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List of terms and definitions 

 

Important definitions for PROs and in a Registry context 

 
 

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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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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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). 

 

 

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 1
st
 of January 1995. From the 1

st
 of 

January 1995 to 31
st
 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 
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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 
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(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 (Appendix, 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 (Appendix, 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).  

  

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.  
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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.  
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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.  

 

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 (Appendix, Paper III, Figure 2) and in study IV (Appendix, Paper IV, 

Supplementary data, Figure 2). Floor and ceiling effects are reported in study I (Appendix, Paper I, 

Table 3) and study III (Appendix, Paper III, Table III). MCII and PASS has been reported in study 

IV (Appendix, Paper IV, Table 2 and Table 3). PASS for subgroups have been reported in study IV 

(Appendix, Paper IV, Table 4). 
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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.  
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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. 
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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 (see appendix) 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 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 
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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.  
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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 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 
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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 
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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 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 

(Appendix, Paper III, Supplementary Material).  
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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.  
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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 SDchange / √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 / SDbaseline) 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 / 

SDchange),  is similar to ES, but is 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.  

 

  

http://en.wikipedia.org/wiki/Standard_deviation
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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The SEM, calculated as SDbaseline √ (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. 

 

 

  



23 

 

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). 
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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. 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.  
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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 ICCagreement[2,1] (64) and ICCconsistency [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 75
th

 percentile  approach (135;137-

140;166), the 75
th

 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.  
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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. 
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Summary of papers 

 

 

Paper I 

Feasibility of four patient-reported outcome measures in a registry setting.  

A cross-sectional study of 6000 patients from the Danish Hip Arthroplasty Registry 

 

 

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-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). 
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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). 
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Paper II 

Quality of Data Entry Using Single Entry, Double Entry and Automated Forms Processing  

- An Example Based on a Study of Patient-Reported Outcomes.  

 

 

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). 
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Paper III 

Translation, cross-cultural adaptation and validation of the Danish version of the Oxford Hip 

Score - Assessed against generic and disease-specific questionnaires  

 

 

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.  
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Paper IV 

Minimal clinically important improvement (MCII) and patient acceptable symptom state 

(PASS) in total hip arthroplasty (THA) patients 1 year postoperatively. A prospective cohort 

study of 1335 patients. 
 

In this study I estimated MCII and PASS for HOOS subscales and for the EQ-5D in THA patients.  

 

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). 
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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 (Appendix, Paper I, Table 2), now accompanied by median score, IQR and 

range (Table 4). In study III the convergent and divergent construct 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 findings 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 patients (99;106). No studies of OHS’ 

correlation with SF-12 could be found.  

 

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. 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 5). 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 6). 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 7). 

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 8). 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.  
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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 is Study III 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 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.  
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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 3 (91;93). I used several of these strategies to 

achieve our response rate (described in the methodological considerations).  
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Table 3. 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 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 
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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 (Appendix, Paper III, 

Table III), but in the figure it is 23% (Appendix, 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 
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completion rate of the different PROs in study IV. 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. 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” (Appendix, Paper I, Table 3), because there is no 

imputing of missing values for EQ-5D. The different proportion of items missing in study III 

(Appendix, 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 (Appendix, 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). 

 

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. 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 (Appendix, Paper 

I, Table 3), because these sum scores are calculated after imputation. The different proportion of 

items missing in study III (Appendix, 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 (Appendix, 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).  

 

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) (Appendix, Included PROs, Study I). 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 
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(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 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. 

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 (Appendix, Paper I, Table 3), the same as in “Discarded PRO 

subscales” (no subscale division of OHS) in study I (Appendix, Paper I, Table 3), and the same as 

in study III (too many items missing to calculate a sum score) (Appendix, Paper III, Table III),  

because the amount of discarded PROs equals the result after imputation. 

 

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 (Appendix, Paper I, Table 3), and the same as in 

“Discarded PRO subscales” in study I (Appendix, Paper I, Table 3). It differs from the missing 

items in study III (Appendix, 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 interpreted 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 (Appendix, 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. 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 
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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 (Appendix, 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 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 (Appendix, 

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. 

  

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.  
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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). 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. 

  



41 

 

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).  

 

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 (Appendix, 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, 
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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 

(Appendix, 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 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).  
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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 baseline 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 caution, 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 (Appendix, 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 relevant 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 



44 

 

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 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 (Appendix, 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). 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 

(Appendix, Study 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 (Appendix, Study 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). 
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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), 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 (Appendix, 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 (Appendix, 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 

(Appendix, 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 (Appendix, 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 
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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 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 (Appendix, 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. 
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The distribution based reliability measures for the hip-specific OHS in study III (Table 6) 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 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 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). 
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Additional results 

 

 

Table 4. 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 
 

 

 

Table 5. 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 6. 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 
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Table 7. 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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Table 8. 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 correlation 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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Table 9. Additional results: Completion rates (%) for PRO subscales, from Study IV  

 

 HOOS Pain HOOS PS HOOS QoL EQ-5D Index EQ-VAS 

 

Preoperative 
(n=1,335) 

 

98.3 
(n=1,312) 

 

98.3 
(n=1,312) 

 

98.8 
(n=1,319) 

 

95.2 
(n=1,271) 

 

97.5 
(n=1,302) 

 

Postoperative 
(n=1,288) 

 

95.7 
(n=1,233) 

 

96.7 
(n=1,245) 

 

97.2 
(n=1,252) 

 

95.3 
(n=1,228) 

 

95.6 
(n=1,231) 

 

 

 

Table 10. Additional results: Number (%) of PROs with missing items for each item for  

EQ-5D, from Study I 

 

PRO Question
 1

 n (%) 

E
Q

-5
D

 

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  

 

 

 

Table 11. Additional results: Number (%) of PROs with missing items for each item for  

EQ-5D, from Study IV 
 

PRO 

Question 
1
 

Preoperative Postoperative 

(n=1,286) (n=1,245) 

n (%) n (%) 

E
Q

-5
D

 

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 
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Table 12. Additional results: Number (%) of PROs with missing items for each item for 

HOOS, from Study I 

 

PRO Question 
1
 n (%) 

H
O

O
S

 

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 
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Table 13. Additional results: Number (%) of PROs with missing items for each item for 

HOOS, from Study IV 
 

PRO 

Question 
1
 

Preoperative Postoperative 

(n=1,286) (n=1,245) 

n (%) n (%) 

H
O

O
S

 

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

from Study I 

 

PRO Question 
1
 n (%) 

O
H

S
 

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 

 

 

 

Table 15. Additional results: Number (%) of PROs with missing items for each item for  

SF-12, from Study I 

 

PRO Question 
1
 n (%) 

S
F

-1
2
 

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 

 

  



55 

 

Table 16. Additional results: Proportions (Mean, 95% CI) of manual validations per PRO 

subscales, from Study I  

 

Specific PROs Generic PROs 

HOOS 

n=2,365 

OHS 

n=2,419 

SF-12 

n=2,377 

EQ-5D 

n=2,407 

       

Pain PS QoL PCS MCS EQ-5D Index EQ-VAS 

4.3 
(3.5-5.1) 

2.6 
(2.0-3.3) 

2.5 
(1.9-3.1) 

7.2 
(6.2-8.2) 

7.7 
(6.6-8.8) 

7.7 
(6.6-8.8) 

4.1 
(3.3-4.9) 

18.8 
(17.3-20.4) 

 

 

 

Table 17. Additional results: Number of seconds (Mean, 95% CI) used for manual double-key 

data entry
 1
, from Study II  

 

 Mean for the 

entire study 

 

n=398 

HOOS 

 

 

n=99 

OHS 

 

 

n=100 

SF-12 

 

 

n=100 

EQ-5D 

 

 

n=99 

 

Per PRO 

 

138 
(95-182) 

 

117 
(101-132) 

 

71  
(61-82) 

 

169 
(105-233) 

 

 

195  
(92-299) 

 

Per Item 

 

15 
(8.2-21) 

 

6.1 
(5.3-6.9) 

 

5.9  
(5.1-6.8) 

 

14  
(8.8-19) 

 

 

33  
(15-50) 

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) 

 

 

  

http://www.epidata.dk/
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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 
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Table 19. 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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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 
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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 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 
a
 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) 

 

 

 

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  

 (see Appendix: Preoperative questionnaire set, Study IV, and Postoperative questionnaire set, Study IV) 
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Table 25. Spearman’s correlation coefficients, HOOS and General health, from Study I and 

Study IV
 1

 

 

 

 

 

 
 

 

 

 

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” 

 

  

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 
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Table 26. Additional results: Bland-Altman plots, from Study IV 
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Table 27. Additional results: Bland-Altman plot for OHS, from Study III 
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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 (Jansson and Granath 2010), 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. 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 (Appendix, 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 (Appendix, 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 (Appendix, 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 following the 

index operation. No information concerning rehabilitation programs or postoperatively occurring 

co-morbidity of the patients 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 
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(167;168;229-233). Four questions (regarding previous joint replacements, 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 retrospective 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 patients, 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. 
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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. 
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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; 

 

 

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 (Appendix, 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 
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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. 
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Summary English 

 

 

 

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. 
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Summary Danish 

 

 

Spørgeskemaer bliver brugt i stigende grad i ortopædkirurgien og i registerundersøgelser, men 

mange aspekter af brugen af spørgeskemaer til registre er endnu ikke undersøgt. Mine studier var 

nødvendige for at kunne introducere spørgeskemaer i det Danske Hoftealloplastik Register, på en 

videnskabelig måde. 

 

Jeg undersøgte “feasibility” af fire hyppigt brugte spørgeskemaer (OHS, HOOS, EQ-5D og SF-12) i 

en register-kontekst. At spørgeskemaet er lavet på det sprog, patienterne taler, er absolut 

nødvendigt. Derfor oversatte jeg og ændrede spørgeskemaet så det passede i forhold til dansk 

kultur. Jeg validerede et hyppigt brugt spørgeskema (OHS), da der ikke fandtes nogen korrekt 

udviklet dansk version af dette. For at minimere mistede data og for at øge datakvaliteten, 

validerede jeg data indsamlings proceduren, ved at sammenligne scannede papirskemaer i et 

opdateret scanningssystem med manuel enkel- og dobbelt indtastning. For fremover at kunne 

tilrettelægge brugen af spørgeskemaer til registerundersøgelser, fandt jeg frem til det antal patienter, 

der var nødvendigt for at kunne skelne mellem sub grupper af alder, køn, diagnoser og protesetyper 

indenfor hvert af de fire hyppigst brugte spørgeskemaer (OHS, HOOS, EQ-5D og SF-12). For at 

gøre den kliniske tolkning af spørgeskemadata nemmere, estimerede jeg MCII og PASS for to 

hyppigt brugte spørgeskemaer (HOOS og EQ-5D). 

 

“Feasibility”-studiet inkluderede 5,747 THA patienter registreret i DHR, og jeg fandt kun mindre 

forskelle mellem de specifikke og de generiske PRO i forhold til “ceiling” og “floor” værdier, og i 

forhold til “discarded items”. HOOS, OHS, SF-12, og EQ-5D fungerer alle godt til brug i et hofte  

register. Jeg fandt, at det er nødvendigt med gruppestørrelser fra 51 til 1,566 patienter, afhængig af 

hvilke deskriptive faktorer og PRO man bruger, dersom man skal lave sub gruppe analyser.  

 

AFP studiet inkluderede 200 THA patienter (398 PRO, 4,875 spørgsmål og 21,887 datafelter), og 

gav rigtig gode resultater ved brug af strukturerede PRO. OMR havde lige så gode resultater som 

manuel dobbelt indtastning, og var bedre end manuel enkel indtastning. 

 

PRO oversættelses og valideringsstudiet inkluderede 2,278 patienter (og 212 patienter for test-

retest). Det oversatte PRO havde en god “feasibility” med en god “response rate”, ingen “floor 

effekt” men en høj “ceiling effect” (som forventet med vore postoperative patienter), og få patienter 

havde udeladt så mange spørgsmål at sum score ikke kunne udregnes. Det oversatte PRO var validt, 

havde en høj test-retest reliabilitet, og en meget høj “internal consistency”, og fremtræder som et 

godt redskab for outcome studier for THA patienter i et hofteregister.   

 

MCII og PASS- studiet inkluderede 1,335 patienter, og jeg fandt at MCII svarede til en forbedring 

på 38-55% i de forskellige PRO scores, og at en postoperativ score på 57-91%  af maksimal 

opnåelig PRO scores svarende til PASS for de forskellige PRO. 
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Background and purpose   Feasibility is an important parameter 
when choosing which patient-reported outcomes (PRO) to use in a 
study. We assessed the feasibility of PROs in a hip registry setting. 

Methods   Primary total hip arthroplasty (THA) patients (n = 
5,747) who had been operated on 1–2, 5–6, or 10–11 years previ-
ously were randomly selected from the Danish Hip Arthroplasty 
Register and sent 2 PRO questionnaires: 1 generic (EuroQoL-5D 
or SF-12 health survey) and 1 disease-specific (hip dysfunction 
and osteoarthritis outcome score (HOOS) or Oxford 12-item hip 
score). We compared response rates, floor and ceiling effects, 
missing items, and the need for manual validation of forms. 

Results   4,784 patients (mean age 71 years, 57% females) were 
included (83%). The response rates ranged from 82–84%. Statis-
tically significantly different floor and ceiling effects ranged from 
0% to 0.5% and from 6.1% to 46%, respectively. Missing items 
ranged from 1.2% to 3.4%, and 0.8–4.3% required manual vali-
dation (p < 0.009). A hypothetical repeat study found that group 
sizes from 51 to 1,566 are needed for subgroup analysis, depend-
ing on descriptive factor and choice of PRO. 

Interpretation   All 4 PROs fulfilled a priori set criteria, with the 
exception of ceiling effects. The high ceiling effects were attrib-
uted to postoperative administration and good outcome for THA. 
We conclude that all 4 PROs are appropriate for administration 
in a hip registry.



 
In the past few decades, several new patient-reported out-
comes (PROs) on hip function have been introduced for use 
in research and clinical practice. The Department of Health 
in the UK now requires PRO data for all National Health Ser-
vice patients in England and Wales before and after total joint 
arthroplasty (Devlin et al. 2010), and PROs have also been 

introduced in other national hip arthroplasty registries (Rolf-
son 2010, Rothwell et al. 2010, Rolfson et al. 2011). A PRO is 
not valid per se, but has to be validated in the context of inter-
est. In earlier reports, the feasibility of PROs in a joint registry 
setting was defined as “the average usable response rate for a 
questionnaire in a postal survey” (Dunbar 2001). Since then, 
it has been clear that many other factors are important and 
should be considered when introducing a PRO into a regis-
try setting. There has been a limited amount of research on 
this broader definition of feasibility, and there has been little 
research in which specific PROs in registry settings have been 
compared. 

We compared the feasibility of 4 PROs: 2 generic (Euro-
QoL-5D (EQ-5D) and the SF-12 health survey) and 2 disease-
specific (the hip dysfunction and osteoarthritis outcome score 
(HOOS) and the Oxford 12-item hip score (OHS) by testing 
response rates, floor and ceiling effects, missing items, and 
need for manual validation of forms in patients registered in 
the Danish Hip Arthroplasty Registry (DHR). We also calcu-
lated the number of patients needed for each PRO to discrimi-
nate between subgroups of age, sex, diagnosis, and prosthesis 
type in a hypothetical repeat study. 

Patients and methods
Generic outcome measures
EQ-5D (The EuroQol Group 1990) is a generic measure of 
health-related quality of life (HRQoL), which has been vali-
dated in total hip arthroplasty (THA) patients (Dawson et al. 
2001) and rheumatoid arthritis patients (Linde 2009). We used 
a Danish value set (Wittrup-Jensen et al. 2009) when comput-
ing the index. 
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SF-12 is a generic measure of health status (Ware et al. 1996) 
that has been validated in OA patients (Gandhi et al. 2001). 
The SF-12 gives 2 summary scores: a physical component 
summary (PCS) and a mental component summary (MCS), by 
computation with a standardized scoring algorithm. PCS and 
MCS were treated as one variable in the analyses since they 
are derived from the same items but with different weightings, 
due to dependence. 

Disease-specific outcome measures
The HOOS includes 5 subscales: Pain, Other Symptoms, 
Function in Daily Living, Function in Sport and Recreation, 
and Hip-related Quality of Life. The HOOS Physical Func-
tion short form (HOOS-PS) is a 5-item short version derived 
from the 2 HOOS subscales: Function in Daily Living and 
Function in Sport and Recreation. The HOOS-PS has recently 
been validated for THA (Davis et al. 2009). For the purpose of 
our study, we used 3 different HOOS subscales—HOOS Pain, 
HOOS Physical Function short form (HOOS-PS), and HOOS 
Hip-related Quality of Life (QoL)—to measure pain, physical 
function including daily activities and more strenuous physi-
cal activities, and hip-related quality of life. To keep a low 
number of items, we included only these 3 subscales. A score 
of 100 indicates no problems and 0 indicates severe problems. 

The OHS (Dawson et al. 1996) is a 12-item PRO developed 
for patients undergoing THA, and focuses on activities of 
daily living. A summed score of between 0 and 48 is calcu-
lated, with 48 indicating the best possible result. The OHS has 
been shown to be consistent, reliable, valid, and sensitive to 
clinical change following THA (Murray et al. 2007). As part 
of this project, the OHS has been translated from the English-
language version into Danish and validated in accordance with 
the protocol for cross-cultural linguistic validation of PROs 
(Wild et al. 2005) and the user manual (Dawson et al. 2010). 

Data collection
We used a cross-sectional design, based on a cohort of patients 
registered in the DHR with primary THA as index operation. 
The DHR is a nationwide, population-based, clinical database 
of all primary THAs and revisions performed in Denmark 
since January 1995. From 1995 until 2010, 103,424 primary 
THAs and 16,524 revisions were recorded. The completeness 
of the DHR regarding primary THA is 96%, whereas the cov-
erage (proportion of clinics reporting to the DHR) is 100% 
(Overgaard 2012).

A sample of 5,777 patients with primary THA who under-
went surgery 1–2, 5–6, and 10–11 years previously were ran-
domly selected, to obtain samples of short-, middle-, and long-
term follow-up. We sampled from all patients over 18 years of 
age (approximately 1,900 patients for each year). We made 
sure that there was equal composition regarding age in the 3 
groups. Patients who later had revision surgery, or contralat-
eral THA following the index operation, were not excluded 
from the study. 

Every patient received 2 different PROs, 1 generic and 1 dis-
ease-specific, in 4 groups of approximately 500 patients from 
each follow-up group (Figure). None of the groups received 
the same pair of PROs. Sample-size calculation showed that, 
assuming a risk of type I error of 0.05 (2-sided test) and a 
power of 80% to detect a relative risk of 2.0 for difference 

Patient flow chart. Each patient had a generic PRO (EQ-5D or SF-12) 
and a disease-specific PRO (HOOS or OHS) 1–2 years, 5–6 years, or 
10–11 years after primary surgery.

30 patients were found ineligible:
– 28 had recently died
– 2 had no prior THR
   (error in coding from DHR)

963 nonresponders:
– 541 did not reply
– 422 declined study partici-
          pation 

 5,777 patients were sent invitations

	 PRO pairs

	 HOOS	 OHS	 HOOS	 OHS
Follow-up	 and	 and	 and	 and
(years)	 EQ-5D	 EQ-5D	 SF-12	 SF-12	 Total

10–11	 465	 470	 471	 472	 1,878
  5–6	 502	 502	 498	 490	 1,992
  1–2	 467	 477	 480	 483	 1,907

 5,747 patients were included

	 PRO pairs

	 HOOS	 OHS	 HOOS	 OHS
Follow-up	 and	 and	 and	 and
(years)	 EQ-5D	 EQ-5D	 SF-12	 SF-12	 Total

10–11	 461	 469	 468	 468	 1,866   
  5–6	 499	 498	 495	 486	 1,978
  1–2	 467	 475	 479	 482	 1,903

 4,784 accepted participation and answered the PROs (83%)

	 PRO pairs

	 HOOS	 OHS	 HOOS	 OHS
Follow-up	 and	 and	 and	 and
(years)	 EQ-5D	 EQ-5D	 SF-12	 SF-12	 Total

10–11	 365	 380	 363	 372	 1,480   
  5–6	 432	 418	 406	 417	 1,673
  1–2	 402	 410	 397	 422	 1,631
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between the groups (i.e. response rate etc.), approximately 
500 patients in each group would be needed.

The PROs were mailed in paper form to the patients by regu-
lar post including a stamped, addressed envelope for return. Up 
to 2 reminder letters were sent. All returned PRO forms were 
scanned electronically using a validated automated forms-
processing technique (Paulsen et al. 2012). Manual validation 
was conducted when our automated forms-processing system 
could not interpret a PRO answer. Patients were classified as 
responders (those who accepted participation and answered the 
PROs) and non-responders (those who declined to participate or 
simply did not reply to the invitation letter) (Figure). 

Feasibility criteria
The PROs were assessed in relation to the following for fea-
sibility: response rate, floor and ceiling effects, missing items, 
and the need for manual validation of the scanned PROs. 
Response rate was determined as the percentage of patients 
who accepted participation and answered the PROs out of the 
total number of patients who were sent the PRO. Floor and 
ceiling effects indicate the percentage of patients for whom it 
would not be possible to measure a meaningful deterioration 
or improvement of their condition because they are already at 
the extreme end of the PRO. Floor and ceiling effects were 
calculated as the percentage of patients with the lowest or 
highest possible sum score (for example, a total score of 0 
or 48 for the OHS) out of the total number of patients who 
answered each PRO.

Concerning missing items, we examined both missing items 
and discarded PRO subscales. The proportion of items miss-
ing was defined as the percentage of items that were missing 
out of the total number of items received for each PRO. The 
missing items were treated in accordance with the manual of 
the PRO in question in order to calculate the total score for the 
different PROs (Appendix Table 1, see Supplementary data). 
Discarded PRO subscales were defined as the percentage of 
PRO subscales with too many items missing to give valid 
information (as defined by the manual or guide for each PRO) 
out of the total number of subscales received for each PRO. 

The need for manual validation was assessed as both the 
proportion of questionnaires requiring manual validation and 
the proportion of items validated, to take into consideration 
the different number of items in the PROs. The proportion of 
questionnaires requiring manual validation was defined as the 
percentage of questionnaires in which manual validation was 
required out of the total number of questionnaires of a particu-
lar kind received. The proportion of items requiring manual 
validation was defined as the percentage of items in each ques-
tionnaire that were manually validated out of the total number 
of items in a questionnaire. 

Statistics
Response rate, floor and ceiling effects, missing items, and 
the need for manual validation were calculated as proportions 

with 95% confidence intervals (CIs). We used a chi-squared 
test to compare the proportions. Any p-value of less than 0.05 
was considered significant. A priori, we had defined cut-offs 
for all 5 criteria in order to identify PROs that were feasible 
for use in registry settings: 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%.

Logistic regression was used to compare overall feasibil-
ity 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 (unce-
mented, cemented, or hybrid). Odds ratios with 95% CIs were 
calculated. 

The abilities of different PRO subscales to discriminate 
between age and sex groups, diagnostic groups, and prosthesis 
types were studied using analysis of variance. The hypotheti-
cal number of subjects needed to find the significant difference 
in mean value of a PRO between groups (assuming a signifi-
cance level of 5% and a power of 85% to detect differences 
between the actual groups) was estimated for each PRO sub-
scale with sample-size calculations or with power calculations 
and simulated ANOVA F tests, depending on the number of 
groups. We used STATA software version 10.1 and 11.0 for all 
the statistical analyses.

Ethics
The study was approved by the Danish Data Protection 
Agency (journal number 2008-41-2593), the Danish National 
Board of Health, and the DHR. The study was carried out in 
accordance with the World Medical Association Declaration 
of Helsinki. All patients gave their informed written consent 
before participation in the study. 

Results
Description of the study population
4,784 of 5,747 patients (83%) were included in the analy-
sis (Figure). Non-responders were significantly older than 
responders (median age 78 years vs. 73 years (p < 0.001)) and 
were more often females (66% vs. 58% (p < 0.001)) (Table 
1). There were no significant differences regarding number of 
patients in different age groups, sex, diagnosis group, or type 
of prosthesis (p = 0.4–1.0). The mean scores for the 4 different 
PROs (for the total population) are given in Table 2.

Response rate
All PROs fulfilled our criteria of an overall response rate of 
over 80% (Table 3). The response rates for the disease-spe-
cific PROs were 82.4% for HOOS and 84.1% for OHS (p = 
0.1). Multiple regression analyses adjusted for age, sex, diag-
nosis, and type of prosthesis showed no overall difference in 
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the response rate for HOOS and OHS (adjusted OR = 0.90, 
CI: 0.78–1.04). The response rates for the generic PROs were 
82.6% for SF-12 and 83.9% for EQ-5D (p = 0.2). The over-
all 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 

Table 1. Patient characteristics of responders and non-responders

Descriptive statistics	 Responders	 Non-responders	 p-value

Population (n)	 4,784	 963	
 Percent of total	 83	 17
Age a (median)	 73	 78	 < 0.001
 Range (years)	 19–102	 18–101	
 18–50 years (%)	   5.4	   6.0	 0.5
 50–70 years (%) 	 36	 26	 < 0.001
 > 70 years (%)	 59	 68	 < 0.001
Female sex (n)	 2,750	 635
 Percent	 58	 66	 < 0.001
Diagnosis (%) b			 
 Idiopathic osteoarthritis	 84	 72	 < 0.001
 Low-impact fractures	   7.9	 19	 0.01
 Childhood diseases	   4.3	   3.4	 0.2
 Other arthritis	   2.5	   4.0	 0.8
 High-impact injuries	   1.0	   0.9	 < 0.001
Prosthesis design (%)			 
 Uncemented	 44	 33	 < 0.001
 Cemented	 31	 38	 < 0.001
 Hybrid	 25	 29	 0.03

a Age of patients on date of sending PRO.
b Idiopathic OA, other arthritis (rheumatoid arthritis, morbis 
Bechterew, other arthritis), childhood diseases (congenital hip 
dislocation, morbis Calvé-Legg-Perthes, epiphysiolysis, acetabular 
dysplasia), high-impact injuries (fracture of acetabulum, traumatic 
hip dislocation) and low-impact fractures (fresh fracture of proximal 
femur, late sequelae from fracture of proximal femur). The diagnosis 
atraumatic necrosis of the femoral head (2.5%) and other diagnoses 
(0.6%) are not shown in this table. 

Table 2. PRO scores for the total population

PRO	 Mean (95% CI)

HOOS (n = 2,365) 	
 HOOS Pain	 88 (86–88.8)
 HOOS PS	 83 (81–84.0)
 HOOS QoL	 77 (75–78.4)
OHS (n = 2,419) 	 39 (38–39.6)
SF-12 (n = 2,377) 	
 SF-12 PCS	 35 (34–35)
 SF-12 MCS	 49 (48–50)
EQ-5D (n = 2,407) 	
 EQ-5D Index	 0.84 (0.83–0.86)
 EQ-VAS	 80 (78–81)

Table 3. Overall results

	 Specific PROs	 Generic PROs	
	 HOOS	 OHS	 SF-12	 EQ-5D
	 n = 2,365	 n = 2,419	 n = 2,377	 n = 2,407	
									       
	 Pain	 PS	 QoL		  P-value	 PCS	 MCS	 EQ-5D Index	 EQ-VAS	 P-value	

Response rate a	 82	 84		  83	 84
	 (81–84)	 (83–85)	 0.100	 (81–84)	 (83–85)	 0.2
Floor effect b 	 0.1	 0.1	 0.5	 0.0	 < 0.001	 0.1	 0.1	 0.0	 0.3	 0.03		
		  (0–0.2)	 (0–0.3)	 (0.3–0.8)		  (0–0.3)	 (0–0.3)		  (0.1–0.5)	 0.3
Ceiling effect b 	 37	 31	 31	 20	 < 0.001	 6.1	 6.1	 46	 12	 < 0.001
	 (35–39)	 (29–33)	 (29–32)	 (19–22)		  (5.1–7.0)	 (5.1–7.0)	 (44–48)	 (11–14)	
Proportion of items		  3.4		  1.2	 < 0.001	 2.3	 1.9	 0.009
  missing c		  (3.2–3.5)		  (1.0–1.3)		  (2.1–2.5)	 (1.7–2.2)	
Discarded PRO	 3.0	 2.7	 1.9	 1.2	 < 0.001	 2.3	 2.3	 3.2	 5.5	 < 0.001
  subscales b	 (2.4–3.7)	 (2.1–3.4)	 (1.3–2.5)	 (0.8–1.7)		  (1.7–2.9)	 (1.7–2.9)	 (2.5–3.9)	 (4.6–6.4)	
Proportion of items		  0.9		  1.5	 < 0.001	 0.8	 4.3	 < 0.001
  validated c		  (0.8–1.0)		  (1.4–1.7)		  (0.7–1.0)	 (4.0–4.6)	
Proportion of PROs 
  requiring manual		  7.8		  7.2	 0.4	 7.7	 22	 < 0.001
  validation a		  (6.7–8.9)		  (6.2–8.2)		  (6.7–8.8)	 (20–23)		

Response rate defined as percentage that accepted participation and answered the PROs, out of the total number. 
Floor effect defined as percentage with worst possible outcome, out of total number.
Ceiling effect defined as percentage with best possible outcome, out of total number.
a Percentage of total number of PROs.
b Percentage of total number of PRO subscales.
c Percentage of total number of items.
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(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% (Table 3). Overall, HOOS 
Pain (adjusted OR = 2.4, CI: 2.1–2.7), HOOS PS (adjusted OR 
= 1.8, CI: 1.6–2.1), and HOOS QoL (adjusted OR = 1.8, CI: 
1.6–2.0) had a higher ceiling effect than OHS. SF-12 PCS and 
MCS and the EQ-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). After adjustment, both EQ-5D 
Index (OR = 14, CI: 12–17) and the EQ-VAS (OR = 2.1, CI: 
1.7–2.6) had higher ceiling effects than the SF-12. 

Missing items and discarded subscales
All PROs fulfilled our criteria of a proportion of items missing 
of less than 5% (Table 3). Females had a higher proportion 
of missing items than males, which was statistically signifi-
cant for all subscales (p ≤ 0.001–0.4), except for HOOS QoL, 
OHS, and EQ-VAS (data not shown). The percentage of dis-
carded 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 analy-
sis, we 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-5D VAS had a higher risk of dis-
carded 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 requir-
ing manual validation of less than 5%. However, the propor-
tion of questionnaires requiring manual validation exceeded 
7% for all PROs (Table 3). For the generic PROs, 7.7% of 
the items in the SF-12 questionnaires required manual vali-
dation 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 fac-
tors and choice of PRO, were needed for subgroup analysis 
(Table 4). OHS had the best discriminative ability—described 
by the hypothetical number of subjects needed to discrimi-
nate 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 regard-
ing both age (where 270 patients per group were needed) and 
prostheses type (where 207 patients per group were needed).

 

Discussion 

The feasibility of a PRO is not absolute, but depends on the 
context in which it is being used. To our knowledge, this is the 
first feasibility study to compare commonly used disease-spe-
cific and generic PROs head-to-head in a hip registry setting. 
We found that all 4 PROs are feasible for use in a hip registry 
setting. Our feasibility criteria were response rate, floor and 
ceiling effects, missing items, and need for manual valida-
tion of the scanned PROs. A high response rate is important 
to ensure generalizability and to minimize selection bias. A 
response rate of 80% is usually considered to be sufficiently 
representative of the sample studied. We thus chose, a priori, 
this cut-off for the mailed patient-reported data used in the 
study. Much higher response rates are, however, achieved 
with regard to hard data entered into joint registries. For 
example, the DHR has a coverage of 96% (Overgaard 2012). 
These types of data collection differ with regard to the person 
providing the data (patient vs. health professional), ethics 
(patients are not legislated to provide data), and setting (in-
hospital vs. home) and thus different response rates can be 
achieved.

Low floor and ceiling effects enable measurement of deteri-
oration and improvement. The cut-offs were chosen based on 

Table 4. Discriminative ability; number of subjects needed per group

	 Specific PROs	 Generic PROs
 		  HOOS	 OHS	 SF-12	 EQ-5D
 
	 Pain	 PS	 QoL		   PCS	 MCS	 EQ-5D Index	 EQ-VAS

Diagnoses a      116 e	   57 e	      115 e	      80 e	             51 e	    75 d	    107 e	   56 e

Gender      502 e	 456 e	      760 e	    298 e	 1,886,596	 2,736	    414 e	 521 e

Prosthesis groups b   2,295	 645 e	 10,308	    795 e	        6,471	 1,137	 1,124 d	 207 e

Age c 15,461	 814	      685 d	 1,566 d	           384	    361	 3,360	 270 e

a Idiopathic OA, other arthritis, childhood diseases, high-impact injuries, and low-impact fractures.
b Hybrid prostheses, cemented and uncemented prostheses.
c Less than 50 years old, 50–70 years old, and more than 70 years old.
d p < 0.05.
e p < 0.001.
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previous findings (Terwee et al. 2007). A high percentage of 
missing items will make the PROs and sum scores less valid. 
The need for manual validation of the scanned PROs is an 
important indirect indication of the patient’s general ability to 
correctly fill in the PRO, and also provides information about 
the workload of the manual validation required. The com-
plexity of a PRO or the lack of comprehensiveness can have 
an influence on response rate, the proportion of items miss-
ing, and the proportion of items requiring manual validation. 
Finally, the discriminative ability of each PRO gives a hypo-
thetical number of subjects needed to discriminate between 
subgroups, and may contribute to the decision as to which 
PRO to use in further registry studies when subgroup analyses 
are of interest. 

It is unclear whether follow-up time affects the response rate 
(Baker et al. 2007, Rothwell et al. 2010). We saw no difference 
in response rate with follow-up times ranging from 1 to 11 
years, which supports the view that follow-up time is unre-
lated to response rate. To achieve our response rate, we used 
several strategies including using short questionnaires and 
sending out up to 2 reminders, as it is known that these strate-
gies contribute to a higher response rate (Edwards et al. 2009). 
Due to the age of our patient population and their varying 
familiarity with computers and the internet, we used paper-
based questionnaires sent by regular mail (Rolfson 2010).

The presence of floor and ceiling effects may influence the 
reliability, validity, and responsiveness of outcome measures. 
A worst or best score reported by 15% of the group studied 
is considered the maximum acceptable (Terwee et al. 2007). 
However, considering the good outcome of THA, low floor 
effects and high ceiling effects might be expected; therefore, 
the criterion of having the best possible score in less than 15% 
of patients following THA might be too restrictive. In support 
of this, others have reported a lower ceiling effect for the same 
PROs when administered preoperatively (Naal et al. 2009). A 
lower ceiling effect preoperatively than postoperatively is self-
evident, and has been shown previously by others (Ostendorf 
et al. 2004). The lower ceiling effect in SF-12 PCS and SF-12 
MCS may be due to computation of these subscales with a 
norm-based value set, which has also been shown by Linde 
(2009). Missing data reduce the quality of data. In a study of 
3,156 RA patients, about 7% of patients were missing more 
than 20% of the items for SF-12 PCS, SF-12 MCS, and EQ-5D 
(Linde 2009). This high amount of missing items could in part 
be explained by a higher percentage of females included in 
that study (75–80%) than in the present study (58% females), 
as we found that females leave more unanswered items than 
males. We handled missing data in accordance with the direc-
tions set out in the specific manual for each PRO.

A higher percentage of PRO items requiring manual valida-
tion may indicate a less patient-friendly PRO format, and is 
more costly due to the manual labor required. In our sample, 
the EQ-5D VAS required manual validation about 3 times as 
often as the other questionnaires, suggesting that the EQ-5D 

VAS is less useful for a mailed survey in a registry population. 
Several methodological problems must be considered when 

interpreting our results. The EQ-5D index had a bi-modal dis-
tribution of data, as previously reported by others (Jansson 
and Granath 2010), probably due to the EQ-5D algorithm. The 
implication is that the uncertainties of the results are greater 
than described by the confidence intervals and p-values, and 
all the consequences of this may not be known yet. This must 
be considered when interpreting our results. 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 pop-
ulation, 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, sug-
gesting generalizability of our results. We minimized selection 
bias by randomly selecting patients for inclusion and we tried 
to achieve equal age and sex composition in the groups.

We conclude that the HOOS, the OHS, the SF-12, and the 
EQ-5D are all appropriate PROs for administration in a hip 
registry. We found minor differences between the disease-spe-
cific and the generic PROs regarding ceiling and floor effects 
as well as discarded items. This information may be useful for 
decision making about the use of particular PROs in a regis-
try-based setting, and other settings of different study design 
might also benefit from our results.

AP, ABP, SO, and EMR participated in the design of the study, analysis of 
data, and in writing of the manuscript. AP prepared the raw data.
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Table 1. Imputing of missing items

 	
 PRO	 Imputing of missing items	 Reference
		

 EQ-5D	 No imputing of missing values	 User Guide version 2.0
 SF-12	 Maximum data recovery a	 QualityMetric Incorporated´s scoring software
 HOOS	 1 or 2 missing values were substituted with the average value for that subscale. 
	 If more than 2 items were omitted, the response was considered invalid and no 
	 subscale score was calculated	 User’s Guide 2003 (updated May 2008)
 OHS	 1 or 2 missing values were substituted with the average value from all other 
	 responses. If more than 2 items were omitted, the response was considered 
	 invalid and no overall score was calculated	 User Manual version 1.0

a QualityMetric Incorporated’s scoring software includes an MDE algorithm that enables scoring of PCS and MCS with missing item responses 
and we used QualityMetric Incorporated’s scoring software with missing data estimation method; maximum data recovery (the exact procedure 
is not described (Ware et al. 2002)), to find percentage of discarded PRO subscales. For all other analyses, we used manual coding with no 
imputing of missing values.

Table 2. License requirements, fees, and websites
 
 
PRO License requirements and fees	 Websites
 	
EQ-5D A license for the study was obtained from the EuroQol Group. Academic and clinical use of 
 EQ-5D is free of charge if patient numbers are less than 5,000. Where patient numbers 
 exceed 5,000, the EuroQol Group will negotiate with users to collaborate and share data 	 http://www.euroqol.org
SF-12 A license for the study was obtained from the Medical Outcomes Trust Health Assessment 
 Lab and Quality Metric Incorporated. The fees associated with using SF-12 were altogether 
 1,569.90 USD (administrative fee, survey reference kit, and scoring software)	 http://www.sf-36.org
HOOS HOOS does not require any licence and is free of charge, even to the medical industry	 http://www.koos.nu
OHS A license for the study and translation was obtained from Isis Innovation. 
 Academic and clinical use of OHS is free of charge 	 http://www.isis-innovation.com
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Quality of Data Entry Using Single Entry, Double Entry
and Automated Forms Processing–An Example Based on
a Study of Patient-Reported Outcomes
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Abstract

Background: The clinical and scientific usage of patient-reported outcome measures is increasing in the health services.
Often paper forms are used. Manual double entry of data is defined as the definitive gold standard for transferring data to
an electronic format, but the process is laborious. Automated forms processing may be an alternative, but further validation
is warranted.

Methods: 200 patients were randomly selected from a cohort of 5777 patients who had previously answered two different
questionnaires. The questionnaires were scanned using an automated forms processing technique, as well as processed by
single and double manual data entry, using the EpiData Entry data entry program. The main outcome measure was the
proportion of correctly entered numbers at question, form and study level.

Results: Manual double-key data entry (error proportion per 1000 fields = 0.046 (95% CI: 0.001–0.258)) performed better
than single-key data entry (error proportion per 1000 fields = 0.370 (95% CI: 0.160–0.729), (p = 0.020)). There was no
statistical difference between Optical Mark Recognition (error proportion per 1000 fields = 0.046 (95% CI: 0.001–0.258)) and
double-key data entry (p = 1.000). With the Intelligent Character Recognition method, there was no statistical difference
compared to single-key data entry (error proportion per 1000 fields = 6.734 (95% CI: 0.817–24.113), (p = 0.656)), as well as
double-key data entry (error proportion per 1000 fields = 3.367 (95% CI: 0.085–18.616)), (p = 0.319)).

Conclusions: Automated forms processing is a valid alternative to double manual data entry for highly structured forms
containing only check boxes, numerical codes and no dates. Automated forms processing can be superior to single manual
data entry through a data entry program, depending on the method chosen.
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Introduction

Information in themedical services isnowalmost exclusivelybased

on electronic recording systems inDenmark, including communica-

tion between primary and secondary health care systems [1]. In

surgery, among other areas of the health services, there has been

agrowing focus frommedical clinicianson theuseofpatient-reported

outcomes in studies [2]. Internationally, the US Food and Drug

Administration has strongly recommended inclusion of patient-

recorded outcomes in clinical trials assessing the effect of medical

procedures or pharmaceuticals. This has led to a demand for

recording larger volumes of information, which traditionally have

been collected on paper forms. An alternative to manual data entry

has been the introduction of automated reading of such data forms.

With an increased focus on measuring and validating measurement

tools [3], it is imperative to assess the quality of automated forms

processing and this was the motivation for the current study.

In the 1960s, research began on document processing [4–5].

With the development of computers and the increasing need to

capture large volumes of data, automatic text segmentation and

discrimination research gained momentum in the early 1980s

[6,7,8]. A variety of data processing systems have been described

[9,10,11,12,13,14,15], among these different kinds of automatic

forms processing or scanning procedures [16,17,18]. A growing

commercial industry offers automated forms processing technol-

ogies and services. However, manual double entry of data is still

defined as the definitive gold standard of good clinical practice

[19] for data from collected paper forms, and it has been well-

validated [18].

Internet-based applications for collecting questionnaires instead

of using paper forms may be the future, but for now, and in

particular when dealing with an elderly population, it is known

that some patient groups do not respond adequately to an

Internet-based application for collecting patient-reported outcome

PLoS ONE | www.plosone.org 1 April 2012 | Volume 7 | Issue 4 | e35087



questionnaires [20]. When data is entered directly via the internet

connection, validation is a very complex matter. No other source

of information exists to verify correctness of the data since data is

only recorded once.

Automated forms processing technologies are advocated mainly

because of potential data quality improvement and likely time and

cost reductions. Manual double-key entering of data by key

punching is laborious and can be costly. Transcription of data

from paper forms into an electronic database can be a nontrivial

source of error [21]. Both manual key entering and direct text

entry may result in a serious reduction in data quality, if the

proportion of erroneous entries is large, as seen in some clinical

research databases [22,23].

Automated forms processing is a method by which one can

‘automatically’ capture information entered into data fields by

scanning, and converting it into an electronic format. The data is

captured from particular zones and stored in an electronic format.

This input method can automate data processing by using pre-

defined templates and configurations. A template in this case,

would be a map of the document, detailing where the data fields

are located within the form. Most of the data are recognised

automatically using the pre-specified data characteristics, but if the

program is uncertain, verification by a human operator is required.

There are different technologies of automated forms processing.

Optical Mark Recognition [OMR] is the least expensive solution

but can only be used for recognition of check/mark boxes on

a form. The more advanced Intelligent Character Recognition

[ICR] can be used for recognition of machine-printed and

handwritten characters. In this project, we have used ICR to

recognise hand-printed characters, and OMR to identify check

boxes filled in by hand on printed forms.

There have been few reports on the quality of automated forms

processing and usage in medical settings, relatively few data

collection systems are well-described with respect to data quality

[24], and further research on automated forms processing

performance in this setting is therefore warranted.

The aim is therefore to examine and validate an up-to-date

automated forms processing system, by comparing paper-based

and scanned patient-reported outcome forms with single and

double manually entered data.

Methods

Ethics
The study was approved by the Danish National Board of

Health and the Danish Data Protection Agency (journal number

2008-41-2593). The Science Ethics Committee of the Region of

Southern Denmark rejected registration since this is a registry

based study without collection of biological data. The study was

carried out in accordance with the World Medical Association’s

Declaration of Helsinki, and all patients gave informed written

consent to participate. None of the authors have existing or

potential competing interests.

Design
The study was based on a larger study with a cohort of 5777

patients from the Danish Hip Arthroplasty Registry [25]. The

cohort consisted of patients over 18 years of age, with primary

total hip arthroplasty, regardless of diagnosis, who underwent an

operation1–2, 5–6, and 10–11 years earlier. Every patient had

received two different patient-reported outcome questionnaires,

one general and one disease-specific. The following questionnaires

were included in the study: the EuroQoL-5D-3L [EQ-5D],

(consisting of the EQ-VAS and the EQ-5D Index) [26,27], SF-

12 Health Survey [SF-12] (yielding MCS and PCS) [28], Hip

dysfunction and Osteoarthritis Outcome Score [HOOS] (consist-

ing of HOOS Pain, HOOS PS, and HOOS QoL) [29], and

Oxford 12-item Hip Score [OHS] [30]. From the total cohort 200

patients were randomly selected in four groups (blocks) of 50

patients for each year. None of the groups received the same pair

of questionnaires so as to maximise the potential for statistical

comparison, see Figure 1. Patient characteristics are listed in

Table 1. We used paper forms to administer our questionnaires,

and postal administration to deliver them.

Sample size and power calculations: Based on 297 available

EQ-VAS items, the comparison of methods, assuming an error

proportion of 1% by double-entry, had 80% power to detect a 4%

higher error proportion by ICR.

Items and Forms
A form was defined as a questionnaire, an item as a single

question on a questionnaire and a data field as a possible answer

category for an item. EQ-5D contains 6 items in total, 5 single

items plus the EQ-VAS. OHS and SF-12 each contains 12 items,

and HOOS contains 19 items. The EQ-5D instruction states ‘‘By

placing a tick in one box in each of the five groups below, please

indicate which statements best describe your own health state

today’’. There are three possible answers (and thus three check

boxes resulting in three data fields the scanner is coded to read) for

each EQ-5D single item, e.g. for the item ‘Mobility’ categories are:

‘‘I have no problems in walking about’’, ‘‘I have some problems in

walking about’’ and ‘‘I am confined to bed’’. EQ-VAS requires the

respondent to indicate on a thermometer scale from 0 (‘worst

imaginable’) to 100 (‘best imaginable’), how good or bad the

responder’s health is on that particular day by drawing a line from

a box to the appropriate point on the scale which indicates how

good or bad his/her health state is on the day. All items from

OHS, HOOS, SF-12 and the 5 items on EQ-5D, could be read

from the checkboxes by OMR, and only the EQ-VAS had to be

read by ICR. The latter was done from a field where the

respondent wrote the scale value from 0–100.

Scanning setup was an up-to-date automated forms processing

system. The scanner was a Kodak i640 scanner (Kodak Canada

Inc., Toronto, Ontario), scanning in 200 DPI, at a speed of 83

pages per minute. Scanning was done in TIFF format, which is

approved in Danish law. OCR for AnyDoc H, version 5.012e

(AnyDoc Software Inc., Tampa, Florida) was used for question-

naire setup, and processing. For verifying, AnyDocHVERIFYIt
version 5.0 (AnyDoc Software Inc., Tampa, Florida) was used. HP

Elitebook 8530p computers (Hewlett-Packard Company, Palo

Alta, California), with Windows version XP and the Microsoft

2003 packages (Microsoft Corporation, Redmond, Washington)

were used. Before the study started, we performed template testing

of the questionnaires to make sure the setup of the template and

placement of the data fields were optimal. The scanner was

regularly calibrated. Prior to the scanning, extensive manuals with

decision rules for all questionnaires, as well as codebooks were

produced to account for any uncertainty. Standard format layout

was taken from each questionnaire included with minimal layout

adjustments to optimise automated forms processing readability.

Manual Validation During Scanning
Manual validation was conducted when the automated forms

processing system could not convert an answer due to poor or

ambiguous questionnaire completion. In these circumstances the

scanner stops, and cannot scan further until a human operator

manually validates the correct code for the questionnaire answer

in question.

Data Quality with Automated Forms Processing
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Manual Data Entry
A combined structured questionnaire for all the forms used,

including limiting definitions for entry of out of range values was

defined using EpiData Data Entry software (EpiData Association,

Http://www.epidata.dk). EpiData Entry was also used for the

double-key data entry and the program control of the data entry.

Comparison
To compare the results from automated forms processing with

single- and double-key punching, the data were compared using all

three methods with EpiData Entry by direct comparisons. The

data were also checked for missing values, invalid values and out of

range values in STATA, and by reference to the original

questionnaires. All manual validations were recorded. A correct

data entry was defined when the automated forms processing,

single-key punching and double-key punching gave the same data

at field (variable) level. In case of differences, we manually

consulted the original questionnaire twice, and found the

responder’s answer in accordance with the manuals for handling

the questionnaires, as well as the individual coding guidance

books.

Statistical Methods
We studied the error proportion overall, for each of the four

different questionnaires, and for each individual patient and

tabulated this in subgroups by sex and age groups (,60 years, and

.60 years) with binomial confidence intervals. Group difference

was tested with a Chi Square test. Error proportions were

calculated as proportion of errors per 1000 data field with

Figure 1. Questionnaire Pairs (200 patients).
doi:10.1371/journal.pone.0035087.g001

Table 1. Patient characteristics.

Category All patients Group 1 Group 2 Group 3 Group 4

Population (n) n = 200 n = 50 n= 50 n = 50 n = 50

Percent of total 100 25 25 25 25

Age * (median) 72 72 71 70 74

Range (years) 25–95 47–90 25–90 44–95 34–94

Sex: Female (%) N= 118 (59%) N = 29 (58%) N= 29 (58%) N= 32 (64%) N = 28 (56%)

*Age of patients on date of questionnaire dispatch in years.
doi:10.1371/journal.pone.0035087.t001
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binomial exact 95% confidence intervals (95% CI) (STATA

procedure cii). Validation of the automated forms processing in

relation to person ID, was done in comparison with the original

sample of all patients (n = 5777), with STATA assert command.

Descriptive statistics were used to describe patient characteristics.

The STATA software Version 10.1 and 11.0 (StataCorp LP,

Texas, USA) were used for all statistical analyses. Due to the pre-

specified and low number of tests, we saw no reason to adjust the

p-level by multicomparison principles.

Results

The numbers of questionnaires, items and data fields are listed

in Table 2. For ICR (Table 3) there was no statistically significant

difference between double-key entering (error proportion per 1000

fields = 3.367 (95% CI: 0.085–18.616)) and single-key entering

(error proportion per 1000 fields = 6.734 (95% CI: 0.817–24.113),

(p = 0.565)), no statistical difference between automated forms

processing (error proportion per 1000 fields = 10.101 (95% CI:

2.088–29.234)) and double-key entering (p= 0.319), nor any

statistical difference between automated forms processing and

single-key entering (p = 0.656). For OMR (Table 4), automated

forms processing (error proportion per 1000 fields = 0.046 (95%

CI: 0.001–0.258)) performed better than single-key entering (error

proportion per 1000 fields = 0.370 (95% CI: 0.160–0.729),

(p = 0.020)), double-key entering (error proportion per 1000

fields = 0.046 (95% CI: 0.001–0.258)) performed better than

single-key entering (p = 0.020), and automated forms processing

and double-key entering performed equally (p = 1.000).

We found no difference in performance for the different

questionnaires with the automated forms processing in OMR

(p= 0.609), with double-key entering (p= 0.644), or single-key

entering (p= 0.148). Concerning gender, we 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).

There were substantial differences in the percentage of manually

validated items between the questionnaires and automated forms

processing methods: 0.25% (OHS), 0.41% (HOOS Pain), 0.51%

(HOOS QoL), 0.61% (HOOS PS), 1.42% (SF-12 PCS and

MCS), 2.22% (EQ-5D Index) and 20.20% (EQ-VAS). These

differences were statistically significant (p,0.001).

Discussion

Summary
We found an extremely low level of error with automated forms

processing using OMR. It performed the same as double-key

entering and performed better than single-key entering. We found

an error level of 0.46 per 10,000 data fields read (OMR), which is

better than earlier reports [31].

Concerning ICR, we found an error level per data field of up to

one percent in single-key entered data, double-key entered data,

and automated forms processing. Only one item (EQ-VAS)

required ICR, and therefore relatively few data fields could be

included in the ICR analyses, which must be taken into

consideration in the interpretation. A very high proportion of

items required manual validation on EQ-VAS compared with the

other questionnaires, and we will argue that this is 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

10000 data fields in ICR compared to OMR. There are many

different ICR systems available, and we cannot rule out that

a different ICR system might give better results. Further

Table 2. Number of Questionnaires, Items and Data fields in relation to Processing Method and Questionnaires.

Questionnaire/Scanning
method Total number of Questionnaires Total number of Items Total number of Data fields

EQ-5D 99 594 1782

SF-12 100 1200 4700

HOOS 99 1881 9405

OHS 100 1200 6000

Total 398 4875 21887

Scanned with ICR 99 99 * 297 {

*1 per EQ-5D questionnaire.
{Up to 3 digits per item.
doi:10.1371/journal.pone.0035087.t002

Table 3. Errors using Intelligent Character Recognition (ICR).

Category Single-key entered data Double-key entered data Automated forms processing

Number of errors 2 errors 1 error 3 errors

Errors/Questionnaire (n = 99) 2.02% (0.25–7.11) 1.01% (0.03–5.50) 3.03% (0.63–8.60)

Errors/Item (n = 99) 2.02% (0.25–7.11) 1.01% (0.03–5.50) 3.03% (0.63–8.60)

Errors/Data field (n = 297) 0.67% (0.08–2.41) 0.34% (0.01–1.86) 1.01% (0.21–2.92)

Errors/10000 Data fields 67.34 33.67 101.01

n= number scanned, (95% Binomial Confidence Interval).
doi:10.1371/journal.pone.0035087.t003
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improvements in ICR technology could possibly decrease the error

level to the level of OMR, but this has to be examined in future

studies.

Challenges with Data Quality of Questionnaires
There are many potential errors from questionnaire data. The

table from the work of Reider and Lauritsen [32] conceptualizes

the 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 these studies.

Automated forms processing has the potential to remove some of

these pitfalls, and potentially improve data quality from ques-

tionnaires. Relying on internet based data entry could result in an

error level comparable to single manual data entry, but the validity

of internet based solutions warrants further research in particular

in relation to possible age and or subgroup differences potentially

resulting in information bias.

Cost: Further studies should assess the cost of modern

automated forms processing systems. Earlier reports have shown

processing time was reduced to about one half to one third of that

of manual data entry and wage expenses were reduced to about

one third to one quarter, but found that a very large number of

forms needed to be processed in order to recover the considerable

initial investment [31]. Even though the cost of equipment for

automated forms processing data capture has decreased consid-

erably in recent decades, substantial time and computer expertise

is still required for implementation.

We believe our study is representative of a wide variety of

research and clinical settings where paper form questionnaires are

used. Total hip arthroplasty 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 automated

forms processing.

Benefits
There are several potential benefits of using automated forms

processing, including a low error level, an improved data

verification process and, more importantly, (especially in big

studies with many respondents) a significant reduction in time

required for data entry [33]. In a registry setting, it is important

to achieve an efficient data collection procedure. Some studies

find automated forms processing approximately three times as

fast as the standard method of data entry, with a digit

recognition rate of 92.4% [34]. The quality of automated forms

processing has been found in earlier reports to be acceptable,

and studies report a data entry error of as low as 0.041% for all

questionnaire items [35]. Automated forms processing was

validated in Denmark in 1998, and was then found to perform

slightly better than single data entry, but worse than double data

entry [31]. However, in the last 12 years, there has been a rapid

development in both software and hardware, and we have found

that an up-to-date system can perform as well as double-key

manual entry.

Conclusion
Automated forms processing 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, we 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.
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Objectives
The Oxford hip score (OHS) is a 12-item questionnaire designed and developed to assess 
function and pain from the perspective of patients who are undergoing total hip 
replacement (THR). The OHS has been shown to be consistent, reliable, valid and sensitive to 
clinical change following THR. It has been translated into different languages, but no 
adequately translated, adapted and validated Danish language version exists.

Methods
The OHS was translated and cross-culturally adapted into Danish from the original English 
version, using methods based on best-practice guidelines. The translation was tested for 
psychometric quality in patients drawn from a cohort from the Danish Hip Arthroplasty 
Register (DHR).

Results
The Danish OHS had a response rate of 87.4%, no floor effect and a 19.9% ceiling effect (as 
expected in post-operative patients). Only 1.2% of patients had too many items missing to 
calculate a sum score. Construct validity was adequate and 80% of our predefined hypotheses 
regarding the correlation between scores on the Danish OHS and the other questionnaires were 
confirmed. The intraclass correlation (ICC) of the different items ranged from 0.80 to 0.95 and the 
average limits of agreement (LOA) ranged from -0.05 to 0.06. The Danish OHS had a high internal 
consistency with a Cronbach’s alpha of 0.99 and an average inter-item correlation of 0.88.

Conclusions
This Danish version of the OHS is a valid and reliable patient-reported outcome measurement 
instrument (PROM) with similar qualities to the original English language version. 

Article focus
 The use of patient-reported outcome

measurement instruments (PROMs) in
orthopaedics is increasing

 Their development is laborious and costly
and therefore translation, cross-cultural
adaptation and validation of established
outcome measures is sensible and also
facilitates international comparisons

 To date, no validated version of the
Oxford hip score (OHS) has existed in the
Danish language

Key messages
 The Danish language version of the OHS

proved to be a valid PROM with similar
qualities to the original English language
version

Strengths and limitations
 This large validation study, which included

1992 post-operative patients, followed the
principles of best practice for the transla-
tion and cultural adaptation process for
PROMs and validated the Danish language
version of the OHS against several fre-
quently used generic (EuroQol 5D-3L (EQ-
5D) and Short-Form 12 (SF-12)) and dis-
ease-specific (Hip dysfunction and Osteo-
arthritis Outcome Score (HOOS)) PROMs
in the context of a hip arthroplasty registry

 The inclusion of patients from 30 to
80 years of age increases the external
validity of the psychometric findings, as
did measuring PROMs at one to two, five
to six and ten to 11 years following total
hip replacement

Freely available online

Keywords: Patient-reported outcome measurement instrument, PRO, PROMs, Oxford hip score, OHS, Validation, Total hip replacement, 
THR, Danish Hip Arthroplasty Registry (DHR)
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 We included solely post-operative patients and further
studies on the responsiveness/sensitivity of the Danish
language version of the OHS are warranted. Patients
received two disease-specific questionnaires: they
answered the HOOS at a median post-operative time
period of 4.9 years (0.9 to 10.5) and the OHS at a median
of 7.1 years (3.1 to 12.8). Presumably both PROMs mea-
sured the patient’s health status during a period in
which their hip function was in the same steady state.
We did not exclude patients who had undergone
revision surgery or THR of the contralateral hip

Introduction
Total hip replacement (THR) – ‘the operation of the cen-
tury’1 – is a successful orthopaedic procedure with
respect to survival of the implant.1-5 Implant survival and
surgeon-reported outcomes have traditionally been used
to evaluate success. However, not everyone who has a
failing arthroplasty is willing or able to go through with
revision surgery. The recent shift towards a more patient-
centric perspective has led to a change of focus from tra-
ditional clinical outcomes to patient-reported outcomes,
which has revealed a much higher proportion of opera-
tions with inferior outcomes.6,7 By using patient-reported
outcomes the results of THR can be monitored to an
entirely different degree, potentially leading to improve-
ments in the treatment of these patients.

The Oxford hip score (OHS)8 is a frequently used
patient-reported outcome measurement instrument
(PROM) developed for patients undergoing THR. How-
ever, no adequately translated and culturally adapted
Danish version of the score exists. We aimed to develop
such a version for use in the Danish Hip Arthroplasty
Register (DHR).

Materials and Methods
The study was performed in two phases. In 2009, the
original OHS was translated into Danish and cross-
culturally adapted. Secondly, in 2011, following imple-
mentation of the Danish version, data from that version
were tested for psychometric quality.
OHS. The OHS is a short, 12-item questionnaire for
patients undergoing THR.8 It was designed as an inter-
vention- and site-specific outcome measure to assess
functional ability, daily activities and pain from the
patient’s perspective. Items are answered by ticking a box
on a five-point Likert scale. Originally, the raw scores were
added to obtain a sum score between 12 and 60, with
higher scores being better. Due to modifications, the sum
score is now described as ranging from 0 (worst) to
48 (best).9,10 The OHS has been translated into different
languages and used in several clinical studies and registry
settings. It has been shown to be consistent, reliable, valid
and sensitive to clinical change following THR.11-18

Thresholds in the OHS associated with patient satisfaction
with post-surgical outcomes have been estimated.19 A

license for the study and translation was obtained from
Isis Innovation (Oxford, United Kingdom).
Procedure for translation and cross-cultural adaptation.
The translation and cross-cultural adaptation process for
the OHS was carried out in accordance with a recom-
mended best-practice methodology,20 and involved the
following steps:

1. An uninformed forward-translation from English to
Danish (by translator T1, Associate Professor in English
Language in Denmark (mother tongue Danish, fluent in
English).

2. An uninformed back-translation from Danish to English
(by translator T2, Associate Professor in English Language in
Denmark (mother tongue English, fluent in Danish). 

3. An expert panel consensus meeting, during which
the original and back-translated English versions were
compared, and clinical/linguistic issues in the Danish for-
ward-translated version were resolved.

4. Five new individually uninformed back-translations
from Danish to English (by five members of a multidisci-
plinary group that included professional translators and
experienced health professionals; two with English as
their mother tongue, three with Danish as their mother
tongue, and all bilingual).

5. A new expert panel consensus meeting with transla-
tors and coordinators, where the versions were reviewed,
reconciled and harmonised, and the back-translations
compared with the original English version and prior
translations. This resulted in consensus on the Danish ver-
sion of the OHS.

6. The final Danish language version was tested for
understanding on 24 patients (ten men and 14 women)
with a mean age of 65 years (24 to 86), with hip dysfunc-
tion, hip osteoarthritis or THR, by experienced health pro-
fessionals. After completing the OHS, the respondents
were systematically interviewed and debriefed on their
thoughts concerning the relevance of the questions, the
specific wording of each item, any difficulties in under-
standing the questions, the readability, and their experi-
ence in answering the questionnaire. The interviewing
health professionals also assessed the patient’s ability to
complete the PROM, using the same criteria.

7. We used the PROMs in their standard lay-out, and
based on the testing, we made minimal adjustments to
optimise readability for elderly patients, and to facilitate
automated forms processing. Written instructions for the
PROM were added, layout, font, text size and points in cor-
respondences were adjusted after consulting typo-
graphers and educationalists, and these final modifications
were incorporated after examination of the outcomes from
the debriefing. The Danish language version of the OHS
was proofread by a key in-country consultant and project
manager, and a report prepared of the translation process.
Data collection. We used a cross-sectional design. Our
study was a secondary analysis of data from a previous
study of a cohort of 5777 patients from the Danish Hip
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Registry.21 The patients had received a primary THR either
one to two, five to six, or ten to 11 years before dispatch of
the PROMs. Patients who had revision surgery, or
received contralateral THR following the index operation,
were not excluded from the study. For the current study,
we included the subgroup of all patients between the
ages of 30 and 80 years who had answered the OHS.
These patients, as part of the original cohort, had
received one generic PROM, either the EuroQol 5D-3L
(EQ-5D)22 or Short-Form 12 (SF-12),23 and one disease-
specific PROM, either the Hip dysfunction and Osteo-
arthritis Outcome Score (HOOS)24 or the OHS.8 We also
included 215 patients who had previously answered the
HOOS. These patients were asked to also complete the
OHS to enable comparison of disease-specific PROMs.
They were randomly selected from the original cohort,

and received the OHS at two years after completing the
HOOS. This gave us a total of 2278 patients for the cur-
rent study. For test-retest validation, 212 patients received
the OHS twice within two weeks, at a median of 7.1 years
(3.1 to 12.8) after their index operation (Fig. 1). We
assumed the patients to be in the same state regarding
their hip when answering the questionnaires.

We included between 187 and 907 patients for each
combination of PROMs to calculate construct validity and
internal consistency, and 166 patients completed the test-
retest. These numbers are all higher than the recom-
mended minimum proposed by Terwee et al.25 All
PROMs were posted to the patients with a return-
addressed and stamped envelope. Paper questionnaire
formats were used, and up to two reminder letters were
sent.26 All returned PROMs were scanned electronically,

2278 patients were sent invitations (100%)

OHS & HOOS
215

OHS & SF-12
1032

OHS & EQ-5D
1031

OHS
212 sent retest
(3 patients declined
participation)

OHS
166 accepted and
participated in
retest (78%)

286 non-responders
(13%)

1992 patients accepted participation and were included (87%)

OHS & HOOS
187

OHS & SF-12
907

OHS & EQ-5D
898

Fig. 1

Flow chart showing participation (OHS, Oxford hip score; HOOS, Hip dysfunction
and Osteoarthritis Outcome Score; SF-12, Short-Form 12; EQ-5D, EuroQol 5D-3L).
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using a validated automated forms processing tech-
nique.27 The study was conducted in accordance with the
STROBE statement.28

Other PROMs. As a part of the validation, the Danish OHS
was compared with two generic outcome measures (EQ-
5D and SF-12) and a disease-specific outcome measure
(HOOS).

The EQ-5D is a standardised generic measure of health
outcome.22,29 The EQ-5D gives a summary index (EQ-5D
Index) and a VAS score (EQ-VAS). Its psychometric prop-
erties have been validated for THR30 and for patients with
rheumatoid arthritis.31 A license for the study was
obtained from The EuroQol Group.32

The SF-12 is a short form of the SF-36 with 12 items,23,33

a generic measure of health status. The SF-12 gives a
physical component summary score (PCS) and a mental
component summary score (MCS). Its psychometric
properties have been validated for osteoarthritis
patients.34 A license for the study was obtained from The
Medical Outcomes Trust Health Assessment Lab and
Quality Metric Incorporated.35

The HOOS includes five subscales: pain, other symp-
toms, function in daily living, function in sport and recre-
ation, and hip-related quality of life.24 The HOOS-Physical
Function Short form (HOOS PS) is a five-item short form of
the two HOOS subscales: function in daily living and sport
and recreation function. The HOOS PS has been validated
for THR.36 We used the HOOS subscales Pain (HOOS Pain),
HOOS PS and Hip-related Quality of Life (HOOS QoL).37

Psychometric properties. The Danish OHS was exam-
ined for response rate, floor and ceiling effects, skew of
the distribution, missing items, construct validity, reliabil-
ity (intraclass correlation, limits of agreement and inter
item correlation reliability), and internal consistency. We
defined response rate as the percentage of patients who
agreed to participate and answer the questionnaire, miss-
ing items as the percentage of all questionnaires with too
many items missing to calculate a sum score, as recom-
mended,10 floor and ceiling effects as the percentage of
patients at the extreme ends of the PRO (no possibility to
measure a meaningful deterioration of, or improvement
in, their condition), calculated as the percentages of
patients with the lowest (0) or highest (48) possible sum
score out of the total number of patients. Construct valid-
ity was tested by comparing the Spearman’s correlation
coefficients of the OHS scores with the domains of the
HOOS, EQ-5D, and SF-12. We hypothesised that the OHS
should have moderate to high (0.50 to 0.80) correlations
with HOOS Pain, HOOS PS and HOOS QoL; the pain/ dis-
comfort domain, mobility, current state of health and the
usual activities domain from the EQ-5D; and the general
health, physical component score and body pain
domains from the SF-12, since these domains are similar
to those of the OHS. We also hypothesised that the OHS
should show lower (< 0.50) correlations with the anxiety/
depression and self-care domains of the EQ-5D, and the

mental component score, vitality and social functioning
domains from the SF-12, since these domains are not
directly a part of the OHS. Reliability was measured as the
intraclass correlation coefficients (ICC), and the limits of
agreement (LOA). The time period between the repeated
administrations was 2 weeks. Internal consistency was
determined by calculating Cronbach’s Alpha38 for the
OHS. A value for Cronbach’s Alpha > 0.8 was considered
“good” while a value ≥ 0.9 was considered “excellent”.39

We used COSMIN definitions and taxonomy to describe
psychometric properties.40

Statistical analysis. Descriptive statistics were used to
describe patient characteristics. Response rate, floor and
ceiling effects, and missing items were calculated as pro-
portions with 95% confidence intervals (CI). We used a
chi-squared test to compare proportions. A p-value
< 0.05 was considered significant. For test-retest, we used
the STATA ‘sample’ command to draw random samples of
the original cohort from the Danish Hip Registry. Con-
struct validity was tested by comparing the Spearman’s
correlation coefficients. Internal consistency was deter-
mined by calculating Cronbach’s Alpha. Intraclass corre-
lation (ICC) was calculated as ICC[2,1] with STATA ‘icc23’
command (two-way random effects model). Bland and
Altman’s limits of agreement were calculated by STATA
‘concord’ command. The STATA software Version 11.0
(StataCorp LP, College Station, Texas) was used for all sta-
tistical analyses.
Ethics. The study was approved by the Danish Data Pro-
tection Agency (number 2008-41-2593), the Danish
National Board of Health, and DHR. The study was pre-
sented for the Science Ethics Committee of the Region of
Southern Denmark. They declared that the study did not
require acceptance from the committee due to no inter-
vention or human material were included. All patients
gave informed written consent and the study was carried
out in accordance with the Declaration of Helsinki.

Results
Patients. Patient characteristics are listed in Table I, and
their mean scores for PROMs are listed in Table II. Non-
responders were predominantly younger patients and
had the diagnoses ‘low impact fractures’ and ‘other
arthritis’ more often than responders. The mean OHS
score was 40. Post-operative follow-up was a median of
4.9 years (0.9 to 10.5).
Translation and cross-cultural adaptation. The transla-
tion process revealed minor discrepancies in wording and
comprehension 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 (Trou-
ble with transport), which was resolved by adding a writ-
ten instruction for the questionnaire.
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Psychometric properties. The OHS had a response rate
of 87.4%, no floor effect and 19.9% ceiling effect in our
post-operative patients. The frequency distribution of the
scores was negatively skewed (Fig. 2), with a skew value

of -1.39. Only 1% of patients had too many items missing
to calculate a sum score (Table III). Regarding construct
validity, OHS showed the highest correlations with the
HOOS Pain, HOOS PS and HOOS QoL; the pain/discom-
fort 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)
(Table IV, V and VI). The OHS showed the lowest correla-
tions 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

Table I. Patient characteristics of responders and non-responders

Responders Non-responders p-value (chi-squared test)

Number (%) 1992 (87.4) 286 (12.6)
Female (n, %) 1088 (54.6) 165 (57.7) 0.329

Median age (yrs) (range)* 68.8 (31 to 80) 66.9 (32 to 80) 0.004 (Student’s t-test)
Age group (n, %)

30 to 49 years 138 (6.9)  35 (12.2) 0.002
50 to 70 years 955 (47.9) 133 (46.5) 0.649
71 to 80 years 899 (45.1) 118 (41.3) 0.218

Diagnosis (n, %)†‡

Idiopathic osteoarthritis 1598 (80.6) 186 (65.3) < 0.001
Low-impact fractures  116 (5.9)  38 (13.3) < 0.001
Childhood diseases  113 (5.7)  16 (5.6) 0.953
Other arthritis  53 (2.7)  18 (6.3) 0.001
High-impact injuries  20 (1.0)  3 (1.1) 0.945
Atraumatic necrosis of femoral head  62 (3.1)  17 (6.0) 0.015
Other  20 (1.0)  7 (2.5) 0.035

Prostheses design (n, %)‡

Uncemented 1091 (55.0) 154 (54.0) 0.749
Cemented  433 (21.8)  63 (22.1) 0.921
Hybrid  458 (23.1)  68 (23.9) 0.779

* age of patients on date of dispatch of the patient-reported outcome measures 
† other arthritis (including rheumatoid arthritis, Bechterew’s disease), childhood diseases (congenital hip dislocation,
Calvé-Legg-Perthes, epiphysiolysis, acetabular dysplasia), high-impact injuries (fracture of acetabulum, traumatic hip
dislocation) and low-impact fractures (fresh fracture of proximal femur, late sequel from fracture of proximal femur) 
‡ data on diagnosis and prosthesis design was only available for 1982 responders and 285 non-responders

Table II. Scores of the patient-reported outcome
measures (PROMs) for the total population (CI,
confidence interval)

PROM Mean (95% CI)

OHS (n = 1992)* 39.8 (39.3 to 40.2)

HOOS (n = 187)†

Pain 91.4 (89.3 to 93.5)
Physical function 86.7 (84.2 to 89.3)
Hip-related quality of life 82.1 (79.2 to 85.0)

SF-12 (n = 907)‡

Physical component 38.5 (38.2 to 38.8)
Mental component 46.8 (46.5 to 47.2)

EuroQol 5D-3L (n = 898)§

EQ-5D Index 0.85 (0.84 to 0.86)
EQ-VAS 79.7 (78.3 to 81.1)

* OHS, Oxford hip score (from 0 (worst) to
48 (best)) 
† HOOS, Hip dysfunction and Osteoarthritis
Outcome Score (from 0 (worst) to 100 (best)) 
‡ SF-12, Short-Form 12 (from 0 (worst) to
100 (best), by computation with a standardised
scoring algorithm developed to get a mean of
50 (SD 10) in the United States 1998 general popu-
lation value set
§ EuroQol 5D-3L. The EQ-5D Index ranges from -0.624
(worst) to 1.000 (best), using a Danish value set.45

EQ-VAS, visual analogue scale for current state of
health (from 0 (worst) to 100 (best))

OHS

0
0

10

10

15

5

20

20

30

25

40 50

In
ci

de
nc

e 
(%

)

Fig. 2

Bar chart showing the skew of distribution of the Oxford hip score (OHS).
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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 to 0.97), and limits of agree-
ment was -0.05 (95% CI -4.67 to 4.58) (Table VII). For

internal consistency, the overall Cronbach’s alpha was
0.99, and the average inter-item correlation was 0.88
(Table VIII).

Discussion
PROMs are an important addition to measuring implant sur-
vival, and essential for patient perspectives of outcome.41,42

Table IV. Construct validity: Spearman’s correlation coefficient between the
Oxford hip score (OHS) and the Hip dysfunction and Osteoarthritis Outcome Score
(HOOS)

HOOS

n = 177 OHS Pain Physical function Quality of life

OHS 1.00
HOOS

Pain 0.53* 1.00
Physical function 0.51* 0.75* 1.00
Quality of life 0.51* 0.72* 0.22* 1.00

* statistically significant (p ≤ 0.05)

Table V. Construct validity: Spearman’s correlation coefficient between the Oxford hip score (OHS) and the EuroQol 5D-3L
(EQ-5D)

EQ-5D

n = 941 OHS Mobility Self-care
Usual 
activities

Pain/
discomfort

Anxiety/
depression

Current state
of health

OHS 1.00
EQ-5D

Mobility -0.56* 1.00
Self-care -0.44*  0.47* 1.00
Usual activities -0.61  0.62*  0.44* 1.00
Pain/discomfort -0.62*  0.62*  0.40*  0.61* 1.00
Anxiety/depression -0.32*  0.34*  0.31*  0.36*  0.37* 1.00
Current state of health  0.61* -0.54* -0.39* -0.59* -0.59* -0.37* 1.00

* statistically significant (p ≤ 0.05)

Table III. Response rate, floor effect, ceiling effect and missing items of the Oxford hip score (OHS) compared with the Hip dysfunction and Osteoarthritis
Outcome Score (HOOS), Short-Form 12 (SF-12) and EuroQol 5D-3L (EQ-5D)

HOOS (n = 187) SF-12 (n = 907) EQ-5D (n = 898)

OHS
(n = 1992) Pain

Physical
function

Quality 
of life

Physical 
component

Mental 
component Index VAS

Response rate* 87.4 
(86.1 to 88.8)

87.0 (82.4 to 91.58) 87.9 (85.9 to 89.9) 87.1 (85.1 to 89.1)

p-value Reference 0.843 0.782 0.721

Floor effect† 0.0 0.0 0.0 0.0 0.1 
(-0.1 to 0.3)

0.1
(-0.1 to 0.3)

0.0 0.1 
(-0.1 to 0.3)

p-value Reference - - - 0.138 0.138 - 0.136

Ceiling effect‡ 19.9 
(18.1 to 21.6)

46.0 
(38.8 to 53.2)

39.6
(32.5 to 46.6)

30.0
(23.3 to 36.6)

8.3 
(6.5 to 10.1)

8.3 
(6.5 to 10.1)

49.9 
(46.6 to 53.2)

12.0 
(9.9 to 14.2)

p-value Reference < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Missing items§ 1.2 
(0.7 to 1.6)

2.1 
(0.5 to 4.2)

2.1 
(0.5 to 4.2)

0.5
(-0.5 to 1.6)

0.8 
(0.2 to 1.3)

0.8 
(0.2 to 1.3)

1.0 
(0.3 to 1.7)

4.2 
(2.9 to 5.6)

p-value Reference 0.245 0.245 0.437 0.345 0.345 0.717 < 0.001

* defined as percentage who accepted participation and answered the patient-reported outcome measures out of total number. No subscale calculations
† floor effect defined as percentage of worst possible outcome out of total number 
‡ ceiling effect defined as percentage of best possible outcome out of total number 
§ too many items missing to calculate a sum score (if more than 2 items were omitted, the response was considered invalid and no overall score was calcu-
lated, in accordance with the User Manual)
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We translated and cross-culturally adapted the OHS into
Danish, and the subsequent validation showed similar psy-
chometric properties to the original OHS.

This translation of the OHS into Danish used a robust
methodology that maximised linguistic accuracy and
cross-cultural adaptation. There were only minor discrep-
ancies concerning wording and understanding in the

translation process, probably due to the relatively small
cultural differences between the United Kingdom and
Denmark. In item 6 instead of the original option 4,
“around the house only”, we chose to focus on walking
distance (“only very short distances”) because of differ-
ences in the size and the number of floors in homes in
Denmark compared with the United Kingdom.

Table VI. Construct validity: Spearman’s correlation coefficient between the Oxford hip score (OHS) and the Short-Form 12
(SF-12)

SF-12

n = 380 OHS
Physical
component

Mental 
component Vitality

Body
pain

Social 
functioning

General
health

OHS 1.00
SF-12

PCS 0.39* 1.00
MCS 0.46* 0.30* 1.00
Vitality 0.37 0.57* 0.66* 1.00
Body pain 0.49* 0.78* 0.53* 0.56* 1.00
Social functioning 0.38* 0.36* 0.76* 0.46* 0.46* 1.00
General health 0.38* 0.73* 0.50* 0.60* 0.66* 0.41* 1.00

* statistically significant (p ≤ 0.05)

Table VII. Intraclass correlation (ICC) and limits of agreement (LOA) of the Oxford hip score (OHS)

Question Content* ICC (95% CI) Average LOA (95% CI)

1 Usual level of hip pain 0.87 (0.83 to 0.91) -0.02 (-1.05 to 1.01)
2 Trouble with washing and drying 0.85 (0.80 to 0.89)  0.01 (-0.71 to 0.72)
3 Trouble with transport 0.81 (0.74 to 0.85) -0.02 (-0.94 to 0.91)
4 Putting on socks/stockings/tights 0.85 (0.80 to 0.88)  0.06 (-0.86 to 0.99)
5 Doing household shopping alone 0.95 (0.93 to 0.96) -0.01 (-0.51 to 0.48)
6 Walking time before severe pain 0.80 (0.73 to 0.85) -0.01 (-1.10 to 1.09)
7 Difficulty going up stairs 0.84 (0.79 to 0.88) -0.05 (-0.96 to 0.86)
8 Pain on standing up from sitting 0.83 (0.77 to 0.87)  0.00 (-0.89 to 0.89)
9 Limping when walking 0.81 (0.75 to 0.85)  0.06 (-0.94 to 1.07)
10 Sudden, severe pain from hip 0.86 (0.82 to 0.90)  0.04 (-0.79 to 0.88)
11 Work interference due to pain 0.85 (0.80 to 0.88) -0.02 (-0.95 to 0.91)
12 Pain in bed at night 0.86 (0.81 to 0.89) -0.01 (-0.91 to 0.89)
OHS sum score 0.96 (0.94 to 0.97) -0.05 (-4.67 to 4.58)

* the wording of each item reported in this table is in abridged form

Table VIII. Internal consistency of the Oxford hip score. The mean inter-item correlation is 0.88 and the overall Cronbach’s
alpha is 0.99

Question Content* Obs.
Mean (SE) 
score

Item total 
correlation

Alpha if item
removed

1 Usual level of hip pain 1980 3.55 (0.04) 0.94 0.93
2 Trouble with washing and drying 1988 3.90 (0.03) 0.95 0.94
3 Trouble with transport 1989 3.77 (0.04) 0.95 0.94
4 Putting on socks/stockings/tights 1988 3.63 (0.04) 0.93 0.91
5 Doing household shopping alone 1978 3.93 (0.04) 0.94 0.93
6 Walking time before severe pain 1986 3.84 (0.04) 0.94 0.93
7 Difficulty going up stairs 1963 3.71 (0.04) 0.95 0.94
8 Pain on standing up from sitting 1973 3.78 (0.04) 0.96 0.95
9 Limping when walking 1969 3.61 (0.04) 0.91 0.89
10 Sudden, severe pain from hip 1969 3.76 (0.04) 0.94 0.92
11 Work interference due to pain 1968 3.64 (0.04) 0.97 0.96
12 Pain in bed at night 1975 3.74 (0.04) 0.93 0.91

* the wording of each item reported in this table is in abridged form
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Item 3 is complex and comprises three different ques-
tions: “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, we added Danish
written instructions to the OHS, as an addendum.

The OHS had an excellent response rate of 87%. We
consider a response rate of 80% as being sufficiently
representative of the sample studied. We found no floor
effect but a ceiling effect that was beyond the recom-
mended 15% ceiling. Others have found a similar ceiling
effect for the OHS.25,43,44 Since the current results could
be explained by the median post-operative follow-up
period of five years in our study and the good overall
clinical outcome from THR,43 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, and this can explain the skew in sum score
distribution. Consistent with this, Naal et al18 found a
lower ceiling effect with the pre-operative OHS. In con-
trast, SF-12 PCS and SF-12 MCS had lower ceiling effects,
as reported by others and explained by computation of
a norm-based value set.31 Considering the good out-
come of THR, low floor effects and high ceiling effects
can be expected; therefore, the criterion of having the
best possible score in less than 15% of patients following
THR might be too restrictive.21 Concerning missing
items, the OHS performed similarly to the other PROMs
in our study. We have followed the instructions given in
the 2010 User Manual for the OHS10 for dealing with
missing data. However, imputed data can be problem-
atic to use for assessing the measurement properties of
an instrument, as imputed data will artificially reduce
variation in overall scores.

Convergent and divergent construct validity were ade-
quate with over 75% of the predefined hypotheses con-
firmed.25 de Groot et al44 also found a moderate to high
correlation between the OHS and the HOOS Pain (-0.85)
and HOOS QoL(-0.62). The correlation of the OHS with
the SF-36 has also been found to be moderate to high
(±0.53 to 0.71) for the physical function and bodily pain
domains in post-operative patients.10,17 

The Danish OHS translation was found to have accept-
able test-retest reliability, with an ICC > 0.70.25 The ICC of
the different items 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), which is better than the original OHS
and other language versions.10,16,18 This might be
explained by the post-operative administration of the
OHS in our study. 

Internal consistency of the OHS was found to be very
high as expected, with a Cronbach’s alpha of 0.99. A
Cronbach’s alpha over 0.95 could be explained by a

possible redundancy in one or more items.25 Cronbach’s
alphas of 0.87 to 0.89 have been reported in preoperative
patients,17,18 0.89 at six months post-operatively,8,13 and
0.93 to 0.92 at one to two years post-operatively,13 and
seems to rise directly in line with the length of follow-up.
We therefore believe the very high alpha found 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 not due to item redundancy – in the usual sense of
the term.

We found an excellent response rate. We included a
wide age range of patients from 30 to 80 years; most
patients undergo THR in this age range. Our study popu-
lation is slightly younger than the Danish THR popula-
tion, but we believe that our results have high external
validity since the gender ratio and diagnoses are similar
between our study population and the Danish THR pop-
ulation. The Danish OHS was validated in the context of a
registry of hip replacements, compared with both generic
and disease-specific PROMs, and examined at one to two,
five to six, and ten to 11 years following THR.

Several methodological limitations have to be taken
into consideration when interpreting our results. This is
a secondary data analysis and we have solely included
post-operative patients. The psychometric properties of
PROMs 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
post-operative, we expected the OHS to be highly
skewed, and it could therefore be argued that referring
to ceiling effects could be misleading. We argue that it is
important to assess post-operative development, and
have chosen to report the percentage of ceiling at PROM
level, even though this characteristic would more often
be assessed at the individual item level in the develop-
ment of a PROM. Further studies on the responsiveness/
sensitivity to the Danish version of the OHS are war-
ranted. Patients who received two disease-specific
PROMs answered the HOOS at a median of 4.9 years
(0.9 to 10.5) post-operatively and the OHS at a median
of 7.1 years (3.1 to 12.8) post-operatively, when both
PROMs presumably measured the patient’s health status
during a period in which their hip function was in the
same steady state. We did not exclude patients who had
undergone revision surgery, or received contralateral
THR following the index operation

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 com-
parison with the HOOS, EQ-5D and SF-12, and can be
used in a hip registry setting.
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Supplementary material
The Danish version of the Oxford hip score with
instructions is available alongside this article at

www.bjr.boneandjoint.org.uk
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Sådan udfyldes Oxford Hofte Score (OHS): 
 

 
 

• Læs teksten/ vejledningen på spørgeskemaet. 
 
 

• Du skal svare på alle spørgsmål i forhold til, hvad der bedst 
beskriver, hvordan du har haft det i løbet af de sidste fire 
uger. 

 
 

• Hvis der er spørgsmål, hvor dit svar ikke helt passer til 
svarmulighederne, skal du sætte kryds ved det svar, der 
passer bedst til din situation.  

 
 

• Der skal kun sættes ét kryds per spørgsmål. 
 
 

• Det er vigtigt for undersøgelsen, at alle spørgsmålene 
besvares.  

 
 

• Det er vigtigt at bruge en kuglepen der skriver mørkeblåt eller 
anden mørk farve, når skemaet udfyldes. 

 
 

• Kryds skal være nemme at tolke, som vist i nedenstående 
eksempler. 

 
 

Eksempler på angivelser af 
afkrydsning 
 

RIGTIGT FORKERT 

 
Sæt tydeligt kryds indenfor feltet. 
Kryds må ikke ramme kanten rundt 
om feltet 

   

 
Hvis et felt er udfyldt forkert, skal 
HELE feltet skraveres, og krydset 
sættes i det rigtige felt. 

  

  

 

 
X 

X X 

X
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Oxford Hofte Score (OHS), Dansk version, marts 2009. 
 
CPR. NR: 
 

N år du ser tilbage på de sidste fire uger …  (Kun ét kryds per spørgsmål) 

1. 
Ingen 

smerter 

2. 
Meget lette 

smerter 

3. 
Lette 

smerter 

4. 
Moderate 
smerter 

5. 
Stærke 
smerter 

 
1. Hvordan vil du 

beskrive de 
smerter, som du 
har haft i hoften?      

 
1. 

Nej, slet 
ingen 

problemer 

2. 
Meget lidt 
besvær 

3. 
Ja, 

moderat 
besvær 

4. 
Ja, meget 

store  
problemer 

5. 
Det er 
helt 

umuligt 

 
2. Har du haft 

problemer med at 
vaske og tørre dig 
(over det hele)  
på grund af         
din hofte?      

 
1. 

Nej, ingen 
problemer 

2. 
Meget lidt 
besvær 

3. 
Ja, 

moderat 
besvær 

4. 
Ja, meget 

store 
problemer 

5. 
Det er 
helt 

umuligt 

 
3. Har du haft 

problemer med at 
komme ind i eller 
ud af en bil eller 
bruge offentlig 
transport på 
grund af hoften? 

 

     

 
1. 
Ja, 

nemt 

2. 
Næsten 
uden 

besvær 

3. 
Med 

moderat 
besvær 

4. 
Med meget

stort  
besvær 

5. 
Nej, 

umuligt 

 
4. Har du selv 

kunnet tage 
sokker, strømper 
eller strømpe-
bukser på?      

 
1. 
Ja, 

nemt 

2. 
Næsten 
uden 

besvær 

3. 
Med 

moderat 
besvær 

4. 
Med meget

stort  
besvær 

5. 
Nej, det 

har været  
umuligt 

 
5. Har du selv 

kunnet klare 
indkøb? 

     
 

1. 
Ingen 

smerter/ 
jeg kan gå 
mere end 

30 
minutter 

2. 
16 til 30 
minutter 

3. 
5 til 15 

minutter 

4. 
Kun meget 

korte 
afstande 

 

5. 
Det er 
helt 

umuligt at 
gå 

 
6. Hvor lang tid  

har du kunnet gå,   
før du har fået    
stærke smerter  
i hoften (med   
eller uden stok)? 
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Når du ser tilbage på de sidste fire uger …  (Kun ét kryds per spørgsmål) 
  

1. 
Ja, 

nemt 

2. 
Næsten 
uden 

besvær 

3. 
Med 

moderat 
besvær 

4. 
Med meget

stort  
besvær 

5. 
Nej, det 

har været 
umuligt 

 
7. Har du kunnet gå 

op ad trapper? 

     
 

1. 
Slet ingen 
smerter 

2. 
Lette 

smerter 

3. 
Moderate 
smerter 

4. 
Stærke 
smerter 

5. 
Uudholdelige 

smerter 

 
8. Hvor stærke 

smerter har du 
haft i hoften, når 
du har skullet 
rejse dig op efter 
at have siddet ned 
(f.eks. ved 
middagsbordet)? 

     

 
1. 

Sjældent / 
aldrig 

2. 
Somme-
tider eller 
kun når 

jeg 
begynder 

at gå 

3. 
Ja, en hel 

del, og 
ikke kun 
når jeg 

begynder 
at gå 

4. 
Ja, 

det meste 
af tiden 

5. 
Ja, 

hele tiden 

 
9. Har du haltet  

på grund af  
din hofte? 

     
 

1. 
Nej, ikke 
på noget 
tidspunkt 

 

2. 
Kun en 

enkelt dag 
eller to 

3. 
Nogle 
dage 

4. 
De fleste 

dage 

5. 
Hver 
dag 

 
10. Har du følt 

pludselig eller 
kraftig smerte 
(jagende, 
stikkende eller 
krampe-lignende) 
fra den dårlige 
hofte?      

 
1. 

Slet ikke 
2. 

En lille 
smule 

3. 
En del 

4. 
Meget 

5. 
Umuligt at 

arbejde 

 
11. I hvor høj grad 

har smerter  
i hoften    
besværliggjort  
dit sædvanlige     
arbejde (inkl.    
husarbejde)? 

     

  1. 
Nej, ikke 
på noget 
tidspunkt 

2. 
Kun en 

enkelt nat 
eller to 

3. 
Nogle 
nætter 

4. 
De fleste 
nætter 

5. 
Hver 
nat 

 
12. Har du været 

plaget af smerter  
i hoften, når du 
ligger i sengen  
om natten?      
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Background and purpose — The increased use of patient-reported 
outcomes (PROs) in orthopedics requires data on estimated mini-
mal clinically important improvements (MCIIs) and patient-
acceptable symptom states (PASSs). We wanted to find cut-points 
corresponding to minimal clinically important PRO change score 
and the acceptable postoperative PRO score, by estimating MCII 
and PASS 1 year after total hip arthroplasty (THA) for the Hip 
Dysfunction and Osteoarthritis Outcome Score (HOOS) and the 
EQ-5D. 

Patients and methods — THA patients from 16 different 
departments received 2 PROs and additional questions preop-
eratively and 1 year postoperatively. The PROs included were the 
HOOS subscales pain (HOOS Pain), physical function short form 
(HOOS-PS), and hip-related quality of life (HOOS  QoL), and the 
EQ-5D. MCII and PASS were estimated using multiple anchor-
based approaches.

Results — Of 1,837 patients available, 1,335 answered the 
preoperative PROs, and 1,288 of them answered the 1-year fol-
low-up. The MCIIs and PASSs were estimated to be: 24 and 91 
(HOOS Pain), 23 and 88 (HOOS-PS), 17 and 83 (HOOS QoL), 
0.31 and 0.92 (EQ-5D Index), and 23 and 85 (EQ-VAS), respec-
tively. 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.

Interpretation — This study improves the interpretability of 
PRO scores. The different estimation approaches presented may 
serve as a guide for future MCII and PASS estimations in other 
contexts. The cutoff points may serve as reference values in reg-
istry settings.



In recent years, there has been a shift towards a more patient-
centered perspective in orthopedic research and the use of 
patient-reported outcomes (PROs) has increased (Horan 2010, 
Wylde and Blom 2011). This has led to a discussion on how 
best to interpret PRO results (McLeod et al. 2011), because a 
statistically significant change in PRO score does not necessar-
ily represent a clinically important improvement, and it can be 
difficult to know if a certain postoperative PRO score is accept-
able from the patient’s point of view. Since it can be problem-
atic to interpret change in scores and absolute postoperative 
scores in a clinically meaningful way (Quintana et al. 2012), 
different cut-points can be determined. One of these cut-points 
is the minimal clinically important improvement (MCII), a 
PRO change score value defined as the minimal change repre-
senting a clinically important improvement from the patient’s 
perspective (Tubach et al. 2009). Another cut-point is the 
patient-acceptable symptom state (PASS), a value of the post-
operative PRO score found acceptable by the patients, defined 
as the overall health state at which patients consider themselves 
to be feeling well (Maksymowych et al. 2010). Both MCII and 
PASS estimations will be of future importance in research and 
clinical practice because they focus on the patient perspective 
of total hip arthroplasty (THA). There is a lack of patient-based 
cut-points in the musculoskeletal literature (Keurentjes et al. 
2012), and the cut-points may vary depending on context even 
for a single PRO, making MCII and PASS estimations for THA 
patients warranted. 

Our aim was 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) 
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and the EQ-5D. In addition, PASS was estimated for sub-
groups of age, sex, and diagnosis.

Patients and methods
Data collection
All patients older than 18 years receiving a THA in 16 selected 
orthopedic departments in Denmark, from March 1, 2010 to 
March 1, 2011 were invited to participate in the study. Patients 
with acute fractures were excluded, as they are not compa-
rable to patients undergoing THA for other causes. Preop-
erative assessment included a disease-specific PRO (HOOS 
subscale pain (HOOS Pain), HOOS physical function short 
form (HOOS-PS), and HOOS subscale hip-related quality of 
life (HOOS QoL)), a generic PRO (EQ-5D), patient informa-
tion, questionnaire instruction, additional questions regarding 
patient characteristics, and a written consent form. Only first-
completed PROs were included if there was bilateral surgery. 
1 year postoperatively, the patients received the same PROs 
and 3 anchor questions. The postoperative questionnaires were 
mailed in paper form to the patients by regular post, includ-
ing a return addressed envelope with a stamp. 2 reminder let-
ters were sent if necessary (Edwards et al. 2009). All returned 
questionnaire forms were scanned electronically using a vali-
dated automated forms-processing technique (Paulsen et al. 
2012a). 

Anchor questions
Anchor questions were used to establish an external patient-
reported reference in order to evaluate clinical interpretation 
of PRO change scores and postoperative PRO scores. The 
anchor questions had already been used in “Questionnaire for 
patients who have had hip surgery” from the Royal College 
of Surgeons of England (Clinical Effectiveness Unit 2009). 
Since both hip-specific and generic PROs are used to evalu-
ate the outcome following THA, we chose to estimate MCII 
and PASS for the HOOS and the EQ-5D in comparison to the 
2 hip-specific anchor questions. However, since hip-specific 
PROs cannot be used to assess general health, MCII and PASS 
in relation to the general-health anchor question were only 
estimated for the EQ-5D.

Anchor questions used for definition of MCII. A patient-
reported hip-specific anchor question describing change in 
hip problems from preoperatively to 1 year postoperatively 
was used: “Overall, how are the problems now in the hip on 
which you had surgery, compared to before your operation?” 
The 5-point Likert scale response categories were: “Much 
better”, “A little better”, “About the same”, “A little worse”, 
and “Much worse”. Change in general health from preoper-
atively to postoperatively was evaluated by using the ques-
tion: “In general, would you say your health is...” (Kamper-
Jørgensen 2005). The 5 point Likert scale response categories 
were: “Excellent”, “Very good”, “Good”, “Fair”, and “Poor”. 

Patients were asked to assess their general health status both 
preoperatively and postoperatively. For MCII estimation, 
change from preoperatively to postoperatively was calculated 
and patients answering 1 category better postoperatively than 
preoperatively were considered to be reporting a minimal 
clinically important improvement in general health (Tubach et 
al. 2005, Hays et al. 2005). For the MCII estimation, we used 
both a retrospective transition anchor and an absolute change 
anchor (Tubach et al. 2005), to circumvent the recall bias 
known to be a problem for retrospective anchors (King 2011).

Anchor questions used for definition of PASS. A hip-specific 
anchor question describing the patients’ perception of outcome 
after surgery was used: “How would you describe the result of 
your operation?” There were 5 response options: “Excellent”, 
“Very good”, “Good”, “Fair”, and “Poor”. Patients answering 
“Excellent”, “Very good” or “Good” were considered to be 
reporting a hip-specific acceptable symptom state 1 year after 
THA. The general-health PASS estimation was based on the 
patient-reported postoperative general health status, using the 
same anchor question as for the general-health MCII estima-
tion: “In general, would you say your health is...” (Kamper-
Jørgensen 2005). If a patient answered “Excellent”, “Very 
good” or “Good” for the postoperative general health anchor 
question, he or she was considered to have an acceptable gen-
eral health state 1 year after THA.

The PROs
Both the HOOS and the EQ-5D are feasible to use in large-
scale studies of THA (Paulsen et al. 2012b). 

HOOS and HOOS-PS. Hip dysfunction and Osteoarthritis 
Outcome Score (HOOS) (Nilsdotter et al. 2003) is a hip-spe-
cific questionnaire constructed by adding questions considered 
important by patients (concerning pain, sport and recreation, 
function, hip-related quality of life, and other symptoms) to 
the WOMAC (Bellamy et al. 1988) to improve its validity for 
those with less severe disease or higher demands of physical 
function. The HOOS includes 5 subscales: Pain, Other Symp-
toms, Function in Daily Living, Function in Sport and Recre-
ation, and Hip-related Quality of Life. HOOS-PS is a 5-ques-
tion short version derived using Rasch analysis (Rasch 1960) 
from the 2 HOOS subscales addressing physical function 
(ADL and Sport/Rec) by using data from samples representing 
a spectrum of osteoarthritis (OA) severity (Davis et al. 2008b). 
The HOOS-PS has been validated for use in THA (Davis et al. 
2008a). For the purpose of our study, 3 different HOOS sub-
scales were used: HOOS Pain, HOOS-PS, and HOOS QoL. A 
score of 100 within each subscale indicates no problems and 0 
indicates extreme problems. A user guide and a scoring manual 
are available at http://www.koos.nu/index.html.

EQ-5D. EQ-5D (The EuroQol Group 1990, Brooks 1996) is 
a well-established generic health outcome measure specially 
designed to complement other quality-of-life measures, or dis-
ease-specific outcome measures, and it has also been used for 
economic evaluation of healthcare for several years (Dawson 
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et al. 2001, Linde 2009, Rolfson 2010). Patients describe their 
own health state in 5 dimensions: mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depression on 1 out of 
3 levels of severity: no problems, some/moderate problems, 
or extreme problems. Patients are also asked to evaluate their 
current state of health on a thermometer scale from 0 (‘worst 
imaginable’) to 100 (‘best imaginable’). EQ-5D generates 2 
overall values for quality of life, one from the patient’s per-
spective (the EQ-VAS: “Current state of health”) and the other 
from a societal perspective, the EQ-5D Index (a health pro-
file that can be transformed 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 relates to the health state of the general popu-
lation. A Danish tariff ranging from –0.624 (worst) to 1.000 
(best) (Wittrup-Jensen et al. 2009), based on time trade-off 
(Dolan and Roberts 2002), was used when computing the 
EQ-5D Index to adjust for culture-specific response patterns. 
A license was obtained from the EuroQol Group (http://www.
euroqol.org/). 

Statistics
No percentages (only numbers) are presented where n < 100. 
Any p-value less than 0.05 was considered significant. We 
used chi-square test and Wilcoxon-Mann-Whitney test to 
compare characteristics of patients who accepted or declined 
study participation. The correlation between the change 
anchor questions and the change scores for the PRO subscales 
for MCII and the correlation between the postoperative anchor 
questions and the postoperative scores for the PRO subscales 
for PASS were tested with Spearman’s rank correlation coef-
ficients. The proportions (%) of patients reporting the dif-
ferent response categories for the anchor questions and the 
corresponding PRO change scores and postoperative PRO 
scores were calculated. PASS for subgroups of different age 
groups, sex, and diagnoses were estimated. The mean PRO 
change scores for the different subgroups were calculated 
for all patients (not only patients answering “a little better” 
for the hip-improvement anchor or all patients answering 1 
category better postoperatively than preoperatively for the 
general-health anchor). t-based confidence intervals (CIs) 
were used, as samples were of adequate size (n > 30) for 
the central limit theorem to apply and since visual inspec-
tion revealed reasonably symmetric distributions in the few 
smaller groups (n ≥ 15, see Supplementary data, Tables 6 and 
7). MCII values for subgroups were not estimated due to small 
subgroups. Depending on the number of subgroups, Welch’s 
t-test or a so-called W test (similar to standard ANOVA F test) 
(Wilcox et al. 1986, Mitchell 2000), both allowing for unequal 
variances across groups, was used for comparison of means 
between subgroups. Absolute scores of the different HOOS 
subscales, EQ-5D Index, and EQ-VAS were calculated pre-
operatively and postoperatively for each individual patient, as 
well as change scores from preoperatively to postoperatively. 

In addition, mean preoperative and postoperative PRO scores 
and mean change scores for the entire study population were 
calculated. Missing data were handled in accordance with 
the manual for each EQ-5D and HOOS (Roos 2003, Cheung 
Kajang et al. 2009).

MCII and PASS cut-points. 6 different methods were used 
to estimate MCII and PASS cut-points. First, cut-points were 
estimated by the mean change or mean score approach (de Vet 
et al. 2011). This was regarded as the primary approach. Sec-
ondly, cut-points were estimated by the seventy-fifth percen-
tile approach (Tubach et al. 2005, Maksymowych et al. 2007, 
Kvien et al. 2007, Heiberg et al. 2008, Kvamme et al. 2010, 
Dougados et al. 2012). Thirdly, cut-points were estimated by 
the seventy-fifth percentile approach using tertiles (lowest-, 
middle-, and highest subscale scores) of the preoperative PRO 
scores (Tubach et al. 2006), to avoid misclassifying those with 
baseline scores only allowing for minor improvements (Davis 
et al. 2012). Fourthly, cut-points were estimated from receiver 
operating characteristic (ROC) curves using the 80% specific-
ity rule (Aletaha et al. 2009, Kvamme et al. 2010). Fifth, cut-
points were estimated from ROC curves using the cut-point 
corresponding to the smallest residual sum of sensitivity and 
specificity (Froud 2002, Maksymowych et al. 2007, Heiberg 
et al. 2008, Dougados et al. 2012). Sixth, cut-points were esti-
mated by ROC curves using the cut-point corresponding to 
a 45-degree tangent line intersection (equivalent to the point 
at which the sensitivity and specificity are closest together) 
(Froud 2002). 

An identical procedure was applied using the general-health 
anchor questions and EQ-5D. Percentile-based 95% confi-
dence intervals (CIs) for cut-points were estimated by non-
parametric bootstrap (Fiellin and Feinstein 1998, Campbell 
and Torgerson 1999) using 2,000 replications (Tables 2 and 
3), because of some small groups (n < 30) in the tertile estima-
tions. The area under the curve, AUC, (with CI) was calcu-
lated for the 3 methods using ROC curves. A correlation of 
at least 0.3 between the PRO scores and the anchor questions 
was considered adequate for applying the ROC methods (King 
2011). Patients answering “A little better” were considered 
to be reporting a minimal clinically important improvement, 
as this is the standard methodology (King 2011), but where 
the AUC estimation of the ROC curves (Fawcett 2006) was 
below the proposed minimum of 0.523 (Kvamme et al. 2010), 
patients answering “A little better” or “Much better” were 
pooled into 1 group. STATA software Version 11.0 was used 
for all statistical analyses.

Ethics
The study was approved by the Danish National Board of 
Health and the Danish Data Protection Agency (journal 
number 2008-41-2593 and 2012-41-1368), whereas accep-
tance by the Science Ethics Committee of the Region of 
Southern Denmark was not required. All the patients gave 
their informed written consent to participate in the study. 
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Results
Description of the study population 
Responders and non-responders. 1,335 of 1,837 patients 
(73%) agreed to participate in the study (Figure 1). Patients 
who declined study participation were older than those who 
were included (median age 70 years vs. 68 years (p < 0.001)), 
and they were less likely to have the diagnosis idiopathic 
osteoarthritis (84% vs. 90%, p = 0.001) (Table 1). 1,288 of 
1,335 patients (96%) answered the postoperative question-
naire (Figure 1). 

Missing items. Missing items occurred in 13 to 140 items 
(1–11%) of the different items in the questionnaires. Preop-
erative total scores could be calculated as follows: 98% for 
HOOS Pain, 98% for HOOS-PS, 99% for HOOS QoL, 95% 
for EQ-5D Index, and 98% for EQ-VAS according to rules 
for missing items. Postoperatively, total scores could be cal-
culated as follows: 96% for HOOS Pain, 97% for HOOS-PS, 
97% for HOOS QoL, 95% for EQ-5D Index, and 96% for 
EQ-VAS.

PRO scores. Distributions of preoperative and postoperative 
PRO scores are given in Figure 2 (see Supplementary data). 
Mean (CI) for the PRO scores pre- and postoperatively and 
change scores are given in Table 5 (see Supplementary data).

Proportions reporting different response options for the 
anchor questions. When responding to the MCII anchor ques-
tion “Overall, how are the problems now in the hip on which 
you had surgery, compared to before your operation?”, most 

patients (88%) considered themselves much improved and 77 
patients (6%) considered themselves a little improved 1 year 
after THA (Table 6, see Supplementary data). Regarding the 
anchor question “In general, would you say your health is…”, 
34% reported 1 step better general health postoperatively as 
compared to preoperatively and 11% reported 2 or more steps 
better general health (Table 7, see Supplementary data).

Regarding PASS, postoperatively 92% of the patients 
described the results of their operation as at least good: 
“Excellent” (53%), “Very good” (27%), or “Good” (12%). A 
total of 82% of the patients described their general health as at 
least good: “Excellent” (12%), “Very good” (35%), or “Good” 
(35%) at 1 year postoperatively in contrast to 68% before sur-
gery (“Excellent” (44 patients, 3%), “Very good” (24%) or 
“Good” (41%)). 338 patients (27%) reported scores for all 3 
HOOS subscales at or above the “Much better” cut-point, and 
881 patients (71%) reported scores for all 3 HOOS subscales 
at or above the “A little better” cut-point. PRO change scores, 
mean preoperative scores, and mean postoperative scores for 
different anchor answer categories are given in Figures 3 and 
4 (see Supplementary data).

Correlation of PROs and anchor questions
The correlations between the hip-specific anchor used for 
MCII estimation and the PRO change scores were higher than 
0.30 (p < 0.001) for all PRO subscales, except for the EQ-5D 
Index (–0.27; p < 0.001) and EQ-VAS (–0.25; p < 0.001). 
The correlations between the general-health anchor used for 

Figure 1. Patient flow chart.

1,837 patients received study invitation

502 patients declined study participation
(27%)

  8 patients died before completion of the 
     1-year postoperative questionnaire set

39 patients did not answere the 1-year
     postoperative questionnaire set

49 patients with acute fractures were
     excluded from the study

1,335 patients accepted study participation and
answered the preoperative questionnaire set

(73%)

1,288 patients answered the 1-year 
postoperative questionnaire set

1,239 patients included

Table 1. Characteristics of the 1,837 patients who received an invi-
tation to participate in the study in the period from March 1, 2010 
to March 1, 2011

 
Patient characteristics	 Patients who 	 Patients who	 p-value 
	 agreed	 declined
	 to participate	 participation

Population (n (%)) 1,335 (73)	 502 (27)	
Age a years, median (range) 68 (23–94)	 70 (24–96)	 < 0.001
18–50, n       71 	   27 	 1.0
50–70, n (%)     706 (53)	 223 (44)	 0.001
> 70, n (%)    558 (42)	 252 (50)	 0.001
Female sex, n (%)    720 (54)	 295 (59)	 0.06
Diagnosis, n (%) b 		
   Idiopathic OA 1,175 (90)	 397 (84)	 0.001
   Other arthritis      45 	   13 	 0.5
   Childhood hip diseases      30 	   21 	 0.02
   Sequel from fracture        6	     5	 0.2
   Necrosis of femoral head        7	     3	 0.8

a Age of patients on date of inclusion start.
b Idiopathic OA, other arthritis (Mb. Bechterew, other arthritis), 

childhood hip diseases (congenital hip dislocation, Mb. Calvé-Legg-
Perthes, epiphysiolysis, acetabular dysplasia), sequel from fracture 
(late sequel from fracture of proximal femur), and necrosis of femo-
ral head (atraumatic necrosis of femoral head). Patients with frac-
ture of acetabulum (29 patients accepted, 24 patients declined), 
traumatic hip dislocation (5 patients accepted, 6 patients declined), 
and fresh fracture of proximal femur (15 patients accepted, 4 
patients declined) were excluded from the study. 
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MCII estimation and the PRO change scores were higher than 
0.30 for EQ-VAS (0.35; p < 0.001), but that for EQ-5D Index 
was 0.27 (p < 0.001). The correlations between both the hip-
specific anchor and the general-health anchor used for PASS 
estimation and the postoperative PRO scores were higher than 
0.50 for all PRO subscales (p < 0.001), except for the cor-
relation between the hip-specific anchor and EQ-VAS (–0.48; 
p < 0.001) (Table 8, see Supplementary data). 

MCII cut-points for PRO change scores
MCII cut-points for HOOS based on the mean score change 
method and the hip-specific anchor question “Overall, how 
are the problems in your hip now compared to preopera-
tively?” were 24 (CI: 21–29) for HOOS Pain, 23 (CI: 19–30) 
for HOOS-PS, and 17 (CI: 13–21) for HOOS QoL (Table 2). 
Thus, an improvement of 24 points in the HOOS Pain sub-
scale corresponds to the minimal improvement in pain con-
sidered clinically important by THA patients. Estimates based 
on the 5 other calculation methods (the seventy-fifth percen-
tile approach (all patients and by tertiles), the 80% specificity 

rule, the 45-degree tangent line intersection cut-point, and the 
cut-point corresponding to the smallest residual sum of sensi-
tivity and specificity) are presented in Table 2. The estimated 
MCII cut-points for EQ-5D Index and EQ-VAS based on a 
general-health anchor were 0.31 (CI: 0.29–0.33) and 23 (CI: 
21–25), respectively (Table 2). The MCII was dependent on 
baseline score, as lower tertiles corresponded to higher MCII 
for all PROs (Table 2).

PASS cut-points for postoperative PRO scores
PASS cut-points for the HOOS subscales when answering 
“Excellent”, “Very good”, or “Good” to the question “How 
would you describe the results of your operation?” were 91 
(CI: 91–92) for HOOS Pain, 88 (CI: 87–88) for HOOS-PS, 
and 83 (CI: 82–84) for HOOS QoL (Table 3). 

Thus, a postoperative score of 91 in the HOOS Pain subscale 
corresponds to a symptom state considered acceptable 1 year 
after THA. The cut-points representing PASS when reporting 
the general health postoperatively were 0.92 (CI: 0.91–0.92) 
for EQ-5D Index and 85 (CI: 84–86) for EQ-VAS (Table 3). 

Table 2. Minimal clinically important improvement (MCII) for HOOS and EQ-5D. Values are cut-point (95% CI) or AUC f 

 
	 MCII
	 75th percentile approach a	 Receiver operating characteristic (ROC) approach 
	 Mean
	 change	 All patients	 Lowest	 Middle	 Highest	 80% speci- 	 Maximal	 45° tangent	
PRO	 approach a		  tertile b	 tertile b	 tertile b	 ficity c	 accuracy d	 line e	 AUC f

Estimated from the hip-specific anchor question: “Overall, how are the problems now in the hip on which you had surgery, compared to before 
your operation?”
HOOS Pain	 24	 33 	 49	 31	 23	 28	 33	 33	 0.91
   95% CI	 (20–28)	 (29–43) 	 (34–55)	 (25–40)	 (17–30)	 (18–33)	 (29–40)	 (33–39)	 (0.87–0.94) 
HOOS-PS	 23	 35	 43	 36	 25	 23	 35	 34	 0.89
   95% CI	 (19–28)	 (25–40)	 (32–54)	 (25–45)	 (20–32)	 (15–35)	 (27–50)	 (31–37)	 (0.85–0.94)
HOOS QoL	 17	 25	 31	 25	 11	 19	 38	 27	 0.93
   95% CI	 (12–22)	 (19–30)	 (25–45)	 (19–28)	 (6–19)	 (13–31)	 (32–39)	 (28–39)	 (0.91–0.96)
EQ-5D Index g	 0.14	 0.27	 0.40	 0.10	 0.01	 0.33	 0.16	 0.18	 0.77
   95% CI 	 (0.10–0.18)	 (0.13–0.40)	 (0.40–0.48)	 (0.07–0.11)	 (0–0.05)	 (0.13–0.33)	 (0.12–0.23)	 (0.14–0.24)	 (0.70–0.84)
EQ-VAS g	 7	 20	 22	 20	 5	 15	 23	 11	 0.76
   95% CI 	 (1–12)	 (15–21)	 (20–50)	 (10–25)	 (–13–15)	 (10–20)	 (3–28)	 (12–16)	 (0.70–0.82)
Estimated based on the change from preoperatively to postoperatively and the general-health anchor question: “In general, would you say your 
health is...”
EQ-5D Index g	 0.31	 0.40	 0.67	 0.34	 0.23	 0.41	 0.18	 0.27	 0.58
   95% CI 	 (0.29–0.34)	 (0.35–0.45)	 (0.67–0.68)	 (0.34–0.34)	 (0.22–0.23)	 (0.37–0.44)	 (0.07–0.34)	 (0.28–0.29)	 (0.55–0.62)
EQ-VAS	 23	 35	 51	 30	 15	 35	 12	 18	 0.60
    95% CI 	 (21–25)	 (32–40)	 (50–55)	 (27–30)	 (14–15)	 (30–40)	 (7–14)	 (16–20)	 (0.57–0.63)

a All patients answering “a little better” to the hip–improvement anchor or all patients answering to the general–health anchor 1 category better 
postoperatively than preoperatively.

b Tertiles (lowest third, middle third, highest third) of preoperative PRO scores.
c Cut–point corresponding to the 80% specificity rule; all patients answering “a little better” and “much better” to the hip–improvement anchor 

or all patients answering to the general–health anchor 1 category better postoperatively than preoperatively.
d Cut–point corresponding to the smallest residual sum of sensitivity and specificity; all patients answering “a little better” to the hip–improve-

ment anchor or all patients answering to the general–health anchor 1 category better postoperatively than preoperatively.
e Cut–point corresponding to a 45–degree tangent line intersection, equivalent to the point at which the sensitivity and specificity are clos-

est together; all patients answering “a little better” to the hip–improvement anchor or all patients answering to the general–health anchor 1 
category better postoperatively than preoperatively.

f Area under the curve; all patients answering “a little better” and “much better” to the hip–improvement anchor, from the 80% specificity 
approach, or all patients answering to the general–health anchor 1 category better postoperatively than preoperatively, from the 80% speci-
ficity approach.

g Anchor–PRO correlation < 0.30. 
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The PASS was independent of baseline score for all PROs, 
since identical PASSs were achieved for the different tertiles 
of baseline scores. 

Subgroup estimations. The gender-dependent differences 
in favor of males in mean postoperative scores ranged from 
4–5 points on a 0–100 scale for the HOOS subscales and the 
EQ-VAS (p < 0.001), with no significant differences in PRO 
change scores between males and females (p ≥ 0.3). Patients 
with idiopathic OA had significantly better postoperative 
PRO scores than patients with other diagnoses (4–11 points 
on a 0–100 scale for the HOOS subscales and the EQ-VAS; 
p  ≤  0.03), with no significant differences in PRO change 
scores (p ≥ 0.06). Patients over 70 years had the worst mean 
PRO change scores for HOOS Pain, HOOS-PS, and EQ-VAS 
(3–11 points less than other age groups; p ≤ 0.003). For 
HOOS-PS and EQ-VAS, the oldest also had the worst post-
operative mean scores (4–5 points less; p ≤ 0.002). Males had 
higher PASS estimates than females (p ≤ 0.04), OA patients 
had higher 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) (Table 4). 

Discussion

We aimed to establish THA patients’ viewpoints on clini-
cally important improvements and acceptable symptom state 
cut-points based on changes in PRO scores and postoperative 
PRO scores. A better understanding of these cut-points would 
contribute to our interpretation of change in PRO scores and 
postoperative PRO scores following orthopedic procedures. 
Our results, showing that MCII varied with baseline score 
and that PASS varied with gender, diagnosis (for HOOS QoL 
and EQ-5D Index), and age (for HOOS Pain, HOOS-PS, and 
EQ-VAS), support current understanding that there is a range 
of values influenced by factors such as patient group, interven-
tion, time to follow–up, and methodological issues including 
cut-point chosen for the anchor question—and also choice of 
anchor-based methods or distribution-based methods (King 
2011). 

MCII
In earlier reports, MCII for EQ-5D has been found to vary 
considerably (0–0.69) in patients with rheumatoid arthritis, 
psoriatic arthritis, and ankylosing spondylitis after 3 months 
of treatment with disease-modifying anti-rheumatic drugs, 
indicating that MCII is dependent on patient group (Kvamme 
et al. 2010). In addition, the mean MCII for the EQ-5D Index 

Table 3. Patient–acceptable symptom state (PASS) for HOOS and EQ–5D. Values are cut-point (95% CI) or AUC f  

	 PASS
	 75th percentile approach a	 Receiver operating characteristic (ROC) approach 
	 Mean
	 score	 All patients	 Lowest	 Middle	 Highest	 80% speci- 	 Maximal	 45° tangent	
PRO	 approach a		  tertile b	 tertile b	 tertile b	 ficity c	 accuracy d	 line e	 AUC f

Estimated from the hip–specific anchor question: “How would you describe the results of your operation?”
HOOS Pain	 91	 100	 100	 100	 100	 75	 75	 81	 0.90 
   95% CI 	 (91–92)	 (100–100)	 (100–100)	 (100–100)	 (100–100)	 (68–83)	 (71–84)	 (76–84)	 (0.86–0.94)
HOOS-PS	 88	 100	 100	 100	 100	 75	 65	 75	 0.90
   95% CI 	 (87–89)	 (100–100)	 (95–100)	 (100–100)	 (100–100) 	 (65–80)	 (61–81)	 (71–76)	 0.87–0.94)
HOOS QoL	 83	 100	 100	 100	 100	 50	 58	 56	 0.94
   95% CI 	 (82–85)	 (100–100)	 (94–100)	 (100–100)	 (100–100)	 (44–56)	 (51–59)	 (51–64)	 (0.92–0.97)
EQ-5D-Index	 0.90	 1	 1	 1	 1	 0.72	 0.77	 0.77	 0.92
   95% CI 	 (0.89–0.91)	 (1–1)	 (1–1)	 (1–1)	 (1–1)	 (0.72–0.77)	 (0.73–0.80)	 (0.73–0.79)	 (0.90–0.94)
EQ-VAS	 82	 95	 90	 90	 95	 70	 70	 70	 0.86
   95% CI 	 (81–83)	 (90–95)	 (90–90)	 (90–95)	 (95–98)	 (70–80)	 (71–76)	 (71–71)	 (0.82–0.89)
Estimated based on the postoperative answers to the general–health anchor question: “In general, would you say your health is...”
EQ-5D Index	 0.92	 1	 1	 1	 1	 0.82	 0.79	 0.82	 0.84
   95% CI 	 (0.91–0.92)	 (1–1)	 (1–1)	 (1–1)	 (1–1)	 (0.78–0.84)	 (0.79–0.83)	 (0.79–0.83)	 (0.81–0.88)
EQ-VAS	 85	 95	 90	 94	 95	 75	 72	 75	 0.89
   95% CI 	 (84–86)	 (94–95)	 (90–95)	 (90–95)	 (95–98)	 (70–80)	 (71–76)	 (73–80)	 (0.86–0.91)

a All patients with an “excellent”, “very good” or “good” postoperative operation result or general health.
b Tertiles (lowest third, middle third, highest third) of preoperative PRO scores.
c Cut–point corresponding to the 80% specificity rule; all patients with an “excellent”, “very good”, or “good” operation result or general health 
  postoperatively.
d Cut–point corresponding to the smallest residual sum of sensitivity and specificity; all patients with an “excellent”, “very good”, or “good” 

operation result or general health postoperatively.
e Cut–point corresponding to a 45–degree tangent line intersection, equivalent to the point at which the sensitivity and specificity are closest 

together; all patients with an “excellent”, “very good”, or “good” operation result or general health postoperatively.
f Area under the curve; all patients with an “excellent”, “very good”, or “good” operation result or general health postoperatively.
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was on average 0.074 (range –0.011 to 0.140) in 8 longitudinal 
studies with 11 patient groups (hip OA or THA patients not 
included) (Walters and Brazier 2005). This confirms that there 
are no universal cut-points for a single PRO, as the estimates 
will vary by population and context (King 2011), which is sup-
ported by the present study. An MCII of 15 of 100 for absolute 
improvement has been recommended for 4 different generic 
PROs in chronic rheumatic diseases (Tubach et al. 2012). The 
smaller MCII recommended by Tubach et al. (compared to 
our study) can be explained by the different patient popula-
tions (chronic rheumatic diseases vs. THA patients), the dif-
ferent interventions (non-steroidal anti-inflammatory drugs 
vs. THA), and the much longer follow-up time of 1 year in our 
study as compared to 4 weeks. 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 anchors, and esti-
mation approach) and 0.42 (distribution-based methods) for 
THA patients 6 months after surgery (Browne et al. 2007). We 
found that the MCII was dependent on baseline score, and it is 
likely that the poorer patient scores (for instance, for QoL or 
general health) prior to the THA, the more they may gain from 
the operation (Figure 4, see Supplementary data) (Tubach et 
al. 2006, Quintana et al. 2012).

Many similar terms and definitions related to the minimal 
important difference have been used (King 2011). We have 
used MCII, which is similar to the minimal clinically impor-
tant difference, except that MCII only addresses the direction 
of improvement and not worsening (Tubach et al. 2009). We 
calculated MCII estimates by several approaches and the mean 
change approach was considered the primary approach, as this 
is robust and may seem more intuitive and more easy to inter-
pret than the complex ROC approaches (de Vet et al. 2007). 

We used a hip-specific anchor for MCII for the hip-specific 
PROs as recommended (Revicki et al. 2008, Shi et al. 2010), 
because there should be a theoretical basis for the relationship 
between the anchor and the relevant domain (King 2011). For 
the same reason, the general-health anchor was regarded to 
be the most important for the EQ-5D MCII estimation. The 
EQ-VAS had an adequate correlation to the general-health 
anchor. The EQ-5D Index time trade-off valuation methodol-
ogy has recently been criticized for lacking validity (Augestad 
and Rand-Hendriksen 2012), which may explain our find-
ing of the EQ-5D Index’s suboptimal correlation to both the 
general-health anchor and the hip-specific anchor. By using 
different anchor questions, different concepts are examined; 
a smaller change in PRO score is important for the patient 
when reporting hip improvement, compared to a substantially 
larger change in PRO score that is required to make an impact 
on the minimal important improvement in the patient’s gen-
eral health. When estimating MCII after THA, hip-specific or 
general-health anchors should be chosen based on whether the 
PRO is a hip-specific or a general-health outcome measure, 
but also depending on whether the focus is determining hip 
improvement after THA or determining the impact of THA on 
general health. 

Due to the overall good results from THA, an important 
question is whether “A little better” is a clinically relevant out-
come 1 year after THA; considering the costs and risks of the 
procedure, patients could be expected to be “Much better”. A 
high proportion of the patients indeed got “Much better”, but a 
lesser improvement was acknowledged to be clinically impor-
tant also, because an MCII cut-point estimation based solely 
on “Much better” would take 73% of the patients below the 
MCII cut-point in at least 1 HOOS subscale, which is clearly 

Table 4. Patient–acceptable symptom state (PASS) for different subgroups; mean (95% CI)

 				    Subgroups
 Males	 Females	 p-value a	 Idiopatic	 Other	 p-value a	 < 50 years	 50–70 years	 > 70 years	 p-value b

PRO 			   OA	 diagnoses

Estimated by the mean score method using the anchor question: “How would you describe the results of your operation?”
HOOS Pain 93	 90	 <0.001	 92	 90	 0.3	 93	 92	 90	 0.03
   95% CI (92–94)	 (89–91)		  (91–92)	 (87–93)		  (91–95)	 (91–93)	 (89–92)	
HOOS-PS 90	 86	 <0.001	 88	 86	 0.3	 91	 89	 85	 <0.001
   95% CI (88–91)	 (85–88)		  (87–89)	 (83–90)		  (89–94)	 (88–90)	 (84–87)	
HOOS QoL 85	 82	 0.005	 84	 77	 0.008	 80	 83	 84	 0.4
   95% CI (84–87)	 (80–83)		  (83–85)	 (72–82)		  (75–85)	 (82–85)	 (82–86)	
EQ-5D Index  0.91	 0.89	 0.002	 0.90	 0.85	 0.004	 0.90	 0.91	 0.89	 0.03
   95% CI  (0.90–0.92)	 (0.88–0.90)		  (0.90–0.91)	 (0.82–0.89)		  (0.87–0.93)	 (0.90–0.92)	 (0.87–0.90)	
EQ-VAS  85	 80	 <0.001	 82	 80	 0.3	 86	 84	 79	 <0.001
   95% CI (83–86)	 (78–81)		  (81–83)	 (77–84)		  (82–89)	 (83–85)	 (77–81)	
Estimated by the mean score method using the anchor question: “In general, would you say your health is...”
EQ-5D Index 0.93	 0.91	 0.04	 0.92	 0.87	 0.003	 0.91	 0.92	 0.92	 0.9
   95% CI  (0.92–0.94)	 (0.90–0.92)		  (0.91–0.93)	 (0.84–0.90)		  (0.88–0.94)	 (0.91–0.93)	 (0.90–0.93)
EQ-VAS 87	 83	 <0.001	 85	 83	 0.2	 88	 86	 83	 0.01      
   95% CI (86–88)	 (82–85)		  (84–86)	 (80–86)		  (85–90)	 (85–87)	 (82–85)	

a Welch’s t–test.
b W–test. 
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too many and would reduce the clinical value of this cut-point. 
MCIIs were estimated for patients who reported being “A 
little better”, but also for patients answering “A little better” 
or “Much better” combined, where the AUC estimations of 
the ROC curves were below the proposed minimum (Kvamme 
et al. 2010), and the results were similar (Table 2). In Figures 
3 and 4 (see Supplementary data), HOOS Pain and EQ-5D 
Index are shown as examples to illustrate mean scores for the 
different answer categories in comparison to a hip-specific 
anchor and a general-health anchor, respectively.

PASS
To our knowledge, there have been no previous PASS estima-
tions for HOOS and EQ-5D using THA patients. PASS for 
rheumatoid arthritis patients has been estimated to be around 
0.70 in EQ-5D Index in patients after 3 months of treatment 
with disease-modifying anti-rheumatic drugs (Kvamme et 
al. 2010). PASS has been reported to be 40 of 100 for abso-
lute improvement, in different generic PROs in patients with 
chronic rheumatic diseases (Tubach et al. 2012). The smaller 
PASSs found in these studies may be explained by the dif-
ferent interventions and the different patient populations. 
Patients’ expectations for an acceptable symptom state may 
be higher in THA patients due to the intervention itself, and 
chronic rheumatic patients may have a lower threshold for an 
acceptable symptom state due to the nature of their disease.

PASS was found to be independent of baseline scores, 
which is supported by a previous study (Escobar et al. 2012). 
It has been noted that the methodology for identification of 
PASS may influence the identified cut-points, and that the 
ROC approach generally provides estimates that are some-
what lower than the cut-points identified with the seventy-fifth 
percentile approach (Kvien et al. 2007), similar to what was 
seen in our data. For THA patients, the operation result and 
the postoperative general health seem to be equally depen-
dent on the intervention. The THA has to eliminate most of 
the patient’s symptoms for patients to achieve an acceptable 
symptom state, since PASS is quite close to the best possible 
score for the PROs studied. Others have found a greater change 
from preoperative to postoperative evaluation in both EQ-5D 
Index and EQ-VAS than in our study (Browne et al. 2007, 
Chard et al. 2011, Rolfson et al. 2011). This can be explained 
by our patients having better preoperative (and postoperative) 
scores, and therefore less potential for improvement (Table 5, 
see Supplementary data). 

Limitations and strengths. Several methodological limita-
tions should be taken into consideration when interpreting 
the results of the present study. Patients who declined to par-
ticipate in the study were on average 2 years older and more 
seldom operated due to idiopathic OA than the patients who 
were included. There was a higher percentage of idiopathic 
OA patients in our study population than in the Danish THA 
population, which may have reduced the external validity of 
the study, but the mean age and proportion of women in our 

study are very similar to figures for the total Danish THA pop-
ulation. The feasibility of the PROs included has previously 
been assessed in a THA population (Paulsen et al. 2012b), but 
the additional questions included were not psychometrically 
validated as a part of this study. 2 of the anchor questions were 
translated from English without a formal cross-cultural valida-
tion. As previously reported by others (Jansson and Granath 
2010), EQ-5D Index had a bi-modal distribution in our data, 
introducing more uncertainties in our results than described 
by the confidence intervals and p-values. EQ-5D Index had 
anchor correlations of less than 0.30 for both the hip-specific 
change anchor and the general-health change anchor. This is a 
limitation of the EQ-5D Index MCII estimation. The subopti-
mal correlation between EQ-5D Index and the general-health 
anchor may well be an artifact from the time trade-off valu-
ation process, as this process not only includes the patients’ 
descriptions of their own health, but also how this health state 
is perceived by the general population. For all other MCII 
estimations, the anchor-PRO correlations were moderate, but 
below 0.50. MCII estimations were based on a retrospective 
transition anchor for HOOS and an absolute change anchor 
(postoperative score – baseline score) (Hays et al. 2005, 
Tubach et al. 2005) for EQ-5D, and the use of different anchor 
types for different PROs could be viewed as a limitation. 

Despite the minor differences in patient characteristics, we 
consider the results 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 Den-
mark, centers with both low and high production, public as 
well as private, and both university hospitals and community 
hospitals. MCII and PASS estimations were based on hip-spe-
cific anchors for hip-specific HOOS subscales and on general-
health anchors for the general-health focused EQ-5D Index 
and EQ-VAS. Several estimation approaches were used, and 
all estimations are reported (Tables 2 and 3). In all PASS esti-
mations, the anchor-PRO correlations were over 0.50, except 
for the EQ-VAS (–0.48).

Conclusion 
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 cor-
responded 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.

 
Supplementary data
Tables 5–8 and Figures 2–4 are available at Acta’s website 
(www.actaorthop.org), identification number 6152.
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Table 6. PRO change scores (mean (95% CI)) and distribution of different answer categories for the hip-specific anchor ques-
tion; “Overall, how are the problems now in the hip on which you had surgery, compared to before your operation?”

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

Much better	 1,074 (88)	 48 (47–49)	 46 (45–48)	 53 (52–55)	   0.29 (0.28–0.31)	 20 (19–22)
A little better	      77	 24 (20–28)	 23 (19–28)	 17 (12–21)	   0.14 (0.10–0.18)	   7 (1–12)
About the same	      35	 15 (8–21)	 12 (4–19)	 12 (6–18)	   0.09 (0–0.17)	   0 (–7–7)
A little worse 	      17	   7 (–3–16)	   7 (–6 to 20)	 –4 (–13 to 5)	   0.04 (–0.07 to 0.15)	 –9 (–19 to 2)
Much worse	      15	   6 (–6–17)	 –5 (–15–6)	 0 (–8 to 7)	 –0.05 (–0.23 to 0.12)	 –7 (–25 to 10)

Higher change scores correspond to greater improvement in PRO scores; negative change scores correspond to deterioration in 
PRO scores.
a Anchor–PRO correlation < 0.30.

Table 5. PRO scores for the total population; mean (95% CI) 

PRO	 Preoperative	 Postoperative	 Change
 	 score	 score	 score

HOOS Pain 44 (43–45)	 89 (88–90)	 44 (43–46)
HOOS-PS 42 (41–43)	 85 (84–86)	 43 (42–44)
HOOS QoL 31 (30–32)	 80 (78–81)	 48 (47–50)
EQ-5D Index 0.60 (0.59–0.61)	 0.88 (0.87–0.89)	 0.27 (0.26–0.28)
EQ-VAS 62 (60–63)	 80 (79–81)	 18 (17–19)
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Table 7. PRO change scores (mean (95% CI)), and distribution of 
preoperative answers compared to postoperative answers, for the 
general-health anchor question: “In general, would you say your 
health is...”

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

> 1 step better 129 (11)	 0.39 (0.35–0.43)	 35 (32–39)
1 step better 411 (34)	 0.31 (0.29–0.34)	 23 (21–25)
No change  495 (41)	 0.24 (0.22–0.25)	 14 (12–16)
1 step worse 151 (13)	 0.18 (0.14–0.22)	   7 (3–11)
> 1 step worse   17	 0.18 (0.03–0.32)	 –3 (–18 to 12)

Higher change scores correspond to more improvement in PRO 
scores; negative change scores correspond to deterioration in PRO 
scores.
a Anchor–PRO correlation < 0.30.

Table 8. Spearman’s correlation coefficients: PROs and anchor 
questions

	 MCII	 PASS
	 Hip-	 General-	 Hip-	 General-
	 specific	 health	 specific	 health
PRO	 anchor	 anchor	 anchor	 anchor

HOOS Pain –0.40	 0.25 a	 –0.59	 –0.45 a

HOOS-PS –0.40	 0.28 a	 –0.53	 –0.46 a

HOOS QoL –0.46	 0.28 a	 –0.61	 –0.41 a

EQ-5D Index –0.27	 0.27	 –0.60	 –0.53
EQ-VAS –0.25	 0.35	 –0.48	 –0.68

a Correlation not reported in the article since hip-specific PROs 
cannot be used to assess general health, and MCII and PASS in 
relation to the general-health anchor questions were only estimated 
for the EQ-5D Index and EQ-VAS.

-50 0 50 100
Change score for HOOS Pain

Much worse

A little worse

About the same

A little better

Much better

Figure 3. Box plot of HOOS Pain change scores of different answer 
categories for the hip-specific anchor question: “Overall, how are the 
problems now in the hip on which you had surgery, compared to before 
your operation?” The box plot shows outliers, sample minimum, lower 
quartile, median, upper quartile and sample maximum.
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operative answers compared to postoperative answers, for the general-
health anchor question: “In general, would you say your health is...”
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Patient invitation, Study I 

 



 
 

 
 
 
>NAVN< 
>ADRESSE< 
>POSTNR BY< 

 
 
Invitation til deltagelse i forskningsundersøgelse om 
hoftefunktion og livskvalitet, efter indsættelse af kunstig hofte 
 
 
Kære >indsættes fra flettefil navn<, 
 
 
Du er i >årstal< blevet opereret og har fået indsat en kunstig hofte på >side< 
side. 
 
Vi er i gang med at udføre en forskningsundersøgelse, som vi gerne vil have du 
deltager i. 
 
I alt sin enkelthed skal du blot udfylde 2 forskellige spørgeskemaer med spørgsmål 
omkring dig selv, herunder livskvalitet, smerter, og fysisk funktion. 
 
Formålet med vores undersøgelse er at forbedre behandlingen af vores patienter.  
Vi ønsker specielt at finde ud af:  
 

1) Hvilket spørgeskema der fungerer bedst 
2) Om vi kan få oplysninger inden operationen som kan forudsige hvor 

vellykket operationen vil blive.  
 
Det vil derfor være af stor værdi, at du udfylder vores spørgeskemaer, så godt du 
kan. 
 
Det er helt frivilligt at deltage, og såfremt at du ikke ønsker dette, ændres 
forholdet til afdelingen ikke.  
 
Spørgeskemaerne returneres i vedlagte frankerede svarkuvert, sammen med 
underskrevet accept af projektdeltagelse. Såfremt du ikke ønsker at deltage vil vi 
venligst bede dig anføre hvorfor. 
 
 
 
Med venlig hilsen 
 
Aksel Paulsen   Søren Overgaard 
Læge, PhD stipendiat   Professor, Overlæge, dr.med. 
Ortopædisk afdeling   Ortopædisk afdeling 
Odense Universitetshospital  Odense Universitetshospital 

 
 



 



 

                    
             

1

 
Sådan udfyldes spørgeskemaerne: 

 
 
 

• Spørgsmålene i spørgeskemaerne bedes besvaret af den person, hvis navn 
er anført på følgebrevet.  

 
• Læs teksten/ vejledningen på de forskellige spørgeskemaer. 

 
• Hvis der er spørgsmål, hvor dit svar ikke helt passer til svarmulighederne, 

skal du sætte kryds ved det svar, der passer bedst til din situation.  
 

• Der skal kun sættes ét kryds per spørgsmål, med mindre andet er oplyst i 
teksten. 

 
• Det er vigtigt for undersøgelsen, at alle spørgsmålene besvares.  

 
• Svarene bliver skannet ind på en maskine, så kommentarer vil ikke blive 

læst. 
 

• Det er vigtigt at bruge en kuglepen der skriver mørkeblåt eller anden mørk 
farve, når skemaet udfyldes. 

 
• Skulle et spørgeskema blive borte eller ødelagt, kan du få tilsendt et nyt, 

ved at kontakte Projektsygeplejerske Annie Gam-Pedersen,  
tlf.nr.: 23 46 42 01 eller sende en e-mail til:  
Annie.Gam-Pedersen@ouh.regionsyddanmark.dk. 

 
• Svarene bliver skannet ind på en maskine, så kryds skal være nemme at 

tolke, som vist i nedenstående eksempler. 
 

 
Eksempler på angivelser af 
afkrydsning 
 

RIGTIGT FORKERT 

 
Sæt tydeligt kryds indenfor feltet. 
Kryds må ikke ramme kanten rundt 
om feltet 
 

   

 
Hvis et felt er udfyldt forkert, skal 
HELE feltet skraveres, og krydset 
sættes i det rigtige felt. 
 

  

  

 

 
 X 

X X 

X



 



                    
 

                    
             

2 

 
 
Navn: >indsættes fra flettefil< CPR. Nr.: >indsættes fra 
flettefil< 
 
Adresse: >indsættes fra flettefil<   
 
 
 
 
 
 
 
Du bedes anføre, om du ønsker at deltage i projektet:  
(Sæt kun ét kryds) 
 

Ja:                                                                  Nej:  

 
 
 
 
 
Såfremt at du ikke ønsker at deltage i projektet, bedes du  
(evt. med hjælp af andre) anføre hvorfor:  
(Sæt eventuelt flere krydser) 
 

 
1. Har problemer med at forstå det danske sprog:  
 

 
2. Har problemer med at forstå spørgsmålene/ svare på spørgeskema:  
3. Praktiske problemer med at læse/ fylde ud spørgeskema 
    (f.eks. dårligt syn, nedsat førlighed i hænder, eller lignende):  

4. Andet:  
 



 



 

   3 

 
Patient-information omkring forskningsprojektet 

 
Formålet med projektet er, at finde det bedste spørgeskema der kan 
anvendes i register-sammenhæng hos patienter, der får indsat en kunstig 
hofte.  
 
Vi ønsker at finde et godt spørgeskema, for at få information om 
patienternes egen vurdering af hoftefunktion, smerte og livskvalitet og for 
bedre at kunne vurdere, om en operationen er vellykket. Dette kan vi på 
sigt bruge til at få en bedre opfølgning og udvælgelse med henblik på hvilke 
patienter der bør tilbydes operation.  
 
Værdien af patienternes egne vurderinger, som mål for vellykket kirurgisk 
behandling, er stor. Med studiet lægger vi grundlaget for videre opfølgning 
og forskning, samt forbedringer af udvælgelsen af patienter der vil have 
nytte af operation.  
 
Indtil nu er det kun blevet registreret hvem der må opereres på ny, og hvor 
længe proteserne holder. På grund af de gode resultater man har efter 
kunstig hofte operation, hvor meget få skal opereres på ny, og hvor 
proteserne holder meget længe, er der behov for et nyt og bedre 
måleredskab, for at kunne vurdere om en hofte operation er vellykket.  
 
Derfor er det vigtig at anvende måleredskaber hvor patienten selv vurderer 
smerte, funktion og livskvalitet, for på denne måde at forbedre kvaliteten af 
kunstig hofte behandling i Danmark.  
 
Denne del af forskningsprojektet baseres på indsamlede data, hvor alle 
operationer med indsættelse af kunstige hofter fra 7 ortopædkirurgiske 
centre i Danmark bliver inkluderede i løbet at 1 år. Patienter vil blive bedt 
om at udfylde spørgeskema før operationen, og 1 år efter operationen. 
Ændringer i hoftefunktion samt livskvalitet vil blive undersøgt. Det forventes 
at inkludere ca. 2200 patienter til denne del af projektet. Vi vil også 
undersøge forskelle mellem patienter der svarer på spørgeskemaet, og dem 
der ikke svarer.  
 
Det er helt frivilligt at deltage, og såfremt at du ikke ønsker dette, ændres 
forholdet til afdelingen ikke. Samtykke til deltagelse kan til enhver tid 
trækkes tilbage. Forskningsprojektet er godkendt af Datatilsynet.  
 
Med venlig hilsen 
 
Aksel Paulsen   Søren Overgaard 
Læge, PhD stipendiat  Professor, Overlæge, dr.med. 
Ortopædisk afdeling  Ortopædisk afdeling 
Odense Universitetshospital  Odense Universitetshospital 
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Patient reminder, Study I 

 



 

 

 

 

 

>NAVN< 

>ADRESSE< 

>POSTNR BY< 

 

 

Invitation til deltagelse i forskningsundersøgelse om 
hoftefunktion og livskvalitet efter indsættelse af kunstig hofte 
 

 

Kære >indsættes fra flettefil navn<, 
 

Vi har tidligere inviteret dig til at deltage i en forskningsundersøgelse, omkring 

hoftefunktion og livskvalitet, men da der har været en del misforståelser om hvem 

der kan deltage i undersøgelsen, sender vi dig yderligere information, og en ny 

invitation. 
 

Vi ved at du i >årstal< blev opereret og fik indsat en kunstig hofte på >side< side. 

Vi har også igennem hofteregisteret indhentet information om eventuelle andre 

hofte operationer du har gennemgået. Selv om du måske er blevet opereret efter 
>årstal<, ønsker vi at du forsøger at svare så godt du kan, omkring den hofte vi 

har angivet ovenfor. 
 

Mange af de patienter vi har inviteret til at deltage i undersøgelsen, er plaget af 

knæ problemer, ryg problemer, eller andre sygdomme. En del af disse patienter 

har takket nej til at deltage i undersøgelsen, fordi de har troet, at vi da ikke kan 

bruge besvarelsen.  

Dette stemmer ikke – vi kan bruge sagtens besvarelsen, selv om man også har 

andre helbredsproblemer! 
 

Det vil derfor være af stor værdi, at du udfylder vores spørgeskemaer, så godt du 

kan. Formålet med vores undersøgelse er at forbedre behandlingen for vores 

patienter, og vi ønsker specielt at finde ud af hvilket spørgeskema der fungerer 

bedst. 
 

Det er helt frivilligt at deltage, og hvis du af andre årsager ikke ønsker at deltage i 

undersøgelsen, respekterer vi selvfølgelig dette, og vi vil da venligst bede dig 

afkrydse i ”NEJ” i Samtykkeerklæringen og eventuelt anføre hvorfor du ikke ønsker 

at deltage i undersøgelsen. Samtykkeerklæringen bedes du herefter returnere i 

den vedlagte svarkuvert. 
 

Hvis du ønsker at deltage i undersøgelsen, skal du i alt sin enkelthed blot udfylde 
vedlagte ”Samtykkeerklæring” og de 2 spørgeskemaer med spørgsmål omkring dig 

selv, herunder livskvalitet, smerter, og fysisk funktion. 
 

Spørgeskemaerne returneres i vedlagte frankerede svarkuvert, sammen med 

afkrydset accept af deltagelse i undersøgelsen. 

 

Med venlig hilsen 
 

Aksel Paulsen   Søren Overgaard 

Læge, PhD stipendiat   Professor, Overlæge, dr.med. 

Ortopædisk afdeling   Ortopædisk afdeling 

Odense Universitetshospital  Odense Universitetshospital 



 



 

                    

             
1 

 
Sådan udfyldes spørgeskemaerne: 

 
 

 

 Spørgsmålene i spørgeskemaerne bedes besvaret af den person, hvis navn 

er anført på følgebrevet.  

 

 Læs teksten/ vejledningen på de forskellige spørgeskemaer. 

 

 Hvis der er spørgsmål, hvor dit svar ikke helt passer til svarmulighederne, 

skal du sætte kryds ved det svar, der passer bedst til din situation.  

 

 Der skal kun sættes ét kryds per spørgsmål, med mindre andet er oplyst i 

teksten. 

 
 Det er vigtigt for undersøgelsen, at alle spørgsmålene besvares.  

 

 Svarene bliver skannet ind på en maskine, så kommentarer vil ikke blive 

læst. 

 

 Det er vigtigt at bruge en kuglepen, der skriver mørkeblåt eller anden mørk 

farve, når skemaet udfyldes. 

 

 Skulle et spørgeskema blive væk eller ødelagt, kan du få tilsendt et nyt, ved 

at kontakte Projektsygeplejerske Annie Gam-Pedersen,  

tlf.nr.: 23 46 42 01 eller sende en e-mail til:  

Annie.Gam-Pedersen@ouh.regionsyddanmark.dk. 
 

 Svarene bliver skannet ind på en maskine, så kryds skal være nemme at 

tolke, som vist i nedenstående eksempler. 

 

 
Eksempler på angivelser af 
afkrydsning 
 

RIGTIGT FORKERT 

 
Sæt tydeligt kryds indenfor feltet. 
Kryds må ikke ramme kanten rundt 

om feltet 

 

   

 
Hvis et felt er udfyldt forkert, skal 

HELE feltet skraveres, og krydset 

sættes i det rigtige felt. 

 

    

   
 X 

X X 

X 



 



                    
 

                    
             

2 

Samtykkeerklæring 
 
 
 

Navn: >indsættes fra flettefil<  
 

CPR. Nr.: >indsættes fra flettefil< 

 
Adresse: >indsættes fra flettefil<   
 

 
 

 

Du bedes anføre, om du ønsker at deltage i undersøgelsen:  
(Sæt kun ét kryds) 
 

Ja:                                                                  Nej:  

 

 

 
Såfremt du ikke ønsker at deltage i undersøgelsen, bedes du  
(evt. med hjælp af andre) anføre hvorfor:  
(Sæt eventuelt flere krydser) 
 

 

1. Har problemer med at forstå det danske sprog:  

 
 

2. Har problemer med at forstå spørgsmålene/ svare på spørgeskema:  

3. Praktiske problemer med at læse/ udfylde spørgeskema 

    (f.eks. dårligt syn, nedsat førlighed i hænder, eller lignende):  

4. Andet:  
 



 



 

   3 

 

Patient-information omkring forskningsprojektet 
 

 

Formålet med projektet er, at finde det bedste spørgeskema der kan 

anvendes i register-sammenhæng hos mennesker, der har fået indsat en 

kunstig hofte.  
 

Vi ønsker at finde et godt spørgeskema, for at få information om 

patienternes egen vurdering af hoftefunktion, smerte og livskvalitet og for 

bedre at kunne vurdere, om en operation er vellykket.  
 

Værdien af patienternes egne vurderinger, som mål for vellykket kirurgisk 

behandling, er stor. Med studiet lægger vi grundlaget for videre opfølgning 

og forskning på området.  
 

Indtil nu er det kun blevet registreret, hvem der må opereres på ny, og hvor 
længe proteserne holder. På grund af de gode resultater man har efter 

kunstig hofte operation, hvor meget få skal opereres på ny, og hvor 

proteserne holder meget længe, er der behov for et nyt og bedre 
måleredskab, for at kunne vurdere om en hofte operation er vellykket.  
 

Derfor er det vigtig at anvende måleredskaber, hvor patienten selv vurderer 

smerte, funktion og livskvalitet, for på denne måde at forbedre kvaliteten af 

kunstig hofte behandling i Danmark.  
 

I undersøgelsen, har vi allerede fået svar fra mere end 4600 mennesker, og 

over 90 % af dem der har svaret, ønsker at deltage i projektet, og har 

svaret på spørgeskemaet.  
 

Selv om man har andre helbredsproblemer, og måske tænker at svarene 

derfor ikke korrekt afspejler hofte situationen, er det vigtigt at svare på 

spørgeskemaet.  
Faktisk giver svar fra hoftepatienter der også har andre lidelser, os meget 

vigtig information vi ikke kan få på anden måde.   
 

Undersøgelsen bliver kun bedre, desto flere der svarer på spørgeskemaerne. 
 

Det er helt frivilligt at deltage, og såfremt at du ikke ønsker dette, ændres 

forholdet til afdelingen ikke. Samtykke til deltagelse kan til enhver tid 

trækkes tilbage. Forskningsprojektet er godkendt af Datatilsynet.  
 

 

Med venlig hilsen 

 

Aksel Paulsen   Søren Overgaard 

Læge, PhD stipendiat  Professor, Overlæge, dr.med. 

Ortopædisk afdeling  Ortopædisk afdeling 

Odense Universitetshospital  Odense Universitetshospital 
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Included PROs, Study I 

 



         
 

        CPR.NR: >XXXXXX-XXXX<                                                                  SF-12  

 

SF-12 SPØRGESKEMA OM HELBREDSTILSTAND 
 

 

Cpr. nr: >XXXXXX-XXXX<  NAVN:_______________  DATO:_________________ 
 

VEJLEDNING: Dette spørgeskema handler om din opfattelse af dit helbred. 

Oplysningerne vil give et overblik over, hvordan du har det, og hvor godt du er i stand til 

at udføre dine daglige gøremål.  

 

Besvar venligst hvert spørgsmål ved at sætte kryds i én og kun én af kasserne. Hvis du er 

i tvivl om, hvordan du skal svare, svar da venligst så godt du kan.  
 

   

1. Hvordan synes du dit 

helbred er alt i alt? 

(Sæt kun ét kryds) 

Fremragende 
Vældig 

godt 
Godt 

Mindre 

godt 
Dårligt 

     

5 4 3 2 1 

 

De følgende spørgsmål handler om aktiviteter i dagligdagen. Er du på grund af dit 

helbred begrænset i disse aktiviteter? I så fald, hvor meget? 

  

(Sæt ét kryds for hver linie)  

 

 

 

2. Lettere aktiviteter, såsom at flytte et bord, 

støvsuge eller cykle 

 

Ja, 

meget 

begrænset 

Ja,  

lidt 

begrænset 

Nej, 

slet ikke 

begrænset 

   

1 2 3 

 

3. At gå flere etager op ad trapper 

 

   

1 2 3 

 

Har du inden for de sidste 4 uger, haft nogen af følgende problemer med dit arbejde eller 

andre daglige aktiviteter på grund af dit fysiske helbred?  
 

(Sæt kryds ved ja eller nej)  
 JA NEJ 

 

4. Jeg har nået mindre, end jeg gerne ville 

 

  

1 2 

 

5. Jeg har været begrænset i hvilken slags arbejde eller andre 

aktiviteter, jeg har kunnet udføre 

 

  

1 2 

 

1 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vejledning 
 

 

 Læs teksten/ vejledningen på spørgeskema. 

 

 Hvis der er spørgsmål, hvor dit svar ikke helt 

passer til svarmulighederne, skal du sætte kryds 

ved det svar, der passer bedst til din situation.  

 

 Der skal kun sættes ét kryds per spørgsmål. 

 

 Det er vigtigt for undersøgelsen, at alle 

spørgsmålene besvares.  

 

 Sæt tydeligt kryds indenfor feltet.  

 

 Hvis et felt er udfyldt forkert, skal hele feltet 

skraveres, og krydset sættes i det rigtige felt. 

 

 Det er vigtigt at bruge en kuglepen der 

skriver mørkeblåt eller anden mørk farve, når 

skemaet udfyldes 

 



        
 

        CPR.NR: >XXXXXX-XXXX<                                                                  SF-12  

 

Har du inden for de sidste 4 uger haft nogen af følgende problemer med dit arbejde eller 

andre daglige aktiviteter på grund af følelsesmæssige problemer? 
 
(Sæt kryds ved ja eller nej)  
 JA NEJ 

 

6. Jeg har nået mindre, end jeg gerne ville 

 

  

1 2 

 

7. Jeg har udført mit arbejde eller andre aktiviteter mindre 

omhyggeligt, end jeg plejer 

 

  

1 2 

 

 
 

8. Inden for de sidste 4 uger 

hvor meget har fysisk 

smerte vanskeliggjort dit 

daglige arbejde (både 

arbejde udenfor hjemmet 

og husarbejde)?  

     (Sæt kun ét kryds)? 
 

Slet ikke Lidt Noget 
En hel 

del 

Virkelig  

meget 

     

5 4 3 2 1 

 

Disse spørgsmål handler om, hvordan du har haft det i de sidste 4 uger. Hvor stor en del 

af tiden i de sidste 4 uger  - 

 (Sæt ét kryds for hver linie)  

 

 Hele 

tiden 

Det meste 

af tiden 

En hel del 

af tiden 

Noget af 

tiden 

Lidt af 

tiden 

På intet  

tidspunkt 

9. har du følt dig rolig 

og afslappet? 

 

      

6 5 4 3 2 1 

10. har du været fuld af 

energi? 

 

      

6 5 4 3 2 1 

11. har du følt dig trist til 

mode? 

 

      
1 2 3 4 5 6 

 

12. Inden for de sidste 4 uger, 

hvor stor en del af tiden har 

dit fysiske helbred eller 

følelsesmæssige problemer 

gjort det vanskeligt at se 

andre mennesker (f.eks. 

besøge venner, slægtninge 

osv.)? 
 

Hele 

tiden 

Det meste 

af tiden  

Noget af 

tiden 

Lidt af 

tiden 

På intet 

tidspunkt 

     

1 2 3 4 5 

2 



 



        
 

                                                                       EQ-5D 
 

1  >XXXXXX-XXXX<  

EQ-5D 
Helbredsspørgeskema 

 
Cpr. nr: >XXXXXX-XXXX < 
 
Angiv, ved at sætte kryds i én af kasserne i hver gruppe, hvilke udsagn, der bedst 
beskriver din helbredstilstand i dag. 
 
Bevægelighed 
Jeg har ingen problemer med at gå omkring  

Jeg har nogle problemer med at gå omkring  

Jeg er bundet til sengen  
 
 
Personlig pleje 
Jeg har ingen problemer med min personlige pleje  

Jeg har nogle problemer med at vaske mig eller klæde mig på               

Jeg kan ikke vaske mig eller klæde mig på  
 
 
Sædvanlige aktiviteter (fx arbejde, studie, husarbejde, familie- eller fritidsaktiviteter) 
Jeg har ingen problemer med at udføre mine sædvanlige aktiviteter     

Jeg har nogle problemer med at udføre mine sædvanlige aktiviteter        

Jeg kan ikke udføre mine sædvanlige aktiviteter  
 
 
Smerter/ubehag 
Jeg har ingen smerter eller ubehag  

Jeg har moderate smerter eller ubehag  

Jeg har ekstreme smerter eller ubehag  
 
 
Angst/depression 
Jeg er ikke ængstelig eller deprimeret  

Jeg er moderat ængstelig eller deprimeret  

Jeg er ekstremt ængstelig eller deprimeret  
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Vejledning 

 
 
• Læs teksten/ vejledningen på spørgeskema. 
 
• Hvis der er spørgsmål, hvor dit svar ikke helt 

passer til svarmulighederne, skal du sætte kryds 
ved det svar, der passer bedst til din situation.  

 
• Der skal kun sættes ét kryds per spørgsmål. 

 
• Det er vigtigt for undersøgelsen, at alle 

spørgsmålene besvares.  
 

• Sæt tydeligt kryds indenfor feltet.  
 

• Hvis et felt er udfyldt forkert, skal hele feltet 
skraveres, og krydset sættes i det rigtige felt. 

 
• Det er vigtigt at bruge en kuglepen der 

skriver mørkeblåt eller anden mørk farve, når 
skemaet udfyldes 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



        
 

                                                                       EQ-5D 
 

2  >XXXXXX-XXXX<  

 
 

 
 100 

Bedst  
tænkelige 

helbredstilstand

 
 
For at hjælpe folk med at sige, hvor god eller dårlig en 
helbredstilstand er, har vi tegnet en skala (næsten ligesom et 
termometer), hvor den bedste helbredstilstand du kan forestille 
dig er markeret med 100, og den værste helbredstilstand du kan 
forestille dig er markeret med 0. 
 
Vi beder dig angive på denne skala, hvor god eller dårlig du 
mener din egen helbredstilstand er i dag. Angiv dette ved at 
tegne en streg fra kassen nedenfor til et hvilket som helst punkt 
på skalaen, der viser, hvor god eller dårlig din helbredstilstand 
er i dag. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Aflæs skalaen og skriv venligst tallet i nedenstående bokse 

 
 
 
 
Ved tal med kun to cifre, skrives tallet som i nedenstående 
eksempel 

 
 

Din egen 
helbredstilstand  

i dag 

9  8 

9  0

8 0

7 0

6 0

5 0

4 0

3 0

2 0

1 0

0 

Værst 
tænkelige      

helbredstilstand
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HOOS 
Spørgeskemaer til patienter med hofteproblemer 

 
CPR nr: >XXXXXX-XXXX<      NAVN:______________DATO:__________ 
 
Vejledning: Dette spørgeskema indeholder spørgsmål om, hvordan din hofte 

fungerer. Svarene skal hjælpe os til at følge med i hvordan du har det, og hvor 

godt du klarer dig i hverdagen. 

Du skal besvare spørgsmålene ved at sætte kryds i de svar, der passer bedst på 

dig. Du må kun sætte ét kryds ved hvert spørgsmål. Du skal besvare ALLE 

spørgsmål. Hvis du er i tvivl om hvad du skal svare, er det vigtigt at du alligevel 

sætter kryds i den svar-boks, der føles mest rigtig. 
 
Smerter 
 

P1 Hvor ofte har du 

ondt i hoften? 

Aldrig 
Hver 

måned 
Hver uge Hver dag Altid 

     
 
Følgende spørgsmål handler om hvor mange smerter du har haft i hoften i løbet af 
den sidste uge. Angiv graden af smerter du har oplevet i følgende 

situationer? 
 

Ingen Let Moderat Stærk 
Meget 

stærk 
 

P2 Rette hoften helt 

ud 

 

     
 

P3 Bøje hoften helt  

 
     

 

P4 Gå på jævnt 

underlag 

 

     
 

P5 Gå op eller ned ad 

trapper 

 

     
 

P6 Om natten, når du 

ligger ned 
(smerter, som 

forstyrrer din 

søvn) 

 

     

 

P7 Sidde eller ligge 

 
     

 

P8 Stående 

 
     

 

P9 Gå på hårdt 

underlag, fx asfalt 

eller fliser 

 

     

 

P10 Gå på ujævnt 

     underlag 

 

     



 

 

 

 

 

Vejledning 
 

 
 Læs teksten/ vejledningen på spørgeskema. 

 

 Hvis der er spørgsmål, hvor dit svar ikke 
helt passer til svarmulighederne, skal du 

sætte kryds ved det svar, der passer bedst 

til din situation.  
 

 Der skal kun sættes ét kryds per 

spørgsmål. 

 

 Det er vigtigt for undersøgelsen, at alle 

spørgsmålene besvares.  

 

 Sæt tydeligt kryds indenfor feltet.  

 

 Hvis et felt er udfyldt forkert, skal hele 

feltet skraveres, og krydset sættes i det 

rigtige felt. 

 

 Det er vigtigt at bruge en kuglepen der 
skriver mørkeblåt eller anden mørk farve, 

når skemaet udfyldes 
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Fysisk funktion 
Følgende spørgsmål handler om din fysiske funktion i forbindelse med 

dagligdagsaktiviteter og mere krævende aktiviteter. Angiv hvilken grad af besvær 

du har haft under følgende aktiviteter i løbet af den sidste uge, på grund af 

problemer med din hofte.  
 

Ingen Let Moderat Stor 
Meget 

stor 
 

PS1     Gå ned ad     

            trapper 
 

     

 

PS2    Stige ind og ud  

           af brusebad/  

           badekar 
 

     

 

PS3     Sidde 
 

     
 

PS4     Løbe 
 

     
 

PS5     Vride/dreje 

         kroppen, når du 

         står på benet 

 

     

 
Livskvalitet 
 

Q1 Hvor ofte bliver 

du mindet om 

dine problemer 

med hoften? 
 

Aldrig Hver 

måned 

 

 

Hver uge Hver dag Altid 

     
 

Q2 Har du ændret 

din måde at leve 

på for at undgå 

at belaste 

hoften? 
 

Slet ikke Noget Moderat 
I stor 

udstrækning 
Totalt 

     

 

Q3 I hvor høj grad 

kan du stole på 
din hofte? 

 

Fuldt ud I stor 

udstrækning 

Moderat Til en hvis 

grad 

Slet ikke 

     
 

Q4 Hvor store 

problemer har du 

generelt med din 

hofte? 

Ingen Små Moderate Store 
Meget 

store 

     
 

Tak for at du har besvaret ALLE spørgsmål! 
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Oxford Hofte Score (OHS), Dansk version, marts 2009. 
 
CPR. NR: >XXXXXX-XXXX< 
 

N år du ser tilbage på de sidste fire uger …  (Kun ét kryds per spørgsmål) 

1. 
Ingen 

smerter 

2. 
Meget lette 

smerter 

3. 
Lette 

smerter 

4. 
Moderate 
smerter 

5. 
Stærke 
smerter 

 
1.  Hvordan vil du 

beskrive de 
smerter, som du 
har haft i hoften?      

 
1. 

Nej, slet 
ingen 

problemer 

2. 
Meget lidt 
besvær 

3. 
Ja, 

moderat 
besvær 

4. 
Ja, meget 

store  
problemer 

5. 
Det er 
helt 

umuligt 

 
2.  Har du haft 

problemer med at 
vaske og tørre dig 
(over det hele)  
på grund af         
din hofte? 

  
     

 
1. 

Nej, ingen 
problemer 

2. 
Meget lidt 
besvær 

3. 
Ja, 

moderat 
besvær 

4. 
Ja, meget 

store 
problemer 

5. 
Det er 
helt 

umuligt 

 
3.  Har du haft 

problemer med at 
komme ind i eller 
ud af en bil eller 
bruge offentlig 
transport på 
grund af hoften? 

 

     
 

1. 
Ja, 

nemt 

2. 
Næsten 
uden 

besvær 

3. 
Med 

moderat 
besvær 

4. 
Med meget

stort  
besvær 

5. 
Nej, 

umuligt 

 
4.  Har du selv 

kunnet tage 
sokker, strømper 
eller strømpe-
bukser på?      

 
1. 
Ja, 

nemt 

2. 
Næsten 
uden 

besvær 

3. 
Med 

moderat 
besvær 

4. 
Med meget

stort  
besvær 

5. 
Nej, det 

har været  
umuligt 

 
5.  Har du selv 

kunnet klare 
indkøb? 

     
 

1. 
Ingen 

smerter/ 
jeg kan gå 
mere end 

30 
minutter 

2. 
16 til 30 
minutter 

3. 
5 til 15 

minutter 

4. 
Kun meget 

korte 
afstande 

 

5. 
Det er 
helt 

umuligt at 
gå 

 
6.  Hvor lang tid  
       har du kunnet gå,   
       før du har fået    
       stærke smerter  
       i hoften (med   
       eller uden stok)? 

 
      

>XXXXXX-XXXX<     1 



 

 

 

 
 

 
 
 
 
 
 
 
 
 
 Vejledning 
  
  
 • Læs teksten/ vejledningen på spørgeskema. 
  
 • Hvis der er spørgsmål, hvor dit svar ikke 

helt passer til svarmulighederne, skal du 
sætte kryds ved det svar, der passer bedst 
til din situation.  

 
 
 

  
• Der skal kun sættes ét kryds per 

spørgsmål. 
 
   • Det er vigtigt for undersøgelsen, at alle 

spørgsmålene besvares.   
  
 • Sæt tydeligt kryds indenfor feltet.  
  
 • Hvis et felt er udfyldt forkert, skal hele 

feltet skraveres, og krydset sættes i det 
rigtige felt. 

 
 

  
• Det er vigtigt at bruge en kuglepen der  

skriver mørkeblåt eller anden mørk farve, 
når skemaet udfyldes  
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N  år du ser tilbage på de sidste fire uger …  (Kun ét kryds per spørgsmål) 

1. 
Ja, 

nemt 

2. 
Næsten 
uden 

besvær 

3. 
Med 

moderat 
besvær 

4. 
Med meget

stort  
besvær 

5. 
Nej, det 

har været 
umuligt 

 
7.  Har du kunnet gå 

op ad trapper? 

     
 

1. 
Slet ingen 
smerter 

2. 
Lette 

smerter 

3. 
Moderate 
smerter 

4. 
Stærke 
smerter 

5. 
Uudholdelige 

smerter 

 
8.  Hvor stærke 

smerter har du 
haft i hoften, når 
du har skullet 
rejse dig op efter 
at have siddet ned 
(f.eks. ved 
middags-bordet)? 

     
 

1. 
Sjældent / 

aldrig 

2. 
Somme-
tider eller 
kun når 

jeg 
begynder 

at gå 

3. 
Ja, en hel 

del, og 
ikke kun 
når jeg 

begynder 
at gå 

4. 
Ja, 

det meste 
af tiden 

5. 
Ja, 

hele tiden 

 
9.  Har du haltet  
       på grund af  
       din hofte? 

     
 

1. 
Nej, ikke 
på noget 
tidspunkt 

 

2. 
Kun en 

enkelt dag 
eller to 

3. 
Nogle 
dage 

4. 
De fleste 

dage 

5. 
Hver 
dag 

 
10.  Har du følt 

pludselig eller 
kraftig smerte 
(jagende, 
stikkende eller 
krampe-lignende) 
fra den dårlige 
hofte?      

 
1. 

Slet ikke 
2. 

En lille 
smule 

3. 
En del 

4. 
Meget 

5. 
Umuligt at 

arbejde 

 
11.  I hvor høj grad 

har smerter  
i hoften    
besværliggjort  
dit sædvanlige     
arbejde (inkl.    
husarbejde)? 

     
  1. 

Nej, ikke 
på noget 
tidspunkt 

2. 
Kun en 

enkelt nat 
eller to 

3. 
Nogle 
nætter 

4. 
De fleste 
nætter 

5. 
Hver 
nat 

 
12.  Har du været 

plaget af smerter  
i hoften, når du  
ligger i sengen  
om natten?      

 
>XXXXXX-XXXX<     2 
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Patient invitation, Study III, Test-retest Reliability 

 



 

 

 

 
Invitation til deltagelse i forskningsundersøgelse om 
hoftefunktion og livskvalitet efter indsættelse af kunstig hofte 

 
 
Kære «Name» 

 

Du har tidligere fået indsat en kunstig hofte, og deltaget i en 

forskningsundersøgelse.  

 

 
Vi har haft rigtig stor nytte af de svar du har givet tidligere, og håber derfor 

du igen vil deltage i vor nye forskningsundersøgelse.  

 
Denne gang beder vi dig besvare et spørgeskema med tolv spørgsmål 

omkring hoftefunktion og livskvalitet. Efter ca. to uger vil du igen få tilsendt 

det samme spørgeskema til besvarelse. 

 

Spørgeskemaet hedder ”Oxford Hofte Score” og er et internationalt 

spørgeskema der er meget hyppig brugt i hele verden, og som vi har 

oversat til dansk. Formålet med vores undersøgelse er at finde ud om dette 

spørgeskema fungerer godt i Danmark. Såfremt spørgeskemaet fungerer 

godt, vil det blive meget lettere at sammenligne resultater omkring 

hoftepatienternes hoftefunktion og livskvalitet, på tværs af landegrænser. 

 

Det er derfor af stor værdi, at du udfylder vores spørgeskemaer, så godt du 

kan. Det er helt frivilligt at deltage. Såfremt du ikke ønsker at deltage, eller 

ikke er i stand til at deltage, vil vi bede dig udfylde det første skema. 
 

Vi beder dig indsende det udfyldte spørgeskemaet, i vedlagte frankerede 

svarkuvert. 

 

 

Med venlig hilsen 

                
Aksel Paulsen   Søren Overgaard 

Læge, PhD stipendiat  Professor, Overlæge, dr.med. 

Ortopædisk afdeling  Ortopædisk afdeling 

Odense Universitetshospital  Odense Universitetshospital 



 



        

 

1 

 

Sådan udfyldes spørgeskemaerne: 
 

 

 Spørgsmålene i spørgeskemaet bedes besvaret af den person, hvis 
navn er anført på følgebrevet.  

 

 Læs teksten/ vejledningen på spørgeskemaet. 
 

 Du skal svare på alle spørgsmål i forhold til, hvad der bedst beskriver, 

hvordan du har haft det i løbet af de sidste fire uger.  

 

 Hvis der er spørgsmål, hvor dit svar ikke helt passer til 

svarmulighederne, skal du sætte kryds ved det svar, der passer bedst 

til din situation. 

 

 Der skal kun sættes ét kryds per spørgsmål. 

 
 Det er vigtigt for undersøgelsen, at alle spørgsmålene besvares.  

 

 Det er vigtigt at bruge en kuglepen, der skriver mørkeblåt eller anden 

mørk farve, når skemaet udfyldes. 

 

 Skulle spørgeskemaet blive borte eller ødelagt, kan du få tilsendt et 

nyt, ved at kontakte Projektsygeplejerske Annie Gam-Pedersen,  

tlf.nr.: 23 46 42 01 eller sende en e-mail til:  

Annie.Gam-Pedersen@ouh.regionsyddanmark.dk. 

 

 Svarene bliver skannet ind på en maskine, så kryds skal være nemme 

at tolke, som vist i nedenstående eksempler. 
 

 
Eksempler på angivelser af 
afkrydsning 
 

RIGTIGT FORKERT 

 

Sæt tydeligt kryds indenfor feltet. 

Kryds eller tal må ikke ramme 

kanten rundt om feltet 

 

   

 

Hvis et felt er udfyldt forkert, skal 

HELE feltet skraveres, og krydset 

sættes i det rigtige felt. 

 

  

 

  

 
 

  X 

X X 

X 
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Cpr. Nr: «Cpr_Nr» 

 

Navn: «Name» 
 

Adresse: «Adresse» 

 

 
 

 

Du bedes anføre, om du ønsker at deltage i projektet:  

(Sæt kun ét kryds) 
 

Ja:                                                                  Nej:  

 

 
 

 
 
Såfremt at du ikke ønsker at deltage i projektet, eller ikke er i 
stand til at deltage, bedes du (evt. med hjælp af andre) anføre 
hvorfor: (Sæt eventuelt flere kryds) 
 

 

1. Har problemer med at forstå det danske sprog: 
 

 

2. Har problemer med at forstå spørgsmålene/ svare 

på spørgeskema: 
 

3. Praktiske problemer med at læse/ udfylde 
spørgeskema (f.eks. dårligt syn, nedsat førlighed 

    i hænder, eller lignende): 
 

4. Andet:  
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Oxford Hofte Score (OHS), Dansk version, marts 2009. 
 
 

Når du ser tilbage på de sidste fire uger …  (Kun ét kryds per spørgsmål) 
 
 

1. Hvordan vil du 

beskrive de 

smerter, som du 
har haft i hoften? 

1. 

Ingen 

smerter 

2. 

Meget lette 

smerter 

3. 

Lette 

smerter 

4. 

Moderate 

smerter 

5. 

Stærke 

smerter 

     
 
 

2. Har du haft 

problemer med at 

vaske og tørre dig 

(over det hele)  

på grund af         

din hofte? 

1. 

Nej, slet 

ingen 

problemer 

2. 

Meget lidt 

besvær 

3. 

Ja, 

moderat 

besvær 

4. 

Ja, meget 

store  

problemer 

5. 

Det er 

helt 

umuligt 

     

 
 

3. Har du haft 

problemer med at 

komme ind i eller 

ud af en bil eller 

bruge offentlig 

transport på 

grund af hoften? 
 

1. 

Nej, ingen 

problemer 

2. 

Meget lidt 

besvær 

3. 

Ja, 

moderat 

besvær 

4. 

Ja, meget 

store 

problemer 

5. 

Det er 

helt 

umuligt 

     

 

 

4. Har du selv 

kunnet tage 

sokker, strømper 

eller strømpe-

bukser på? 

1. 

Ja, 

nemt 

2. 

Næsten 

uden 

besvær 

3. 

Med 

moderat 

besvær 

4. 

Med meget 

stort  

besvær 

5. 

Nej, 

umuligt 

     
 
 

5. Har du selv 

kunnet klare 

indkøb? 

1. 

Ja, 

nemt 

2. 

Næsten 

uden 

besvær 

3. 

Med 

moderat 

besvær 

4. 

Med meget  

stort  

besvær 

5. 

Nej, det 

har været  

umuligt 

     
 
 

6. Hvor lang tid  

har du kunnet gå,    

før du har fået    

stærke smerter  

i hoften (med   

eller uden stok)? 
 

1. 

Ingen 

smerter/ 

jeg kan gå 

mere end 

30 

minutter 

2. 

16 til 30 

minutter 

3. 

5 til 15 

minutter 

4. 

Kun meget 

korte 

afstande 

 

5. 

Det er 

helt 

umuligt at 

gå 

     
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  LTenr: >XXXXX<                         4                            CPR: «Cpr_Nr»  
 

Når du ser tilbage på de sidste fire uger …  (Kun ét kryds per spørgsmål) 

 

7. Har du kunnet gå 

op ad trapper? 

1. 

Ja, 

nemt 

2. 

Næsten 

uden 

besvær 

3. 

Med 

moderat 

besvær 

4. 

Med meget 

stort  

besvær 

5. 

Nej, det 

har været 

umuligt 

     
 
 

8. Hvor stærke 

smerter har du 

haft i hoften, når 

du har skullet 

rejse dig op efter 

at have siddet ned 

(f.eks. ved 

middagsbordet)? 

1. 

Slet ingen 

smerter 

2. 

Lette 

smerter 

3. 

Moderate 

smerter 

4. 

Stærke 

smerter 

5. 

Uudholdelige 

smerter 

     

 
 

9. Har du haltet  

på grund af  

din hofte? 

1. 

Sjældent 

/ aldrig 

2. 

Somme-

tider eller 

kun når jeg 

begynder 

at gå 

3. 

Ja, en hel 

del, og ikke 

kun når jeg 

begynder at 

gå 

4. 

Ja, 

det meste 

af tiden 

5. 

Ja, 

hele 

tiden 

     
 
 

10. Har du følt 

pludselig eller 

kraftig smerte 

(jagende, 

stikkende eller 

krampe-lignende) 

fra den dårlige 
hofte? 

1. 

Nej, ikke 

på noget 

tidspunkt 

 

2. 

Kun en 

enkelt dag 

eller to 

3. 

Nogle 

dage 

4. 

De fleste 

dage 

5. 

Hver 

dag 

     
 
 

11. I hvor høj grad 

har smerter  

i hoften    

besværliggjort  

dit sædvanlige     

arbejde (inkl.    

husarbejde)? 
 

1. 

Slet ikke 

2. 

En lille 

smule 

3. 

En del 

4. 

Meget 

5. 

Umuligt at 

arbejde 

     

   

12. Har du været 

plaget af smerter  

i hoften, når du 

ligger i sengen  

om natten? 

1. 

Nej, ikke 

på noget 

tidspunkt 

 

2. 

Kun en 

enkelt nat 

eller to 

 

3. 

Nogle 

nætter 

4. 

De fleste 

nætter 

5. 

Hver 

nat 

     
 



 



         

 

   

 

 
 
 

Patient-information omkring forskningsprojektet 
 

 

 

Formålet med projektet er, at undersøge om Oxford Hofte Score kan 

anvendes hos danske patienter, der har fået indsat en kunstig hofte.  

 

Vi ønsker at få information om patienternes egen vurdering af hoftefunktion, 

smerte og livskvalitet for bedre at kunne vurdere, om en operationen er 

vellykket. Dette kan vi på sigt bruge til at få en bedre opfølgning og 
udvælgelse med henblik på, hvilke patienter, der kan få mest gavn af en 

operation.  

 
Det er vigtig at anvende et spørgeskema hvor patienten selv vurderer 

smerte, funktion og livskvalitet, for på denne måde at forbedre kvaliteten af 

kunstig hofte behandling i Danmark.  
 

Forskningsprojektet baseres på indsamlede data, fra patienter der har en 

kunstig hofte. Patienter vil blive bedt om at udfylde Oxford Hofte Score to 

gange med to ugers mellemrum. Det forventes at inkludere ca. 200 

patienter til denne del af projektet. 
 

Det er helt frivilligt at deltage, og såfremt at du ikke ønsker dette, ændres 

forholdet til afdelingen ikke. Samtykke til deltagelse kan til enhver tid 

trækkes tilbage. Forskningsprojektet er godkendt af Datatilsynet.  
 

 

Med venlig hilsen 

 

                                 
Aksel Paulsen   Søren Overgaard 

Læge, PhD stipendiat  Professor, Overlæge, dr.med. 

Ortopædisk afdeling  Ortopædisk afdeling 

Odense Universitetshospital  Odense Universitetshospital 

 
 

      



         

 

   

 

 

 

«Name» 

«Adresse» 

«Postnr» «Poststd» 
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Patient invitation, Study III, Test-retest Reliability, Follow-up 

 



 



 

 

 
Forskningsundersøgelse om hoftefunktion og livskvalitet efter 
indsættelse af kunstig hofte - Oxford Hofte Score 

 
 
Kære «Name» 

 

Du har tidligere fået indsat en kunstig hofte, og takket ja til at 

deltage i vores forskningsundersøgelse omhandlende Oxford Hofte 

Score.  

 
 

For ca. to uger siden besvarede du et spørgeskema med tolv spørgsmål 

omkring hoftefunktion og livskvalitet. Nu vil vi igen bede dig besvare det 
samme spørgeskema. Når vi har fået dine svar på spørgeskemaet to gange, 

kan vi undersøge om dette spørgeskema fungerer godt i Danmark.  

 

Spørgeskemaet er igen ”Oxford Hofte Score”, som er et internationalt 

spørgeskema der er meget hyppig brugt i hele verden, og som vi har oversat 

til dansk. Såfremt spørgeskemaet fungerer godt, vil det blive meget lettere 

at sammenligne resultater omkring hoftepatienternes hoftefunktion og 

livskvalitet, på tværs af landegrænser. 

 

Det er derfor af stor værdi, at du udfylder vores spørgeskemaer, så godt du 

kan. Det er helt frivilligt at deltage. Såfremt du nu alligevel ikke ønsker at 

deltage, eller ikke er i stand til at deltage, vil vi bede dig udfylde det første 

skema. 

 
Vi beder dig indsende det udfyldte spørgeskemaet, i vedlagte frankerede 

svarkuvert. Du vil ikke blive kontaktet yderligere i denne 

forskningsundersøgelse. 

 

På forhånd mange tak for hjælpen! 

 

 

Med venlig hilsen 

                
Aksel Paulsen   Søren Overgaard 

Læge, PhD stipendiat  Professor, Overlæge, dr.med. 

Ortopædisk afdeling  Ortopædisk afdeling 

Odense Universitetshospital  Odense Universitetshospital 
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Sådan udfyldes spørgeskemaerne: 
 

 

 Spørgsmålene i spørgeskemaet bedes besvaret af den person, hvis 
navn er anført på følgebrevet.  

 

 Læs teksten/ vejledningen på spørgeskemaet. 
 

 Du skal svare på alle spørgsmål i forhold til, hvad der bedst beskriver, 

hvordan du har haft det i løbet af de sidste fire uger.  

 

 Hvis der er spørgsmål, hvor dit svar ikke helt passer til 

svarmulighederne, skal du sætte kryds ved det svar, der passer bedst 

til din situation. 

 

 Der skal kun sættes ét kryds per spørgsmål. 

 
 Det er vigtigt for undersøgelsen, at alle spørgsmålene besvares.  

 

 Det er vigtigt at bruge en kuglepen, der skriver mørkeblåt eller anden 

mørk farve, når skemaet udfyldes. 

 

 Skulle spørgeskemaet blive borte eller ødelagt, kan du få tilsendt et 

nyt, ved at kontakte Projektsygeplejerske Annie Gam-Pedersen,  

tlf.nr.: 23 46 42 01 eller sende en e-mail til:  

Annie.Gam-Pedersen@ouh.regionsyddanmark.dk. 

 

 Svarene bliver skannet ind på en maskine, så kryds skal være nemme 

at tolke, som vist i nedenstående eksempler. 
 

 
Eksempler på angivelser af 
afkrydsning 
 

RIGTIGT FORKERT 

 

Sæt tydeligt kryds indenfor feltet. 

Kryds eller tal må ikke ramme 

kanten rundt om feltet 

 

   

 

Hvis et felt er udfyldt forkert, skal 

HELE feltet skraveres, og krydset 

sættes i det rigtige felt. 

 

  

 

  

 
 

  X 

X X 

X 
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Cpr. Nr: «Cpr_Nr» 

 

Navn: «Name» 
 

Adresse: «Adresse» 
 

 

 
 
 

 

Såfremt du nu alligevel ikke ønsker at deltage, eller ikke er i 

stand til at deltage, vil vi bede dig (evt. med hjælp af andre) 
anføre hvorfor: (Sæt eventuelt flere kryds) 
 
 

 
1. Har problemer med at forstå det danske sprog: 

 

 

2. Har problemer med at forstå spørgsmålene/ svare 
på spørgeskema: 

 

3. Praktiske problemer med at læse/ udfylde 
spørgeskema (f.eks. dårligt syn, nedsat førlighed 

    i hænder, eller lignende): 
 

4. Andet:  
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Oxford Hofte Score (OHS), Dansk version, marts 2009. 
 
 

Når du ser tilbage på de sidste fire uger …  (Kun ét kryds per spørgsmål) 
 
 

1. Hvordan vil du 

beskrive de 

smerter, som du 
har haft i hoften? 

1. 

Ingen 

smerter 

2. 

Meget lette 

smerter 

3. 

Lette 

smerter 

4. 

Moderate 

smerter 

5. 

Stærke 

smerter 

     
 
 

2. Har du haft 

problemer med at 

vaske og tørre dig 

(over det hele)  

på grund af         

din hofte? 

1. 

Nej, slet 

ingen 

problemer 

2. 

Meget lidt 

besvær 

3. 

Ja, 

moderat 

besvær 

4. 

Ja, meget 

store  

problemer 

5. 

Det er 

helt 

umuligt 

     

 
 

3. Har du haft 

problemer med at 

komme ind i eller 

ud af en bil eller 

bruge offentlig 

transport på 

grund af hoften? 
 

1. 

Nej, ingen 

problemer 

2. 

Meget lidt 

besvær 

3. 

Ja, 

moderat 

besvær 

4. 

Ja, meget 

store 

problemer 

5. 

Det er 

helt 

umuligt 

     

 

 

4. Har du selv 

kunnet tage 

sokker, strømper 

eller strømpe-

bukser på? 

1. 

Ja, 

nemt 

2. 

Næsten 

uden 

besvær 

3. 

Med 

moderat 

besvær 

4. 

Med meget 

stort  

besvær 

5. 

Nej, 

umuligt 

     
 
 

5. Har du selv 

kunnet klare 

indkøb? 

1. 

Ja, 

nemt 

2. 

Næsten 

uden 

besvær 

3. 

Med 

moderat 

besvær 

4. 

Med meget  

stort  

besvær 

5. 

Nej, det 

har været  

umuligt 

     
 
 

6. Hvor lang tid  

har du kunnet gå,    

før du har fået    

stærke smerter  

i hoften (med   

eller uden stok)? 
 

1. 

Ingen 

smerter/ 

jeg kan gå 

mere end 

30 

minutter 

2. 

16 til 30 

minutter 

3. 

5 til 15 

minutter 

4. 

Kun meget 

korte 

afstande 

 

5. 

Det er 

helt 

umuligt at 

gå 

     
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Når du ser tilbage på de sidste fire uger …  (Kun ét kryds per spørgsmål) 

 

7. Har du kunnet gå 

op ad trapper? 

1. 

Ja, 

nemt 

2. 

Næsten 

uden 

besvær 

3. 

Med 

moderat 

besvær 

4. 

Med meget 

stort  

besvær 

5. 

Nej, det 

har været 

umuligt 

     
 
 

8. Hvor stærke 

smerter har du 

haft i hoften, når 

du har skullet 

rejse dig op efter 

at have siddet ned 

(f.eks. ved 

middagsbordet)? 

1. 

Slet ingen 

smerter 

2. 

Lette 

smerter 

3. 

Moderate 

smerter 

4. 

Stærke 

smerter 

5. 

Uudholdelige 

smerter 

     

 
 

9. Har du haltet  

på grund af  

din hofte? 

1. 

Sjældent 

/ aldrig 

2. 

Somme-

tider eller 

kun når jeg 

begynder 

at gå 

3. 

Ja, en hel 

del, og ikke 

kun når jeg 

begynder at 

gå 

4. 

Ja, 

det meste 

af tiden 

5. 

Ja, 

hele 

tiden 

     
 
 

10. Har du følt 

pludselig eller 

kraftig smerte 

(jagende, 

stikkende eller 

krampe-lignende) 

fra den dårlige 
hofte? 

1. 

Nej, ikke 

på noget 

tidspunkt 

 

2. 

Kun en 

enkelt dag 

eller to 

3. 

Nogle 

dage 

4. 

De fleste 

dage 

5. 

Hver 

dag 

     
 
 

11. I hvor høj grad 

har smerter  

i hoften    

besværliggjort  

dit sædvanlige     

arbejde (inkl.    

husarbejde)? 
 

1. 

Slet ikke 

2. 

En lille 

smule 

3. 

En del 

4. 

Meget 

5. 

Umuligt at 

arbejde 

     

   

12. Har du været 

plaget af smerter  

i hoften, når du 

ligger i sengen  

om natten? 

1. 

Nej, ikke 

på noget 

tidspunkt 

 

2. 

Kun en 

enkelt nat 

eller to 

 

3. 

Nogle 

nætter 

4. 

De fleste 

nætter 

5. 

Hver 

nat 

     
 



 



         

 

   

 

 
 
 

Patient-information omkring forskningsprojektet 
 

 

Formålet med projektet er, at undersøge om Oxford Hofte Score kan 

anvendes hos danske patienter, der har fået indsat en kunstig hofte.  

 

Vi ønsker at få information om patienternes egen vurdering af hoftefunktion, 

smerte og livskvalitet for bedre at kunne vurdere, om en operationen er 

vellykket. Dette kan vi på sigt bruge til at få en bedre opfølgning og 

udvælgelse med henblik på, hvilke patienter, der kan få mest gavn af en 
operation.  

 

Det er vigtig at anvende et spørgeskema hvor patienten selv vurderer 
smerte, funktion og livskvalitet, for på denne måde at forbedre kvaliteten af 

kunstig hofte behandling i Danmark.  
 

Forskningsprojektet baseres på indsamlede data, fra patienter der har en 

kunstig hofte. Patienter vil blive bedt om at udfylde Oxford Hofte Score to 

gange med to ugers mellemrum. Det forventes at inkludere ca. 200 patienter 

til denne del af projektet. 
 

Det er helt frivilligt at deltage, og såfremt at du ikke ønsker dette, ændres 
forholdet til afdelingen ikke. Samtykke til deltagelse kan til enhver tid 

trækkes tilbage. Forskningsprojektet er godkendt af Datatilsynet.  
 

 

Med venlig hilsen 

 

                                 
Aksel Paulsen   Søren Overgaard 

Læge, PhD stipendiat  Professor, Overlæge, dr.med. 

Ortopædisk afdeling  Ortopædisk afdeling 

Odense Universitetshospital  Odense Universitetshospital 
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Preoperative questionnaire set, Study IV  

 



 



        

 

   

 

 
Patientinformation: Spørgeskema til hofteregisteret, før operationen 

 

 
Invitation til deltagelse i forskningsundersøgelse om 
hoftefunktion og livskvalitet ved indsættelse af kunstig hofte 

 
 
Kære patient 

 

Du skal snart opereres og have indsat en kunstig hofte. 

 

Vi er i gang med at udføre et forskningsprojekt, som vi ønsker du deltager i.  

 

Vi beder dig besvare en række spørgsmål omkring dig selv omkring 

personlige forhold, smerter, fysisk funktion og andet. 
 

Formålet med vores undersøgelse er at forbedre behandlingen af vores 

patienter. Vi ønsker specielt at finde oplysninger, som allerede inden 

operationen kan forudsige, hvor vellykket resultatet af forløbet vil blive.  

Det vil derfor være af stor værdi, at du udfylder vores spørgeskemaer, så 

godt du kan. 

 

Det er helt frivilligt at deltage, og såfremt at du ikke ønsker dette, ændres 

forholdet til afdelingen ikke. 

 

Såfremt du ikke ønsker at deltage, eller ikke er i stand til at deltage, vil vi 

bede dig anføre årsagen på Patient skema 1 og eventuelt også udfylde 

Patient skema 2. 

 
Vi beder dig tage spørgeskemaerne med hjem, besvare dem, og så 

indsende de udfyldte spørgeskemaer i vedlagte frankerede svarkuvert, 

sammen med afkrydset accept af projektdeltagelse. 

 

Det tager ca. 15-20 minutter at udfylde spørgeskemaerne. 

 

 

Med venlig hilsen 

    
Aksel Paulsen   Søren Overgaard 

Læge, PhD stipendiat  Professor, Overlæge, dr.med. 

Ortopædisk afdeling  Ortopædisk afdeling 

Odense Universitetshospital  Odense Universitetshospital 
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Patient-information omkring forskningsprojektet 
 

 

 

 

Formålet med projektet er, at undersøge spørgeskema der kan anvendes i 

register-sammenhæng hos patienter, der får indsat en kunstig hofte.  

 

Vi ønsker at få information om patienternes egen vurdering af hoftefunktion, 

smerte og livskvalitet for bedre at kunne vurdere, om en operationen er 

vellykket. Dette kan vi på sigt bruge til at få en bedre opfølgning og 

udvælgelse med henblik på, hvilke patienter, der kan få mest gavn af en 

operation.  

 

Værdien af patienternes egne vurderinger, som mål for vellykket kirurgisk 

behandling, er stor. Med studiet lægger vi grundlaget for videre opfølgning 
og forskning, samt forbedringer af udvælgelsen af patienter der vil have 

nytte af operation.  
 

Det er vigtig at anvende måleredskaber hvor patienten selv vurderer 

smerte, funktion og livskvalitet, for på denne måde at forbedre kvaliteten af 

kunstig hofte behandling i Danmark.  
 

Forskningsprojektet baseres på indsamlede data, fra 10 forskellige 

ortopædkirurgiske centre i Danmark igennem 1 år. Patienter vil blive bedt 

om at udfylde spørgeskema før operationen, og 1 år efter operationen. 

Ændringer i hoftefunktion samt livskvalitet vil blive undersøgt. Det forventes 

at inkludere op mod 3000 patienter til denne del af projektet. 
 

Det er helt frivilligt at deltage, og såfremt at du ikke ønsker dette, ændres 
forholdet til afdelingen ikke. Samtykke til deltagelse kan til enhver tid 

trækkes tilbage. Forskningsprojektet er godkendt af Datatilsynet.  
 

 

 
 

Med venlig hilsen 

 

    
Aksel Paulsen   Søren Overgaard 

Læge, PhD stipendiat  Professor, Overlæge, dr.med. 

Ortopædisk afdeling  Ortopædisk afdeling 

Odense Universitetshospital  Odense Universitetshospital 
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Sådan udfyldes spørgeskemaerne: 
 

 Læs teksten/ vejledningen på de forskellige spørgeskemaer. 
 

 Hvis der er spørgsmål, hvor dit svar ikke helt passer til 
svarmulighederne, skal du sætte kryds ved det svar, der passer bedst 

til din situation.  

 

 Der skal kun sættes ét kryds per spørgsmål, med mindre andet er 

oplyst i teksten. 

 

 Det er vigtigt for undersøgelsen, at alle spørgsmålene besvares.  

 

 Det er vigtigt at bruge en kuglepen, der skriver mørkeblåt eller anden 

mørk farve, når skemaet udfyldes. 

 

 Bogstaver skrives tydeligt og med blokbogstaver. 
 

 Tal skrives tydeligt og i felterne. 

 

 Skulle et spørgeskema blive borte eller ødelagt, kan du få tilsendt et 

nyt, ved at kontakte Projektsygeplejerske Annie Gam-Pedersen,  

tlf.nr.: 23 46 42 01 eller sende en e-mail til:  

Annie.Gam-Pedersen@ouh.regionsyddanmark.dk. 

 

 Svarene bliver skannet ind på en maskine, så kryds skal være nemme 

at tolke, som vist i nedenstående eksempler. 
 

 
Eksempler på angivelser af 
afkrydsning 
 

RIGTIGT FORKERT 

 

Sæt tydeligt kryds indenfor feltet. 
Kryds eller tal må ikke ramme 

kanten rundt om feltet 

 

   

 

Hvis et felt er udfyldt forkert, skal 

HELE feltet skraveres, og krydset 

sættes i det rigtige felt. 

 

  

 

  

 
 

  X 

X X 

X 
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Patient skema 1. 
 
Cpr. Nr: 

 

 

 

Navn: ___________________________________________________ 
 

 

Adresse: ___________________________________________________ 

 

 

___________________________________________________ 

 

 

 

 

 

Du bedes anføre, om du ønsker at deltage i projektet:  
(Sæt kun ét kryds) 
 

Ja:                                                                  Nej:  

 

 
 
Såfremt du ikke ønsker at deltage i projektet, eller ikke er i 

stand til at deltage, bedes du (evt. med hjælp af andre) anføre 
hvorfor: (Sæt eventuelt flere kryds) 
 

 
1. Har problemer med at forstå det danske sprog: 
 

 

2. Har problemer med at forstå spørgsmålene/ svare 

på spørgeskema: 
 

3. Praktiske problemer med at læse/ udfylde  
spørgeskema (f.eks. dårligt syn, nedsat førlighed 

    i hænder, eller lignende): 
 

4. Andet:  

 -  
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EQ-5D 
Helbredsspørgeskema 

 
 

Cpr. nr:  

 
 

Angiv, ved at sætte kryds i én af kasserne i hver gruppe, hvilke udsagn, der bedst 

beskriver din helbredstilstand i dag. 

 

Bevægelighed 

Jeg har ingen problemer med at gå omkring  

Jeg har nogle problemer med at gå omkring  

Jeg er bundet til sengen  
 

 

Personlig pleje 

Jeg har ingen problemer med min personlige pleje  

Jeg har nogle problemer med at vaske mig eller klæde mig på               

Jeg kan ikke vaske mig eller klæde mig på  
 

 

Sædvanlige aktiviteter (fx arbejde, studie, husarbejde, familie- eller fritidsaktiviteter) 

Jeg har ingen problemer med at udføre mine sædvanlige aktiviteter     

Jeg har nogle problemer med at udføre mine sædvanlige aktiviteter        

Jeg kan ikke udføre mine sædvanlige aktiviteter  
 

 

Smerter/ubehag 

Jeg har ingen smerter eller ubehag  

Jeg har moderate smerter eller ubehag  

Jeg har ekstreme smerter eller ubehag  
 

 

Angst/depression 

Jeg er ikke ængstelig eller deprimeret  

Jeg er moderat ængstelig eller deprimeret  

Jeg er ekstremt ængstelig eller deprimeret  

 -  



     
 

                                                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vejledning 
 

 

 Læs teksten/ vejledningen på spørgeskema. 

 

 Hvis der er spørgsmål, hvor dit svar ikke helt 

passer til svarmulighederne, skal du sætte kryds 

ved det svar, der passer bedst til din situation.  

 

 Der skal kun sættes ét kryds per spørgsmål. 

 

 Det er vigtigt for undersøgelsen, at alle 

spørgsmålene besvares.  

 

 Sæt tydeligt kryds indenfor feltet.  

 

 Hvis et felt er udfyldt forkert, skal hele feltet 

skraveres, og krydset sættes i det rigtige felt. 

 

 Det er vigtigt at bruge en kuglepen der 

skriver mørkeblåt eller anden mørk farve, når 

skemaet udfyldes 
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Cpr. nr:  
 

 

 

 

For at hjælpe folk med at sige, hvor god eller dårlig en 

helbredstilstand er, har vi tegnet en skala (næsten ligesom et 

termometer), hvor den bedste helbredstilstand du kan forestille 

dig er markeret med 100, og den værste helbredstilstand du kan 

forestille dig er markeret med 0. 

 

Vi beder dig angive på denne skala, hvor god eller dårlig du 

mener din egen helbredstilstand er i dag. Angiv dette ved at 

tegne en streg fra kassen nedenfor til et hvilket som helst punkt 

på skalaen, der viser, hvor god eller dårlig din helbredstilstand 

er i dag. 
 

 

 

 

 

 

 

 

 

 

 

Aflæs skalaen og skriv venligst tallet i nedenstående bokse 


 

 

 

Ved tal med kun to cifre, skrives tallet som i nedenstående 

eksempel 

 
 

 

 -  

Din egen 

helbredstilstand  

i dag 

9  8 

9   0 

8 0 

7 0 

6 0 

5 0 

4 0 

3 0 

2 0 

1 0 

100 

Værst 

tænkelige                

helbredstilstand 
 

0 

Bedst  

tænkelige 

helbredstilstand 
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HOOS 
Spørgeskemaer til patienter med hofteproblemer 

 
 
Cpr. nr:  

 

 

Vejledning: Dette spørgeskema indeholder spørgsmål om, hvordan din hofte 
fungerer. Svarene skal hjælpe os til at følge med i hvordan du har det, og hvor 

godt du klarer dig i hverdagen. 

Du skal besvare spørgsmålene ved at sætte kryds i de svar, der passer bedst på 

dig. Du må kun sætte ét kryds ved hvert spørgsmål. Du skal besvare ALLE 

spørgsmål. Hvis du er i tvivl om hvad du skal svare, er det vigtigt at du alligevel 

sætter kryds i den svar-boks, der føles mest rigtig. 
 
Smerter 
 

1. Hvor ofte har du 

ondt i hoften? 

Aldrig 
Hver 

måned 
Hver uge Hver dag Altid 

     
 
Følgende spørgsmål handler om hvor mange smerter du har haft i hoften i løbet af 

den sidste uge. Angiv graden af smerter du har oplevet i følgende 

situationer? 
 

Ingen Let Moderat Stærk 
Meget 

stærk 
 

2. Rette hoften helt 

ud 

 

     
 

3. Bøje hoften helt  

 
     

 

4. Gå på jævnt 

underlag 

 

     
 

5. Gå op eller ned ad 

trapper 

 

     
 

6. Om natten, når du 

ligger ned 

(smerter, som 

forstyrrer din 

søvn) 

 

     

 

7. Sidde eller ligge 

 
     

 

8. Stående 

 

     
 

9. Gå på hårdt 

underlag, fx asfalt 

eller fliser 

 

     
 

10. Gå på ujævnt 

     underlag 

 

     

 -  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vejledning 
 
 
 Læs teksten/ vejledningen på spørgeskema. 

 

 Hvis der er spørgsmål, hvor dit svar ikke 

helt passer til svarmulighederne, skal du 

sætte kryds ved det svar, der passer bedst 

til din situation.  
 

 Der skal kun sættes ét kryds per 

spørgsmål. 

 

 Det er vigtigt for undersøgelsen, at alle 

spørgsmålene besvares.  

 

 Sæt tydeligt kryds indenfor feltet.  

 

 Hvis et felt er udfyldt forkert, skal hele 

feltet skraveres, og krydset sættes i det 

rigtige felt. 

 

 Det er vigtigt at bruge en kuglepen der 
skriver mørkeblåt eller anden mørk farve, 

når skemaet udfyldes 
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Cpr. nr: 

 
Fysisk funktion 

Følgende spørgsmål handler om din fysiske funktion i forbindelse med 

dagligdagsaktiviteter og mere krævende aktiviteter. Angiv hvilken grad af besvær 

du har haft under følgende aktiviteter i løbet af den sidste uge, på grund af 

problemer med din hofte.  
 

Ingen Let Moderat Stor 
Meget 

stor 
 

PS1     Gå ned ad     

            trapper 
 

     

 

PS2    Stige ind og ud  

           af brusebad/  

           badekar 
 

     

 

PS3     Sidde 
 

     
 

PS4     Løbe 
 

     
 

PS5     Vride/dreje 

         kroppen, når du 

         står på benet 

 

     

 
Livskvalitet 
 

Q1 Hvor ofte bliver 

du mindet om 

dine problemer 

med hoften? 

Aldrig Hver 

måned 

 

 

Hver uge Hver dag Altid 

     
 

Q2 Har du ændret 

din måde at leve 

på for at undgå 

at belaste 

hoften? 

Slet ikke Noget Moderat 
I stor 

udstrækning 
Totalt 

     

 

Q3 I hvor høj grad 

kan du stole på 

din hofte? 

Fuldt ud I stor 

udstrækning 

Moderat Til en hvis 

grad 

Slet ikke 

     
 

Q4 Hvor store 

problemer har du 

generelt med din 

hofte? 

Ingen Små Moderate Store 
Meget 

store 

     
Tak for at du har besvaret ALLE spørgsmål!

 -  
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Patient skema 2. 
 

Udfyld venligst spørgsmålene nedenfor, også selv om du ikke ønsker at 
deltage i projektet:  

 

Personlige oplysninger 
 
1. Hvor høj er du? 
 

 
2. Hvor meget vejer du? (Angiv i hele kg)    
 
3. Bor du sammen med fast samlever? (Sæt kun ét kryds) 
 

Ja  

Nej  
 
4. Fortsatte du din uddannelse efter folkeskolen? 
(Sæt kun ét kryds) 
  

Ja  

Nej  
 
5. Har du en universitetsuddannelse eller lignende? 
(Sæt kun ét kryds)  
 

Ja  

Nej  
 
6. Har du tidligere fået indsat en eller flere kunstige hofter eller 

knæ? (Sæt eventuelt flere kryds) 
 

Nej  

Ja, højre hofte  

Ja, venstre hofte  

Ja, højre knæ  

Ja, venstre knæ  

 cm 

 kg 
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7. Ud over dit hofteproblem - har du gener fra dit/dine knæ? 

(Sæt kun ét kryds)  
 

Nej, ingen gener  

Ja, moderate gener  

Ja, ekstreme gener  
 

8. Ud over dit hofteproblem - er du så tilmed plaget af smerter i 
ryggen? (Sæt kun ét kryds) 
 

Nej, ingen smerter eller ubehag  

Ja, moderate smerter eller ubehag  

Ja, ekstreme smerter eller ubehag  
 

9. Hvordan synes du, dit helbred er alt i alt? (Sæt kun ét kryds) 
 

Fremragende  

Vældig godt  

Godt  

Nogenlunde  

Dårligt  
 

Kost, tobak og alkohol 
 

10. Hvor ofte plejer du at spise frugt og grøntsager – bortset 
fra kartofler? (Sæt kun ét kryds) 
 

3 gange dagligt  

2 gange dagligt  

1 gang dagligt  

3 – 6 gange ugentligt  

1 – 2 gange ugentligt  

Sjældnere  
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11. Ryger du? (Sæt kun ét kryds) 
 

Nej  

Ja, 1 - 15 cigaretter dagligt   

Ja, mere end 15 cigaretter dagligt  
 

 

12. Hvor meget alkohol drikker du i gennemsnit om ugen? 
(En genstand er 1 flaske øl, et glas vin eller et snapseglas spiritus)  
(Sæt kun ét kryds) 
 

0 - 5 genstande  

6 - 14 genstande  

15 - 21 genstande  

Over 21 genstande  
 

Medicin 
 

13. Sæt kryds, i forhold til om du tager følgende medicin fast: 
(Sæt eventuelt flere kryds) 
 

Receptpligtig smertestillende medicin  

Antidepressiv medicin (medicin mod depression, 
f.eks. Fontex, Zoloft, Cipramil)  

 

Sovemedicin (f.eks. Zopiclone, Imovane)  

Tager ikke overstående medicin fast  
 

 

14. Har du de sidste 12 måneder brugt smertestillende 
håndkøbsmedicin (f.eks. Panodil, Aspirin etc.) regelmæssigt  
(i perioder af mindst 14 dage)?  
(Sæt kun ét kryds) 
 

Ja  

Nej  
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Fysisk aktivitet i arbejde og fritid 
 

Såfremt at du ikke længere arbejder, bedes du 

sætte et kryds ud for det svar, der passede bedst, 

da du var i arbejde. 

 

 
15. Arbejdede du siddende?: (Sæt kun ét kryds) 
 

Aldrig/næsten aldrig  

Sjældent  

Sommetider  

Ofte  

Altid/næsten altid  
 

 

16. Arbejdede du stående?: (Sæt kun ét kryds) 
 

Aldrig/næsten aldrig  

Sjældent  

Sommetider  

Ofte  

Altid/næsten altid  
 
 
17. Arbejdede du gående?: (Sæt kun ét kryds) 
 

Aldrig/næsten aldrig  

Sjældent  

Sommetider  

Ofte  

Altid/næsten altid  
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 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

18. Hvor fysisk anstrengende opfatter du normalt din 
dagligdag?  
 
Sæt tal på, hvordan du opfatter den fysiske udfoldelse, f.eks. 
hvor tung og krævende din dagligdag er:  
 

Sæt kryds ud for det tal, som passer bedst på skalaen. 
(Sæt kun ét kryds) 
 

 

 6  Ikke anstrengende 
   

 7 
   Meget, meget let 

 8  
   

 9  Meget let 
  

 10 

  
 11 

  Let 
 12  

  
 13  Lidt anstrengende 

   

 14 
   

 15  Anstrengende 
   

 16 
  

 17  Meget anstrengende 

   
 18 

  
 19  Meget, meget anstrengende 

  
 20  Maximalt anstrengende 
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19. Hvis vi ser på det sidste år, hvad ville du så sige passer 
bedst, som beskrivelse på din aktivitet i fritiden?  
(Sæt kun ét kryds) 
 
 
 

Træner hårdt og dyrker konkurrenceidræt 

regelmæssigt og flere gange om ugen 
(Konkurrenceidræt) 
 

 
 

 

 Dyrker motionsidræt eller tungt havearbejde mindst 
fire timer pr. uge 

(Motionsidræt): 
 

 

Spadserer, cykler eller har anden lettere motion 

mindst fire timer pr. uge (medregn også søndagsture, 
lettere havearbejde og cykling/gang til arbejde) 
(Lettere motion): 

 

 

 

Læser, ser fjernsyn eller har anden stillesiddende 
beskæftigelse (Stillesiddende)  

 
 

 
 

Tak for din hjælp 
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Postoperative questionnaire set, Study IV  

 



 



 
 

 

Patientinformation: Spørgeskema til hofteregisteret, efter operationen 

 

 
Forskningsundersøgelse om hoftefunktion og livskvalitet  
efter indsættelse af kunstig hofte 
 

 
Kære «navn» 

 

Du har for et års tid siden fået indsat en kunstig hofte, takket ja til 

at deltage i vores forskningsundersøgelse og tidligere svaret på 

spørgeskema.  

 

 
Der er nu gået ca. et års tid, og vi vil meget gerne vide, hvordan det går. 

Vi beder dig derfor igen om at besvare en række spørgsmål om dig selv 

vedrørende personlige forhold, smerter, fysisk funktion m.m. 
 

Formålet med vores undersøgelse er at forbedre behandlingen af vores 

patienter. Vi ønsker specielt at finde oplysninger, som allerede inden 

operationen kan forudsige, hvor vellykket resultatet af forløbet vil blive.  

Det vil derfor være af stor værdi, at du udfylder vores spørgeskemaer, så 

godt du kan. 

 

Det er helt frivilligt at deltage, og såfremt at du ikke ønsker at medvirke, 

ændres forholdet til afdelingen ikke. 

 

Såfremt du nu ikke ønsker at deltage, eller ikke er i stand til at deltage, vil 

vi bede dig udfylde det første skema: Patientskema 1 (på side 3). 

 

Vi beder dig indsende de udfyldte spørgeskemaer, i vedlagte frankerede 
svarkuvert. 

 

 

 

Med venlig hilsen 

    
Aksel Paulsen   Søren Overgaard 

Læge, PhD stipendiat  Professor, Overlæge, dr.med. 

Ortopædisk afdeling  Ortopædisk afdeling 

Odense Universitetshospital  Odense Universitetshospital 



 



        

 

Sådan udfyldes spørgeskemaerne: 
 

 Spørgsmålene i spørgeskemaerne bedes besvaret af den person, hvis 

navn er anført på følgebrevet.  

 
 Læs teksten/ vejledningen på de forskellige spørgeskemaer. 

 

 Hvis der er spørgsmål, hvor dit svar ikke helt passer til 

svarmulighederne, skal du sætte kryds ved det svar, der passer bedst 

til din situation. 

 

 Der skal kun sættes ét kryds per spørgsmål, med mindre andet er 

oplyst i teksten. 

 
 Det er vigtigt for undersøgelsen, at alle spørgsmålene besvares.  

 

 Det er vigtigt at bruge en kuglepen, der skriver mørkeblåt eller anden 

mørk farve, når skemaet udfyldes. 

 
 Skulle et spørgeskema blive borte eller ødelagt, kan du få tilsendt et 

nyt, ved at kontakte Projektsygeplejerske Annie Gam-Pedersen,  

tlf.nr.: 23 46 42 01 eller sende en e-mail til:  

Annie.Gam-Pedersen@ouh.regionsyddanmark.dk. 

 

 Svarene bliver skannet ind på en maskine, så kryds skal være nemme 

at tolke, som vist i nedenstående eksempler. 
 

 

Eksempler på angivelser af 
afkrydsning 
 

RIGTIGT FORKERT 

 
Sæt tydeligt kryds indenfor feltet. 

Kryds eller tal må ikke ramme 

kanten rundt om feltet 

 

   

 

Hvis et felt er udfyldt forkert, skal 

HELE feltet skraveres, og krydset 

sættes i det rigtige felt. 

 

  

 
 
 2 

 

  

 
 

  X 

X X 

X 
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Patient skema 1. 
 
 

Cpr. Nr: «cpr_nr» 

 

Navn: «navn» 

 

Adresse: «adresse» 
 

 
 

 

 

Besvar venligst spørgsmålene nedenfor, også selv om du ikke 

ønsker at deltage i projektet.  
 
 

Såfremt du nu alligevel ikke ønsker at deltage i projektet, eller ikke er 

i stand til at deltage, bedes du (evt. med hjælp af andre) anføre 
hvorfor: (Sæt eventuelt flere kryds) 
 
 
 

 
1. Har problemer med at forstå det danske sprog: 

 

 

2. Har problemer med at forstå spørgsmålene/ svare 
på spørgeskema: 

 

3. Praktiske problemer med at læse/ udfylde 
spørgeskema (f.eks. dårligt syn, nedsat førlighed 

    i hænder, eller lignende): 
 

4. Andet:  
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EQ-5D 
Helbredsspørgeskema 

 
 

Angiv, ved at sætte kryds i én af kasserne i hver gruppe, hvilke udsagn, der bedst 

beskriver din helbredstilstand i dag. 

 

Bevægelighed 

Jeg har ingen problemer med at gå omkring  

Jeg har nogle problemer med at gå omkring  

Jeg er bundet til sengen  
 

 

Personlig pleje 

Jeg har ingen problemer med min personlige pleje  

Jeg har nogle problemer med at vaske mig eller klæde mig på               

Jeg kan ikke vaske mig eller klæde mig på  
 

 

Sædvanlige aktiviteter (fx arbejde, studie, husarbejde, familie- eller fritidsaktiviteter) 

Jeg har ingen problemer med at udføre mine sædvanlige aktiviteter     

Jeg har nogle problemer med at udføre mine sædvanlige aktiviteter        

Jeg kan ikke udføre mine sædvanlige aktiviteter  
 

 

Smerter/ubehag 

Jeg har ingen smerter eller ubehag  

Jeg har moderate smerter eller ubehag  

Jeg har ekstreme smerter eller ubehag  
 

 

Angst/depression 

Jeg er ikke ængstelig eller deprimeret  

Jeg er moderat ængstelig eller deprimeret  

Jeg er ekstremt ængstelig eller deprimeret  
 



 

   

 

 

Vejledning 
 

 

 Læs teksten/ vejledningen på spørgeskema. 

 

 Hvis der er spørgsmål, hvor dit svar ikke helt 

passer til svarmulighederne, skal du sætte kryds 

ved det svar, der passer bedst til din situation.  

 

 Der skal kun sættes ét kryds per spørgsmål. 

 

 Det er vigtigt for undersøgelsen, at alle 

spørgsmålene besvares.  

 

 Sæt tydeligt kryds indenfor feltet.  

 

 Hvis et felt er udfyldt forkert, skal hele feltet 

skraveres, og krydset sættes i det rigtige felt. 

 

 Det er vigtigt at bruge en kuglepen der 

skriver mørkeblåt eller anden mørk farve, når 

skemaet udfyldes 
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For at hjælpe folk med at sige, hvor god eller dårlig en 

helbredstilstand er, har vi tegnet en skala (næsten ligesom et 

termometer), hvor den bedste helbredstilstand du kan forestille 

dig er markeret med 100, og den værste helbredstilstand du kan 

forestille dig er markeret med 0.  

 

Vi beder dig angive på denne skala, hvor god eller dårlig du 

mener din egen helbredstilstand er i dag. Angiv dette ved at 

tegne en streg fra kassen nedenfor til et hvilket som helst punkt 

på skalaen, der viser, hvor god eller dårlig din helbredstilstand 

er i dag.  
 

 

 

 

 

 

 

 

 

 

 

 

 

Aflæs skalaen og skriv venligst tallet i nedenstående bokse 


 

 

 

Ved tal med kun to cifre, skrives tallet som i nedenstående 

eksempel 

 
 

 
 
 

 

Din egen 

helbredstilstand  

i dag 

9  8 

9   0 

8 0 

7 0 

6 0 

5 0 

4 0 

3 0 

2 0 

1 0 

100 

Værst 

tænkelige                

helbredstilstand 
 

0 

Bedst  

tænkelige 

helbredstilstand 
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HOOS 
Spørgeskemaer til patienter med hofteproblemer 

 
CPR nr: «cpr_nr»      NAVN: «navn» DATO:  
 

Vejledning: Dette spørgeskema indeholder spørgsmål om, hvordan din hofte 

fungerer. Svarene skal hjælpe os til at følge med i hvordan du har det, og hvor 

godt du klarer dig i hverdagen. 

Du skal besvare spørgsmålene ved at sætte kryds i de svar, der passer bedst på 

dig. Du må kun sætte ét kryds ved hvert spørgsmål. Du skal besvare ALLE 

spørgsmål. Hvis du er i tvivl om hvad du skal svare, er det vigtigt at du alligevel 

sætter kryds i den svar-boks, der føles mest rigtig. 
 
Smerter 
 

1. Hvor ofte har du 

ondt i hoften? 

Aldrig 
Hver 

måned 
Hver uge Hver dag Altid 

     
 
Følgende spørgsmål handler om hvor mange smerter du har haft i hoften i løbet af 
den sidste uge. Angiv graden af smerter du har oplevet i følgende 

situationer? 
 

Ingen Let Moderat Stærk 
Meget 

stærk 
 

2. Rette hoften helt 

ud 

 

     
 

3. Bøje hoften helt  

 
     

 

4. Gå på jævnt 

underlag 

 

     
 

5. Gå op eller ned ad 

trapper 

 

     
 

6. Om natten, når du 

ligger ned 
(smerter, som 

forstyrrer din 

søvn) 

 

     

 

7. Sidde eller ligge 

 
     

 

8. Stående 

 
     

 

9. Gå på hårdt 

underlag, fx asfalt 

eller fliser 

 

     

 

10. Gå på ujævnt 

     underlag 

 

     



   
 

 

 

 

Vejledning 
 

 

 Læs teksten/ vejledningen på spørgeskema. 

 

 Hvis der er spørgsmål, hvor dit svar ikke helt 

passer til svarmulighederne, skal du sætte kryds 

ved det svar, der passer bedst til din situation.  

 

 Der skal kun sættes ét kryds per spørgsmål. 

 

 Det er vigtigt for undersøgelsen, at alle 

spørgsmålene besvares.  

 

 Sæt tydeligt kryds indenfor feltet.  

 

 Hvis et felt er udfyldt forkert, skal hele feltet 

skraveres, og krydset sættes i det rigtige felt. 

 

 Det er vigtigt at bruge en kuglepen der 

skriver mørkeblåt eller anden mørk farve, når 

skemaet udfyldes 
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Fysisk funktion 
Følgende spørgsmål handler om din fysiske funktion i forbindelse med 

dagligdagsaktiviteter og mere krævende aktiviteter. Angiv hvilken grad af besvær 

du har haft under følgende aktiviteter i løbet af den sidste uge, på grund af 

problemer med din hofte.  
 

Ingen Let Moderat Stor 
Meget 

stor 
 

PS1     Gå ned ad     

            trapper 
 

     

 

PS2    Stige ind og ud  

           af brusebad/  

           badekar 
 

     

 

PS3     Sidde 
 

     
 

PS4     Løbe 
 

     
 

PS5     Vride/dreje 

         kroppen, når du 

         står på benet 

 

     

 
Livskvalitet 
 

Q1 Hvor ofte bliver 

du mindet om 

dine problemer 

med hoften? 
 

Aldrig Hver 

måned 

 

 

Hver uge Hver dag Altid 

     
 

Q2 Har du ændret 

din måde at leve 

på for at undgå 

at belaste 
hoften? 

 

Slet ikke Noget Moderat 
I stor 

udstrækning 
Totalt 

     

 

Q3 I hvor høj grad 

kan du stole på 

din hofte? 
 

Fuldt ud I stor 

udstrækning 

Moderat Til en hvis 

grad 

Slet ikke 

     
 

Q4 Hvor store 

problemer har du 
generelt med din 

hofte? 

Ingen Små Moderate Store 
Meget 

store 

     
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Patient skema 2. 
 

 

Personlige oplysninger 
 
1. Hvor meget vejer du? (Angiv i hele kg)    

 
2. Bor du sammen med fast samlever? (Sæt kun ét kryds) 
 

Ja  

Nej  
  
3. Hvordan synes du, dit helbred er alt i alt? (Sæt kun ét kryds) 
 

Fremragende  

Vældig godt  

Godt  

Nogenlunde  

Dårligt  
 
4. Ud over dit hofteproblem - er du så tilmed plaget af smerter i 
ryggen? (Sæt kun ét kryds) 
 

Nej, ingen smerter eller ubehag  

Ja, moderate smerter eller ubehag  

Ja, ekstreme smerter eller ubehag  
 

5. Ud over dit hofteproblem - har du gener fra dit/dine knæ? 
(Sæt kun ét kryds)  
 

Nej, ingen gener  

Ja, moderate gener  

Ja, ekstreme gener  

 kg 
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6. Hvordan vil du beskrive resultatet af din operation? 
(Sæt kun ét kryds) 
 

Fremragende  

Vældig godt  

Godt  

Nogenlunde  

Dårligt  
  

7. Samlet set, hvordan går det med den opererede hofte nu, 

sammenlignet med før operationen? (Sæt kun ét kryds) 
 

Meget bedre  

Lidt bedre  

Næsten ens  

Lidt dårligere  

Meget dårligere  
 

Medicin 
 

8. Sæt kryds, i forhold til om du tager følgende medicin fast: 
(Sæt eventuelt flere kryds) 
 

Receptpligtig smertestillende medicin  
Antidepressiv medicin (medicin mod depression, 
f.eks. Fontex, Zoloft, Cipramil)  

 

Sovemedicin (f.eks. Zopiclone, Imovane)  

Tager ikke overstående medicin fast  
 

9. Har du de sidste 12 måneder brugt smertestillende 
håndkøbsmedicin (f.eks. Panodil, Aspirin etc.) regelmæssigt  
(i perioder af mindst 14 dage)? (Sæt kun ét kryds) 
 

Ja  

Nej  
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 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

Fysisk aktivitet i arbejde og fritid 
 
10. Hvor fysisk anstrengende opfatter du normalt din 
dagligdag?  
 
Sæt tal på, hvordan du opfatter den fysiske udfoldelse, f.eks. 

hvor tung og krævende din dagligdag er:  
 

Sæt kryds ud for det tal, som passer bedst på skalaen  
(Sæt kun ét kryds) 
 

 

 6  Ikke anstrengende 
   

 7 
   Meget, meget let 

 8  
  

 9  Meget let 

  

 10 
  

 11 
  Let 
 12  

   

 13  Lidt anstrengende 

    
 14 

   

 15  Anstrengende 
  

 16 

  
 17  Meget anstrengende 

  
 18 

  
 19  Meget, meget anstrengende 

   

 20  Maximalt anstrengende 
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11. Hvis vi ser på det sidste år, hvad ville du så sige passer 
bedst, som beskrivelse på din aktivitet i fritiden?  

(Sæt kun ét kryds) 
 

 

Træner hårdt og dyrker konkurrenceidræt 
regelmæssigt og flere gange om ugen 
(Konkurrenceidræt) 
 

 
 

 

 Dyrker motionsidræt eller tungt havearbejde mindst 

fire timer pr. uge 
(Motionsidræt): 

 

Spadserer, cykler eller har anden lettere motion 
mindst fire timer pr. uge (medregn også søndagsture, 
lettere havearbejde og cykling/gang til arbejde) 
(Lettere motion): 

 

 

Læser, ser fjernsyn eller har anden stillesiddende 

beskæftigelse (Stillesiddende) 
 

 
 

Fysioterapi 
 
12. Har du haft kontakt med fysioterapeut efter operationen? 
(Sæt kun ét kryds)  
 

Nej  

Ja, 1-5 gange efter operationen  

Ja, 6-10 gange efter operationen  

Ja, flere end 10 gange efter operationen  
 
 

Tak for din hjælp
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Patient-information omkring forskningsprojektet 
 

 
 

 

Formålet med projektet er, at undersøge hvilke spørgeskemaer, som kan 

anvendes hos patienter, der får indsat en kunstig hofte.  

 

Vi ønsker at få information om patienternes egen vurdering af hoftefunktion, 

smerte og livskvalitet for bedre at kunne vurdere, om operationen er 

vellykket. Dette kan vi på sigt bruge til at få en bedre opfølgning, og 

udvælgelse af hvilke patienter der vil få mest gavn af en operation.  

 
Det er vigtig at anvende spørgeskemaer, hvor patienten selv vurderer 

smerte, funktion og livskvalitet. Med studiet lægger vi grundlaget for videre 

opfølgning og forskning.  

 

Forskningsprojektet baseres på indsamlede data, fra 16 forskellige 

ortopædkirurgiske centre i Danmark igennem 1 år. Patienterne har udfyldt 

spørgeskemaet før operationen og vil blive bedt om at udfylde et nyt 

spørgeskema ca. 1 år efter operationen. Ændringer i hoftefunktion samt 

livskvalitet vil blive undersøgt. Vi forventer at inkludere 1500 patienter til 

denne del af projektet. 
 

Det er helt frivilligt at deltage, og såfremt at du ikke ønsker at medvirke, 

ændres forholdet til afdelingen ikke. Samtykke til deltagelse kan til enhver 
tid trækkes tilbage. Forskningsprojektet er godkendt af Datatilsynet.  
 

 

 

 

Med venlig hilsen 

 

 

 

Aksel Paulsen   Søren Overgaard 

Læge, PhD stipendiat  Professor, Overlæge, dr.med. 

Ortopædisk afdeling  Ortopædisk afdeling 

Odense Universitetshospital  Odense Universitetshospital 
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