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INTRODUCTION AND BACKGROUND 
Historical background of Total Hip Arthroplasty 
Osteoarthritis (OA) has been common in humans since Paleolithic 
times (8).  Amputation and joint excision arthroplasty, 
osteotomies and pseudarthrosis, interpositional hip arthroplasty 
with soft tissue hip interpositions have been used as interventions 
- mostly unsuccessful- in the last three centuries, before the 
Norwegian-born American surgeon Marius Smith-Petersen in 
1938 implanted synthetic molded prosthesis with good clinical 
results (9). 

Sir John Charnley revolutionized total hip arthroplasty (THA) 
in the 1950s and 60s, by using acrylic cement, introducing high-
density polyethylene as a bearing material, and introducing low 
friction torque arthroplasty. These implants had a 77-81 % 
implant survival at 25-year follow-up with revision of any 
component as the endpoint (10;11). The improvement of THA did 
not stop there, and the present implant survival in the large 
populations of the different national hip arthroplasty registries 
(12-19), has earned the THA the status as ‘the operation of the 
century’ (20). 

 
THA 
THA for patients with end-stage primary OA is a successful 
orthopedic procedure in relation to implant survival (12;21-23). 
THA is indicated for patients with pain, functional disabilities and 
reduced quality of life (24). End-stage primary OA constitutes the 
largest group of patients.  

In Scandinavia almost 36,000 primary THA are performed 
each year, approximately 20,000 in Sweden, approximately 7,000 
in Norway and approximately 9,000 in Denmark (19;25;26). More 
than 285,000 THA are performed each year in the USA (27), and 
almost 90,000 in the UK (28). The incidence of THA has been 
increasing during the last decades due to the improvements in 
surgical technique and ageing of the population (giving an 
increase in the prevalence of arthritic disease) as well as 
expansions of the indications for surgery (29-31). 

In Denmark the incidence of primary THA in Denmark 
increased from 101 to 134 per 100,000 inhabitants during the 
period 1995 to 2002. In 2010 the incidence peaked to 160 per 
100,000, but fell to 155 per 100,000 inhabitants in 2011 (26). 
Even though the number of THA varies from year to year, the 
number is expected to continue to rise, and an additional increase 
by 22% in 2020 is expected, based only on expected changes in 
age distribution (32). 
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Hip Arthroplasty Registries 
Since the initiation of the first Hip Arthroplasty Registry in 
Sweden in 1979, other Nordic national hip arthroplasty registries 
have emerged. Since 1980, the Finnish Arthroplasty Register has 
been collecting information on THAs (33). The Norwegian 
Arthroplasty Register started registration of THAs in September 
1987 (34). The DHR was established the 1st of January 1995. From 
the 1st of January 1995 to 31st of December 2011, 111,907 
primary THA and 17,791 revisions have been reported to DHR 
(26). Since the establishment of DHR, many other national Hip 
Arthroplasty Registries has been established (15-18;28). The 
initial main purpose of the Hip Arthroplasty Registries was to 
improve the treatment of THA patients, by detecting inferior 
results of implants as early as possible (34). Later the focus has 
also included research activity; national observational studies 
have some noticeable advantages compared to randomized 
clinical trials: a large number of patients included, the possibility 
to perform analyses of uncommon complications, a high 
statistical power, and no performance bias. The Nordic 
Arthroplasty Register Association (NARA) was started in 2007, 
resulting in a common database for Denmark, Norway, Sweden 
and Finland with regard to hip- and knee replacements with the 
main target to further improve and facilitate the Nordic research 
concerning implant surgery. NARA aims to perform outcome 
analyses (in general and for specific implants), analyze patient 
demographics of the participating countries, construct a 
standardized ‘case-mix indicator’ to be used in comparisons, as 
well as to stimulate PhD students from the different countries to 
use the unique Nordic data in research activity. The first NARA-
projects has been completed and included over 280,000 THAs 
(35). In parallel with the increased number of Hip Arthroplasty 
Registries, the value of arthroplasty registry data has become 
increasingly clear (36;37). 

 
Traditional Outcome Measures 
Traditional endpoints in studies among THA patients are mortality 
and morbidity rates, operative complications (intraoperative 
fractures, superficial or deep wound infections, deep venous 
thrombosis, pulmonary embolism and postoperative dislocation) 
and the lifetime of the prosthetic materials before implant failure. 
Seen from a patient perspective a prosthesis still in place may not 
be the correct definition of surgery success; pain, physical 
function and quality of life is of more importance (38-41). There 
seems to be one or more subgroups of patients who do not 
benefit from the surgery due to persistent pain and/or functional 
limitations. In the Swedish Hip Arthroplasty Register, 14% of the 
patients were not satisfied after the THA (19). In Denmark 6% of 
primary THA patients were ‘unsatisfied’ or ‘not completely 
satisfied’ minimum six months postoperative according to the 
2005 annual report (42). Other reports show that 10-15% of 
patients report persistent pain and functional limitation 
postoperatively (43), and 14-36% of patients do report that they 
have not benefitted from the operation (44), making implant 
survival alone a suboptimal success criterion.  

Outcome has been assessed based on patient survival, 
implant survival, the amount of joint pain and the postoperative 
joint function. Joint function (by number of degrees in hip flexion, 
rotation, adduction and abduction) has been used to measure the 
success of THA and are included in the Harris Hip Score (45). But 
the number of degrees in hip motion alone is no precise measure 
of success (and only constitutes a small amount of points in Harris 
Hip Score), as a low number of degrees in hip motion alone only 
represents a minor fraction of a patient’s functional disability – 

one of several indications for THA. The assessments have 
traditionally been made by the surgeon. Hip scores, like Charley’s 
modification of the Merle d’Aubigné and Postel score (46) and the 
original Harris hip score, were created as a mean to summarize 
clinical and radiological data, to better describe the postoperative 
situation and current hip status. These scores were surgeon-
based hip scores, where the surgeon assessed the patient’s 
amount of pain and the patient’s physical function after talking to 
the patient and doing a clinical examination (although 37 of 773 
of Charley’s patients actually self-reported due to that they were 
living far away) (46). Inclusion of these endpoints (presence of 
severe pain, low functional scores, and radiographic evidence of 
loosening) do not give any information on patient’s satisfaction or 
health-related quality of life (HRQoL). Since it can be substantial 
disagreement between doctors and patients about health status 
(1;47), and it is the patients perspective of pain, HRQoL and 
physical function that is main importance as an indication for THA 
today, it is clear that patient reported outcomes (PRO)s is the 
best way to assess the postoperative result of THA. 
 
Patient Reported Outcome Measures 
The desire to find a better measure of success has motivated the 
clinicians to focus on PROs to be used in national clinical 
databases (48-52). In the past few decades several new PROs 
have been introduced and used in research. Since 2006 the US 
Food and Drug Administration has strongly recommended the 
inclusion of PROs in clinical trials (53;54) and PROs are 
increasingly being introduced in national hip arthroplasty 
registries (55-58). The Department of Health in England now 
requires the routine measurement of PROs for all National Health 
Service patients in England before and after they undergo total 
knee arthroplasty or THA (59), and the Swedish Hip Arthroplasty 
Registry introduced a PRO follow-up program as a pilot project in 
2002, which has now been adopted by nearly all units performing 
THA in Sweden (55).  

In addition to the possibility of gaining access to the patient 
perspective of THA without an external interpretation, PROs may 
also have better reliability and validity than some clinical 
measures. The reliability reported for the OHS items (Paper III, 
Table 7) was comparable to hip muscle force measurement 
reliability in patients older than 65 years (60). The ICC reported 
for the OHS items (Paper III, Table 7) was better than the 
reported goniometer ICC measuring hip range of motion (61). In 
hip fracture patients, the responsiveness of performance-based 
measures was higher than for PRO measures for mobility, but not 
for balance or strength (62). Latham et al. conclude that the 
validity, sensitivity, and responsiveness of PRO measures of 
physical function are comparable to performance-based 
measures after hip fracture, and that both measures would be 
suitable in clinical trials examining improvement in physical 
function (63). 

With the increased focus on- and usage of PROs, it has 
become more important to establish quality criteria for 
measurements properties of PROs (for example; the construct 
validity is adequate if hypotheses are specified in advance and at 
least 75% of the results are in correspondence with these 
hypotheses, in (sub)groups of at least 50 patients) (64), and also 
to establish agreement on definitions and taxonomy of their 
measurement properties (3;65). Developing PROs to meet these 
quality criteria is very time consuming, and translating PROs from 
a source language to another additionally gives the possibility of 
international comparisons, if done correctly (66).  
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The increased focus on measuring and validating measurement 
tools (67), and on PROs, has also lead to an increased interest on 
how to interpret PRO results (68). In registry settings with a high 
number of patients included, differences in PRO scores or change 
scores may often be statistically significant. However, this does 
not express that the patient have had a relevant improvement. 
Thus unless minimal clinically important improvement (MCII) and 
patient acceptable symptom state (PASS) have been estimated, 
postoperative PRO scores and change scores have unknown 
clinical relevance, and PRO results may be very difficult to 
interpret.  

 
Hip-specific PROs, and PROs concerning general health 
The general overview of some of the PROs that has been used for 
THA patients is presented in the Table 1. The PROs can be divided 
into disease/site-specific and those concerning general health 
(generic). The included disease/site-specific PROs will be referred 
to as hip-specific PROs. There are good reasons to use both hip-
specific PROs and PROs concerning general health -while the first 
are specially designed to be relevant to a narrow patient group 
and may shed light on specific problems THA patients have 
postoperative, the latter may give more information on general 
health issues of importance for the outcome. The PROs provides 
numerical endpoints, e.g. one or more sum scores, which define 
the clinical outcome. These PROs do not provide information 
about what is important to the individual patient, or if the 
patients preoperative expectations have been met. Work is done 
to develop and validate personalized scoring systems to assess 
the individual effect of disability in patients with OA (69), and to 
identify main concerns of the patients (70). PROs and items 
regarding patient satisfaction may be affected by factors 
unrelated to the surgical intervention itself, such as the patient-
surgeon relationship and the process of care (71), making the 
patient satisfaction a problematic outcome to interpret. 
 
Table 1. PROs used for THA patients 

PROs 

Hip 
Specific 

McMaster Toronto Arthritis Patient Preference Disability 
Questionnaire (MACTAR)  
Western Ontario and McMaster Universities  
Osteoarthritis Index (WOMAC)  
Hip dysfunction and Osteoarthritis Outcome Score (HOOS)  
Oxford Hip Score (OHS) 
Arthritis Impact Measurement Scales (AIMS) 
Forgotten Joint Score-12 (FJS-12) 

General 
Health 
(generic) 

Nottingham Health Profile (NHP) 
Sickness Impact Profile (SIP) 
Medical Outcomes Study 36-Item Short-Form Health 
Survey (SF-36)  
Medical Outcomes Study 12-Item Short-Form Health 
Survey (SF-12) 
EuroQol-5D-3L (EQ-5D) 

 
Measurement properties 
The measurement properties of a PRO are of paramount 
importance. Validity is defined as the degree to which a PRO 
instrument measures the construct(s) it purports to measure. It 
includes content validity (including face validity), construct 
validity (including structural validity, hypothesis-testing, cross-
cultural validity) and criterion validity (including concurrent 
validity, predictive validity). Content validity is defined as the 
degree to which the content of an HR-PRO instrument is an 
adequate reflection of the construct to be measured. Face validity 

is defined as the degree to which (the items of) an HR-PRO 
instrument indeed looks as though they are an adequate 
reflection of the construct to be measured. Construct validity is 
defined as the degree to which the scores of a PRO instrument 
are consistent with hypotheses (for instance with regard to 
internal relationships, relationships to scores of other 
instruments, or differences between relevant groups) based on 
the assumption that the PRO instrument validly measures the 
construct to be measured.  

Structural validity is defined as the degree to which the scores 
of an HR-PRO instrument are an adequate reflection of the 
dimensionality of the construct to be measured. Cross-cultural 
validity is defined as the degree to which the performance of the 
items on a translated or culturally adapted HR-PRO instrument is 
an adequate reflection of the performance of the items of the 
original version of the HR-PRO instrument. Criterion validity is 
defined as the degree to which the scores of an HR-PRO 
instrument are an adequate reflection of a ‘gold standard’ (3). 
Strauss and Smith highlights five recent advances in validation 
theory and methodology of importance for clinical researchers, 
among them an increasing appreciation for theory and the need 
for informative tests of construct validity, in their review 
exploring the history of validation efforts (72). Quality criteria for 
content validity, construct validity and criterion validity have been 
proposed (64). In addition to face validity, construct validity by 
hypothesis testing was assessed for OHS in study III. Factor 
analysis was used to examine the dimensionality of all PROs or 
PRO subscales included in study I. 

Reliability is defined as the extent to which scores for patients 
who have not changed are the same for repeated measurement 
under several conditions. It includes internal consistency (the 
degree of the interrelatedness among the items), reliability 
(including test-retest, inter rater, intra rater) and measurement 
error (including test-retest, inter rater, intra rater) (3). Quality 
criteria for internal consistency, and reliability have been 
proposed (64). Test-retest reliability and internal consistency 
were assessed for OHS in study III. Reliability will be further 
covered by the paragraphs on distribution based measures of 
change in the methodological considerations, and in the 
discussion. 

Responsiveness is defined as the ability of an HR-PRO 
instrument to detect change over time in the construct to be 
measured (3). Quality criteria for responsiveness have been 
proposed (64). Two main approaches can be used for assessing 
responsiveness, the criterion approach (in situations where there 
is a gold standard for the construct to be measured) and the 
construct approach (in situations where there is no gold standard 
for the construct to be measured). In situations where an original 
PRO and a short version of this PRO are used, the original PRO can 
be considered to be a gold standard. Otherwise gold standards in 
PRO research are rare. A five point global rating scale (a single 
follow-up question concerning change since baseline) can be 
considered a reasonable gold standard if it assesses the same 
construct as the PRO (73). In study IV a five point global rating 
scale concerning change in hip problems was used. The construct 
in the PROs used in study IV were hip pain (HOOS Pain), hip 
function (HOOS-PS), hip related quality of life (HOOS QoL), 
general mobility (EQ-5D question 1), general self-care (EQ-5D 
question 2), general usual activities (EQ-5D question 3), general 
pain/discomfort (EQ-5D question 4), general anxiety/depression 
(EQ-5D question 5) and general current state of health (EQ-VAS). 
Thus the responsiveness of HOOS and EQ-5D was assessed with a 
construct approach.  
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Interpretability is defined as the degree to which one can assign 
qualitative meaning - that is, clinical or commonly understood 
connotations – to an instrument’s quantitative scores or change 
in scores (3). Quality criteria for interpretability have been 
proposed (64). I have reported distributions of PRO scores in 
study III (Paper III, Figure 2) and in study IV (Paper IV, 
Supplementary data, Figure 2). Floor and ceiling effects are 
reported in study I (Paper I, Table 3) and study III (Paper III, Table 
III). MCII and PASS has been reported in study IV (Paper IV, Table 
2 and Table 3). PASS for subgroups have been reported in study IV 
(Paper IV, Table 4). 

The content validity, internal consistency, criterion validity, 
construct validity, reproducibility (agreement and reliability), 
responsiveness, interpretability and floor and ceiling effects 
should be documented and acceptable (64), as further outlined in 
the methodological considerations. To be able to effectively 
communicate findings to the rest of the research community, a 
consensus on definitions and taxonomy describing measurement 
properties is emerging (3;65). 
 
Data quality 
Using PRO data have several potential pitfalls for errors. Reider 
and Lauritsen point out some of these potential errors, arising 
from data capture, poor design of the data entry form, no 
program constraints on data entry, single-entry manual key 
punching and lack of validation, in the table from their work (74). 
Automated form processing (AFP) may streamline and improve 
the process and potentially improve the data quality.  
 
Data collecting, data handling and document processing 
Research on document processing began in the 1960s (75-81). 
With the rapid development of modern computers and the 
increasing need to acquire large volumes of data, automatic text 
segmentation and discrimination research took off in the early 
1980s (82-84). The rapid evolution in software and hardware for 
automated forms processing, have led to a wide variety of devices 
and technologies available today to collect subjective data 
including different kinds of AFP scannable forms (85-87). In the 
AFP process one ‘automatically’ capture information from data 
fields by scanning, and convert these data into an electronic 
format. A template contains details on where the data fields are 
located within the form or document, like a ‘map’ of the 
document. The data are then recognized automatically using the 
pre-defined templates and configurations, but verification by a 
human operator is required if the program is uncertain. 

Despite the rising in usage of PROs, and the increasing 
amount of data acquired in the health services, paper forms are 
still often used to capture PROs. Paper forms may often be the 
chosen way of administration, especially when dealing with an 
elderly population, as it is known that some patient groups does 
not respond adequately to an Internet-based application for 
collecting PROs (55). For transferring data to an electronic format, 
manual double entry of data is still defined as the definitive gold 
standard of Good Clinical Practice (88). But the manual double-
key entering of data by key punching is laborious, costly and can 
give a grave reduction in data quality, if the proportion of 
erroneous entries is big (89;90). Document processing by AFP has 
been suggested as an alternative. 

AIMS  
The main objectives of the work presented in this PhD thesis 
were: 

PAPER I 
To determine the feasibility of four PROs, including the EQ-5D, 
the SF‐12, the HOOS, and the OHS, by testing response rate, floor 
and ceiling effect, missing items, and need for manual validation 
of forms among THA patients registered in the DHR. I also aimed 
at calculating the number of patients needed to discriminate 
between subgroups of age, sex, diagnosis, and prosthesis type for 
the EQ-5D, the SF‐12, the HOOS, and the OHS in a hypothetical 
repeat study. 
 
PAPER II 
To examine and validate an up-to-date AFP system, by comparing 
paper-based and scanned PRO forms with single and double 
manually entered data. 
 
PAPER III 
To develop an adequately translated and culturally adapted 
Danish language version of the OHS for use in the DHR. 
 
PAPER IV 
To find cut-points for the minimal clinically important 
improvement based on changes in PRO scores and the acceptable 
postoperative PRO score, by estimating MCII and PASS 1 year 
after THA for 2 commonly used PROs, the Hip dysfunction and 
Osteoarthritis Outcome Score (HOOS) and the EQ-5D. I also aimed 
at estimating PASS for subgroups of age, sex and diagnoses. 

METHODOLOGICAL CONSIDERATIONS  
How to get the patients perspective 
PROs reveal the patients perspective and the patient perspective 
is most important when quantifying and measuring pain, physical 
function and quality of life. But how should one best get patients 
to answer questionnaires? Response rate can vary considerably 
depending on patient group. The high response rate achieved in 
our study I and study III is however not only dependent on the 
patient group. I used several strategies to achieve this; I used 
relatively short PROs (maximum 2 A4 pages) with 6-19 items, had 
follow-up contact and provided a second copy of the PROs at 
follow up, mentioned an ‘obligation’ to respond (the results can 
lead to an improved treatment regimen for THA patients), used 
personalized PROs (patients name and identification number on 
the PRO), assured confidentiality and had a university 
sponsorship, as it is known that these factors contribute to a 
higher response rate (91). In study IV I printed copies of 
handwritten signatures in colored ink, to further personalize the 
patient correspondence (91). I also enclosed a return addressed 
envelope with a stamp (92). Despite the efforts only 73% of 
patients accepted participation in study IV. This may be explained 
by that the patients in this study received study invitation and 
information about the procedure close in time, which may have 
been a bit much information to process for many of the patients. 
In study IV there were 6 additional A4 pages of questions 
regarding patient characteristics besides the two PROs included, 
and the lengthier questionnaire could in part explain the lower 
percentage of participating patients (91).    

Another important aspect of getting the patients perspective 
is the readability of PROs and correspondence. The text has to be 
easy to read and to understand for the patients (93). Choosing 
everyday language and avoiding medical terms is essential, and 
an important part of PRO development and PRO translation. I 
kept the included PRO’s lay-out as close to the original as possible 
as not to change the measurement properties, with minimal 
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layout adjustments to optimize AFP readability. In the patient 
correspondence, I aimed at optimizing the lay-out, font type and 
point size to get the best possible readability for an elderly THA 
population. The peer-reviewed literature on readability and 
reading speed of different font types and point sizes, are sparse 
(94;95). I therefore consulted typographers and educationalists, 
and got the following advices; 1) what font is best, is dependent 
on media. 2) The correct point size is dependent on font. 3) 
Always avoid text in capital letters. 4) A sans-serif font like 
Verdana in point size 13-14 may be the best for paper printing, 
and therefore this was used in the correspondence and the 
patient information. The low proportion of items missing in study 
I and study II may, at least partly, be contributed to an acceptable 
readability of PROs and correspondence.  
 
Feasibility 
Several aspects of a PRO are important; there should be a 
published peer-reviewed development process, and preferentially 
several publications on usage in research and relevant clinical 
settings. As any other measure or measurement system, the 
different PROs have different measurement properties. The 
measurement properties of a PRO have often been called 
psychometric properties (or clinimetric properties), depending on 
the underlying theories or focus, but now a consensus is emerging 
(3) which may retire these older labels. Measurement properties 
often used, besides the ones in the ‘List of terms and definitions’, 
is measurement error (the systematic and random error of a 
patient’s score that is not attributed to true changes in the 
construct to be measured) and responsiveness (the ability of an 
HR-PRO instrument to detect change over time in the construct to 
be measured) (3). To be able to choose the best PRO for a specific 
context, information on measurement properties has to be 
available. In addition to published development process, and to 
the measurement properties, the feasibility of using a PRO in a 
certain context is also important. The response rate, floor and 
ceiling effects, missing items, and need for manual validation in a 
specific context can be included in the definition of feasibility. To 
ensure generalizability and to minimize selection bias, a high 
response rate (of minimum 80% (93)) is usually considered to be 
adequate and sufficiently representative of the sample studied. 
To be able to measure deterioration and improvement of PROs, 
the floor and ceiling effects should generally be less than 15% 
(64). In postoperative THA patients, higher ceiling effects and 
lower floor effects can be expected, and a 15% ceiling effect 
might be too restrictive a criterion. This will be discussed further 
in the discussion section. A percentage of missing items of more 
than 5% (64) will lessen the validity of PRO data. If more than 5% 
of the scanned PROs are requiring manual validation (64) it is an 
important indirect indication of the patient’s (lack of) general 
ability to correctly fill in the PRO, and also provide information 
about the workload of the manual validation required. The 
complexity of a PRO or the lack of comprehensiveness can 
therefore have an influence on the proportion of items missing as 
already mentioned, but also on the response rate, and the 
proportion of items requiring manual validation. 

Besides the measurement properties of PROs, many other 
factors are important and ought to be considered when 
introducing a PRO into a registry setting. The PROs have to be 
present in the target language, and if not, translation, cross-
cultural adaptation and validation are warranted. The feasibility 
has to be adequate if the data quality is to be acceptable, and 
achieving a good response rate is paramount (91). Some patient 
groups do not respond adequately to an Internet-based 

application for collecting PROs (7), and paper format 
questionnaires may have to be used. In this case the entire data 
collection systems should be examined with respect to data 
quality, especially when using newer techniques like AFP. 
 
How to administer the PRO 
Whether postal administration or internet-based administration 
is preferable, is dependent on patient population and setting; 
postal administration may have less desirability bias (93), but it 
may also be more challenging to get adequate response rates. 
Missing items and delay from late returned PROs, can also pose a 
problem. Internet-based administration may be cheaper, may 
have reduced erroneous responses due to no entry errors, but a 
risk of web-browser incompatibility, and low response rate if 
considered ‘spam’ by patients. Some patient groups are known to 
respond inadequately to an Internet-based application (7;96). 
Validation is a very complex matter if data is entered directly in 
an Internet-based application, since no other source of 
information exists to verify correctness of the data. The validity of 
Internet-based applications warrants further research as age and 
subgroup differences potentially may result in information bias.  
 
PROs included in this thesis  
The OHS (97) is an intervention- and site-specific outcome 
measure and this 12-item questionnaire is designed to assess 
functional ability, daily activities and pain, to get the THA 
patient's perspective. Items are answered by ticking a box on a 
five-point Likert scale and the raw scores are added to obtain a 
sum score (originally between 12 (worst) and 60 (best)), due to 
new recommendations the sum score should range between 0 
and 48 with higher scores being better (98;99). OHS is reported to 
have an adequate reliability; a good internal consistency with a 
Cronbach’s alpha of 0.84 (preoperatively) and 0.89 (six-month 
follow-up), and an intraclass correlation of 0.94 for the pre-
operative data. Concerning construct validity, the OHS has been 
reported to correlate moderately with Charnley scores, and a 
significant agreement between OHS and the relevant scales of the 
SF-36 and the AIMS has been reported. OHS has been reported to 
have an acceptable sensitivity to change with effect sizes larger 
for OHS than for any of the scales of the SF-36 or the AIMS, 
indicating that the OHS may be particularly sensitive to 
improvements obtained by THA (99). The OHS has been 
translated into different languages and used in several clinical 
studies and in THA registry settings; it has been reported to be  
consistent, reliable, valid and sensitive to clinical change following 
THA (100-107). OHS cut-points associated with patient 
satisfaction with post-surgical outcomes have also been 
estimated (108). OHS have been mapped to the EQ-5D Index and 
a 0.02 point change in the EQ-5D Index was equivalent to a 1 
point change in the OHS, where 42% of the variance was 
explained by the linear regression model (109). Academic and 
clinical use of OHS is free of charge. A license for the study and 
translation was obtained from Isis Innovation (http://www.isis-
innovation.com/).  

HOOS (110), is a hip-specific outcome measure and was 
constructed by adding items considered important by patients 
(concerning pain, symptoms, sport and recreation, function and 
hip-related quality of life) to the WOMAC (111) to get improved 
validity for those with less severe disease or higher demands of 
physical function. The HOOS includes 5 subscales: Pain, Other 
Symptoms, Function in Daily Living, Function in Sport and 
Recreation and Hip-related Quality of Life. HOOS Physical 
Function Short form (HOOS PS) is a 5-item short version derived 
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from the two HOOS subscales: Function in Daily Living and Sport 
and Recreation Function, and was developed using Rasch analysis 
(112) by using data from samples representing a wide spectrum 
of OA severity (113). The HOOS PS has been validated for THA 
(114). I used three different HOOS subscales in our studies; HOOS 
Pain, HOOS PS and HOOS Hip-related Quality of Life (QoL) to 
measure pain, physical function including daily activities and 
more strenuous physical activities, and hip-related quality of life. 
The sum scores of the subscales range between 0 and 100 with 
higher scores being better. HOOS does not require any license 
and is free of charge, even to the medical industry. User guide 
and a scoring manual are available at 
http://www.koos.nu/index.html. 

EQ-5D (115;116) is a generic health outcome measure, and is 
applicable to a wide range of health conditions and treatments by 
identifying 243 possible health states. EQ-5D can be used for 
economic evaluation of health care, and is designed to 
complement other ‘quality of life’-measures, or disease-specific 
outcome measures. Patients describe their own health state on 5 
dimensions: mobility, self-care, usual activities, pain/discomfort 
and anxiety/ depression, and one of three levels of severity is 
chosen for each dimension (in the version used): no problems, 
some/ moderate problems or extreme problems. Patients also 
value their current state of health on a thermometer scale from 0 
(‘worst imaginable’) to 100 (‘best imaginable’), and the EQ-5D 
therefore generates two overall values for the quality of life, one 
from the patient’s perspective (the EQ-VAS; ‘Current state of 
health’) and the other from a societal perspective, the EQ-5D 
Index (a health profile that can be made into a global health index 
with a weighted total value for health related quality of life), 
which represent the patients description of their own health and 
how this health state is perceived by the general population. I 
used a Danish tariff (117) based on time-trade-off (118) when 
computing the index to adjust for cultural differences in response 
pattern, and the Index ranged from -0.624 (worst) to 1.000 (best). 
In 2001 the EQ-5D was validated for THA patients (119), and in 
2009 for rheumatoid arthritis (RA) patients (120). The EQ-5D is 
currently used in the Swedish Hip arthroplasty Registry (7). 
Academic and clinical use of EQ-5D is has been free of charge if 
patient numbers are less than 5,000. Where patient numbers 
exceeded 5,000, the EuroQol Group would negotiate with users 
to collaborate and share data. However, the policy for routine use 
of EQ-5D is currently under revision. License to the study was 
obtained from the EuroQol Group (http://www.euroqol.org/).  

SF-12  is a generic health outcome measure (121), which has 
been validated on OA patients (122). It consists of 12 items 
derived from the 36-item score, SF-36 (123). The SF-12 gives two 
summary scores; Physical Component Summary (PCS) and Mental 
Component Summary (MCS), ranging from 0 to 100 with higher 
scores being better. The sum scores are calculated in the special 
QualityMetric Incorporated´s scoring software by computation 
with a standardized scoring algorithm developed to get a mean of 
50 and a standard deviation (SD) of 10 in the US 1998 general 
population value set. The fees associated with using SF-12 were 
altogether 1,569.90 USD (administrative fee, survey reference kit 
and scoring software). PCS and MCS were treated as one variable 
in the analyses, since they are derived from the same items but 
with different weighting, due to dependence. License to the study 
was obtained from the Medical Outcomes Trust Health 
Assessment Lab and Quality Metric Incorporated (http://www.sf-
36.org/). 
 

Selection of PROs for the studies 
In study I-III four different PROs were included; EQ-5D, SF-12, 
HOOS and OHS. These PROs were chosen after a literature search, 
and the aim was to find two general health PROs and two hip-
specific PROs, who all were relatively short (max 2 A4 pages), all 
commonly used in the orthopedic field and all having 
documented adequate measurement properties. I chose only to 
include outcome measures reported by patients and not surgeon 
reported outcomes, as the main importance was the patient 
perspective, and surgeons tend to rate the patients outcome 
different than the patients themselves (47). Patients in study I-III 
each received one general health PRO and one hip-specific PRO in 
four groups receiving different PRO combinations, and I cannot 
completely rule out that the combinations of the PROs affected 
the answers. I also cannot rule out that the different number of 
items in the included PROs affected the results. Since all PROs had 
a similar length (2 A4 pages) it is unlikely that the different 
number of items in the PROs gravely affected the results.  

In study I, I concluded that the HOOS, the OHS, the SF-12, and 
the EQ-5D were all appropriate PROs for administration in a hip 
registry, but in study IV, only two PROs were included; HOOS and 
EQ-5D. I wanted to include one general health PRO and one hip-
specific PRO and chose only to include two PROs to reduce the 
patient burden (124). The differences found between the PROs in 
study I were minor, and HOOS was chosen over OHS because of 
the subgroup division in HOOS. By using HOOS, three outcomes 
were collected; pain, physical function and quality of life. Using 
OHS would render only one sum score, linked to the quite 
unspecific domain “hip problems”. EQ-5D were chosen over SF-12 
due to easier license requirements, lower fees associated with 
usage, no requirements of a specific scoring software and also 
because of the successful inclusion of EQ-5D in the Swedish Hip 
Arthroplasty Registry (7). HOOS includes WOMAC in its complete 
and original format, and WOMAC scores can be calculated. A 
review by Ahmad et al. recommend to use a combination of OHS 
and WOMAC (125). 
 
Importance of registration; PROs in the national joint registries 
The shift towards a more patient-centered perspective and an 
increase in the use of PROs (52), has also been reflected in the 
measurement practices of the regional and national registries, 
where more and more joint registries, for example the Swedish 
Hip Arthroplasty Register, the New Zealand Joint Registry, the 
National Joint Registry for England and Wales, the California Joint 
Replacement Registry, the Winnipeg Regional Health Authority 
Joint Replacement Registry and the Center for Education and 
Research on Therapeutics Registry, are collecting PROs (57;58). 
 
Translation 
There are good reasons to translate a PRO instead of making a 
new; first there are many high quality PRO already available. 
Second, it requires much time and effort making an adequate 
PRO. Third, a translation makes it possible to compare results 
internationally. Several guidelines exist (126;127), and lot of 
effort has been made to established a best-practice methodology 
for the translation and cross-cultural adaptation process (66). 
Most guidelines have the steps shown in Table 2, in common. In 
study III, I used a strict methodology for translation and cross-
cultural adaptation (66) and I am confident that I have found the 
best possible Danish wording, while attaining the conceptual 
agreement for the Danish language version of OHS. There were 
only minor discrepancies concerning wording and understanding 
in the translation process, probably due to the relatively small 
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cultural difference between England and Denmark. In item 6 
(Walking time before severe pain) instead of the original option 4, 
‘around the house only’, I chose to focus on walking distance 
(‘only very short distances’). The Danish option 4 (‘only very short 
distances’) implies that the person is housebound, especially since 
this option is situated between the options ‘5 to 15 minutes’ and 
‘Not at all/pain severe on walking’. I chose to focus on walking 
distance for this option for item 6, because I am not sure that the 
UK and the Danish concept of ‘housebound’ is equivalent, or 
equivalently dependent on walking ability, due to the differences 
in the size and the number of floors in homes in Denmark 
compared with England. Item 3 (Trouble with transport) is a 
complex question and consists of three different questions; ‘Have 
you had any trouble getting in a car because of your hip?’, ‘Have 
you had any trouble getting out of a car because of your hip?’ and 
‘Have you had any trouble using public transport because of your 
hip?’ The testing showed that some patients were unsure of how 
to answer, if they answered yes to only one or two of these 
questions. To resolve this problem, I added Danish written 
instructions to the OHS, as an addendum (Paper III, 
Supplementary Material).  
 
Table 2. Translation of PROs 

Translation 

Step Important aspects 

Forward 
translation 

Conceptual rather than literal translations, 
bilingual translators, mother tongue of the 
target culture, simple, clear and concise 
language, avoid the use of any jargon, 
consider issues of gender and age 
applicability, avoid terms considered 
offensive 

Expert panel 
discussion 

Bilingual expert panel, multidisciplinary 
group, identify and resolve inadequate 
expressions/concepts, identify and resolve 
discrepancies between versions 

Back-translation Independent translators, mother tongue 
language of original PRO, no knowledge of 
the original PRO, conceptual and cultural 
equivalence, discrepancies should be 
discussed, forward translation/ back 
translation as many times as needed until a 
satisfactory version is reached 

Pre-testing and  
cognitive 
interviewing 

Pre-test respondents representative of 
patient group, 10 minimum, represent males 
and females, from all age groups (18 years of 
age and older), pre-test respondents 
systematically debriefed 

Final version and 
documentation 

Final version result of all the iterations 
described above, all the cultural adaptation 
procedures should be documented 

 
The clinical relevance of PROs; MCII and PASS 
In parallel with the shift towards a more patient-centered 
perspective and the change in focus from traditional clinical 
outcomes to PROs (52;58), there has been an increased interest in 
how to best interpret PRO results (68). This is easy to understand 
since the interpretation of PRO change scores and postoperative 
PRO scores can be very problematic (128). What is the clinically 
meaningful interpretation of a postoperative HOOS Pain score of 
81? What does it mean if a patient has a change score after the 
operation in EQ-VAS of 21?  

MCII and PASS can help answering these questions. The MCII 
is the minimal difference representing a clinically important 

difference in the patient’s perspective, in the direction of 
improvement (129). The PASS reflects the overall health state at 
which patients consider themselves to be feeling well (130). 
There is a lack of these kind of cut-point estimates in the 
musculoskeletal literature (131) and since MCII and PASS 
estimates are not constant for a single PRO, but rather dependent 
on the context in which the PRO is used, continued estimations 
are required to step-by-step contribute to our understanding of 
how to interpret change in and absolute PRO scores following 
orthopedic procedures.  

Different estimation methods exist for estimating MCII (132-
134) and PASS (135-141). The main division of estimation types is 
the anchor-based methods and the distribution-based methods 
(132). Since the focus of study IV was the patients’ perspective, 
only anchor based methods were used. MCII and PASS estimates 
were calculated by multiple approaches, further outlined in the 
section concerning statistical methods.  

The quality of a HR-PRO is dependent on the documented 
validity, reliability, responsiveness and interpretability. MCII and 
PASS estimates contribute to the interpretability of the PROs. To 
further enhance the interpretability, distribution based reliability 
measures for change scores have been calculated. These 
measures can help validate anchor based MCIIs, as they give 
information on the possibility of detecting the patient reported 
MCII, with an adequate precision. 
 
Distribution–based measures  
Distribution-based methods for MCII estimation is without 
anchoring, and therefore without information regarding the 
patient perspective, but can be used as an approximation where 
no other MCII has been estimated. In addition to this, the 
different distribution-based methods can be used to examine the 
precision and variation of anchor-based MCII, as the distribution-
based measures are based on statistical properties of the PROs. 

The SD of change has been used as a distribution-based 
reliability measure, and it has been suggested that ½ SD can be 
used as an approximate MCII (142). Limits of agreement (LOA) 
gives information on how random variation influence 
observations, by calculating 1.96 standard deviations of the mean 
bias. Using the Bland-Altman method in non-independent data 
have been criticized as this approach is not suitable for repeated 
measures data, but it may however be used to explore the data 
(143). The LOA is expressed in the units of measurement and 
indicates the size of the measurement error. A Bland–Altman plot 
shows the difference of each point, the mean difference, and the 
limits of agreement on the vertical axis and the average of the 
two ratings on the horizontal axis. Thus the Bland–Altman plot 
demonstrates both the overall degree of agreement and whether 
the agreement is related to the underlying value of the item and 
offers a graphic visualization of the change in preoperative- to 
postoperative status and the test-retest item- and sum score 
agreement. 

The standard error of the mean, calculated as SD change / √n, 
represent the standard deviation of the error in the sample mean 
relative to the true mean. The minimal detectable change (MDC) 
(132;144;145) or smallest detectable change (146), calculated as 
1.96 x √2 x standard error of measurement (SEM), describe which 
changes that fall outside the measurement error of the PROs. 
The effect size (ES), (ES = Δ / SD baseline) describes the sensitivity 
of PROs for detecting clinical change (133;134;147-150). ES of 
0.2–0.5 can be regarded as small, 0.5–0.8 as moderate and ES 
above 0.8 as large (148). The standardized response means (SRM) 
(134;150-153), (SRM = Δ / SD change), is similar to ES, but is 

http://en.wikipedia.org/wiki/Standard_deviation
http://en.wikipedia.org/wiki/Mean
https://en.wikipedia.org/wiki/Bland%E2%80%93Altman_plot
https://en.wikipedia.org/wiki/Bland%E2%80%93Altman_plot
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calculated by dividing the mean change by the standard deviation 
of the change scores (not the standard deviation of the baseline 
scores). SRM of 0.2–0.5 can be regarded as small, 0.5–0.8 as 
moderate and ES above 0.8 as large (153). ES and SRM (and also 
the responsiveness index) are methods based on sample 
variation.  

The SEM, calculated as SD baseline √ (1-reliability), is an often 
used measure (132;133;144;154-158). A test-retest reliability (1) 
of 0.89 for HOOS Pain (159), 0.86 for HOOS-PS (160), 0.78 for 
HOOS QoL (159), 0.82 for EQ-5D Index (7) and 0.83 for EQ-VAS (7) 
was used for calculating SEM. The reliability change index (RCI) 
(156;161-163), (RCI = Δ / √2 x SEM), is closely related to the MDC 
(i.e., 1.96 x √2  x SEM), and describes the standard error of the 
measurement difference. Both SEM and RCI are methods based 
on measurement precision.  

Examples of other distribution-based reliability measure not 
included in the thesis are the responsiveness index (calculated 
from the distribution as the ratio of the mean change in score 
after treatment to the variability in stable subjects) (164), and the 
relative efficiency (the ratio of the square of the t-statistic of a 
comparator PRO over the square of the t-statistic of the reference 
PRO) (134;165). 
 
Anchors – getting the patients interpretation of PRO scores 
To be able to estimate MCII and PASS based not solely on the 
distribution, but based on the patients perspective, anchor items 
are imperative. An anchor item is often a retrospective global 
transition question, or a clinical anchor (132), but also an absolute 
change anchor can be used (166). The anchor item establishes a 
connection between the PRO change scores or the postoperative 
PRO scores and patients’ health situation. In study IV a self-
reported hip-specific anchor question was used for MCII 
estimation, a self-reported hip-specific anchor question was used 
for PASS estimation and one self-reported general health anchor 
question (167) was used for MCII and PASS estimation. These 
anchor questions are used in ‘Questionnaire for patients who 
have had hip surgery’ from The Royal College of Surgeons of 
England (168) and have been used and studied in large 
populations (169;170). The anchors describe changes in hip 
symptoms from preoperatively to postoperatively, postoperative 
hip symptoms states, general health changes and general 
postoperative symptoms states, respectively.  
 
Information bias 
In addition to the usual source of biases (see the ‘Strengths and 
limitations’ section), PROs are known to be prone to information 
bias, heuristics and cognitive biases (171). I had several strategies 
to minimize this (93). I minimized information bias by using well 
documented questionnaires, with relevant questions. I had a 
patient group who wanted to ‘share their story’, and ensured no 
‘item over-kill’; Only 6 (EQ-5D), 12 (OHS and SF12) and 19 (HOOS-
Pain-PS-QoL) items. I had relevant information in the invitation 
letter. There were few, if any, embarrassing items (e.g. sex life) 
and few dichotomous ‘Yes/ No’ questions (in total 4 items in 
SF12). I used PROs with carefully chosen wording and less positive 
or negative connotations. The answer categories were relevant 
and 37 (of total 49) items have 5-6 possible answers (5-9 possible 
answers often considered optimal (93)). No evident external 
interests were present. Recall bias is known to be a problem for 
retrospective items (132), and in study IV, I used both a 
retrospective anchor and a change anchor for MCII estimation, to 
account for this. 
 

Missing items 
For the different PROs, I handled missing items in accordance 
with the directions set out in the specific manual for each PRO in 
question; for EQ-5D I used no imputing of missing values (172), 
for SF-12 I used QualityMetric Incorporated´s scoring software 
(version 2.0 and 4.0) which includes an MDE algorithm that 
enables scoring of PCS and MCS with missing item responses and I 
used the missing data estimation method; maximum data 
recovery (the exact procedure is not described (173)), to find 
percentage of discarded PRO subscales. In the other analyses, I 
used manual coding with no imputing of missing values. For 
HOOS, one or two missing values were substituted with the 
average value for that subscale. If more than two items were 
omitted, the response was considered invalid and no subscale 
score was calculated (174). For OHS, if one or two items were 
unanswered, I entered the mean value representing all of the 
patients other item responses, to fill the gaps, but if more than 
two items were unanswered the overall score for that patient was 
not calculated (99). 

STATISTICAL METHODS 
Descriptive statistics 
Categorical variables are presented as frequencies and 
proportions. Continuous variables are presented as means and 
95% confidence intervals (CI) or standard errors (SE), or median 
and ranges. 

In paper I the response rate, floor and ceiling effects, missing 
items, and the need for manual validation were calculated as 
proportions with 95% CIs. The defined cut-points for all 5 criteria 
in order to identify PROs that were feasible for use in registry 
settings were: overall response rate over 80%, floor and ceiling 
effects less than 15%, a proportion of items missing of less than 
5%, and a proportion of items needing manual validation of less 
than 5%. 

In paper II the error proportions were calculated as 
proportion of errors per 1,000 data field with binomial exact 95% 
CI (STATA procedure ‘cii’). Validation of the AFP in relation to 
person ID, was done in comparison with the original sample of all 
patients (n=5,777), with STATA ‘assert’ command.  

In paper III the response rate, floor and ceiling effects, and 
missing items were calculated as proportions with 95% CIs. For 
test-retest, I used the STATA ‘sample’ command to draw random 
samples of the original cohort from the Danish Hip Registry. 

In paper VI, I calculated the proportions (percent) of patients 
reporting different response categories to the anchor questions 
and the corresponding PRO change scores and postoperative PRO 
scores. The absolute scores of the different HOOS subscales, EQ-
5D Index and EQ-VAS were calculated preoperatively and 
postoperatively for each individual patient, as well as change 
scores from pre- to postoperatively. I also calculated mean (95% 
CI) preoperative and postoperative PRO scores and mean change 
scores (95% CI) for the entire study population. I estimated PASS 
(95% CI) for subgroups of different sex, diagnoses and age. Due to 
small subgroups MCII were not estimated at subgroups level, but I 
calculated mean (95% CI) PRO change scores for the different 
subgroups included.  
 
Comparing the mean or proportions 
I used chi-square test (two nominal variables), Student’s t-tests 
(nominal and interval variables) and Wilcoxon-Mann-Whitney test 
(ordinal or interval variables) to compare responder and non-
responder characteristics, and to otherwise compare proportions. 
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In paper IV, Welch's t-test or a W test  (175;176), both allowing 
for unequal variances across groups, was used for comparing 
means between subgroups. 

In paper II, I studied the error proportion overall and for each 
of the four different questionnaires, and also for each individual 
patient. This was tabulated in subgroups by sex and age groups 
(<60 years, and >60 years) with binomial CIs. Due to the 
prespecified and low number of tests, I saw no reason to adjust 
the p-level by multicomparison principles. Throughout this thesis 
a two-tailed probability value less than 0.05 is considered 
significant.  

 
Regression models 
In paper I, logistic regression was used to compare overall 
feasibility criteria between different PROs, adjusting for age (< 50, 
50–70, and > 70 years), sex, primary hip diagnosis (idiopathic OA, 
inflammatory arthritis, childhood diseases, high-impact injuries, 
and low-impact fractures) and prosthesis type (uncemented, 
cemented, or hybrid). Odds ratios (OR) with 95% CIs were 
calculated. 

I studied the abilities of different PRO subscales to 
discriminate between age and sex groups, diagnostic groups, and 
prosthesis types using analysis of variance. The hypothetical 
number of subjects needed to find the significant difference in 
mean value of a PRO between groups (assuming a significance 
level of 5% and a power of 85% to detect differences between the 
actual groups) was estimated for each PRO subscale with sample-
size calculations or with power calculations and simulated ANOVA 
F tests, depending on the number of groups.  
 
Correlations 
In paper III the construct validity was tested by comparing the 
Spearman’s correlation coefficients. Internal consistency was 
determined by calculating Cronbach’s Alpha. Intraclass 
correlation (ICC) was calculated as ICC agreement[2,1] (64) and 
ICC consistency [3,1] (177;178) with STATA ‘icc23’ command (two-
way random effects model). Bland and Altman’s limits of 
agreement were calculated by STATA ‘concord’ command and 
Bland-Altman plots were made using STATA ‘batplot’ command. 

In paper IV the correlation between the anchors and the PRO 
and PRO subscales were tested with Spearman’s correlation 
coefficients. Cohen’s guidelines for interpreting the magnitude of 
correlation coefficients (r = 0.1 (small), r = 0.3 (moderate), and r 
=0.5 (large)) were used (148). 
 
MCII and PASS 
In paper IV, the MCII and PASS estimates were calculated by 
multiple approaches:  the mean change or mean score approach 
(135;137-140;179), the 75th percentile  approach (135;137-
140;166), the 75th percentile approach using tertiles (lowest-, 
middle-, and highest subscale scores) of the preoperative PRO 
scores (180;181), and the following receiver operating 
characteristic (ROC) curves methods; the 80% specificity rule 
(137;181;182), the cut-point corresponding to the smallest 
residual sum of sensitivity and specificity (135;137;140;141) and 
the cut-point corresponding to a 45 degree tangent line 
intersection (equivalent to the point at which the sensitivity and 
specificity are closest together) (141). The mean change approach 
and the mean score approach were used as the primary 
approaches for MCII and PASS, respectively. 95% CI for cut-points 
were estimated by non-parametric bootstrap (182;183) using 
2000 replications, since some groups were small (n<30) in the 

tertiles estimations. The area under the curve (AUC) with 95% CI 
was calculated for all three methods using ROC curves.  
 
Factor analyses 
Exploratory factor analyses by principal component analysis with 
polychoric correlations were conducted for all included multi item 
PROs or PRO subscales in study I. Threshold for factor loadings 
were set at 0.5 (184). Confirmatory factor analysis is most often 
used to assess structural validity, but no STATA module for 
confirmatory factor analyses with the correct statistical 
assumptions could be found. 
 
Differential item functioning 
Analyses of DIF were performed for OHS on the following groups; 
time since operation (1-2 years, 5-6 years, 10-11 years), age group 
(<50, 50-70, >70), and sex. Significance level 0.05/12 was used to 
correct for multiple testing (Bonferroni correction). A cut-point of 
minimum 10% change in effect size (beta) as a criterion for 
clinically relevant DIF was used.  
 
Software 
The R software Version 3.0.1 (The R Foundation for Statistical 
Computing, Vienna, Austria) with “lordif” package was used for 
differential item functioning. The STATA software Version 10.1 
and 11.0 (StataCorp LP, Texas, USA) was used for all other 
statistical analyses. 

SUMMARY OF PAPERS 
PAPER I 
In this study I compared the feasibility of the four PROs examined; 
EQ-5D, SF-12, HOOS and OHS. I tested response rates, floor and 
ceiling effects, missing items, and need for manual validation of 
forms. I also calculated the number of patients needed for each 
PRO to discriminate between subgroups of age, sex, diagnosis, 
and prosthesis type in a hypothetical repeat study. 

Paper I describes a sample of 5,777 patients (all patients over 
18 years of age) registered in DHR with a primary THA and who 
underwent surgery 1–2, 5–6, and 10–11 years prior to the study. 
These current analyses include 5,747 THA patients registered in 
the DHR.  

 
Results 
Response rate 
All PROs fulfilled our criteria of an overall response rate of over 
80%. Multiple regression analyses adjusted for age, sex, diagnosis, 
and type of prosthesis showed no overall difference in the 
response rate for HOOS and OHS (adjusted OR = 0.90, CI: 0.78–
1.04). For the generic PROs the overall adjusted OR for response 
rate was 1.12 (CI: 0.97–1.30). Separate multivariate analyses of 
differences in response rate for disease-specific PROs and generic 
PROs showed similar results for females and for different age 
groups. However, males who had received the EQ-5D responded 
more often than males who had received the SF-12 (adjusted OR 
= 1.4, CI: 1.1–1.8). 
 
Floor and ceiling effects 
All PROs fulfilled our criteria of a floor effect of less than 15%; the 
floor effect was 0.5% or less for the disease-specific PROs (p < 
0.001) and less than 0.3% for the generic PROs (p  = 0.03). 
However, neither the HOOS nor the OHS fulfilled our criteria of a 
ceiling effect of less than 15%. SF-12 PCS and MCS and the EQ-
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VAS fulfilled our criteria of a ceiling effect of less than 15%, while 
the EQ-5D Index had a high ceiling effect of 45.8% (p < 0.001). 
 
Missing items and discarded subscales 
All PROs fulfilled our criteria of a proportion of items missing of 
less than 5%. The percentage of discarded PRO subscales, where a 
score could not be calculated due to too many missing items, was 
between 1.2% and 3.0% for disease-specific PROs (p < 0.001) and 
between 2.3% and 5.5% for generic PROs (p < 0.001). With 
multivariate analysis, I found a significantly higher risk of 
discarded PROs for female patients with HOOS Pain, HOOS PS, 
and HOOS Qol compared to patients with OHS. For the generic 
PROs, the EQ-5D Index and EQ-VAS had a higher risk of discarded 
questionnaires than SF-12 PCS/ MCS; adjusted OR for EQ-5D 
Index was 1.4 (CI: 1.0–2.1) and for EQ-VAS it was 2.6 (IC: 1.9–3.6). 
 
Manual validation 
All PROs fulfilled our criteria of a proportion of items requiring 
manual validation of less than 5%. However, the proportion of 
questionnaires requiring manual validation exceeded 7% for all 
PROs. For the generic PROs, 7.7% of the items in the SF-12 
questionnaires required manual validation as compared to 21.8% 
in the EQ-5D questionnaires (p < 0.001). 
 
Discriminative ability 
Group sizes from 51 to 1,566, depending on descriptive factors 
and choice of PRO, were needed for subgroup analysis. OHS had 
the best discriminative ability—described by the hypothetical 
number of subjects needed to discriminate between groups in 
relation to gender (298 patients per group were needed to find a 
statistically significant difference in mean sum score). SF-12 PCS 
had the best discriminative ability in relation to diagnosis (51 
patients per group were needed). EQ-VAS had the best 
discriminative ability regarding both age (where 270 patients per 
group were needed) and prostheses type (where 207 patients per 
group were needed). 
 
PAPER II 
In this study I assessed the quality of AFP and validated an up-to-
date AFP system, by comparing paper-based and scanned patient-
reported outcome forms with single and double manually entered 
data.  

Paper II describes 200 patients randomly selected from the 
patient cohort of Paper I. The analyses included 200 THA patients, 
398 PROs, 4,875 items and 21,887 data fields. 
 
Results 
ICR 
There was no statistically significant difference between double-
key entering (error proportion per 1,000 fields = 3.367 (95% CI: 
0.085–18.616)) and single-key entering (error proportion per 
1,000 fields = 6.734 (95% CI: 0.817–24.113), (p = 0.565)), no 
statistical difference between AFP (error proportion per 1,000 
fields = 10.101 (95% CI: 2.088–29.234)) and double-key entering 
(p = 0.319), nor any statistical difference between AFP and single-
key entering (p = 0.656). 
 
 OMR 
AFP (error proportion per 1,000 fields = 0.046 (95% CI: 0.001–
0.258)) performed better than single-key entering (error 
proportion per 1,000 fields = 0.370 (95% CI: 0.160–0.729), (p = 
0.020)), double-key entering (error proportion per 1,000 fields = 
0.046 (95% CI: 0.001–0.258)) performed better than single-key 

entering (p = 0.020), and AFP and double-key entering performed 
equally (p = 1.000).  
 
PROs, gender and age 
I found no difference in performance for the different 
questionnaires with the AFP in OMR (p = 0.609), with double-key 
entering (p = 0.644), or single-key entering (p = 0.148). 
Concerning gender, I found no statistical differences for ICR (p = 
0.304, p = 0.239, p = 0.095), or OMR (p = 0.409, p = 0.409, p = 
0.371). Similarly, there were no differences concerning age for ICR  
(p = 0.520, p = 0.711, p = 0.711), or OMR (p = 0.687, p = 0.687, p = 
0.904). 
 
PAPER III 
In this study I translated and cross-culturally adapted the original 
OHS into Danish and validated the Danish language version by 
testing the measurement properties.  

Paper III is a secondary analysis of data from Paper I, including 
a subgroup of all patients between the ages of 30 and 80 years 
who had previously answered the OHS and 215 patients who had 
previously answered the HOOS, giving a total of 2,278 patients for 
this study.  For test-retest validation, 212 patients received the 
OHS twice within two weeks. 
 
Results 
Translation and Cross-Cultural Adaptation 
The translation process revealed minor discrepancies in wording 
and understanding for items 1 (Usual level of hip pain), 8 (Pain on 
standing up from sitting), 9 (Limping when walking), 11 (Work 
interference due to pain), 12 (Pain in bed at night) and option 4 in 
item 6 (Walking time before severe pain), so these were 
rephrased in the translation process. Some patients had problems 
with item 3 (Trouble with transport), which I resolved by adding a 
written instruction for the questionnaire. 
 
Psychometric properties 
The OHS had a response rate of 87.4%, no floor effect and 19.9 % 
ceiling effect in our postoperative patients, and one per cent of 
patients had too many items missing to calculate a sum score. 
The frequency distribution of the scores was negatively skewed, 
with a skew value of -1.39.  

Regarding construct validity, OHS showed the highest 
correlations with the HOOS Pain, HOOS PS and HOOS QoL; the 
pain/ discomfort domain, mobility, current state of health and the 
usual activities domain from the EQ-5D; and the body pain 
domain from the SF-12 (rho = +/- 0.51 to 0.62). The OHS showed 
the lowest correlations with the anxiety/depression and self-care 
domains of the EQ-5D; and the mental component score, vitality 
and social functioning domains from SF-12 (rho = +/- 0.32 to 
0.46). SF-12 general health, body pain domain and physical 
component score had a correlation of 0.38 to 0.49. Thus 12 of the 
15 predefined hypotheses about the strength of correlation were 
confirmed.  

The test-retest reliability of the OHS sum score was 
established with an ICC of 0.96 (95% CI: 0.94–0.97), and limits of 
agreement was -0.05 (95% CI: -4.67–4.58). For internal 
consistency, the overall Cronbach´s alpha was 0.99, and the 
average inter-item correlation was 0.88.  
 
PAPER IV 
In this study I estimated MCII and PASS for HOOS subscales and 
for the EQ-5D in THA patients.  
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Paper IV describes all patients over 18 years receiving a THA in 
one of 16 orthopedic departments in Denmark (‘Odense 
Universitetshospital’, ‘Middelfart Sygehus’, ‘Vejle Sygehus’, 
‘Nordsjællands Hospital Hillerød-Hørsholm’, ‘Privathospitalet 
Hamlet’, ‘Sygehus Sønderjylland-Sønderborg’, ‘Frederiksberg 
Hospital’, ‘Klinik Aalborg, Aalborg Sygehus Syd’, ‘Herlev Hospital’, 
‘Gentofte Hospital’, ‘Erichsens Privathospital’, ‘Friklinik 
Frederikshavn’, ‘Nykøbing Falster Sygehus’, ‘Regionshospitalet 
Viborg’, ‘Holbæk Sygehus’ and ‘Næstved Sygehus’), from 01.03.10 
to 01.03.11, and who accepted study participation, giving a total 
of 1,335 patients for this study. The patients were followed from 
the preoperative assessment to one year postoperative. 
 
Results 
MCII 
MCII cut-points for HOOS based on the hip-specific anchor 
question ‘Overall, how are the problems now in the hip on which 
you had surgery, compared to before your operation?’ were 24 
(95% CI: 20-28) for HOOS Pain, 23 (95% CI: 19-28) for HOOS PS 
and 17 (95% CI: 12-22) for HOOS QoL. The estimated MCII cut-
points for EQ-5D Index and EQ-VAS based on a general health 
anchor were 0.31 (95% CI: 0.29-0.34), and 23 (95% CI: 21-25), 
respectively. MCII estimates were dependent on baseline score 
for all PROs, since lower tertiles corresponded to higher MCII 
estimates. 
 
PASS 
PASS cut-points for the HOOS subscales when responding 
‘Excellent’, ‘Very good’ or ‘Good’ to the question ‘How would you 
describe the results of your operation?’ were 91 (95% CI: 91-92) 
for HOOS Pain, 88 (95% CI: 87-89) for HOOS PS and 83 (95% CI: 
82-85) for HOOS QoL. The cut-points representing PASS when 
reporting 1 step better general health postoperatively compared 
to preoperatively were 0.92 (95% CI: 0.91-0.92) for EQ-5D Index, 
and 85 (95% CI: 84-86)  for the EQ-VAS. PASS estimates were 
independent of preoperative score as shown by identical PASS 
cut-points for the different tertiles of baseline scores.  

Males had better PASS estimates than females (p ≤ 0.04), and 
idiopathic OA patients had better PASS estimates for HOOS QoL 
and EQ-5D Index than other patients (p ≤ 0.008) and patients over 
70 years had lower PASS estimates than younger patients for 
HOOS Pain, HOOS-PS and EQ-VAS (p ≤ 0.03). 

DISCUSSION 
Measurement properties 
PROs are measurement instruments and it is therefore important 
to have knowledge about the measurement properties of the 
different PROs. The PRO results have to be valid, reliable and 
responsive, the PROs have to be feasible to use and the results 
have to be interpretable. The COSMIN study has tried to unify the 
definitions and the taxonomy of relationships of measurement 
properties, and lists many of the different measurement 
properties considered most important (3).  

Study III examined measurement properties of the Danish 
language version of OHS. I consider the other PROs used in the 
studies (HOOS, SF-12 and EQ-5D) to be sufficiently validated, and 
have therefore not done a full validation of these. In study I, 
mean PRO scores for the total population have been reported 
(Paper I, Table 2), now accompanied by median score, IQR and 
range (Table 3). In study III the convergent and divergent con-
struct validity of the Danish OHS were assessed by hypothesis 
testing and found adequate with over 75% of the predefined 

hypotheses confirmed (64), which correspond well to other find-
ings between the OHS and the HOOS (185). The OHS’ correlation 
with SF-36 has also been found to be moderate to high for the 
physical function and bodily pain domains in postoperative pa-
tients (99;106). No studies of OHS’ correlation with SF-12 could 
be found.  

 
Table 3. Additional results: Median, Interquartile range and Range of 
PRO scores, from Study I 

PROs Median 
Interquartile range 

(IQR) 
Range 

HOOS Pain 95 80-100 0-100 

HOOS-PS 90 70-100 0-100 

HOOS QoL 88 63-100 0-100 

OHS 43 34-47 0-48 

SF-12 PCS 43 33-45 12-63 

SF-12 MCS 56 46-61 12-70 

EQ-5D Index 0.84 0.72-1.00 -0.33-1.00 

EQ-VAS 85 70-95 0-100 

 
Concerning test-retest reliability, the ICC should be above 0.70 to 
be acceptable (64). The ICC of the different items in OHS ranged 
from 0.80 to 0.95, and the OHS sum score had a LOA of -0.05 (-
4.67 to 4.58) and an ICC of 0.96 (0.94 to 0.97). This is higher than 
in the original OHS and in other language versions (99;105;107), 
and may be explained by the postoperative administration of the 
OHS in our study.  
 
Table 4. Additional results: Variance components for OHS sum score, 
from Study III 

Variance Estimate (95% CI) 

Between patients 64.4 (51.7-80.2) 

Within patient 2.8  (2.2-3.5) 

 
Table 5. Additional results: Distribution based measures of change in 
OHS, from Study III 

n=166 OHS 

Mean change score   0.05 

Standard deviation (SDchange)   2.36 

Standard error of measurement (SEM)    1.60 

Effect size (ES)    0.01 

Minimal detectable change (MDC)    4.45 

Standardized response mean (SRM)    0.02 

Standard error of the mean 0.19 

Reliability change index (RCI) 0.02 

 
Table 6. Additional results: Intra Class Correlation (ICC Consistency) of 
OHS, from Study III 

Question Content 1 ICC (95% CI) 

1 Usual level of hip pain 0.87 (0.83-0.90) 

2 Trouble with washing and drying 0.85 (0.80-0.89) 

3 Trouble with transport 0.80 (0.74-0.85) 

4 Putting on socks/stockings/tights 0.85 (0.80-0.89) 

5 Doing household shopping alone 0.95 (0.93-0.96) 

6 Walking time before severe pain 0.79 (0.73-0.84) 

7 Difficulty going up stairs 0.84 (0.79-0.88) 

8 Pain on standing up from sitting 0.82 (0.77-0.87) 

9 Limping when walking 0.81 (0.75-0.86) 

10 Sudden, severe pain from hip 0.86 (0.82-0.90) 

11 Work interference due to pain 0.85 (0.80-0.88) 

12 Pain in bed at night 0.86 (0.81-0.89) 

OHS sum score 0.96 (0.94-0.97) 
1: The wording of each item reported in this table is in abridged form 
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The variance between the patients for OHS sum score was 64.4 
(95% CI: 51.7-80.2), and the variance within the same patient was 
2.8 (95% CI: 2.2-3.5) (Table 4). A systematic error variance could 
have a greater relative impact if the variance between the 
patients was lower. The MDC (4.45) was within the LOA of the 
OHS sum score (Table 5). ICC consistency of the different items in 
OHS ranged from 0.79 to 0.95, and the OHS sum score had an ICC 
consistency of 0.96 (0.94 to 0.97) (Table 6). 

A Cronbach’s alpha over 0.95 could be explained by a possible 
redundancy in one or more items (64), but seems to rise directly 
in line with the length of follow-up (Cronbach’s alphas of 0.87 to 
0.89 have been reported in preoperative patients (106;107), 0.89 
at 6 months postoperative (102;186), and 0.93 to 0.92 at one to 
two years postoperative (102)). The very high internal consistency 
of the OHS found in Study III, with a Cronbach’s alpha of 0.99, is 
almost certainly due to the long follow-up period, where patients 
are likely to have few or no symptoms giving a suboptimal 
timeframe to assess the Cronbach’s alpha, and are therefore not 
due to item redundancy. The alpha would decrease to 0.89-0.96, 
if any (one) item was removed. 

Responsiveness of HOOS and EQ-5D was assessed by 
hypothesis testing, 46% of the hypotheses were rejected, and the 
responsiveness was considered moderate (Table 7). The 
responsiveness of HOOS and EQ-5D has previously been assessed 
by calculation of SRM, and will be discussed further in the section 
concerning anchor–based and distribution–based measures.  

Even though PROs have been increasingly studied in joint 
registry contexts in recent years (4;7), still many aspects of their 
use in this context warrants further examinations and the full 
potential of registry PRO usage is far from reached (58). Some 
examples of this is the lack of registry studies identifying inferior 
THA implants by the use of MCII and PASS for PROs, the lack of 
registry studies identifying inferior THA surgery approaches by 

the use of MCII and PASS for PROs, and the lack of registry studies 
identifying THA patients at risk by the use of MCII and PASS for 
PROs. Study I is to my knowledge the first feasibility study 
comparing commonly used hip-specific and generic PROs head-to-
head in a hip registry setting, and Study III is the first translation, 
cross-cultural adaptation and validation study of a Danish 
language version of OHS, showing that feasibility studies and 
validation studies of Danish orthopedic PROs, are in its infancy. 
Validity, feasibility, response rate, ceiling effect, missing data, 
manual validation, factor analyses and differential item 
functioning will be discussed in the following sections. 
 
Validity and feasibility  
Validity and feasibility are two of several important 
measurements properties for measuring the quality of a PRO. 
Validity of a PRO can be defined as ‘the degree to which a health 
related PRO instrument measures the construct(s) it purports to 
measure’ (3). Besides a good validity, the PRO also has to be 
feasible to use in the intended context. I have defined an 
adequate feasibility in a registry setting as where the response 
rate is over 80%, the floor and ceiling effects are less than 15% 
(see also the discussion of ceiling effect below), the proportion of 
items missing is less than 5% and the need for manual validation 
of the scanned PROs is low, with a proportion of items needing 
manual validation of less than 5%, thus replacing an older and 
more general definition of feasibility as ‘the average usable 
response rate for a questionnaire in a postal survey’(4). This older 
definition of feasibility takes into account the response rate, and 
combines this with the amount of missing items or the 
completion rate (‘average usable response rate’). In this thesis it 
is argued that these two properties are not enough for measuring 
the feasibility of a PRO in a specific context. For example, if the 
ceiling effect of a PRO preoperatively was close to 100% in an 
intervention study, the PRO would clearly not be feasible to use in 

Table 7. Additional results: Responsiveness of HOOS and EQ-5D, from Study IV 

Hypotheses 1 Correlations 2 Confirmed 

1 The correlation of change on HOOS Pain with EQ-5D item 4 (pain/discomfort) is at least 0.10 higher than the 
correlation of change on HOOS-PS with EQ-5D item 4 

-0.52 vs -0.45 No 

2 The correlation of change on HOOS Pain with EQ-5D item 4 (pain/discomfort) is at least 0.10 higher than the 
correlation of change on HOOS QoL with EQ-5D item 4 

-0.52 vs -0.50 No 

3 The correlation of change on HOOS-PS with EQ-5D item 1 (mobility) is at least 0.10 higher than the correlation 
of change on HOOS Pain with EQ-5D item 1 

-0.37 vs -0.40 No 

4 The correlation of change on HOOS-PS with EQ-5D item 2 (self-care) is at least 0.10 higher than the correla-
tion of change on HOOS Pain with EQ-5D item 2 

-0.27 vs -0.24 No 

5 The correlation of change on HOOS-PS with EQ-5D item 3 (usual activities) is at least 0.10 higher than the 
correlation of change on HOOS Pain with EQ-5D item 3 

-0.43 vs -0.44 No 

6 The correlation of change on hip specific anchor with HOOS Pain is at least 0.10 higher than the correlation of 
change on hip specific anchor with EQ-VAS 

-0.40 vs -0.25 Yes 

7 The correlation of change on hip specific anchor with HOOS-PS is at least 0.10 higher than the correlation of 
change on hip specific anchor with EQ-VAS 

-0.39 vs -0.25 Yes 

8 The correlation of change on hip specific anchor with HOOS QoL is at least 0.10 higher than the correlation of 
change on hip specific anchor with EQ-VAS 

-0.46 vs -0.25 Yes 

9 The correlation of change on HOOS Pain with EQ-5D item 4 (pain/discomfort) is at least 0.10 higher than the 
correlation of change on HOOS Pain with EQ-5D item 1 (mobility) 

-0.52 vs -0.40 Yes 

10 The correlation of change on HOOS Pain with EQ-5D item 4 (pain/discomfort) is at least 0.10 higher than the 
correlation of change on HOOS Pain with EQ-5D item 2 (self-care) 

-0.52 vs -0.24 Yes 

11 The correlation of change on HOOS Pain with EQ-5D item 4 (pain/discomfort) is at least 0.10 higher than the 
correlation of change on HOOS Pain with EQ-5D item 3 (usual activities) 

-0.52 vs -0.44 No 

12 The correlation of change on HOOS Pain with EQ-5D item 4 (pain/discomfort) is at least 0.10 higher than the 
correlation of change on HOOS Pain with EQ-5D item 5 (anxiety/depression) 

-0.52 vs -0.12 Yes 

13 The correlation of change on HOOS Pain with EQ-5D item 4 (pain/discomfort) is at least 0.10 higher than the 
correlation of change on HOOS Pain with EQ-VAS 

-0.52 vs -0.34 Yes 

n=1,025. Total amount of hypothesis that were rejected: 6/13. Responsiveness considered moderate. 
1: Hypothesis formulated after data collection but before data analysis 2: Spearman’s correlation coefficients. 
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this context. In addition, the former definition is limited to postal 
surveys. It is likely that internet based applications will be used to 
an even higher degree in the future, and internet based PROs 
should also be included in a modern definition of feasibility. 

Validity and feasibility of a PRO is not absolute but depends 
on the context in which it is being used. A PRO will therefore not 
be valid per se, but can be validated in a specific context; for 
example for THA patients in a Registry setting. PROs validated in 
similar settings (like RA patients), may contribute to our 
assessment of the validity of a PRO where no other validations 
exist. An example of this: the EQ-5D has been validated for both 
THA patients (187), and for RA patients (120). If no EQ-5D 
validation on THA patients existed, the results from the validation 
in RA patients could have been used due to some similarities 
between THA patients and RA patients. This is of course not ideal 
(because of the many differences between THA and RA patients), 
but when lacking information from the patient group in question, 
similar patient groups could be used, as some information is 
better than no information.  
 
Response rate 
The feasibility criteria in study I included response rate, and our 
cut-point was a response rate of 80%. All PROs in study I had a 
response rate over our cut-point (an overall response rate of 
83%). In study III, the OHS had an excellent response rate of 87%. 
Other PRO studies including THA patients, THA and TKA patients 
combined or patients with revision hip replacement, have found 
response rates ranging from 62-88% (44;100;188-190). In the 
Swedish Hip Arthroplasty Registry, response rates of PROs range 
from 49-92% (7). The low response rate of 49% was achieved with 
an internet based application, and declining response rates with 
increasing age was seen. No differences in regard to population 
density was found (7). The impressive 1 year response rate of 92% 
with pen-and-paper questionnaires found is comparable to the 
96% of patients who answered the 1 year postoperative 
questionnaire set in our study IV. The difference in response rate 
in study I (83%) compared to in study IV (96%) might be explained 
by differences in the methodology; the first study was a register 
study where a sample of patients from the register were sent 
both invitations to participate in the study as well as 
questionnaires. Therefore patients declining study participation 
were subtracted from the included patients. In study IV (a cohort 
study) the patients could decline study participation before they 
were given the PROs, so the patients declining study participation 
were not subtracted from the included patients. Removing the 
patients declining to participate from the included patients in 
Study I would give a response rate of 90%. So, in different settings 
the term response rate can have similar but different meanings. A 
sufficiently high response rate is vital to minimize selection bias 
and to ensure generalizability. A low response rate would 
increase the risk of selection bias: Rolfson et al. found that using 
an internet questionnaire alone gave an insufficient response rate 
and biased results since older patients and those with more 
severe co-morbidities did not respond (7). 

Only few studies have evaluated whether follow-up time 
affects the response rate in a joint registry context. The New 
Zealand joint registry chose to send out OHS at six months 
postoperative, as it was reasoned that the operation and 
rehabilitation would then still be a recent significant event for the 
patient and therefore encourage a high response rate. They 
achieved a 75% response rate at six months, but achieved a five 
year response rate of 80% (56). In the Cochrane review by 
Edwards et al., there was found no evidence for an effect on 

response rate of questionnaires being sent sooner after discharge 
from hospital, and no evidence for an effect on response rate 
when a follow-up interval of less than 31 days was used (91). In 
study I, I saw no difference in response rate depending on follow-
up times ranging from 1 to 11 years. This supports the view that 
follow-up time is not strongly related to response rate, which may 
be explained by that patient burden and patient-perceived 
importance have a much higher impact on patients’ decision to 
answer a PRO, than time after surgery. Many factors can 
contribute to an increased response rate in both postal and 
electronic surveys, some of them are listed in Table 8 (91;93). I 
used several of these strategies to achieve our response rate 
(described in the methodological considerations).  
 
Table 8. Methods to increase response rates of PROs 

Methods to increase response rates of PROs 

Including an invitation letter 

Advance warning that the questionnaire will be coming 

Giving a token of appreciation 

Enclosing a stamped self-addressed envelope 

Follow-ups 

Monetary incentives 

A teaser on the envelope - e.g. a comment suggesting to participants 
that they may benefit if they open it 

A more interesting questionnaire topic 

Unconditional incentives 

Shorter questionnaires 

Providing a second copy of the questionnaire at follow up 

Mentioning an obligation to respond 

University sponsorship 

Non-monetary incentives 

Personalized questionnaires 

Use of hand-written addresses 

Use of stamped return envelopes as opposed to franked return 
envelopes 

An assurance of confidentiality 

 
Ceiling effect 
A ceiling effect of 6-46% was found in study I and III. For all PRO 
subscales studied, except the SF-12 subscales and the EQ-VAS, 
the ceiling effect were over the 15 % considered the maximum 
acceptable (64). This is in accordance with other studies which 
has showed a similar ceiling effect (101;185;191). SF-12 PCS and 
SF-12 MCS had lower ceiling effects, as reported by others, which 
is explained by computation of a norm-based value set (192). The 
high ceiling effect in the present thesis could be explained by the 
postoperative administration of the PROs. Considering the 
median postoperative follow-up period of five years in study III 
and the good overall clinical outcome from THA (191), it could be 
argued that the finding is merely a degree of skew, which is to be 
expected given the timing of measures relative to the 
intervention (PROs administered postoperatively), and this can 
explain the skew in sum score distribution. A lower ceiling effect 
preoperatively compared to postoperatively is self-evident, and 
previously shown by others (191). Consistent with our findings in 
study III, Naal et al. found a lower preoperative OHS ceiling effect 
(107). Considering the good outcome of THA, low floor effects 
and high ceiling effects can be expected and I contribute the high 
number of ceiling scores, to the combination of a fairly long 
postoperative follow-up period in our study I and III, and the good 
overall clinical outcome from THA; therefore, I believe the 
proposed and fairly arbitrary criterion of having the best possible 
score in less than 15% of patients following THA might be too 
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restrictive in a standard population. The ceiling effect will also be 
dependent on the preoperative scores. Patients with a very good 
preoperative score may mistakenly be misclassified as non-
responders because their baseline score does not allow 
achievement of important change due to ceiling effects (193). The 
responsiveness can be defined as the ability of a PRO to detect 
change over time in the construct to be measured (3). Ceiling 
effect may influence the reliability and the responsiveness of a 
PRO because it is not possible to see if a patient improves or is in 
the same state for repeated measurements. de Vet et al. argue 
that if there really is a ceiling effect depends on whether one 
want to discriminate the patient group any further; after joint 
replacement a high percentage of patients may have ceiling 
scores, but they argue that this should not be considered a ceiling 
effect since one do not want to discriminate these postoperative 
patients any further (194). This can however be debated. In a 
registry context a long-time follow-up is important, and in this 
setting it is therefore preferential to be able to discriminate also 
postoperative patients based on their PRO outcome. As a 
consequence of this, a high percentage of ceiling scores should be 
defined as a ceiling effect, a PRO used by THA patients in a joint 
registry context should have as small ceiling effect as possible, but 
a criterion of a postoperative ceiling effect below 15% might be 
too restrictive.  

In study III, the ceiling effect is reported to be 19.9% in both 
text and table (Paper III, Table III), but in the figure it is 23% 
(Paper III, Figure 2). The explanation to this apparently 
discrepancy were unfortunately removed from the paper in the 
review process; The ceiling effect in the text and table is reported 
without imputation of missing items (the percent of number of 
PROs with best possible answer on every item) to make it easier 
to compare ceiling effects between the different PROs, while in 
the figure, the ceiling effect is reported with imputation of 
missing items (the percent of PROs with best possible sum score, 
after imputation). 

In study I, one part of the conclusion was: “We found minor 
differences between the disease-specific and the generic PROs 
regarding ceiling and floor effects as well as discarded items”. 
This might be considered to be a controversial statement, since 
the ceiling effect of the different PROs varied from 6-46%. It is 
important to note that this statement concerns the difference in 
ceiling and floor effects between the examined disease-specific 
PROs compared to the generic PROs (20-37% vs. 6-46% and 0-
0.5% vs. 0-0.3%), and in this context the difference can be 
interpreted as minor. However, all ceiling effects for the different 
PROs were published, as this information may be useful for 
decision making about what PRO to include, when a low ceiling 
effect is of a particular interest. 
        
Missing data 
Missing data can be a major challenge in ensuring good PRO data 
quality (192). Missing data may decrease data quality and have 
the potential to undermine the validity of the results, if occurring 
not random. Imputation of missing data can be an option (195). 
The impact of imputation of missing data in hip replacement 
patients for OHS and EQ-5D have previously been assessed, and 
the differences in mean scores between PROs with or without 
imputation have been found to be very small (109). The handling 
of missing data by imputation in the included studies is described 
in the methodological considerations. Imputed data can be 
problematic to use for assessing the measurement properties of a 
PRO instrument, as imputed data will artificially reduce variation 
in overall scores, and this is a known limitation in study III. Study 

III is a secondary analysis of data from study I, which explains the 
use of imputed data in this study. In study I the cut-off chosen in 
regard to an acceptable proportion of items missing was 5%. 
Others find 3-15% missing items acceptable (184). In study I the 
proportion of items missing ranged from 1.2-3.4%, and 1.2-5.5% 
of the PRO subscales had to be discarded due to too many items 
missing, making it impossible to calculate a sum score. In study III 
0.5-4.2% had too many items missing to calculate a sum score. 
Completion rate (the percentage of PROs with too many items 
missing, subtracted from the total number of PROs) is in the 
literature sometimes used to describe missing items. Table 9 
show the completion rate of the different PROs in study IV.  
 
Table 9. Additional results: Completion rates (%) for PRO subscales, from 
Study IV 

PROs Preoperative (n=1,335) Postoperative (n=1,288) 

HOOS Pain 98.3 (n=1,312) 95.7 (n=1,233) 

HOOS PS 98.3 (n=1,312) 96.7 (n=1,245) 

HOOS QoL 98.8 (n=1,319) 97.2 (n=1,252) 

EQ-5D Index 95.2 (n=1,271) 95.3 (n=1,228) 

EQ-VAS 97.5 (n=1,302) 95.6 (n=1,231) 

 
The proportion of missing items, the percentage of discarded 
PROs due to missing items and the completion rate is similar in all 
studies presented, and correspond well with the numbers 
reported in other PRO studies (100;107;196). There are also 
studies showing an even smaller percentage of missing items 
(around 0%) than in the studies presented in this thesis 
(106;159;160). The number of included patients and how the 
patients were managed in the follow-up may explain these 
differences. Rolfson et al. report completion rates of EQ-5D in the 
Swedish Hip Arthroplasty Registry of 86.1% (preoperative) and 
90.2% (postoperative) (7). In study I (58 % females), I found that 
females left more unanswered items than males. This may partly 
explain the high amount of missing items in the study of 3,156 RA 
patients (75-80 % females), where 7 % of patients were missing 
more than 20 % of items for SF-12 PCS, SF-12 MCS and EQ-5D 
(192).  

For EQ-5D, the percentage of PROs with missing items 
(missing EQ-5D items in study I per total number of EQ-5D items 
in study I) is reported for each item and for the EQ-VAS and EQ-
5D Index in Table 10.  
 
Table 10. Additional results: Number (%) of PROs with missing items for 
each item for EQ-5D, from Study I 

Question 1 n (%) 

1 28 (1.2) 

2 34 (1.4) 

3 30 (1.2) 

4 19 (0.8) 

5 36 (1.5) 

Total score 1 n (%) 

EQ-VAS 132 (5.5) 

EQ-5D Index 76 (3.2) 
n=2,407. 1: No imputing of missing values 

 
The percentage of PROs with missing items in the EQ-VAS and EQ-
5D Index in Table 10 is the same as “Discarded PRO subscales” 
(Paper I, Table 3), because there is no imputing of missing values 
for EQ-5D. The different proportion of items missing in study III 
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(Paper III, Table III) is due to that this proportion is calculated of 
the total number of PROs (not the total number of PRO 
subscales). The percentage of PROs with missing items differs 
from the missing items in study III (Paper III, Table III), as study III 
only includes a smaller sample (n=898) of the patients included in 
study I (n=2,407). The percentage of PROs with missing items in 
study I (Table 10) is comparable to the percentage of PROs with 
missing items in study IV (Table 11). There seems to be a higher 
percentage of missing items postoperatively than preoperatively 
(Table 11). 
 
Table 11. Additional results: Number (%) of PROs with missing items for 
each item for EQ-5D, from Study IV 

Question 1 
Preoperative (n=1,286) Postoperative (n=1,245) 

n (%) n (%) 

1 20 (1.6) 31 (2.5) 

2 37 (2.9) 31 (2.5) 

3 19 (1.5) 35 (2.8) 

4 22 (1.7) 32 (2.6) 

5 33 (2.6) 44 (3.5) 

Total score 1 n (%) n (%) 

EQ-VAS 31 (2.4) 54 (4.3) 

EQ-5D Index 62 (4.8) 59 (4.7) 
1: No imputing of missing values 

 
For HOOS, the percentage of PROs with missing items (missing 
HOOS items in study I per total number of HOOS items in study I) 
is reported for each item and for the HOOS Pain, HOOS-PS and 
HOOS QoL in Table 12.  
 
Table 12. Additional results: Number (%) of PROs with missing items for 
each item for HOOS, from Study I 

Question 1 n (%) 

1 255 (10.8) 

2 59 (2.5) 

3 69 (2.9) 

4 74 (3.1) 

5 60 (2.5) 

6 51 (2.2) 

7 62 (2.6) 

8 75 (3.2) 

9 61 (2.6) 

10 58 (2.5) 

11 74 (3.1) 

12 67 (2.8) 

13 74 (3.1) 

14 189 (8.0) 

15 79 (3.3) 

16 64 (2.7) 

17 49 (2.1) 

18 50 (2.1) 

19 47 (2.0) 

Total score 2 n (%) 

HOOS Pain 72 (3.0) 

HOOS-PS 64 (2.7) 

HOOS QoL 44 (1.9) 
n=2,365. 1: No imputing of missing values  
2: Imputing of missing values 

 
The percentage of PROs with missing items in the HOOS Pain, 
HOOS-PS and HOOS QoL in Table 12 is the same as “Discarded 
PRO subscales” in study I (Paper I, Table 3), because these sum 

scores are calculated after imputation. The different proportion 
of items missing in study III (Paper III, Table III), is due to that this 
proportion is calculated of the total number of PROs (not the total 
number of PRO subscales). The percentage of PROs with missing 
items is comparable but different from the missing items in study 
III (Paper III, Table III), as study III only includes a smaller sample 
(n=187) of the patients included in study I (n=2,365). The 
percentage of PROs with missing items in study I (Table 12) is 
comparable to the percentage of PROs with missing items in 
study IV (Table 13), but there seems to be a higher percentage of 
missing items postoperatively than preoperatively (Table 13).  
 
Table 13. Additional results: Number (%) of PROs with missing items for 
each item for HOOS, from Study IV 

Question 1 
Preoperative (n=1,286) Postoperative (n=1,245) 

n (%) n (%) 

1 56 (4.4) 140 (11.2) 

2 25 (1.9) 49 (3.9) 

3 23 (1.8) 50 (4.0) 

4 25 (1.9) 51 (4.1) 

5 22 (1.7) 49 (3.9) 

6 15 (1.2) 49 (3.9) 

7 19 (1.5) 46 (3.7) 

8 22 (1.7) 59 (4.7) 

9 19 (1.5) 50 (4.0) 

10 15 (1.2) 45 (3.6) 

11 22 (1.7) 38 (3.1) 

12 23 (1.8) 42 (3.4) 

13 26 (2.0) 46 (3.7) 

14 62 (4.8) 103 (8.3) 

15 23 (1.8) 48 (3.9) 

16 13 (1.0) 46 (3.7) 

17 17 (1.3) 37 (3.0) 

18 17 (1.3) 37 (3.0) 

19 14 (1.1) 39 (3.1) 

Total score 2 n (%) n (%) 

HOOS Pain 22 (1.7) 51 (4.1) 

HOOS-PS 20 (1.6) 42 (3.4) 

HOOS QoL 13 (1.0) 35 (2.8) 

1: No imputing of missing values 2: Imputing of missing values 

 
For HOOS, two items seem to have higher percentages of missing 
items then the rest of the items in study I and in study IV (both 
preoperatively and postoperatively); the item “How often is your 
hip painful?” (Answer options; Never, Monthly, Weekly, Daily, 
Always), and the item “The following questions concern your level 
of function in performing usual daily activities and higher level 
activities. For each of the following activities, please indicate the 
degree of difficult you have experienced in the last week due to 
your hip problem; Running” (Answer options; None, Mild, 
Moderate, Severe, Extreme). There may be many potential 
explanations to why these items often are missed, including the 
layout of the questionnaire and items, the number and content of 
answer options, and the patient-perceived relevance of the items. 
Both items have good face validity, seem relevant and seem to 
have sufficient answer options (5 answer options to all HOOS 
items). I have shown that patients do not have much pain, at least 
at the postoperative follow-up, but this is included in the answer 
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options (Never). Pain localization may be a problem, especially in 
older cohorts with high levels of co morbidity. The pain item is the 
first item in the HOOS questionnaire used, and I cannot exclude 
that the placement of the item on the questionnaire could have 
contributed to it being overlooked by the patients. The item 
concerning running may have a lower patient-perceived relevance 
in my population. HOOS was constructed to get improved validity 
for those with less severe disease or higher demands of physical 
function, but since the median age in study I and study IV were 68 
and 73 respectively, and because of co morbidity, running may 
not be that relevant for this patient group.   

For OHS, the percentage of PROs with missing items (missing 
OHS items in study I per total number of OHS items in study I) is 
reported for each item and for the OHS sum score in Table 14.  

 
Table 14. Additional results: Number (%) of PROs with missing items for 
each item for OHS, from Study I 

Question 1 n (%) 

1 25 (1.0) 

2 14 (0.6) 

3 12 (0.5) 

4 12 (0.5) 

5 28 (1.2) 

6 21 (0.9) 

7 48 (2.0) 

8 34 (1.4) 

9 35 (1.4) 

10 37 (1.5) 

11 43 (1.8) 

12 28 (1.2) 

Total score 2 n (%) 

OHS sum score 30 (1.2) 
n=2,419. 1: No imputing of missing values  
2: Imputing of missing values 

 
The percentage of PROs with missing items in the OHS sum score 
in Table 14 is the same as the proportion of items missing in study 
I (Paper I, Table 3), the same as in “Discarded PRO subscales” (no 
subscale division of OHS) in study I (Paper I, Table 3), and the 
same as in study III (too many items missing to calculate a sum 
score) (Paper III, Table III),  because the amount of discarded 
PROs equals the result after imputation. 
 
Table 15. Additional results: Number (%) of PROs with missing items for 
each item for SF-12, from Study I 

Question 1 n (%) 

1 47 (2.0) 

2 30 (1.3) 

3 54 (2.3) 

4 41 (1.7) 

5 58 (2.4) 

6 68 (2.9) 

7 88 (3.7) 

8 54 (2.3) 

9 51 (2.1) 

10 63 (2.7) 

11 65 (2.7) 

12 43 (1.8) 

Total score 2 n (%) 

PCS & MCS 55 (2.3) 
n=2,377. 1: No imputing of missing values  
2: Imputing of missing values 

For SF-12, the percentage of PROs with missing items in the PCS 
and MCS in Table 15 is the same as the proportion of items 
missing in study I (Paper I, Table 3), and the same as in “Discarded 
PRO subscales” in study I (Paper I, Table 3). It differs from the 
missing items in study III (Paper III, Table III), as study III only 
includes a smaller sample (n=907) of the patients included in 
study I (n=2,377). 

One part of the conclusion in study I might be considered to 
be a controversial: “We found minor differences between the 
disease-specific and the generic PROs regarding ceiling and floor 
effects as well as discarded items”. This statement should not be 
interpreted to mean that there are no differences in the amount 
of discarded PRO subscales due to missing items between the 
PROs included in study I, but only that the difference in discarded 
PRO subscales between the examined disease-specific PROs 
compared to the generic PROs (1.2-3% vs. 2.3-5.5%) can be inter-
preted as being minor. The detailed results concerning missing 
items (Table 10-15) may be useful information in further studies 
where the number of missing items is of importance.  

 
Manual validation 
In this thesis manual validation was defined as an active code 
validation by a human operator. Manual validation of the scanned 
PROs was conducted when the AFP system could not convert an 
answer due to poor or ambiguous questionnaire completion. 
Therefore, a higher percentage of PRO items needing manual 
validation may indicate a less patient-friendly PRO format. In 
need of manual validation the scanner cannot scan further until a 
human operator manually validates the correct code for the 
questionnaire answer in question. In Study I, the EQ-5D required 
manual validation about 3 times as often as the other PROs 
(Paper I, Table 3), and EQ-VAS had over 4 times the percentage of 
manual validations per PRO subscales as EQ-5D Index (Table 16), 
suggesting that the EQ-VAS could be less optimal for use in a 
mailed survey in a registry population.  
 
Table 16. Additional results: Proportions (Mean, 95% CI) of manual 
validations per PRO subscales, from Study I 

Specific PROs 

HOOS (n=2,365) 

Pain 4.3 (3.5-5.1) 

PS 2.6 (2.0-3.3) 

QoL 2.5 (1.9-3.1) 

OHS (n=2,419) 7.2 (6.2-8.2) 

Generic PROs 

SF-12 (n=2,377) 
PCS 7.7 (6.6-8.8) 

MCS 7.7 (6.6-8.8) 

EQ-5D (n=2,407) 
EQ-5D Index 4.1 (3.3-4.9) 

EQ-VAS 18.8 (17.3-20.4) 

 
But this finding could also be explained by the use of different 
AFP technology; in study II, I also found a very high percentage of 
manually validated items of EQ-VAS compared to the other PROs 
(about 10 times as often), and I will argue that this is mainly 
because of ICR. It is clearly more difficult for the AFP system to 
identify a hand-printed character (number) correctly, than to 
identify if a check box is marked, also suggested by the higher 
number of errors per 10,000 data fields in ICR compared to OMR 
(Paper II, Table 3). This finding is in agreement with older studies, 
and Jørgensen et al. found it advisable to avoid numeric fields if it 
could not be assured that respondents would adhere to the 
recommendations on how to write characters to enhance 
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recognition (197). Further improvements in ICR technology could 
possibly decrease the error level to the level of OMR, but this has 
to be examined in future studies.  

The differences in proportions of items validated or the 
proportion of PROs requiring manual validation also have 
economic implications. Especially in large studies or in a registry 
context, where the number of patients (and the number of PROs) 
are high, the importance of a minimal amount of manual 
validation is clear. The type of AFP technology required for the 
different PROs also seem to affect amount of manual validation 
needed. The data presented in Study I (Paper I, Table 3) can be 
used to choose PROs requiring the least manual validation 
possible.  
 
Cost of AFP 
Cost will often be an issue when considering implementations of 
new technologies. Health-economic aspects with health-
economic evaluations, cost-per-patient calculations, cost-utility 
calculations and willingness-to-pay calculations are now an 
integrated part of the public health system in general and the Hip 
Arthroplasty Registries (7). AFP technologies have traditionally 
been expensive and in earlier reports between 54,000 and 99,000 
forms are found to be needed to be processed to recover the 
initial investment (197). The cost of equipment for AFP data 
capture has decreased considerably in the last decades. The cost 
of double manual data entry can be very high if the number of 
questionnaire forms are high, as the time needed for double 
manual data entry, even with the use of modern data entry 
software, is substantiel. I found that the mean time for double 
manual data entry was over two minutes per queestionnaire 
(Table 17), which would give over 366 effective working hours if 
the data from Study I alone were to be manually entered. 
 
Table 17. Additional results: Number of seconds (Mean, 95% CI) used for 
manual double-key data entry 1, from Study II 

PROs Per PRO Per Item 

HOOS (n=99) 117 (101-132) 6.1 (5.3-6.9) 

OHS (n=100) 71 (61-82) 5.9 (5.1-6.8) 

SF-12 (n=100) 169 (105-233) 14 (8.8-19) 

EQ-5D (n=99) 195 (92-299) 33 (15-50) 

Mean for the entire study (n=398) 138 (95-182) 15 (8.2-21) 

1: Manual double-key data entry (with limiting definitions for entry of out of range 
values and program control of data entered) using EpiData Data Entry software 
(EpiData Association, http://www.epidata.dk) 

 
Table 18. Additional results: The cost of AFP vs. manual double-key data 
entry in Study I 

The cost of AFP 1 143,772,- DKR 

The cost of manual double-key data entry 2 110,032,- DKR 

1: The cost of AFP including: set up and adjusting PROs for AFP, control of status of 
patients (living or dead) before sending out the PROs, communication with the 
printing company, printing expenses, sorting of questionnaires and patient 
information, stapling of questionnaires, mail merging, enveloping, recieving and 
opening envelopes from the patients, sorting the PROs, removing the staples, 
scanning the PROs, manual validation of the PROs, sending the data in electronic 
format, manual checking of out of range values, control of status of patients (living 
or dead) before sending out the reminders, and managing first and second 
reminder letters 2: The calculated cost using 4,784 patients, 2 PROs each (as in 
study I), 138 seconds per PRO entry, and a hourly rate of 300,- DKR 

 
 

Reports have shown that AFP can reduce processing time to 
about one half to one third of that of manual data entry and that 
wage expenses can be reduced to about one third to one quarter 
(197). Already in 2001, Weller et al. concluded that their AFP 
system were cost-effective (198). The cost of AFP has not been 
directly compared to double manual data entry in our studies. 
The cost of AFP in our study I is listed in Table 18. It may seem as 
the AFP in study I was not cost reducing, but the cost of AFP 
included other necessary expenses, and I therefore believe that 
the AFP was in reality cost reducing. In the comparison in Table 
18, a manual hourly rate of 300,- DKR is used, as this is the hourly 
rate for AFP paid in these studies. The cost of manual data entry 
will of course depend on the hourly rate of the personnel doing 
the manual data entry. A higher percentage of PRO items needing 
manual validation are more costly due to the manual labor 
required. A British report have shown the overall average cost per 
matching preoperative and follow-up questionnaire to be £5.81 
per patient (109) (approximately 50,- DKR), which is comparable 
to the cost in this study (Table 18), considering that only 
postoperative questionnaires were used in study I. Even though 
the cost of equipment for AFP data capture has decreased 
considerably in recent decades, substantial time and computer 
expertise is still required for implementation. Further studies 
should assess the cost of modern AFP systems in direct 
comparison to double manual data entry.  
 
Factor analyses 
For OHS only 1 factor had an eigenvalue of >1 (11.7), and this 
factor could explain >99% of the variance in the data set. Large 
difference in eigenvalues between factor 1 to 2 and small 
difference in eigenvalues between 2 and 3, and the scree plot 
supported unidimensionality (Table 19) (199). Oblique rotation 
did not add clarity to the result already found. OHS was 
developed to assess function and pain in patients undergoing THA 
(101). OHS was found to be unidimensional, and measure hip 
problems in THA patients.  

For HOOS Pain only 1 factor had an eigenvalue of >1 (9.9), and 
this factor could explain >99% of the variance in the data set. 
Large difference in eigenvalues between factor 1 to 2 and small 
difference in eigenvalues between 2 and 3, and the scree plot 
supported unidimensionality (Table 19) (199). Oblique rotation 
did not add clarity to the result already found.  HOOS Pain was 
found to be unidimensional, and measure hip pain in THA 
patients. 

For HOOS-PS only 1 factor had an eigenvalue of >1 (4.9), and 
this factor could explain >99% of the variance in the data set. 
Large difference in eigenvalues between factor 1 to 2 and small 
difference in eigenvalues between 2 and 3, and the scree plot 
supported the unidimensionality previously reported (Table 19) 
(199;200). Oblique rotation did not add clarity to the result 
already found.  HOOS-PS was found to be unidimensional, and 
measure hip-related physical function in THA patients.  

For HOOS QoL only 1 factor had an eigenvalue of >1 (3.9), and 
this factor could explain >99% of the variance in the data set. 
Large difference in eigenvalues between factor 1 to 2 and small 
difference in eigenvalues between 2 and 3, and the scree plot 
supported unidimensionality (Table 19) (199). Oblique rotation 
did not add clarity to the result already found.  Nilsdotter et al. do 
not describe the different factors of HOOS in detail, but only state 
that “all items loaded on a major factor for each subscale” (201).  
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HOOS QoL was found to be unidimensional, and measure hip-
related quality of life in THA patients.  

For SF-12 only 1 factor had an eigenvalue of >1 (11.4), and 
this factor could explain >98% of the variance in the data set. 
Large difference in eigenvalues between factor 1 to 2 and small 
difference in eigenvalues between 2 and 3, and the scree plot 
supported unidimensionality (Table 19) (199). Oblique rotation 
did not add clarity to the result already found.  SF-12 was 
developed to assess general health (GH), physical functioning 
(PF), role physical (RP), role emotional (RE), bodily pain (BP), 
mental health (MH), vitality (VT) and social functioning (SF) (173). 
The eight hypothesized factors could not be identified. A poor 
dimensional reproducibility for SF-36 has previously been 
reported (202). SF-12 was found to be unidimensional, and in this  
 

context seems to measure hip-related problems in general health 
of THA patients.  

For EQ-5D only 1 factor had an eigenvalue of >1 (4.9), and this 
factor could explain >99% of the variance in the data set. Large 
difference in eigenvalues between factor 1 to 2 and small 
difference in eigenvalues between 2 and 3, and the scree plot 
supported unidimensionality (Table 19) (199). Oblique rotation 
did not add clarity to the result already found.  EQ-5D was 
developed to assess mobility, self-care, usual activities, 
pain/discomfort and anxiety/depression (172). EQ-5D was found 
to be unidimensional, and in this context seems to measure hip-
related problems in general health of THA patients. 
 
 
 

Table 19. Additional results: Scree plots from exploratory factor analysis of HOOS Pain, HOOS-PS, HOOS QoL, OHS, EQ-5D Index and SF-12, from Study I 
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Differential item functioning 
Differential item functioning (DIF) exists when item responses by 
members of different groups are statistically different when 
controlling for trait and may indicate item bias. DIF is classified as 
either uniform (if the effect is constant) or non-uniform (if the 
effect varies conditional on the trait level) (203;204). Some items 
(time since operation; item 2, 3, 4, 7. age group; item 1, 3, 5, 6, 7, 
10, 12. sex; 2, 4, 5, 7, 12) were initially flagged for uniform DIF 
from the criterion of a significant LR-test (group as explanatory 
variable). Large dataset are known to produce significant results 
even where no clinical relevant differences exist (205). It is 
common to use a minimum 10% change in effect size (beta) as a 
criteria for clinically relevant DIF. Using this cut-off, there was no 
uniform DIF. Furthermore, there was no non-uniform DIF for time 
since operation or sex, however, for age group a clinically 
relevant non-uniform DIF was found for item 1 (chi square-
p=0.0003) (Table 20).  
 
Table 20. Additional results: DIF of OHS items, from Study III 

Subgroups Item number 
for items 
initially 
flagged for  
uniform DIF 1 

Item number 
for items with 
clinically  
relevant  
uniform DIF 2 

Item number for 
items with clinically 
relevant  
non-uniform DIF  

Time since 
operation 

2, 3, 4, 7 none none 

Age group 1, 3, 5, 6, 7, 
10, 12 

none 1 (p = 0.0003) 

Sex 2, 4, 5, 7, 12 none none 
1: Significant LR test 2: 10% change in effect size 

 
For the WOMAC pain subscale, age-related DIF have been 
reported in hip OA patients (206). There may be several reasons 
why age group affect the pain reported in the OHS item: “During 
the past 4 weeks… How would you describe the pain you usually 
had from your hip?” (Answer options; None, Very mild, Mild, 
Moderate, Severe). There is no clear consensus in the literature 
on how age affect pain after THA; Older age have been associated 
with moderate-severe pain 2-5 years postoperative revision THA 
(207). Others report no age related differences in joint pain 6 
month postoperative THA or TKA (208). In a review of 64 THA and 
TKA studies, Santaguida et al. concluded that age do not influence 
the outcome of pain (209). I have found that the PASS concerning 
pain is different for different age groups (Study IV, Table 4), 
implying that the amount of pain found acceptable changes with 
age, which may partly explain the findings. The time of measure 
(less than 1 year follow-up postoperatively) and the type of pain 
measure itself may also affect the results.    
 
PRO completion in same state 
Patients who have not changed and have the same health state in 
repeated measurements are defined as being in same state. For 
example: preoperative and postoperative THA patients are not in 
same state (due to the THA), but patients who have received a 
THA several years previously and then completes a PRO twice 
(with only two weeks in between) may very well be in a same 
state. If a patient in this situation scores different on the PROs, 
this may have two explanations: either the patient is not in a 
same state, or there is a problem with the PRO (poor test-retest 
reliability). If the patient scores the same on the PRO twice, there 
are also two possible explanations: either the patient is in a same 
state, or the PRO cannot capture the change in the patient (for 
instance due to floor- or ceiling effect or poor responsiveness). If 
a given PRO has not been completed when patient was in the 

same state, this will lessen the strength of comparisons such as 
correlations between related constructs. This may be a limitation 
in study III and the OHS calculations, since I do not know whether 
the PROs have been completed in same state. Ideally the PROs 
should have been completed simultaneously when assessing 
internal consistency and test-retest reliability. One the other 
hand, if the patients complete a PRO twice in close succession 
they may remember their last answers and answer the same, 
instead of answering in accordance to how they feel. Test-retest 
intervals of 24 hours to four weeks have been used (93;99;210) 
and a medium test-retest interval of two weeks was therefore 
chosen. To minimize day to day variations, each item in OHS is 
started with ‘During the past 4 weeks…’, the same time period is 
used in SF-12, and in HOOS a one week time period is used. In 
study I, both questionnaires were sent to the patients in the same 
envelope, and returned from the patients together in another 
envelope. I therefore assume that most questionnaires were 
completed the same day. Since the patients cannot complete two 
questionnaires simultaneously, an assumption of a reasonably 
same state is necessary. In study I and study II, I assume that 
patients were in the same state, regarding their hip, since the 
patients are postoperative, and mostly beyond one year follow-
up, in study III; 0.9-10.5 years postoperative (4.9 years median, 
5.0 years mean).  
 
MCII and PASS estimation 
Few estimates of MCII and PASS for different  PROs used in 
orthopedic surgery have been published (124;131). The present 
thesis presents estimated MCII and PASS at 1 year following THA 
for the HOOS Pain, the HOOS PS, the HOOS QoL, the EQ-5D Index 
and the EQ-VAS (Paper IV, Table 1-3). MCII and PASS are of 
importance because they represent cut-point values for the 
minimal clinically important improvements in PRO change scores, 
and cut-point values for the postoperative PRO score found 
acceptable by the patients, and focus on the patient perspective 
of outcome. Study IV showed that it is possible to determine cut-
off points for the change considered representing the MCII and 
for the postoperative score considered represent the PASS 
following THA. After THA, an improvement of approximately 38-
55% from mean baseline PRO score and an absolute follow-up 
scores of 57-91% of the maximum score corresponded to MCII 
and PASS, respectively. Earlier MCII estimates for EQ-5D varies 
considerably (0-0.69; in patients with RA, psoriatic arthritis and 
ankylosing spondylitis after 3 months of treatment with disease-
modifying antirheumatic drugs) implying that MCII is dependent 
on patient group (138). Further strengthening this assumption, 
Walters et al. found that the mean MCII for the EQ-5D Index was 
on average 0.074 (range -0.011-0.140) in 8 longitudinal studies 
with 11 patient groups (no hip OA or THA patients included) 
(150), pointing towards that there are no universal cut-points for 
a single PRO and that the estimates will vary by population and 
context (132). Tubach et al. estimated MCII to be 15 of 100 for 
absolute improvement, for 4 different generic PROs in chronic 
rheumatic diseases (RA, ankylosing spondylitis, hand 
osteoarthritis, hip and/or knee osteoarthritis, and chronic back 
pain) in a multinational cohort study of 1,532 patients (211). This 
low MCII estimate can be explained by the different patient 
population (chronic rheumatic diseases vs. THA patients), the 
different intervention (nonsteroidal anti-inflammatory drugs vs. 
THA) and the different follow-up time (4 weeks vs. 1 year). Our 
finding of an MCII of 0.31 for the EQ-5D Index corresponds well 
with previous findings of 0.32 (anchor based methods, identical 
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anchors and estimation approach) and 0.42 (distribution based 
methods) for THA patients 6 months after surgery (109). 

Also PASS estimates for EQ-5D Index exist (0.70; RA patients 
after 3 months of treatment with disease-modifying 
antirheumatic drugs) (138), and PASS has been reported to be 40 
of 100 for absolute improvement in patients with chronic 
rheumatic diseases) (211). The low PASS may be explained by the 
different intervention and inclusion of a different patient 
population (patients with a chronic disease), compared to Study 
IV. Regarding PASS, patients’ expectations and threshold for an 
acceptable symptom state may be higher in THA patients (due to 
the intervention itself) and due to the nature of their disease; 
chronic rheumatic patients (and patients with severe symptoms) 
may have a lower threshold for an acceptable symptom state 
(181;211). PASS estimates is known to vary depending on 
estimation approach (212), the methodology for identification of 
PASS have been found to influence the identified cut-points and 
the ROC approach generally provide lower estimates than the cut-
points identified with the 75th percentile approach (139).  

Davies et al. have stressed the importance of estimating PASS 
scores in tertiles (lowest-, middle-, and highest subscale scores) of 
the preoperative PRO scores, as the baseline score may not allow 
achievement of important change for patients with the lowest 
preoperative score (193). MCII has been shown to vary more 
across tertiles of baseline scores than PASS (181). Browne et al. 
found that in general, there was little association between base-
line severity and MCII values, but recommend to test for this 
association when generating anchor-based MCIIs from change 
scores (213). Other cut-points might have been found using other 
estimation methods; our results should be interpreted with cau-
tion, and considered contributing to the emerging knowledge on 
interpretation of PRO scores in orthopedics. The results from the 
different methods found in study IV points toward the validity of 
the cut-points found. Subgroups of different sex, diagnoses and 
age may have different MCII and PASS (214). In study IV, I found 
that males had better PASS estimates than females, idiopathic OA 
patients better PASS estimates for HOOS QoL and EQ-5D Index 
than other patients and patients over 70 years had lower PASS 
estimates than younger patients for HOOS Pain, HOOS-PS and EQ-
VAS (Paper IV, Table 4). MCII for subgroups were not estimated 
due to small subgroups, but mean PRO change scores for the 
different subgroups were calculated (Table 21). MCII subgroup 
estimations on the same PROs and patient group are therefore 
warranted in further studies. In large randomized clinical trials 
result can be statistically significant without being clinically rele-
vant and estimated PASS and MCII can help in the interpretation 
of data in these kinds of studies, as well as in registry studies.  
 

Study IV is to our knowledge the first MCII and PASS estimation 
study for the HOOS and EQ-5D with THA patients. 
 
Anchors and anchor-PRO correlations 
The view presented in this thesis is that anchor-based methods is 
the only way to estimate MCII and PASS based on the patients 
perspective, and therefore anchor-based methods should be used 
when the focus is the patients perspective. Two different 
approaches for estimating MCII and PASS have been described: 
Anchor-based methods and distribution based methods. Global 
transition questions and clinical anchors are different types of 
anchor-based methods. Standard error of measurement and 
effect size are examples of distribution based methods. Anchor-
based methods (and distribution based methods) both have 
advantages and disadvantages: Anchor-bases data are often easy 
to obtain and may provide external basis for interpretation, but 
may be influenced by wording of PROs and anchors, and an 
adequate anchor-PRO correlation is required, as summarized by 
Crosby et al., who advocate the use of both anchor-based and 
distribution based methods (161). Revicki et al. found that the 
anchor-based methods should be preferred, with the distribution 
based approaches providing supportive evidence (133). This is in 
agreement with other recommendations: King recommends that 
multiple methods should be used to determine MCII with global 
transition questions and clinical anchors providing primary 
evidence, using SEM and ES as supportive evidence (132). Guyatt 
et al. conclude in a similar fashion; distribution based methods 
will not suffice on their own, but will be useful to the extent that 
they bear a consistent relationship with anchor-based methods 
(215). As previously mentioned, the wording of the anchor 
questions is also important: Barber et al. found that the wording 
of the anchor affected the interpretation of change in the PRO 
score, and that different anchors lead to different estimation 
results (216).  

Multiple anchor-based approaches were used to estimate 
MCII and PASS in study IV. In addition to the multiple estimation 
approaches, several anchors (type of anchor questions) were 
included. In study IV, both hip-specific anchors and general health 
anchors were used. I chose to estimate MCII and PASS for the hip-
specific HOOS based on both hip-specific- and general health 
anchors. By using hip-specific- and general health anchors one 
examines different concepts. The concept examined by using a 
hip-specific anchor is hip related pain, physical function and 
quality of life after THA, while the concept examined by using a 
general health anchor is the impact of THA on general health. 
When reporting hip improvement, patients may value a smaller 
change in PRO score important than the change in PRO score  
 

Table 21. Additional results: PRO change scores (mean, 95% CI) for different subgroups of sex, diagnoses and age, from Study IV 

PRO Males Females 
p-value  

1 
Idiopatic 

OA 
Other 

diagnoses 
p-value  

1 
<50 years 

50-70 
years 

>70 years 
p-value  

2 

Δ HOOS Pain 
45  

(43-46) 
44  

(42-46) 
0.682 

45  
(44-46) 

43  
(38-49) 

0.642 
45  

(40-50) 
46  

(45-48) 
42 

(40-44) 
0.003 

Δ HOOS  PS 
44  

(42-45) 
42  

(40-44) 
0.359 

43  
(42-44) 

42  
(36-47) 

0.645 
43  

(38-49) 
45  

(43-47) 
40 

(38-42) 
0.001 

Δ HOOS QoL 
49  

(47-51) 
48  

(46-50) 
0.319 

49  
(48-51) 

43  
(36-49) 

0.055 
47  

(41-54) 
50  

(48-52) 
47 

(44-49) 
0.087 

Δ EQ-5D Index 
0.27  

(0.25-0.28) 
0.28  

(0.26-0.30) 
0.408 

0.27  
(0.26-0.29) 

0.27  
(0.22-0.33) 

0.974 
0.24  

(0.19-0.29) 
0.30  

(0.28-0.31) 
0.24 

(0.22-0.26) 
0.001 

Δ EQ-VAS 
18  

(16-20) 
18  

(16-20) 
0.741 

18  
(17-20) 

18  
(12-23) 

0.875 
25  

(19-32) 
20  

(18-22) 
14 

(12-17) 
<0.001 

1: Welch's t-test 2: W-test 
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required to make an impact on the minimal important 
improvement in the patients’ general health. I estimated MCII 
and PASS for the general health focused EQ-5D based on general 
health anchors. It can be argued that there is no scientific 
rationale to compare HOOS data to the general health anchor 
question, since a hip-specific questionnaire cannot be used to 
determine general health. On the contrary, hip surgery can affect 
both hip-specific and general quality of life so there is a rationale 
to compare both HOOS and EQ-5D with the hip-specific anchor 
question.  

Anchor-based differences can be determined either 
longitudinally (change in score of one group over time) or cross-
sectionally (differences between clinically-defined groups at one 
time point), and the MCII results presented (Study IV, Table 2) 
were determined longitudinally. A global transition question is an 
item which requires patients to remember a prior health state 
and compare it to how they are currently feeling. In longitudinal 
studies it is the most commonly used anchor-based method for 
determining the MCII (132;158). A fifteen-point scale, a seven-
point scale or a five-point scale can be used (158;217). 5-9 
possible answers have been reported to be considered optimal 
(93), and all included anchor questions in study IV had a five-point 
scale. The transition anchor had the five-point scale often used: 
‘Much better’, ‘A little better’, ‘About the same’, ‘A little worse’ 
and ‘Much worse’ (132). The patients answers to the five-point 
scale anchor questions fitted very well with all postoperative PRO 
scores, with almost no overlap in CI (Table 22 and Table 23).  
 

 
 
Table 23. Additional results: Postoperative PRO scores (mean, 95% CI) 
and distribution of different answer categories for the general health 
anchor question; “In general, would you say your health is...”, from 
Study IV 

Anchor n (%) EQ-5D Index EQ-VAS 

Excellent 144 (12) 0.98 (0.97-0.99) 95 (94-97) 

Very good 429 (35) 0.93 (0.92-0.94) 87 (86-89) 

Good 426 (35) 0.88 (0.87-0.89) 79 (78-81) 

Fair  180 (15) 0.73 (0.71-0.76) 62 (59-64) 

Poor 42 (3) 0.49 (0.41-0.58) 41 (35-47) 

 
 

In the MCII estimation both a retrospective transition anchor and 
an absolute change (postoperative value - baseline value) anchor 
(154;166) were used, to reduce the recall bias known to be a 
problem for retrospective anchors (132;154). Retrospective 
estimation of health status may be influenced by mood, memory, 
and attitude (218), and Barber et al. found that the MCII 
estimates were different when using retrospective- and absolute 
change anchors (216). In study IV the MCII cut-point estimates 
were substantially lower for the retrospective anchor, but since 
there were only one general health anchor and hip-specific 
anchor for the MCII and PASS estimations, no direct comparison 
of the retrospective- and absolute change anchor could be done.  

The use of an absolute change anchor can be criticized, but 
several factors support the use of this anchor. EQ-VAS is also a 
general health item, and this anchor-item correlation is adequate 
(Paper IV, Supplementary data, Table 8). The mean change score 
of both EQ-5D Index and EQ-VAS increases in line with better 
anchor question answer options, with almost no overlap in CI 
(Paper IV, Supplementary data, Table 7). There also seem to be a 
connection between the different answer categories and the 
percentage of patients that decline in usage of nonprescription 
pain medication, the percentage of patients improving their 
activity level and the percentage of patients who report 
improvement regarding strenuousness in daily activities (Table 
24). The correlation was >0.5 between the two general health 
anchors (Spearman’s rho = -0.52), and between the two hip-
specific anchors (Spearman’s rho = 0.54), which strengthen the  
 

 
 
validity of the anchors used (217). Item 1 of the SF-12 used in 
study I, is identical with the general health anchor used for PASS 
estimation in study IV, and the Spearman’s correlation 
coefficients for this item and the HOOS subscales is almost 
identical (Table 25). 

The definition used for MCII is similar to the definition of the 
minimal clinically important difference, except that MCII only 
addresses the direction of improvement and not worsening (129). 
In study IV, patients responding “A little better” were considered 
as reporting a minimal clinically important improvement (132),  
 

Table 22. Additional results: Postoperative PRO scores (mean, 95% CI) and distribution of different answer categories for the hip specific anchor 
question; “How would you describe the results of your operation?”, from Study IV 

Anchor n (%) HOOS Pain HOOS-PS HOOS QoL EQ-5D Index EQ-VAS 

Excellent 650 (53) 96 (95-97) 93 (92-94) 91 (90-92) 0.95 (0.94-0.96) 86 (85-87) 

Very good 327 (27) 88 (87-90) 85 (83-86) 77 (74-79) 0.85 (0.84-0.87) 79 (77-81) 

Good 142 (12) 78 (75-80) 73 (70-76) 66 (61-68) 0.77 (0.75-0.80) 72 (69-74) 

Fair 56   (5) 60 (55-65) 56 (51-61) 43 (38-47) 0.66 (0.62-0.70) 63 (58-67) 

Poor 42   (3) 55 (47-63) 46 (38-54) 30 (23-37) 0.56 (0.50-0.63) 48 (42-53) 

Table 24. Additional results: Change in Pain medication usage, Activity level and Strenuousness in daily activities and the distribution of preoperative 
answers compared to postoperative answers, for the general health anchor question; “In general, would you say your health is...”, from Study IV 

Anchor 

Pain medication usage 1 
n (%) 

Activity level 2 
n (%) 

Strenuousness in daily activities 3 
n (%) 

Worse No change Better Worse No change Better Worse No change Better 

>1 step better 2 (2) 67 (52) 59 (46) 12 (10) 73 (58) 41 (33) 19 (15) 14 (11) 94 (74) 

1 step better 18 (4) 219 (54) 169 (42) 33 (8) 278 (70) 89 (22) 94 (23) 82 (20) 228 (56) 

No change  25 (5) 274 (56) 187 (38) 49 (10) 344 (71) 89 (18) 119 (24) 113 (23) 256 (52) 

1 step worse 7 (5) 100 (68) 40 (27) 36 (25) 94 (64) 16 (11) 58 (40) 27 (19) 60 (41) 

>1 step worse 0 (0) 13 (76) 4 (23) 3 (19) 12 (75) 1 (6) 6 (40) 5 (33) 4 (27) 
1: Preoperative- and postoperative patient reported nonprescription pain medication usage 2: Preoperative- and postoperative patient reported activity level 3: Preoperative- 
and postoperative patient reported strenuousness in daily activities   
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Table 25. Additional results: Spearman’s correlation coefficients, HOOS 
and General health, from Study I and Study IV 1 

PRO 

Study I Study IV 

General health item  General health item  

n=1,016 n=1,179 

HOOS Pain -0.46 -0.45 

HOOS-PS -0.46 -0.46 

HOOS QoL -0.43 -0.41 
1: Item 1 of the SF-12 used in study I is identical with the general 
health anchor used for PASS estimation in study IV:  “In general, 
would you say your health is” 

 
but where the Area Under the Curve (AUC) estimation of the ROC 
curves (219) were below the proposed minimum of 0.523 (138), 
patients responding “A little better” or “Much better” were 
combined, and the results were similar (Study IV, Table 2). If 
minimal clinically important difference is the focus, both patients 
getting a little better or a little worse constitute the minimal 
change subgroup (133), but the change related to an 
improvement is not necessarily the same change as that for a 
decline (only negative), so the reported MCII in this thesis is 
based solely on improvement. A reasonable number got “A little 
better”, and few patients got worse (Study IV, Supplementary 
data, Table 6). 

In study IV, the hip-specific anchors were regarded as most 
important for the hip-specific PRO (133;134), since there should 
be a theoretical basis for the relationship between the anchor 
and the PRO, PRO subscale or relevant domain, and an empirical 
correlation between the anchor and the PROs included of at least 
0.30 (132). The correlation between both the EQ-5D subscales 
and the hip-specific MCII anchor in study IV were less than 0.30, 
illustrating the suboptimal correlation between the general 
health focused EQ-5D and the hip-specific MCII anchor. Also the 
correlation between the EQ-5D Index and the general health MCII 
anchor were less than 0.30. This limitation of the EQ-5D Index 
MCII estimation might be explained by problems with the time-
trade-off procedure of the EQ-5D Index (171). The correlation 
between the HOOS subscales and the general health MCII anchor 
ranged from 0.25-0.28, and the low correlation illustrate that a 
hip-specific questionnaire should not be used to determine 
general health. For all other MCII estimations in study IV, the 
anchor-PRO correlations were moderate (>0.30), but below 0.50. 
The anchor-PRO correlations of the PASS estimations were large 
(>0.50) for all PROs, except for the EQ-VAS´s moderate correlation 
with the hip-specific anchor (-0.48), which strengthen the 
presented PASS estimates. In study IV, I have shown that patients 
who reported most improvement in general health, had the best 
change score for EQ-VAS and patients who reported least 
improvement in general health had the worst change score for 
EQ-VAS, illustrating the acceptable correlation (Paper IV, 
Supplementary data, Table 7 and Figure 4). Revicki et al. stress 
the importance of determining this strength of the association, 
since an anchor that has a very low (or even moderate) 
correlation may provide misleading information in defining what 
is important to patients (155), and often will yield estimates that 
are too small (158). A single-anchor approach will require a higher 
degree of correlation than a multiple anchor approach (215). The 
anchor-PRO correlation should be reported in studies (154), but 
due to the lack of anchor-PRO correlation reported in the 
literature for the PROs and patient group included, comparison to 
other studies is difficult. 
 

Anchor–based and distribution–based measures  
The MCII reported by the primary approach (Paper IV, Table 2) 
was very similar to the SD of change for all PROs, and our results 
are in contrast with the results of Norman et al., who found the 
MCII to be approximately ½ SD (142). Several papers questioning 
this approximation has been published (220-222). The MCII 
reported by the mean change approach is situated within the 
limits of agreement for all PROs which indicate that the estimated 
cut-points are over the level of measurements error. The Bland-
Altman plots in Table 26 and Table 27 are distinctively different as 
the first represent the change in preoperative- to postoperative 
status and the latter represent the test-retest item- and sum 
score agreement. The standard error of the mean express how 
reliable an estimate of the mean is. The standard error of the 
mean found was small for all PROs compared to the MCII 
estimated, due to the sample size (Table 28). 

When the MCII exceed the MDC, it implies that the MCII is 
true, and not only a measurement error (144;162). The change 
reflected in the MDC is assumed to be the same across the range 
of possible scores, but since this is often not the case, the MDC 
should only be considered a guideline (144). For HOOS QoL the 
MDC was higher than the MCII, and for EQ-VAS the MDC and MCII 
were the same, implying that the measurement errors for these 
PROs are bigger or equal to the estimated MCII, and suggest a 
suboptimal interpretability of change for these subscales. 

All ESs were large, and all PROs had a good sensitivity for 
detecting clinical changes. ES is a ‘signal-to-noise ratio’, and since 
it has no units, different PROs may be directly compared in terms 
of the variability among individuals (132). ES does not take into 
account the variability of change and has the limitation that it is 
strongly influenced by the level of heterogeneity of the sample: a 
small baseline SD gives a larger ES (161). Our finding of an ES of 
1.4 (Table 28) for the EQ-5D Index corresponds well with 
previously reported ES of EQ-5D Index findings of 1.3 (109). The 
SRM were large for all PROs, as might be expected for THA 
patients (153), which indicate that the change in PRO scores is 
large compared to the background variability (161). I found the 
same SRM as previously reported (2.1) for the HOOS Pain, the 
SRM of HOOS QoL was similar (1,9 vs. 1.6) and the SRM of HOOS-
PS  (1.9) was similar to previously reported SRM for HOOS 
subscale Function in Daily Living (1.3) and HOOS subscale Sport 
and Recreation Function (1.7) (Table 28) (223). The reported SRM 
for EQ-5D Index and EQ-VAS was higher than the SRM reported in 
RA patients at 3 months of follow-up (218), probably due the 
different interventions. ES and SRM are independent of sample 
size (161). 

The SEM was considerably lower than the reported MCII for 
all PROs, and the MCIIs were beyond the limits of ±1.96 SEM 
indicating that the observed changes were likely to reflect true 
change, and not an artifact of measurement error (132). Several 
authors have found the SEM to be close to the MCII 
(147;157;224), but that the MCII should be approximately 1 SEM 
is not any more meaningful than any other value (154). The SEM 
reported in Table 28, can be explained by the high baseline values 
in study IV (225). Our finding of a SEM of  0.08 (Table 28) for the 
EQ-5D Index corresponds well with previous findings of a SEM of 
0.12 for THA patients 6 months after surgery (109). RCI is a 
statistic that determines the magnitude of change score 
necessary of a given PRO to be considered statistically reliable 
and represents the number of scale points needed on a PRO to 
determine if a change in score is due to real change or chance 
variation (226). If RCI is higher than the cut-point (1.96) the 
change is statistically significant (161;162). Only the EQ-VAS had a  
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RCI below 1.96 (Table 28). This may partly be explained by that 
the RCI approach is more conservative than the SEM approach 
(161). SEM and RCI quantifies the amount of error inherent in the 
PRO and the amount of random variation that can be expected in 
repeated administrations, is quite unaffected by sample size, is 
less influenced by variability in the sample than ES, and is less 
influenced by the variability of the change than SRM (161). 

The PASS cut-points reported by the primary approach (Paper 
IV, Table 3) were higher than the sample mean, but not higher 
than the median, and all PASS cut-points were within the inter 
quartile range (Table 29). All in all, the distribution based  

 
reliability measures contribute to the validity of the MCII and 
PASS estimations. 

The distribution based reliability measures for the hip-specific 
OHS in study III (Table 5) is very different from the distribution 
based reliability measures of the hip-specific HOOS in study IV. 
The mean change score of OHS was 0.05 (OHS range from 0-48), 
whereas the change score for the HOOS Pain was 44, the change 
score for the HOOS-PS was 43 and the change score for the HOOS 
QoL was 48 (all HOOS subscales range from 0-100). This 
difference is easily explained: the test-retest of OHS included 166 
patients who answered OHS twice within two weeks in a steady  

Table 26. Additional results: Bland-Altman plots, from Study IV 
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state after minimum three years postoperatively. In study IV, 
1,239 patients were included, HOOS and EQ-5D where not 
answered in a steady state, but answered preoperative and 
postoperative. The difference in the OHS test-retest was expected 
to be very small, and the differences from preoperative to 
postoperative for HOOS and EQ-5D were expected to be large, 
and a comparisons of the distribution based reliability measures 
of OHS versus HOOS or EQ-5D, would not be meaningful.      
 

 
PRO criticism 
There are several potential problematic aspects of using different 
PROs. Giesinger et al. found a strong relationship between 
psychological status and orthopaedic outcome for WOMAC and 
the Forgotten Joint Score-12, indicating poor divergent validity. 
Their findings suggest that these PROs may not adequately reflect 
the category names of the constructs assessed (pain, stiffness, 
function or joint awareness), but also to a high degree reflect the 
patients psychological status (227). Baumann et al. reported 
strong associations between immediate postoperative patient  

Table 27. Additional results: Bland-Altman plot for OHS, from Study III 
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satisfaction with care and 1 year postoperative PRO scores for the 
dimensions ‘bodily pain’, ‘mental health’, ‘social functioning’, 
‘vitality’ and ‘general health’ of the SF-36, suggesting that these 
dimensions may be affected by patient satisfaction (71). PROs 
have been reported to be less sensitive to deterioration in 
functional status with advancing age than performance-based 
measures, as patients seem to tolerate more functional 
limitations and adapt to a certain amount of declining function 
when they get older (228). The small to medium correlations 
reported between PROs and performance-based measures(62) 
point towards that PROs and performance-based measures are 
complementary, but may not seem to measure exactly the same 
constructs (228).  

STRENGTHS AND LIMITATIONS 
Several methodological problems must be considered when 
interpreting our results. I have not validated the measurement 
properties of the Danish language versions for all PROs included 
in the studies. These PROs has been validated by others, and all 
included PROs are often used and considered well validated. The 
EQ-5D was used in all studies, and the EQ-5D Index had a bi-
modal distribution in our data, as previously reported by others 
(229), probably due to the EQ-5D algorithm. The implication is 
that the uncertainties of the results are greater than described by 
the CI and p-values, and all consequences of this may not yet be 
known, which has to be taken into consideration when 
interpreting our results.  

Table 27. Additional results: Bland-Altman plot for OHS, from Study III (cont.) 
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Table 27. Additional results: Bland-Altman plot for OHS, from Study III 
(cont.) 

 
 
I have not considered potential methodological difficulties in the 
development of the EQ-5D health state valuation (171). 

The postoperative sum scores in study I were not normal 
distributed, but due to the group size (2,365-2,419 patients), 95% 
CI and normal based methodology was used (Paper I, Table 2), on 
basis on the central limit theorem. The results are valid, but the 
mean may not be the best summary of the distribution, and the 
median scores, IQRs and ranges have been included.  
 

 

 
Logistic regression was used to compare overall feasibility criteria 
between different PROs, adjusting for age, sex, primary hip 
diagnosis and prosthesis type. Due to small group sizes for floor 
effect (n = 0-13), percentile based CI may have been more 
appropriate (Paper I, Table 3). Variance tests revealed unequal 
variances in some PROs for different diagnoses (HOOS Pain, 
HOOS-PS, HOOS QoL, EQ-VAS, p < 0.001-0.01), different gender 
(HOOS Pain, HOOS-PS, HOOS QoL, OHS, p < 0.001), different  

prosthesis types (HOOS Pain, HOOS-PS, OHS, SF-12 MCS, EQ-VAS, 
p < 0.001-0.05), and different age groups (HOOS-PS, SF-12 MCS, 
EQ-VAS, p < 0.001-0.04). In PROs with unequal variances the 
maximal variance ratios were highest for different diagnoses (1.4-
1.7), compared to different gender (1.0-1.1), different prosthesis 
types (1.0-1.1) and different age groups (1.2). This may 
complicate the interpretation of discriminative ability (Paper I, 
Table 4). No information concerning revision surgery or 
subsequent contra lateral THA was available.  

Study III is a secondary data analysis and I have solely 
included postoperative patients. The psychometric properties of 
PROs used in elective surgical contexts are usually largely 
evaluated on pre-operative data, making the interpretation of our 
ceiling effect, skew and internal consistency more demanding. 
Since the patients are all postoperative I expected the OHS to be 
highly skewed, and it could therefore be argued that speaking of 
ceiling effects would be misleading. I argue that it is important to 
assess postoperative development, and have chosen to report the 
percentage of ceiling at PRO level, even though this characteristic 
would more often be assessed at the individual item level in PROs 
development. Further studies on the responsiveness and 
sensitivity to the Danish version of the OHS are warranted. 
Patients who received two disease-specific PROs answered the 
HOOS a median of 4.9 years postoperatively (range 0.9-10.5 
years) and the OHS a median of 7.1 years (range 3.1-12.8 years) 
postoperatively, when both PROs presumably measured the 
patient’s health status during a period in which their hip function  

 

 
 
 
 
 
 
 
 
 
 
 
 

was in the same steady state. I did not exclude patients who had 
undergone revision surgery, or received contra lateral THA follow-
ing the index operation. No information concerning rehabilitation 
programs or postoperatively occurring co-morbidity of the pa-
tients were available, and I cannot exclude the possibility of that 
these factors may have affected the PRO scores. 

In study IV, I have not validated the measurement properties 
of the included additional questions. These additional questions 
have been used in other studies, some with minor modifications 

Table 28.  Additional results: Distribution based measures of change in HOOS and EQ-5D, from Study IV 1 

PROs 
Mean 

change 
score 

Standard 
deviation 

(SDchange) 

Limits of 
agreement 

(LOA) 

Standard error of 
measurement 

(SEM) 

Effect 
size 
(ES) 

Minimal 
detectable 

change (MDC) 

Standardized 
response 

mean (SRM) 

Standard 
error of 

the mean 

Reliability 
change index 

(RCI) 

HOOS 
Pain 

44 21 4-85 5 2.7 15 2.1 0.61 5.77 

HOOS-PS 43 23 -2-87 7 2.4 18 1.9 0.66 4.57 

HOOS 
QoL 

48 25 0-97 8 3.0 21 1.9 0.65 4.56 

EQ-5D 
Index   

0.27 0.22 -0.16-0.70 0.08 1.4 0.23 1.2 0.09 2.31 

EQ-VAS 18 23 -28-64 8 0.9 23 0.8 0.67 1.53 

1: All patients included 

Table 29.  Additional results: Mean, Median, Standard deviation and Interquartile range of postoperative scores 
in HOOS and EQ-5D, from Study IV 1 

PROs Mean  Median   Standard deviation (SD)   Interquartile range (IQR)   

HOOS Pain 89 97 16 83-100 

HOOS-PS 85 90 18 75-100 

HOOS QoL 80 88 22 69-100 

EQ-5D Index   0.88 1.00 0.16 0.78-1.00 

EQ-VAS 80 85 18 75-90 

1: All patients included 
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(167;168;230-234). Four questions (regarding previous joint re-
placements, postoperative physical therapy, knee symptoms and 
back symptoms) were developed in cooperation with clinical 
experts, but have not been used in the studies reported in this 
thesis. I translated two of the anchor items from English without a 
formal cross-cultural validation. The EQ-5D Index had an anchor-
change score correlation of less than 0.30 for both the hip specific 
change anchor and the general health change anchor. EQ-VAS 
had an anchor-change score correlation of less than 0.30 for the 
hip specific change anchor. All other MCII estimations were based 
on moderate (<0.50) anchor-change score correlations. A retro-
spective transition anchor was used for MCII estimations of HOOS 
and an absolute change anchor was used for MCII estimations of 
EQ-5D. The sex ratio and mean age for each sex group were very 
similar between our study population and the entire Danish 2010 
THA population, whereas the distribution of diagnoses were 
somewhat different; a higher percentage of the patients in our 
study had idiopathic OA and other arthritis (26). Patients who 
declined to participate in the study were slightly older and more 
often operated due to childhood hip diseases than included pa-
tients, possible producing bias in relation to age and diagnoses 
estimates.  

In study I, our results have high external validity since the 
distribution of age groups, the sex ratio, diagnoses, and types of 
prosthesis were similar between our study population and the 
entire Danish THA population, as well as hip replacement 
populations seen in other hip registries. Regarding knee 
arthroplasty, Dunbar (2001) compared properties of the SF-12 
and the Oxford knee score in a knee registry setting and found 
response rates, percentages of fully completed questionnaires, 
and floor and ceiling effects comparable with our findings from 
the SF-12 and OHS, suggesting generalizability of our results (4).  
I minimized selection bias by randomly selecting patients for 
inclusion and checked for equal age and sex composition in the 
groups. 

I believe study II is representative of a wide variety of 
research and clinical settings where paper form questionnaires 
are used. THA is indicated for patients with pain and functional 
disabilities or reduced quality of life. The population is an 
extensively studied elderly population, with a mean age in 
Denmark of 70/67 years (female/male), the patients have a 
spectrum of comorbid conditions and they constitute a suitable 
and interesting population in relation to validation of AFP. 

I had an excellent response rate in study I and III. In study III, I 
included a range of patients from 30 to 80 years. Most patients 
get their THA in this age range. The study III population is slightly 
younger than the Danish THA population, but I believe that our 
results have high external validity since the gender ratio and 
diagnoses are similar between the study population and the 
Danish THA population. The Danish OHS was validated in the 
context of a THA registry, compared with both generic and 
disease-specific PROs and examined 1-2, 5-6 and 10-11 years 
following THA. 

I consider the results of study IV to have high external validity 
due to the inclusion of approximately 15% of the entire Danish 
THA production of 2010 from 16 centers dispersed all over 
Denmark, both centers with low and high productions, public as 
well as private, and both university hospitals and community 
hospitals. 

CONCLUSIONS 
PAPER I 
The HOOS, the OHS, the SF-12, and the EQ-5D are all appropriate 
PROs for administration in a hip registry. I found minor 
differences between the disease-specific and the generic PROs 
regarding ceiling and floor effects as well as discarded items.  
Group sizes from 51 to 1,566, depending on descriptive factors 
and choice of PRO, were needed for subgroup analysis. 
 
PAPER II  
AFP can yield excellent results provided use of highly structured 
questionnaires. OMR performed equally as well as manual 
double-key entering, and better than single-key entering. 
Regarding ICR, I cannot draw firm conclusions due to the limited 
data available in this study, and therefore further research, as 
well as improvement in ICR technology, is warranted. 
 
PAPER III  
The Danish version of the OHS had good feasibility, an excellent 
response rate, no floor effect, but a high ceiling effect as was 
expected with our post-operative patients and few patients 
missed too many items to calculate a sum score. The Danish 
version of the OHS is a valid and reliable tool for outcome studies 
on THR patients, in comparison with the HOOS, EQ-5D and SF-12, 
and can be used in a hip registry setting. 
 
PAPER IV  
Using a population-based cohort design, we determined cut-
points for the change representing the MCII and for the 
postoperative score representing the PASS 1 year after THA for 
HOOS Pain, HOOS-PS, HOOS QoL, EQ-5D Index, and EQ-VAS. This 
study facilitates interpretability of PRO scores and may improve 
understanding of PRO findings in future THA outcome studies. 
MCIIs corresponded to a 38–55% improvement from mean 
baseline PRO score and PASSs corresponded to absolute follow-
up scores of 57–91% of the maximum score in THA patients 1 
year after surgery, which may serve as reference values in registry 
settings. 

FUTURE PERSPECTIVES 
The studies presented can give rise to many future studies; I have 
two large cohorts of patients and it would be very interesting to 
follow these cohorts to examine the effect of THA on pain, 
physical function and long term quality of life.  

In study IV, I included a substantial set of items besides the 
PROs. The preoperative questionnaire included items regarding 
height, weight, marital status, education, previous joint 
replacements, knee symptoms, back symptoms, general health, 
diet, tobacco and alcohol consumption, medication, degree of 
physically demanding occupation, general physical strain, and 
physical activity. The postoperative questionnaire included items 
regarding weight, marital status, general health, back symptoms, 
knee symptoms, patient reported operation result, patient 
reported hip improvement, medication, general physical strain, 
physical activity, and physical therapy.  

Examining the items not yet examined in the presented 
studies and including PROs in hip arthroplasty registries would 
lead to a much better overview over the patients’ perspective, 
and could lead to improvements in the treatment of THA patients 
in several ways; 
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Identifying patients at risk preoperatively 
10-15% of patients report persistent pain and functional 
limitation postoperatively (43), and 14-36% of patients do report 
that they have not benefitted from the operation (44). In study IV, 
I found some patients with very little hip improvement after THA 
(Paper IV, Table 2), and identifying these patients at risk 
preoperatively could affect decision making and indication for 
surgery, and would enable surgeons to improve preoperative 
information as well as to tailor the postoperative interventions in 
order to improve the outcome. Besides better postoperative 
outcome, this could lead to cutting of economic costs, as well as 
removing operation-related risks and disadvantages for patients 
not benefitting from the operation.   
 
Identifying patients at risk postoperatively 
Many resources are used for follow-up of THA patients 
postoperatively. They often include radiological examination and 
clinical examination, and are time- and cost demanding. The 
implant survivals following THA are very high, and most patients 
also have a subjective successful outcome. By using PROs and 
anchor questions in the postoperative course, it could be possible 
to reduce the follow-up of patients with successful THA, and focus 
on the patients at risk. Patients with low PRO scores 
postoperative or patients not benefitting from the operation (low 
change scores), could be scheduled for additional follow-ups and 
have a more closely monitored course. This could lead to a better 
result for these patients, and could also possibly be cost-reducing. 
 
Identifying inferior implants and inferior surgery approaches 
By including PROs in hip arthroplasty registries, it could be 
possible to identify inferior (or superior) implants, fixation 
methods and surgery approaches that are not possible to identify 
based on hard endpoints. It is likely that different implants or 
surgery approaches may give different results in terms of pain, 
physical function and quality of life. Recent data suggest that a 
posterior approach may give better satisfaction and less pain than 
a direct lateral approach (19). By choosing implants, fixation 
methods and surgery approaches that show better patient 
reported results in hip arthroplasty registries, the general 
outcome after THA may be improved. 

SUMMARY 
PROs are used increasingly in orthopedics and in joint registries, 
but still many aspects of use in this area have not been examined 
in depth. To be able to introduce PROs in the DHR in a scientific 
fashion, my studies were warranted;  

The feasibility of four often used PROs (OHS, HOOS, EQ-5D 
and SF-12) was examined in a registry context. Having the PROs in 
the target language is an absolute necessity, so I translated, cross-
culturally adapted and validated a Danish language version of an 
often used PRO (OHS), since this PRO had no properly developed 
Danish language version. To minimize data loss and to maximize 
the data quality I validated our data capture procedure; an up to 
date AFP system, by comparing scannable, paper-based PROs, 
with manual single-key- and double-key entered data. To help 
further registry-PRO studies, I calculated the number of patients 
needed to discriminate between subgroups of age, sex, diagnosis, 
and prosthesis type for each of four often used PROs (OHS, HOOS, 
EQ-5D and SF-12), and to simplify the clinical interpretation of 
PRO scores and PRO change scores in PRO studies, I estimated 
MCII and PASS for two often used PROs (EQ-5D and HOOS). 

The feasibility study included 5,747 THA patients registered in the 
DHR, and I found only minor differences between the disease-
specific and the generic PROs regarding ceiling and floor effects as 
well as discarded items. The HOOS, the OHS, the SF-12, and the 
EQ-5D are all appropriate PROs for administration in a hip 
registry. I found that group sizes from 51 to 1,566 were needed 
for subgroup analysis, depending on descriptive factors and 
choice of PRO. 

The AFP study included 200 THA patients (398 PROs, 4,875 
items and 21,887 data fields), and gave excellent results provided 
use of highly structured questionnaires. OMR performed equally 
as well as manual double-key entering, and better than single-key 
entering.  

The PRO translation and validation study included 2,278 
patients (and 212 patients for the test-retest). I found that the 
translated PRO had good feasibility, an excellent response rate, 
no floor effect, but a high ceiling effect (as was expected with our 
postoperative patients) and few patients missed too many items 
to calculate a sum score. The translated PRO had high test-retest 
reliability and very high internal consistency, and appears to be a 
valid and reliable tool for outcome studies on THA patients in a 
hip registry setting. 

The MCII and PASS study included 1,335 patients, and I 
estimated that one year after THA, an improvement of 38-55% 
from mean baseline PRO score and absolute follow-up scores of 
57-91% of the maximum score correspond to a minimal 
important improvement and acceptable symptom state, 
respectively. 
 
Table 30. Abbreviations 

AFP Automated Form Processing 

AUC Area under the curve 

CI Confidence intervals 

DHR The Danish Hip Arthroplasty Registry 

EQ-VAS The visual analogue scale part of EQ-5D 

EQ-5D EuroQoL-5D-3L 

EQ-5D 
Index 

A global health index with a weighted total value for HRQoL 

HOOS Hip dysfunction and Osteoarthritis Outcome Score 

HOOS 
Pain 

HOOS subscale pain 

HOOS PS HOOS-Physical Function Shortform 

HOOS 
QoL 

HOOS subscale hip-related quality of life 

HR Health-related 

ICR Intelligent Character Recognition 

MCII Minimal Clinically Important Improvement 

MCS Mental Component Summary of SF-12 

OA Osteoarthritis 

OHS Oxford Hip Score 

OMR Optic Mark Recognition 

OR Odds ratio 

PASS Patient Acceptable Symptom State 

PCS Physical Component Summary of SF-12 

PRO 
Patient Reported Outcome measure; a questionnaire  
(abbr. ‘PROM’ used in study III) 

QoL Quality of life 

RA Rheumatoid arthritis 

ROC Receiver operating characteristic 

SF-12 SF‐12 Health Survey 

THA 
Total Hip Arthroplasty  
(abbr. ‘THR’ (Total Hip Replacement) used in study III) 

VAS Visual Analog Scales 
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Table 31. List of terms and definitions 

Ceiling effect 
Percentage of the sample achieving the best 
possible scores (1) 

Construct 

A well-defined and precisely demarcated subject of 
measurement (by psychologists used for 
unobservable characteristics, such as ‘health-
related quality of life’) (2) 

Construct  
validity 

The degree to which the scores of a PRO instrument 
are consistent with hypotheses (for instance with 
regard to internal relationships, relationships to 
scores of other instruments, or differences between 
relevant groups) based on the assumption that the 
PRO instrument validly measures the construct to 
be measured (3) 

Content validity 
The degree to which the content of an HR-PRO 
instrument is an adequate reflection of the 
construct to be measured (3) 

Domain 

A sub-score within a questionnaire meant to cover a 
specific condition of interest, e.g. ‘Bodily Pain’, 
which is a domain within the SF-12 (4). In this thesis 
used interchangeably with ‘dimension’ and 
‘subscale’ 

Feasibility 
The usability of a questionnaire in a specific setting, 
including response rate, floor- and ceiling effect, 
missing items and need for manual validation (5) 

Floor effect 
Percentage of the sample achieving the worst 
possible scores (1) 

Internal  
consistency 

The degree of the interrelatedness among the items 
(3) 

Item 
A single question within a domain or questionnaire 
(4). In this thesis used interchangeably with 
‘question’ 

Likert scale 
A rating scale in which raters express their opinion 
on a given subject by marking a box within a 
continuum of disagree-agree statements (4) 

Manual  
validation 

Validation of code for the questionnaire answer in 
question by a human operator when an automated 
forms processing system cannot convert an answer 
due to poor or ambiguous questionnaire 
completion (6) 

Reliability 

The extent to which scores for patients who have 
not changed are the same for repeated 
measurement under several conditions: for 
example, using different sets of items from the 
same PROs (internal consistency), over time (test-
retest) by different persons on the same occasion 
(inter rater) or by the same persons (i.e., raters or 
responders) on different occasions (intra rater) (3) 

Response rate 
The proportion of respondents in relation to all 
patients who received the questionnaire (7) 

Validity 
The degree to which a PRO instrument measures 
the construct(s) it purports to measure (3) 
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