
Supplementary material 1. 

Construct & Instrument Type Filters 
 

 

#1 construct search 

(HR-PRO or HRPRO or HRQL or HRQoL or QL or QoL or quality of life or (health index* or health 

indices or health profile*) or health status or ((patient or self or carer or proxy) adj (appraisal* or 

appraised or report or reported or reporting or rated or rating* or based or assessed or 

assessment*)) or (disability or function or functional or functions or subjective or utility or utilities or 

wellbeing or well being or priorit* or waiting)).mp. 

 

#2 population search 

(((hip or knee) adj2 (replace* or surgery or operati*)) or tjr or thr).mp. 

 

#3 instrument search 

(index or indices or instrument or instruments or measure or measures or questionnaire* or profile 

or profiles or scale or scales or score or scores or status or survey or surveys).mp. 

 

#4  #1 AND #2 AND #3 AND filter for measurement properties 

(instrumentation or Validation Studies or reproducibility of results or reproducib* or psychometrics 

or psychometr* or clinimetr* or clinometr* or observer variation or observer variation or 

discriminant analysis or reliab* or valid* or coefficient or internal consistency or (cronbach* and 

(alpha or alphas)) or item correlation or item correlations or item selection or item selections or item 

reduction or item reductions or agreement or precision or imprecision or precise values or test-

retest or (test and retest) or (reliab* and (test or retest)) or stability or interrater or inter-rater or 

intrarater or intra-rater or intertester or inter-tester or intratester or intra-tester or interobserver or 

inter-observer or intraobserver or intra-observer or intertechnician or inter-technician or 

intratechnician or intra-technician or interexaminer or inter-examiner or intraexaminer or intra-

examiner or interassay or inter-assay or intraassay or intra-assay or interindividual or inter-individual 



or intraindividual or intra-individual or interparticipant or inter-participant or intraparticipant or 

intra-participant or kappa or kappas or coefficient of variation or repeatab* or ((replicab* or 

repeated) and (measure or measures or findings or result or results or test or tests)) or generaliza* 

or generalisa* or concordance or (intraclass and correlation*) or discriminative or known group or 

factor analysis or factor analyses or factor structure or factor structures or dimensionality or 

subscale* or multitrait scaling analysis or multitrait scaling analyses or item discriminant or 

interscale correlation or interscale correlations or ((error or errors) and (measure* or correlat* or 

evaluat* or accuracy or accurate or precision or mean)) or individual variability or interval variability 

or rate variability or variability analysis or (uncertainty and (measurement or measuring)) or 

standard error of measurement or sensitiv* or responsive* or (limit and detection) or minimal 

detectable concentration or interpretab* or (small* and (real or detectable) and (change or 

difference)) or meaningful change or minimal important change or minimal important difference or 

minimally important change or minimally important difference or minimal detectable change or 

minimal detectable difference or minimally detectable change or minimally detectable difference or 

minimal real change or minimal real difference or minimally real change or minimally real difference 

or ceiling effect or floor effect or Item response model or IRT or Rasch or Differential item 

functioning or DIF or computer adaptive testing or item bank or cross-cultural equivalence).mp. 

 

#5 limit #4 to English language and humans 
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Psychometric Criteria 
Appraisal 

component 

Definition/test Criteria for acceptability 

Reliability 

Test-retest reliability  The stability of a measuring instrument 

over time; assessed by administering 

the instrument to respondents on two 

different occasions and examining the 

correlation between test and retest 

scores 

Test-retest reliability 

correlations for summary scores 

0.70 for group comparisons 

Internal consistency 

 

The extent to which items comprising a 

scale measure the same construct (e.g. 

homogeneity of items in a scale); 

assessed by Cronbach’s alpha’s and 

item-total correlations 

Cronbach’s alphas for summary 

scores ≥0.70 for group 

comparisons 

 

Item-total correlations ≥ 0.20 

Validity 

Content validity The extent to which the content of a 

scale is representative of the 

conceptual domain it is intended to 

cover; assessed qualitatively during the 

questionnaire development phase 

through pre-testing with patients. 

Expert opinion and literature review 

Qualitative evidence from pre-

testing with patients, expert 

opinion and literature review 

that items in the scale represent 

the construct being measured 

 

Patients involved in the 

development stage and item 

generation 

Construct validity 

 

Evidence that the scale is correlated 

with other measures of the same or 

similar constructs in the hypothesised 

direction; assessed on the basis of 

correlations between the measure and 

other similar measures 

High correlations between the 

scale and relevant  constructs  

preferably based on a priori 

hypothesis with predicted 

strength of correlation 

The ability of the scale to differentiate 

known-groups; assessed by comparing 

scores for sub-groups who are 

Statistically significant 

differences between known 

groups and/or a difference of 



expected to differ on the construct 

being measured (e.g a clinical group 

and control group) 

expected magnitude 

 

Responsiveness The ability of a scale to detect 

significant change over time; assessed 

by comparing scores before and after 

an intervention of known efficacy (on 

the basis of various methods including 

t-tests, effect sizes (ES), standardised 

response means (SRM) or 

responsiveness statistics 

Statistically significant changes 

on scores from pre to post-

treatment and/or difference of 

expected magnitude 

 

High correlations between the 

change scores of the scale and 

relevant  constructs  preferably 

based on a priori hypothesis 

with predicted strength of 

correlation 

Interpretability Precision of the measure when used at 

an individual patient level. It is 

calculated by multiplying Standard 

Error of Measurement (SEM) with the 

standard score (z value). 

When comparing different 

scores, the better score is with a 

lower SEM. 

The degree to which one can assign 

qualitative meaning - that is, clinical or 

commonly understood connotations – 

to an instrument’s quantitative change 

in score. 

Minimally clinically important 

differences/changes, based on 

an external anchor, either using 

mean change or ROC curve 

method. 

Floor/ceiling effects The ability of an instrument to 

measure accurately across full 

spectrum of a construct 

Floor/ceiling effects for 

summary scores <15%* 

Practical properties 

Acceptability Acceptability of an instrument reflects 

respondents’ willingness to complete it 

and impacts on quality of data 

Low levels of incomplete data or 

non-response 

Note: * In this manuscript, ceiling and floor effect relate to the top and the bottom score, 

rather than the best or worst score. 
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Excluded instruments 
 

Instrument Name Main reason for exclusion 

SF8 (Short Form 8) No information presented on patients 

undergoing hip/replacement surgery 

ICF (International 

Classification of 

Functioning) OA core set 

of categories 

Proxy reporting/interview based 

ICF-Mobility limitations 

(Dixon et al.) 

Only construct validity was assessed 

UCLA Activity Score 

(University of California, 

Los Angeles) 

Not eligible as it is not a summary 

score but one item 

SG (standard Gamble) Method 

PSI (Patient Specific 

Index) 

Same as PASI 

VIGOR The authors did not report on the final 

version of the questionnaire 

State Trait Anxiety 

Inventory 

Excluded, only one study examining a 

priori hypothesis-relating to negligible 

correlations HUI 

POMS (Profile of Mood 

States) 

Measure of fatigue, examined as a side 

score 

Sense of Coherence 

(SOC) 

Developmental or subsequent do not 

have a clear knee/hip population 

BPI (brief pain inventory) Only OA subsequent validation 

ASES (Arthritis Self 

Efficacy Scale) 

Not developed or validated in a clean 

hip/knee population 

Catastrophizing subscale 

of the Coping Strategies 

Not developed or validated in a clean 

hip/knee population 



 

 

Questionnaire (CSQ) 

Time trade off This is a method, not a validated 

PROM 

Physical activity 

questionnaire of the 

elderly 

No appropriate study identified. 

HK-DQI  Focuses on knowledge and goals 

HOS (Hip Outcomes Score)  Arthroscopy population 

W. McDowell (1978)score  Elicitation of daily problems. Not an 

instrument 

Total Hip Arthroplasty 

Clinical Evaluation 

Questionnaire  

Clinical evaluation  

Lysholm scale Designed for evaluating knee ligament 

surgery. No pre-testing involving 

patients. No evidence on internal 

consistency or test re-test reliability 

from any studies involving patients 

having arthroplasty. 

 

IKDC (international Knee 

documentation 

Committee) Subjective 

Knee Form 

No evidence on pre-testing, internal 

consistency, test re-test reliability, 

validity or responsiveness available 

from any studies involving patients 

having arthroplasty. 
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Hip specific PROMs evaluated 

 

Four hip specific instruments, which have been evaluated in patients undergoing hip 

replacement surgery, were identified in this review: 

1. Hip disability and Osteoarthritis Outcome Score (HOOS) 

2. Hip Rating Questionnaire (HRQ) 

3. Oxford Hip Score (OHS) 

4. Patients Specific Index (PSI) 

 

1. Hip disability and Osteoarthritis Outcome Score (HOOS) 

 

Five studies were identified in the review. 

 

The HOOS consists of 40 items in 5 subscales: Pain (10); Symptoms (5); Functioning in daily 

living- ADL (17); Functioning in sport and recreation- Sport/Rec (4); Hip related QOL (4). 

Scores are obtained from a 5 point Likert scale with normalised scores ranging from 0-100 

(0= severe symptoms); scores are per scale. The HOOS includes the WOMAC Osteoarthritis 

Index and WOMAC scores can be derived. It is adapted from the Knee Injury and 

Osteoarthritis Outcome Score (KOOS). The KOOS was originally developed from the 

WOMAC for patients with knee ligament injury but has since been evaluated with 

osteoarthritis populations and its intention is to capture higher level improvement in younger 

more active patients.  The HOOS therefore is a hybrid version of the WOMAC/KOOS. 

 

Items were derived from n=26 patients who were invited to rate the relevance and importance 

of the 40 items.
1
 

 

Principal component (factor) analysis supported the five sub-scales and construct validity is 

reported with hypothesised strong correlations with HOOS ADL and Sport/Rec scales and 

SF-36 Physical Functioning and weaker correlations for the Mental Component Score. 
1
 

 



Test re-test reliability was explored in a small sample of patients with hip arthritis with a re-

test period of two week: ICCs were good: HOOS-PS 0.82; HOOS-QoL 0.67.
2
 Further 

evidence of test re-test reliability is presented from repeat assessments, 7 to 10 days apart, in 

a study of (n=56) patients with OA knee awaiting arthroplasty. 
3
 The study reports the co-

efficient of variation percent (CV%) (SEM divided by the week 1 average X 100) coupled 

with paired t-tests to assess systematic bias, and Bland Altman method for assessing 

agreement between repeat assessments. CV% values: HOOS Pain 22.0, Symptoms 19.0, 

ADL 17.0, QoL 24.0 (Sports and Rec not reported as judged irrelevant/not useful pre-

arthroplasty). The authors state there were no or minor differences between the means of each 

subscale across the weeks and week-to-week differences were not related to the raw scores 

across the available range.
3
 

 

 

 

Responsiveness was evaluated with 62 patients comparing SRMs for the HOOS Pain and 

Symptoms scales with the WOMAC Pain and Stiffness scales. The SRMs for the HOOS-Pain 

ranked higher than for the WOMAC-Pain (SRM 2.11 vs. 1.83) and HOOS symptoms and 

WOMAC symptoms (SRMs 1.83 vs. 1.28) suggesting greater responsiveness of the former. 
1
 

 

Regarding HOOS precision (comparative SEM) and interpretability, SEM (95% CI) values 

have been presented for n=56 patients with OA hip awaiting arthroplasty: HOOS Pain 7.8 

(6.6-9.6), Symptoms 8.2 (6.9-10.1), ADL 6.4 (5.4-7.8) and QoL 8.8 (7.5-10.9). 
3
 MDC (at 

95% confidence level), from the same study, were reported as: HOOS Pain 21.6, Symptoms 

22.7, ADL 17.7 and QoL 24.4. 
3
 The authors commented that the CV% values of 

measurement error were rather similar (but generally larger/worse) to those obtained, by 

them, for the OHS (16%) despite the fact that the OHS generally summarises the measure of 

pain and function in one composite score, where the HOOS presents these elements 

separately. 
4
 

 

Short Form (HOOS-PS) 

A five item Physical Functioning short-form was derived from Rasch analysis of the 21 items 

from ADL and Sports/Rec sub-scales. The five items are unidimensional and have interval 

level properties. 
5
 

 



Internal consistency is reported with Cronbach’s alpha (0.79).  

 

Construct validity is supported with moderate to strong hypothesised correlations of scores 

between HOOS-PS and WOMAC pain (0.70); Chronic Pain grade (0.56). Responsiveness 

was reported with SRM > 1 as hypothesised (SRM 1.5). 
6
 

 

 

2. Hip Rating Questionnaire 

 

One study was identified Johanson et al. (1992) but none that were more recent. 
7
 

 

The HRQ was developed to assess the outcome of total hip replacement. No details are 

provided about the methodology of development. It has 14 items in four equally weighted 

domains: Global or overall impact (VAS); Pain; Ability to walk (ordinal scale); Ability to 

perform daily functions. A summary of 25 points is possible in each domain. Scores obtained 

range from 16 to 100 (best).  N=98 patients completed the questionnaire pre THR and 3, 6 

and 12 months post-surgery.  

 

Reproducibility has been reported with kappa value 0.70 for total score between baseline and 

two week re-test period.  

 

Construct validity was demonstrated with moderate correlation of scores between the HRQ 

domains and Arthritis Impact Scale similar domains (Total scores 0.69; Pain -0.71). Further 

moderate correlations were observed between Ability to walk and six minute walking test 

(0.60). The HRQ detected change (improvement) and differences among treatment groups 

applying Guyatt’s responsiveness index.  

 

The Clinically Important Difference was estimated as 12 points by exploring the categorties 

and weights in the HRQ. At three months post procedure, 80% of patients had an increase in 

the total score of 12 points or more compared to the pre-operative score. 
7
 

 

 

3. Oxford Hip Score 

 



Twenty studies were identified. 

 

The Oxford Hip Score has twelve items with 5 Likert scale responses and scores were 

originally aggregated to produce a single score (range from 12- least difficulties and 60 most 

difficulties). 
8
 The scoring system was revised to facilitate interpretation: items are scored 

between 0-4 total scores 0-48 with 48 being the best outcome. 
9
 Some items have also been 

modified. Studies up to 2007 will have been evaluated with the 12-60 scoring system.  

Further discussion and exploration of scoring methods is discussed later in this section. 

 

Two subscales can also be derived:  Pain (6 items) and Functional Impairment (6 times). 

Recall time is 4 weeks. The OHS was developed specifically to measure outcomes of total 

hip replacement. 
8
 Item generation was iterative and involved interviews with twenty patients 

(being evaluated, or on the waiting list, for arthroplasty) to identify how they experienced and 

reported problems associated with their hips; examination of other established questionnaires 

and further qualitative evaluation with patients and piloting. 

Two unidimensional sub-scales representing Pain and Functional Impairment Factor have 

been confirmed by factor analysis Exploratory and Confirmatory) and Rasch 

unidimensionality.  The unidimensionality coefficients were greater than 0.87 at base line and 

follow-up (n=1221 patients following THR). 
10

 However, in a different study sample, Oppe et 

al. (2011) applied Exploratory and Confirmatory PCA to both the OHS and EQ-5D and 

reported 3 constructs- Pain, Self-care and Mobility. This study explored the viability of 

mapping between OHS and EQ-5D to obtain utilities for the OHS.
11

 The conceptual 

differences between the two instruments are unlikely to provide an appropriate basis for 

estimating utilities for the OHS.  

 

More recent evaluation by the developers of the OHS provides further support for the two 

factor structure of Pain and Function.
12

 Secondary analysis was conducted of a large dataset 

of the NHS PROMs programme including over 90,000 patients undergoing hip replacement. 

Different methods of factor determination/extraction were employed.  Two methods: 

Velicer’s Minimum Partial test and Parallel Analysis suggested the existence of one factor 

only, while a two factor structure (Pain and Function) was suggested by Cattell’s scree test, 

and Exploratory factor analysis based on the K-over-1 rule. The final Pain subscale consisted 

of items 1, 8, 9, 10, 11 and 12 and the Function subscale contained the remaining items. The 

authors recommend scoring of 0 (worst) to 100 (best) for the subscales.  



Internal consistency was supported for both subscales (Cronbach’s alpha ≥ 0.85). 
12

 Results 

from confirmatory factor analysis, from this same study, provided continuing support for 

using the single composite scale as well as the option of using the subscales. 

 

Internal consistency is supported in several studies including initial evaluation with n=219 

preoperative patients and n=185 postoperative patients (Cronbach’s alpha 0.84, 0.89 

respectively). 
8
 Further evaluations report Cronbach’s alphas >0.86.

13
 

 

Naylor et al. (2013) evaluated potential systematic bias in responses from n=52 patients 

waiting for hip arthroplasty. ICC was high (0.88) for overall score. Limits of Agreement were 

wide for total score but minimal for individual questions. The authors conclude that reference 

to variation in the individual questions may be more useful for monitoring patients’ 

preoperative clinical change. 
4
 

 

Recall of preoperative QOL scores was evaluated with WOMAC, OHS and SF-12 with n= 

104 patients undergoing THR. Recall time points were 3 days, 6 weeks and 3 months. 

Correlations and ICCs were >0.8 for OHS. Results were slightly better for OHS than 

WOMAC. Both disease-specific measures were marginally better than the SF-12 with 

Spearman’s coefficients than ICCs. 
14

 

 

Construct validity is reported with moderate hypothesised correlations with Charnley score (-

0.40 to -0.58), SF-36-Physical functioning domains (0.61 to 0.71) and similarArthritis Impact 

Measurement Scale domains (0.37 to 0.66). 
8
  Further support is provided with strong 

correlations between WOMAC and Oxford Hip Scores (Pain: >0.8; Function >0.71) 

moderate correlations with SF-12 PF (>-0.59).
15

 Further evidence is provided in with strong 

correlation of scores as hypothesised on the OHS and Harris Hip Score (>0.7) in a cross 

sectional sample of patients five years post-surgery.
16

 Here, cumulative frequency 

distributions were generated to classify score outcomes: excellent (<19); good (19-26); fair 

(27-33) poor (>33). This was based on cross sectional data at five years post operatively.
16

  

 

Mean-adjusted OHS and EQ-5D have been reported as strongly correlated (0.9) and 

similarly, providers who were deemed to be below the national average based on mean score 

of EQ-5D as well as OHS.
17

 

 



The OHS was sensitive to change with Effect sizes larger than other measures (Charnely, SF-

36 and AIMS) in Dawson et al. 
8
 Effect size of 2.75 was reported for OHS; all other measures 

effect sizes were less than this.  Similar results were reported in Dawson et al. 
18

.Similar 

higher ranking responsiveness indices compared to SF-36 have been reported (SRM 2 vs.0.1 

to 1.3); change scores for n=186 patients following THR were consistent with patients 

retrospective judgements made at six months. 
19

 Large Effect sizes were observed in a 

multicentre study (n=7151 patients); effect size at three months follow-up was 2.5 and 12 

months, 3.1. In addition, changes scores were larger for patients reporting satisfaction with 

their surgery than those not satisfied. 
13

 

 

Additional evidence of responsiveness was estimated with comparative SRMs for OHS, 

WOMAC and SF-12; The SRMs were higher in the OHS compared to the others (SRMs 1.58 

to 2.05 Vs. 1.34 to 1.81 for the WOMAC). 
15

 Both were more responsive than the SF-12. 

 

A large study explored whether a patients preoperative scores predicted satisfaction with 

surgery six months following THR (n=1523). There was no relationship between Oxford Hip 

Scores and satisfaction applying correlation analysis and ROC analysis.  

 

A symptom rating scale (Transitional Rating Index) was used to evaluate a MID for the OHS 

where patients indicated on a 5 point scale where 1 = ‘much better’ to 5= ‘much worse’ 

where zero represents no change. There was moderate correlation of change scores and TRI 

(0.4) and the MID value produced for the OHS was 8.4. There was a moderate negative 

association between baseline severity and magnitude of change scores for patients reporting 

‘a little better’ applying Oldham’s method (-0.33, p=0.05). 
20

 

 

Arden et al. (2011) adopted ROC analysis and the 75
th

 centile approach which identifies the 

cut-off point corresponding to the 75
th

 percentile of the follow-up OHS and change in OHS in 

patients reporting that they were ‘satisfied’ with surgery. N=799 patients were recruited at 

baseline with 77% response rate at 12 months and 80% at 24 months. There was no evidence 

that patients’ baseline scores and characteristics were associated with satisfaction scores, nor 

with a linear relationship of satisfaction scores measured over time. The median improvement 

score was 24 at 12 and 24 months. Using both ROC analysis and 75
th

 centile approaches 

suggested that an OHS of ≥38 is generally associated with patient satisfaction with surgery. 
21

 

 



Ceiling effects were observed for the OHS post operation: Pain 25%, PF 22%.
15

 

 

A subsequent qualitative evaluation was carried out by McMurray et al. (1999) with 

interview administered OHS (n= 58 patients pre and postoperatively) followed by semi-

structured interview to elicit further elaboration of patients’ difficulties related to item 

concepts. 
22

 Administering the OHS prior to interview facilitated interview discussions. It 

was suggested that there was some lack of specificity related to some items with lack of 

clarity regarding whether they should respond to some items with or without using walking 

aids. There was also some lack of clarity regarding response options specifically for items 

relating to pain; and also whether to complete items considering their hip or other 

comorbidities.  

 

Low numbers of missing items was reported form a large multicentred study in England 

(n=7151) and those patients who were slightly younger and more healthy preoperatively were 

most likely to respond. 
13

 

 

A different layout has been evaluated (but not generally adopted subsequently) for both the 

OHS and OKS and different scoring methods. The format was adapted to include responses 

to be recorded bilaterally and to extend the scope of the instrument. The scoring method here 

utilised a four point score (0-4) and the final index expressed as a percentage. A minimum 

score of zero was to account for missing data and represents a true absence of disability 

whereas the original version, the lowest score was 12. Data analysis was derived from 

n=1423 (n=131 bilateral patients) with responses obtained over a period of 4 years.  It  was 

suggested in this study that scores classified within centiles and subsequent classifications of 

grades of severity would be more informative for audit and evaluating the effectiveness of 

surgery as well as exploring and identifying patients who had low scores (less disability) and 

had received surgery. Classifications were suggested: ‘poor’ (> 90 percentile); below average 

75 ≤ 90); average (25 ≤75); above average (10 ≤ 25 and excellent (≤10). 
23

  

 

Standard scoring of the OHS (raw scores linearly transformed to 0-100) were compared to 

Rasch scoring methods to compare the Relative Precision of both methods in discriminating 

between different groups of patients based on type of surgery (primary, revision and re-

revision) and levels of satisfaction with surgery (very satisfied, dissatisfied) .
24

 Response rate 

for one year postal follow-up was 81% (n=990 from baseline 1221).  Results suggest that the 



Rasch method of scoring resulted in greater precision and ability to discriminate between 

groups. This was supported in a larger study n=5000 patients three and 1 year follow-up data  

and in Norquist et al, (2004) whereby different Rasch scoring methods provided increased 

precision.
25

 Furthermore, scores indicated that patients undergoing primary replacement have 

great reduction in pain than those receiving revision.
10

 High response rates (98%) to postal 

administration have been reported and >80%.
13

 
18

 Furthermore, high postal response rates 

have been reported in Browne et al, (2010) with 87% of n=445 patients receiving THR.
20

 

Furthermore, mail vs. telephone administration produced equivalent responses in a small 

study (n=61). 
26

 

 

Patient acceptability has been further explored by evaluating patients’ written annotations on 

clinic completed questionnaires and postoperative questionnaires completed by post. Of 276 

patients who completed the OHS, 17% (n=46) provided unprompted annotations.  The most 

common item with comments was item 6 regarding description of pain. Furthermore, patients 

provided comments about the nature of their pain and how it was dependant on activities and 

medication. Some commented that they were unable to provide an average of their pain due 

to its fluctuating nature.  Other comments related to question clarity and whether levels of 

physical functioning were to take into consideration the use of aids. Other comments related 

to some questions being restrictive or irrelevant (climbing stairs if they lived in a bungalow), 

the influence of comorbidity on responses and double barrelled questions. 
27

 

 

4. Patients Specific Index (PSI) 

Four eligible studies with patients undergoing hip arthroplasty were included in the review. 

The PSI contains 22 complaints (including any additional ones) before and after hip 

arthroplasty for severity and importance. The ratings of severity (S) and importance (I) for 

each item are multiplied together and summed across the complaints in a cumulative PSI 

score. Then, a total possible score is calculated to obtain a percentile score ranging 0-100 

(100=best health state). 

PSI is an interviewer-based measure. It was originally developed based on qualitative 

interviews with patients (n=10) listed for hip arthroplasty. The study identified 16 complaints 

which were then tested on 72 patients and rated for severity and importance of relief. 
28

 A 

subsequent study examined the measurement properties of the PSI in 78 patients undergoing 



hip arthroplasty. 
29

 Both multiplicative and additive versions of PSI had excellent intra-rater 

reliability (>0.9). The construct validity of all the four versions of the PSI was supported by 

its correlation with the WOMAC, Harris Hip Score, SF-36 subscales, with the correlations 

close to the a priori hypotheses. The responsiveness at 6 months following hip arthroplasty of 

the PSI was better than the SF-36 and in the range of WOMAC and Harris Hip Score. 
29, 30

 

In 2000, a self-reported PSI was developed and tested on a sample of patients (n=55) who 

were undergoing hip arthroplasty.
31

 The questionnaire was revised to a format that was easier 

for patients to follow. The former PSI version contained intermixed items asking about 

activity and symptoms. The new self-reported PSI version segregated these questions. 

Furthermore, the wording of the item which asked about the importance of symptoms 

following hip arthroplasty was modified to be relevant to patients who underwent 

interventions other than hip replacement for their hip osteoarthritis.  

The two week test-retest reliability (ICC) was 0.73 for the Multiplicative Cumulative version, 

0.85 for the Additive Cumulative and Multiplicative Percentile version, and 0.79 for the 

Additive Percentile version. The interviewer administered version and the self-reported 

version had good agreement (0.78). The differences between the two measures were not 

statistically significant using Student-t test.  

 

 

 

 

Knee specific PROMs evaluated 

Five knee specific instruments, which have been evaluated in patients undergoing knee 

replacement surgery, were identified in this review: 

1. Knee disorders subjective history form (VAS) 

2. KOOS (Knee Injury and Osteoarthritis Outcomes Score) and KOOS – Pain  

3. KOOS – PS (Physical Function Short form)  

4. Oxford Knee Score (OKS) 

5. Oxford Knee Score – Activity & Participation Questionnaire (OKS-APQ)  

 

1. Knee disorders subjective history form (VAS)  



 

One article evaluating the KDSHF-VAS was appraised that included an unspecified number 

of patients who had received arthroplasty. 
32

 

 

Items were developed by clinicians drawing on information obtained on their current 

evaluation forms and other scoring systems. Initially used continuous line VAS for responses, 

but changed to 10 continuous boxes (to facilitate automated data entry). No pre-

testing/piloting described. 
32

 

 

Limited evidence of measurement properties from one study that involved 117 consecutive 

patients who had undergone knee surgery (‘arthroscopy to arthroplasty’, numbers /details 

unspecified) and 65 patients attending initial evaluation of a knee disorder. 
32

  

 

Moderate evidence obtained of construct (and convergent) validity for KDSHF-VAS by 

comparison with Noyes knee scale (lowest correlation for pain rating r=-0.49; highest for 

running r=-0.89), which measures sports activity levels and functioning in relation to knee 

ligament injury, therefore of limited relevance.  

Regarding acceptability/feasibility, patients appeared to need some explanation on how to 

complete the questionnaire (between 13% and 29% of patients - in different comparisons 

involving very small samples). Ten of the 28 items have a ‘not attempted’ response option, 

which could equate with non-response/missing.
32

 Instructions for scoring method(s) not fully 

described. 

 

2. KOOS (Knee Injury and Osteoarthritis Outcomes Score) and KOOS – Pain  

 

A total of 2 articles evaluating the KOOS or KOOS Pain instruments, involving patients 

undergoing knee arthroplasty, were included, and overall, there is very limited evidence in 

support of measurement properties for the English language version, in the context of knee 

arthroplasty. 

 

Content of the KOOS (which includes the KOOS Pain domain) was informed by literature 

review; then expert panel, which included patients (number not stated) referred to physical 

therapy with knee injuries; orthopaedic surgeons and physical therapists. An initial validation 

study involved=21 patients undergoing ACL surgery. 
33

 



Following this, a pilot study involved (n=75) patients with post-traumatic OA 20 years 

following meniscus surgery, who completed 2 questionnaires (assessing symptoms of ACL or 

OA). Items chosen were those most frequently endorsed.  The instrument also includes 17 

items - that comprise the WOMAC Function scale – here referred to as the KOOS ADL 

domain, (the WOMAC was developed for measuring clinically important patient-relevant 

outcomes to anti-rheumatic drug therapy in patients with osteoarthritis of the hip or the 

knee).
33

 The KOOS was designed for assessing pain, symptoms, ADL, sport and recreation 

function and knee-related QoL in young and middle-aged subjects with ACL injury, 

meniscus injury or post-traumatic OA.
33

 

 

Evidence of test re-test reliability presented from repeat assessments, 7 to 10 days apart, in a 

study of (n=75) patients with OA knee awaiting arthroplasty. 
3
 Study reported the co-efficient 

of variation per cent (CV%) (SEM divided by the week 1 average X 100) coupled with paired 

t-tests to assess systematic bias, and Bland Altman method for assessing agreement between 

repeat assessments (Sports and Rec domain not reported as judged irrelevant/not useful pre-

arthroplasty). No correlation coefficients reported. No (or minor) differences found between 

the means of each [subscale] across the weeks and week-to-week differences, that were not 

related to the raw scores across the available range.
3
 

Regarding KOOS precision (comparative SEM) and interpretability, SEM (95% CI) values 

have been presented for n=75 patients with OA knee awaiting arthroplasty: KOOS Pain 7.3 

(6.2-8.8), Symptoms 8.7 (7.4-10.5), ADL 7.5 (6.4-9.0) and QoL 9.6 (8.2-11.6).
3
 MDC (at 

95% confidence level), from the same study, were reported as: KOOS Pain 20.2, Symptoms 

24.1, ADL 20.8 and QoL 26.6.
3
 Values of measurement error (CV%) were rather similar (but 

generally larger/worse) to those obtained for the OKS (16%) even though the OKS generally 

summarises the measure of pain and function in one composite score where the KOOS 

presents these elements separately. 
4
 

 

Little or no evidence concerning the measurement properties of the KOOS and KOOS-pain, 

in the knee arthroplasty context, for English language versions.  An exception to this 

concerns the ADL scale, which is the WOMAC function scale, and as such, this subscale has 

been assessed in other studies (see section on the WOMAC). 

 

3. KOOS – PS (Physical Function Short form)  

 



A total of 2 articles evaluating the KOOS – PS with patients undergoing knee arthroplasty 

were included. 

 

The KOOS – PS scale contains a subset of 7 items from the KOOS ADL (i.e. the WOMAC) 

and sport and recreation domains (total=22 items) [see section on KOOS above and 

WOMAC section below regarding original content development]. The short measure was 

derived using Rasch (e.g. excluding items that exhibited DIF by age, gender or country, and 

using model fit statistics) and principal components analysis.
34

 The dataset used combined 

data from 13 studies/5 countries that likely (not stated) included the English language 

version. Patients awaiting TKR (totalling n=761) featured in 4 of the study data sets.  The 

KOOS – PS was intended as a short measure of physical function for knee OA of varying 

degrees of severity in a wide range of contexts. 

 

Satisfactory internal consistency of the KOOS –PS was supported by a person separation 

index (equivalent to Cronbach’s alpha) of 0.828 for the pre-TKR subsample of patients. 
34

 

Good Cronbach’s alpha (0.89) demonstrated in a subsequent study of patients 2 weeks prior 

to primary TKR for OA.
6
 Internal construct validity is supported by evidence from Rasch 

analysis, demonstrating good fit to the Rasch model (X
2
 73.34 p=0.1751), with no DIF 

associated with age, gender or country. PCA confirmed unidimensional structure. 
34

 

 

Evidence for good construct (and convergent) validity comes from one study in which the 

KOOS-PS was compared with the full WOMAC PF subscale (r=0.9) and with a reduced 

WOMAC PF items score that excluded items used in the KOOS-PS scale (“PF exclusions”) 

(r=0.85). 
6
 Correlations with the WOMAC pain subscale (0.73), POMS fatigue (r=0.42), 

Chronic pain grade (r=0.56), HADS anxiety (r=0.39) and HADS depression (r=0.46) scales 

were all lower: representing evidence for divergent validity. All findings supported a priori 

hypotheses.   

 

The KOOS-PS scale demonstrated a high level of responsiveness in a study of people 

undergoing primary knee arthroplasty for OA. This was in the form of a standard response 

mean (SRM) of 1.4, compared with a similarly high SRM 1.5 for the full WOMAC PF 

subscale and SRM 1.7 for a reduced WOMAC PF items score that excluded items used in the 

KOOS-PS scale. 
6
 

 



4. Oxford Knee Score (OKS) 

 

A total of 23 articles evaluating the OKS with patients undergoing knee arthroplasty were 

included (including OKS user manual and forthcoming MID paper). 

 

Interviews with 20 patients under consideration for knee arthroplasty (further details obtained 

from developers:  interviews involved patients attending outpatient clinics comprising 1. 

Patients, referred by a primary care physician, judged to be in need of knee replacement, 2. 

Patients already on the waiting list for knee replacement – including some attending a pre-

admission clinic. A few had already had one knee replaced). Thematic analysis of interviews 

and review of existing measures informed item content and response options. Pre-testing 

(including debriefing by researcher) on 3 sets (total n=60) of patients, informed item 

amendment and reduction.  

Designed to assess patients’ perceptions of their knee-related problems, particularly as an 

outcome measure for patients undergoing knee replacement surgery.  Almost all evidence 

presented for the OKS concerns the OKS summary scale. 

 

High internal consistency of the OKS summary scale is supported by a number of the 

included studies, with Cronbach’s alphas in the range of 0.87 to 0.93, with pre- and post-

operative item to total correlations all >0.45 and no improvement obtained by removal of any 

item. 
12, 35

 Evidence from Rasch analysis revealed a high patient separation index (0.92) for 

the OKS summary scale as additional evidence for good internal consistency. 
36

 Further 

support for the internal consistency of the OKS has been demonstrated for separate Pain and 

Function subscales, with alphas in the range of 0.78-0.82 for each.
36

 

Internal construct validity is supported by evidence from Rasch analysis, targeting of the 

OKS summary scale showed good coverage of thresholds across the whole construct. In this 

study, authors concluded that the OKS is a unidimensional scale largely free of bias, 

sufficiently robust to measure individual patient change.
36

 

 

More recent evaluation by the developers of the OKS provided support for a two factor 

structure of Pain and Function.
12

 Here, secondary analysis was conducted of 4 large datasets, 

including from the NHS PROMs programme (n=156,788 patients undergoing knee 

replacement). Different methods of factor determination/extraction were employed.  Three 

methods:  Velicer’s Minimum Partial test, Parallel Analysis based on Minimum Rank Factor 



Analysis (PA-MRFA) and Exploratory factor analysis based on the K-over-1 rule suggested 

the existence of one factor only, while a two factor structure (Pain and Function) was 

suggested by Horn’s Parallel Analysis and Cattell’s scree test. The final Pain subscale 

consisted of items 1, 4, 5, 6, 8, 9, 10 and the Function subscale contained the remaining 5 

items. Scoring of 0 (worst) to 100 (best) was recommended for the subscales.  

Internal consistency was supported for both subscales (Cronbach’s alpha 0.78 – 0.82). 
37

 

Results from confirmatory factor analysis, from this same study, provided continuing support 

for using the single composite scale as well as the option of using the subscales.  Additional 

support for the factor structure of both the OKS summary scale and separate Pain and 

Function subscales was published subsequently. 
38

 

 

Evidence of test re-test reliability was supported by a high correlation (r=0.92, p<0.0001; 

ICC 0.95) between repeat assessments, 24 hours apart, in patients within 4 weeks prior to 

knee arthroplasty with no significant change occurring in score distributions between the two 

assessments for reliability (paired t-test >0.05). 
35, 39

 Further evidence (ICC 0.92) was 

obtained between repeat assessments conducted one week apart in a study of patients with 

OA knee awaiting arthroplasty. 
4
 

 

The OKS summary scale demonstrated moderate to strong construct (and convergent) 

validity (r>0.5 to r=0.71, p<0.01) with relevant domains of the SF 36 (physical function, role 

physical, pain and social function), and with both components of the HAQ, (pain VAS and 

the disability index) that supported a priori hypotheses.
35

 Evidence of strong convergent 

validity (r=0.89, 95% CI 0.83 -0.95; ĸ 0.7, 95% CI 0.6-0.8) was reported with the EQ-5D.
17

 

Further strong support (r=0.779) for construct and convergent validity comes from 

comparisons between post-operative OKS and Cardiff Arthroplasty Satisfaction Index 

(CASI) scores, in patients at least 5 years following knee arthroplasty .
40

 The correlation 

between the OKS and CASI was higher than correlations between the CASI and EQ5D-VAS 

(r=0.45), EQ-5D score (r=0.63), or a VAS for pain (r=0.711).  

Moderate to good construct (and convergent) validity has been demonstrated with the 

American Knee Society (AKS) knee (r=0.47 to 0.64) and function (r=0.54 to 0.65) scores, 

and with the OKS-Activity Participation Questionnaire again supporting a priori hypotheses. 

35, 41, 38
 Another study reported moderate to good (r=0.55-0.73) convergent validity with the 

pre-op AKS function and pre- and post-op AKS knee scores, but a moderately low value 

(r=0.28) for the pre-op AKSS knee score.
42

 Moderate to good construct validity was 



supported by correlations between the OKS and Likert-type responses to satisfaction ratings 

of pain relief and function (r=0.56, p<0.001 for both comparisons). 
43

 

 

Evidence for discriminant/known groups validity comes from patients’ (unadjusted) change 

scores on the OKS which were found to differ significantly (p<0.007) for unicondylar knee 

replacement (UKR) versus TKR groups.
44

 Further evidence comes from comparisons 

between post-operative OKS and Cardiff Arthroplasty Satisfaction Index (CASI) scores, in 

patients at least 5 years following knee arthroplasty which demonstrated a threshold of 20 

points for the OKS, with 85% specificity and 85% sensitivity  associated with a ‘poor 

satisfaction’ rating on the CASI.
40

 

 

Predictive validity has been supported where patients with a poor OKS score at six months 

post arthroplasty were hypothesised to be more likely to require early revision surgery. Here, 

with every one-unit decrease in the OKS, the risk of revision within two years was found to 

increase by 9.9% for total knee replacement (TKR) and by 12.0% for unicompartmental knee 

replacement (UKR) (p < 0.001).
45

 

 

The OKS summary scale has demonstrated responsiveness in a number of prospective studies 

of people undergoing knee arthroplasty. These include a comparison of effect sizes (ES) with 

SF-36 domains at 6 months post arthroplasty, where the ES for the OKS (2.19) was 

substantial and higher than for any SF-36 domain (all ≤1.40).
35

 Further similar evidence came 

from another study where the 6 month OKS ES of 2.01 was higher than for SF-36 domains 

(all ≤1.60) or the clinician-assessed AKSS Function score (ES 1.43).
38

 Further evidence of 

responsiveness comes from moderate associations (r=0.56, compared with 0.42 on the EQ-

5D) reported between OKS change scores and knee arthroplasty patient’s ratings on a 

transition item.
20

 

Similar evidence (change scores in relation to ratings on operation success or transition 

items), has been reported where change scores discriminated, with a high level of 

significance (p<0.0001), between patients who felt their operation was ‘very successful’, or 

whose knee problems or pain were ‘much better’ versus all other patients.
35

 

 

Regarding interpretability and precision, differences in post-operative OKS scores have been 

demonstrated, using ROC curve analysis, for patients reporting different categorical levels of 

satisfaction with the result of their knee replacement at 12 months.
43

 Being ‘satisfied’ or 



‘very satisfied’ was associated with an OKS of ≥31 with sensitivity 78.0%, specificity 80.2% 

and Area Under the Curve (AUC) 0.86 (95% CI 0.85-0.88).  

Elsewhere, an anchor-based MID for the OKS was calculated as 4.7, by subtracting mean 

change in score (at 6 months) of those who said ‘a little better’ on a standard transition item, 

from the mean change score of those who said ‘about the same’.
17

 In another study an MID of 

3.8 was reported, using exactly the same method as Neuburger et al, but applied to a much 

smaller sample (n~500 vs n~60,000, respectively). 
20

 In another study, an anchor-based MID 

of 5.0 has been reported using linear regression analysis with a Likert ratings of satisfaction 

with pain relief and physical function. 
43

 Another study estimated an anchor based MID as ~ 

5 points for the OKS, while a Minimal Important Change (MIC) estimate – relevant to 

changes over time in a cohort - was obtained of ~ 9 points.
37

 This estimate was the same as 

that based on ROC curves (with maximum sensitivity/specificity in distinguishing patients 

who had improved versus those staying the same/deteriorated). The same study reported a 

distribution based SEM of 1.72 score points, an MDC90  of 4.15, which was close to the pre-

operative 0.5 SD of 3.97.   

 

It has been suggested that the OKS has possible ceiling effects i.e. the inability of scores to 

detect top-end (least severe/good) differences (Baker et al., 2012), in post-operative 

assessments. One study reported 7% achieving top score (=48), with 22% achieving score 

close to top score (>45) at 12 months but questioned the conceptualisation of ‘ceiling effect’,  

as all but a tiny minority of patients with top OKS scores reported that their knee felt normal, 

or had ‘no room for improvement’ at 6 months post-arthroplasty.
46

 It was concluded that, in 

the majority of patients, the high scores represented true perceptions of the outcome, not a 

reflection of the instrument. This issue is said to also be complicated by the close relationship 

between pre- and post-operative scores (high/good pre-op scores tending to predict high/good 

post-operative scores) and the need to adjust for pre-operative health status when post-

operative (or change in) health status is evaluated.
44, 47

 Evidence from a recent analysis of 

data from a large national study sample has since countered the suggestion of a ceiling effect. 

37
 

 

Regarding acceptability/feasibility, one study raised concerns about the acceptability of some 

item content and reported 13% missing responses to one item. 
48

 However, important 

shortcomings with this study were identified and this has generally not been the experience of 

others.
49

 Indeed many large scale studies have reported very good response rates, frequently 



superior to other PROMs used in the same study ((98% at 6 months post-op, compared with 

85% on the SF-36; 98% at 2 years post-op. 
35,

 
41

 

 

 

5. Oxford Knee Score – Activity & Participation Questionnaire (OKS-APQ)  

 

One article included evaluating the OKS-APQ with patients of relatively young age (between 

30 and 70 years), undergoing knee arthroplasty. 
38

 

 

Interviews with (n=26) patients: under consideration for, awaiting, or up to 24 months post 

knee arthroplasty. Thematic analysis, piloting and cognitive interviews informed item content 

and response options. Piloting/pre-testing involved total of 50 patients.  

Conceptualised as a concise measure with a single domain, and as a companion questionnaire 

to the OKS. Assesses relatively higher-level knee-related activities and participation in 

patients undergoing knee replacement surgery. 
38

 

 

Internal consistency of the OKS-APQ scale is supported by optimal pre-operative Cronbach’s 

alpha (0.85), with moderate to high item to total correlations (r = 0.43 to 0.73). No 

improvement obtained by removal of any item. Further evidence presented from Rasch 

analysis of 6 month post-arthroplasty data, where the Person Separation Index (PSI), 

(equivalent to alpha), was high (0.92). 
38

  

Internal construct validity is supported by evidence from Exploratory (EFA) and 

confirmatory Factor analysis (CFA) and Rasch analysis.
38

 Here the OKS-APQ scale was 

shown to be unidimensional and representing a different underlying construct form the OKS. 

CFA indicated excellent fit (Χ
2
 =19.09, df=20, p=0.52; RMSEA 0.0, 90% CI 0.0-0.086; p 

value for close fit of RMSEA 0.75; CFI 1). In Rasch, the item-trait interaction statistic was 

(appropriately) non-significant (Χ
2
=6.9, df=16, p=0.98). Fit of all eight individual items to 

the model was excellent, with no items having residuals beyond ±2. The measure was shown 

to be reasonably targeted, with the post-operative average for patients in the sample lying at 

the slightly higher level of the construct (average location 0.41, SD 1.86). None of the OKS-

APQ items demonstrated DIF within gender and procedure (TKA vs. UKA) groups. 
38

 

 



Evidence of test re-test reliability involving repeat assessments, 48 hours apart, in (n=67) 

patients within 4 weeks prior to knee arthroplasty, was supported by a good correlation 

between assessments (ICC =0.79), or excellent (ICC= 0.92) if one outlier was excluded.
38

 

 

The OKS-APQ scale demonstrated moderate to strong construct (and convergent) validity 

(r>0.5,) with pre- and post-operative OKS and clinician-assessed AKSS (post-operative, but 

not pre-operative domains), and with the SF-36 Physical functioning, Role Physical, Pain, 

social functioning (particularly pre-operative) domains, and with the SF-36 PCS summary 

score.  Divergent validity of the OKS-APQ was supported by fairly low (r <0.34) correlations 

with SF-36 Mental health and General health perception domains. These results generally 

supported a priori hypotheses.
38

 

 

Evidence for responsiveness of the OKS-APQ supported by an effect size of 4.16 that was 

higher than for OKS and AKSS, and for 3 relevant subscales of the SF-36 (Pain, Physical 

function and Role-physical).  

 

Regarding OKS-APQ precision, no information has been reported on minimal change values. 

The measure exhibits floor effects in patients at the pre- (within 4 weeks prior to) arthroplasty 

stage (all items gained >50% extreme/severe responses), but has no ceiling effect at the post-

operative evaluation, in contrast with many other measures of pain and function used in this 

context. 
38

 

Regarding acceptability/feasibility, item response rates were all very high and an independent 

assessment of the items’ readability and translatability was conducted. 
38

 

 

 

 

 

Lower limb PROMs evaluated 

Five lower limb instruments, which have been evaluated in patients undergoing hip and knee 

replacement surgery, were identified in this review: 

1. Lower Extremity Functional Scale (LEFS) 

2. Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 

3. WOMAC Short form (WOMAC-SF) 



4. Lower Limb Core Score/Scale (LLCS)/also called AAOS Lower Limb Core Scale 

5. Musculoskeletal Outcomes Data Evaluation and Management System hip and 

knee core scale (MODEMS-HK) [also called AAOS Hip and Knee Core Scale] 

 

1. Lower Extremity Functional Scale (LEFS) 

 

Five studies were identified. 

 

The LEFS was developed with n=107 patients with a range of lower-extremity 

musculoskeletal conditions- these included patients with osteoarthritis but also those with 

traumatic injuries. The conceptual framework that underpinned development was based on 

the WHO’s model of disability and handicap. The aim was to develop an instrument that was 

feasible to administer and applicable to patients with a wide range of lower limb conditions.  

 

Items were derived from other instruments and a survey of clinicians and patients (n=35). 

Patients were invited to identify three important activities that were affected by their 

condition. Twenty-two items were then chosen from an initial list of 75. Levels of difficulty 

were elicited from a 5 point Likert scale: zero representing ‘extreme difficulty’. Item 

reduction was conducted with n=57 patients by item-total correlations and internal 

consistency analysis; resulting in 20 items with a maximum score of 80 indicating high levels 

of functioning. 
50

 

 

Internal consistency was further supported (Cronbach’s alpha 0.96) in n=107 patients with 

lower limb musculoskeletal conditions.  Test-retest reliability ICCs ranged from 0.86 and 

0.94 within the same sample of patients  

 

Construct validity was supported by strong correlations between the LEFS and SF-36- 

Physical Component Summary scores but weak correlations with Mental Component scores 

as hypothesised.
50

 

 

Convergent validity was explored in a study of n=85 patients undergoing TKR or THR which 

reported that scores from the WOMAC and LEFS and a performance based test differed in 

levels of improvement and deterioration. The self-reported measures appeared to be 



measuring experiences associated with PF whereas the performance measures reflected the 

ability to perform the activity. Pain was the principal determinant of the WOMAC PF and 

performance measures were strongly associated with LEFS.
51

 Some support for including 

performance based measures as well as patient-reports are provided here, as performance 

based measures were more sensitive to change at different time trajectories, although both 

measures were found to be reflecting different functions (experiences and ability 

respectively). 
52, 53

 

 

Estimates of the Minimally Clinically Important Difference were derived based on prognostic 

ratings reported by clinicians who were blind to patient ratings. MCID was estimated at 10 

scale points. The LEFs sensitivity to change was shown to be superior to the SF-36.
50

 

 

The LEFS was more sensitive to change than the WOMAC Functional Scale in a study of 

n=102 patients under-going either THR or TKR (estimated with SRMs-LEFS SRM 1.62 vs. 

WOMAC PF 1.56). Time points for follow-up assessment were within 16 days of surgery and 

20 days later. These short time points were selected based on hypotheses that there would be 

negative changes in functioning in the first assessment postoperatively and positive changes 

by the second measurement (Stratford et al., 2004).
54

 

 

2. Western Ontario and McMaster Universities Osteoarthritis Index 

(WOMAC) 

 

A total of twenty-five articles evaluating the WOMAC are included in the review; some for 

both knee and hip osteoarthritis. 

 

The WOMAC items were developed in Australia primarily with input from professionals; 

after which, fifteen patients assessed comprehensibility and feasibility. Further evaluation 

was carried out with 100 patients with osteoarthritis of the hip or knee. Prevalence, 

importance and frequency of each type of discomfort and disability was assessed and 

disaggregated for each domain assessing Pain, Stiffness and Physical Function (PF).
55

 There 

are n=24 items (Pain 5; Stiffness 2; Physical Function 17). Scores are obtained on a 5 point 

Likert scale or a 100mm VAS. Scores per dimension are summated with the higher scores 

representing greater burden (Pain 0-20; Stiffness 0-8; Physical Function (PF) 0-68). Reversed 

scores are standardized to 0-100 The VAS scores are summated with maximum scores 



obtained on the VAS (Total score 96): Pain 0-20; Stiffness 0-8; Physical Function 0-68. It is 

available in 65 languages. 

 

Knee 

 

Recall of preoperative pain and functional status was explored with n=862 patients 

undergoing TKR 3 months post-surgery. Poor to fair agreements was observed (weighted 

kappa 0.20 to 0.41). Patients recalled significantly more pain than they had reported 

preoperatively; scores for Pain (61%) and Functioning (50%) differed by 10 points.
56

 The 

authors suggest that using recall data to derive preoperative status should be aware of these 

limitations.  

 

Construct validity is supported with moderate to strong hypothesised correlations of scores on 

WOMAC with similar constructs on other measures (SF-36 PF- 0.70, HAQ- 0.68) and 

statistically significant score differences were reported between those with mild/moderate 

disease vs. severe in a rheumatology clinic.
57

 

 

Discriminant validity of the WOMAC was supported in a cross-sectional survey of the 

general population; those who had received TKR in the last 2-7 years reported less disability 

and pain attributed to arthritis and those with knee disability and pain due to arthritis.
58

 

Further discriminative validity was demonstrated in a large multi-centred study, n=860 

patients (50% from the UK); pre-operative scores for the WOMAC for Pain and PF were 

significantly worse for patients in the UK. The authors explain this as the longer waiting 

times for surgery and subsequent disability in the UK compared to other countries in the 

study (US and Australia). Other factors were also suggested; willingness to seek treatments 

and surgery and cultural differences. However, this was replicated in scores at 1 and 2 year 

follow-up. Preoperative scores for women in all countries were significantly worse than men 

as hypothesised; this was not sustained at 1 and 2 year follow-up.
59

 

 

Predictive validity was explored in the study by Lingard. WOMAC pre-operative Pain and PF 

were the strongest determinants of Pain and PF at follow-up. Those with low scores (worse 

disability) although reporting clinically significant improvement (determined by differences 

in scores of 9-12 for overall scores) scores were lower  than those with better health status 

pre-operatively.  Patients with preoperative scores in the lowest quartile (<34) were four 



times more likely to have a PF score of ≤ 60 (OR, 4.12) at 2 years’ follow-up than those with 

preoperative PF scores of >35. 

 

Responsiveness was reported for the WOMAC VAS by calculating paired t-tests of 

differences in scores pre and post-TKR (3 and 6 months) of n=71 patients; t –Values were 

greater for the WOMAC than physical functioning tests, Time Trade Off and the SF-36. 

Results were similar for the Knee Society clinical rating scale.
60

 Further support is provided 

with SRMs for each WOMAC domain ranking higher than other measures (generic and 

HAQ); SRMs for WOMAC Pain- 1.03, PF 1.06. Other measures SRMs were less than 1.0.
57

 

 

Clinically important difference (CID) was explored with n=1578 patients one year following 

TKR. The Likert version was evaluated and scores reversed and standardized to 0-100.  A 

fifteen point Transition Rating Scale (TRS) for Pain and Physical Function was applied to 

determine CIDs. A ‘good deal better’ defined a positive CID. Positive CIDs for 36 of 100 for 

Pain and 33 of 100 for PF.  A Validation Threshold CID (VCID) was determined applying 

verbal ratings of willingness to undergo the surgery again (yes, uncertain and no). VCIDs 

were 31 for Pain and 26 for PF.
61

 

 

High completion rates and response rates have been reported and no floor or ceiling effects.
57

 

 

Hip 

 

Reproducibility was explored with n=78 patients at baseline and six months post THR; test 

re-test time period at each assessment was 2 weeks. ICCs ranged from 0.62 (Stiffness) to 0.97 

(PF).
30

    

 

Recall of preoperative QOL scores was evaluated with WOMAC, OHS and SF-12 with n= 

104 patients undergoing THR. Recall time points were 3 days, 6 weeks and 3 months. 

Correlations and ICCs were >0.78 for Pain and PF but less overall for Stiffness. Results were 

slightly better for the OHS. Both disease-specific measures were marginally better than the 

SF-12 with computation of Spearman’s correlation coefficients than ICCs.
14

 

 

Construct validity is supported with hypothesised correlations of scores on the WOMAC and 

other disease-specific measures and SF-36 PF scales; correlation coefficients were moderate 



(0.31 to 0.70) for hypothesised similar domains. Further support is provided with strong 

correlations between WOMAC and Oxford Hip Scores (Pain: >0.8; Function >0.71) and 

moderate correlations with SF-12 PF (>-0.60).
30,15

 

 

Responsiveness was evaluated and indices ranked for several instruments including other 

disease-specific measures (PASI, MACTAR and Harris Hip Score) and the SF-36 in Wright 

&Young. (1997). 
30

 The WOMAC indices were no higher in ranking than other specific 

measures but greater than the SF-36. Responsiveness was estimated with comparative SRMs 

for OHS, WOMAC and SF-12; The SRMs were higher in the OHS compared to the others 

(SRMs for OHS 1.58 to 2.05 Vs. 1.34 to 1.81 for the WOMAC).
15

 Both were more 

responsive than the SF-12. 

 

 

Clinically important difference (CID) was explored with n=1131 patients one year following 

THR. The Likert version was evaluated and scores reversed and standardized to 0-100.  A 15 

point Transition rating scale for Pain and Physical Function was applied to determine CIDs. 

A ‘good deal better’ defined a positive CID. Positive CIDs were 41 of 100 for pain and 34 of 

100 for PF. A validation Threshold CID (VCID) was determined applying verbal ratings of 

willingness to undergo the surgery again (yes, uncertain and no). VCIDs were 36 for Pain and 

43 for PF.
61

 

 

Ceiling effects were observed for the WOMAC post-surgery: Pain 38%, PF 14%, Stiffness 

28%.
15

 

 

Different methods of administration (platforms) were evaluated in sixty-six patients, either 

pre or postoperatively, in Shervin et al. (2011); paper, touch-screen and web-based versions.
62

 

All administrations were conducted in the clinic. Strongest correlations ( >0.88) were 

amongst the web-based and touch-screen methods however, unlike the paper-based version, 

these applications did not allow patients to move forward to another page without full 

completion. Correlations between paper vs the touch-screen version ranged from 0.68 to 0.77, 

paper vs. web-based 0.69 to 0.81. In addition, no significant differences were found between 

scores and methods. 

 



Imputation methods to address missing data was explored in data from n=2062 patients 

scheduled for THR. Expectation Maximisation method (EM) and WOMAC method- standard 

mean imputation. Results suggest that the EM method is more accurate and imputes data to 

create a complete data set.
63

 

 

Both knee and hip 

 

Internal consistency of the sub-scales using the VAS responses was supported to some extent 

in Kersten et al, (2010): Pain- alpha 0.82, PF- 0.96 and Stiffness- 0.80.
64

 Unidimensionality 

was demonstrated for Pain and PF and absence of DIF over time supported targeted items for 

the population of patients’ pre and post arthroplasty for both scales.  

 

Rasch analysis of the Pain and PF scales supported unidimensionality of the scales; data was 

derived from two sample of people with osteoarthritis of the hip and knee (n=773) and pre 

and postoperative THR and TKR (n=1151) (Davis et al., 2003). Further analysis based on 

Differential Item Functioning (DIF) revealed that a reduction of items for Pain (3) and PF 

(14) improved the fit to the Rasch model and provides stable results over time and has 

interval properties. 

 

The WOMAC discriminated between patients receiving THR or TKR with mean 

improvement scores (raw and adjusted) more pronounced for the hip replacement group at 

each follow-up period (3, 6, 9, 12 months).
65

 This was further supported in a study by Bourne 

et al. (2010) with WOMAC score significantly better with patients receiving THR than TKR 

(p=0.0001).
66

 This was correlated further with greater satisfaction and ‘willingness for 

surgery’ respectively.   

 

Convergent and known-groups validity was supported in a study by Gill et al. (2012).
67

 Here, 

N=82 people on the waiting list for THR or TKR were evaluated with WOMAC PF scale, 

SF-36 (PF, PCS), Patient Specific Functioning scale and performance tests. Significant 

correlations were observed for all measures (0.37 to 0.74). Known-groups validity was 

demonstrated with significantly different scores for people using a walking aid to those 

without (p=0.02).  

 



Convergent validity was also explored in a study of n=85 patients undergoing TKR or THR 

which reported that scores from the WOMAC and LEFS, and a performance based test 

differed in levels of improvement and deterioration. The self-reported measures appeared to 

be measuring experiences associated with PF whereas the performance measures reflecting 

the ability to perform the activity. Pain was the principal determinant of WOMAC PF and 

performance measures were strongly associated with LEFS.
51

 Further support for including 

patient-reports with performance based measures: performance based measures were more 

sensitive to change at different time trajectories and that both measures are reflecting 

different functions (experiences and ability respectively). 
52, 53

 

 

The WOMAC Pain sub-scale was evaluated with other pain-specific measures including SF-

36 BP, McGill Pain Questionnaire-SF in 200 patients on the waiting list for THR or TKR. 

Stronger correlations were observed for WOMAC Pain and SF-36 BP (0.70)  than for the 

MPQ-SF (0.36)  suggesting that the MPQ captures a more complete quantification of the pain 

experience.
68

  

 

Responsiveness was estimated by calculating the Relative Efficiency (RE); Pain and Physical 

Function domains of the WOMAC and SF-36 were compared. The RE for the WOMAC was 

greater than for the SF-36 for all follow-up periods (RE > 1.0) except for the PF domain for 

the THR group (RE-0.99). The Pain domain had the highest relative efficiency for TKR 

group (RE 1.94).
65

 Further evidence of responsiveness was reported with higher ranked 

SRMs for the WOMAC PF scale (0.7) compared to other specific measures (0.55), SF-36 

)0.2) and performance measures (50FTW 0.45).
67

 

 

The WOMAC was not found to be more sensitive to change, as hypothesised, than the Lower 

Extremity Functional Scale in a study of n=102 patients under-going either THR or TKR 

(LEFS SRM 1.62 vs. WOMAC PF 1.56). Time points for follow-up assessment were within 

16 days of surgery and 20 days after that. These short time points were selected based on 

hypotheses that there would be negative changes in functioning in the first assessment 

postoperatively and positive changes at the second measurement.
54

 

 

Responsiveness of the ordinal VAS scaled responses and interval level VAS illustrated that 

the SRMs were lower for the interval transformed data (SRMs 0.34 to 0.37) than raw ordinal 



data (SRMs 0.43 to 0.55). The authors suggest that using the raw ordinal VAS data runs the 

risk of misinference regarding the magnitude of change.
64

  

 

Minimal Clinical Important Differences (MCID) in scores have been estimated in a German 

sample; Pain- 13.4 points, PF-11.9 points).
69

 These were applied to evaluate predictors of a 

good outcome following TJR (n= 69 THR, n=133 TKR). Other cut-off values for scale scores 

were also applied for hip (Pain ≥35; PF ≥34) or knees (Pain ≥32, PF ≥31).  The calculated 

MCID for the summary score was 9.2 point improvement (53 % of patients met the a priori 

MCID criterion for a good outcome. Applying the MCID criterion, regression analysis 

estimated the probability of a good outcome was greater for those with a worse pre 

arthroplasty summary score, fewer troublesome joints and less comorbidity (adjusted RR 

1.32 per 10 point increase).
70

 

 

Analysis of web-based versus paper administration was evaluated in a small sample of 

patients one year post TKR or THR (n=53).
71

 Patients were randomly allocated to each 

method for completion in the clinic and one week later completed the other method at home 

(returning paper based by post or logging on to web-based version). Significant correlations 

were observed between each method (>0.93) and ICC for re-test >0.96).  

 

Mobile phone administration (mWOMAC) Vs. Paper based (pWOMAC) completion was 

evaluated with n=50 patients pre and 3 to 4 months post joint replacement surgery. Mode of 

administration was randomly allocated to patients in the clinic. Following a ten minute break 

with video of non-arthritis related content, the other mode was administered. There were no 

significant differences in scores for each mode both detecting clinically significant 

improvements in each domain. Internal consistency (Cronbach’s alpha 0.84 to 0.97) and 

construct validity was supported for the mWOMAC with strong hypothesised correlations 

supported (>0.9).
72

 

 

 

3. Short-version WOMAC 

 

Item reduction of the full version was carried out by clinical experts from the US and UK; 

including items that they considered important to detect change after surgery, what they 

considered mattered to patients and a broad spectrum of activity items.
73

 The Physical 



function items (n=17) only were used and the short version contained seven of the original 

items. Preoperative and postoperative (3, 12 and 36 months) data from full WOMAC scores 

of TKR patients (n=862) and THR (n=716) were further analysed with scores from the 

reduced item set. Internal consistency was >0.87 for each measurement period. Significant 

correlations between scores of the full version and the SF were observed for both THR (0.97) 

and TKR (0.96) and no significant differences in mean scores for the full version compared 

with the reduced item set. Convergent validity was supported with moderate correlation 

between short-version WOMAC and Harris Hip Score for THR (0.69) and Oxford Knee 

Score (0.72) and Knee Society function score for TKR (0.45).  SRMs for both versions of the 

WOMAC were similar suggesting equivalent responsiveness. Correlations between the 

change scores and patients perceived change for both versions were not significantly 

different.  

 

Further evaluation of shortened versions of the WOMAC has been examined.
54

 Two eight-

item Physical Function scales were abstracted from the WOMAC 17 item PF scale ; the Pain 

scale (SIMILAR-9) and 8 items avoiding overlap (DISSIMILAR-8). The factorial validity of 

the WOMAC has been challenged in previous studies; it is apparent that there are 

overlapping or duplicate items on the Pain and Physical functioning scale. Two samples of 

patient data were evaluated: n=310 patients waiting for hip or knee arthroplasty and n=104 

patients 16 days post arthroplasty.  Hypotheses focused on exploring whether the overlapping 

items on the Pain and PF sub-scale account for the lack of sensitivity to detect change. 

 

Factorial structure of the SIMILAR-8 was not supported but it was for the DISSIMILAR-8. 

Responsiveness was supported for the DISSIMILAR-8 but not for the SIMILAR-8. The 

authors conclude that these finding support the hypothesis that the overlapping items play a 

causal role in limiting the PF scale in detecting change.
54

 

 

 

4. Lower Limb Core Score/Scale (LLCS)/also called AAOS Lower Limb Core 

Scale 

 

One article evaluating the LLCS was appraised, but this included no patients undergoing knee 

arthroplasty.
74

 

 



Initial items developed following literature review and consensus building (‘modified 

nominal group technique’) involving a small work group of clinicians representing the 

American Academy of orthopaedic surgeons (AAOS), and health services researchers, with 

expertise in hip and knee, and foot and ankle problems; pediatric disorders and sports injuries 

to the knee (knee ligament injuries, meniscal tears and patellofemoral disorders). Participants 

asked to focus on patient-oriented outcomes that were realistically expected to be affected by 

medical and surgical interventions.
74

 A list of domains resulted that informed item content, 

with wording drawn chiefly from pre-existing measures. A long form (21 items) was field 

tested in a survey: distributed to a total of 290 subjects, with a variety of conditions affecting 

lower limbs, recruited from the practices of 20 physicians. Response rate 205/290, 71%, but 

unclear if this rate applied to LLCS specifically, as 4 questionnaires were assessed in the 

same study. One-year follow-up obtained just 5 completed LLCS questionnaires. Item 

reduction (to 7 item summated scale) was guided by principal components analysis and 

interests of minimising respondent burden. In the context of this survey, reasonably good 

evidence of internal reliability (alpha=0.82) and retest reliability (n=48 at 24 hours; r=0.91) 

was obtained. Evidence of convergent validity included moderate to high correlations 

(r>0.49) with physician- assessed pain and function, WOMAC, relevant SF-36 subscales 

(Pain, Physical function, Role physical).
74

 

The AAOS Lower Limb Core Scale (7 items) addresses pain, stiffness, swelling and function 

affecting the lower limbs, (without attributing symptoms to any particular lower limb joint).
74

 

The Lower Limb questionnaire can be used to assess non-specific general lower limb 

problems or as a general instrument for all patients in a practice that sees a large number and 

wide variety of lower limb complaints, and measures a core disability index.
75

 

 

5. Musculoskeletal Outcomes Data Evaluation and Management System hip 

and knee core scale (MODEMS-HK) 

 

One article evaluating the MODEMS-HK with patients undergoing hip (n=406) or knee 

(n=266) arthroplasty was included regarding validity and responsiveness.
46

 Details regarding 

the measure’s development (where referred to as the Hip and Knee Core Scale) taken from 

one other paper.
74

 

 

Initial items developed following literature review and consensus building (‘modified 

nominal group technique’) involving small work group of clinicians representing the 



American Academy of orthopaedic surgeons (AAOS), and health services researchers, with 

expertise in hip and knee problems (including rheumatoid arthritis and osteoarthritis), asked 

to focus on patient-oriented outcomes that were realistically expected to be affected by 

medical and surgical interventions. A list of domains resulted that informed item content, 

with wording drawn chiefly from pre-existing measures. Patients, with a range of conditions 

affecting the hip or knee, were asked, in a subsequent cross-sectional survey, whether the 

questionnaires addressed their concerns and no unaddressed issues were identified by this 

open-ended question.
74

 

MODEMS-HK (/AAOS Hip and Knee Core Scale) is identical to the AAOS Lower Limb 

Core Scale (7 items) addressing pain, stiffness, swelling and function, but with attribution of 

symptoms to the right or left hip or knee.
74

 Designed to measure hip or knee pain and overall 

impact of a pathological condition on daily function. 

 

Moderate to strong support for construct (and convergent) validity comes from comparisons 

(using 6 and 12 month post-arthroplasty data) between MODEMS-HK scores and SF-36 

physical function, bodily pain and social function scales (hip: PF r=0.64, BP r=0.67, SF 0.51; 

knee: PF r=0.48, BP r=0.63, SF r=0.43), while correlations were low to moderate with SF-36 

role physical and vitality domains (hip: RP r=0.38, V r=0.42; knee: RF r=0.35, V r=0.34). 

These findings were all broadly in line with a priori hypotheses.
46

 

 

Evidence of responsiveness (and discriminant validity) for the MODEMS-HK scores includes 

comparisons of standardised response means (SRM) with SF-36 Physical and Mental 

Component Summary Scores at 6 months post-arthroplasty, where the SRMs for the 

MODEMS-HK (hip 1.7, knee 1.2) were suitably high, although barely higher than for the SF-

36 (hip: PCS 1.5 MCS 0.3; knee: PCS 1.1, MCS 0.2).
46

 

 

Regarding the precision of the MODEMS-HK, no information has been reported on minimal 

change values. However, in one study, the existence of possible ceiling effects, (i.e. the 

inability of scores to detect top-end (least severe/good) differences), in post-operative 

assessments for the MODEMS-HK were mooted (less so for the knee than for the hip at 6 

months, but similar by 12 months post-surgery) and then examined, along with similar 

findings for the WOMAC, OKS and OHS.
46

 However, the authors concluded that, based on 

their evidence, the skew of post-operative scores towards the top end did not represent a 

ceiling effect, because all but a tiny minority of patients with top MODEMS-HK (OKS, OHS 



and WOMAC) scores reported that their knee or hip felt normal, or had ‘no room for 

improvement’ at 6 months post-arthroplasty. The authors’ interpretation of this finding was 

that, in the majority of patients, the high scores represented true perceptions of the outcome, 

not a reflection of the instrument.  

Regarding acceptability/feasibility, the only evidence comes from response rates, which 

appeared to be 100% at 6 months for both hip and knee arthroplasty recipients, then 53% and 

41% respectively at 12 months (although at 12months, it is not clear if this was the proportion 

of all eligible, or just related to those having so far reached 12 months). The method of data 

collection was not described.
46

 

 

Ceiling effects have been reported for the Hip Core with 36% of patients scoring 95 points or 

more at six months follow-up.
46

 Less ceiling effects were observed for the Knee Core 

although data was positively skewed to the right. These effects were greater at 12 months 

follow-up. 

 

 

 

Pain PROMs evaluated 

Three pain instruments, which have been evaluated in patients undergoing hip or knee 

replacement surgery, were identified in this review: 

1. Intermittent and Constant OA Pain Measure (ICOAP) 

2. Pain 4 (P4)  

3. McGill Pain Questionnaire-SF 

 

1. Intermittent and Constant OA Pain Measure (ICOAP) 

No appropriate validation reports on patients undergoing knee or hip replacement surgery 

could be found. One article evaluating the ICOAP in patients undergoing knee replacement 

surgery was identified.
76

 The sample sizes in this study were below the minimum sample size 

threshold of 50 (THR=34, TKR=44). In addition to this, two developmental articles were 

considered.
77, 78

 

The ICOAP was developed to measure two types of pain: constant and intermittent, in 

patients with knee or hip OA. It consists of 11 items in 2 subscales: Constant pain (5) and 



Pain that comes and goes (6). Scores are obtained from a 5 point Likert scale with 

standardised scores ranging from 0-100 (0=severe symptoms); scores are per subscale and 

overall scale.  

The ICOAP items were devised using focus groups with 143 participants, at various stages of 

their OA progression (52 hip, 91 knee). The validation of the ICOAP was performed on the 

sample (n=100) of patients with varying stages of hip or knee OA disease (aged 40 or over).  

In the validation study, the sample included seven out of 100 recruited patients who were on 

the waiting list for hip/knee replacement surgery. Therefore, the results of these studies are 

considered (although they are limited). 

The preliminary validation study examined the test retest reliability (ICC, type 2) using a 48-

96 hour recall.
78

 The ICC was calculated on a combined sample of hip and knee patients 

(n=76) who declared that they did not experience any change in pain in the recall period. The 

reported ICC was 0.85. Cronbach’s alpha was 0.95, 0.93 and 0.93 for the hip, knee and 

combined samples. Cronbach’s alpha was above 0.85 for subscales in the overall sample and 

for the knee and hip subsample. 

Convergent validity was demonstrated with very strong correlations (r=0.81,p <0.001) with 

the WOMAC pain subscale, strong correlations with the self-reported quality of life (on a 

combined sample), and strong correlations with the KOOS Symptoms subscale (on the knee 

subsample).
78

 There was a negative weak correlation (-0.154, p=0.145) of intermittent pain 

subscales with the Late Life Function and Disability instrument, which was not consistent 

with authors’ a priori hypotheses.
78

 

 

2. P4 

One subsequent validation study, with combined hip and knee samples was included.
52

  

P4 is a four item measure of pain intensity. It was developed in two stages.
79

 The first stage 

included item generation, item scaling, and item reduction. The second stage included 

assessment of its measurement properties. The items were generated from four sources 

(existing pain scales, patients undergoing physiotherapy, physiotherapists, and academics). 

The second stage included assessment of its measurement properties on a community sample 



from five outpatient physiotherapy clinics in Ontario, Canada (n=108) at various stages of 

physiotherapy treatment process.  

P4 consists of four items asking about pain intensity with 11 point numerical response 

options. The summary scale ranges from 0-40 (0= no symptoms).  

In the subsequent validation study, a sample of convenience of 117 patients at their 

preoperative visit was included (hip and knee replacement).  

Cronbach’s alpha of the 4 item questionnaire was 0.93. P4 demonstrated reasonable fit to a 

one factor model (CFA) (ᵡ
2
= 3.23, p=0.2).  

Convergent validity of P4 was supported by its strong correlation with WOMAC pain score 

(r=0.67), and lesser correlation with the WOMAC Physical Function score (r= 0.6). The SEM 

was 2.7 points. 

 

 

 

3. McGill Pain Questionnaire-SF 

Two studies with a mixed sample of patients undergoing hip /knee replacement surgery were 

included in the review. 

The McGill pain questionnaire consists of 15 descriptors (4 affective and 11 sensory). Scores 

are obtained from a 4 point Likert scale, with three pain scores: Sensory descriptors (11), 

Affective descriptors (4), and the total of the descriptors. In addition, the instrument contains 

the Present Pain Intensity item and the Pain VAS.  

Melzack and Torgerson started developing the McGill pain questionnaire with trying to 

classify the 102 words to describe pain qualities, out of which 44 words from a previous 

study complimented it with additional words from the literature and patients.
80,81

 The words 

were classified into 3 major classes and 16 subscales. The second part of the study 

determined the pain intensities in each subclass with patients, clinicians, and students. A 

study on 297 patients suffering from pain due to various health problems  examined the 



correlations between the subscales and the use of the measure to define the effect of a 

hypnotic training and alfa-feedback training for several clinical pain syndromes.
82

  

Test-retest reliability at five days was subsequently assessed in a sample of patients awaiting 

hip and knee arthroplasty.
83

 The ICC’s ranged from 0.75 (current pain) to 0.96 (total sensory 

and affective score). 

Furthermore, responsiveness was evaluated on a sample of patients following general surgical 

and orthopaedic procedures (the number of patients undergoing orthopaedic procedures was 

not reported). Effect sizes were compared between four groups of patients on different 

pharmacological pain medication regimes. It was found that the MPQ is not as sensitive to 

change as VAS Pain or self-reported items of change in patients who were administered pain 

relief following surgery.
84

 

 

 

Utility PROMs evaluated 

Four utility instruments, which have been evaluated in patients undergoing hip or knee 

replacement surgery, were identified in this review: 

1. European Quality of Life Questionnaire (EuroQol; EQ-5D) 

2. Short Form 6D (SF-6D) 

3. Health Utilities Index Mark 2 & 3 (HUI2 & HUI3) 

 

1. EQ-5D 

Nine eligible studies were included in the review. 

EQ-5D consists of 5 items/domains with 3-5 categorical levels for each item/domain. In 

addition, the instrument contains a general health VAS (0-100, 0=best health) item. EQ-5D 

can be interpreted in a form of an index score ranging from -0.59 to 1 (1= perfect health) or in 

a form of 243 unique health states.  

EQ-5D was initially developed by the EuroQol Group. The group used literature review to 

develop a measure which was a 6 domain system, with two or three categories within each, 

comprising of 216 theoretical health states. Scaling and values were derived using data from 



a postal survey based in UK (random sample of GP patients=310), Netherlands (random 

general population sample=77), and Sweden (random general population sample=208).
85

 

Hip and knee 

The correlations between the EQ-5D and OKS/OHS scores in patients undergoing hip/knee 

replacement surgery were weak for preoperative and change scores and moderate to strong 

for postoperative scores.
11, 86

 However, studies have demonstrated that the EQ-5D utility 

index can be mapped to the OHS and the OKS with a very good degree of precision, which 

would allow the estimation of EQ-5D if only OKS/OHS scores were available.
87, 88

 In a study 

of 233 patients on a waiting list for hip and knee replacement surgery, the EQ-5D 

demonstrated weak correlation with the Hip and Knee replacement Priority Criteria Tool 

Priority Criteria Score (PCS) (r= 0.26 between the EQ-5D-VAS and PCS and r=0.33 between 

EQ-5D and PCS).
89

  

 

Hip  

There were no major differences between paper and an electronic version (touch screen or 

web based) of the EQ-5D in a study of 66 patients undergoing hip arthroplasty.
62

 The 

correlations between paper and touch screen version of the EQ-5D index were 0.84, the 

correlations between paper and web based EQ-5D were 0.85. 

In a study of 512 patients undergoing hip replacement surgery, the MID values for this 

procedure has been estimated.
20

 The authors defined the MID as the mean change in score in 

patients who reported to be “a little better” minus the mean change in score in patients who 

reported to be “about the same” at 6 months post-operation. In patients undergoing hip 

replacement surgery the MID for the EQ-5D was 0.13. Furthermore, the mean change in the 

group of patients undergoing hip replacement and reporting to be “a little better” was 0.31 

(SD 0.27). 

 

Knee 



The EQ-5D index demonstrated ability to distinguish between groups of patients attending 

rheumatology clinics (n=112), with different preoperative OA severity (clinical assessment of 

mild/moderate vs severe).  

The ES was 0.79 between the two groups for the EQ-5D index, but 0.27 for the VAS).
57

 

Furthermore, the EQ-5D index was not able to significantly distinguish between patients with 

and without self-reported comorbidities in patients with various stages of knee OA (ES= 

0.32, p=0.14), unlike the EQ-5D VAS (ES=0.7, p=0.0).  In a group of patients undergoing 

knee replacement surgery the EQ-5D index was able to distinguish between these two groups 

(ES= 0.62, p=0.01), this was also the case for the EQ-5D VAS (ES=0.64, p=0.0). The EQ-5D 

and was also as responsive as the SF-36.  

The EQ-5D Rating scale performed poorly on responsiveness in patients undergoing knee 

replacement surgery, compared to the EQ-5D index. In this group of patients the SRM was 

0.56 for the EQ-5D index and 0.01 for the EQ-5D VAS. However, the EQ-5D VAS was more 

responsive than the EQ-5D index in patients with knee OA, not listed for surgery (SRM 0.42, 

compared with 0.2, respectively).
57

 The postoperative EQ-5D index also demonstrated strong 

correlation (r=0.629) with self-reported satisfaction with the surgery and the EQ-5D VAS 

was moderately correlated (r=0.448) with postoperative satisfaction with the surgery.
40

  

In a study of 526 patients undergoing knee replacement surgery, the MID values for this 

procedure has been estimated.
20 

The authors defined the MID as the mean change in score in 

patients who reported to be “a little better” minus the mean change in score in patients who 

reported to be “about the same” at 6 months post-operation. In patients undergoing knee 

replacement surgery the MID for the EQ-5D was 0.15. Furthermore, the mean change in the 

group of patients reporting to be “a little better”, who were undergoing knee replacement, the 

mean change in EQ-5D was 0.23 (SD 0.29). In patients undergoing knee replacement 

reported response rates were about 80% 
40, 57

.  

EQ-5D index or VAS did not seem to exhibit floor and or ceiling effects at baseline in 

patients listed for knee replacement surgery (only 0.9% participants had top EQ-5D VAS, no 

patients had top or the bottom EQ-5D index, not bottom EQ-5D VAS).
57

 

 

2. Short Form 6D (SF-6D) 



One eligible study with patients undergoing hip arthroplasty was included in the review. 

SF-6D is a preference-based measure, derived from 11 items from the SF-36, for use in 

economic evaluations. SF-6D has six following domains: Physical functioning (3), Role 

participation (2), Social functioning (1), Bodily pain (2), Mental health (2), and Vitality (1). 

Scores are obtained from 4-6 point Likert items with an index score ranging from -0.59 to 

1.00 (1.00 = perfect health). 

Responsiveness of the SF6D was examined in 86 patients undergoing total hip arthroplasty. 

The SF6D had larger effect sizes and SRM than the SG (ES=1.06 and ERM=4.24 for the 

SF6D, compared to ES=1.06 and SRM=1.16 for the SG). Furthermore, the SF6D had similar 

ES as HUI2 (1.10) and HUI3 (2.96), larger SRM than HUI2 (2.96) and lower SRM than 

HUI3(5.38).
90

 

At baseline, a floor effect of was evident in social (30%) and mental (33%) domains.
90

 

 

 

3. Health Utilities Index Mark 2 & 3 (HUI2 & HUI3) 

Four eligible studies with patients undergoing hip replacement surgery were included in the 

review.  

HUI2 consists of 7 items, each consisted of a 3-5 levels: Sensation (4 levels), Mobility (5 

levels), Emotion (5 levels), Cognitive (4 levels), Self-care (4 levels), Pain (5 levels), Fertility 

(3 levels).  HUI2 can be interpreted in a form of an index score ranging from -0.3 to 1.00 

(1.00=perfect health) or as a health profile with 24 000 unique health states.  

HUI3 consists of 7 items, each consisted of a 5-6 levels: Vision (6 levels); Hearing (6 levels); 

Speech (5 levels); Ambulation (6 levels); Dexterity; Emotion (5 levels); Cognition (6 levels); 

Pain (5 levels).  HUI2 can be interpreted in a form of an index score ranging from -0.366 to 

1.00 (1.00=perfect health) or as a health profile with 972 000 unique health states.  

HUI2 was initially developed for a specific application in childhood cancer, with a view of 

wider utility. The study interviewed parents of children with cancer (n=59) and a parent from 

similarly aged children from the general population (n=239).
91

 HUI3 scoring system was 



developed on a general population survey (n= 256 for the modelling survey and n=248 for the 

direct survey) to be applicable in both clinical and general population studies.
92

 

One study examined the validity of HUI2 and HUI3 in 114 patients undergoing hip 

replacement surgery for hip OA.
93

  

The authors tested 87 a priori hypotheses about the relationship of HUI2 and HUI3 with the 

WOMAC, MACTAR, HUI2, STAI, SF-36 and 6-minute walk test. Overall, there was 

moderate evidence supporting the validity of HUI3 in patients with OA undergoing hip 

arthroplasty, with 75% of a priori hypotheses about the relationship of HUI3 with other 

measures confirmed. 

Responsiveness was examined in 90 patients undergoing hip replacement surgery.
94

 HUI2 & 

HUI3 demonstrated to be less responsive than condition specific scores (such as WOMAC 

and Harris Hip score). HUI2 and HUI3 also had smaller ES after hip replacement surgery (-

1.0 and -1.19), compared to SF36-PCS (ES=-1.26), but larger than SF36-MCS (ES=-0.37) 

and SG (ES= -0.53).  The SRMs of HUI2 and HUI3 (-1.06 and -1.25) were larger than SF36-

PCS (SRM=-0.95), SF36-MCS (SRM=-0.42), and SG (SRM= -0.53). Another study that 

reported on the follow up of 103 patients undergoing hip replacement surgery (4 assessments, 

each about 5 months apart), demonstrated that HUI3 produces systematically higher results 

than HUI2 in patients undergoing hip replacement surgery.
95

  In a study on 86 patients 

undergoing hip arthroplasty HUI2 has been demonstrated to have moderate agreement with 

the SF-6D and HUI3. The ICCs for the SF-6D -HUI3 and HUI2-HUI3 were0.28 and 0.12 at 

baseline; 0.36 and 0.68 before surgery, and 0.49 and 0.82 after surgery, respectively.
93

 HUI3 

had the largest SRM compared to SF-6D, SG, and HUI2 (5.38 compared to 4.24, 0.48, and 

2.96) and had similar SF-6D and HUI2 (ES of 1.08 compared to 1.06 and 1.10), but less than 

SG (ES= 0.48) in patients undergoing hip replacement surgery.
93

 

 

 

Generic PROMs evaluated 

Three generic instruments, which have been evaluated in patients undergoing hip or knee 

replacement surgery, were identified in this review: 

1. Sickness Impact Profile (SIP) 

2. Short Form 12 (SF-12) 



3. Short Form 36 (SF-36) 

 

1. Sickness Impact Profile (SIP) 

Two studies with patients undergoing hip replacement surgery were included in the review. 

SIP consists 136 items in 12 subscales: alertness behaviour (AB: 10), ambulation (A: 12), 

body care and movement (BCM: 23), communication (C: 9), eating (E:9), emotional 

behaviour (EB: 9), home management (HM10), mobility (M: 10), recreation and pastimes 

(RP: 8), sleep and rest (SR: 7), social interaction (SI: 20) and work (W: 9). Scores are 

obtained from items with dichotomous (yes/no) response options. SIP can be reported as a 

domain profile, ranging from 0-100 (100=worst symptoms). The domains are scored as 

follows: Physical function:  a summation of A, BCM, and M; Psychosocial function (SIP-

PsychF): AB, C, EB, and SI; the five remaining categories are scored independently. 

The 136 item version of SIP was originally developed in the USA on a sample of 

rehabilitation medicine patients, speech pathology patients, outpatients with chronic 

problems, and group practice enrolees (overall n=278)   as a broad measure of self-assessed 

health-related behaviour.
96

 

The performance of SIP has been subsequently examined in the population of patents 

undergoing hip arthroplasty (n=54 in the study by Katz, n=54 in the study by Stucki).  

SIP correlates highly with other global scores of generic health measures such as the SF-36 

(r=0.78), sAIMS (r=0.73), and FSQ (r=0.82) at baseline.
97

 High correlations between SIP and 

SF-36 domains have been also confirmed in a study by Stucki, where the SIP correlated 

highly with the SF-36 global instrument (r=0.78), SF-36 Physical dimension (r=0.67), and 

SF-36 dimension (r=0.7).
98

  

It is has been demonstrated that the SIP is less responsive than the SF-36, sAIMS, and FSQ 

(ES= 0.94, compared to 1.06, 1.25, and 1.16 respectively) in hip arthroplasty patients.
97

 SIP 

was also less responsive than the physical dimensions of the SF-36, sAIMS,FSQ, and MHAQ 

(ES= 0.88, compared to 1.26, 0.87, 1.11, and 1.33 respectively), but more sensitive than SF-

36/FSQ and sAIMS psychological dimensions (ES= 0.75, compared to 0.55 and 0.74 

respectively).
97

 A study by Stucki also found that the SIP global and physical dimensions 

were less responsive to hip replacement surgery than the SF-36 global and physical 

dimensions. SRMs (mean change/standard deviation) were 0.96 and 0.88 for SIP global and 



physical dimensions, compared to 1.06 and 1.26 for SF-36 global and physical dimensions. 

Furthermore, the correlation of SIP global and physical dimensions with the self-perceived 

improvement quality of life than global and physical dimensions of the SF-36 (0.96 and 0.88 

for SIP, compared to 1.06 and 1.26 for SF-36 dimensions). 

SIP has demonstrated significant ceiling effects at baseline on 9 of its 12 subscales in patients 

undergoing hip arthroplasty: Mobility (48%), Psychological (30%): Social interaction (48%), 

Alertness behaviour (70%), Communication (83%), Emotional behaviour (41%), Eating 

(65%), Recreation (26%), Sleep and rest (15%), and Work (44%).
98

 

 

2. Short Form 12 (SF-12) 

Three eligible studies with patients undergoing hip and knee replacement surgery were 

included in the review. 

The SF-12 was developed on a general US health sample (n=232) by using forward step 

regression to reduce the SF36.
99

 SF-12 consists of 12 items in 5 domains: Physical 

functioning (2), Role-physical (2), Bodily pain (1), General health (1), Vitality (1), Social 

time (1), Role-emotional (2), Mental health (2). Scores are obtained from 2-6 Likert scale 

items, with standardised mental and physical component summary scores ranging from 0-100 

(100= best health).  

Hip and knee replacement 

The preoperative test retest reliability (at three weeks and one week preoperatively) in 

patients undergoing hip or knee replacement was good (ICC= 0.84 Physical subscale; 0.8 

Mental subscale).
100

 

An electronic and paper version of the SF12 in patients listed for THR or TKR demonstrated 

excellent agreement: the ICC for the SF12-PCS as 0.95 (95% CI 0.92-0.97) and the ICC for 

the SF12-MCS was 0.92 (95% CI 0.86-0.95).
71

 

In a study that tested 53 patients undergoing hip and knee replacement surgery, there was no 

ceiling or floor effect.
100

 

Hip replacement 



In a study of 65 patients undergoing hip arthroplasty the SF12 Physical Component Summary 

had larger ES than mental dimensions at 3 months following surgery. However, the ES of 

SF12-PCS were smaller than the Physical dimensions of the QoR-40 questionnaire at up to 

one month following surgery, but larger after one month following surgery. 

The Minimum Detectable Changes (MDCs) at for SF12-PCS are about 12 points and the 

MDCs for SF12-MCS are about 14 points, but the mean changes up to 3 months THR were 

smaller than their respective MDCs.
100

 

Knee 

The construct validity of the SF12 in patients undergoing TKR (n=101) was confirmed by 

correlating it with the New Knee Society Scoring System (NKSS) , where it was 

demonstrated that the SF12-PCS correlates strongly weakly to strongly with items of the 

Functional Activates subscale of the NKSS (r= 0.336 to 0.600), whilst the SF12 MCS 

correlations with items on the NKSS Functional Activities subscale were very weak to weak 

(r= 0.086 to 0.308).
101

 

In a study of 67 patients undergoing knee arthroplasty the SF12 Physical Component 

Summary had larger ES than mental dimensions at 3 months following surgery. However, the 

ES of SF12-PCS were smaller than the Physical dimensions of the QoR-40 questionnaire at 

up to one month following surgery, but larger after one month following surgery.
100

 

The MDCs for SF12-MCS are about 14 points and about 9 points for the SF12-PCS but the 

mean changes up to 3 months THR were smaller than their respective MDCs.
100

 

 

 

3. Short Form 36 (SF-36) 

14 eligible studies were included in the review.  

SF-36 items were initially derived based on the literature review of most commonly used 

measures and refined and psychometrically tested on a sample of “relatively well” adult 

patients (N = 638) from those with only severe chronic medical (N = 168) and only 

psychiatric conditions (N = 163).
102, 103

  



SF-36 consists of 36 items in seven subscales: Physical functioning (10), Social functioning 

(2), Role- physical (4), Role- emotional (3), Pain (2), Mental health (5), Vitality (4), general 

health (6). Scores are obtained from a 3-6 point Liker scale items, with standardised scores 

for eight dimension scores ranging from 0 to 100 (100= best health). 

Knee and Hip 

In patients undergoing knee or hip replacement surgery (n=82), discriminant validity of the 

SF-36 Mental Health Score was supported as a low correlation (r=0.3, 95% CI -0.49 to -0.09) 

was obtained with the WOMAC Function subscale.
67

 However, the SF-12 Physical 

Functional Scale and Physical Component Summary, could not significantly differentiate 

between patients who preoperatively walked with a gait aid versus those who did not.
67

  

The reliability of different modes of administration was examined in one study (n=96 

patients). The ICCs between paper and PalmPilot versions ranged from 0.79 to 0.93 for all 

SF-36 subscales (three week retest) in patients with hip or knee pain.
104

 

 

 

Knee  

In a group of patients listed for knee replacement surgery, Cronbach’s alpha of all SF-36 

subscales was below generally acceptable threshold for unidimensional measures (<0.8).
57

 

The SF-36 had strong correlations with the corresponding WOMAC subscales in patients on 

a waitlist for the TKR (n=118). In a head-to-to head comparison, the WOMAC Physical 

functioning correlated strong with the SF-36 physical functioning and SF36 Pain dimension 

had strong correlations with the WOMAC Pain dimension and WOMAC Physical 

Functioning dimension (0.7 for both).
57

 The SF-36 PCS had moderate to strong correlations 

with the OKS-APQ pre and postoperatively of 0.564 and 0.715, respectively, in patients 

undergoing knee replacement surgery.
105

 Divergent validity of the SF-36 MCS in patients 

undergoing TKR was demonstrated with weak correlations with the OKS-APQ pre and post 

operatively of 0.231 and 0.234, respectively, and with all WOMAC dimensions 
57,105

. Seven 

SF-36 dimensions (except Mental Health) were able to discriminate between patients 

classified by their physician as having mild or moderate disease, on the one hand, and those 



with severe disease, on the other  (based on p values, resulted for mean score comparison 

between the groups).
57

 

The correlation between the SF-36 Bodily pain change scores and WOMAC pain score and 

Knee Society Pain score were weak (0.39 and 0.26, respectively).
56

 The SRM’s were also 

about half of size of the WOMAC pain score and the Knee Society Pain score.
56, 57, 106

 The 

SF36 physical functioning score performed better, with moderate correlations in the change 

scores with the WOMAC Function score and Knee Society Function Score (0.52 and 0.51, 

respectively). SRMs for the SF-36 physical function (1.1) were lower than the WOMAC 

Function subscale (1.4) and higher than the KSS Function subscale (0.8). SRMs for the SF-36 

bodily pain score (1.0) were lower than the WOMAC pain subscale (2.0) and than the KSS 

pain subscale (2.1).
56

 In a sample of patients undergoing knee replacement (n=266) the SF36-

PCS had a SRM of 1.1 (similar to MODEMS Knee Core score of 1.2) and the SF36-MCS 

had SRM of 0.2.
107

 

Interpretability of SF-36 subscales was evaluated in one study on patients undergoing knee 

replacement surgery (n=400). A Clinically Important Difference (CID) was estimated using 

the mean change score in the group of patients who said that they were “a good deal better” 

postoperatively.
108

 CIDs for SF36 subscales were: 16.7 (95%CI 15.5 to 18.0) for Physical 

functioning; 33.4 (95%CI 31.2 to 36.0) for Role Physical; 16.2 (95%CI 15.1 to 17.5) for 

Bodily pain; 15.7 (95%CI 14.7 to 16.9) for General health; 16.7 (95%CI 15.6 to 18.0) for 

Vitality; 19.9 (95%CI 18.6 to 21.5) for Social Functioning; 33.6 (95%CI 31.3 to 36.2) for 

Role-emotional; 14.1 (95%CI 13.2 to 15.2) for Mental health. 

 

 

Hip: In a study of patients undergoing hip arthroplasty (n=528), the 6 month changes in the 

SF-36 domains (Vitality and Health perception, and Mental health) were moderately 

correlated with global item of health (r=0.4, p <0.01).
109

 Another study demonstrated that, in 

114 patients with hip problems, 11 out of 15 a priori hypotheses were confirmed for SF-36 

subscales, with most evidence in favour for SF-36 Physical Function (4 out of 4) and SF-36 

Role Physical (4 out of 4) subscales and the least evidence for Vitality, Stiffness, Role 

Emotional domains (0/1) and PCS (0/1).
93

 Furthermore, Rescnick and al. tested the 

conceptual models of the relationship between physical disease and HRQOL on a sample of 



patients following THR (n=271), as measured by the SF-36, (specifically, the impact of 

HRQOL of psychosocial and recovery status) and concluded that the SF-36 may not 

comprehensively explain functional recovery status following THR (based on poor model fit 

to the data).
110

 

The mean improvement following THR in each of SF-36 was not proportional to the global 

item of perceived change. Patients who rated their health state as “not changed” at 6 months 

post operation improved on average 16 points in the Physical function domain and up to 

average of 8 points in other domains.
109

 Physical function and pain subscales demonstrated 

best responsiveness, in patients undergoing THA, but still less than the OHS. In a study of 

186 patients undergoing THR the SRMs at 6 months follow up ranged from 0.1 to 1.3 for the 

SF36 domains, compared to 2.0 for the OHS and ESs ranged from 0.07 to 2.13 for the SF36 

domains, compared to ES of 2.75 for the OHS.
19, 111

 In a sample of patients undergoing  hip 

replacement (n=406) the SF36-PCS had a SRM of 1.5 (similar to MODEMS Knee Core score 

of 1.7) and the SF36-MCS had SRM of 0.3.
107

 

Interpretability of SF-36 subscales was evaluated in one study on patients undergoing hip 

replacement surgery (n=586). A Clinically Important Difference (CID) was estimated using 

the mean change score in the group of patients who said that they were “a good deal better” 

postoperatively.
108

 CIDs for SF36 subscales were:  17.9 (95%CI 16.9 to 19.0) for Physical 

functioning; 31.1 (95%CI 29.4 to 33.1) for Role Physical; 16.8 (95%CI 15.8 to 17.8) for 

Bodily pain; 15.5 (95%CI 14.6 to 16.4) for General health; 17.3 (95%CI 16.3 to 18.4) for 

Vitality; 22.0 (95%CI 20.8 to 23.4) for Social Functioning; 33.7 (95%CI 31.8 to 35.9) for 

Role-emotional; 14.8 (95%CI 14.0 to 15.7) for Mental health. 

Floor and ceiling effects were noted. In patients undergoing THR, the Role Physical subscale 

demonstrated floor effect of 63%; Role Emotional subscales demonstrated floor (54%) and 

ceiling effect (28%); and Social Function demonstrated a ceiling effect (17%).
109

 

In patients undergoing THR (n=61), the comparison of paper, web, and touch-screen versions 

demonstrated good agreement, with correlation coefficients between the three methods of 

summary SF36 scores ranging from 0.92 to 0.97, 0.75 to 0.95 for subscales,  and 0.60 to 0.92 

for domains.
62

 

 



“Other” PROMs evaluated 

Nine “other” instruments, which have been evaluated in patients undergoing hip or knee 

replacement surgery, were identified in this review: 

1. The Kessler Psychological Distress Scale (K10) 

2. Nottingham Extended Activities of Daily Living (NEADL) 

3. Assessment of Quality of Life (AQOL) 

4. WHOQOL-BREF 

5. Aberdeen IAP 

6. Aberdeen IAP (modified) 

7. Health Assessment Questionnaire (HAQ) Disability Index 

8. Modified Health Assessment Questionnaire (MHAQ) 

9. Musculoskeletal Functional Limitations Index (MFLI) 

 

 

1. The Kessler Psychological Distress Scale (K10) 

One study with mixed sample of patients undergoing hip or knee replacement surgery was 

included in the review. 

K10 consists of 10 items. Scores are obtained from 5 point Likert scale with the summary 

scale ranging from 10-50 (40= worst symptoms). 

K10 was originally developed in 2002 as a screening scale for psychological distress using a 

postal and telephone survey.
112

 The K10 was finally obtained from the reduced set of items 

using Item Response Theory models.  

One subsequent study assessed concurrent validity of the K10 in the sample of patients 

undergoing hip and knee replacement surgery (n=205 at baseline, n=74 with both baseline 

and follow up) at 3 months post operation.
113

 

K10 correlated strongly with WHOQOL-BREF physical domain (r= -0.61) and with the 

WHOQOL-BREF psychological domain (r= -0.71).  

The measure had poor responsiveness (ES= 0.35) but did not exhibit ceiling or floor effects 

(postoperative ceiling was 12.2%) 



 

2. Nottingham Extended Activities of Daily Living (NEADL) 

Two studies with a sample of patients undergoing hip replacement surgery were included in 

the review. 

NEADL consists of 22 items in 4 subscales: Mobility (6), Kitchen (5), Domestic (5), and 

Leisure (6). Scores are obtained from a 4 point Likert scale with overall scores ranging from 

0-22 (22= no symptoms).  

NEADL was originally developed for stroke patients where a list of questions relating to 22 

activities was sent to 80 patients who were one-year post stroke. Guttman scaling procedure 

was used to reorder the ranking of the questionnaire.
114

  

Subsequent validation studies have examined its measurement properties when used with 

patients undergoing hip replacement surgery.
115, 116

 

The overall NEADL demonstrated high internal consistency (Cronbach’s alpha 0.9), with the 

subscales ranging from 0.64 to 0.87. The test retest reliability at two weeks in the 

postoperative group was also high (ICC= 0.9).  

Factor analysis demonstrated that the NEADL consists of 6 factors. There was limited 

evidence for the construct validity of the NEADL as it correlated only approximately in line 

with a priori hypotheses with SF-36 and London Handicap Scale.  

The responsiveness of the NEADL was poor. The overall score demonstrated 0.38 ES at three 

months and 0.5 ES for at 6 months. Mobility subscale had ES of 0.53 at 3 months and 0.7 at 6 

months; Domestic subscale had ES of 0.15 at 3 months and 0.11 at 6 months; Kitchen 

subscale had ES of 0.25 at 3 months and 0.38 at 6 months, and Leisure subscale had ES of 

0.6 at 3 months and 0.23 at 6 months. The postoperative changes were more evident with SF-

36, where ES was 1.0 for physical function, pain and role limitation-physical scores, and 0.6-

0.8 for the SF-36 social, energy and vitality scores, and the London Handicap Scale.
116

 Poor 

responsiveness of the NEADL in on the same set of patients was also confirmed in a previous 

study.
115

 

 

 



3. Assessment of Quality of Life (AQOL) 

One eligible study with patients undergoing hip/knee surgery was included in the review. 

The AQOL consists of 12 items in 4 subscales. Scores are obtained from a 2-4 point Likert 

items. The AQOL can be interpreted as an index score ranging from -0.04 to 1.00 (1= perfect 

health). 

The AQOL was originally developed with a general health (n=161) and community sample 

(n=138).
117

 Literature review was used to produce the initial hypothesized model of health 

related quality of life and the initial item pool was produced using feedback from the 

clinicians and researchers. The items were tested on a mixed general health hospital and 

community sample and the final items were reduced using principle component analysis, 

exploratory factor analysis, confirmatory factor analysis. 

Some measurement properties have subsequently been examined with a sample of patients 

undergoing knee and hip replacement surgery (n=279).
113

  

The AQOL has demonstrated strong correlations with WHOQOL-BREF physical domain 

(r=0.67, p<0.01), moderate correlation with the WHOQOL-BREF psychological domain 

(r=0.50, p<0.01), moderate correlation with the WHOQOL-BREF Environment subscale 

(r=0.44, p<0.01), and weak correlation with the WHOQOL-BREF Social Relationships 

subscale (r=0.33, p<0.01) at baseline.  

The AQOL demonstrated moderate responsiveness following joint replacement surgery 

(relative efficiency of 0.42, compared to WOMAC).  

 

 

4. WHOQOL-BREF 

One eligible study with patients undergoing hip/knee arthroplasty was included in the review. 

WHOQOL-BREF was developed  on a mixed sample of patients from 20 centres, situated in 

18 countries, from a longer WHOQOL-100.
118

 WHOQOL-BREF consists of 26 items, out of 

which 2 ask about overall quality of life and satisfaction, and 24 specific items. Domain 



scores are obtained from a 5 point Likert items: Physical health (7), Psychological (6), Social 

relationships (3), Environment (8). 

Subsequently, its measurement properties have been tested in patients (n=279) undergoing 

hip or knee replacement surgery.
119

  

All WHOQOL-BREF domains demonstrate acceptable internal consistency: α= 0.84 for 

physical domain, α= 0.81 for psychological domain, α= 0.76 for social relationships domain, 

and α= 0.80 for environmental domain. 

The WHOQOL-BREF scores correlated with the WOMAC, AQOL, K10, and MHAQ. As 

hypothesised, the WHOQOL-BREF Psychological domain correlated most strongly with the 

K10. It was also hypothesized that the WHOQOL-BREF physical domain will correlate most 

strongly with the WOMAC physical function scale, however the strongest correlations were 

with the AQOL, K10, and MHAQ and less for the WHOQOL-BREF.  

Responsiveness was assessed by comparing relative efficiency of the WHOQOL-BREF 

responsiveness with the WOMAC physical subscale. The WHOQOL-BREF physical 

subscale performed better than AQOL and K10 (RE=0.50 compared to 0.42 and 0.08, 

respectively), but no better than MHAQ (RE=0.55) and WOMAC pain (RE= 0.98) and 

stiffness subscales (RE= 0.66). The WHOQOL-BREF psychological, environmental 

domains, and the relationship domain had small effect sizes (ES of 0.42, 0.13, and 0.43), 

compared to the WHOQOL-BREF Physical domain (ES= 0.98). 

None of the WHOQOL-BREF subscales demonstrate floor or ceiling effects at baseline or 3 

months postoperatively.  

 

5. Aberdeen IAP 

One study described the development of Aberdeen IAP (Impairment, Activity Limitation, and 

Participation Restriction) measure with patients undergoing hip or knee arthroplasty.
120

  

The Aberdeen IAP was constructed to measure the International Classification of 

Functioning, Disability, and Health (ICF) health components. It was constructed using 

discriminant content validation by expert judges from 13 existing OA measures. In this 

exercise judges identified a pool of “pure” Impairment, Activity Limitation, or Participation 



Restriction items, which (by their own judgement) were not contaminated by other 

constructs.
121

 

The item reduction was performed on a sample of patients (n=524) undergoing lower limb 

joint replacement surgery, preoperatively, using both IRT and CTT methods. The resulting 

Aberdeen IAP consisted of 9 Impairment items, 17 Activity Limitation items, and 9 

Participation Restriction items. Specific scoring instructions were not provided.
120

 

Cronbach’s alpha was above 0.8 for all measures (Cronbach's alpha Ab-I = 0.84, Ab-A = 

0.94, Ab-P = 0.86). However, IRT demonstrated that the Ab-I was not reliable at very high 

levels of impairment and Ab-P was not reliable at the low end of the construct.  

Each of the measures correlated with the appropriate SF-36 subscales more than any other 

SF-36 subscales (Ab-I and SF36-Pain; Ab-A and SF36-Physical functioning; and Ab-P and 

SF36-Social functioning).  

 

6. Aberdeen IAP (modified) 

The shorter version of the Aberdeen IAP was developed from the Aberdeen IAP on a sample 

of patients (n=413) about to undergo hip or knee replacement surgery using CFA and IRT 

methods.
122

 

The modified Aberdeen IAP demonstrated good internal consistency of α above 0.8 for all 

subscales (I(mod) (alpha=0.82), Ab-A(mod) (alpha=0.90) and Ab-P(mod) (alpha=0.83)) and a good 

fit (CFA) of the three factor model (ᵡ= 439.45; CFI robust = 0.91; RMSEA robust = 0.07 (CI 

0.06-0.08)). 

 

7. Health Assessment Questionnaire (HAQ) Disability Index 

Two studies were included in the review.  

HAQ was originally developed in North America for general arthritic conditions, based on 

literature review and patient input, and subsequently modified for British patients y 

substituting some colloquial expressions.
123, 124

 HAQ consists of 20 items with 4 point Likert 

response options and is scored across 8 dimensions: Dressing and grooming, Eating, 



Walking, Hygiene, Reach, Grip, and Activities. The dimensions are scored from 0 to 100 

(100= best symptoms).  

A study by Brazier et al, examined the measurement properties of the UK version of the 

HAQ in patients undergoing knee replacement surgery (n=109) and patients attending 

rheumatology clinics for knee OA (n=112).
57

  

None of the HAQ eight categories had acceptable internal consistency (Cronbach’s alpha 

above 0.7). 

HAQ Disability index had some evidence of discriminative validity between patients with or 

without co-morbidities: ES=0.58 for the Rheumatology clinic sample (Mann-Whitney U test 

p=0.02) and 0.37 for the knee replacement sample (Mann-Whitney U test p=0.02). HAQ 

Disability index had strong correlations with the WOMAC Physical functioning and baseline 

(r=0.68). Another study demonstrated that HAQ Pain VAS and Disability Index correlated 

strongly (r=0.61, p<0.01) with the OKS at baseline and HAQ Pain VAS correlated 

moderately (r=0.53, p<0.01) with the OKS at baseline, in patients listed for knee replacement 

surgery (n=117).
35

 

In comparison to the WOMAC and EQ-5D index, which had large or moderate SRMs 

(ranging from 0.63 to 1.03) the HAQ Disability index demonstrated small SRM (0.33) at 

postoperative follow up. 

HAQ demonstrated floor effects at baseline in four out of eight domains: Rising (14.9%), 

Hygiene (13.7%), Reach (19.8%), Activities (28.8%)) and a ceiling effect in two of eight 

domains at baseline: Hygiene (16.2%) and Grip (22.2%).
57

  

 

8. Modified Health Assessment Questionnaire (MHAQ) 

Two studies were included in the review. 

The MHAQ is an 8 items questionnaire, derived from the longer HAQ on a sample of 

patients with various rheumatic diseases (n=163).
125

 One item has been chosen, based on 

difficulty ranking provided by patients, to represent each of 8 domains of HAQ. The MHAQ 

asks patients to evaluate activities in four different ways. Scores are obtained from a 4 point 

Likert scale with standardised scores ranging from 0 to 3 (0= best symptoms).  



Hip and knee 

The MHAQ correlated moderately (r=0.67, p<0.01) with WHOQOL-BREF physical domain 

in a mixed sample of patients with OA (n=205).
119

  

The responsiveness of the MHAQ was not as good as the WOMAC physical function domain 

(RE= 0.55).
119

  

There was no floor or ceiling effect evident in patients undergoing hip or knee replacement 

surgery.
119

 

 

Hip 

In patients (n=54) undergoing primary and revision hip replacement surgery (preoperatively), 

the MHAQ correlated moderately and strongly with sAims and FSQ (r=0.48 and r=0.73 

respectively).
97

 

The responsiveness of the Physical MHAQ (SRM= 1.33, 95% CI 0.96-1.67)was similar to 

the Physical subscale of SF-36 (SRM= 1.26, 95% CI 0.92-1.58) and larger than sAIMS 

(SRM= 0.87, 95% CI 0.57-1.15), FSQ (SRM= 1.11, 95% CI 0.76-1.42), and SIP (SRM= 

0.88, 95% CI 0.55-1.19)in patients undergoing hip replacement surgery.
97

 

 

9. Musculoskeletal Functional Limitations Index (MFLI) 

 

One article evaluating the MFLI with patients undergoing knee arthroplasty was included. 

 

Developed (no details of methods provided) by a group of orthopaedic surgeons, 

rheumatologists, physical therapists, survey research personnel and methodologists.  

Instrument pilot tested for acceptability in subjects with musculoskeletal (MS) problems.  

Conceptualised MS functional limitation as the aggregation of individual regional MS 

problems that influence subjects’ ability to perform daily activities. Designed as a single 

index to account for the number of limiting MS problems people have, for use as a covariate 

in studies of chronic disease outcomes i.e. a generic MS measure.
126

 



Measurement properties tested in a postal survey (n=932, representing 58% response rate) 

involving a stratified random sample of Medicare patients, ≥65 years, who had undergone 

primary TKR 2 years previously.
126

 

 

Item-level validity assessed with generalised linear models examining association of each 

item against the mean score on the Intermediate Activity of Daily Living Scale (IADL), 

hypothesising that increasing levels of severity of MFLI would be associated with worsening 

scores on IADL. These hypothesised associations were confirmed (p<0.0001 for each item), 

mean IADL increasingly monotonically across the 3 MFLI levels of severity.
126

 

The MFLI demonstrated moderate to strong construct (and convergent) validity with 

WOMAC function scale (r=0.60), IADL scale (r=0.60), Basic ADL scale (r=0.48) and self-

rated health (r=0.40) (all p<0.0001). A priori hypotheses supported.
126

 

 

Discriminant validity supported for MFLI with mean scores significantly worse for subjects 

who used a walking support/aid compared with none-users, and for subjects who reported 

having >3 falls in the last year compared with those reporting none . Mean MFLI scores also 

significantly worse for subjects who depended on another person daily to do things for them, 

compared with those who didn’t (all differences p<0.0001 for ordinal trend).
126

 

 

Regarding acceptability/feasibility, the proportion of missing values, for each 

item/anatomical area, ranged from 3.7% (knee) to 8.8% (hands/wrists/arms or shoulders). 

Twenty-six subjects (2.8%) left all items missing.
126

 

 

 

 

Results: Other PROMs 

 

Several additional PROMs were identified by the search strategy, but there was insufficient 

evidence to include them in this review. These PROMs are listed in Appendix 6. 
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