the
systematic review protocol was registered using the
PROSPERO database (CRD42013005604; September 4,
2013). Two independent reviewers separately completed
the search. The initial search was performed on October
29, 2014 using the Medline database, with cross-check-
ing of reference lists for inclusion. Search terms were:
“(rating OR score OR scoring OR outcomes) AND (total
knee replacement OR total knee arthroplasty OR TKA OR
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TKR)”. All studies with levels of evidence ranging from I to
IV (according to the Oxford Centre for Evidence-Based
Medicine) were included.22 Publications in the past ten
years were largely selected, however, commonly refer-
enced and highly regarded older publications were not
excluded. Articles meeting these criteria were manually
reviewed and were discussed among the authors, and a
decision was made regarding inclusion. If there was any
disagreement among authors regarding the inclusion of
an article, the final decision was made by consensus or, if
necessary, the decision of the senior author. A PRISMA
flowchart was created for transparency of article selection
(Fig. 1). The heterogeneity of studies and their associated
outcomes precluded the formulation of a meta-analysis.
Inclusion criteria. A study describing an outcome score
that possessed proper development, validity, reliability,
and responsiveness was defined as the ‘gold standard’. To
meet inclusion in this review, articles were required to
investigate one or more of the following facets of patient-
reported scores for measuring the outcome of primary
total knee arthroplasty: 

- The methodology and/or results of systematic item
development. The salient steps for development of out-
come instruments included: the identification of relevant
items from existing studies evaluating the methodologi-
cal quality of outcome instruments, dentification of all
patient-, knee-, limb-, defect-, and intervention-specific
parameters relevant to patients undergoing articular car-
tilage surgery of the knee, identification of all measures of
outcome assessment, item generation, item reduction,
instrument pre-testing, and item weighting. 

- The validity of outcome measures, including: content
validity, representing the ability of an instrument to mea-
sure the traits of interest, including all relevant facets of
the investigated condition according to subject matter
experts; criterion validity, a comparison of the new instru-
ment to a previously established gold standard; and con-
struct validity, or the validity of inferences that
observations or measurement tools actually represent or
measure the construct being investigated. 

- The reliability (inter-observer and intra-observer) of an
outcome instrument, meaning its ability to provide the
same measurement of outcome, independent of who
administers it, or where it is administered. 

- The responsiveness of an outcome instrument, or its
ability to accurately detect change when it has occurred. 
Exclusion criteria. Articles excluded from review included
those in which:

- The text did not report data relevant to patient-
reported measures of the outcome of TKA.

- The reported outcome measures were not patient-
generated.

- The authors did not report at least one psychomet-
ric property (development, validity, reliability,
responsiveness) of at least one patient-reported out-
come score.

- The study only reported the outcomes of surgery,
rather than the intrinsic properties of the outcome
measure employed.

- The study reported outcomes for a surgical proce-
dure other than TKA, including unicompartmental or
bicompartmental knee arthroplasty, tibial or femoral
osteotomy, arthroscopy, cartilage restoration, or total
hip arthroplasty. In addition, we excluded articles not
written in English.
Statistical analysis. Articles meeting these criteria
were assessed and the following data were extracted:
study design, subject demographics, surgical tech-
nique, and follow-up details. After narrowing down the
most frequently used PROMS by setting the frequency
arbitrarily at five, the resulting instruments were fur-
ther analysed by the individual items within each
instrument. When applicable, descriptive statistics
were calculated for each parameter/variable evaluated.
Continuous variable data were reported as mean and
standard deviation (SD) (weighted means where appli-
cable). Categorical variable data were reported as fre-
quencies with percentages. 

Results
Descriptive summary of the study. Table I summarises
the key elements from the assessed studies. A total of 38
articles were identified for inclusion, which reported out-
comes derived from a total of 85 541 subjects.22-59 Of
these articles, 2823,25-27,30,32-34,36-43,46-51,53-58 reported the
results of pre-operative surveys and 3022-27,30,32-34,36-

43,46-51,53-58 reported post-operative surveys. A total of 47
different PROMS were administered at time periods rang-
ing from three to 118 months post-operatively, at a mean
of 26.3 months (SD 30.8). Of the 38 studies, eight devel-
oped new scores, 20 evaluated existing scores, and ten
represented studies analysing and adapting instruments
cross-culturally. 
Development, validity, reliability, and responsiveness. With
respect to the ‘gold standard’ criteria of development,
validity, reliability, and responsiveness, six of the 38 stud-
ies fulfilled all criteria.26,28,32,37,50,51

Systematic development fulfilling the stringent criteria was
present in 21 of 38 studies.24,26-29,31,32,34,36-38,42,45,46,48-52,54,56

Of the 21 that were properly developed, seven developed
new scores:24,32,37,42,48,49,52 FJS, PerF/PerP, KKS, SAPS, New
KSS, KOOS-PS, HAAS. Of the 17 studies that were not consid-
ered properly developed, no explicit reference to the inclu-
sion criteria was present. Among those that did mention the
development of the questionnaire, often absent was a refer-
ence to item reduction and instrument pre-testing.

The validity of the outcomes instrument was addressed
in 33 of the 38 studies, all of which declared the PROMS
to be valid. Five studies did not mention or attempt to
examine the validity of the outcome measure-
ments.22,38,40,41,57 Among the 33 studies addressing valid-
ity, the majority focused upon construct, content and
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convergence validity, specifically, while some studies
addressed the subject of validity more generically. For
example, Frie et al31 used the odds ratio as a metric of
validity, while De Groot et al28 broadly stated that the
Dutch version of the Knee injury and Osteoarthritis Out-
come Score (KOOS) was valid but also recommended
that more studies were needed in order to assess its con-
struct validity.

In total, 28 of the 38 studies22-24,26,28,29,31-38,40-43,46-51,

54-56,58,59 (74%) examined the reliability (inter- and intra-
observer) of outcome instruments and concluded that
each instrument was reliable based on the measurements
undertaken. All of these addressed intra-observer reliabil-
ity including test-retest reliability and internal consistency
using Cronbach’s alpha.

Among the reviewed 38 studies, only 1226,28,32,33,37,39,

44,45,50,51,59 addressed the responsiveness (delta or abso-
lute) of the survey results, with one40 focusing on it
solely. A total of 26 studies did not address responsive-
ness. All the PROMS addressed in the 12 studies were
declared to be responsive, even though one40 called for
a larger sample size to evaluate the responsiveness of the
KOOS subscales.

In-depth analysis of PROMS. After narrowing it down to
the most frequently used PROMS, four knee-specific
instruments remained: The Oxford Knee Score60,61 (OKS),
The New Knee Society Score49 (KSS; 2011 version), The
KOOS,62 and The Western Ontario and McMaster Univer-
sities Osteoarthritis Index63 (WOMAC). Six versions of the
OKS were analysed in addition to the original English
version30,33,35,39,40,55 (Swedish,28 Korean,29 Portuguese,31

French,34,36 Singaporean,38,56 and German46). Similarly,
the KSS was analysed in English,22,23,34-37,39-41,45,46,

Dutch,54 and French,59 the KOOS was analysed in Eng-
lish,26,44,49-51 and Dutch,27 and the WOMAC was only
analysed in English.23,24,28,32,33,42,45,46,49-51,53 All adapta-
tions were properly developed and tested on interna-
tional patients (Table II).

With ten and 12 items, respectively, the KSS and OKS
PROMS are shorter than the KOOS and WOMAC. While
the OKS is entirely patient-derived, the KSS consists of a
PROMS component and an informational component for
completion by surgeon and patient. Only the PROMS
component of the KSS is used to generate a psychometrically-
valid knee score. The KOOS and the WOMAC were longer
instruments consisting of 42 and 33 items, respectively.

Table I. Summary of key elements of assessed studies

Total number of studies 38

Studies declaring Level I evidence* 1
Studies declaring Level II evidence* 3
Studies declaring Level III evidence* 5
Single-centre studies 31
Multicentre studies 7
North American studies 5
European studies 27
Asian studies 7
Australian/New Zealand studies 1
Studies declaring conflict of interest 3
Studies declaring no conflict of interest 35
Subjects in 38 studies† 7836
Male subjects (n, %) 2899 (37)
Female subjects (n, %) 4937 (63)
Right Knee TKA count 608
Left Knee TKA count 611
Bilateral TKA count 24
Studies conducting pre-op surveys (n, %) 28 (74)
Studies conducting post-op surveys (n, %) 30 (79)
Studies assessing development (n, %) 21 (55)
Studies assessing validity (n, %) 33 (87)
Studies assessing reliability (n, %) 28 (74)
Studies assessing responsiveness (n, %) 12 (32)
OKS studies 14
KSS studies 15
KOOS studies 6
WOMAC studies 12

* Only 9 out of 38 studies self-declared the level of evidence 
†One study was excluded in this value because it did not provide gender breakdown though it assessed the
predominant number of subjects (n = 77 705) TKA, total knee arthroplasty; pre-op, pre-operative; post-op,
post-operative; OKS, Oxford Knee Score; KSS, Knee Society Score; KOOS, Knee injury and Osteoarthritis
Outcome Score; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index
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While both reported symptoms, stiffness, pain, and ADLs,
the KOOS lengthened the survey to place emphasis on
sports/recreation and quality of life. Similar to the OKS,
these instruments are entirely focused on the patient.

Of these four most used PROMS, all broadly assessed
pain and activity function. The OKS and KSS provide the
patient with one item to capture the patient’s general
level of pain, while the KOOS and WOMAC dedicated an
entire section of nine identical items about pain experi-
enced during specific activities. The OKS does solicit fur-
ther pain information in the context of general activities
(i.e. work interference and walking), whereas the KOOS
and WOMAC force the patient to recall specific knee
manoeuvres (i.e. knee twisting and straightening). In
terms of function, the only common function across all
four PROMS was the patient’s comfort level handling stair
ascent and descent. The OKS, KOOS, and WOMAC
assessed the knee with respect to kneeling, transporta-
tion, capacity for domestic work (household shopping,
cooking, etc.), and bathroom activities (ability to wash
and dry, getting on and off the toilet, and so on). The OKS
and KSS shared only the item the distance the patient can
walk. Alternatively, the KSS shared the objective portion
of flexion contracture and extension lag, with items
within the symptoms sections of both KOOS and
WOMAC asking for the patient’s ability to bend fully and
extend the knee. Among all four PROMS, the KOOS
uniquely accounted for ADLs related to sports and recre-
ation. Furthermore, it was the only PROM that asked qual-
ity of life items.

It is to be noted that the only alternate form of the four
PROMS that was inherently distinct and not simply a
cross-cultural translation of the original was the KSS
which included both patient-reported, and surgeon-
reported, components. There are four separate domains
(clinical, functional, satisfaction, and fulfilment of expec-
tation), with the clinical domain being a surgeon-com-
pleted section not used as part of the numerical score.
Unique to this PROM is its query of both high-demand
activities and three priority activities that are self-selected

from a list of popular activities most important to the
patient.

Discussion
The value of healthcare interventions has come under
recent scrutiny in order to provide both high-quality and
cost-effective care. This has resulted in efforts to capture
the patient’s own evaluation of the outcome of their care
using instruments that attempt to measure an amalgama-
tion of attributes of the ideal operation, including relief of
pain, restoration of function, and fulfilment of patients’
expectations. Hence, the advent of PROMs and their
seeming ubiquity in contemporary orthopaedics has led
to dozens of different ‘outcome instruments’ that purport
to measure numerous patient-reported and clinician-
measured outcomes following TKA.

This systematic review examined 38 studies, in which
47 different PRO instruments were administered to
patients following TKA. Of the 38 studies, only six
assessed all four of the ‘gold standard’ criteria, two of
which introduced new scores,32,37 of which neither were
the commonly studied scores (KSS, WOMAC, KOOS,
OKS). In all, 33 publications assessed the validity of one or
more instruments, 28 the reliability, 12 the responsive-
ness, and 21 the methodology of initial development.
Given the absence of analysis meeting all four ‘gold stan-
dard’ criteria of the most common scores, our review
established that a single, properly developed, validated,
reliable, and responsive PROM is lacking. In addition, sig-
nificant inconsistencies were observed between studies in
the administration and use of the instruments. Only 28 of
the 38 studies (74%) reported pre-operative survey mea-
sures, and 30 studies reported post-operative survey
measures (79%). The time at which each instrument was
administered, post-operatively, varied extensively
between instruments and studies ranging from three to
118 months (mean of 26.3 months; SD 30.8), which limits
the validity of comparisons between studies, especially
those including data collected at less than 12 months
post-surgery. Determining the completion rate of many

Table II. Summary of key elements of cross-cultural patient-reported outcome measures (PROMS)

Article / cohort PROM Translation method Psychometric properties
Debette et al59 French KSS Adapted using guidelines Valid, reliable, responsive
Van der Straeten et al54 New Dutch KSS Adapted using guidelines Valid, reliable, developed
de Groot et al27 Dutch KOOS, SF-36, VAS Adapted using guidelines Valid, developed
Dunbar et al28 Swedish OKS, WOMAC, SF-12, SIP, SF-36 Adapted using guidelines Valid, reliable, responsive, developed
Eun et al29 Korean OKS, SF-36, VAS Adapted using guidelines Valid, reliable, developed
Gonçalves et al31 Portuguese OKS, SF-36, VAS Adapted using guidelines Valid, reliable, developed
Jenny et al34 French OKS Translated Valid, reliable, developed
Jenny et al35 French OKS, HAAS Translated Valid, reliable
Ko et al38 Singaporean OKS, SF-36 Adapted using guidelines Valid, reliable, developed
Xie et al56 OKS Singaporean Adapted using guidelines Valid, reliable, developed
Naal et al46 OKS German, WOMAC, KSS, SF-12 Adapted using guidelines Valid, reliable, developed

KOOS, Knee Injury and Osteoarthritis Outcome Score; WOMAC, Western Ontario and MaMaster Universities Osteoarthritis Index KSS, Knee Society Score; 
OKS, Oxford Knee Score; VAS, visual analogue scale; HAAS, High-Activity Arthroplasty Score; SF-, short form; SIP, sickness impact profile
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of the PROMS surveyed and the education level of the
respondents was not possible due to inconsistent report-
ing or inextricability. The significant heterogeneity in
administration of the PROMS imparts an additional layer
of irregularity in achieving comparable outcome metrics.

Many of the PROMS reviewed grouped items within two
domains (pain and function). Some PROMS addressed
ADLs (including sports and recreation activities) and qual-
ity of life measures. The most complex instrument (the SF-
36) addressed eight domains (physical functioning, physi-
cal role, bodily pain, general health, vitality, social func-
tioning, emotional role, and mental health). Some PROMS
tailored items to address three to five domains of interest.
Though all of the PROMS reviewed attempt to measure the
success of TKA from the patient’s perspective, few specifi-
cally address patient satisfaction.2,21,27,36

The proliferation of questionnaires evaluating patient
outcomes after TKA, and the variety of items within these
instruments, suggests an absence of consensus on the
facets of ‘outcome’ that should be addressed by measure-
ment tools. However, this impression belies the fact that
most scores are highly correlated, in keeping with the
established methodology for establishing content validity
of new measurement instruments. This suggests that the
developers of the available instruments may have initially
attempted to include different indicators of outcome,
only to find that they lacked unidimensionality or were
not adequately correlated with legacy measures. This
raises some fundamental questions: should additional
dimensions of patient outcome be measured to assess the
results of TKA? Are patient-reported (i.e. subjective) items
sufficient for quantifying patient outcome or should
future outcome scores include both subjective and objec-
tive measures? 

Despite the similarity of many of the items making up
the four most popular PROMS, it is clear that three (OKS,
WOMAC, KOOS) were designed solely for patients,
whereas the KSS has an ‘objective’ section primarily
designed for completion by surgeons which is reported
separately from the PROMS instruments that measure
function, satisfaction and fulfilment of expectations.
There was significant overlap between PROMS in items
assessing both pain and function. While the KOOS and
WOMAC offered more ways of answering items regard-
ing pain than the OKS and the KSS, the items regarding
pain remained similar. In the area of function, the ability
to perform stair ascent and descent were of universal
interest. ADLs such as the ability to perform domestic
chores (household shopping, cooking) and bathroom
activities (ability to wash and dry) were examined in
three of the four PROMS. The KOOS was unique in ask-
ing about high-demand activities and global quality of
life, which recognises the patient’s desire to perform the
high-demand activities that fully restore quality of life
through regained confidence in the function of the knee
following TKA.

No explicit definition of a successful outcome was dis-
covered among the 38 studies analysing the PRO instru-
ments. Moreover, this systematic review confirms that no
single instrument exists to measure the outcome of this
procedure. An optimal PROM would encompass all
aspects of outcome valued by each patient and perceived
as important by the healthcare provider. The instrument
would broadly measure a wide range of patient demo-
graphics and expectations. However, the ideal instrument
should also be specific enough to minimise the impact of
comorbidities affecting the general health of the patient
in distinction to the function of the knee itself. In deciding
which PROM instrument is best suited for measuring TKA
functional status, all four instruments were found to be
unidimensional in soliciting the same queries (pain, knee
function, daily function). Of the four PROMS instru-
ments identified by this systematic review, the KSS
2011 provides the greatest accommodation of variations
between the lifestyles of individual patients as it includes
both advanced activities and three self-selected activities
of greatest importance to the patient.

The ability of any systematic review to answer the
important questions sought from the literature is funda-
mentally limited by the quality of the studies that are
available for review. We limited the scope of this review to
studies that evaluated the psychometric properties of
PROMS used to measure the outcome of TKA. Perfor-
mance and detection bias was present across patient-
specific (completion of questionnaires), clinician-specific
(administration, recording, and reporting of patient
responses), and instrument-specific (number and variety
of items) variables. Among the PROMS evaluated in this
review, a primary limitation was the absence of docu-
mentation of the patient’s primary ADL, the patient’s pre-
operative condition, and the surgeon’s prognostic evalu-
ation of the benefits of TKA relative to those pre-existing
conditions. Consequently, the reviewed PROMS did not
measure the convergence of the patient’s post-TKA
expectations with the surgeon’s prognosis which is a key
factor in obtaining patient consent for a TKA procedure.

Available new information should be developed into a
globally shared database and sorted by the key influenc-
ing parameters, to eventually yield reliable predictive
models. Until such a measure is available, the psychomet-
ric validity of the existing PROMS instruments will con-
tinue to be debated within the context of their relevance
to each patient’s individual definition of a successful out-
come after TKA. Of the four PROMS instruments identi-
fied by this systematic review, the KSS 2011 provides the
greatest accommodation of variations between the life-
styles of individual patients as it includes both advanced
activities and three self-selected activities of greatest
importance to the patient. This approach has the poten-
tial of facilitating shared decision making by defining the
patient’s symptoms, aspirations and expectations. This
may form a basis for reconciling the patient’s desires with
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the clinician’s estimation of the likely outcome of treat-
ment option based on the pre-operative evaluation of the
patient and prior clinical experience.

Supplementary material
Two tables explaining the patient-reported out-
come measures (PROMs) addressed in this study, as

well as the psychometric properties reported in each
study, are available alongside the online version of this
article at www.bjr.boneandjoint.org.uk
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