
 

 

 University of Groningen

Disability in chronic low back pain
Brouwer, Sandra

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2004

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Brouwer, S. (2004). Disability in chronic low back pain: psychometric properties of ADL- and work-related
instruments. [S.n.].

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/14aa8cdc-ec13-4083-abb5-bb140b249ca8


DISABILITY IN CHRONIC LOW BACK PAIN 

PSYCHOMETRIC PROPERTIES OF  

ADL- AND WORK-RELATED INSTRUMENTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 



RIJKSUNIVERSITEIT GRONINGEN 
 
 
 

DISABILITY IN CHRONIC LOW BACK PAIN 

PSYCHOMETRIC PROPERTIES OF  

ADL- AND WORK-RELATED INSTRUMENTS 
 
 
 

Proefschrift 
 
 
 
 

ter verkrijging van het doctoraat in de  
Medische Wetenschappen 

aan de Rijksuniversiteit Groningen 
op gezag van de Rector Magnificus, dr. F. Zwarts, 

in het openbaar te verdedigen op 
woensdag 8 september 2004  

om 16.15 uur 
 
 
 
 
 
 

door 
 

Sandra Brouwer 
 

geboren op 14 juni 1976 
te Bedum 

 

 



 

Promotores:   Prof. dr. J.H.B. Geertzen 
Prof. dr. J.W. Groothoff 
Prof. dr. L.N.H. Göeken 

 
 
Co-promotor:  Dr. P.U. Dijkstra 
 
 
 
Beoordelingscommissie: Prof. dr. M.H.W. Frings-Dresen  

Prof. dr. H.J. Stam 
Prof. dr. J.H.B.M. Willems 

 



Paranimfen:  Rients Huitema 
   Bianca Nijhuis 

 



 

This research was financially supported by ZonMw (grant number 96-06-006) 
 
 
 
The publication of this thesis was generously supported by: 
  Centrum voor Revalidatie, Academisch Ziekenhuis Groningen 
  Stichting Beatrixoord Noord-Nederland 
  D.H. Heijne Stichting 
  U.C. ProMotion 
 
 
 
 
 
 
 
Printed by: Stichting Drukkerij C. Regenboog, Groningen 
 
 
Cover:  Andrea van der Kuip 
 
 
 
 
 
 
 
Brouwer, Sandra.  Disability in chronic low back pain: psychometric properties of 
ADL- and work-related instruments. 
Thesis University of Groningen, the Netherlands – With ref. –With summary in 
Dutch. 
 
 
ISBN 9077113193 
 
 
© Copyright 2004: S. Brouwer, Groningen, the Netherlands. 
All rights reserved. No part of this publication may be reproduced or transmitted 
in any form or by any means, electronic or mechanical, including photocopy, 
recording or any information storage or retrieval system, without the prior written 
permission of the copyright owner. 

 



CONTENTS 
 
Chapter 1 Introduction        1 

 
13 

 
 

23 
 
 
 

37 
 
 
 

55 
 
 

75 
 
 
 

91 
 
 

107 
 
 
 

123 
 

135 
 

141 
 

147 
 

155 
 

159 

 
Chapter 2 Reliability and stability of the Roland Morris Disability  

Questionnaire: Intra Class Correlation and limits of agreement 
 
Chapter 3  Responsiveness of the Roland Morris Disability  

Questionnaire: consequences of using different  
external criteria  

 
Chapter 4 Test-retest reliability of two Work Limitation Questionnaires 

in chronic low back pain: ‘Functional Ability List' and  
‘Work & Handicap Questionnaire'  

 
Chapter 5 Inter- and intra-rater reliability of the ‘Functional Information  

System’ and the ‘Functional Ability List’  
 
Chapter 6 Test-retest reliability of the Isernhagen Work Systems  

Functional Capacity Evaluation in patients with chronic 
low back pain 

   
Chapter 7 Test-retest reliability of the Isernhagen Work Systems  

Functional Capacity Evaluation in healthy adults 
 
Chapter 8 Measuring work limitations in patients with   

chronic low back pain: comparing self-report, 
clinical examination and functional testing 

   
Chapter 9 General discussion and conclusion    

    
Summary       
 
Samenvatting        
 
Northern Centre for Healthcare research (NCH) and previous dissertations 
 
Dankwoord 
 
Curriculum Vitea        
  

 





 

INTRODUCTION 

 

 

 
 
 
 
 
 
CHAPTER 1  

 
 
 
 
 

 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 

1 



 

 

2 



Introduction 

INTRODUCTION 

Low back pain is one of the most common health problems in Western society.1,2 
Almost 44 % of the Dutch population aged 25 years and over reported low back 
pain during the past 12 months.3 The majority of the persons with low back pain 
are labelled as non-specific, because no underlying pathology can be found.4 
Most of the people get some back pain at some time in their life, but their pain is 
usually mild or moderate and short-lived and has very little effect on daily life.3 
Relatively small percentages (lower than 10%) of the patients with non-specific 
low back pain develop chronic low back pain (CLBP).5 However, a considerable 
impact of CLBP on daily functioning has frequently been reported.3 
An important characteristic of CLBP is its impact on the individual's life. It may 
limit the performance of activities in daily living, work, and leisure time.3 These 
limitations in the performances may impact the general health, overall well-being 
and work ability. Another important characteristic of CLBP is its impact on 
society. Back pain is one of the most common reasons for health care use, work 
loss and sickness benefits. It is responsible for a large amount of the consumption 
of medical resources; about 42% of those reporting low back pain contact a health 
professional because of their pain during the last year.3 Furthermore, back pain 
poses an economic burden to society, mainly in terms of the large number of 
work days lost.6,7 About 31% of the people who reported low back pain also 
reported sickness absence due to low back pain in the previous year.3 Therefore, 
low back pain has a heavy financial burden on society because of the impact on 
medical consumption and sickness absence.8 Approximately 90 % of the total 
costs of back pain to society are indirect costs, due to loss of productivity, 
sickness absence and prolonged disability. Although the group of CLBP patients 
is relatively small to the total group of non-specific back pain, it accounts for 
75% to 90% of the societal costs of back pain.5  
 
Chronic low back pain and the International Classification of Functioning, 
Disability and Health  
To understand the impact of CLBP on patient’s health status the International 
Classification of Functioning, Disability and Health (ICF)9,10 is a useful 
framework. The ICF describes health and health status in terms of functioning 
and disability. The conceptual model in figure 1 illustrates three levels of 
functioning and disability: functioning at body and body structure level, activities 
at the level of the whole person, participation at the level of the whole person in a 
social context. Disability therefore involves dysfunction at one or more of the 
levels of impairments, activity limitations and participation restrictions influenced 
by environmental and personal factors.10 
In most chronic diseases with clear pathology- such as spinal fracture - there is a 
strong relationship between impairment, limitations and restrictions.3 In CLBP 
patients, however, no underlying pathology can be found. Most patients with back 
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Chapter 1 

pain are limited and restricted in their daily functioning but it is not clear to what 
extent this is caused by pain rather than actual physical impairment.3 To describe 
the impact of CLBP on body function and body structure, disability should be 
described in terms of impairment such as pain intensity, muscle strength and 
range of motion.11 To describe the impact of CLBP on patients daily functioning, 
disability should be described in terms of activity limitations and participation 
restrictions. Patients are not able to carry out the normal activities for the same 
duration and frequency as before. Furthermore, CLBP affects quality of life 
because patients experience restrictions in their social life, at home, in leisure 
time and at work.  
 
 
 

Health status 
 
    
  

Functioning & Disability  
 
 
 
 
Body function   Activity   Participation 
& structure  
 
 
        
       Environmental factors        Personal factors   
                                  
 Figure 1.  Model of health status on the basis of the ICF 
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Introduction 

Chronic low back pain and Rehabilitation Medicine  
In Rehabilitation Medicine, the aim of treatment is to improve daily functioning 
by disability reduction. For many years, treatment in CLBP patients has focused 
on the impairment level of disability. Disability was attributed to pathoanatomical 
dysfunction due to a disease or injury, and could be reduced by physical therapy 
improving muscle strength and endurance, flexibility and cardio respiratory 
endurance.11 Impairment instruments were used as the primary means of inferring 
the severity of disability and evaluating treatment effectiveness.11 Over the years, 
a major conceptual change occurred in the recognition that in CLBP patients the 
pathoanatomical conditions underlying back symptoms are unknown, and that 
impairment instruments could not longer be used to infer the severity of disability 
at the activity and participation level of functioning.  
At present, a lot of rehabilitation interventions for CLBP focus on the activity and 
participation level of functioning. The main focus is on the limitations and 
restrictions in the performance of domestic activities in daily living (ADL). Since 
low back pain is the primary cause of work absence, with huge costs, the impact 
on functioning at work needs to be considered in rehabilitation, also. Due to 
differences in functioning, at home or at work, both ADL and work-related 
instruments should be used to assess the effectiveness of rehabilitation 
interventions.  
 
Psychometric properties 
To obtain evidence about the usefulness of instruments in Rehabilitation 
Medicine, the psychometric properties of the instruments should be acceptable. 
Important psychometric properties are reliability and validity. Reliability refers to 
the extent to which a measurement is consistent and free from errors.12 The most 
common measures of reliability are test-retest reliability and inter-observer 
reliability.13 Consistency involves the extent to which repeated measures in 
individuals remain stable over time, under the same circumstances in the absence 
of treatment. Errors influence the extent of stability over time in the absence of 
treatment. The validity of an instrument is the ability to measure what it is 
intended to measure.12,14 Besides content-, construct- and criterion-related 
validity, responsiveness is an important property in measuring treatment 
effectiveness. Responsiveness involves the ability of an instrument to detect 
clinically important changes in the construct being measured.15,16  
 
ADL-related instruments  
Several questionnaires have been developed to assess the limitations of CLBP 
patients in ADL. These questionnaires have become an important part of 
evaluating treatment efficacy and in research. Frequently used questionnaires are 
the Roland Morris Disability Questionnaire (RMDQ), the Oswestry 
Questionnaire, the Quebec Back Pain Disability Questionnaire, the Waddell 
Index and the Million Index.17-19 The RMDQ is one of the most frequently used 
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questionnaires in rehabilitation practice.17,18 This questionnaire consists of 24 
items chosen from the Sickness Impact Profile to cover a variety of ADL.11,20 
Patients are questioned about their abilities and limitations to perform 24 
activities. The English language version of the RMDQ proved to be valid, reliable 
and responsive.18,19,21-23 
The Dutch language version of the RMDQ (RMDQ-Dv) proved to be valid and 
responsive too.24 A single external criterion was used to investigate the 
responsiveness. It is known that the choice of external criteria influences 
responsiveness measures.25 The reliability and the consequences of using 
different external criteria on the responsiveness of the RMDQ-Dv have not been 
investigated, yet. 
 
Work-related instruments 
Assessment of work limitations is a relatively new phenomenon in rehabilitation; 
therefore, work-related instruments have hardly been developed and introduced in 
daily practice.  
In other disciplines, several instruments were developed and are used to assess 
work limitations. The Work & Handicap Questionnaire (WHQ) was developed by 
the Netherlands Organization for Applied Scientific Research (TNO) within the 
scope of a vocational handicap research program.26 TNO studied the 
psychometric properties in several research projects and reported good 
validity27,28 and good internal consistency.26 However, among other things, the 
test-retest reliability of the questionnaire has not been investigated.  
The Functional Information System (FIS) and the Functional Ability List (FAL) 
were developed in Dutch Social Insurance Medicine as standardized forms to 
determine capability to work. Until 2000 the FIS was used, nowadays the FAL is 
used. The social insurance physicians use the results of history taking and 
physical examination to fill out the standardised form about limitations in the 
performance of work-related activities. The FIS proved to be reliable;29 however, 
in that study the procedures of research did not enable generalisations of the 
results to daily practice of social insurance physicians. Other psychometric 
properties of both instruments have not been investigated. 
Functional Capacity Evaluations (FCEs) were developed from a need for a more 
objective measure to assess an individual’s functional performance related to 
work-related activities.30,31 The ‘Isernhagen Work Systems Functional Capacity 
Evaluation’ (IWS FCE) is one of the well-known FCEs.32 It consists of 28 tests 
that reflect work-related activities like lifting, carrying, bending etc. The IWS 
FCE is valid33,34 and for some items reliable,35,36 however, the reliability of the 
whole test battery of the IWS FCE has not been investigated yet.  
In the mentioned work-related instruments, different assessment perspectives are 
distinguished for the assessment of work limitations. The WHQ is based on 
patient’s self-report. The FIS and FAL are based on clinical examination. The 
IWS FCE is based on functional testing. Self-report instruments may reveal the 
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perception of patients of their limitations in daily performances. Clinical 
examination reveals the perception of the physician of patients' limitations based 
on history taking and physical examination. Functional testing reveals the actual 
performance of patients in a structured setting.  
Several studies showed that the assessed limitations inferred from different 
perspectives correlate weakly;34,37,38 the extent of differences between the 
assessed limitations of the three perspectives, however, has not been investigated.  
 
AIM OF THE THESIS 

In this thesis some of the psychometric properties of the mentioned instruments 
will be investigated to determine their usefulness in Rehabilitation Medicine in 
CLBP patients. Furthermore, the differences between limitations inferred from 
self-report, clinical examination and functional testing will be studied. 
 
The main research questions answered in this thesis are:  
 
ADL-related instrument 
- What is the reliability and stability of the Dutch language version of the 

Roland Morris Disability Questionnaire? 
- What is the responsiveness of the Dutch language version of the Roland 

Morris Disability Questionnaire using different external criteria? 
 
Work-related instruments 
- What is the reliability of the Work & Handicap Questionnaire, the 

Functional Information System, the Functional Ability List, and the 
Isernhagen Work Systems Functional Capacity Evaluation? 

- What are the differences between limitations inferred from self-report, 
clinical examination and functional testing?  
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OUTLINE OF THE THESIS 

The first part of this thesis focuses on the psychometric properties of the ADL-
related instrument: the RMDQ-Dv. Aim of this part of the thesis is to investigate 
the reliability, stability and the responsiveness of this questionnaire. Several 
external criteria are used in one study population to investigate the consequences 
of using an external criterion on the results of the responsiveness study. Chapter 2 
addresses the results of the reliability and stability study of the RMDQ-Dv, 
chapter 3 addresses the results of the responsiveness of the RMDQ-Dv.  
The second part of the thesis focuses on the psychometric properties of the work-
related instruments, the WHQ, the FIS, the FAL and the IWS FCE. In this thesis 
the reliability of the work-related instruments will be investigated as the first 
important step in studying the psychometric properties of the instruments. 
Chapter 4 addresses the test-retest reliability of two questionnaires (WHQ and 
FAL) for measuring work-related disabilities. Chapter 5 addresses the finding of 
an inter- and intra-rater reliability of two clinical instruments (FIS and FAL) for 
the assessment of work ability. Chapter 6 addresses the reliability of the IWS 
FCE in CLBP patients. To compare the reliability results of CLBP patients with 
healthy subjects, chapter 7 addresses the reliability results of the IWS FCE in 
healthy subjects.  
Chapter 8 addresses the comparison of assessed work limitations inferred from 
self-report, clinical examination and IWS FCE in CLBP patients. To compare the 
results, patient (self-report), physician (clinical examination) and evaluator (IWS 
FCE) all filled out the same scoring form (FAL).  
Finally, chapter 9 addresses the main findings of the studies and the clinical 
implications of these findings, general conclusions are presented and 
recommendations for further research are suggested. 
 
In figure 2 the design of this thesis is presented. The instruments are classified in 
ADL- and work-related instruments, and after that they are classified on the basis 
of the perspective from which the information has been obtained (self-report, 
clinical examination and functional testing). The WHQ includes both ADL- and 
work-related items, therefore classified as ADL- and work-related instruments. 
The FAL is classified under self-report, clinical examination as well as functional 
testing, because it is used as a scoring form to all three perspectives to answer the 
fourth research question. Finally, the types of studies performed are described. 
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Disability  
     
   
Domain   work limitations         ADL limitations 
   
  
Perspective self report  clinical examination functional testing  self-report 
 
 
Instruments WHQ FAL  FIS         FAL       IWS  FAL        WHQ    RMDQ 
                                
 
Studies  test-retest reliability intra- & inter-          test-retest reliability test-retest reliability 
              rater reliability          
  
                                                        

comparing self-report, clinical examination and functional testing      responsiveness 
     
Figure 2.  Design of the thesis 
 
WHQ: Work & Handicap Questionnaire  
FAL: Functional Ability List, questionnaire/scoring form filled out by the patient, the physician and the evaluator  
FIS:  Functional Information System, which consists of a scoring list filled out by the physician 
IWS: Isernhagen Work Systems Functional Capacity Evaluation  
RMDQ: Roland Morris Disability Questionnaire 
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Chapter 2 

ABSTRACT 

Objective: To analyse test-retest reliability and stability of the Dutch language 
version of the Roland Morris Disability Questionnaire (RMDQ-Dv) in a sample 
of patients (n=30) suffering from Chronic Low Back Pain (CLBP).   
Design: Test-retest reliability was studied after the patients filled out the RMDQ-
Dv twice with a two-week interval and before starting the rehabilitation program. 
Intra Class Correlation (ICC), (one way random) was used as a measure for 
reliability and the limits of agreement were calculated for quantifying the 
stability. An ICC of 0.75 or more was considered as an acceptable reliability. No 
criteria for limits of agreement were available. However, smaller limits of 
agreement indicate more stability because it indicates that the natural variation is 
small. 
Subjects: Thirty patients (24 male and 6 female) with CLBP participated in this 
study. All patients were referred for treatment in a rehabilitation centre between 
May 2000 and April 2001 and agreed to participate. Demographics and medical 
history were obtained of all patients. The mean age of the patients was 40 years 
(SD 8.1). The duration of low back pain ranged between 5 and 10 years. Patients 
were off work for a mean of 17 weeks (SD 19.2). Fifteen patients (50%) were 
receiving financial compensation. 
Results: The RMDQ-Dv showed good reliability, with an ICC of 0.91. 
Calculating limits of agreement to quantify the stability, a large amount of natural 
variation (± 5.4) was found relative to the total scoring range of 0 to 24.  
Conclusion: The RMDQ-Dv proves to be a reliable instrument to measure 
functional status in CLBP patients. However, the natural variation should be 
taken into account when using it clinically. 
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Reliability and stability of the RMDQ 

INTRODUCTION 

Functional status is an important evaluative outcome measure in low back pain 
rehabilitation.1,2 To assess changes in functional status after treatment in patients 
with low back pain, the Roland Morris Disability Questionnaire (RMDQ) is 
frequently used.2-4 The RMDQ is derived from the Sickness Impact Profile, a 
general health questionnaire.5

 
To assess functional status, it is important that the reliability of the instrument is 
good and that repeated measures in individuals remain stable over time,6 in the 
absence of treatment. In reliability studies of the RMDQ, Pearson correlation 
coefficient is often used as a measure for reliability.2,7,8 Pearson correlation 
reflects the extent to which two repeated measures can be fitted by a straight line. 
The disadvantage of this statistic measure is that repeated measures may differ 
systematically (statistically), yet correlate highly or perfectly. By contrast, the 
intra-class correlation coefficient (ICC) assesses not only the strength of 
correlation, but also if all measures on each subject are identical, and do not differ 
systematically. Therefore, ICC is preferable over the Pearson correlation to use as 
measure for reliability. But usually the Pearson coefficient will be higher than the 
ICC and may be used more often for that reason. 
 
Stability over time, in the absence of treatment, may be influenced by within-
patient variance and random errors. These sources of variance may lead to 
instability or fluctuations on the RMDQ-scale: 'natural variations'.6 If a person 
fills out the same questionnaire on two occasions, it is relevant to know what 
variation in test scores can be expected in the absence of treatment. To investigate 
this natural variation on the RMDQ-scale, limits of agreement can be calculated 
according to the method of Bland and Altman.9 In an individual patient the 
change due to treatment should exceed these limits of agreement before one can 
state that the treatment has been effective. Therefore, limits of agreement should 
be taken into account when using the RMDQ clinically. 
 
The English language version of the RMDQ shows good reliability.1,7,10 
However, limits of agreement have not been investigated. A validated Dutch 
language version of the RMDQ (RMDQ-Dv) is available,11 but test-retest 
reliability and limits of agreement have not been investigated previously.  
The aim of this study is to investigate the test-retest reliability of the RMDQ-Dv 
in patients with chronic low back pain (CLBP), using ICC as measure for 
reliability, as well as to quantify the stability of the RMDQ-Dv by calculating 
limits of agreement.   
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METHODS 

General procedure 
Patients with CLBP were recruited from the population who were admitted for 
rehabilitation treatment of the Centre for Rehabilitation at the University Hospital 
Groningen. Patients were included in the study if they were between 18-65 years 
of age, still at work, or were less than 1 year out off work due to CLBP. 
Exclusion criteria were specific low back pain, entirely off work for a year or 
more, cardiovascular or pulmonary diseases, pregnancy, addiction, and 
psychopathology. Patients filled out the RMDQ-Dv twice, before starting the 
rehabilitation program, with a two-week interval. Time, day and place of 
assessment were held constant for the two test-sessions. The present study was 
approved by the Medical Ethical Committee of the University Hospital 
Groningen. 
 
Subjects 
Thirty patients (24 male and 6 female) with CLBP participated in this study. All 
patients were referred for treatment in a rehabilitation centre between May 2000 
and April 2001 and agreed to participate. Demographics and medical history were 
obtained of all patients. The mean age of the patients was 40 years (SD 8.1). The 
duration of low back pain ranged between 5 and 10 years. Patients were off work 
for a mean of 17 weeks (SD 19.2). Fifteen patients (50%) were receiving 
financial compensation. 
 
RMDQ-Dv 
The RMDQ-Dv is a translation of the original RMDQ.8 It assesses perceived 
limitations in 24 activities of daily living dichotomously. The sum score is 
calculated by summing the "yes" answers. The scale ranges from 0 (no disability) 
to 24 (severe disability).  
 
Data analyses 
Descriptive statistics were calculated for the total scores of the two test-sessions. 
Test-retest reliability was determined by means of a paired t-test, Intra Class 
Correlation (ICC, one way random) for the sum scores. Limits of agreement were 
used to determine the natural variation for quantifying stability over time.9,12 To 
calculate limits of agreement, a plot of the difference between the two sessions 
for each patient against the mean of each patient of the two sessions was made. 
Then the average difference in the two sessions, and the standard deviation of the 
difference between the two scores (SDchange) were calculated. Finally, the limits 
of agreement were calculated, equal to twice the standard deviation. An ICC 
above 0.75 was considered as good reliability.13-15 No criteria for interpretation of 
the limits of agreement were available. However, smaller limits of agreement 
indicate more stability because it indicates that the natural variation is small. Data 
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analyses were performed using the Statistical Package for Social Sciences (SPSS 
10.0).  
 

RESULTS 

Mean of the sum score in the first and second session was respectively 13.0 (SD 
4.8) and 12.1 (SD 5.0). The mean difference was 0.83 (SD 2.7) (95% CI of the 
difference: -0.2 to 1.8). The ICC was 0.91 (95% CI: 0.82 to 0.96). Limits of 
agreement were ± 5.4 (figure 1).  
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Figure 1.  Difference between RMDQ1 and RMDQ 2 plotted against 
 average of RMDQ1 and RMDQ2 
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DISCUSSION 

No systematic differences were found in the sum score of the first and the second 
session. The reliability of the RMDQ-Dv was good (ICC (one way random) 
above the criterion of 0.75). Similar results of ICCs of 0.75 or higher were found 
in many other RMDQ studies.10,16-21 However, also considerable lower ICCs were 
found ranging from 0.42 to 0.66. 21,22 Most studies with ICC values of ≥ 0.75 
used an interval of 1-14 days between the two sessions, whereas for the studies 
with ICCs below 0.75, the interval was 6 weeks or more. Almost all studies with 
a time interval of more than two weeks have lower ICCs than the studies with an 
interval of two weeks or less. An explanation of this phenomenon might be that a 
shorter interval between the two sessions may result in patients remembering the 
score of the previous session. A larger interval between the two sessions may 
result in loss of remembering the score of the previous session and change of 
clinical status in that period. Reliability of functional status questionnaires may be 
best measured using an interval of 1-2 weeks, a period in which the clinical status 
is reasonably stable in chronic pain patients. 4 In our study we used an interval of 
two weeks. 
Comparing studies using Pearson correlation2,7,8 with studies using ICC10,16-21 as a 
measure of reliability, it appears that the magnitude of Pearson and ICC are 
similar, i.e. the reliability is good. This suggests that the predominant source of 
error is due to random variation instead of a systematic difference. Under these 
circumstances, the Pearson and ICC are very similar.14  
 
To quantify stability, we investigated the natural variation by calculating limits of 
agreement according to the method of Bland and Altman.9 Despite the good 
reliability (ICC), the limits of agreement (± 5.4) were large relative to the total 
scoring range of 0 to 24. This means that within-patient variance or random errors 
have led to instability in measurement results, approximately 95% of all 
differences within persons will lie between ± 5.4. This large amount of natural 
variation should be taken into account when using the RMDQ-Dv clinically. 
Effects of therapy should exceed the limits of agreement before one can state that 
the treatment has been effective. Post-hoc analysis showed that for all items ≥ 
70% of the scores were the same for the two sessions. Thus, the large amount of 
natural variation could not be contributed to some specific items. 
 
De Vet et al.6 used the Smallest Real Differences for individuals (SRDindividual) as 
measure for quantifying the stability of the RMDQ-Dv. Despite the use of 
different terms, the calculation of the limits of agreement and SRDindividual are 
the same. We found limits of agreement of 5.4 on a scale of 0-24, de Vet et al.6 
found a SRDindividual value of 5.9. Limits of agreement, in our study, were 
calculated on the basis of scores collected before patients started the intervention, 
to minimize the possibility that a clinically important change of the construct 
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would occur in the period of data collecting. The study of de Vet et al.,6 however, 
is an intervention study and the SRDindividual was calculated on the basis of the 
scores of a group of patients who rated themselves as not clinically important 
changed despite the intervention. An estimation of not clinically important 
changed was obtained by global perceived effect assessed by the patient on a 7-
points transition scale (1= completely recovered, 7 = vastly worsened).23 The 
validity of a transition scale however is problematic; it cannot be regarded as a 
'golden standard'. Bias may affect subjective assessment of change, patients do 
not remember correctly how they felt at the beginning of treatment. Moreover, 
they usually underestimate their initial state, resulting in exaggerating the effect 
of the program.14 Classifying patients as "changed" or "not-changed" on the basis 
of these results may be biased.   
 
Limits of agreement can also be used as a cut-off score for change in an 
intervention study or in daily practice. The cut-off change score determines the 
minimum change that is considered to be clinically relevant.24,25 Based on our 
results, patients have to change at least 6 points on a scale of 0-24 of the RMDQ-
Dv to exceed the natural variation and to be judged as having really changed.  
Several intervention studies have determined the cut-off score for change of the 
RMDQ,4,21,26,27 ranging from 2 to 5 points. These studies underestimate the height 
of the cut-off score; changes on the RMDQ scale ranging from 2 to 5 points 
cannot be detected as a clinically relevant change, given the natural variation we 
found.   
 

CONCLUSION 

The RMDQ-Dv proves to be a reliable instrument to assess functional status in 
CLBP patients. However, a large amount of natural variation (± 5.4) was found 
relative to the total scoring range of 0 to 24.  
 

 19



Chapter 2 

REFERENCES 

1. Deyo R. Comparative validity of the Sickness Impact Profile and Shorter 
scales for Functional Assessment in Low-Back Pain. Spine 1986;11:951-
954. 

2. Bombardier C. Outcome assessments in the evaluation of treatment of 
spinal disorders: summary and general recommendations. Spine 
2000;25:3100-3103.  

3. Roland M, Fairbank J. The Roland-Morris Disability Questionnaire and 
the Oswestry Disability Questionnaire. Spine 2000;25:3115-3124. 

4. Beurskens AJ, de Vet HC, Köke AJ, van der Heijden GJ, Knipschild PG.  
Measuring the functional status of patients with low back pain. Spine 
1995;20:1017-1028. 

5. Bergner M, Bobbitt RA, Carter WB, Gilson BS. Sickness Impact Profile: 
Development and final revision of health status measure.  Med Care 
1981;19:787-805. 

6. De Vet HCW, Bouter LM, Bezemer PD. Reproducibility and 
responsiveness of evaluative outcome measures. Int J Technol Assess 
Health Care 2001;17:479-487. 

7. Jensen MP, Strom SE, Turner J, Romano JM. Validity of the sickness 
impact profile Roland scale as a measure of dysfunction in chronic pain 
patients. Pain 1992;50:157-162. 

8. Roland M, Morris R. A study of the natural history of back pain, part I: 
development of a reliable and sensitive measure of disability in low back 
pain. Spine 1983;8:141-144. 

9. Bland JM, Altman DG. Statistical methods for assessing agreement 
between two methods of clinical measurement. Lancet 1986;i:307-310. 

10. Stratford PW, Binkley JM, Riddle DL. Development and initial validation 
of the back pain functional scale. Spine 2000;25:2095-2102. 

11. Gommans IHB, Koes BW, van Tulder MW. Validiteit en responsiviteit 
Nederlandstalige Roland Disability Questionnaire. Vragenlijst naar 
functionele status bij patiënten met lage rugpijn. Ned Tijdschr Fysiother 
1997;107:28-33. 

12. Altman DG, Bland JM. Measurement in Medicine: The analysis of method 
comparison studies. Statistician 1983;32:307-317. 

13. Lee J, Koh D, Ong CN.  Statistical evaluation of agreement between two 
methods for measuring quantitative variables. Comput Biol Med 1989; 
19:61-70. 

14. Streiner DL, Norman GR. Health Measurement Scales: A practical Guide 
to Their Development and Use. Oxford: Oxford University Press, 1995: 
104-127. 

15. Tammemagi MC, Frank JW, LeBlanc M, Artsob H, Streiner DL.  
Methodological issues in assessing reproducibility - A comparative study 

20 



Reliability and stability of the RMDQ 

of various indices of reproducibility applied to repeat elisa serologic tests 
for lyme disease.  J Clin Epidemiol 1995;48:1123-1132. 

16. Johansson E, Lindberg P. Subacute and chronic low back pain: reliability 
and validity of a Swedish language version of the Roland and Morris 
disability Questionnaire. Scand J Rehabil Med 1998;30:139-143. 

17. Kopec JA, Esdaile JM, Abrahamowicz M, Abenhaim L, Wood-Dauphinee 
S, Lamping DL, Williams JI. The Quebec Back pain disability scale: 
measurement  properties. Spine 1995;20: 341-352. 

18. Nusbaum L, Natour J, Ferraz MB, Goldenberg J. Translation, adaptation 
and validitation of the Roland-Morris questionnaire: Brazil Roland-Morris. 
Brazil J Med Biol Res 2001;34:203-210. 

19. Underwood MR, Barnett AG, Vickers MR. Evaluation of two time-
specific back pain outcome measure.  Spine 1999;24:1104-1112. 

20. Jacob T, Baras M, Zeev A, Epstein L. Low back pain: reliability of a set of 
pain measurement tools. Arch Phys Med Rehabil 2001;82:735-742. 

21. Patrick DL, Deyo RA, Atlas SJ, Singer DE, Chapin A, Keller RB. 
Assessing health-related quality of life in patients with sciatica. Spine 
1995;20:1899-1908. 

22. Davidson M, Keating JL. A comparison of five low back disability 
questionnaires: reliability and responsiveness. Phys Ther 2002;82: 8-24. 

23. Beurskens AJ, de Vet HC, Köke AJ.  Responsiveness of functional status 
in low back pain. A comparison of different instruments. Pain 1996;65:71-
76. 

24. Goldsmith CH, Boers M, Bombardier C, Tugwell P. Criteria for clinically 
important changes in outcomes: Development, scoring and evaluation of 
rheumatoid arthritis patient and trial profiles. J Rheumatol 1993;20:561-
565. 

25. Wells GA, Tugwell P, Kraag GR, Baker PR, Groh J, Redelmeier DA. 
Minimum important difference between patients with rheumatoid arthritis: 
The patient's perspective. J  Rheumatol 1993;20:557-560. 

26. Deyo RA, Centor RM. Assessing the responsiveness of functional scales 
to clinical change: an analogy to diagnostic test performance. J Chron Dis 
1986;11:897-906. 

27. Stratford PW, Binkley JM, Solomon P, Gill C, Finch E. Assessing change 
over time in patients with low back pain. Phys Ther 1994;74:528-533.  

 
 

 21



 

22 



 

 

RESPONSIVENESS OF THE ROLAND MORRIS 

DISABILITY QUESTIONNAIRE:  

CONSEQUENCES OF USING DIFFERENT EXTERNAL CRITERIA 

 

 
 
 
 
 
 
CHAPTER 3  

 
P  

Joh  
J  

 
 
 
 
 
                 
      
                                      
Wietske Kuijer
Sandra Brouwer
ieter U. Dijkstra

Wim Jorritsma
an W. Groothoff

an H.B. Geertzen
 
Submitted
 23



Chapter 3 

ABSTRACT 

Objective: To determine consequences of using different external criteria on 
responsiveness of the RMDQ in patients with Chronic Low Back Pain.  
Design: Questionnaire measures before and after rehabilitation treatment, to 
determine responsiveness.  
Subjects: Eighty-three patients with non-specific chronic low back pain, referred 
for treatment. 
Main measures: The Dutch language version of the Roland Morris Disability 
Questionnaire (RMDQ-Dv) was used to assess self-reported functional status. 
The used external criteria were: 1. Global perceived effect of change in 
complaints. 2. Global perceived effect of change in ability to take care of oneself. 
3. Change in rating of pain intensity. 4. Smallest Real Difference (SRD). 
Standardised response means (SRMs), pooled effect sizes and Receiver Operating 
Curves were calculated to determine responsiveness and to enable comparison of 
effect sizes with the thresholds of Cohen.     
Results: SRMs ranged from 1.33 to 3.45, pooled effect sizes ranged from 1.50 to 
2.81, and areas under curves ranged from 0.76 to 1.00, dependent on the used 
external criterion.  
Conclusion: Considerable differences were found in responsiveness, when using 
different external criteria. However, all pooled effect sizes were well above 0.80, 
and all other statistics were high, indicating good responsiveness of the RMDQ-
Dv. Therefore, the RMDQ-Dv is able to distinguish between improved and non-
improved patients independent of the used external criterion.  
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INTRODUCTION 

The Roland Morris Disability Questionnaire (RMDQ) is often used as an 
evaluative outcome measure in patients with chronic low back pain (CLBP),1-3 to 
assess change in self-reported functional status after treatment.  
Evaluative outcome measures should be reliable and responsive to be able to 
assess change.4-6 Both the English and Dutch language version of the RMDQ 
show good reliability when using a time interval < three weeks (Pearson's r = 0.83 
and Intra Class Correlations range from 0.79 to 0.91).7-12 Despite the good 
reliability, smallest real differences of 5.4 and 5.9 show that substantial variation 
must be taken into account when the RMDQ is used in a clinical setting.7,13 The 
responsiveness of the English and Dutch language version of the RMDQ has also 
been investigated in several studies. However, different outcomes were found for 
both versions. Responsiveness statistics, such as areas under curves, ranged from 
0.68 to 0.84 for the English version,14-17 and from 0.68 to 0.93 for the Dutch 
version.1,13,18 Effect sizes ranged from 0.50 to 1.60 for the English version14,19-21 
and from 0.58 to 2.02 for the Dutch version.18,22  
 
No clarity exists in literature about responsiveness.23,24 Different external criteria 
are used to determine whether a patient has achieved a clinically important 
change in functional status, due to the absence of a gold standard to measure 
clinically important change. Furthermore, the terminology and calculation of 
responsiveness statistics as effect sizes and standardised response means may 
vary considerably,12 depending on the type of change that is intended to be 
measured, 10,24 change in general, clinically important change, or the ability to 
detect changes in the construct being measured.24 Previous studies evaluating the 
responsiveness of the RMDQ, used different external criteria, such as a global 
rating scale of magnitude in or importance of change (15-points),17,21 a global 
rating scale of change in low back pain (7-points),1,13 and a global rating scale of 
change in complaints (5-points).18 Additionally, the terminology and calculation 
of responsiveness statistics varied in previous studies. Therefore, the previously 
found responsiveness statistics for the RMDQ can not be interpreted similarly. 
Additionally, whether the previously found effect sizes are trivial (≥ .20), small 
(≥ .20, < .50), moderate (≥ .50, < .80) or large (≥ .80), is not clear, because not all 
studies used the pooled effect size, as is needed for a direct comparison with these 
thresholds of Cohen.8 
 
Because the lack of clarity about the definition of responsiveness, different 
external criteria1,8,21,22,25 and unambiguous responsiveness statistics should be 
used in the same study to determine responsiveness of an evaluative outcome 
instrument. The aim of this study is to determine consequences of using different 
external criteria on the responsiveness of the RMDQ-Dv, in patients with CLBP.  
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METHODS 

Subjects 
An existing clinical database was used. Data were gathered before and after 
rehabilitation treatments of patients with non-specific CLBP in rehabilitation 
centre Beatrixoord in Haren, the Netherlands. In total, 83 patients (44 male and 
39 female), with a mean age of 38.5 years (SD 9.7), participated, and filled out 
the RMDQ-Dv before and after treatment. The mean RMDQ score before 
treatment was 10.9 (SD 4.7). The mean duration of treatment was 28 weeks (SD 
14.5), including one to two treatment sessions per week.  
 
Outcome measure 
The Dutch language version of the Roland Morris Disability Questionnaire 
(RMDQ-Dv) was used to assess self-reported functional status before and after 
treatment. The RMDQ is derived from the Sickness Impact Profile, a general 
health questionnaire,26 and assesses, dichotomously, perceived limitations due to 
low back pain in 24 activities of daily living. The time frame used in this study 
was ‘the past few days’. The sum score is calculated by summing the ‘yes’ 
answers. The scale ranges from zero (no disability) to 24 (severe disability).  
 
External criteria 
Different external criteria were used to analyse the responsiveness of the RMDQ-
Dv. First, the global perceived effect of change in complaints due to CLBP (7-
points scale, ranging from 'completely recovered' to 'worse than ever'). Patients 
were improved if they scored ‘completely recovered' or 'much recovered’. 
Second, the global perceived effect of change in ability to take care of oneself (4-
points scale, ranging from 'much improved' to 'not improved'). Patients were 
improved if they scored ‘much improved’. Third, change in rating of pain 
intensity. Three 10-point pain intensity scales were used before and after 
treatment, representing ‘pain when as worst’, ‘pain when as least’ and ‘pain right 
now’. All scales were used as a separate external criterion. Additionally, the mean 
of the three scales represented the fourth pain intensity criterion. According to 
patients' ratings of pain intensity, patients were improved if the change score was 
2 units or more on the pain scales.4,9,27 Finally, smallest real difference (SRD) of 
the RMDQ-Dv was used as external criterion.13 Patients were improved if their 
change score exceeded the SRD of the RMDQ-Dv; so if they changed 6 points or 
more.7,13 
 
Responsiveness statistics 
Standardised response means (SRM) were calculated as the ratio of the mean 
difference of the improved group and the standard deviation of this mean 
difference. The higher the SRM, the better the responsiveness. Pooled effect sizes 
were calculated as the ratio of mean difference of the improved group and the 
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pooled standard deviation of the improved group (SDpooled improved), in which 
SDpooled improved = ∆[(SDbefore treatment

2
 + SDafter treatment

2)/2]. Effect sizes are large 
when exceeding 0.80.8 Receiver operating curves (ROC) were calculated. The 
test whose ROC encloses (below and to the right) the largest area (area under 
curves (AUC) approximates to 1.00) is the most accurate one.28 AUC could range 
from 0.50 (no accuracy in discriminating improved from non-improved patients) 
to 1.00 (perfect accuracy in discriminating improved from non-improved 
patients). The four different external criteria were used to determine the improved 
group, as is necessary in the calculations of these statistics.    
 
Data analyses 
An RMDQ-score defined as 'no limitations' can vary from 0 to 5 points, based 
upon the established SRD of the RMDQ-Dv. Therefore, it was decided to perform 
all analyses not only in the total improved group, but also in an improved group 
of patients with an initial score ≥ 6. Only these patients are 'certain' of having a 
limitation in self-reported functional status due to CLBP (initial RMDQ-score > 
SRD), and can show improvement according to the SRD of the RMDQ.  
 
To calculate the association between the different external criteria, Spearman 
rank correlation coefficients were calculated. To calculate the association 
between the different external criteria and RMDQ change scores, Pearson 
correlation coefficients were calculated. Missing data were excluded pair-wise 
from analyses. The SRD criterion is not compared with the other external criteria 
and with the RMDQ-change score, because this criterion is only a cut-off score. 
No correlation coefficients were calculated between mean pain intensity score 
and other pain scores, because the mean score is computed from the other pain 
scores. Therefore, these scores are not independent of each other. Means and 
standard deviations of the RMDQ before and after treatment, and mean difference 
and the standard deviation of the difference were calculated for the different 
groups of patients classified as improved by the different external criteria. 
Additionally, SRMs, pooled effect sizes, and ROCs were calculated. Finally, the 
number of improved patients classified by combinations of the different external 
criteria was calculated. 
 

 27



Chapter 3 

RESULTS 

All results are shown for both improved patients and improved patients with an 
initial RMDQ score ≥ 6, classified by the different external criteria. All improved 
patients classified by the SRD criterion have an initial RMDQ score ≥ 6. 
Therefore, only one group of patients is shown according to this criterion.   
Spearman rank correlation coefficients between the different external criteria and 
Pearson correlation coefficients between the different external criteria and the 
RMDQ change score range from 0.27 to 0.85 (table 1). Valid percentages of the 
improved patients are presented in table 2, as well as means, standard deviations 
of initial, post and RMDQ change scores, effect sizes (SRMs and pooled effect 
sizes), and AUC with confidence intervals. SRMs range from 1.33 to 3.45. 
Pooled effect sizes range from 1.50 to 2.81. AUC range from 0.76 to 1.00. In 
total, 16 patients are classified as improved if all external criteria are applied. 
Applying a single external criterion, 30 to 39 patients are classified as improved, 
dependent of the used external criterion. 
 
Table 1.  Relationships between change in self-reported functional status and 

different external criteria* 
 ∆ RMDQ¹ Complaints Taking 

care of 
oneself 

∆ Pain 
least 

 

∆ Pain 
worst 

Complaints² -0.59     
Taking care of 
oneself³ 

-051 0.78    

∆ Pain mean4 0.85 -0.56 -0.43   
∆ Pain least5 0.66 -0.41 -0.27   
∆ Pain worst6 0.80 -0.50 -0.38 0.76  
∆ Pain now7 0.80 -0.60 -0.47 0.72 0.77 
*All coefficients were significant at p ≥ 0.001 
¹change in self-reported functional status, measured by the RMDQ-Dv 
²global rating of change in complaints 
³global rating of change in taking care of oneself 
4mean pain intensity difference 
5pain intensity difference ‘pain when as least’ 
6pain intensity difference ‘pain when as worst’ 
7pain intensity difference ‘pain right now’ 
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DISCUSSION 

The choice of the external criterion influences the size of the responsiveness 
statistic. In our study, comparing application of external criteria in the same study 
population, considerable differences in effect sizes were found. The differences in 
effect sizes amounted to 2.12 points. Additionally, the differences found in AUC 
amounted to 0.24. Refrained from these large differences, comparison of pooled 
effect sizes with the thresholds of Cohen showed that all effect sizes were ranging 
well above 0.80. Furthermore, all AUC were above 0.75. These results indicate 
good responsiveness of the RMDQ-Dv, independent of the used external 
criterion. 
 
In order to compare our results with previous studies, we calculated a SRM. The 
effect sizes found in our study ranged from 1.33 to 3.45. This means that a large 
amount of variability in effect sizes can be expected, dependent of the use of the 
chosen external criterion. Previous effect sizes calculated similarly are found of 
respectively 0.58,18 1.01,19 and 2.02.22 The effect size of 0.58 found by Gommans 
et al18 can be explained by a low change score of 2.42 found in that study. This 
change score did not exceed the SRD of 6 points. Based upon this, on group level, 
a real change has not occurred according to the RMDQ-Dv. Pooled effect sizes 
were calculated to enable an adequate comparison of effect sizes with the 
thresholds of Cohen. All pooled effect sizes were well above 0.80, indicating 
good responsiveness, independent of the used external criterion.  
 
In the present study, using SRD as an external criterion yields for both the effect 
sizes and the size of the AUC the highest statistic. It was expected that using this 
statistic as a criterion for change, almost all patients would be classified as 
improved correctly, because SRD as a cut off score for change is not a real 
external criterion, but it is based on the measurement properties of the instrument 
itself. The specificity to change is with the SRD as the cut-off for change per 
definition, for a normal distribution, equal to 95%.13 In our study however, the 
specificity to change was 100%, due to a skewed distribution of RMDQ change 
scores. This means that the estimation, if patients underwent a clinically 
important change, can be made with 100% accuracy in this group of patients. The 
next highest responsiveness statistic is found when using mean pain intensity 
difference as an external criterion, followed by the pain intensity scales ‘pain 
right now’, ‘pain when as least’ and ‘pain when as worst’. We chose to use all 
four pain intensity scales as separate external criteria, because we wanted to 
compare different external criteria in this responsiveness study. The mean pain 
intensity criterion was previously used in a study after responsiveness of the 100-
mm Visual Analogue Scale, specifically aimed at patients with CLBP.6 It should 
be noted however, that the validity of the calculation of this mean pain intensity 
has not been investigated.  
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Table 2.  Characteristics and responsiveness of the RMDQ-Dv, applying different external criteria 
 Criterion Global

rating of 
change in 

complaints 

 Global 
rating of 

taking care 
of oneself 

∆ pain 
intensity 

'pain when 
as least' 

∆ pain 
intensity 

'pain when 
as worst' 

∆ pain 
intensity 

'pain right 
now' 

∆ Mean 
pain 

intensity 
 

Smallest 
Real 

Difference 

All Improved patients
Improved  
(n [valid %]) 

 
39  [48.8] 

 
37 [46.8] 

 
38 [46.9] 

 
30 [37.0] 

 
36 [43.9] 

 
31 [38.3] 

 

Initial RMDQ-score  
(mean [SD]) 

 
11.3 [5.0] 

 
11.4 [5.1] 

 
12.7 [4.1] 

 
12.2 [4.3] 

 
13.2 [3.6] 

 
13.3 [3.2] 

 

Post RMDQ-score   
(mean [SD]) 

 
4.0 [3.6] 

 
4.5 [4.5] 

 
4.6 [3.7] 

 
4.2 [3.4] 

 
4.6 [3.9] 

 
4.3 [3.4] 

 

Mean ∆ RMDQ  
(mean [SD]) 

  

 
7.4 [4.7] 

 
6.9 [5.2] 

 
8.1 [3.8] 

 
8.0 [4.3] 

 
8.6 [3.6] 

 
9.0 [3.4] 

 

SRM* 1.56       
        

1.33 2.16 1.87 2.42 2.64
ESp** 1.68 1.50 2.09 2.07 2.29 2.69
AUC  
[95% c.i.]*** 

.82 
[.73 to .91] 

.76 
[.65 to .87] 

.92 
[.86 to .98] 

.84 
[.75 to .92] 

.94 
[.89 to .98] 

.93 
[.88 to .98] 

 



 

 

 
 
Improved patients with an initial score ≥ 6
Improved  
(n [valid %]) 

 
35 [51.5] 

 
33 [49.3] 

 
35 [51.5]] 

 
27 [39.7] 

 
35 [50.7] 

 
31 [45.6] 

 
35 [50] 

Initial RMDQ-score  
(mean [SD]) 

 
12.8 [3.2] 

 
12.8 [3.1] 

 
13.5 [3.3] 

 
13.2 [3.3] 

 
13.5 [3.3] 

 
13.3 [3.2] 

 
13.6 [3.2] 

Post RMDQ-score   
(mean [SD]) 

 
4.6 [4.0] 

 
5.1 [4.5] 

 
4.8 [3.7] 

 
4.4 [3.5] 

 
4.7 [3.9] 

 
4.3 [3.4] 

 
4.2 [3.5] 

Mean ∆ RMDQ  
(mean [SD]) 

  

 
8.2 [4.1] 

 
7.8 [4.8] 

 
8.7 [3.3] 

 
8.8 [3.8] 

 
8.7 [3.6] 

 
9.0 [3.4] 

 
9.4 [2.7] 

SRM* 1.98       
        

1.62 2.63 2.34 2.45 2.64 3.45
ESp** 2.26 1.98 2.45 2.60 2.39 2.69 2.81
AUC [95% c.i.]*** .85 

[.75 to .94] 
.78 

[.66 to .89] 
.93 

[.87 to 1.00]
.85 

[.76 to .94] 
.92 

[.86 to .98] 
.92 

[.85 to .98] 
1.00 

[1.00] 
* SRM =  standardised response mean = mean difference improved group / SD difference improved group 
**ESp =  pooled effect size = mean difference improved group / SDpooled improved group, in which SDpooled improved group = root mean  
square of the standard deviations before and after treatment of the improved group 
***AUC [95% c.i.] = Area Under Curve [95% confidence interval] 
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The high responsiveness statistic found for the RMDQ-Dv when using the pain 
intensity criteria means that a change in self-reported functional status, is best 
comparable with a change in self-reported pain intensity scores, and 
consequently, pain intensity and functional status are closely related to each 
other.  
 
The relationship between pain and self-reported functional status has been 
investigated in a post hoc analysis. Pearson correlation coefficients were 
calculated between the different initial pain intensity scores and initial RMDQ-Dv 
scores. Correlation coefficients ranged between 0.43 and 0.56 (all were 
significant at p<0.001, table 3). Additionally, Pearson's correlation coefficients 
were calculated between the different change pain intensity scores and RMDQ-
Dv change scores. Correlation coefficients were ranging from 0.66 to 0.85 (table 
1). Although initial pain scores and self-reported functional status measures are 
not strongly related (correlation coefficients ranged from 0.27 to 
0.691,5,6,11,18,22,29,30) it seems that a change in self-reported pain intensity 
accompanies a considerable change in self-reported functional status, as 
Beurskens already suggested.22  
 
 
Table 3. Relationships between self-reported functional status and initial pain 

scores* 
 Initial RMDQ-score 
Initial mean pain intensity 0.56 
Initial pain intensity ‘pain when as least’ 0.43 
Initial pain intensity ‘pain when as worst’ 0.44 
Initial pain intensity ‘pain right now’ 0.55 

* All correlation coefficients were significant at p < 0.001. 
 
 
A discrepancy exists between clinical assessment of patients with CLBP, and 
scientific purposes of determining the responsiveness of the RMDQ-Dv in this 
group of patients. Looking at the SRD of the RMDQ-Dv, in our study, 10-11% of 
the patients is not 'certain' of having a limitation in self-reported functional status 
due to CLBP (initial RMDQ-score < SRD), and can not show any improvement 
according to the SRD. However, these patients were treated for their low back 
complaints, and they did improve according to the external criteria global rating 
of complaints, global rating of taking care of oneself and self-reported change in 
pain intensity. This discrepancy can be explained as follows: firstly, patients' 
limitations concern other domains than functional status in daily life, which is 
assessed by the RMDQ.  Secondly, an improvement on one of the items of the 
RMDQ is that important for the patient, that he or she feels really improved, 
despite the absence of change on other items, the so called patient priority. For 
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these reasons, patients did not improve in self-reported functional status as is 
measured by the RMDQ, but they may have reached their personal treatment 
goals. Thirdly, the global perceived effect measures are only used after treatment. 
Because patients usually underestimate their pre-treatment state, their assessment 
of being improved after treatment may therefore be biased,31 resulting in an 
overestimation of improvement on the global ratings. The pain intensity criteria 
scales are used before and after treatment, but the scales ‘pain when as worst’ and 
‘pain when as least’ also refer to a previous state. Because this discrepancy 
between clinical assessment and research purposes, we decided to dichotomise 
our presentation of results into two groups: all improved patients and the group of 
improved patients with an initial RMDQ score ≥ 6. Lower responsiveness 
statistics are found for all improved patients compared to the improved group 
with an initial RMDQ score ≥ 6, when using global rating of change in 
complaints, global rating of taking care of oneself, and change in pain intensity 
scores ‘pain when as least’, pain when as worst’ and ‘pain right now’ as external 
criteria. These differences in responsiveness statistics between both groups can be 
explained by baseline score variability. If baseline-score variability decreases, 
which occurs when excluding patients with an initial score ≥ 6, the 
responsiveness of a measurement increases.32 When using the criteria of mean 
pain intensity or SRD, exactly the same patients were classified as ‘improved’ for 
all patients as for the group with an initial score ≥ 6, thus no change in baseline 
score variability occurs. Additionally, the ability of the RMDQ to detect changes 
diminishes when small limitations exist in self-reported functional status, as 
assessed by the RMDQ.17,33  
 
It can be concluded that considerable differences were found in responsiveness 
statistics, when using different external criteria. However, good responsiveness is 
found for the RMDQ, independent of the used external criterion and therefore, the 
RMDQ is able to distinguish between improved and non-improved patients. This 
means that the RMDQ-Dv can be used to determine whether a patient has 
changed in self-reported functional status after treatment.  
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ABSTRACT 

Objective: To investigate the test-retest reliability of two work limitation 
questionnaires in patients with chronic low back pain (CLBP). 
Design: Test-retest reliability was studied after the patient filled out the 
Functional Ability List (FAL) and the Work & Handicap Questionnaire (WHQ) 
twice within two weeks. A Kappa value of more than 0.60, absolute agreement of 
more than 80% and ICC of more than 0.75 were considered as acceptable.  
Subjects: Thirty patients with CLBP who were admitted for rehabilitation 
treatment.  
Results: Acceptable reliability was found for 5 out of 26 items (19%) of the FAL, 
15 out of the 28 items (54%) of the ADL part of the WHQ, 3 out of 27 items 
(11%) and 3 out of 9 items (33%) of the work part of the WHQ. An ICC of 0.82 
was found for the ADL part, 0.42 and 0.33 for the work part of the WHQ.  
Conclusion: The test-retest reliability is unacceptable for most items of the FAL 
and the WHQ and therefore these questionnaires are not useful to assess work 
limitations in CLBP patients.  
 

 

 38



Reliability of  two work limitation questionnaires 

INTRODUCTION 

Chronic low back pain (CLBP) has considerable impact on the functional status 
of patients involved. It limits the ability to perform activities in daily living 
(ADL) and in work.1 In Rehabilitation Medicine, several questionnaires are in 
use, developed to measure limitations in ADL, like the Roland Morris Disability 
Questionnaire (RMDQ)2,3 and Oswestry Low Back Pain Questionnaire4 and 
Quebec Back Pain Disability Questionnaire (QBPDQ).5 These questionnaires 
focus on the limitations in ADL.2,6 Since low back pain is the primary cause of 
work absence, with huge costs,7,8 questionnaires developed to measure limitations 
in the performance of work-related activities are of high interest. In Rehabilitation 
Medicine, work-related questionnaires are absent.  
 
A useful work-related questionnaire should include those activities which are 
relevant to daily work functioning and may be affected by CLBP. In general, 
most work-related instruments are based on the Dictionary of Occupational Titles 
(DOT). 9,10 This taxonomy has been described by the US Department of Labour 
and has gained support in many countries around the world. It describes, among 
other things, the most important work-related activities (like lifting, bending, 
standing). The content validity of a work-related instrument is deemed sufficient 
when it is based on the DOT taxonomy.11 A useful questionnaire in Rehabilitation 
Medicine, therefore, should at least include these DOT-activities.  
 
To locate an existing questionnaire is justified, because the development of a new 
questionnaire requires a lot of time and effort.12 Outside Rehabilitation Medicine, 
some questionnaires have been developed to measure work limitations, they 
include these DOT-activities. In the Netherlands, two such questionnaires are 
available, the Functional Ability List (FAL) and the Work & Handicap 
Questionnaire (WHQ). The FAL is in use in Social Insurance Medicine and the 
WHQ in Occupational Research. To determine whether the FAL and WHQ can 
be used as questionnaires to assess work limitations in patients suffering from 
CLBP in Rehabilitation Medicine, the reliability of the questionnaire, among 
other psychometric properties, has to be known. No studies are available that 
investigated the reliability of these questionnaires. The aim of the present study 
was to investigate the test-retest reliability of the FAL and WHQ in a sample of 
patients suffering from CLBP who were admitted for rehabilitation treatment.  
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METHODS 

Questionnaires 
 
Functional Ability List (FAL) 
The FAL has been developed within the scope of the Dutch social insurance 
system by the ‘Claim Beoordelings- en Borgings Systeem’ (CBBS). It is used as 
the official standard form in the workers’ compensation system filled out by 
social insurance physicians in daily practice. The questionnaire consists of two 
main domains: the psychological domain and the physical domain. The domains 
of the FAL can be regarded as separate identities which allow separate analyses. 
Because the focus in the present study was on limitations in the performance of 
physical activities due to CLBP, only the physical domain was assessed for its 
reliability. This domain consists of 26 work-related activities, divided into two 
groups of activities: body movements (16 items) and body postures (10 items). 
Subjects were questioned about the ability to perform these activities and to score 
these abilities on an ordinal rating scale ranging from 'normal' to 'severely 
limited'.  
 
Work & Handicap Questionnaire (WHQ) 
The WHQ has been developed by the Netherlands Organisation for applied 
Scientific Research (TNO) within the scope of a vocational handicap research 
programme.13 The main domains of the WHQ are personal data, disability data 
and vocational data. In this study only the disability part was used, because this 
part focuses on the work-related activities. Just as for the FAL, the domains can 
be regarded as separate identities which allow separate analyses. The 
questionnaire consists of two parts: 1. about ADL, 2. about work-related 
activities. In this study both parts have been included to compare the difference in 
reliability between an ADL- and a work-related questionnaire. Subjects were first 
asked whether they are limited in the performance of 28 activities in daily living 
(yes/no). Subjects were then asked about 27 work-related activities in two ways: 
a. whether an activity is required for the job (yes/no), b. whether the subject was 
limited in the performance of that activity (yes/no). If the subject scored that the 
activity was required for the job, they filled in the second question about 
limitations in the performance in the work situation.  
 
Procedure 
Subjects were recruited from the CLBP population who were admitted for 
rehabilitation treatment of the Centre for Rehabilitation at the University Hospital 
Groningen. They were included in the study if they were between 18-65 years of 
age, still at work, or were less than 1 year out off work due to CLBP. Exclusion 
criteria were specific low back pain, cardiovascular or pulmonary diseases, 
pregnancy, addiction, and psychopathology. Before starting the rehabilitation 
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program patients filled out the questionnaires twice, with a two-week interval. 
Time, day and place of assessment were held constant for the two test-sessions.  
 
Subjects 
Thirty subjects (24 male and 6 female) with CLBP participated in this study. All 
subjects were referred for treatment in a rehabilitation centre between May 2000 
and April 2001 and agreed to participate. Demographics and medical history were 
obtained of all subjects. The mean age of the subjects was 40 years (SD 8.1 yr.). 
The duration of low back pain ranged between 5 and 10 years. Fifteen subjects 
(50%) were off work for a mean of 17 weeks (SD 19.2).  
 
Data analyses 
For the investigation of test-retest reliability two indices of reliability were 
calculated: Kappa and percentage absolute agreement. Cohen’s Kappa was 
calculated for dichotomous data and weighted Kappa for ordinal data. A Kappa 
value of more than 0.60 was considered to be acceptable.14 Arbitrary, a 
percentage of absolute agreement of 80% was determined to be acceptable.  
For the WHQ, sum scores were calculated and Intra Class Correlation (ICC) was 
used to analyse the reliability between session 1 and session 2 for interval data. 
ICC of 0.75 or higher is considered to be acceptable.12,15 To visualise the 
differences between the results of two measurement sessions of the ADL and  
work part of the WHQ, plots were made of the difference between the two 
sessions for each patient against the mean of each patient of the two sessions.12 
For the FAL, sum scores could not be calculated because of the ordinal scale and 
therefore ICC could not be calculated. The statistical software package Agree 
7.016 was used for the calculation of Kappa values and the statistical software 
package SPSS for Windows was used for percentage agreement calculations. 
 
 
RESULTS 

Test-retest reliability FAL 
Of the 30 subjects included, 29 subjects filled out the questionnaire on both 
sessions. The results of the reliability of the items are presented in table 1. Kappa 
values ranged from 0.18 to 0.71 for the items of the 'body movements' scale and 
from 0.18 to 0.87 for the items of the 'body postures' scale. Percentage of absolute 
agreement ranged from 48 to 90 (53%) of the 'body movements' scale and from 
59 to 97 (61%) of the 'body postures' scale. Kappa values of 0.60 or higher were 
found for 3 of the 16 items (19%) of the 'body movements' scale and for 2 of the 
10 items (20%) of the 'body postures' scale. Percentage of absolute agreement of 
80% or higher were found for 6 of the 16 items (38%) of the 'body movements' 
scale and for 3 of the 10 items (30%) of the 'body postures' scale. 
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Table 1. Test-retest reliability of the FAL (29 paired observations) 
Activities Kappa Agreement 

(%) 
Reliability 

A) Body movements scale    
Reaching (cm) 0.48 76 N 
Sustained and frequent reaching (150-
500 times each hour) 

0.57 72 N 

Bending (degrees) 0.51 69 N 
Sustained and frequent bending (150-
500 times each hour) 

0.66 86 A 

Rotation 0.61 90 A 
Push and pull static 0.36 72 N 
Lifting or carrying(1-15 kg) 0.48 69 N 
Sustained and frequent lifting or 
carrying light (150-500 times per hour) 

0.21 48 N 

Sustained and frequent lifting or 
carrying heavy (50 times each hour) 

0.18 66 N 

Walking (0-30 min) 0.56 76 N 
Sustained walking (part of a day) 0.55 79 N 
Stair climbing 0.48 83 N 
Climbing  0.51 90 N 
Kneeling or squatting  0.42 86 N 
Other limitations in body movements* 0.35 69 N 
Special work requirements* 0.71 86 A 
B) Body postures scale    
Sitting (0–60 min) 0.42 62 N 
Sitting prolonged (part of a day) 0.52 86 N 
Standing (0-30 min) 0.38 59 N 
Standing prolonged (part of a day) 0.87 97 A 
Kneeling or squatting 0.18 59 N 
Bend or rotated 0.24 66 N 
Working above shoulder level 0.38 76 N 
Alternating postures* 0.51 76 N 
Other limitations in body movements* 0.37 69 N 
Special work requirements* 0.80 90 A 
*dichotomous outcome (Cohen’s Kappa), other items ordinal outcome (weighted Kappa) 
A:  Acceptable 
N:  Not acceptable 
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Test-retest reliability WHQ 
Of the 30 subjects, 25 subjects filled out the questionnaire on both sessions. The 
first 5 subjects of the study did not fill out the questionnaire, because the 
questionnaire was added later on in the study.  
Number of subjects differ per item for the second question of the work part, 
because only subjects who scored yes on the first question (whether the activities 
are required for the job) filled in the second question (whether the subject is 
limited in the performance of these activities). 
 
The results of the reliability of the ADL-items are presented in table 2. Kappa 
values varied from -0.14 to 1.00, percentage of absolute agreement varied from 
68 to 100 %. Kappa values could not be calculated for 4 items, due to lack of 
filling of the cells. Kappa values of 0.60 or higher were found for 10 of the 28 
items (36%). Percentage of absolute agreement of 80% or higher was found for 
24 of the 28 items (86%). ICC value of 0.82 was found for the reliability between 
the sum scores of session 1 and session 2. The differences between both sessions 
are presented in figure 1. 
 
The results of the reliability of the first question of the work part, whether the 
activities are required for the job, are presented in table 3. Kappa values varied 
from 0.00 to 0.71, percentage of absolute agreement varied from 58 to 88%. 
Kappa values of 0.60 or higher were found for 3 of the 27 items (11%). 
Percentage of absolute agreement of 80% or higher were found for 8 of the 27 
items (30%). An ICC value of 0.42 was found for the reliability between the sum 
scores of session 1 and session 2. The differences between both sessions are 
presented in figure 2a. 
 
The results of the reliability of the second question of the work part, whether the 
subject is limited in the performance of the activities, are presented in table 4. For 
the Kappa values varied from 0.28 to 1.00, percentage of absolute agreement 
varied from 64 to 100%. Kappa values could not be calculated for 7 items, due to 
lack of filling of the cells.  
Kappa values of 0.60 or higher were found for 8 of the 27 items (30%). 
Percentage of absolute agreement of 80% or higher were found for 16 of the 27 
items (59%). An ICC value of 0.33 was found for the reliability between the sum 
scores of session 1 and session 2. The differences between both sessions are 
presented in figure 2b. 
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Table 2. Test-retest reliability of the WHQ (ADL), 25 paired observations, 
28 items 

Activities Kappa Agreement 
(%) 

Reliability 

Standing  
Walking  
Sitting  
Getting up from a chair 
Bending and coming up 
Balance  
Gross movements with arms 
Accurate movements with arms 
and hands 
Accurate movements with feet 
and legs 
Moving the head and neck 
Reaching with arms above 
shoulder hold  
Crouching or kneeling  
Generating force with the arms 
Generating force with the legs 
Step down the pavement 
Stair climbing  
Running 
Lifting or carrying  
Pushing and pulling dynamic  
Hearing 
Seeing colours  
Visual acuity  
Prolongued reading  
Express oneself in spoken 
language 
Express oneself in written 
language  
Concentrating 
Remembering things for longer 
than 5 minutes  
Planning and organizing  

0.53 
0.84 
0.72 
0.38 
0.69 
0.17 
0.41 
0.65 

 
-0.14 

 
0.75 
0.30 

 
0.44 

-- 
0.56 
0.34 
0.78 
0.48 
0.56 
0.60 
1.00 

-- 
0.63 
0.53 

-- 
 

0.47 
 

0.41 
-- 
 

0.65 

80 
92 
88 
72 
88 
80 
84 
96 

 
76 

 
92 
68 

 
72 
92 
84 
88 
88 
80 
80 
80 
100 
96 
96 
80 
96 

 
92 

 
84 
100 

 
96 

N 
A 
A 
N 
A 
A 
N 
A 
 

N 
 

A 
N 
 

N 
A 
N 
N 
A 
N 
N 
A 
A 
A 
A 
N 
A 
 

N 
 

N 
A 
 

A 
--:  Kappa could not be calculated due to lack of cell filling  
A:  Acceptable 
N:  Not acceptable 
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Table 3. Test-retest reliability of the WHQ (work, question 1), 25 paired 
observations, 27 items 

Activities Kappa Agreement 
(%) 

Reliability 

Standing 0.41 83 N 
Walking 0.41 83 N 
Sitting 0.65 88 A 
Getting up from a chair 0.71 88 A 
Bending and coming up 0.22 66 N 
Balance 0.22 71 N 
Gross movements with arms 0.55 79 N 
Accurate movements with 
arms and hands 

0.33 67 N 

Accurate movements with 
feet and legs 

0.28 71 N 

Movement of head and neck 0.42 71 N 
Reaching with arms above 
shoulder hold 

0.16 58 N 

Squatting and kneeling 0.58 79 N 
Generating force with arms 0.60 83 A 
Generating force with legs 0.57 79 N 
Lifting more than 5 kilogram 0.50 75 N 
Pushing and pulling dynamic 0.42 71 N 
Working bended forward  0.56 83 N 
Bending or rotating of the 
trunk 

0.29 67 N 

High velocity repetitive 
movements 

0.00 50 N 

Working in uncomfortable 
 positions 

0.33 67 N 

Working in static postures 0.57 83 N 
Working with foot controls 0.25 75 N 
Working on ladders and 
 scaffolds 

0.20 67 N 

Hearing  0.33 67 N 
Seeing colours 0.56 83 N 
Visual acuity 0.58 79 N 
Prolongued reading 0.43 71 N 
A:  Acceptable 
N:  Not acceptable 
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Table 4. Test-retest reliability of the WHQ (work, question 2), number of paired 
observations varied each item (n), 27 items 

Activities (n) Kappa Agreement 
(%) 

Reliability 

Standing (18) 0.66 83 A 
Walking (17) 0.75 88 A 
Sitting (17) 0.28 65 N 
Getting up from a chair (15) 0.31 67 N 
Bending and coming up (13) 0.65 85 A 
Balance (2) - 100 n/a 
Gross movements with arms (2) 1.00 100 n/a 
Accurate movements with arms 
and hands (7) 

1.00 100 n/a 

Accurate movements with feet 
and legs (3) 

- 100 n/a 

Movement of head and neck (9) 0.53 77 n/a 
Reaching with arms above 
shoulder hold (6) 

0.33 67 n/a 

Squatting and kneeling (11) 0.44 73 N 
Generating force with arms (5) - 80 n/a 
Generating force with legs (7) - 86 n/a 
Lifting more than 5 kilogram (7) 0.44 70 n/a 
Pushing and pulling dynamic (6) 0.67 83 n/a 
Working in a forward bend or 
rotated position (16) 

0.35 75 N 

Bending or rotating of the trunk 
(11) 

0.27 64 N 

High velocity repetitive 
movements (6) 

0.57 83 n/a 

Working in uncomfortable 
positions (9) 

0.31 66 n/a 

Working in static postures (16) 0.48 75 N 
Working with foot controls (2) - 100 n/a 
Working on ladders en scaffolds 
(3) 

1.00 100 n/a 

Hearing (8)  1.00 100 n/a 
Seeing colours (4) - 100 n/a 
Visual acuity (9) 0.36 78 n/a 
Prolonged reading (7) - 100 n/a 
- :  Kappa could not be calculated due to lack of cell filling  
A :  Acceptable 
N :  Not acceptable 
n/a:  not applicable; number of paired observations <10 
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DISCUSSION  

For the FAL, 5 of the 26 items (summing both scales) showed acceptable 
reliability for both Kappa and percentage of absolute agreement (Kappa ≥ 0.60 
and percentage agreement ≥ 80%). For the WHQ 10 of the 28 items of the ADL 
part, 3 of the 27 items of the first question of the work part, about whether the 
activities are required for the job, and 8 of the 27 items of the second question of 
the work part, about whether the subject is limited in the performance of these 
activities, showed acceptable reliability (Kappa ≥ 0.60 and percentage agreement 
≥ 80%). 
For 4 items of the ADL activity part and for 7 items of the second question of the 
work part of the WHQ, Kappa values could not be calculated due to lack of filling 
of the cells, however, their percentages of absolute agreement were above 80% 
and were therefore considered to be reliable as well. In addition, for 1 item of the 
WHQ of the ADL part (balancing) Kappa was far below 0.60 (0.17) but a high 
percentage of absolute agreement was found (80%). An explanation of this large 
discrepancy is probably the lack of variation in cell fillings.15 In our study, there 
is a large proportion of agreement and most of that agreement is limited to only 
one of the possible rating choices. Under this limited variation, only one decision 
can make the difference between poor and excellent reliability expressed as a 
Kappa value. In the present study this phenomenon has resulted in a low Kappa 
value and high percentage of absolute agreement. In this case, it is better to use 
percentage agreement. Therefore, these items are considered as reliable too. 
 
The use of percentage of absolute agreement has its limitations as well, because it 
does not take into account the agreement that is expected to occur due to chance 
alone.17 Kappa, on the other hand, corrects the observed agreement for agreement 
that is expected by chance. Because both indices of reliability have their strengths 
and limitations, it was decided to apply both in this study.  
 
For the second question of the work part of the WHQ, whether the subject is 
limited in the performance of the required activities, numbers of paired 
observations varied per item. Only a subject which reported that an activity is a 
requirement in his/her work, filled in the second question also. Based on the 
numbers of observation: standing, walking and sitting appeared to be the 
activities occurring in most work situations. For the activities with a small 
number of subjects it is debatable whether Kappas and percentages of absolute 
agreement should be calculated. In the present study, Kappas and percentages of 
absolute agreement for all items were calculated. However, to make decisions 
about acceptable or unacceptable reliability (0.60 and 80%) only for those items 
answered by more than 10 subjects Kappas and percentages of agreement were 
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calculated. For those items with less than 10 subjects, 'not applicable' (N/A) was 
filled out in the last column of table 4. The cut off point was arbitrarily set on 10 
subjects.  
In summary: taking in account the previous considerations, 5 out of 26 items 
(19%) of the FAL are reliable. With regards to the WHQ, 15 out of the 28 items 
(54%) of the ADL part are reliable, 3 out of 27 items (11%) of the work part, 
about whether the activities are required for the job, are reliable and 3 out of 9 
items (33%), about whether the subject is limited in the performance of these 
activities, are reliable.  
 
It is remarkable that the reliability of the work-items was lower than the 
reliability of the ADL-items. Not only the percentage of items with acceptable 
Kappas and percentage agreement was lower for the work part (WHQ: 11% and 
33%, FAL: 19%) than for the ADL part (54%), but also the calculated ICCs for 
the WHQ. For the work part of the questionnaire, low ICCs were found (0.42 and 
0.33). On the other hand, for the ADL part high ICC was found (0.82). The ICC 
of the ADL part corresponds to the ICCs for the test-retest reliability of ADL-
related functional status questionnaires (RMDQ, Oswestry) found in other 
studies.18 This confirms the findings of the present study, that the results of a 
filled out ADL-related questionnaire are reliable. To ensure that the test-retest 
reliability of the RMDQ in this subject group was comparable to the other studies, 
we have investigated the test-retest reliability of the RMDQ too. A high ICC 
value of 0.92 was found.6  
 
To visualise the differences between the results of the WHQ, a plot of the 
differences between the two sessions for each patient against the mean of the two 
sessions of each patient was made for each part of the questionnaire (figure 1,2).  
These figures show that the size of differences is (much) more in the work parts 
than in the ADL part, but also that they are less distributed around zero than the 
ADL part. In figure 2b, there seems to be a trend in the differences related to the 
size of the measurement. Patients who reported many limitations on the WHQ 
show more variance than patients who reported little limitations. Due to the small 
group of patients, this finding can only be argued with necessary modesty. 
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Average of session 1 and session 2 on WHQ-ADL,
question: is activity limited? 
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Figure 1.  Difference between the results of both sessions on the WHQ ADL part 

plotted against average of the results of both sessions.  
 

Average of session 1 and session 2 on the WHQ-work, 
question 1: is activity a requirement for the job?
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Figure 2a.  Difference between de results of both sessions of the WHQ work part 

on question 1 plotted against average of the results of both sessions. 
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Average of session 1 and session 2 on the 
WHQ-work question 2: is activity limited? 
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Figure 2b.  Difference between de results of both sessions of the WHQ work part 

on question 1 plotted against average of the results of both sessions 
 
The present study was designed to investigate test-retest reliability of the 
questionnaires under identical test conditions. It is not clear why the reliability of 
the ADL part of the WHQ shows a higher reliability than the work part of the 
same questionnaire. One can only speculate about this difference. Generally 
differences in results of repeated assessments can be attributed to the instrument, 
the sessions of assessment, the patient and a random error. It is unlikely that the 
psychometric properties of the two parts of the WHQ differ from each other 
because the lay-out of the questionnaire is similar for both parts. Another reason 
might be that patients are unable to remember accurately whether they have to 
perform a specific activity during their work and whether they experience 
limitations in those work-related activities. Because the assessment sessions were 
held under identical conditions we do not think that assessment session is the 
source of differences in reliability.  
 
Another explanation for the difference in reliability might be that information 
about limitations in work tells something about subject's capability to work and 
can be used as a guide for return to work. It is therefore in the subject's interest to 
give the correct information. If the patients have doubt about the answers in the 
first assessment session, he or she might collect relevant information in the 
interval before filling out the questionnaire during the second session. As a result, 
the patient may change his/her answer. In social insurance companies, physicians 
use the FAL for the assessment of the functional work status (ability to perform 
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work-related activities in daily living). After history taking and physical 
examination the physicians filled out the FAL. The intra- and inter-observer 
reliability of social insurance physicians was far below the criteria for acceptance 
(Kappa ≥ 0.60, agreement ≥ 80%) for most items of the FAL.19 Based on the 
present study, it can be concluded that it is impossible for physicians to provide 
reliable assessment results, if the patient is not able to provide reliable 
information to the physician about work limitations on the FAL.  
In future research it is of interest to investigate why patients may be less able to 
score in a reliable way on work-related questionnaires and in what way it would 
be possible to improve the reliability of work-related self-reports in such a way 
that it is also feasible in clinical practice. Although the present study took place in 
rehabilitation practice, it can be argued that the findings of the study can be 
applied to the social insurance practice also, since it concerns nearly the same 
population and use of the same questionnaire. 
 
In conclusion, according to the reliability results of the present study, based on 
several statistical analyses, both questionnaires are not useful for the assessment 
of work limitations in CLBP patients in rehabilitation practice.  
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ABSTRACT 

Objective: To investigate the reliability of the Functional Information System 
(FIS) and the Functional Ability List (FAL) in the assessment of work limitations 
in chronic low back pain (CLBP) patients in rehabilitation treatment.  
Design: To assess the intra-rater reliability a social insurance physician filled out 
the FIS and FAL twice after history taking and physical examination of CLBP 
patients with a two-week interval. To assess the inter-rater reliability, two social 
insurance physicians performed the diagnostic procedure independently and filled 
out the FIS and FAL. The first physician carried out the history taking and 
performed the physical examination, and the next day the other physician did the 
same. Each subject was examined 4 times. A Kappa value of more than 0.60 was 
considered to be acceptable.11 The predetermined interpretation of the percent age 
of agreement was arbitrarily set on 80%.  
Subjects: Thirty patients with chronic low back pain, referred for treatment. 
Results: Unacceptable intra- and inter-observer reliability for almost all items of 
the FIS were found, kappa-values and percentage agreement were below the 
criteria for acceptance. The FAL showed better results, higher kappa-values as 
well as higher percentage agreement. However, for a great part of the items, 
kappa-values and percentage agreement were still unacceptable.  
Conclusion: FIS and FAL are not reliable instruments for assessing work 
limitations in CLBP-patients, and therefore not useful as instruments in 
Rehabilitation Medicine. 
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INTRODUCTION 

In Rehabilitation Medicine, aim of treatment in patients with chronic low back 
pain (CLBP) is to optimise daily functioning by limitation reduction. Several 
questionnaires are in use to assess treatment effectiveness, of which the Roland 
Morris Disability Questionnaire (RMDQ) is one of the most frequently used 
questionnaires. The RMDQ proved to be reliable and valid1-6 to assess perceived 
limitations in 24 activities of daily living (ADL). CLBP however, has a 
considerable impact on patient's performance of activities in the work-situation. 
To assess the severity of work limitations, an instrument developed to assess 
these limitations should be used. However, in Rehabilitation Medicine, these 
work-related instruments are absent. 
 
In Dutch Social Insurance Medicine, the work limitations are assessed on the 
basis of a history taking, a physical examination and relevant information from 
other disciplines (for example from company physicians). To standardise the 
procedure and to quantify the findings, the Functional Information System (FIS) 
was used as scoring form by social insurance physicians for many years. The FIS 
consists of 15 physical items, 12 vocational items and 1 psychological item. Most 
items have an ordinal rating scale with 8 to10 ratings increasing in duration or 
frequency of the activity.  
 
Since 2000, the FIS has been replaced by a new scale: the ‘Function Ability List 
(FAL), developed by the 'Claim Beoordelings- en Borgingssysteem' (CBBS). The 
FAL consists of 6 modules: 1. personal functioning, 2. social functioning, 3. 
adaptation to environmental demands 4. dynamic performance 5. static posture 6. 
working hours. The modules 3 to 6 include more or less of the same items as the 
FIS. Some of the FIS items are broken down into sub items (for example reaching 
is divided into 1. reaching (maximal distance in cm), 2. long-time and frequently 
reaching (150-500 times an hour). In general, the FAL uses less specific rating 
scales (2-3 points scale) than the FIS.  
The social insurance physicians assess patients' work limitations by means of 
history taking and physical examination. The FIS and FAL are standardised 
assessment methods, used to describe the findings in the same manner and used 
as a communication instrument between the social insurance physician and the 
occupational specialist. 
 
In Rehabilitation Medicine, there is a need for instruments to assess the work 
limitations of CLBP patients. To know whether the FIS and FAL can be used as 
work-related instruments, the qualities of these instruments should be investigated 
in rehabilitation practice. Demonstration of the reliability is a minimum 
requirement. Reliability is a comprehensive term and can be investigated in 
several ways.  
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In this study, the reliability of observers is relevant, intra- and inter-observers 
reliability is investigated. The intra-rater reliability refers to which extent one 
observer, who assesses the same subjects repeatedly under the same 
circumstances, obtains similar results. The inter-rater reliability refers to which 
extent two or more observers, who assess the same subjects under the same 
circumstances, obtain similar results.7  
The intra- and inter-observer reliability of the FIS proved to be moderate to 
good.8 Critical analysis of that study, however, showed that the used procedure 
differs from the procedure in daily practice. Video-tapes of the history taking and 
physical examination of 14 patients performed by one physician were used. 
Twenty-two physicians assess the work limitations of the patients on the basis of 
those video-tapes and filled out the FIS. Using video-tapes excludes interactions 
between patients and physicians who fill out the FIS. It is debatable whether those 
study results can be generalised to daily practice.   The reliability of the FAL has 
not been investigated yet. 
 
Aim of the study is to investigate the intra- and inter observer reliability of the 
FIS and FAL in the assessment of work limitations. The procedure in the present 
study corresponds to the procedure in daily practice. 
 
METHOD 

Subjects 
Thirty patients with CLBP (24 men, 6 women) who were referred for treatment to 
a rehabilitation centre from May 2000 to April 2001. The mean age of the 
patients was 40 years (SD 8.1). The median duration of low back pain ranged 
between 5 and 10 years. None of the patients had had surgery for their back pain. 
Patients were only included, if they were still at work or less than one year out of 
work. Patients were out of work with a mean of 17 weeks (SD 19.2). Half of the 
patients were receiving Workers' compensation.  
 
Physicians  
Four registered Dutch social insurance physicians (3 men, 1 woman) enrolled the 
study. The average length of time spent in professional practice was 15 years. 
Three of the physicians are employed at 'Uitvoering Werknemers-Verzekeringen' 
(UWV) and 1 physician is employed at Argonaut.  
 
Procedure 
Patients were recruited from the population who was admitted for rehabilitation 
treatment of the Centre for Rehabilitation at the University Hospital Groningen. 
They were given a description of the study and all patients were assessed during a 
visit to the occupational assessment centre of the Centre of Rehabilitation 
Beatrixoord in Haren, the Netherlands. Demographic information and low back 
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pain history were obtained of all patients. Prior to this study, the social insurance 
physicians had achieved consensus on the assessment of the items. Furthermore, 
both history taking and physical examination were standardised. Thirteen of the 
15 items of the FIS were assessed. Two items were excluded, because it was felt 
that these items could not be limited due to low back pain: neck use, and feeling 
and fingering. In this study, the first version of the FAL was used.  
The study consisted of two sessions. The first session took place within two days 
(testing day 1 and 2). Two weeks separated the first en second session. The 
second session took also place within two days also (testing day 3 and 4). Each 
patient was assessed by two social insurance physicians. The first physician 
carried out the history taking and performed the physical examination, and the 
next day the other physician did the same. After the assessment, each physician 
independently determined patient's work limitations and filled out the FIS and 
FAL. After two weeks, the same physicians in the same order performed the 
assessment again and filled out the FIS and FAL. Thus, each subject was 
examined 4 times enabling analyses of intra- and inter-observer reliability. Time 
and day and place of assessment were held constant. All patients were assessed 
prior to entering a rehabilitation program.  
 
Analysis 
Two different types of measures of reliability were used to determine the 
reliability of the FIS and FAL. First, Kappa values were calculated. In case of 
dichotomous outcome Cohen’s Kappa9 was calculated and in case of ordinal 
outcome a weighted kappa was calculated.10 Second, the percentage of absolute 
agreement was calculated. A Kappa value of more than 0.60 was considered to be 
acceptable.11 The predetermined interpretation of the percent absolute agreement 
was arbitrarily set on 80%.  
To visualise the variation of the results the percentage of agreement of scores 
with a difference of 1 point between both sessions was calculated also. 
Furthermore, the percentage of agreement of scores with a difference of ≥ 2 
points was calculated.  
The statistical software package Agree 7.012 was used for the calculation of 
Kappa values and the statistical software package SPSS (version 10) was used for 
percentage agreement calculations.  
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RESULTS 

Intra-observer reliability of FIS and FAL of 49 cases was measured. Eleven cases 
were not available, because patients did not feel capable to attend the second 
session (2 cases), or the same combination of physicians could not be made for 
the second session (9 cases).  
Inter-observer reliability of FIS and FAL of 29 cases was measured in the first 
session. One case was not available due to absence of the second physician. In the 
second session, inter-observer reliability of 24 cases was measured. Six cases 
were not available, due to the absence of the second physician. 
 
Intra-observer reliability FIS 
Kappa values of the intra-observer reliability ranged from 0.43 to 0.74 (table 1). 
Only 3 of the 13 items (23%) reached the acceptable level of 0.60. The 
percentages of absolute agreement ranged from 43 to 86 percentages. Only 1 item 
reached the level of 80%. 
 
Inter-observer reliability FIS 
Kappa values of the inter-observer reliability study on session 1 ranged from  
-0.16 to 0.24. The percentages of absolute agreement ranged from 23 to 57% 
(table 2). In session 2, kappa values from –0.13 to 0.35, and the percentage of 
absolute agreement ranged from 13 to 56% (table 3). None of the values reached 
the acceptable level of 0.60 (kappa) or 80% (percentage agreement).  
 
Variation FIS 
The variation of results within observers (intra-observer reliability) of the FIS is 
shown in table 1, column 4-5. In 14-46% the results differed 1 point, which 
means that the results of one observer on both sessions differ 1 point. In 0-28%, 
the results differed ≥ 2 points. Between observers (inter-observer reliability) in 
session 1, 27-60% of the results showed a difference of 1 point, in 0-43% the 
results differed ≥ 2 points. (table 2, column 4-5). In session 2, 30-50% of the 
results showed a difference of 1 point and 0-50% a difference of ≥ 2 points (table 
3, column 4-5). 
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Table 1.  Intra-observer reliability of FIS (49 paired observations) 
Activities
  

Kappa 
 

Absolute 
agreement 

(%) 

Difference 
of 1 (%) 

Difference 
of  ≥ 2 (%) 

Reliability 

Working 
above 
shoulder level 

0.43 49 46 5 N 

Sustained and 
frequent 
bending & 
rotating 

0.52 59 25 16 N 

Carrying 0.74 76 18 6 A 
Push and pull 
static* 

0.66 86 14 0 A 

Working 
static forward 
bending 

0.50 53 35 12 N 

Climbing and 
clambering 

0.51 45 45 10 N 

Kneeling, 
crawling, 
squatting 

0.45 53 37 10 N 

Walking 0.58 57 35 8 N 
Reaching 0.43 55 41 4 N 
Standing 0.55 45 27 28 N 
Lifting 0.72 67 31 2 A 
Stair climbing 0.54 57 39 4 N 
Sitting 0.53 71 27 2 N 
*  Dichotomous data (Cohen’s Kappa). Other items are ordinal data (weighted  

Kappa) 
A:  Acceptable 
N:  Not acceptable 
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Table 2. Inter-observer reliability FIS, session 1 (n=30)  
Activities  Kappa Absolute 

agreement 
(%) 

Difference 
of 1 (%) 

Difference 
of ≥ 2 (%) 

Reliability 

Working above 
shoulder level 

0.24 43 47 10 N 

Sustained and 
frequent 
bending & 
rotating 

0.13 37 27 36 N 

Carrying 0.22 33 43 24 N 
Push and pull 
static* 

-0.16 50 50 0 N 

Working static 
forward 
bending 

-0.01 23 50 27 N 

Climbing and 
clambering 

0.12 30 30 40 N 

Kneeling, 
crawling, 
squatting 

0.15 33 40 27 N 

Walking 0.23 43 30 27 N 
Reaching 0.00 40 43 17 N 
Standing 0.16 30 27 43 N 
Lifting 0.24 27 53 20 N 
Stair climbing 0.18 30 60 10 N 
Sitting 0.23 57 40 3 N 
* Dichotomous data (Cohen’s Kappa). Other items are ordinal data (weighted 

Kappa) 
N:  Not acceptable  
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Table 3.  Inter-observer reliability of FIS, session 2 (n=24)  
 Activities  Kappa 

 
Absolute 

agreement 
(%) 

Difference 
of 1 (%) 

Difference 
of  ≥ 2 (%) 

Reliability 

Working above 
shoulder level 

0.19 38 50 12 N 

Sustained and 
frequent 
bending & 
rotating 

0.20 39 30 21 N 

Carrying 0.29 38 33 29 N 
Push and pull 
static* 

-0.12 50 50 0 N 

Working static 
forward 
bending 

-0.13 12 38 50 N 

Climbing and 
clambering 

0.23 38 42 20 N 

Kneeling, 
crawling, 
squatting 

0.28 38 50 12 N 

Walking 0.48 46 42 12 N 
Reaching 0.15 42 42 16 N 
Standing 0.35 21 50 29 N 
Lifting 0.23 29 38 33 N 
Stair climbing 0.10 33 46 21 N 
Sitting 0.40 56 44 0 N 
*  Dichotomous data (Cohen’s Kappa). Other items are ordinal data  

(weighted Kappa) 
N:  Not acceptable 
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Intra-observer reliability FAL 
Kappa values of the intra-observer reliability ranged from 0.00 to 0.75 (table 4). 
Ten of the 26 items (39%) reached the acceptable level of 0.60. The percentage of 
absolute agreement of the FAL ranged from 47 to 96%. Fifteen of the 26 items 
(58%) reached the level of 80%.  
 
Inter-observer reliability FAL 
Kappa values of the inter-observer reliability study in session 1 ranged from –
0.46 to 0.75. Two of the 26 items (8%) reached the acceptable level of 0.60. The 
percentage of absolute agreement ranged from 31 to 97% (table 5). Three of the 
26 items (12%) reached the level of 80%.  
In session 2, kappa values ranged from –0.30 to 1.00 (table 6). Two of the 26 
items (8%) reached the acceptable level of 0.60. The percentage of absolute 
agreement ranged from 38 to 100%. Four of the 26 items (16%) reached the level 
of 80%.  
 
Variation FAL 
The variation of results within observers (intra-observer reliability) of the FAL is 
shown in table 5, column 4-5. In 4-53%, the results differed 1 point, in 0-3% the 
results differed ≥ 2 points. Between observers (inter-observer reliability) in 
session 1, 0-59% of the results showed a difference of 1 point, in 0-17% the 
results differed ≥ 2 points (table 5, column 4-5). In session 2, 0-62% of the results 
showed a difference of 1 point and 0-9% showed a difference of ≥ 2 points (table 
6, column 4-5). 
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DISCUSSION AND CONCLUSION 

The results showed unacceptable intra- and inter-observer reliability for almost all 
items of the FIS based upon kappa values (0.60 or higher) or based upon 
percentage absolute agreement (80% or higher). The FML showed better results, 
higher kappa values as well as higher percentage absolute agreement. However, 
for a great part of the items, kappa values and percentage absolute agreement 
were below the criteria of acceptance. 
  
These insufficient reliability results may be caused by the variation of the patient 
and of physicians. Patients may not report their problems in the same way to both 
physicians or in both sessions, or may emphasise different sub problems during 
the different examinations. Factors like motivation, tiredness, pain and memory 
may influence the variation at the moment of examination. Another source of 
variation may be the physician. Each physician has his own standardised way of 
examination. Furthermore, motivation, tiredness and memory of the physicians 
may play a role in causing variation. Other reasons for variation may be a 
possible learning effect of repeated assessment for both the patients as well as the 
physicians. Because these sources of variation may play a role in daily practice 
also, we decided not to exclude these sources by using for example video-tapes. 
 
A limitation of the study was that not all combinations of physicians could be 
made in the same frequency. Ideally, the frequency of combinations of each 
physician to the other three physicians should be equal, furthermore the frequency 
of being first or second observer should be equal. In this study, this ideal situation 
could not be reached. The availability of the physicians determined the 
combinations. Due to two fixed testing days of the week and the availability of 
some of the physicians only on one specific day, some of the combinations could 
not be made and some of the combinations were made more often. 
 
The reliability of the FAL proved to be higher than the reliability of the FIS. This 
difference may be caused by differences in number of response categories each 
item. The FAL consists of 2 to 3 categories each item, the FIS consists of 8 to10 
categories each item. The more response categories the higher the chance of 
variation in responses within and between observers and within patients. The 
variation of the responses within and between observers on the FIS and FAL 
confirmed this assumption: the number of items with absolute agreement or with 
a variation of 1 on the FAL was larger than the number of items with absolute 
agreement or with a variation of 1 on the FIS. 
Another possible cause of higher reliability on the FAL than on the FIS may be 
stricter definitions of the response categories of the FAL, which may restrict the 
interpretation margin of the physicians. 
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Table 4. Intra-observer reliability of FAL (45 paired observations) 
 Activities Kappa Difference 

of 1 (%) (weighted) 
Absolute 

agreement (%) 
Difference 
of ≥ 2 (%)

Reliability 

A) Body movements scale      
Reaching (cm) 0.00 96 4 0 A 
Sustained and frequent reaching (150-500 
times each hour) 

0.58     

     

      

     

     

      

87 13 0 N

Bending (degrees) 0.71 76 24 0 A 
Sustained and frequent bending (150-500 times 
each hour) 

0.59 76 24 0 N

Rotation* 0.71 87 13 0 A
Push and pull static 0.64 84 16 0 A 
Lifting or carrying (1-15 kg) 0.44 64 33 3 N 
Sustained and frequent lifting or carrying light 
(150-500 times per hour) 

0.44 71 29 0 N

Sustained and frequent lifting or carrying 
heavy (50 times each hour) 

0.65 80 20 0 A

Walking (0-30 min) 0.45 82 16 2 N 
Sustained walking (part of a day)* 0.65 82 18 0 A 
Stair climbing 0.41 69 29 2 N 
Climbing 0.61 82 18 0 A
Kneeling or squatting* 0.43 87 13 0 N 
Other limitations in body movements* 0.60 89 11 0 A 
Special work requirement* 0.75 88 12 0 A 



 

   

 
B) Body postures scale      
Sitting (0-60 min) 0.51 73 37 0 N 
Sitting prolonged (part of a day)* 0.51 76 24 0 N 
Standing (0-30 min) 0.42 47 53 0 N 
Standing prolonged (part of a day)* 0.69 93 7 0 A 
Kneeling or squatting* 0.32 71 29 0 N 
Bend or rotated* 0.46 73 27 0 N 
Working above shoulder level* 0.20 76 24 0 N 
Alternating postures* 0.64 82 18 0 A 
Other limitations in body movements* 0.29 91 9 0 A 
Special work requirements* 0.54 80 20 0 N 
*  Dichotomous data (Cohen’s Kappa). Other items are ordinal data (weighted Kappa) 
A:  Acceptable 
N:  Not acceptable 



 

 

Table 5. Inter-observer reliability of FAL, session 1 (n=29) 
 Activities Kappa Difference 

of 1 (%)  
Absolute 

agreement (%) 
Difference 
of ≥ 2 (%)

Reliability

A) Body movements scale      
Reaching (cm) -0.06 83 17 0 A 
Sustained and frequent reaching (150-500 
times each hour) 

-0.46     

     

      

     

     

      

66 31 3 N

Bending (degrees) 0.75 79 21 0 A 
Sustained and frequent bending (150-500  
times each hour) 

0.00 52 41 7 N

Rotation* -0.02 55 45 0 A
Push and pull static -0.10 52 45 3 A 
Lifting or carrying (1-15 kg) 0.44 62 38 0 N 
Sustained and frequent lifting or carrying light 
(150-500 times per hour) 

0.34 72 28 0 N

Sustained and frequent lifting or carrying 
heavy (50 times each hour) 

0.35 72 21 7 A

Walking (0-30 min) 0.03 66 34 0 N 
Sustained walking (part of a day)* 0.29 62 38 0 A 
Stair climbing 0.16 59 38 3 N 
Climbing 0.24 59 41 0 A
Kneeling or squatting* -0.12 79 21 0 N 
Other limitations in body movements* 0.20 79 21 0 A 
Special work requirement* 0.16 59 41 0 A 



 

   

 
B) Body postures scale      
Sitting (0 -60 min) 0.30 66 34 0 N 
Sitting prolonged (part of a day)* 0.08 59 38 3 N 
Standing (0-30 min) 0.01 31 52 17 N 
Standing prolonged (part of a day)* 0.35 90 10 0 A 
Kneeling or squatting* -0.25 41 59 0 N 
Bend or rotated* 0.23 62 38 0 N 
Working above shoulder level* -0.25 59 41 0 N 
Alternating postures* 0.19 52 48 0 A 
Other limitations in body movements* 0.65 97 3 0 A 
Special work requirements* 0.23 62 38 0 N 
*  Dichotomous data (Cohen’s Kappa). Other items are ordinal data (weighted Kappa) 
A:  Acceptable 
N:  Not acceptable 
 



 

 

Table 6. Inter-observer reliability of FAL, session 2 (n=24)  
 Activities Kappa Difference 

of 1 (%)  
Absolute 

agreement (%)
Difference 
of ≥ 2 (%)

Reliability 

A) Body movements scale      
Reaching (cm) 1.00 100 0 0 A 
Sustained and frequent reaching (150-500 
times each hour) 

-0.06     

     

      

     

     

      

63 37 0 N

Bending (degrees) 0.76 83 17 0 A 
Sustained and frequent bending (150-500 times 
each hour) 

0.52 71 29 0 N

Rotation* 0.29 67 33 0 N
Push and pull static -0.03 58 42 0 N 
Lifting or carrying (1-15 kg) 0.38 63 37 0 N 
Sustained and frequent lifting or carrying light 
(150-500 times per hour) 

0.32 67 33 0 N

Sustained and frequent lifting or carrying 
heavy (50 times each hour) 

0.45 67 33 0 N

Walking (0-30 min) 0.19 75 21 4 N 
Sustained walking (part of a day)* 0.58 79 21 0 N 
Stair climbing 0.14 58 33 9 N 
Climbing 0.28 71 29 0 N
Kneeling or squatting* -0.11 79 21 0 N 
Other limitations in body movements* -0.08 67 33 0 N 
Special work requirement* -0.18 38 62 0 N 



 

   

 
B) Body postures scale      
Sitting (0 -60 min) 0.29 63 33 4 N 
Sitting prolonged (part of a day)* 0.53 75 25 0 N 
Standing (0-30 min) 0.34 54 38 8 N 
Standing prolonged (part of a day)* 0.47 92 8 0 N 
Kneeling or squatting* 0.14 67 33 0 N 
Bend or rotated* 0.18 58 42 0 N 
Working above shoulder level* 0.11 67 33 0 N 
Alternating postures* -0.17 42 58 0 N 
Other limitations in body movements* -0.04 92 8 0 A 
Special work requirements* -0.30 46 54 0 N 
*  Dichotomous data (Cohen’s Kappa). Other items are ordinal data (weighted Kappa) 
A:  Acceptable 
N:  Not acceptable
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To calculate reliability, different indices of reliability were used. Cohen's Kappa 
was used for the dichotomous data and weighted kappa for ordinal data, 
percentage absolute agreement was used for all data.  
The usefulness of Kappa as the only measure of reliability is problematic in case 
of lack of variation in cell fillings. In our study there is a large proportion of 
agreement, most of which is limited to only one of the possible rating choices. 
Under this limited variation, excellent absolute agreement can be found whereas 
the Kappa values do not reach the level of acceptance (for example, reaching and 
other limitations in body postures in table 4). Furthermore, only one decision can 
make the difference between poor and excellent reliability expressed as a Kappa. 
For example, the inter-observer reliability expressed as a Kappa in session 1 of 
reaching was -0.06, in session 2 the Kappa value was 1.00. In these cases, it is 
better to use percentage of absolute agreement. An important weakness of this 
simple calculation is that it does not take into account the agreement that is 
expected to occur due to chance alone.9,13 Kappa corrects the observed agreement 
for agreement that is expected by chance. 
Because both indices of statistical analyses have their strengths and limitations, it 
was decided to apply both statistical analyses in this study in contrast to the study 
of Spanjer8, which reported the variation and absolute agreement only. 
 
In conclusion, based on the study results, the FIS and FAL are not reliable 
instruments for the assessment of work limitations in CLBP patients. It is 
debatable whether these instruments are useful in daily practice. In Rehabilitation 
Medicine, the choice of the usefulness of an instrument depends more and more 
on the psychometric properties of the instrument (reliability, validity and 
responsiveness). If the FIS and FAL could be used in Rehabilitation Medicine, 
the psychometric properties should be sufficient. Based on the reliability results it 
can be concluded that both FIS and FAL are not useful instruments in 
Rehabilitation Medicine. 
Whether the results of this research can be applied to the Social Insurance 
Medicine is unclear. This study took place within Rehabilitation Medicine, in 
CLBP patients who volunteered to participate were less than 1 year out of work 
and without a disability claim. Furthermore, in routine daily practice, filling out 
the FIS or FAL is only a part of the total examination and not the only way of 
report. However, the used procedure of the physicians (history and physical 
examination and filling out FIS and FAL) did not differ from the procedure in 
daily practice and therefore it can be concluded that using the FIS and FAL by 
social insurance physicians in this study result in insufficient reliability. To what 
extent this may have consequences in determination of disability claims in Social 
Insurance Medicine should be investigated. 
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ABSTRACT 

Objective: To investigate test-retest reliability of the Isernhagen Work System 
Functional Capacity Evaluation (IWS FCE)  
Design: Test-retest reliability was studied of 28 IWS FCE tests. Two FCE 
sessions were held with a 2-week interval. Means per session, 95% confidence 
intervals of the mean difference, one-way random Intra Class Correlation (ICC), 
limits of agreement, Cohen’s Kappa and percentage of absolute agreement were 
calculated where appropriate. An ICC of 0.75 or more, a Kappa value of more 
than 0.60 and a percentage of absolute agreement of 80% were considered as an 
acceptable reliability. Tests of the IWC FCE were divided into tests with and tests 
without acceptable test-retest reliability on the basis of the Kappa values, the 
percentage of absolute agreement and the ICC values. 
Subjects: Thirty patients suffering from Chronic Low Back Pain (CLBP) who 
were admitted for rehabilitation treatment. Patients were included in the study if 
they were still at work or were less than 1 year out of work due to CLBP. 
Participants’ mean age was 40 years, the duration of low back pain ranged 
between 5 and 10 years. Fifteen patients (50%) were out of work for a mean of 17 
weeks, and they all received financial compensation. 
Results: Fifteen of the 19 tests (79%) showed Kappa values of more than 0.60 
and percentage of absolute agreement of more than 80%. Eleven of the 18 tests 
(61%) showed ICC values of 0.75 of more. 
Conclusion: The test-retest reliability is acceptable for 15 of the 28 tests (79%) 
based on Kappa values and percentage of absolute agreement. Eleven tests (61%) 
showed acceptable test-retest reliability based on ICC values.  
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INTRODUCTION 

Chronic low back pain (CLBP) is an endemic problem in modern Western 
society. The costs of chronic low back pain are enormous and can be attributed to 
direct and indirect costs of health care. Many patients suffering from CLBP are 
unable to work, thereby contributing to the total costs associated with CLBP.  
A major aim of rehabilitation treatment in these patients is to improve work 
ability. Therefore, in order to evaluate treatment outcome, the ability to work has 
to be assessed. Assessment of work-related abilities and disabilities in patients 
suffering from CLBP is not an easy task. To assess an individual’s functional 
abilities to work, a number of functional capacity evaluations (FCEs) are 
available. FCEs are test batteries aimed at measuring functional abilities to work 
safely and productively.1 

 
One of the more well-known FCEs is the Isernhagen Work System (IWS) FCE. 
The IWS FCE consists of 28 tests that reflect work-related activities such as 
lifting, carrying, bending etc. These tests are based on the job factors of the 
Dictionary of Occupational Titles (DOT), a publication of the United States 
Department of Labor.1,2 This dictionary describes the physical activities (job 
factors) that a job requires in a systematic way, by means of physical demands 
analysis.  
 
To determine whether the IWS FCE can be used as an instrument to assess work-
related rehabilitation outcome in patients suffering from CLBP, the reliability of 
the instrument, amongst other psychometric properties, has to be known. Parts of 
the IWS FCE already have been tested for their reliability. In a test-retest design, 
"lifting" and "carrying" have been found to possess a good reliability.3,4 The Intra 
Class Correlations ranged from 0.77 to 0.94. Pushing static and pulling static also 
appeared to possess good test-retest reliability, 5 as does the measurement of 
maximum holding times. 6 However, no studies are available that investigated all 
tests of the IWS FCE. The aim of this study was to investigate test-retest 
reliability of all tests of the IWS FCE in a sample of patients suffering from 
CLBP.  
 

METHODS 

Subjects 
Subjects were 30 consecutive patients diagnosed with CLBP (24 males, 6 
females), selected for rehabilitation treatment by physiatrists of the Center for 
Rehabilitation at University Hospital Groningen and who agreed to participate. 
Inclusion criteria were non-specific CLBP and being still at work or less than 1 
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year out of work due to CLBP. All patients were referred for treatment in a 
rehabilitation center between May 2000 and April 2001. The mean age of the 
patients was 40 (SD 8.1 yr.). The duration of low back pain ranged between 5 and 
10 years. Fifteen patients (50%) were out of work and all of them were receiving 
financial compensation. Patients were out of work for a mean of 17 weeks (SD 
19.2). 
  
Procedure 
Demographics and medical history were obtained of all subjects. Two FCE 
sessions were held with a 2-week interval. After an introduction of the FCE 
procedures and after signing informed consent, the patients were briefly 
instructed on how to perform each test. The evaluator first demonstrated each test. 
In this way, a total of 28 tests were performed (table 1). The patients were asked 
to perform the tests to the maximum of their abilities. Testing could be terminated 
for 4 reasons: 1. It was explained that they were allowed to stop the procedures at 
any point if they wished to do so, for example because of insecurity or pain; 2. A 
heart rate monitor was worn by the patients throughout the test procedures. A test 
was terminated when the patient’s heart rate met or exceeded 85% of his /her age-
related maximum; 3. The evaluator terminated testing if it became unsafe. 
Unsafety was defined as a situation in which the patient was not in full control of 
himself/herself and/or the load; 4. For some tests, a time limit caused the patient 
to stop (i.e. crouching, max. 60 sec). After each test procedure, the evaluator 
recorded the results. One evaluator who had completed a formal FCE training 
course and had performed over 200 FCEs evaluated all FCEs. Time, day and 
place of assessment were held constant for the two FCE sessions. Each session 
lasted between 2-3 hours. The present study was approved by the institutional 
review board. 
 
In this study, a modified IWS FCE was used.7 Instead of 2 consecutive days of 
testing, one test session was performed on a single day, because the test results on 
the second day only marginally differ from those of the first day.8 The tests on 
pushing and pulling dynamic, crawling, walking, stair climbing and ladder 
climbing were slightly modified (table 1). Minor modifications were made to the 
overhead work test and the forward bend test standing, with patients being 
instructed to hold these postures as long as possible.6 The ceiling of these tests 
was set at 15 instead of 5 minutes because otherwise too many patients reached 
this ceiling and did not perform to the maximum of their capacities. Other tests 
that were modified are marked (*) in table 1. The performance criteria were 
stricter than the original protocols, without changing the essence of the tests. The 
scoring of the tests was elevated from a dichotomous (able yes/no) to an interval 
level (seconds needed to perform an item). This enabled us to use more powerful 
statistics. Grip strength and hand coordination tests were excluded because it was 
assumed that these tests could not be limited due to CLBP.  
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Data Analysis  
Three types of tests can be distinguished in the IWS FCE: those without criterion 
or ceiling, those with a criterion, and those with a ceiling. Tests without criterion 
or ceiling are the material-handling tests and the shuttle-walk test. For the 
material-handling tests and shuttle-walk test, means, standard deviations, 95% 
confidence intervals, one-way random Intra Class Correlation (ICC), and limits of 
agreement were calculated.9  
 
A criterion indicates that a test is fulfilled when a criterion is met. For instance, 
the test “pushing dynamic” has a criterion that a subject is able or unable to safely 
push a weighted cart over a distance of 20 meters. Repetitive rotation also has a 
criterion — the time needed to perform 30 rotations.  
A ceiling indicates that the test is terminated because the patient had met what is 
defined to be the maximal time of performance. For instance, the overhead work 
test has a ceiling at 15 minutes. The test was terminated when the subject reached 
15 minutes. In that case, patients have not performed to their maximal ability. 
For all tests with criterion or ceiling effect, the number of subjects was 
determined who met the criterion or the ceiling for each test session. On the basis 
of these dichotomous results, Cohen’s Kappas were calculated as well as 
percentages of absolute agreement of subjects with identical test behavior. 
Cohen's Kappas could not be calculated when the filling of the 2x2 tables was 
incomplete. 
 
For the tests with a criterion, the following additional procedure was followed: if 
a patient reached the criterion in sessions 1 and 2, the times needed to reach the 
criterion in the sessions were used for further analyses, and means, standard 
deviations, 95% confidence intervals, ICCs and limits of agreement were 
calculated. Data of patients not meeting the criterion were excluded from the 
analyses. No further analyses were performed on dichotomous data.  
For tests with a ceiling, another procedure was followed. If a patient reached the 
ceiling in sessions 1 or 2, the data of that subject were excluded from further 
analysis because the maximal performance of that patient could not be analyzed. 
Of the remaining patients, means, standard deviations, 95% confidence intervals, 
ICCs and limits of agreement were calculated. 
An ICC of 0.75 or more was considered a measure for acceptable reliability.10-13 
A Kappa value of more than 0.60 was considered an acceptable reliability.14 

Arbitrarily, a percentage of absolute agreement of 80% or more was also 
considered an acceptable reliability. All analyses were performed in SPSS.  
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Table 1. Description of the activities of the Isernhagen Work Systems (IWS) 
FCE. Items marked (*) are modified from the standard IWS FCE  
protocol. 

FCE activity Description Scoring 
Lifting low 5 lifts from table to floor v.v.; 4-5 

weight increments; <90 sec. 
Max amount kg 
lifted  

Lifting high 5 lifts from table to crown height 
v.v.; 4-5 weight increments; <90 sec. 

Max amount kg 
lifted  

Carry short two-
handed 

5 carries 1.5 m.; waist height; 4-5 
weight increments; <90 sec. 

Max amount kg 
carried  

Carry long two-
handed 

1 carry 20 m.; waist height; 4-5 
weight increments; <90 sec. 

Max amount kg 
carried  

Carry long 
right-handed 

1 carry 20 m.; waist height; 4-5 
weight increments; <90 sec. 

Max amount kg 
carried  

Carry long left-
handed 

1 carry 20 m.; waist height; 4-5 
weight increments; <90 sec. 

Max amount kg 
carried  

Pushing static Static full body push; 3 repetitions Average kgF 
Pulling static Static full body pull; 3 repetitions Average kgF 
Pushing 
dynamic 

Pushing a weighted cart over 
10meters including 2 turns 

Safely possible 
yes/no 

Pulling dynamic Pulling a weighted cart over 10 
meters including 2 turns 

Safely possible 
yes/no 

Overhead work 
test* 

Standing with hands at crown height; 
manipulating nut/bolts 

Time position is 
held (sec) 

Forward bend 
test standing* 

Standing with 30-60° trunk flexion; 
manipulating nut/bolts 

Time position is 
held (sec) 

Forward bend 
test sitting 

Sitting with 30-60° trunk flexion; 
manipulating nut/bolts, max. 5 min 

Time position is 
held (sec) 

Kneeling Maintaining kneeling posture; knees 
90° flexion, hips straight, max. 5 min. 

Time position is 
held (sec) 

Crawling Ambulate 3 meters on hands and 
knees, then replace small object from 
floor to table height while in crawling 
position; 10 reps. 

Able yes / no 

Crouching Maintaining position with knees and 
hips fully flexed, max 1 min. 

Time position is 
held (sec) 

Dynamic 
bending* 

Repetitive bending at hips and back; 
remove small object from floor to 
crown height 20 reps. 

Time needed to 
perform 20 reps 
(sec) 
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Dynamic 
squatting 

Repetitive squatting with full flexion at 
knees and hips; remove small object from 
floor to crown height 20 reps. 

Time needed 
to perform 20 
reps (sec) 

Rotation standing 
right* 

Remove object horizontally at table height 
from left to right with left hand/ arm; 
distance wing span; 30 reps.; standing. 

Time needed 
to perform 30 
reps (sec) 

Rotation standing 
left* 

Remove object horizontally at table height 
from right to left with right hand / arm; 
distance: wing span; 30 reps.; standing. 

Time needed 
to perform 30 
reps (sec) 

Rotation sitting 
right* 

Remove object horizontally at table height 
from left to right with left hand/ arm; 
distance wing span; 30 reps.; sitting. 

Time needed 
to perform 30 
reps (sec) 

Rotation sitting 
left* 

Remove object horizontally at table height 
from right to left with right hand / arm; 
distance: wing span; 30 reps.; sitting. 

Time needed 
to perform 30 
reps (sec) 

Walking* Shuttle walk test; increase speed per minute Max. meters 
walked  

Stair climbing Ascend and descent 100 steps; no handrail;  Able yes / no 
Ladder 
climbing* 

Ascend and descent stepladder with 5 steps 
with use of hands  

Able yes / no 

Balance Walking over a 10x300 cm balance board; 
forward, backward, heel to toe, sideways (6 
ways; total mistakes) 

Able with 
less than 6 
mistakes yes / 
no 

Sitting tolerance 30 minutes uninterrupted sitting, minor 
weight shifts allowed 

Able yes / no 

Standing 
tolerance 

30 minutes uninterrupted standing, minor 
weight shifts allowed 

Able yes / no 

rep: repetitive 
max:  maximal  
sec:  seconds 
kg:  kilograms 
kgF:  kilograms force 
v.v.:  vice versa 
m:  meters 
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RESULTS 

Of the 30 subjects included, 27 subjects completed both sessions. Three patients 
did not attend session 2, stating that they did not feel capable of any manual 
handling due to LBP. Partial data sets were obtained from 2 subjects due to lack 
of time to complete testing, and these are reflected in the number of subjects per 
test in the tables. 
 
Material-handling tests and shuttle-walk test  
The results of the test-retest reliability of the material-handling tests and shuttle-
walk test yielded ICC values ranging from 0.75 to 0.87 (table 2). Limits of 
agreement ranged from 14.4 to 21.4 kg. Limits of agreement could not be 
calculated for the shuttle walk test because there was a systematic difference 
between the first and second sessions.9  
 
Criterion and ceiling tests  
The results of the reliability of tests with a ceiling or a criterion are presented in 
tables 3 and 4. Kappa values of 0.60 or higher were found for 7 tests (table 3). For 
7 tests, Kappa could not be calculated due to lack of filling of the cells in the 2 x 
2 tables. Percentage of absolute agreement varied from 78 to 100 % (table 3). The 
results of the additional analyses of the tests with a ceiling or a criterion are 
presented in table 4. Of the 6 tests with a criterion, the ICC values ranged from 
0.39 to 0.82. Only dynamic squatting reached the level of 0.75. Limits of 
agreement values ranged from 13.1 to 23.3 sec. For the 4 tests with a ceiling, the 
ICCs ranged from 0.36 to 0.96 (table 4). Only one test (forward bend test 
standing) reached the level of 0.75. The limits of agreement ranged from 63.4 to 
102.2 sec. For one item (the overhead work test), limits of agreement could not be 
calculated due to systematic differences between the first and second sessions. No 
further analyses were performed on the kneeling test, because only 11 subjects 
did not met the ceiling. 
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Table 2. Results of paired t-test, limits of agreement and ICCs of the material handling tests of the modified Isernhagen  
Work System FCE and the shuttle walk test.  

Activity  
(n paired observations) 

Mean 1 SD 1 Mean 2 SD 2 Mean 
difference

SD 95% CI of
difference

Limits of 
agreement

ICC  95% CI
of ICC 

Lifting low in kg (27) 31.0 13.7 29.3 17.4 1.7 9.6 -2.1 to 5.5 ± 19.8 0.81 0.63 to 0.91
Lifting high in kg (27) 16.4 7.1 15.9 7.3 0.6 3.7 -0.9 to 2.1 ± 7.6 0.87 0.73 to 0.94
Carry short in kg (27) 36.6 16.1 35.2 17.6 1.4 10.4 -2.7 to 5.5 ± 21.4 0.81 0.63 to 0.91
Carry long in kg (27) 35.3 15.2 33.6 15.5 1.7 9.5 -2.1 to 5.5 ± 19.6 0.81 0.62 to 0.91
Carry right in kg (27) 27.3 10.8 27.6 11.7 -0.4 7.0 -3.2 to 2.4 ± 14.4 0.81 0.63 to 0.91
Carry left in kg (27) 27.6 10.7 26.5 11.7 1.0 7.0 -1.7 to 3.8 ± 14.4 0.81 0.63 to 0.91
Pushing static in kg (27) 38.7 11.4 40.7 10.2 -2.0 7.5 -4.9 to 1.0 ± 15.5 0.75 0.53 to 0.88
Pulling static in kg (27) 47.1 13.4 49.8 16.2 -2.6 9.7 -6.5 to 1.2 ± 19.9 0.78 0.58 to 0.89
Walking in meters (24)  367.1 129.6 398.3 143.5 -31.3 72.0 -61.7 to -.8 - 0.84 0.67 to 0.93
mean 1: group mean in the first session,  
mean 2: group mean in the second session,  
ICC: Intra Class Correlation (one-way random model),  
95% CI: 95% confidence interval 
- limits of agreement cannot be calculated because there is a systematic difference between the first and the second  

sessions  
  

 



 

 

Table 3. Criteria and ceiling for test termination, Kappas and percentage of similar test behavior, for different tests of  
the modified Isernhagen Work System FCE 

Tests (n paired observations) Statistical 
level 

Criterion* / Ceiling** n subjects 
reaching 
criterion/ 
ceiling in 
session 1 

n subjects 
reaching 
criterion/ 
ceiling in 
session 2 

Kappa Similar test 
behavior 

Pushing dynamic (26) Dichotomous Pushing a weighted cart 
over 20 meters*  

26  26 # 100% (26/26)

Pulling dynamic (26) Dichotomous Pulling a weighted cart 
over 20 meters * 

26  26 # 100% (26/26)

Overhead work test (27) Continuous 15 minutes ** 0 1 # 96% (26/27) 
Forward bend test standing (27) Continuous 15 minutes ** 0 0 # 100% (27/27)
Forward bend test sitting (27) Continuous 5 minutes ** 5 4 0.60 89% (24/27) 
Kneeling (27) Dichotomous 5 minutes  15 11 0.57 78% (21/27) 
Crawling (25) Dichotomous 10 repetitions * 23 23 1.00 100% (25/25)
Crouching (27) 
Dynamic bending (27) 

Dichotomous 
Continuous 

60 seconds * 
20 repetitions * 

23 
20 

24 
21 

0.84 
0.70 

96% (26/27) 
89% (24/27) 

Dynamic squatting (27) Continuous 20 repetitions *  18 19 0.91 96% (26/27) 
Rotation standing right (27) Continuous 30 repetitions * 23 21 0.51 85% (23/27) 
Rotation standing left (26) Continuous 30 repetitions * 22 20 0.58 85% (23/27) 
Rotation sitting right (27) Continuous 30 repetitions * 21 22 0.87 96% (25/26) 
Rotation sitting left (26) Continuous 30 repetitions * 20 20 0.78 92% (24/26) 
Stair climbing (27) Dichotomous 20 x 5 steps up/down * 10 14 0.56 78% (21/27) 
Ladder climbing (26) Dichotomous 5 times up/down * 24 24 0.25 85% (23/27) 
Balance (total of 6 tests) (25) Dichotomous less than 6 failures * 25 26 # 96% (25/26) 
Sitting (26) Dichotomous 30 minutes * 28 26 # 96% (25/26) 
Standing (27) Dichotomous 30 minutes* 26 26 # 93%(25/27) 
*  Criterion indicates that a test is fulfilled if the criterion is met. For instance, the test of pushing dynamic has as criterion that a subject 

is able or unable to push a weighted cart over a distance of 20 meters safely.  
**  Ceiling indicates that the test is terminated because the patient has met what is defined to be the maximal time of 

performance. For instance, working static overhead has a ceiling effect at 15 minutes. The test is terminated when the subject reaches 
15 minutes. However, in that case the subject has not performed to his/her maximal ability.  

#  Kappa values cannot be calculated due to lack of filling of the cells in the 2 x 2 table.  



 

Table 4. Results of paired t-test, limits of agreement and ICCs for tests (with a criterion* or a ceiling** effect) of the modified 
Isernhagen Work System FCE 

Activity in seconds  
(n paired observations) 

Mean 1 SD 1 Mean 2 SD 2 Mean 
difference 

SD 95% CI Limits of 
agreement

ICC  95% CI

Overhead work test** (26) 246.7 97.9 191.7 80.0 55.0 91.5 18.1 to 91.9 - 0.36 -0.02 to 0.65
Forward bend test standing** 
(27) 

137.7 101.5 141.1 106.2 -3.3 30.9 -15.5 to 8.9 ± 63.4 0.96 0.91 to 0.98

Forward bend test sitting** 
(21) 

131.7      68.6 132.7 59.7 -1.0 49.0 -23.3 to 21.4 ± 102.2 0.72 0.44 to 0.88

Dynamic bending* (19) 55.1 14.2 51.1 9.4 4.0 8.4 -0.01 to 8.1 ± 17.7 0.72 0.41 to 0.88
Squatting* (18) 50.3 11.3 48.3 9.8 2.0 6.2 -1.1 to 5.1 ± 13.1 0.82 0.59 to 0.93
Rotation standing right* (20) 75.4 8.7 75.2 7.4 0.3 7.4 -3.2 to 3.7 ± 15.4 0.60 0.24 to 0.82
Rotation standing left* (19) 73.1 7.5 71.2 6.4 1.8 7.7 -1.9 to 5.5 ± 16.2 0.39 -0.06 to 0.71
Rotation sitting right* (21) 77.7 9.8 79.1 8.5 -1.4 7.8 -5.0 to 2.2 ± 16.4 0.64 0.30 to 0.83
Rotation sitting left* (19) 75.3 9.5 77.0 11.5 -1.7 11.1 -7.1 to 3.6 ± 23.3 0.45 0.02 to 0.74
mean 1: group mean in the first session 
mean 2: group mean in the second session  
ICC: Intraclass correlation (one-way random model) 
95% CI: 95% Confidence Interval  
*  Only if a subject reached the criterion in session 1 and session 2, were the times needed to reach the criterion in the  

sessions used for further analyses; other subjects were excluded from the analysis 
** If a subject reached the ceiling in session 1 or session 2, he/she was excluded from further analyses because the maximal performance 

cannot be analysed 
-  Limits of agreement cannot be calculated because there is a systematic difference between the first and the second  

session 
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Summary of the results 
All 28 tests of the IWC FCE were divided into tests with and tests without an 
acceptable reliability on the basis of the Kappa values, the percentage of absolute 
agreement and on the basis of the ICC values (table 5). Based on Kappa values 
and percentage of absolute agreement, fifteen of the 19 tests (79%) showed an 
acceptable agreement. Based on ICC values, eleven of the 18 tests (61%) showed 
an acceptable reliability. 
 
DISCUSSION 

Material-handling group and shuttle-walk test  
All 8 tests of the material-handling group and the shuttle-walk test had ICC 
values above 0.75. This indicates that the variance in the test results between 
patients is considerably higher than the variance in test results within subjects. 
The ICC is a ratio between the signal (between-subject variance) and the signal 
plus noise (within-subject variance). Based on these ICCs, it can be concluded 
that these tests are reliable. However, the ICC only expresses how well two 
observations are likely to classify a patient consistently relative to the other 
patients.12 The ICC value provides no indication of the magnitude of the 
disagreement between two observations (within patient variance: "noise").15 To 
determine the magnitude of disagreement on an individual level, the limits of 
agreement were calculated.9 The limits of agreement of most of the material-
handling tests were large. This means that the "noise" was relatively large, despite 
high ICC values. For example, for lifting an ICC value of 0.81 was found, but the 
limits of agreement were ±19.8 kg (mean performances 31.0 and 29.3 kg). In 
other words, approximately 95% of all differences within subjects will lie 
between ±19.8 kg.  
Large limits are the result of a large within-patient variance. This variance can be 
attributed to the testing procedure, differences in interpretation of the evaluator, 
measurement errors and random error of the testing procedure, or to other factors 
such as the patient, differences in test behavior due to disparities in pain or 
motivation, or within-patient random errors. Without formally controlling for this, 
we hypothesize that a major part of the variance can be attributed to the patient.3 
Because the limits of agreement for the IWS tests have not been investigated 
before, it is not possible to compare our results with those of other researchers. 
Therefore, we decided that, based on a statistical decision (ICC), the material 
tests and the shuttle walk test are reliable. However, a considerable amount of 
noise should be taken into account when interpreting the test results clinically.  
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Table 5. Overview of the reliability of the items of the modified IWS FCE  
Items Kappa Agreement 

% 
Reliability ICC Reliability 

Lifting N/A N/A N/A High Acceptable 
Overhead lift N/A N/A N/A High Acceptable 
Short carry two-
handed 

N/A N/A N/A High Acceptable 

Long carry two-
handed 

N/A N/A N/A High Acceptable 

Long carry right-
handed 

N/A N/A N/A High Acceptable 

Long carry left-
handed 

N/A N/A N/A High Acceptable 

Pushing static N/A N/A N/A High Acceptable 
Pulling static N/A N/A N/A High Acceptable 
Pushing dynamic N/A High Acceptable N/A N/A 
Pulling dynamic N/A High Acceptable N/A N/A 
Overhead work 
test 

N/A High Acceptable Low Not acceptable 

Forward bend test 
standing 

N/A High Acceptable High Acceptable 

Forward bend test 
sitting 

High High Acceptable Low Not acceptable 

Kneeling Low Low Not acceptable N/A N/A 
Crawling High High Acceptable N/A N/A 
Crouching High High Acceptable N/A N/A 
Dynamic bending High High Acceptable Low Not acceptable 
Dynamic 
squatting 

High High Acceptable High Acceptable 

Rep. rotation 
standing right 

Low High Not acceptable Low Not acceptable 

Rep. rotation 
standing left 

Low High Not acceptable Low Not acceptable 

Rep. rotation 
sitting right 

High High Acceptable Low Not acceptable 

Rep. rotation 
sitting left 

High High Acceptable Low Not acceptable 

Walking N/A N/A N/A High Acceptable 
Stair climbing Low Low Not acceptable N/A N/A 
Ladder climbing Low High Acceptable N/A N/A 
Balance N/A High Acceptable N/A N/A 
Sitting tolerance N/A High Acceptable N/A N/A 
Standing 
tolerance 

N/A High Acceptable N/A N/A 

‘High or ‘Low’ means the reliability coefficient is higher or lower than the criteria for 
interpretation (Kappa 0.60, 80% agreement, ICC 0.75). 
N/A: not applicable 
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Criterion and ceiling tests 
For 7 tests, Kappa values and percent agreement were good (forward bend test 
sitting, crawling, dynamic bending, crouching, dynamic squatting, repetitive 
rotation sitting right and left). For 7 other tests, Kappa values could not be 
calculated due to lack of filling of the cells (pushing dynamic, pulling dynamic, 
overhead work test, working static standing forward, balance, sitting tolerance 
and standing tolerance). However, their percentages of absolute agreement were 
very high (96-100%), and are therefore considered reliable as well. For 3 tests, 
Kappas were (far) below 0.60 and percentage of absolute agreement above 0.80 
(repetitive rotation standing right, left and ladder climbing), and for 2 tests 
(kneeling and stair climbing) Kappas as well as percentage of absolute agreement 
were below the criteria for acceptance. An explanation for this discrepancy is 
probably the lack of variation in cell fillings.13 In our study there is a large 
proportion of agreement, most of which is limited to only one of the possible 
rating choices. Under this limited variation, only one decision can make the 
difference between poor and excellent reliability expressed as a Kappa. In our 
study this phenomenon has resulted in some low Kappa values and (very) high 
percentage of absolute agreement. The use of percentage of absolute agreement 
has its limitations as well, because it does not take into account the agreement 
that is expected to occur due to chance alone.15 Cohen’s Kappa, on the other 
hand, corrects the observed agreement for the agreement that is expected by 
chance. Because both measures of reliability contain their strength and their 
limitations, it was decided to apply both in this study. 
Before analysis, patients who reached the ceiling in sessions 1 and 2 were 
excluded for further analyses because the maximal performance could not be 
analyzed. If a patient reached the criterion in sessions 1 and 2, the time needed to 
reach the criterion was used for further analyses. Those subjects who did not 
reach the criterion were excluded. Only two tests (forward bend test standing and 
dynamic squatting) reached the ICC level of 0.75. Two tests show ICC values of 
0.72 (forward bend test sitting and dynamic bending). Therefore, the reliability of 
these tests is disputable. For 6 tests, ICC values were low. The limits of 
agreement (table 4) are relatively smaller compared to those of material handling 
tests (13.1 to 17.7 sec). Of the tests with ceiling or criterion effects, only one test 
(dynamic squatting) shows a high ICC and small limits of agreement. Based on a 
statistical decision (ICC), only forward bend test standing and dynamic squatting 
are reliable. For static standing, a large amount of within-patient variation 
("noise") should be taken into account when used clinically. 
 
Similar relationships were found between Kappa or percentage agreement (high 
values) and ICC (low values) for the overhead work test, repetitive rotation sitting 
right and left. This indicates that a high percentage of similar test behavior 
(reaching a ceiling or a criterion, or not) does not predict high ICCs 

88 



Reliability of the IWS FCE in CLBP patients 

(quantitatively the same test behavior in the two sessions). These measures for 
reliability describe clearly different aspects of reliability. 
 
The tests of the IWS FCE were acceptable to all subjects and required no 
specialized equipment. Some patients reported an increase in pain while 
performing tasks, others reported it one or two days after the testing day. Two 
weeks separated the first and second testing sessions. In this time period no 
significant change in work ability was expected, yet time was allowed to lessen 
recall of the previous test results and to recuperate from the first test session (12). 
Despite the use of the same evaluator for both test sessions, significant 
differences occurred between both sessions for the shuttle-walk test and overhead 
work test. This indicates that the first session may have influenced the results of 
the second session. It can be debated whether this influence is a form of 
physiological training or that knowledge of the first test session by the patients 
influences their test behavior in the second test session. Furthermore, these 
significant differences may have occurred by chance due to multiple statistical 
testing. For the other tests, no significant difference occurred. Conflicting results 
were found for the repetitive rotation tests. For rotation sitting right and left high 
Kappa values were found (0.87 and 0.78, respectively) while for standing right 
and left lower Kappa values were found (0.51 and 0.58, respectively). These 
differences in Kappa values cannot be explained satisfactorily.  
 
Selection bias may have influenced our test-retest results. In one year, out of 
approximately 100 patients who met the selection criteria, only 30 were willing to 
participate. Main reasons for not participating were that testing would take too 
much time. As a result, only those subjects who were motivated and had time 
participated in our study. This means that our study sample, and therefore also 
test-retest reliability, may differ from the population in clinical practice. In this 
study, protocols were used that were slightly modified from the original IWS 
FCE. Reliability of the original IWS FCE tests should be analyzed in future 
research.  
Basically, the IWS FCE is a set of tests with very heterogeneous properties, 
ceiling and criterion tests. In analyzing the reliability, different types of analysis 
had to be performed and sometimes arbitrary decisions had to be taken. This 
resulted in rather complex results which could not be interpreted simply. Changes 
in the testing procedure, for example to eliminate ceiling-effects, may improve 
reliability. 
 
CONCLUSION 

Test-retest reliability of 15 tests (79%) of the modified IWS FCE was acceptable 
based on Kappa values and percentage of absolute agreement. For 11 tests (61%), 
test-retest reliability was acceptable based on ICC values.  
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ABSTRACT 

Objective: Aim of this study was to investigate test-retest reliability of the 
Isernhagen Work System Functional Capacity Evaluation (IWS FCE) in healthy 
subjects.  
Design: Test-retest reliability was studied of 28 IWS FCE tests. Two FCE 
sessions were held within a 2 to 3 week interval. Descriptives per session, Intra 
Class Correlation (ICC), limits of agreement, Cohen’s Kappa and percentage of 
agreement were calculated where appropriate. An ICC of ≥ 0.75, a Kappa value 
≥0.60 and a percentage of absolute agreement of ≥80% were considered 
acceptable reliability.  
Subjects: A convenience sample of 26 healthy subjects participated in the study. 
The subjects’ mean age was 34.9 years.  
Results: Acceptable reliability was demonstrated for 7 out of 9 tests (78%) of the 
material handling group and the shuttle walk test based on ICC analyses only. 
Sixteen out of 17 criterion and ceiling tests (94%) showed acceptable reliability 
based on Kappa values and percentage of agreement. Of these 17 tests, 8 were 
eligible for further analysis, and of those 8 tests the reliability of one test was 
acceptable based on ICC analyses (13%). 
Conclusion: The test-retest reliability of the material-handling group is 
acceptable. Crude analyses of the ceiling and criterion tests reveal acceptable test-
retest reliability of most, but not all, tests. 
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INTRODUCTION 

Functional Capacity Evaluations (FCEs) are test batteries aimed at measuring the 
ability of a person to perform work-related activities. FCEs are based upon the 
job factors of the Dictionary of Occupational Titles, a publication of the United 
States Department of Labor.1,2,3 This dictionary describes the physical activities 
(job factors) that a job requires in a systematic way, by means of physical 
demands analysis. Many FCEs are available on the market, one of which is the 
Isernhagen Work System (IWS) FCE. The IWS FCE consists of 28 tests that 
measure work-related activities (table 1).  
Different aspects of the IWS FCE already have been tested for their reliability. In 
a test-retest design "lifting" and "carrying" have been found to possess a good 
reliability, with Intra Class Correlations ranging from 0.77 to 0.94.4,5 Static 
pushing and static pulling also appeared to possess good test-retest reliability,6 as 
does the measurement of maximum holding times.7 Test-retest reliability of 
almost all tests of the IWS FCE was recently investigated in a sample of patients 
suffering from chronic non-specific low back pain.8 The reliability of many tests 
of the IWS FCE was deemed acceptable, indicated by different statistical indices. 
This means that at group level, the results of the first testing session did not differ 
significantly from the second session. One of the important findings was the large 
variance between the test sessions, as indicated by large limits of agreement. This 
means that at the level of the individual patient, the performances could differ 
substantially between sessions. The source of variation in performances may be 
attributed to the patient behavior, properties of the testing protocols, or to 
variation related to the evaluator.  
 
This study was conducted to investigate test-retest reliability of almost all tests of 
the IWS FCE on healthy subjects, and to compare the variation with the variation 
of patients with CLBP.8 In comparison to the study by Brouwer et al,8 most of the 
methodology of this study and analysis of the results were held constant, 
however, healthy subjects participated in this study instead of patients with CLBP 
in the Brouwer study. 
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Table 1. Description of the activities of the Isernhagen Work Systems (IWS) 
FCE. Items marked (*) are modified from the standard IWS FCE  
protocol. 

FCE activity Description Scoring 
Lifting low 5 lifts from table to floor v.v.; 4-5 

weight increments; <90 sec. 
Max amount kg 
lifted  

Lifting high 5 lifts from table to crown height 
v.v.; 4-5 weight increments; <90 sec. 

Max amount kg 
lifted  

Carry short two-
handed 

5 carries 1.5 m.; waist height; 4-5 
weight increments; <90 sec. 

Max amount kg 
carried  

Carry long two-
handed 

1 carry 20 m.; waist height; 4-5 
weight increments; <90 sec. 

Max amount kg 
carried  

Carry long 
right-handed 

1 carry 20 m.; waist height; 4-5 
weight increments; <90 sec. 

Max amount kg 
carried  

Carry long left-
handed 

1 carry 20 m.; waist height; 4-5 
weight increments; <90 sec. 

Max amount kg 
carried  

Pushing static Static full body push; 3 repetitions Average kgF 
Pulling static Static full body pull; 3 repetitions Average kgF 
Pushing 
dynamic 

Pushing a weighted cart over 
10meters including 2 turns 

Safely possible 
yes/no 

Pulling dynamic Pulling a weighted cart over 10 
meters including 2 turns 

Safely possible 
yes/no 

Overhead work 
test* 

Standing with hands at crown height; 
manipulating nut/bolts 

Time position is 
held (sec) 

Forward bend 
test standing* 

Standing with 30-60° trunk flexion; 
manipulating nut/bolts 

Time position is 
held (sec) 

Forward bend 
test sitting 

Sitting with 30-60° trunk flexion; 
manipulating nut/bolts, max. 5 min 

Time position is 
held (sec) 

Kneeling Maintaining kneeling posture; knees 
90° flexion, hips straight, max. 5 min. 

Time position is 
held (sec) 

Crawling Ambulate 3 meters on hands and 
knees, then replace small object from 
floor to table height while in crawling 
position; 10 reps. 

Able yes / no 

Crouching Maintaining position with knees and 
hips fully flexed, max 1 min. 

Time position is 
held (sec) 

Dynamic 
bending* 

Repetitive bending at hips and back; 
remove small object from floor to 
crown height 20 reps. 

Time needed to 
perform 20 reps 
(sec) 
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Dynamic 
squatting 

Repetitive squatting with full flexion at 
knees and hips; remove small object from 
floor to crown height 20 reps. 

Time needed 
to perform 20 
reps (sec) 

Rep. rotation 
standing right* 

Remove object horizontally at table height 
from left to right with left hand/ arm; 
distance wing span; 30 reps.; standing. 

Time needed 
to perform 30 
reps (sec) 

Rep. rotation 
standing left* 

Remove object horizontally at table height 
from right to left with right hand / arm; 
distance: wing span; 30 reps.; standing. 

Time needed 
to perform 30 
reps (sec) 

Rep. rotation 
sitting right* 

Remove object horizontally at table height 
from left to right with left hand/ arm; 
distance wing span; 30 reps.; sitting. 

Time needed 
to perform 30 
reps (sec) 

Rep. rotation 
sitting left* 

Remove object horizontally at table height 
from right to left with right hand / arm; 
distance: wing span; 30 reps.; sitting. 

Time needed 
to perform 30 
reps (sec) 

Walking* Shuttle walk test; increase speed per minute Max. meters 
walked  

Stair climbing Ascend and descent 100 steps; no handrail;  Able yes / no 
Ladder 
climbing* 

Ascend and descent stepladder with 5 steps 
with use of hands  

Able yes / no 

Balance Walking over a 10x300 cm balance board; 
forward, backward, heel to toe, sideways (6 
ways; total mistakes) 

Able with 
less than 6 
mistakes yes / 
no 

Sitting tolerance 30 minutes uninterrupted sitting, minor 
weight shifts allowed 

Able yes / no 

Standing 
tolerance 

30 minutes uninterrupted standing, minor 
weight shifts allowed 

Able yes / no 

rep: repetitive 
max:  maximal  
sec:  seconds 
kg:  kilograms 
kgF:  kilograms force 
v.v.:  vice versa 
m:  meters 
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Subjects 
Subjects were recruited based on convenience. All declared to be healthy, i.e. to 
have no medical condition that would restrict them from performing maximally. 
The original sample consisted of 28 subjects. Two subjects were unable to 
perform a second session due to acute low back pain unrelated to the first testing 
session. The study sample thus consisted of 26 subjects: 14 males and 12 females. 
Their mean age was 34.9 years (SD 12.7 years), mean weight was 83.5 kg (SD 
15.5) and mean length was 181 cm (SD 8.5). One of the subjects experienced an 
episode of acute low back pain after the first session, and performed only half of 
the items of the second session. 
 
Procedures 
Two testing sessions were held within a 2 to 3 week interval. Time of day was 
kept constant. The subjects were introduced to the general FCE procedures per 
IWS FCE protocol9 and then signed informed consent. Prior to each test, the 
subjects were briefly verbally instructed on the required performance. The 
evaluator then demonstrated each test. In this way, a total of 28 tests were 
performed (Table 1). The subjects were asked to perform to their maximum 
abilities. Testing could be terminated for 4 reasons. 1. It was explained that they 
were allowed to stop the procedures at any point if they wished to do so, for 
example because of insecurity or pain. 2. The subjects wore a heart rate monitor 
throughout the test procedures. A test was terminated when the subject’s heart 
rate met or exceeded 85% of his or her age-related maximum. 3. The evaluator 
terminated testing if it became unsafe, defined as a situation in which the subject 
was not in full control of him- or herself and/or the load. 4. For some tests a 
predetermined time limit was the reason for the subject to stop (i.e. crouching, 
max. 60 sec). The evaluator recorded the results directly after each test. One 
internally trained evaluator evaluated all subjects. Each session lasted 
approximately 2 hours. 
 
A modified IWS FCE was used in this study. Instead of a 2-day protocol 
suggested in the original IWS protocol, all tests were performed on a single day.5 
The tests pushing and pulling dynamic, crawling, walking, stair climbing and 
ladder climbing were slightly modified (described and marked * in table 1). 
Minor modifications were also made to the following tests. The overhead work 
test and the forward bend test standing: patients were instructed to hold these 
postures as long as possible.7 The ceiling of these tests was set at 15 instead of 5 
minutes because otherwise too many subjects reached this ceiling and would not 
perform to their maximum capacities. Sitting and standing tolerances were 
excluded from this study because of the duration of these tests (each test lasts 30 
minutes) and because of the fact that most CLBP patients are consistently able to 
tolerate these tests.8 As was the case in the Brouwer study, the grip strength and 
hand co-ordination tests were excluded from the study protocol.  
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Data Analysis  
In the IWS FCE three types of tests can be distinguished: those with a criterion, 
those with a ceiling, and those without criterion or ceiling (i.e. material handling 
tests and shuttle walk test). For the material handling tests and shuttle walk test 
means, standard deviations, 95% confidence intervals, Intra Class Correlations 
(ICCs, model one way random) and limits of agreement were calculated.10  
A criterion indicates that a test is fulfilled when a criterion is met. For instance 
the test ‘pushing dynamic’ has a criterion that a subject is able or unable to safely 
push a weighted cart over a distance of 20 meters. The repetitive rotation tests are 
criterion tests as well; the time needed to perform 30 rotations to the left and the 
right side. For all criterion tests the number of subjects who met the criterion for 
each test session was calculated. On the basis of these dichotomous results 
Cohen’s Kappas and percentages of absolute agreement of subjects with identical 
test behavior over two test sessions were calculated. Cohen's Kappas could not be 
calculated when the filling of the 2x2 tables was incomplete. If a subject reached 
the criterion in session 1 and in session 2, the times needed to reach the criterion 
in the sessions were used for further analyses: means, standard deviations, 95% 
confidence intervals, ICCs and limits of agreement were calculated. Data of 
subjects not meeting the criterion in session 1 or session 2 were excluded from 
further analyses. 
 
A ceiling indicates that the test is terminated because the subject had met what is 
defined to be the maximal time of performance. For instance, working static 
overhead has a ceiling of 15 minutes. This test was terminated when the subject 
reached 15 minutes. In that case maximal capacity was not reached. For all tests 
with a ceiling effect, the number of subjects who reached the ceiling for each test 
session was calculated. On the basis of these dichotomous results Cohen’s 
Kappas and percentages of absolute agreement of subjects with identical test 
behavior over the two sessions were calculated. Cohen's Kappas could not be 
calculated when the filling of the 2x2 tables was incomplete. If a subject reached 
the ceiling in session 1 or session 2, the data of that subject were excluded for 
further analyses because this subject’s maximal performance could not be 
analyzed. Of the subjects who did not reach the ceiling in both sessions, means, 
standard deviations, 95% confidence intervals, ICCs and limits of agreement were 
calculated.  
 
Criteria for interpretation of the indices for reliability were equal to those 
described in the study of Brouwer et al.8 An ICC of 0.75 or more was considered 
acceptable reliability. A Kappa value of more than 0.60 was considered an 
acceptable reliability. Arbitrarily, a percentage of absolute agreement of 80% or 
more was also considered an acceptable reliability. All analyses were performed 
in SPSS.  
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RESULTS 

Material-handling group and shuttle walk test  
The results of the test-retest reliability of the material-handling tests yielded ICC 
values ranging from 0.68 to 0.98 and limits of agreement ranging from 4.8 to 21.5 
kg (table 2). Limits of agreement could not always be calculated because there 
was a systematic difference between the first and second session.10 Mean 
performances were generally better on the second testing session. Seven out of 8 
tests reached ICC values higher than 0.75. The ICC value of the shuttle walk test 
was 0.64 with limits of agreement of ±199.6 meters.  
 
Criterion and ceiling tests  
The results of the reliability of tests with a ceiling or a criterion are presented in 
tables 3 and 4. As shown in table 3, similar test behaviour was seen in all 17 tests, 
as indicated by percentages of agreement exceeding 80%. Kappa values of 0.60 
or higher were found for 5 out of 6 tests in which a Kappa could be calculated. 
Kappa could not be calculated in 11 tests due to incomplete filling of the cells in 
the 2 x 2 tables. The results of the additional analyses of the tests with a ceiling or 
a criterion are presented in table 4. During the second testing session, the subjects 
performed worse on the ceiling tests, and performed better on most criterion tests. 
No further analyses were performed on the following tests because the data of 6 
or less subjects were eligible for analyses: pushing and pulling dynamic, forward 
bend test sitting, kneeling, crawling, crouching, stair climbing, ladder climbing, 
and balance. 
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Table 2. Results of paired t-test, limits of agreement and ICCs of the material handling tests of the modified Isernhagen Work  
System FCE and the shuttle walk test. 

Activity  
(n paired observations) 

Mean 1 SD 1 Mean 2 SD 2 Mean 
difference

SD 95% CI of 
difference 

Limits of 
agreement

ICC  95% CI
of ICC 

Lifting low in kg (25) 45.8 17.6 50.2 20.5 -4.4 4.5 -6.3 to -2.5 - 0.95 0.89 to 0.98
Lifting high in kg (25) 19.6 6.2 20.5 5.7 -0.9 2.7 -2.0 to 0.3 ±5.6 0.89 0.77 to 0.95
Carry short in kg (25) 47.3 18.7 53.4 20.7 -6.0 6.8 -8.9 to -3.2 - 0.90 0.78 to 0.95
Carry long in kg (25) 46.4 15.5 50.9 15.1 -4.5 7.6 -7.6 to -1.3 - 0.84 0.68 to 0.93
Carry right in kg (25) 37.2 11.9 38.5 11.4 -1.2 2.3 -2.2 to -0.3 - 0.98 0.95 to 0.99
Carry left in kg (25) 35.1 9.8 36.2 10.6 -1.1 1.1 -3.4 to 1.2 ±2.3 0.86 0.70 to 0.93
Pushing static in kg (26) 40.9 12.8 47.3 16.8 -6.5 10.5 -10.7 to -2.2 - 0.68 0.41 to 0.84
Pulling static in kg (26) 56.0 17.7 58.9 19.4 -2.9 8.5 -6.3 to 0.6 ±17.5 0.89 0.77 to 0.95
Shuttle walk test in 
meters (25)  

517.2 112.2 555.6 123.3 -38.4 96.7 -77.9 to 1.1 ±199.6 0.64 0.34 to 0.82

mean 1: group mean in the first session  
mean 2: group mean in the second session  
ICC: Intra Class Correlation (one-way random model)  
95% CI: 95% confidence interval 
-: limits of agreement cannot be calculated because there is a systematic difference between the first and the second  

sessions  
  

    
 
 



 

Table 3. Criteria and ceiling for test termination, Kappas and percentage of similar test behavior, for different tests of the 
modified Isernhagen Work System FCE 

Tests  
(n paired observations) 

Statistical level Criterion* 
/Ceiling** 

n subjects 
reaching 

criterion or 
ceiling in 
session 1 

n subjects 
reaching 

criterion or 
ceiling in 
session 2 

Kappa 
(K) 

Similar test 
behavior 

Pushing dynamic (19) Dichotomous 20 meters*  19 19 # 100% (19/19) 
Pulling dynamic (19) Dichotomous 20 meters * 19 19 # 100% (19/19) 
Overhead work test (26) Continuous 15 minutes ** 2 3 0.78 96% (25/26) 
Forward bend test standing (24) Continuous 15 minutes ** 6 6 1.00 100% (24/24) 
Forward bend test sitting (24) Continuous 5 minutes ** 14 15 0.57 79% (19/24) 
Kneeling (24) Dichotomous 5 minutes ** 23 22 0.65 96% (23/24) 
Crawling (26) Dichotomous 10 repetitions * 26 26 # 100% (26/26) 
Crouching (20) Dichotomous 60 seconds * 17 18 0.77 95% (19/20) 
Dynamic bending (26) Continuous 20 repetitions * 26 26 # 100% (26/26) 
Dynamic squatting (25) Continuous 20 repetitions *  25 25 # 100% (25/25) 
Rotation standing right (25) Continuous 30 repetitions * 25 25 # 100% (25/25) 
Rotation standing left (25) Continuous 30 repetitions * 25 25 # 100% (25/25) 
Rotation sitting right (25) Continuous 30 repetitions * 25 25 # 100% (25/25) 
Rotation sitting left (25) 

 
Continuous 30 repetitions * 25 25 # 100% (25/25) 

Stair climbing (26) Dichotomous 20 x 5 steps 
up/down *  

14   

    

16 0.69 85% (22/26)

Ladder climbing (25) Dichotomous 5 times up/down 
* 

25 25 # 100% (25/25)

Balance (total of 6 tests) (24) Dichotomous < 6 failures * 25 24 # 96% (24/25) 
*:  Criterion indicates that a test is fulfilled if the criterion is met. For instance the test pushing dynamic has as criterion that 

a subject is able or not able to push a weighted cart over a distance of 20 meters safely.  
**:  Ceiling indicates that the test is terminated because the patient has met what is defined to be the maximal time of  

performance. For instance, working static overhead has a ceiling effect at 15 minutes. The test is terminated when the  
subject reaches 15 minutes. However, in that case he/she has not performed to his/her maximal ability.  

#:  Kappa values can not be calculated due to lack of filling of the cells in the 2 x 2 table.  

 



  

 
Table 4. Results of paired t-test, limits of agreement and ICCs for tests (with a criterion* or a ceiling** effect) of the modified  

 Isernhagen Work System FCE 
Activity in seconds  
(n paired observations) 

Mean 1 SD 1 Mean 2 SD 2 Mean 
difference 

SD 95% CI Limits of 
agreement

ICC  95% CI

Working static overhead ** 
(23) 

403.8     181.9 348.8 120.8 55.0 135.9 -3.75 to
113.8 

±281.8 0.58 0.23 to 0.79

Forward bend test standing ** 
(18) 

405.1 174.1 377.3 197.12 27.7 117.8 -30.9 to 86.3 ±248.6 0.93 0.85 to 0.97

Dynamic bending * (19) 50.5 7.0 47.5 5.5 3.1 6.1 0.6 to 5.6 - 0.45 0.09 to 0.71
Squatting * (25) 42.5 5.1 41.6 3.3 1.0 4.1 -0.7 to 2.7 ±8.5 0.54 0.20 to 0.77
Rotation standing right * (25) 70.4 8.7 70.9 9.5 -0.4 7.7 -3.6 to 2.7 ±15.8 0.66 0.37 to 0.83
Rotation standing left * (25) 68.9 7.7 69.7 7.6 -0.8 5.6 -3.1 to 1.5 ±11.6 0.73 0.49 to 0.87
Rotation sitting right * (25) 77.3 10.8 75.8 11.0 1.6 10.5 -2.8 to 5.9 ±21.8 0.54 0.20 to 0.77
Rotation sitting left * (25) 76.2 9.8 74.0 8.3 2.3 6.6 -0.4 to 5.0 ±13.5 0.72 0.47 to 0.87
mean 1: group mean in the first session 
mean 2: group mean in the second session  
ICC: Intra Class Correlation (one-way random model) 
95% CI: 95% Confidence Interval  
*  Only if a subject reached the criterion in session 1 and session 2, were the times needed to reach the criterion in the  

sessions used for further analyses; other subjects were excluded from the analysis 
** If a subject reached the ceiling in session 1 or session 2, he/she was excluded from further analyses because the maximal performance 

cannot be analysed 
-  Limits of agreement cannot be calculated because there is a systematic difference between the first and the second  

session
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DISCUSSION 

Material-handling group and shuttle walk test 
The ICC values of 7 out of 8 material handling tests were well over 0.75, thus 
these tests are reliable. The limits of agreement relative to the mean performances 
vary from 13% to 38% (limits of agreement / mean). The ICC values of the static 
pushing tests and the shuttle walk test of the healthy subjects were below the 
criterion of 0.75, indicating these tests to be not reliable. It is unlikely that the 
substandard ICC value in this study can be attributed to a difference between or 
within the healthy subjects’ performances. With regards to the static pushing test, 
the difference may be explained by a difference in evaluator. This particular test 
requires a specific subject performance to avoid peak forces. Our evaluator was 
internally trained and this particular aspect might have been undertrained. Test-
retest reliability of this test was studied once before on 62 patients with chronic 
pain patterns by certified evaluators.6 The reliability in that study was ICC of 0.96 
for pushing and 0.95 for pulling, which underscore that evaluator training may be 
of importance in this test. The reliability of the shuttle walk test is much lower in 
healthy subjects (ICC=0.64) compared to CLBP patients (ICC=0.84), patients 
with cardiac (r=0.99,11) and pulmonary conditions (r=0.94 to r=0.99,12), and of 
healthy elderly people.13 The authors cannot explain this detonating finding 
satisfactorily. 
 
Criterion and ceiling tests 
Five out of 6 tests where a Kappa could be calculated were found reliable. A 
Kappa could not be calculated in 11 other tests due to lack of cell filling. In all of 
these 11 tests, the percentages of agreement was very high (96 to 100%), and are 
therefore considered reliable as well. Based on percentage agreement and Kappa 
values, all criterion and ceiling tests, with exception of the forward bend test 
sitting, are reliable for use in healthy subjects. Additional analyses of the data of 
those subjects who did not reach a ceiling or who met a criterion in session 1 or 2 
were performed on 8 tests. The forward bend test standing was the only test with 
acceptable reliability. The ICC values of all other 7 tests that were analyzed were 
below 0.75, indicating that these tests are unreliable for use in healthy subjects. 
 
The study design and analyses of this study were a replicate of the study 
described by Brouwer et al.8 The discussion section of that study deals in part 
about theoretical considerations regarding the statistical analyses of the results. 
These considerations apply to this study as well. In summary, specifics in test 
design caused ceiling and floor effects, which in turn prevented a simple 
statistical analysis of the data. Additionally, a lack of cell filling prohibited 
calculation of Kappa statistics in 11 out of 17 applicable tests.  
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Table 5. Summary and interpretation of results  
Items Kappa Agreement 

% 
Reliability ICC Reliability 

Lifting low N/A N/A N/A High Acceptable 
Lifting high N/A N/A N/A High Acceptable 
Carry short  N/A N/A N/A High Acceptable 
Carry long  N/A N/A N/A High Acceptable 
Carry right  N/A N/A N/A High Acceptable 
Carry left  N/A N/A N/A High Acceptable 
Pushing static N/A N/A N/A Low Not acceptable 
Pulling static N/A N/A N/A High Acceptable 
Pushing 
dynamic 

NC High Acceptable N/A N/A 

Pulling dynamic NC High Acceptable N/A N/A 
Overhead work 
test  

High High Acceptable Low Not acceptable 

Forward bend 
test standing  

High High Acceptable High Acceptable 

Forward bend 
test sitting 

Low Low Not acceptable N/A N/A 

Kneeling High High Acceptable N/A N/A 
Crawling NC High Acceptable N/A N/A 
Crouching High High Acceptable N/A N/A 
Dynamic 
bending  

NC High Acceptable Low Not acceptable 

Dynamic 
squatting 

NC High Acceptable Low Not acceptable 

Rotation 
standing right  

NC High Acceptable Low Not acceptable 

Rotation 
standing left  

NC High Acceptable Low Not acceptable 

Rotation sitting 
right  

NC High Acceptable Low Not acceptable 

Rotation sitting 
left  

NC High Acceptable Low Not acceptable 

Walking  N/A N/A N/A Low Not acceptable 
Stair climbing High High Acceptable N/A N/A 
Ladder 
climbing  

NC High Acceptable N/A N/A 

Balance NC High Acceptable N/A N/A 
‘High or ‘Low’ means the reliability coefficient is higher or lower than the criteria for 
interpretation (Kappa 0.60, 80% agreement, ICC 0.75). 
N/A: Not applicable 
NC: Not calculated 
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Comparing variance of healthy subjects with CLBP patients 
A comparison of the results of this study with healthy subjects with the results of 
CLBP patients reveals the following. The mean ICC value of the 8 tests of the 
material-handling group is 0.87 in the healthy group and 0.81 in the CLBP group. 
The mean width of the standard deviations relative to the performances during the 
8 material handling tests (SDmean / mean performances), was 34% in both sessions 
of the healthy subjects, and 38% in the first session and 42% in the second 
session of CLBP patients in the Brouwer study. Comparing percentages of similar 
test behaviour to patients with CLBP revealed a mean percentage agreement of 
96.9% in the healthy group and 91.8% in the CLBP group. The consistency 
between sessions of the healthy subjects’ performances was better in 8 tests, 
equal in 6 tests, and worse in 3 tests compared to CLBP patients. Of the 8 tests 
analyzed additionally, the ICC values of 3 tests were lower and of 5 tests were 
higher than in CLBP patients.8 Overall, higher ICC values, smaller limits of 
agreement, smaller standard deviations and higher percentage agreement all 
indicate less within subject variance of the healthy subjects. As hypothesized by 
Brouwer et al,8 the large within subject variance of patients with CLBP can in 
part be contributed to the characteristics of the patients.  
 
In conclusion, the test-retest reliability of the material-handling group is 
acceptable. Analyses of the ceiling and criterion tests reveal acceptable test-retest 
reliability of most, but not all, tests. Detailed analyses of these tests indicate 
levels of reliability that are unacceptable, indicating considerable within subject 
variances between occasions. 
 
Work-related assessments should have demonstrated proof of safety, reliability, 
validity, practicality and utility.14 No assessment can perform maximally on all 5 
requirements; protocols are always a weighted balance between these 
requirements. For example, when considering the criterion of practicality, it can 
easily be explained why ceiling effects were created to reduce testing time. 
Introducing performance ceilings, however, does have its drawback: it is 
complicated to study the reliability of these tests to name just one. It is likely that 
contemplations such as these had taken place in the developmental stages of the 
IWS FCE, now more than 20 years ago. Research has been performed and new 
data is now available about strengths and weaknesses of the standardised version 
of the IWS FCE. Design adjustments should be considered to improve the 
weaknesses of the current protocol.  
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ABSTRACT 

Objective: To compare the work limitations assessed using self-report, clinical 
examination and functional testing in patients with Chronic Low Back Pain 
(CLBP).  
Design: The patients, the physician and a trained evaluator completed a scoring 
form about the work limitations of the patient based on self-report (patient), 
clinical examination (physician) or functional testing (evaluator). The Isernhagen 
Work Systems Functional Capacity Evaluation (IWS FCE) was used to obtain the 
functional testing results. A Kappa value of more than 0.60, absolute agreement 
of more than 80% and a correlation of more than 0.75 were considered as 
acceptable.   
Subjects: Ninety-two patients with CLBP who were admitted for rehabilitation 
treatment.  
Results: Little agreement and correlation among self-report, clinical examination 
and functional testing were found for the assessment of work limitations. Self-
reported limitations were considerably higher than from those derived from 
clinical examination or functional testing. Additionally, the limitations derived 
from the clinical examination were higher than those derived from the IWS FCE. 
Conclusion: Comparing self-report, clinical examination and functional testing 
for assessing work limitations in CLBP patients showed large considerable 
differences in limitations. Professional health care workers should be aware of 
these differences when using them in daily practice.  

108 



Measuring work limitations in CLBP 

INTRODUCTION 

Chronic low back pain (CLBP) is one of the most common and fastest growing 
reasons for work loss, health care use and disability benefits.1-3 The costs of 
chronic low back pain are enormous and can be attributed to direct and indirect 
costs of health care.1,4  
To assess the impact of CLBP on the functional work status (i.e. the ability to 
perform relevant activities at work) the limitations in daily work performance can 
be assessed. Work limitations can be assessed using different perspectives such as 
the patient, the physician or a standardized assessment tool. Self-report 
instruments reveal the perception that patients have of their performances. 
Clinical examination reveals the perception that the physician has of patient's 
performance based on history taking and physical examination. Functional testing 
reveals the actual performance of a patient in a standardized assessment setting. 
Functional Capacity Evaluation (FCE) is an example of functional testing: 
batteries of standardised tests designed to assess a person's functional 
performance related to work.5-7  
 
All three perspectives can be used to assess patient's work limitations. However, 
different perspectives may lead to differences in limitations, which may have 
consequences for offered health care and disability benefits. Because a gold 
standard is not available, insight into differences in limitations using three 
perspectives may be of great importance for professional health care workers in 
daily practice. 
Aim of this study was to compare the work limitations inferred from self-report, 
clinical examination and functional testing in a sample of CLBP patients. 
 
METHODS 

Subjects 
Subjects were recruited from the CLBP population who were admitted for 
rehabilitation treatment of the Centre for Rehabilitation at the University Hospital 
Groningen. They were included in the study if they were between 18-65 years of 
age, still at work, or were less than 1 year out off work due to CLBP. Exclusion 
criteria were specific low back pain, entirely off work for a year or more, 
cardiovascular or pulmonary diseases, pregnancy, addiction, and 
psychopathology.  
Ninety-two patients (64 male and 28 female) with CLBP participated in this 
study. All patients were referred for treatment in a rehabilitation centre and 
agreed to participate. Demographics and medical history were obtained of all 
patients. The mean age of the patients was 38.6 years (SD 8.8). The mean 
duration of low back pain was 7.6 years (SD 6.5). The mean duration of the 
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currently episode of low back pain was 3.3 years (SD 5.0). Thirty-eight patients 
were off work for a mean of 22.6 weeks (SD 33.0).   
 
Functional Ability List 
A single scoring form was used to compare the results of the three perspectives. 
This report form is called the Functional Ability List (FAL). Patient (self-report), 
physician (clinical examination) and evaluator (FCE) all filled out this form.  
The FAL is commonly used by Dutch social insurance physicians to describe the 
functional work status of a patient after clinical examination. The FAL consists of 
26 items about physical work-related activities, divided into two groups of 
activities: body movements (16 items) and body postures (10 items). Subjects 
were asked about the ability to perform these activities and to score on ordinal 
rating scales (2-,3- or 4- categories) (table 1).  
 A higher score on the scale indicates a more limited functional ability to perform 
the activity. The scorings categories were defined and examples of each category 
were given (e.g.: normal = lifting 15 kilogram (small child), limited = lifting 5 
kilogram (bag of potatoes)). 
 
Self-report, clinical examination and FCE  
To obtain the assessed limitations using self-report, all patients were asked to fill 
out the 26 items of the FAL.   
To obtain the assessed limitations using clinical examination, a social insurance 
physician filled out the FAL based upon history taking and physical examination. 
The history taking includes questions on age, duration of symptoms, pain at rest, 
ability to perform activities in daily life etc. The physical examination consists of 
assessment of the active, passive and resisted movements of the back. Four 
physicians took part in the study. Prior to this study, both history taking and 
examination were standardised and the physicians had achieved theoretical 
consensus on the assessment of the 26 items.   
To obtain the assessed limitations using functional testing, the Isernhagen Work 
System Functional Capacity Evaluation (IWS FCE) has been used.8 The IWS 
FCE is a test battery aimed at measuring functional abilities to work. It consists of 
tests that reflect work-related activities. For the IWS FCE, patients were briefly 
instructed on how to perform the tests by the evaluator. One evaluator, who had 
completed a formal FCE training course, evaluated all FCEs and filled out the 
FAL based on the performances of the patients. 
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General procedure 
After an introduction of the procedures and after signing the informed consent, 
the patient filled out the FAL before contacting physician and evaluator. The 
patient then went to the physician or the evaluator (depends on time schedule). 
The physician filled out the FAL after clinical examination. The FCE evaluator 
filled out the FAL based upon the IWS FCE results. The present study was 
approved by the institutional review board. 
 
Data analyses 
To compare the self-report, clinical examination and FCE based limitations the 
level of agreement was calculated by Kappa and percentage of absolute 
agreement. Correlation was calculated by Spearman’s rho to investigate the linear 
association between the results. Cohen’s Kappa was calculated for dichotomous 
data and weighted Kappa for ordinal data. A Kappa value of more than 0.60 was 
considered to be acceptable.9 Arbitrary, a percentage of absolute agreement of 
80% was predetermined to be acceptable. Correlation of more than 0.75 was 
considered to be acceptable.10  
To present a global impression of the differences between self-report, 
examination and FCE based limitations sum scores were calculated by summing 
the scores of the individual items (dichotomous, 3- and 4 scorings scales). The 
statistical software package Agree 7.011 was used for the calculation of Kappa 
values and the statistical software package SPSS 10.012 was used for the other 
calculations. 
 
RESULTS 

Agreement between scores of self-report, clinical examination and FCE 
On the body movements scale, comparing self-report, clinical examination and 
FCE, Kappa values ranged from 0.00 to 0.15, percentages of absolute agreement 
ranged from 19 to 70%. Comparing self-report with clinical examination solely, 
Kappa values ranged from 0.00 to 0.32, and percentages agreement ranged from 
27 to 73%. For self-report with FCE Kappa values ranged from -0.01 to 0.17 and 
percentages agreement ranged from19 to 83%. For clinical examination with 
FCE, Kappa values ranged from -0.01 to 0.22 and percentage agreement ranged 
from 46 to 95% (table 2).  
On the body postures scale, comparing self-report, clinical examination and FCE, 
Kappa values ranged from 0.00 to 0.13, percentages of absolute agreement ranged 
from 13 to 58%. Comparing self-report with clinical examination solely, Kappa 
values ranged from -0.18 to 0.01, and percentages agreement ranged from 44 to 
86%. For self-report with FCE Kappa values ranged from -0.30 to -0.05 and 
percentages agreement ranged from 22 to 66%. For clinical examination with 
FCE Kappa values ranged from -0.01 to 0.19 and percentage agreement ranged 
from 28 to 91% (table 2). 
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Table 1. Description of the level of instruments and scoring categories of the  
26 activities of the Functional Ability List. 

Activities  Level of 
measurement 

Scoring categories 

A) Body movements scale   
Reaching (cm)  Ordinal 1= normal, 2=slightly limited,  

3= limited 
Sustained and frequent reaching 
(150-500 times each hour)  

Ordinal 1= normal, 2= limited, 3= 
severely limited 

Bending (degrees)  Ordinal 1= normal, 2=limited, 3= 
severely limited 

Sustained and frequent bending 
(150-500 times each hour)  

Ordinal 1= more than normal, 
2=normal, 3= limited 

Rotation   Dichotomous 1=normal, 2=limited 
Push and pull static  Ordinal 1=normal, 2=limited, 3= 

severely limited 
Lifting or carrying (1-15 kg)  Ordinal 1= normal, 2=slightly limited, 

3=limited, 4=severely limited 
Sustained and frequent lifting or 
carrying light (150-500 times per 
hour)  

Ordinal 1= normal, 2=limited, 
3=severely limited 

Sustained and frequent lifting or 
carrying heavy (50 times each 
hour)  

Ordinal 1= more than normal, 
2=normal, 3=limited 

Walking (0-30 min)  Ordinal 1=normal, 2=slightly limited, 
3=limited, 4=severely limited 

Sustained walking (part of a day) Dichotomous 1=normal, 2=limited 
Stair climbing  Ordinal 1=normal, 2=slightly limited, 

3=limited, 4=severely limited 
Climbing  Ordinal 1=normal, 2=limited, 

3=severely limited 
Kneeling or squatting  Dichotomous 1=normal, 2=limited 
Other limitations in body 
movements 

Dichotomous 1=no, 2=yes 

Special work requirement  Dichotomous 1=no, 2=yes 
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B) Body postures scale   
Sitting (0-60 min)  Ordinal 1=normal, 2=slightly limited, 

3=limited, 4=severely limited 
Sitting prolonged (part of a day) Dichotomous 1=normal, 2=limited 
Standing (0-30 min)  Ordinal 1=normal, 2=slightly limited, 

3=limited, 4=severely limited 
Standing prolonged (part of a day) Dichotomous 1=normal, 2=limited 
Kneeling or squatting  Dichotomous 1=normal, 2=limited 
Bend or rotated  Dichotomous 1=normal, 2=limited 
Working above shoulder level  Dichotomous 1=normal, 2=limited 
Alternating postures  Dichotomous 1=normal, 2=limited 
Other limitations in body 
movements 
Special work requirement 

Dichotomous 
 
Dichotomous 

1=no, 2=yes 
 
1=no, 2=yes 

 
 

Correlation between self-report, clinical examination and FCE 
On the body movements scale, correlation between self-report with the clinical 
examination ranged between -0.01 to 0.50, self-report with FCE ranged between -
0.03 to 0.40 and clinical examination with FCE ranged between 0.04 and 0.41  
(table 2). Correlation coefficient between self-report and FCE and between 
clinical examination and FCE could not be calculated for one item (reaching).  
On the body postures scale, correlation between self-report with the clinical 
examination ranged between 0.05 to 0.41, self-report with FCE ranged between -
0.27 to 0.00 and clinical examination with FCE ranged between 0.03 and 0.26  
(table 2).  
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Table 2. Comparing self-report, clinical examination and Functional Capacity Evaluation (FCE) on the Functional Ability List 
 Self-report vs. clinical 

examination vs. FCE 
Self-report vs. clinical 
examination 

Self-report vs.  
FCE 

Clinical examination  
vs. FCE 

Activities K P C K P C K   P     C K    P   C 
Body movements scale  
Reaching (cm)  0.00 54            

            

            

             

             

      

            

        

X 0.02 57 0.02 -0.02 56 - -0.03
 

95* -
Sustained and frequent reaching  
(150-500 times each hour)  

0.05 19 X 0.06 27 0.18 -0.02 19 0.21 0.22 81* 0.32

Bending (degrees)  0.15 28 X  0.32 59 0.50 0.02 36 0.33 0.10 57 0.33 
Sustained and frequent bending  
(150-500 times each hour)  

0.02 21 X -
0.01 

54 0.06 -0.01 35 0.21 0.08 46 0.10

Rotation   0.05 53 X  0.08 63 0.08 0.06 67 0.13 -0.01 75 0.04 
Push and pull static  0.04 46 X  0.00 53 0.01 0.13 64 0.30 -0.02 72 0.12 
Lifting or carrying (1-15 kg)  0.15 31 X  0.14 46 0.31 0.11 47 0.40 0.21 57 0.41 
Sustained and frequent lifting or 
carrying light (150-500 times per 
hour)  

0.03 20 X 0.10 41 0.14 0.02 33 0.07 -0.06 59 -0.06

Sustained and frequent lifting or 
carrying heavy (50 times each 
hour)  

0.10 34 X 0.07 60 0.10 0.04 46 0.11 0.19 56 0.33

Walking (0-30 min)  0.13 51 X  0.19 63 0.42 0.12 56 0.38 0.08 73 0.32 
Sustained walking (part of a day) 0.14 33 X  0.11 47 0.18 0.14 50 0.26 0.16 68 0.30 
Stair climbing  0.12 58 X  0.16 64 0.35 0.17 75 0.36 0.03 71 0.14 
Climbing  0.01 61 X  0.01 66 -0.01 0.10 83* 

 
0.24 -0.05 

 
74 -0.07 

Kneeling or squatting  0.07 70 X  -
0.02 

73 -0.04 0.11 77 0.21 0.14 92* 0.32

Other limitations in body 
movements 

0.01 34 X -
0.05 

37 -0.09 0.05 41 0.20 0.04 78 0.08

Special work requirement 0.00 37 X  -
0.03 

45 -0.04 -0.02 40 -0.03 0.05 64 0.11

 



 

 
Body postures scale  
Sitting (0-60 min)  -0.01 21 X  0.07 44 0.34 -0.10 30 -0.27 -0.01 48 0.07 
Sitting prolonged (part of a day) 0.02 19 X  0.14 69 0.40 -0.08 22 -0.04 0.02 46 0.03 
Standing (0-30 min)  0.02 14 X  0.09 46 0.41 -0.13 27 0.17 0.07 28 0.18 
Standing prolonged (part of a 
day)  

-0.06 24 X  0.07 86* 0.33   

           
             

-0.30 30 0.10 0.09 31 0.17

Kneeling or squatting  0.00 35 X  -0.06 54 0.07 -0.11 55 0.09 0.17 63 0.26 
Bend or rotated  0.13 13 X  0.11 64 0.25 0.09 66 0.07 0.19 54 -0.07 
Working above shoulder level   

 
-0.04 28 X  0.03 66 0.19 -0.12 51 0.10 -0.04 

 
40 0.04 

Alternating postures -0.01 27 X 0.01 54 0.08 -0.06 47 0.00 0.02 52 0.07
Other limitations in body 
movements  

-0.07 58 X -0.18 62 0.05 -0.05 63 0.11 0.07 91* 0.18

Special work requirement  0.05 41 X  0.04 65 0.34 -0.16 46 -0.04 0.26 67 0.18 
K = Kappa, P = percentage of absolute agreement, C = correlation 
- cannot be computed because at least one of the variables is constant 
X correlation between three raters can not be computed 
* acceptable percentage of agreement (≥80%)
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Differences between self-report, examination and FCE  
Mean sum score on body movements scale for self-report was 27.7 (SD 5.0), for 
clinical examination 23.3 (SD 4.2) and for the FCE 20.3 (SD 4.0) (scoring range 
16-46) (Figure 1). Mean sum score on body postures scale for self-report was 
17.0 (SD 3.0), for clinical examination 15.0 (SD 2.5) and for the FCE 13.2 (SD 
2.5) (scoring range 10-24) (Figure 2). 
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Figure 1.  Mean sum score on the 
body movements scale for self-
report, clinical examination and FCE 
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Figure 2.  Mean sum score on the 
body postures scale for self-report, 
clinical examination and FCE 
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DISCUSSION 

To compare the work limitations inferred from self-report, clinical examination 
and functional testing (IWS FCE), the level of agreement was calculated by 
Kappa and percentage of absolute agreement, correlation was calculated by 
Spearman’s rho. Kappa values of all items on both scales of the FAL between the 
three perspectives were (far) below the level of acceptance (≥0.60). Only for one 
item by comparing self-report and clinical examination (standing prolonged; 
86%) and for four items by comparing clinical examination and FCE (reaching, 
95%; sustained and frequent reaching, 81%; kneeling or squatting, 92%; other 
limitations in body movements, 91%) acceptable percentage of absolute 
agreement (≥80%) was found. All correlation coefficients were below the 
acceptable level of 0.75. Correlation coefficient between self-report and FCE and 
between clinical examination and FCE could not be calculated for one item, 
because for the FCE all subjects were scored as 'normal'. For calculating the 
correlation coefficient can not be calculated when one of the variables is a 
constant.  
 
In this study, different indices of statistical analyses were used to compare the 
limitations inferred from self-report, clinical examination and FCE. A simple 
approach to assess agreement is to calculate the percentage of absolute 
agreement; to see how many exact agreements are observed.9 An important 
weakness of this simple calculation is that it does not take into account the 
agreement that is expected to occur due to chance alone.9,13 Kappa statistic, on the 
other hand, is a better approach to this type of problem. Kappa corrects the 
observed agreement for agreement that is expected by chance. However, it has its 
weaknesses as well. In case of lack of variation in cell fillings large discrepancy 
may exist between Kappa (far below 0.60), and percentage of absolute agreement 
(above 80%).14 An explanation of this discrepancy is a large proportion of 
agreement and that most of that agreement is limited to only one of the possible 
rating choices. Under this limited variation, only one decision can make the 
difference between poor and excellent reliability expressed as a Kappa. In this 
case, it is better to use percentage of absolute agreement. Because both indices of 
statistical analyses contain strengths and limitations and because in other studies 
this phenomenon has resulted in low Kappa value and high percentage of absolute 
agreement, it was decided to apply both statistical analyses in this study.  
For the five items with acceptable percentage of absolute agreement (≥80%) low 
Kappa values were found, which confirms the occurrence of large discrepancies 
between high percentages of absolute agreement and low Kappa values. In this 
case, percentage of absolute agreement is a better indication of reliability, 
therefore, these five items can be considered as reliable in this study. For all the 
other items, it can be concluded that little agreement among self-report, clinical 
examination and FCE for the assessment of work limitations was found. 
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Another statistical analysis used in this study was the correlation coefficients, to 
determine the association between the different perspectives. In the present study 
no strong associations exist between the results of the three perspectives. 
Correlation coefficients calculate the degree of association between the measures; 
however, it does not calculate how closely they agree.15 Scores may differ 
systematically (statistically) and yet have a high correlation. Therefore, Kappa 
and percentage of absolute agreement are better statistics to this type of study. 
However, to compare the results of this study with the findings of other studies 
which used correlation as statistic measure, it was decided to apply this statistical 
analysis in this study too.  
 
In this study the separate data for each of the 26 items were described 
extensively. Much easier to interpret overall consistency would be the use of a 
summary measure of the overall agreement. Best way would be to calculate an 
overall Kappa; however, this would not be correct because of the different scales 
used (dichotomous, 3- and 4 categories, see table 1). Reducing ordinal data to 
dichotomous categories would not be correct, because it may result in a 
considerable loss of information.9 Calculating the mean Kappa for all Kappas of 
the individual items would be another possibility, however, this could lead to an 
over- or underrating of the overall Kappa.16  
To present a global impression of the differences between self-report, 
examination and FCE based limitations sum score was calculated by summing the 
scores of the individual items. Although from a methodological point of view this 
sum score is difficult to interpret (summing up dichotomous and ordinal items), it 
is clear that the sum score of self-reported limitations is considerably higher than 
from those derived from clinical examination or FCE. Additionally, the 
limitations derived from the clinical examination are higher than those derived 
from the FCE.  
 
An explanation for the differences might be attributed to differences in 
perspectives (patient, physician and evaluator) resulting in a different perceptions 
of limitations. Patient’s self-report of their limitations is based upon education, 
personal experiences, coping strategies, cognition and beliefs and outcome 
expectancies.17 Patient’s perception affects behaviour, motivation, pain, anxiety 
and other emotional reactions to the requirements of daily living.18 Therefore, 
patient’s perception might be an important determinant of how patients function 
in daily living. However, this perception is subjective and may be subject to a 
belief mismatch.19 
 
Physician's perception of patient’s limitations is based upon professional 
education, experiences in health care with other patients and personal 
experiences. During history taking, physicians ask patients about his or her 
limitations and during the physical examination, physicians use impairment 
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measures such as range of motion, muscle strength and pain intensity assessment 
to infer functional limitations of the patient. Since CLBP is not attributed to 
pathoanatomical dysfunction, impairments and limitations are not closely related 
and therefore, limitations can not directly be inferred from these impairment 
measures.3 Nevertheless, these impairment measures can be helpful for 
physicians to infer information about pain behaviour, distress, anxiety, 
emotions.3,20,21 
Evaluator's assessment of patient's limitations is based on the performance of the 
patient during FCE. Instead of the dependence on the patient's own subjective 
report of his or her limitations, patients are asked to perform activities while a 
trained observer records their performance.3 Such assessments can give a more 
objective measure for comparison with the patient's own subjective report.  
 
Another explanation for the differences might be attributed to the differences in 
approaches. The FAL has been developed to assess patient’s limitations (negative 
approach). The FCE has been developed to assess patient’s abilities (positive 
approach). To fill out the FAL, patient (self-report) and physician (clinical 
examination) focused on patient's limitations in performance. The evaluator 
(FCE) focuses on patient's abilities in performance on the FCE to fill out the 
FAL.  
 
The present study confirms the findings of other studies investigating the 
correlation between self-report and functional testing: self-report and function 
testing in CLBP patients shows (large) differences between how patients function 
(performance testing) and how they report their functioning (self-report).7,22,23 In 
those studies, the performance testing scores were compared to self-report by the 
investigators without using one scoring form for both perspectives. The fact that 
these assessment methods had items with different operational definitions, made 
it difficult for the investigator to compare the results.24 In this study, we tried to 
avoid this problem by using one form for all perspectives, to express all results on 
the same scale which facilitates the comparison between the results. Despite the 
remarkable structure of the FAL (2, 3 and 4 categories) and the unclear definition 
of the category 'more than normal' of two items of the body movements scale, the 
FAL was selected because it is used as the official standard in workers’ 
compensation system. The physicians, who took part in this study, use this form 
in daily practice to describe the functional work status of a patient after clinical 
examination. Moreover, the FAL consists of the same items as the IWS FCE. 
However, for some items it appeared to be difficult for the evaluator to express 
the FCE scores into the FAL categories due to differences in operational 
definitions. For some items the duration or frequency each hour was explicitly 
defined (e.g. sustained walking: part of a day, sustained and frequent reaching: 
150-500 times each hour). Patients were asked to perform to their maximum 
ability on the FCE tests. The evaluator had to translate the maximum performance 
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score into a performance score for a sustained period of time. It can be debated 
whether this translation is valid. 
 
Differences in assessment results of work limitations may have consequences for 
offered health care and disability benefits. Which perspective should be 
considered as the gold standard can not be determined. One can only speculate 
about which source of information (self-report, clinical examination, FCE) is 
most relevant in a specific situation. In rehabilitation medicine, for example, 
treatment goals are set up to improve patients daily functioning by reducing the 
reported limitations. To assess the effectiveness of treatment, patient's perception 
about limitations (self-report) may be of great interest.  Clinical examination may 
be helpful for physicians to get information about pain behaviour, distress, 
anxiety, emotions. The FCE may be helpful to make the patients aware of the 
differences between their actual performance and their self-reported performance. 
In social insurance companies, physicians assess the work limitations to decide 
whether a subject is capable to (return to) work or should receive disability 
benefits. In this situation, it can be argued that it is important  to use not only 
patient's self-report to make a decision about capability to work, but also to use 
other sources of information, to confirm or to undermine patient's perception 
about the limitations.  
 
In conclusion, comparing self-report, clinical examination and FCE for the 
assessment of work limitations in CLBP patients showed large considerable 
differences in results. Self-reported limitations are considerably higher than from 
those derived from clinical examination or FCE. Additionally, the limitations 
derived from the clinical examination are higher than those derived from the 
FCE. Professional health care workers should be aware of these differences when 
using them in daily practice.  
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General discussion 

GENERAL DISCUSSION 

This thesis focused on the psychometric properties of both ADL- and work-
related instruments for the assessment of limitations in patients with chronic low 
back pain (CLBP) in the area of Rehabilitation Medicine (table 1). In this general 
discussion, the main findings and the clinical implications of the research will be 
reviewed, and directions for further research about the different topics will be 
given. Finally, recommendations for the utility of the instruments in rehabilitation 
practice in CLBP patients will be given. 
 
In the first part of the thesis, the psychometric properties of the ADL-related 
instrument, the Dutch language version of the Roland Morris Disability 
Questionnaire (RMDQ-Dv) were studied. The RMDQ-Dv proved to be reliable 
and responsive independent of the external criterion used (chapter 2 and 3). The 
stability of the RMDQ-Dv was studied also (chapter 2). Because the results 
showed a substantial natural variation of 6 points on a 0-24 points scale, it is 
important to take into account this variation when interpreting the results 
clinically. It is recommended to use a change of 6 points as a clinical important 
change on the RMDQ-Dv in daily practice. 
In general, self-reports are used in rehabilitation practice to assess ADL-related 
limitations. Self-reports assess patient’s perception about limitations in daily 
functioning. Rehabilitation treatments are aimed at reducing limitations and to 
optimize patient’s participation in society. The perception of the patient about 
reduction of limitations and improvement of daily functioning is an important 
indicator to measure treatment effectiveness.  
Strictly, the RMDQ is not useful in patients with a baseline value below the 6 
points or in patients with minor changes; in patients with a baseline value below 
the 6 points no change of 6 points or more can be measured and therefore a 
clinically important change can not be measured in these patients. A more 
specific instrument, like the Patient Specific Questionnaire (PSQ),1,2 might be a 
solution in the evaluation of treatment effectiveness in these patients. In the PSQ, 
only those activities which are limited in the specific patients are used to evaluate 
effectiveness of treatment. The PSQ proved to be responsive.1,3 The reliability 
and validity has not been investigated yet. 
 A more sensitive instrument might be a solution to detect minor changes in 
CLBP patients. The items of the RMDQ have a dichotomous response (yes, no). 
If a minor change occurs, it may be difficult to the patient to choose between 
these two answers. More response categories (ordinal or interval level) will 
enlarge the sensitivity of an instrument.1,2 The Quebec Back Pain Disability 
Questionnaire (QBPDQ) for example, which uses a 6-points ordinal scale, may be 
a more useful instrument. Both the English and Dutch language version of the 
QBPDQ proved to be reliable, valid and responsive.4,5 Looking back, it might 
have been a better choice to use the QBPDQ instead of the RMDQ in this thesis. 
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Prior to the study, we selected the RMDQ, because it was the most frequently 
used questionnaire in rehabilitation practice in the Netherlands and the 
psychometric properties studied showed good results at that time.  
 
In the second part of this thesis the reliability of work-related instruments was 
studied. Different types of instruments were used: self-report, clinical 
examination and functional testing. The Functional Ability List (FAL) was used 
both as a self-report and a clinical examination instrument. The self-reports in this 
thesis, the Work and Handicap Questionnaire (WHQ) and the FAL, proved to be 
unreliable for most items (chapter 4). An interesting finding was the difference in 
reliability of the work and ADL part. The reliability of the work part was lower 
than the reliability of the ADL part. In daily practice, these results may be of 
great interest. For many years, the functional status has been determined by 
assessing the ability of a patient to perform relevant activities in daily living. 
Several questionnaires have been developed, such as the RMDQ and the QBPDQ, 
to assess the functional status, showing good reliability.4-7 No distinction between 
areas of function was made. With the WHQ, patients were asked to score whether 
they were limited at home and then whether they were limited at work. A similar 
scale and lay-out was used, nevertheless large differences were found between 
both domains. It can be hypothesized that for patients it is difficult to give reliable 
information about work-related items on this questionnaire. The unacceptable 
reliability of the FAL (chapter 4) confirmed the findings that work limitations 
might not be assessed reliably by self-reports. Future research is needed to 
investigate why patients are less able to score reliably work limitations and how 
reliability of work-related self-reports could be improved.
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Table 1. Instruments used in this thesis 
Instruments  Type Area of 

function 
Content Level of

analysis 
Scale 

Roland Morris 
Disability 
Questionnaire 
(RMDQ) 
 
Work & Handicap 
Questionnaire 
(WHQ) 
 
Functional 
Information System 
(FIS) 
 
Functional Ability 
List (FAL) 
 
 
Isernhagen Work 
Systems Functional 
Capacity Evaluation 
(IWS FCE) 

Self-report 
 
 
 
 
Self-report 
 
 
 
Clinical 
examination 
 
 
Self-report  
Clinical 
examination 
 
Functional 
testing 

ADL 
 
 
 
 
ADL  
Work 
 
 
Work 
 
 
 
Work 
 
 
 
Work 
 

24 activities 
 
 
 
 
22 ADL activities 
26 work-related 
activities 
 
15 activities 
 
 
 
22 activities 
 
 
 
28 activities 

Sum score  
 
 
 
 
Item and sum 
score  
 
 
Item  
 
 
 
Item 
 
 
 
Item 

Dichotomous  
 
 
 
 
Dichotomous 
 
 
 
Ordinal 
 
 
 
Ordinal 
 
 
 
Dichotomous Interval 



Chapter 9 

History and clinical examination results were the basis for filling out the 
Functional Information System (FIS) and the FAL. The results on both forms 
proved to be unreliable, despite standardisation of proceedings prior to the study 
(chapter 5).  In CLBP, clinical examination relies mainly on self-reports, because 
minor clinical findings will be found in the absence of pathoanatomical 
conditions underlying back symptoms in CLBP patients. Thus, self-reports will 
have a great impact on history taking and clinical examination. As described 
before, the work-related self-reports in this thesis proved to be unreliable. It can 
be argued that it is impossible for the physician to provide reliable assessment 
results, if the assessment relies mainly on the unreliable reported information of 
the patient about work limitations.  
The WHQ, FIS and FAL were developed and used in Occupational Research and 
Social Insurance Medicine. Whether the research results of this thesis can be 
applied to these disciplines is unclear. However, the poor reliability results on the 
WHQ, FAL and FIS in this thesis should at least stimulate these disciplines to 
investigate the reliability of the instruments.   
 
The functional testing instrument was based on the Isernhagen Work Systems 
Functional Capacity Evaluation (IWS FCE). A large part of the tests has an 
acceptable reliability (79% based on Kappa values, 61% based on ICC values) 
(chapter 6). The stability of the IWS FCE tests was studied also. Substantial 
natural variation was found especially in the material handling tests. Just as for 
the RMDQ only treatment effects exceeding the natural variation can be regarded 
as "real change". Research is necessary to study the causes of the large amount of 
natural variation, to analyze the sources of variation, and to achieve more stability 
in the IWS FCE results. When comparing indices of variation in CLBP patients 
and in healthy subjects (chapter 7), it was seen that a part of the variation can be 
attributed to CLBP patients. The remaining variation due to the testing protocol 
or to the evaluator should be investigated also.  
Basically, the IWS FCE is a heterogeneous set of tests including different scales 
(dichotomous and interval) and different end-points of testing (tests without a 
ceiling or criterion, with a ceiling or with a criterion). This heterogeneity leads to 
rather complex results, which can not be interpreted simply. Furthermore, to 
assess effectiveness of treatment, the usefulness of the IWS FCE is debatable. No 
changes exceeding the natural variation will be expected. Especially those tests 
with ceiling and criterion effects are not useful to determine the effectiveness of 
treatment. In future research, changes in the testing procedure, elimination of 
ceiling effects and using one scoring scale (preferable interval level) should be 
considered to improve the ability to detect change and thus to make the IWS FCE 
more applicable to researchers and to practitioners. After design adjustments, 
reliability of the IWS FCE should be investigated again.  
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In chapter 8, the work limitations inferred from three perspectives (self-report, 
clinical examination and functional testing) were compared. Self-reported 
limitations were considerably larger than those derived from clinical examination 
or functional testing. Additionally, the limitations derived from the clinical 
examination were considerably larger than those derived from functional testing. 
The differences found between the three perspectives may be influenced by the 
poor reliability of the FAL, which was used as the scoring form for all three 
perspectives. However, the results of the study confirm the results of other 
studies.8-13 At the start of the comparison study the reliability of the FAL was still 
unknown. In future research it would be preferable, to use a reliable instrument to 
compare the results inferred from three perspectives to minimize the possibility of 
finding differences due to unreliability.  
 
Most patients showed good performances on the IWS FCE tests, however CLBP 
caused absence of work in a substantial part of these patients. In these patients 
other factors may cause the limitations and restrictions in patient’s daily living. 
As described in the International Classification of Functioning and Disability 
(ICF, figure 1 in chapter 1), both individual and environmental factors, like 
coping, psychological distress, outcome expectancy, work satisfaction, work load, 
social support, workers’ compensation and employer’s response to the claim,14-16 
may influence the level of perceived limitations and restrictions in CLBP patients 
in daily living. The influence of these factors on the performance will be 
subjected to the environment of testing. The IWS FCE assesses limitations in 
performance in a laboratory setting. One can argue that the results of the 
assessment will be different if the patient is assessed in a work situation and that 
the performance assessed in the laboratory setting may be weakly related to the 
performance at work. Furthermore, the maximal performance which is assessed in 
the IWS FCE will not predict the performance during a working day. Although in 
the manual of the IWS FCE an extrapolation procedure of maximal performance 
to an 8-hour working day is given, future research is needed to investigate the 
value of this procedure in the prediction of performance during a working day 
based on the IWS FCE results. 
 
Considering all the instruments analyzed in this thesis it can be seen that all 
instruments have strengths and weaknesses. In the evaluation and treatment of 
CLBP patients, the rehabilitation specialists need to establish the relevant 
limitations to determine need for intervention, to design and plan treatment and to 
document treatment effectiveness. Because a gold standard does not exist, the use 
of one perspective assessment may lead to inadequate decisions because of the 
differences in limitations as a result of different perspectives. Therefore, it is 
recommended to use a combination of perspective assessments in order to obtain 
a comprehensive picture of the patient’s limitations in clinical practice. The 
RMDQ-Dv is a useful instrument to assess patients’ self-reports about ADL 
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limitations and to assess treatment effectiveness concerning the ADL-situation. A 
weakness of the RMDQ-Dv is the large amount of natural variation. In patients 
with low baseline values or patients with minor changes a questionnaire with 
more response categories (such as the QBPDQ) may be a more useful instrument. 
Because the RMDQ is an ADL-related instrument, it is not useful in the 
assessment of work limitations. Therefore, other self-report instruments are 
needed to assess the work limitations. Unfortunately, the self-reported 
instruments studied in this thesis (WHQ and FAL) were not reliable and therefore 
not useful in Rehabilitation Medicine. Because of the lack of existing work 
limitation questionnaires in general, it is recommended to improve the properties 
of the currently used questionnaires or to develop a new questionnaire and to 
investigate its psychometric properties before using it in practice.  
To use the FIS and FAL as standardised forms in history and clinical examination 
is unacceptable because of the unreliability and for that reason they are not useful 
in Rehabilitation Medicine. In general, history and clinical examination are useful 
because they help the physician to get a description of the relevant issues related 
to the impact of CLBP on patient’s functioning. Interaction between patient and 
physician is of great importance to obtain the relevant information patients want 
to tell and physicians want to ask. Professional knowledge, experiences in health 
care with other patients and personal experiences will help the physician to gather 
information about the relevant issues. Future research is needed to improve the 
psychometric properties of the FIS and FAL or to develop a new standardised 
form.  
The reliable tests of the IWS FCE are useful as functional testing instrument to 
assess patient’s limitations in the performance of work-related activities in a 
rehabilitation test setting. Instead of questioning patients about their limitations in 
the performance, limitations can objectively be assessed during the actual 
performance of the activities. A reduction of number of tests of the IWS FCE will 
probably be sufficient, in which the results of some tests will give insight into the 
performance of the patient. It is important to use those tests which are reliable but 
also relevant to patient’s work situation.  In this thesis, self-reports showed much 
more limitations than functional testing results. In those patients, with reported 
limitations, but good performances on the IWS FCE, the IWS FCE can be useful 
to make patients aware of their possible own level of functioning. The usefulness 
of the IWS FCE as an effectiveness measure to detect change should be studied in 
a responsiveness study, because of its ceiling and criterion effects and the large 
amounts of natural variation.  
 
To assess the limitations in work functioning, the influence of other factors 
besides the physical limitations assessed by the IWS FCE should be investigated 
as well. It can be hypothesized that in CLBP patients the assessment of 
limitations should occur in broader view to daily practice instead of a clinical 
setting, to get a more realistic assessment of patient’s limitations in daily practice 
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and of the influence of personal and environmental factors on performance. In 
treatment of CLBP patients, professionals (physiatrists, company doctors, 
employers, social insurance doctors, psychologists) should cooperate in the 
establishment of the relevant limitations, the determination of need for 
intervention, design and planning of treatment and documenting of treatment 
effectiveness. One case-manager should be assigned and be responsible for the 
treatment process.   
 

GENERAL CONCLUSION 

In general the following conclusions can be drawn according to the mean research 
questions of this thesis: 
- The RMDQ-Dv is a useful ADL-related instrument in CLBP patients, 

because it proved to be reliable and responsive. The large amount of 
variation and the inability to assess change in patients with a baseline 
value below the 6 points and in patients with minor changes should be 
taken into account in daily practice. 

- The WHQ, FIS and FAL are not useful work-related instruments in CLPB 
patients, because they are not reliable. 

- The reliable tests of the IWS FCE are useful in daily practice to assess 
limitations in the performance of work-related activities in a laboratory 
setting. The usefulness of the IWS FCE as an effectiveness measure to 
detect change should be studied in a responsiveness study, because of its 
ceiling and criterion effects and the large amounts of natural variation. 

- Using a combination of different perspective assessments is recommended 
in order to obtain a comprehensive picture of the patient’s work limitations 
in Rehabilitation Medicine.  
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Summary 

SUMMARY  
DISABILITY IN CHRONIC LOW BACK PAIN: PSYCHOMETRIC 
PROPERTIES OF ADL- AND WORK-RELATED INSTRUMENTS 
 
Chronic low back pain (CLBP) is one of the most common health problems in 
Western society, and due to the considerable impact on daily functioning, 
sickness absence and work disability, it is also a heavy financial burden on 
society. In Rehabilitation Medicine, several treatment programs have been 
developed to improve participation in society by reducing activity limitations. 
The main focus is on the limitations and restrictions in the performance of 
domestic activities in daily living (ADL). Since low back pain is the primary 
cause of work absence, with huge costs, the impact on functioning at work needs 
to be considered in rehabilitation, also. Due to differences in area of functioning 
(at home or at work) both ADL and work-related instruments should be used to 
assess the effectiveness of treatment.  
 
To obtain evidence about the usefulness of instruments in Rehabilitation 
Medicine, the psychometric properties of the instruments should be acceptable. 
Important psychometric properties are reliability and validity. Reliability refers to 
the extent to which a measurement is consistent and free from errors. The most 
common measures of reliability are test-retest reliability and inter-observer 
reliability. Consistency involves the extent to which repeated measures in 
individuals remain stable over time, under the same circumstances in the absence 
of treatment. Errors influence the extent of stability over time in the absence of 
treatment. The validity of an instrument is the ability to measure what it is 
intended to measure. Besides content-, construct- and criterion-related validity, 
responsiveness is an important form in measuring treatment effectiveness. 
Responsiveness refers to the ability to detect clinically important changes in the 
construct being measured. No clarity exists in literature about responsiveness. 
Different external criteria are used to determine whether a patient has achieved a 
clinically important change in functional status, due to the absence of a gold 
standard to measure clinically important change. It is known that the choice of 
external criteria influences responsiveness measures. 
  
Several questionnaires have been developed to assess the limitations of CLBP 
patients to perform ADL activities. The Roland Morris Disability Questionnaire 
is one of the most frequently used questionnaires in rehabilitation practice. The 
Dutch language version of the RMDQ (RMDQ-Dv) proved to be valid and 
responsive; however the reliability was not investigated. Furthermore, the 
consequences of using different external criteria on the responsiveness of the 
RMDQ-Dv were not investigated also.  
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Assessment of work limitations is a relatively new phenomenon in rehabilitation; 
therefore, work-related instruments have hardly been developed and introduced in 
daily practice.  
In other disciplines, several instruments were developed and are used to assess 
work limitations. In the Netherlands, the Work & Handicap Questionnaire 
(WHQ) was developed by the Netherlands Organization for Applied Scientific 
Research (TNO) within the scope of a vocational handicap research program. The 
Functional Information System (FIS) and the Functional Ability List (FAL) were 
developed in Dutch Social Insurance Medicine as standardized forms to 
determine capability to work. Until 2000 the FIS was used, nowadays the FAL is 
used. The social insurance physicians use the results of history taking and 
physical examination to fill out the standardised form about limitations in the 
performance of work-related activities.  
The ‘Isernhagen Work Systems Functional Capacity Evaluation’ (IWS FCE) is a 
battery of standardized tests designed to assess a person's functional performance 
related to work-related activities in a laboratory setting.  
In these work-related instruments, different assessment perspectives are 
distinguished for the assessment of work limitations: patient’s self-report, 
physician’s report based upon history taking and physical examination and 
performance results based upon functional testing. Several studies showed that 
the assessed limitations inferred from different perspectives will correlate weakly; 
the extent of differences between the assessed limitations of the three 
perspectives, however, has not been investigated.  
 
The aim of this thesis was to investigate the reliability of the mentioned 
instruments in CLBP patients in Rehabilitation Medicine, to determine the 
responsiveness of the RMDQ-Dv and to determine the differences in limitations 
inferred from self-report, clinical examination and functional testing. 
The main research questions in this thesis were:   
 
ADL-related instrument 
 
- What is the reliability and stability of the Dutch language version of the 

Roland Morris Disability Questionnaire? 
- What is the responsiveness of the Dutch language version of the Roland 

Morris Disability Questionnaire using different external criteria? 
 
Work-related instruments 
- What is the reliability of the Work & Handicap Questionnaire, the 

Functional Information System, the Functional Ability List, and the 
Isernhagen Work Systems Functional Capacity Evaluation?  
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- What are the differences in limitations inferred from self-report, clinical 
examination and functional testing?  

 
In chapter 1 instruments and research questions were described. In chapter 2 the 
test-retest reliability and stability of the RMDQ-Dv for the assessment of ADL 
limitations in CLBP patients were described. Thirty CLBP filled out the RMDQ-
Dv twice with a two-week interval and before starting the rehabilitation program. 
Intra Class Correlation (ICC) was used as a measure for reliability and the limits 
of agreement were calculated for quantifying the stability of the RMDQ-Dv. An 
ICC of 0.75 or more was considered as an acceptable reliability. No criteria for 
limits of agreement were available. However, smaller limits of agreement indicate 
more stability because it indicates that the natural variation is small. The RMDQ-
Dv showed good reliability, with an ICC of 0.91. A large amount of natural 
variation of 6 points was found to the total scoring range of 0 to 24 which should 
be taken into account when interpreting the results of interventions. 
In chapter 3 the responsiveness of the RMDQ-Dv was studied, in particular, the 
consequences of using different external criteria. The choice of the external 
criterion determines the accuracy in discriminating improved from non-improved 
patients. Due to absence of a gold standard to measure clinically important 
change, four external criteria were used in responsiveness studies: 1. Global 
perceived effect of change in complaints. 2. Global perceived effect of change in 
ability to take care of oneself. 3. Change in rating of pain intensity. 4. Smallest 
Real Difference (SRD). Considerable differences were found in responsiveness 
statistics, when using different external criteria. However, good responsiveness is 
found for the RMDQ-Dv for all four external criteria and therefore, it can be 
concluded that the RMDQ-Dv is able to distinguish between improved and non-
improved patient, independent of the used external criterions.  
 
Chapter 4 presented the test-retest reliability of two self-reports, the WHQ and 
the FAL. The FAL was in this study used as questionnaire. Thirty patients filled 
out both questionnaires twice with a two-week interval and before starting the 
rehabilitation program. A Kappa value of more than 0.60, absolute agreement of 
more than 80% and ICC of more than 0.75 were considered as acceptable.  
The test-retest reliability proved to be unacceptable for most items of the WHQ 
and FAL. An interesting finding was that the reliability of the ADL-items of the 
WHQ (ICC = 0.82) was considerably higher than the reliability of the work-items 
(ICC = 0.42 and 0.33). It is not clear why the reliability of the ADL part of the 
WHQ shows a higher reliability than the work part of the same questionnaire. In 
future research it is of interest to investigate why patients may be less able to 
score in a reliable way on work-related questionnaires than on ADL-related 
questionnaires and in what way it would be possible to improve the reliability of 
work-related self-reports in such a way that it is also feasible in clinical practice. 
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Chapter 5 presented the intra- and inter-observer reliability of the FIS and FAL as 
scoring form of social insurance physicians. Four registered Dutch social 
insurance physicians (3 men, 1 woman) enrolled the study, thirty CLBP patients 
were assessed. To assess the intra-rater reliability a social insurance physician 
filled out the FIS and FAL twice after history taking and physical examination of 
CLBP patients with a two-week interval. To assess the inter-rater reliability, two 
social insurance physicians performed the diagnostic procedure independently 
and filled out the FIS and FAL. The first physician carried out the history taking 
and performed the physical examination, and the next day the other physician did 
the same. Each subject was examined 4 times. A Kappa value of more than 0.60 
and a percent absolute agreement of 80% or more were considered to be 
acceptable. The results showed unacceptable intra- and inter-observer reliability 
for almost all items of the FIS. The FAL showed better results, however, for a 
great part of the items, the statistical values were below the criteria for acceptance 
also.  
Chapter 6 presented the test-retest reliability of all 28 of the tests of the IWS 
FCE. Thirty CLBP patients who were admitted for rehabilitation treatment 
participated in the study. Two FCE sessions were held with a 2-week interval in 
between. Acceptable test-retest reliability was demonstrated for 15 of the 28 tests 
(79%) based on kappa values (≥ 0.60) and percentage of absolute agreement 
(≥80%).  Eleven of the 28 tests (61%) showed acceptable test-retest reliability 
based on ICC values (≥ 0.75). 
Test-retest reliability of the non-material handling tests was difficult, due to 
ceiling- and criterion effects of the tests. In these tests, most patients were not 
limited in the performance and could meet the test criteria. Despite the acceptable 
reliability of these tests, a substantial natural variation should be taken into 
account when interpreting the results of interventions. In chapter 7 it is described 
that this substantial variation on the IWS FCE tests may in part be attributed to 
the CLBP patients.  
Chapter 8 presented the comparison of work limitations inferred from different 
perspectives. The FAL was used as a single scoring form to compare the results 
of the three perspectives. Ninety-two CLBP patients participated in this study. 
The work limitations of each patient were filled out on the FAL by the patient, 
one of the four social insurance physicians (based upon history taking and 
physical examination) and the IWS FCE evaluator (based upon the IWS FCE 
results).  A Kappa value of more than 0.60 and a percentage of absolute 
agreement of 80% and Spearman correlation of 0.75 or more were considered to 
be acceptable. Comparison of self-report, clinical examination (history taking and 
physical examination) and IWS FCE for the assessment of work limitations in 
CLBP patients showed considerable differences in results. Self-reported 
limitations were considerably larger than those derived from clinical examination 
and IWS FCE. Additionally, the limitations derived from the clinical examination 
were larger than those derived from the IWS FCE.  
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In the general discussion in chapter 9, the main findings and the clinical 
implications of the research were reviewed while giving advice for the use of the 
instruments in rehabilitation practice in CLBP patients. In addition, possible 
directions for further research about the different topics were given. 
The strengths and weaknesses of the different instruments were discussed. The 
RMDQ is a useful instrument in daily practice to assess the limitations in ADL 
because it is reliable and responsive. However, the natural variation should be 
taken into account when using it clinically. 
The WHQ, FIS and FAL are not useful instruments to assess work limitations 
because of the unacceptable reliability. It is recommended to improve the 
properties of the currently used instruments or to develop new instruments and to 
investigate their psychometric properties before using it in practice. Those 
disciplines which use these instruments in daily practice should investigate the 
reliability of these instruments in their daily practice also.  
The reliable tests of the IWS FCE can be used to assess the level of physical 
limitations in the performance of work-related activities in a laboratory setting. 
The usefulness of the IWS FCE to evaluate effectiveness of treatment should be 
studied in a responsiveness study, because of its ceiling and criterion effects and 
the large amounts of natural variation. In those patients, with reported limitations, 
but good performances on the IWS FCE, the IWS FCE can be useful to make 
patients aware of their possible own level of functioning.  
Because of the differences in work limitations inferred from different 
perspectives, using a combination of different perspective assessments is 
recommended in order to obtain a comprehensive picture of the patient’s work 
limitations in Rehabilitation Medicine.  
The translation of laboratory results to daily practice is argued. It iss hypothesized 
that, if a weak correlation exists between laboratory and daily practice, the 
assessment of limitations in CLBP patients should occur in broader view to daily 
practice instead of a laboratory setting. Than a more realistic assessment of 
patient’s limitations in daily practice and of the influence of personal and 
environmental factors on performance will be obtained. In treatment of CLBP 
patients, professionals (physiatrists, company doctors, social insurance doctors, 
psychologists) should cooperate in the establishment of the relevant limitations, 
the determination of need for intervention, design and planning of treatment and 
documenting of treatment effectiveness. One case-manager should be assigned 
and be responsible for the treatment process. 
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Samenvatting 

 

SAMENVATTING  
PSYCHOMETRISCHE EIGENSCHAPPEN VAN ADL- EN WERK-
GERELATEERDE MEETINSTRUMENTEN VOOR HET METEN VAN 
BEPERKINGEN BIJ PATIËNTEN MET CHRONISCHE LAGE RUGPIJN. 
 
Chronische lage rugpijn1 (CLP) is één van de meest voorkomende oorzaken van 
gezondheidsproblemen in de westerse samenleving. Naast een aanzienlijke 
invloed op het dagelijkse leven, ziekteverzuim en arbeidsongeschiktheid heeft het 
ook grote financiële gevolgen voor de maatschappij. Doel van de 
revalidatiegeneeskunde is om het functioneren van CLP-patiënten te verbeteren 
door vermindering van de beperkingen die de patiënt ondervindt in het dagelijkse 
leven. Omdat het functioneren in de thuissituatie mogelijk niet overeenkomt met 
het functioneren op het werk, dient onderscheid gemaakt te worden tussen 
beperkingen in het uitvoeren van activiteiten in dagelijks leven (ADL) en 
beperkingen in het uitvoeren van activiteiten in het werk. Om de mate van 
beperkingen in de specifieke omgeving te bepalen dienen daarom zowel ADL- als 
werkgerelateerde instrumenten te worden gebruikt.  
 
De bruikbaarheid van een meetinstrument hangt samen met de psychometrische 
eigenschappen (betrouwbaarheid en validiteit) van het meetinstrument. Een 
meetinstrument is betrouwbaar, als de uitkomsten bij herhaling van de meting 
binnen een bepaalde periode onder dezelfde omstandigheden en waarin geen 
substantiële verandering optreedt overeenkomen. Naast het bepalen van de 
overeenstemming is het bepalen van de stabiliteit ook van belang. Stabiliteit 
verwijst naar de mate van natuurlijke variatie (= fluctuaties) die optreedt bij 
herhaalde meting. Het bepalen van de mate van natuurlijke variatie is relevant in 
evaluatieonderzoek; er is pas sprake van een klinisch relevant behandeleffect 
indien de verandering als gevolg van de behandeling uitkomt boven de 
natuurlijke variatie. In de literatuur wordt geen waarde genoemd waarbij 
gesproken wordt van acceptabele stabiliteit, echter het verdient de voorkeur om 
een zo klein mogelijke natuurlijke variatie te hebben. Validiteit verwijst naar de 
mate waarin een instrument werkelijk meet wat het beoogt te meten. Naast 
inhouds-, construct- en criteriumvaliditeit is de responsiviteit een belangrijk 
aspect van validiteit bij evaluatieve meetinstrumenten. Responsiviteit verwijst 
naar de mate waarin een meetinstrument werkelijke verbetering kan detecteren. 
Om vast te stellen of een patiënt verbeterd is wordt hierbij gebruik gemaakt van 
een extern criterium en wordt een indeling gemaakt in verbeterde patiënten en 
niet-verbeterde patiënten. 'Verandering van klachten' is een voorbeeld van een 

                                                           
1 vertaald in het engels: Chronic low back pain (CLBP) 
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extern criterium: een patiënt is 'verbeterd' bij vermindering van klachten of 
volledige verdwijning van klachten. Een patiënt is 'niet verbeterd' als er géén 
afname van klachten of zelfs een toename van klachten is. Een meetinstrument is 
responsief indien het in staat is om onderscheid te maken tussen verbeterde en 
niet-verbeterde patiënten. Op basis van een extern criterium wordt een indeling 
gemaakt in verbeterd of niet-verbeterd. Door het ontbreken van een gouden 
standaard wordt in responsiviteitsstudies gebruik gemaakt van verschillende 
externe criteria. Afname van pijn kan bijvoorbeeld dienen als extern criterium om 
een indeling te maken in verbeterde en niet-verbeterde groepen, maar toename 
van zelfredzaamheid of werkhervatting kunnen eveneens dienen als externe 
criteria. Het gebruik van verschillende externe criteria kan echter van invloed op 
de responsiviteit van een meetinstrument.  
 
Meerdere vragenlijsten zijn ontwikkeld om de beperkingen in het uitvoeren van 
activiteiten in het dagelijks leven bij CLP patiënten vast te stellen. De Roland 
Morris Disability Questionnaire (RMDQ) is één van de meest gebruikte 
vragenlijsten binnen de revalidatiegeneeskunde. De Nederlandse versie van de 
RMDQ is valide en responsief, de betrouwbaarheid is echter niet onderzocht. De 
consequenties van het gebruik van verschillende externe criteria voor de 
responsiviteit van de RMDQ is tevens niet bekend. 
Het meten van werkgerelateerde beperkingen is een relatief nieuw verschijnsel in 
de revalidatiegeneeskunde evenals het gebruik van werkgerelateerde 
meetinstrumenten. In andere disciplines zijn dergelijke meetinstrumenten al wel 
ontwikkeld en in gebruik. In Nederland is de ‘Werk & Handicap Vragenlijst’ 
(WHV)2 ontwikkeld door TNO en meermalen gebruikt binnen het 
onderzoeksprogramma gericht op arbeidshandicap. Het ‘Functie Informatie 
Systeem’ (FIS) en de ‘Functionele Mogelijkheden Lijst’ (FML) 3 zijn ontwikkeld 
binnen de sociale verzekeringsgeneeskunde als scoringslijsten voor 
verzekeringsartsen om de bevindingen van anamnese en lichamelijk onderzoek te 
rapporteren bij arbeidsongeschiktheidbeoordelingen. De ‘Isernhagen Work 
Systems Functional Capacity Evaluation’ (IWS FCE) is een testbatterij die 
ontwikkeld is om de functionele mogelijkheden en beperkingen te meten bij het 
uitvoeren van werkgerelateerde activiteiten in een laboratorium setting 
(functioneel testen).  
Bij de bovengenoemde werkgerelateerde meetinstrumenten wordt vanuit 
verschillende perspectieven voor de werkgerelateerde beperkingen bepaald: de 
patiënt op basis van eigen ervaring, de arts op basis van anamnese en lichamelijk 
onderzoek en op basis van prestatie door middel van functioneel testen. Uit 

                                                           
2 vertaald in het engels: Work & Handicap Questionnaire (WHQ) 
 
3 vertaald in het engels: Functional Ability List (FAL) 

142 



Samenvatting 

verschillende onderzoeken blijkt dat verschil in perspectieven leidt tot verschil in 
resultaten. Onbekend is echter in welke mate de resultaten onderling verschillen. 
 
Het doel van dit onderzoek is het bepalen van de betrouwbaarheid van de 
bovengenoemde meetinstrumenten bij CLP patiënten in de revalidatie-
geneeskunde, het bepalen van de responsiviteit van de RMDQ en het bepalen van 
het verschil in resultaten bij gebruikmaking van verschillende perspectieven. De 
volgende onderzoeksvragen zijn geformuleerd:  
 
ADL-gerelateerd meetinstrument 
- Wat is de betrouwbaarheid en stabiliteit van de Nederlandse versie van de 

Roland Morris Disability Questionnaire? 
- Wat is de responsiviteit van de Nederlandse versie van de Roland Morris 

Disability Questionnaire bij gebruikmaking van verschillende externe 
criteria? 

 
Werkgerelateerde meetinstrumenten 
- Wat is de betrouwbaarheid van de Werk & Handicap Vragenlijst, het 

Functie Informatie Systeem, de Functionele Mogelijkhedenlijst en de 
Isernhagen Work Systems Functional Capacity Evaluation? 

- Wat is het verschil in resultaten wanneer gebruik wordt gemaakt van 
verschillende perspectieven voor het meten van werkgerelateerde 
beperkingen? 

 
In hoofdstuk 1 wordt een algemene beschrijving gegeven van de onderzochte 
meetinstrumenten en worden de onderzoeksvragen beschreven.  
In hoofdstuk 2 wordt de test-hertest betrouwbaarheid en stabiliteit van de 
Nederlandse versie van de RMDQ beschreven. Dertig CLP patiënten hebben de 
vragenlijst twee maal ingevuld met een tussenperiode van twee weken voor 
aanvang van de revalidatiebehandeling. Om de test-hertest betrouwbaarheid te 
bepalen is als statistische maat gebruik gemaakt van de Intra Class Correlation 
(ICC). Een ICC van 0.75 of hoger is beschouwd als criterium voor acceptabele 
betrouwbaarheid. Als statistische maat voor de stabiliteit is gebruik gemaakt van 
de 'limits of agreement'.  In het onderzoek wordt een ICC van 0.91 gevonden en 
een natuurlijke variatie van 6 punten op een schaal van 0-24. Geconcludeerd 
wordt dat de Nederlandse versie van de RMDQ een betrouwbaar instrument is bij 
CLP patiënten gezien de samenhang in uitkomsten bij herhaalde meting. Gezien 
de stabiliteit en daarmee samenhangend de natuurlijke variatie dient een patiënt in 
ieder geval 6 punten te verbeteren op de RMDQ ten aanzien van de waarde bij 
aanvang van de behandeling om te kunnen spreken van een behandeleffect. 
In hoofdstuk 3 zijn de resultaten beschreven van het onderzoek naar de 
responsiviteit van de Nederlandse versie van de RMDQ, waarbij gekeken is naar 
de consequenties van het gebruik van verschillende externe criteria voor de 
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responsiviteit. De RMDQ is door 83 CLP patiënten zowel voor als na de 
behandeling ingevuld. Vier externe criteria zijn gebruikt: verandering in klachten, 
verandering in zelfredzaamheid, verandering in pijn, en afkappunt natuurlijke 
variatie (6 punten). ROC-curves, effect sizes en standardised response means zijn 
berekend om de responsiviteit te bepalen en om de resultaten van andere studies 
met deze studie te vergelijken. 
Uit het onderzoek blijkt dat gebruikmaking van verschillende externe criteria leidt 
tot verschillen in responsiviteit. De RMDQ kan bijvoorbeeld beter verandering in 
klachten detecteren dan verandering in zelfredzaamheid. Geconcludeerd wordt 
echter wel dat voor alle vier externe criteria geldt dat de responsiviteit van de 
RMDQ acceptabel is.  
In hoofdstuk 4 is de test-hertest betrouwbaarheid van de WHV en de FML 
beschreven. De FML is in deze studie niet gebruikt als beoordelingslijst voor 
artsen maar als vragenlijst voor patiënten. Dertig CLP patiënten zijn gevraagd om 
beide vragenlijsten twee keer in te vullen met een tussenperiode van 2 weken 
voor aanvang van de behandeling. Een ICC van 0.75 of hoger, een Kappa-waarde 
van 0.60 of hoger en een percentage absolute overeenstemming van 80% of meer 
zijn beschouwd als criteria voor acceptabele betrouwbaarheid. Uit het onderzoek 
blijkt dat de test-hertest betrouwbaarheid voor de meeste items van de WHV en 
de FML onacceptabel is op basis van Kappa-waarden en percentage absolute 
overeenstemming. Doordat zowel het werkgerelateerde deel als het ADL-
gerelateerde deel van de WHV is meegenomen in deze studie, is ook een 
vergelijking gemaakt tussen de betrouwbaarheid van beide delen. Op basis van de 
ICC is gebleken dat de betrouwbaarheid van de ADL-items van de WHV (0.82) 
aanzienlijk hoger is dan de betrouwbaarheid van de werk-items van de WHV 
(0.42 en 0.33). Waardoor dit verschil wordt veroorzaakt is niet onderzocht maar 
verdient zeker nader onderzoek .  
In hoofdstuk 5 is de intra- en interbeoordelaars betrouwbaarheid van het FIS en de 
FML beschreven als beoordelingslijsten voor de verzekeringsartsen. Vier 
verzekeringsartsen hebben meegewerkt aan het onderzoek en 30 patiënten zijn 
beoordeeld. Per patiënt hebben 2 verzekeringsartsen het FIS en de FML ingevuld 
nadat zij de werkgerelateerde beperkingen van een patiënt hebben beoordeeld op 
basis van anamnese en lichamelijk onderzoek. Om de intra-beoordelaar 
betrouwbaarheid te bepalen beoordeelde één arts de werkgerelateerde 
beperkingen van een patiënt twee keer met een tussenperiode van twee weken. 
Om de inter-beoordelaar betrouwbaarheid te bepalen beoordeelden twee artsen 
afzonderlijk de werkgerelateerde beperkingen van een patiënt met een 
tussenperiode van 1 dag. Een Kappa-waarde van 0.60 of hoger en een percentage 
absolute overeenstemming van 80% of meer zijn beschouwd als criteria voor 
acceptabele betrouwbaarheid. Uit de onderzoeksresultaten blijkt dat de intra- en 
inter-beoordelaar betrouwbaarheid van de FIS onacceptabel is voor bijna alle 
items. Hoewel betere resultaten zijn verkregen voor de FML, blijkt ook hier een 
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groot deel van de items de gestelde criteria van acceptabele betrouwbaarheid niet 
te halen.  
In hoofdstuk 6 is de test-hertest betrouwbaarheid van alle 28 testen behorende tot 
de IWS FCE beschreven. Tijdens twee FCE-sessies hebben 30 CLP patiënten de 
testen uitgevoerd met een tussenperiode van twee weken voor aanvang van de 
behandeling. Dezelfde criteria voor acceptabele betrouwbaarheid worden gebruikt 
als in hoofdstuk 4. Op basis van Kappa berekeningen en percentage absolute 
overeenstemming zijn 15 van de 28 testen (79%) betrouwbaar. Elf van de 28 
testen (61%) zijn betrouwbaar op basis van ICC waarden. Het optreden van 
plafond- of criterium effecten bij meerdere testen geeft aan dat een groot deel van 
de patiëntengroep in staat is om te voldoen aan de gestelde criteria van de testen 
(bijvoorbeeld 5 minuten gebogen werken) en niet beperkt is in het uitvoeren van 
deze testen en bij een herhaalde meting. De aanzienlijke natuurlijke variatie die 
optreedt bij meerdere testen van de IWS FCE zorgen ervoor dat patiënten voor 
wat betreft deze testen aanzienlijk moeten verbeteren om te kunnen spreken van 
een werkelijke verbetering. Hoofdstuk 7 betreft het onderzoek naar de test-hertest 
betrouwbaarheid van de IWS FCE bij 26 gezonden. Door een vergelijking te 
maken tussen de test-hertest betrouwbaarheid van de IWS FCE bij CLP patiënten 
en bij gezonden blijkt dat de natuurlijke variatie gedeeltelijk kan worden 
toegeschreven aan variatie binnen CLP patiënten. Bij gezonden treedt minder 
natuurlijke variatie op. 
Hoofdstuk 8 betreft het onderzoek naar het verschil in resultaten wanneer gebruik 
wordt gemaakt van verschillende perspectieven voor het meten van 
werkgerelateerde beperkingen. De FML is in het onderzoek gebruikt als een 
vragenlijst voor de patiënt, als een beoordelingslijst voor artsen en als een 
scoringslijst voor de IWS FCE testleider. In totaal zijn de werkgerelateerde 
beperkingen van 92 patiënten beoordeeld door zowel de patiënt zelf, als door een 
verzekeringsarts als door de testleider van de IWS FCE. Dezelfde criteria voor 
acceptabele betrouwbaarheid worden gebruikt als in hoofdstuk 4. Vergelijking 
van de resultaten laat grote verschillen zien. Beperkingen gerapporteerd door de 
patiënt zijn aanzienlijk hoger dan de beperkingen gerapporteerd door de arts op 
basis van anamnese en lichamelijk onderzoek en door de testleider op basis van 
functioneel testen. Beperkingen, beoordeelt door een arts, zijn bovendien 
aanzienlijk hoger dan de beperkingen gebaseerd op functioneel testen.  
In de algemene discussie in hoofdstuk 9 zijn de belangrijkste bevindingen en de 
klinische relevantie van het onderzoek beschreven en is advies gegeven over het 
gebruik van de verschillende instrumenten in de revalidatiepraktijk bij CLP 
patiënten. Bovendien zijn mogelijke richtingen voor toekomstig onderzoek 
beschreven evenals de sterke en zwakke aspecten van de verschillende 
meetinstrumenten.  
De RMDQ is een bruikbaar instrument om ADL-gerelateerde beperkingen te 
meten bij CLP patiënten gezien de acceptabele betrouwbaarheid, validiteit en 
responsiviteit. In de dagelijkse praktijk dient rekening te worden gehouden met 
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een aanzienlijke natuurlijke variatie bij het bepalen van de mate van beperkingen 
en het vaststellen van een behandeleffect. De WHV, het FIS en de FML zijn niet 
bruikbaar om werkgerelateerde beperkingen te meten gezien de onacceptabele 
betrouwbaarheid. Verbeteren van deze meetinstrumenten of ontwikkelen van 
nieuwe werkgerelateerde meetinstrumenten is aanbevolen. De disciplines die de 
WHV, het FIS en de FML in de dagelijkse praktijk gebruiken worden 
geadviseerd om de betrouwbaarheid van deze instrumenten ook in hun eigen 
dagelijkse praktijk te onderzoeken.  
De betrouwbare testen van de IWF FCE kunnen worden gebruikt om de 
werkgerelateerde beperkingen in een laboratorium situatie te meten. Rekening 
dient te worden gehouden met de natuurlijke variatie. Gezien de vele plafond- en 
criteriumeffecten is het de vraag of de IWS FCE als evaluatief meetinstrument 
bruikbaar is; de meeste patiënten zijn reeds voor aanvang van de 
revalidatiebehandeling in staat om de testen uit te voeren. De IWS FCE is wel 
bruikbaar om inzicht te krijgen in het gedrag van patiënten bij het uitvoeren van 
verschillende activiteiten. Tevens kan het een middel zijn om patiënten te laten 
inzien dat ze meer kunnen dan dat ze denken.  
Gezien de verschillen tussen perspectieven geldt voor de gezondheidszorg het 
advies zich terdege bewust te zijn van de mogelijke verschillen in resultaten bij 
gebruikmaking van één of meer perspectieven bij het vaststellen van 
werkgerelateerde beperkingen bij CLP patiënten.  
 
Uit de IWS FCE resultaten blijkt dat de meeste CLP patiënten in staat zijn om de 
fysieke testen uit te voeren en niet beperkt zijn in het fysiek functioneren in een 
laboratoriumsituatie. Toch rapporteren deze patiënten beperkingen in het 
dagelijkse leven en in het uitvoeren van het fysieke werk, hetgeen vraagtekens zet 
bij de vertaling van laboratorium resultaten naar de dagelijkse praktijk. Indien een 
zwakke correlatie bestaat tussen laboratorium en dagelijkse praktijk dan zou het 
meten van werkgerelateerde beperkingen in CLP patiënten meer gerelateerd 
moeten zijn aan de dagelijkse praktijk. Op die manier kan mogelijk een meer 
realistisch beeld van de beperkingen in het dagelijkse leven en de invloed van 
factoren in het dagelijkse leven (persoonlijke- en omgevingsfactoren) op het 
functioneren worden verkregen. In de behandeling van CLP patiënten, dienen de 
professionals (revalidatiearts, bedrijfsarts, verzekeringsarts, psycholoog) en 
werkgevers samen te werken in de beoordeling van de beperkingen, het bepalen 
van de noodzaak van behandeling, het ontwerpen en plannen van de behandeling 
en het vastleggen van beoogd effect van de behandeling. Hierbij dient een case-
manager verantwoordelijk te zijn voor de coördinatie en het verloop van het 
behandelproces.  
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PROMOTORES: prof dr JR van Horn, prof dr PP Groenewegen, prof dr 
JW Groothoff 

Beltman H (2001) Buigen of barsten? Hoofdstukken uit de geschiedenis van de 
zorg aan mensen met een verstandelijke handicap in Nederland 1945-
2000. 
 PROMOTORES: prof dr D Post, prof dr AThG van Gennep 

Pal TM (2001) Humidifiers disease in synthetic fiber plants: an occupational 
health study.  
PROMOTORES: prof dr JGR de Monchy, prof dr D Post, prof dr JW 
Groothoff 

Goossen WTF (2000) Towards strategic use of nursing information in the 
Netherlands.  
PROMOTORES: prof dr WJA van den Heuvel, prof dr ThWN Dassen, 
prof dr ir A Hasman 

Hospers JJ (1999) Allergy and airway hyperresponsiveness: risk factors for 
mortality. 
PROMOTORES: prof dr D Post, prof dr DS Postma, prof dr ST Weiss 

Wijk P van der (1999) Economics: Charon of Medicine?  
PROMOTORES: prof dr WJA van den Heuvel, prof dr L Koopmans, 
prof dr FFH Rutten.  
REFERENT: dr J Bouma 

Dijkstra A (1998) Care dependency: an assessment instrument for use in long-
term care facilities. 
PROMOTORES: prof dr WJA van den Heuvel, prof dr ThWN Dassen 
Tuinstra J (1998) Health in adolescence: an empirical study of social 
inequality in health, health risk behaviour and decision making styles.  
PROMOTORES: prof dr D Post, prof dr WJA van den Heuvel. CO-
PROMOTOR: dr JW Groothoff 
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Mink van der Molen AB (1997) Carpale letsels: onderzoek naar de 
verzuimaspecten ten gevolge van carpale letsels in Nederland 1990-
1993.  
PROMOTORES: prof dr PH Robinson, prof WH Eisma. CO-
PROMOTOR: dr JW Groothoff. REFERENT: dr GJP Visser 

Mulder HC (1996) Het medisch kunnen: technieken, keuze en zeggenschap in de 
moderne geneeskunde. 
PROMOTOR: prof dr WJA van den Heuvel 

Dekker GF (1995) Rugklachten-management-programma bij de Nederlandse 
Aardolie Maatschappij B.V.: ontwerp, uitvoering en evaluatie. 
PROMOTORES: prof dr D Post, prof WH Eisma. CO-PROMOTOR: dr 
JW Groothoff 

Puttiger PHJ (1994) De medische keuring bij gebruik van persluchtmaskers. 
PROMOTORES: prof dr D Post,prof dr WJA Goedhard. CO-
PROMOTOR: dr JW Groothoff 

Engelsman C & Geertsma A (1994) De kwaliteit van verwijzingen. 
PROMOTORES: prof dr WJA van den Heuvel, prof dr FM Haaijer-
Ruskamp, prof dr B Meyboom-de Jong 

Lucht F van der (1992) Sociale ongelijkheid en gezondheid bij kinderen. 
PROMOTOR : prof dr WJA van den Heuvel. REFERENT: dr JW 
Groothoff 

  
 
Research in Evidence Based Medicine  
 
Pont LG (2002) Assessing the quality of prescribing in general practice. 
 PROMOTORES: prof dr FM Haaijer-Ruskamp, prof dr WH van Gilst, 

prof dr T van der Molen 
Bemelmans WJE (2001) Prevention of coronary heart disease by nutritional 

interventions. Impact of nutritional education in groups and 
supplementation with alpha-linolenic acid.  
PROMOTOR: prof dr B Meyboom-de Jong. CO-PROMOTOR: dr JF 
May. REFERENTEN: dr J Broer, dr EJM Feskens, dr FW Siero, dr AJ 
Smit 

Veninga CCM (2000) Improving prescribing in general practice.  
PROMOTOR: prof dr FM Haaijer-Ruskamp. REFERENT: dr P Denig 

Veehof LJG (1999) Polypharmacy in the elderly.  
PROMOTORES:  prof dr B Meyboom-de Jong, prof dr FM Haaijer-
Ruskamp 

Vries SO de (1998) Management strategies for intermittent claudication.  
PROMOTOR: prof dr MGM Hunink. REFERENT: dr JB Wong 
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Bosch JL (1997) Outcome assessment of the percutaneous treatment of lilac 
artery occlusive disease. 
PROMOTORES: prof dr MGM Hunink, prof dr WPThM Mall, prof dr L 
Koopmans 

Dijkers FW (1997) Repeat prescriptions: a study in general practice in the 
Netherlands.  
PROMOTORES: prof dr B Meyboom-de Jong, prof dr FM Haaijer-
Ruskamp, prof dr AF Casparie 

Trigt AM van (1995) Making news about medicines.  
PROMOTORES: prof dr TFJ Tromp, prof dr FM Haaijer-Ruskamp 

Boerkamp E (1995) Assessing professional services quality: an application in 
health care.  
PROMOTORES: prof dr JC Reuijl, prof dr FM Haaijer-Ruskamp 

Denig P (1994) Drug choice in medical practice: rationals, routines, and 
remedies.  
PROMOTORES: prof dr FM Haaijer-Ruskamp, prof dr H Wesseling 

Jong-van den Berg LTW de (1992) Drug utilization studies in pregnancy: what 
can they contribute to safety assessment?   
PROMOTORES: prof dr MNG Dukes, prof dr H Wesseling. 
REFERENT: dr FM Haaijer-Ruskamp 

Zijlstra IF (1991) De regionaal klinisch farmacoloog.  
PROMOTORES: prof dr H Wesseling, prof dr FWJ Gribnau, prof dr C 
van Weel. REFERENTEN: dr FM Haaijer-Ruskamp, dr H Wollersheim 

 
 
Rehabilitation Programs Research (from 1998 onwards) 
 
Dekker R (2004) Long-term outcome of sports injuries. 

 PROMOTORES: prof dr HJ ten Duis, prof WH Eisma, prof dr JW 
Groothoff. CO-PROMOTOR: dr CK van der Sluis 

Schegget-Slaterus, MJ ter (2004) The quality of expert advice in relation to the 
act on facilities for the handicapped. 

 PROMOTORES: prof dr JW Groothoff, prof WH Eisma 
Schönherr MC (2003) Functional outcome after spinal cord injury. 
 PROMOTORES: prof WH Eisma, prof dr JW Groothoff  
Sturms LM (2003) Pediatric traffic injuries; consequences for the child and the 

parents. 
PROMOTORES: prof  WH Eisma, prof dr HJ ten Duis, prof dr JW 
Groothoff. CO-PROMOTOR: dr CK van der Sluis 

Meijer JWM (2002) The diabetic foot syndrome; diagnosis and consequences. 
PROMOTORES: prof WH Eisma, prof dr JW Groothoff. CO-
PROMOTORES: dr TP Links, dr AJ Smit 
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Schoppen T (2002) Functional outcome after a lower limb amputation. 
PROMOTORES: prof WH Eisma, prof dr JW Groothoff, prof dr LNH 
Göeken. REFERENTEN: dr AM Boonstra, dr J de Vries 

Rommers GM (2000) The elderly amputee: rehabilitation and functional 
outcome. 
PROMOTOR: prof WH Eisma. CO-PROMOTOR: dr JW Groothoff  

Halbertsma JPK (1999) Short hamstrings & stretching: a study of muscle 
elasticity. 
PROMOTORES: prof WH Eisma, prof dr LNH Göeken. CO-
PROMOTOR: dr JW Groothoff. REFERENT: dr ir AL Hof  

Geertzen JHB (1998) Reflex sympathetic dystrophy: a study in the perspective of 
rehabilitation medicine. 
PROMOTORES: prof WH Eisma, prof dr HJ ten Duis. CO-
PROMOTOR: dr JW Groothoff.  
REFERENT: dr PU Dijkstra 

Sluis CK van der (1998) Outcomes of major trauma.  
PROMOTORES: prof dr HJ ten Duis, prof WH Eisma 

 
 
Research in Motor Behaviour (from 1998 onwards) 
 
Kamsma YPT (2002) Functional Reorganisation of basic motor actions in 

Parkinson’s disease. Problem analysis, development and evaluation of a 
compensatory strategy training.  
PROMOTORES: prof dr P Rispens, prof dr WH Brouwer 

Stevens M (2001) Groningen Active Living Model (GALM): development and 
initial validation.  
PROMOTOR: prof dr P Rispens. REFERENTEN: dr KAPM Lemmink, 
dr MHG de Greef 

Lettinga AT (2000) Diversity in neurological physiotherapy: a comparative 
analysis of clinical and scientific practices.  
PROMOTORES: prof dr P Rispens, prof dr PJM Helders, prof dr A Mol 

Heuvelen MJG van (1999) Physical activity, physical fitness and disability in 
older persons.  
PROMOTOR: prof dr P Rispens. CO-PROMOTORES: dr WH Brouwer, 
dr GIJM Kempen.  
REFERENT: dr MHG de Greef 

Berkhuysen MA (1999) Toward tailor-made cardiac rehabilitation: getting at the 
heart of the matters. 
PROMOTORES: prof dr AP Buunk, prof dr P Rispens. REFERENT: dr 
R Sanderman 
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Dankwoord 

DANKWOORD 
 
Bij een promotietraject zijn veel mensen betrokken, die allen hun bijdrage 
leveren. Bij aanvang is vaak in grote lijnen bekend wat er van wie wordt 
verwacht en hoe alles gaat lopen. Dit promotietraject liep echter anders dan 
gepland bij aanvang in 1999. Ontzettend dankbaar ben ik een ieder die mij heeft 
geholpen om dit onderzoek af te maken, ondanks dat ik twee jaren een geringe 
bijdrage heb kunnen leveren door ziekte. Enkele mensen wil ik hierbij in het 
bijzonder bedanken. 
 
In de eerste plaats wil ik prof. dr. Göeken bedanken, initiator van het 
onderzoeksprogramma LOBADIS en eerste promotor in de eerste jaren van het 
onderzoek. U heeft mij de mogelijkheid geboden om te promoveren. Door uw 
inspanningen kon ik na de periode van ziekte het onderzoek weer oppakken, juist 
op het moment dat u met emeritaat bent gegaan. U heeft ervoor gekozen om 
vanaf dat moment mijn derde promotor te worden, waardoor we in de afrondende 
fase minder contact hebben gehad. De discussies in de eerste jaren van het 
onderzoek zijn voor mij zeer waardevol geweest en hebben de inhoud van het 
onderzoek duidelijk vorm gegeven.  
Prof. dr. Jan Geertzen wil ik bedanken voor het overnemen van de taak van eerste 
promotor in 2003. Een lopend onderzoek overnemen is niet eenvoudig, al 
helemaal niet als de onderzoeker die je moet gaan begeleiden je ook nog de 
nodige zorgen geeft. Naast de begeleiding in het onderzoek heb ik jouw steun ten 
aanzien van mijn gezondheid en de ‘nazorgtelefoontjes’ die je hebt gepleegd zeer 
gewaardeerd.  
Prof. dr. Johan Groothoff, tweede promotor, is als één van de weinigen bij het 
hele onderzoekstraject betrokken geweest. Met name je kennis van en interesse in 
‘Arbeid en Gezondheid’ waren een zeer waardevolle aanvulling in het onderzoek. 
Ik hoop dat we elkaar nog vaak spreken over dit interessante vakgebied! 
Dr. Pieter Dijkstra, co-promotor, jij bent in de laatste jaren van het onderzoek van 
grote betekenis voor mij en de voortgang van het onderzoek geweest. Ik wil je 
bedanken dat je de taak van dagelijks begeleider op je hebt genomen al tijdens 
mijn afwezigheid. Jij hebt er voor gezorgd dat er al vanaf die periode 
gepubliceerd werd. Verder heb je mij begeleid bij het analyseren van de data en 
het schrijven van de overige publicaties. Je rake opmerkingen over ziekte en 
gezondheid hebben me zeker aan het denken gezet; genoegen nemen met iets 
minder kan soms ook al voldoende zijn.  
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De beoordelingscommissie, bestaande uit prof. dr. M.H.W. Frings-Dresen, prof. 
dr. H.J. Stam en prof. dr. J.H.B.M Willems, wil ik bedanken voor de tijd die zij 
hebben genomen om mijn proefschrift te lezen en te beoordelen.  
 
Michiel Reneman, Erwin Gerrits en Jan Schellekens wil ik bedanken voor hun 
deelname aan de begeleidingscommissie gedurende de eerste jaren van het 
onderzoek. Jullie bijdragen aan de discussies, tijdens de tweemaandelijkse 
besprekingen zijn zeer waardevol geweest bij het opzetten van het onderzoek. 
Michiel, jou wil ik ook bedanken voor de gastvrijheid op de testlocatie 
‘Arbeidsexploratie’, het werk dat je hebt geleverd als vraagbaak en testleider in 
dit onderzoek en voor de samenwerking binnen de verschillende studies. 
 
Aan de verzekeringsartsen Fred Felder, Nick van Tilburg, Marian van der Veen-
Klever en Lex van de Ven ben ik ook veel dank verschuldigd. De collegialiteit en 
flexibiliteit waarmee jullie als team met mij hebben samengewerkt heb ik in al die 
jaren zeer gewaardeerd. Jullie kennis over de verzekeringsgeneeskundige 
beoordeling en ook de inhoudelijke discussies die we hierover hebben gevoerd 
zijn van groot belang geweest bij het schrijven van hoofdstuk 5.  
 
Mijn dank gaat ook uit naar het Pijnteam in het Centrum voor Revalidatie, locatie 
Beatrixoord, voor de medewerking aan het onderzoek. In het bijzonder wil ik 
bedanken Cor Muskee, Wim Jorritsma, Rita Schiphorst Preuper, Marleen Speller, 
Christa Gelling-Ausema, Paul Hodselmans en Bert Hofstra.  
 
Rita, helaas is het er niet van gekomen om samen een artikel te schrijven, maar 
hopelijk komt het er nog eens van! Ik heb de samenwerking en ook de contacten 
buiten het werk altijd zeer gewaardeerd. 
 
Roy Stewart, zonder jouw uitleg over statistiek was ik niet ver gekomen. Ik heb 
onze bijeenkomsten altijd als zeer leerzaam maar ook als zeer gezellig ervaren.  
 
Bart Bartels, als eerste assistent in de rij heb je de taak op je genomen om mij te 
helpen met het organiseren van de testdagen. Je haalde me hiermee veel werk uit 
handen, dank daarvoor!  
Janine Stubbe, in het 2e onderzoeksjaar ben jij mijn assistent geworden. Jouw 
bijdrage aan het onderzoek is groot geweest, op het moment dat ik ziek werd heb 
jij het project draaiende gehouden. De bezoekjes na werktijd waarin je mij even 
weer op de hoogte bracht van het onderzoek zijn voor mij erg belangrijk geweest. 
Hierdoor bleef ik toch bij het onderzoek betrokken. Dat je uiteindelijk zelf als 
AIO in Amsterdam aan de slag ging vond ik jammer, maar met jouw kwaliteiten 
verdiende je een eigen onderzoek.  
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Wietske Kuijer en Stefan IJmker, jullie hebben gezamenlijk de taak van Janine 
overgenomen. Tijdens deze periode hebben we slechts enkele keren contact 
gehad, waardoor jullie veel zelf hebben moeten opknappen. Ik wil jullie dan ook 
hartelijk danken voor alle inzet die jullie hebben getoond. Dat ook jullie nu bezig 
zijn met een promotietraject was te verwachten, ik wens jullie alle succes 
hiermee.  
 
Frank Andries (TNO-Arbeid) wil ik bedanken voor het ter beschikking stellen 
van de ‘Werk en Handicap Vragenlijst’. 
Henny Mulders (UWV) wil ik bedanken voor het ter beschikking stellen van de 
‘Functionele Mogelijkheden Lijst’.  
 
Professor dr. Klaas Postema, hoewel je niet bij het onderzoek betrokken bent 
geweest, heb je me als hoofd van de afdeling altijd gesteund. Bedankt voor het 
creëren van werkomstandigheden waarin promoveren toch mogelijk bleek te zijn.  
 
Leontien, Claudia, Rients, Anuschka, Marije, Bianca, Wietske, Juha, Grieke, 
Gerda en Martin, (oud-)collega’s op de AIO-kamers wil ik bedanken voor alle 
adviezen, steun en vooral de gezelligheid in de afgelopen jaren!  
Juha, Rients en Bianca, mijn kamergenoten, wil ik in het bijzonder bedanken voor 
de enorme inzet om mijn proefschrift op tijd bij de drukker te krijgen.  
 
Rients en Bianca, ik ben blij dat jullie ook nog eens mijn paranimfen willen zijn. 
Rients, tegelijk begonnen en tegelijk klaar. Het waren voor ons allebei jaren 
waarin veel is gebeurd, maar we hebben het toch maar mooi even gered! Jouw 
kennis over de meest uiteenlopende onderwerpen komt altijd erg goed van pas. 
Bianca, ons eerste contact was niet op de werkplek maar aan het ziekbed. Vanaf 
dat moment wist ik dat ik er een leuke en hulpvaardige collega bij had gekregen. 
Met z’n tweeën konden we de mannen op onze kamer wel aan. We zullen elkaar 
op het werk nu minder vaak zien, maar gelukkig hebben we onze ‘knutselcursus’ 
nog. 
 
De landelijke bijeenkomsten in het kader van LOBADIS, het 
onderzoeksprogamma van ZonMw, zijn voor mij altijd zeer waardevol geweest. 
Naast presentaties en discussies over de onderzoeksresultaten was er ook altijd 
voldoende gelegenheid om gewoon even gezellig bij te praten. Jeanine, Rob en 
Alita, de onderzoekers waar ik vanaf het begin contact mee heb gehad, bedankt 
voor alle hulp en gezellige momenten. De afstand Groningen-Maastricht is groot, 
maar valt gelukkig te overbruggen. Ook de andere onderzoekers die bij 
LOBADIS betrokken zijn (geweest) wil ik bedanken voor alle inbreng en 
adviezen tijdens de bijeenkomsten. 
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De promovendiraad van het NCG was een leuke aanvulling in het werk. Ik wil de 
(oud-)leden dan ook graag bedanken voor de gezelligheid tijdens de 
voorbereidingen van in totaal 4 voorjaarsbijeenkomsten. De groep die volgend 
jaar de kar gaat trekken wens ik alvast succes met de voorbereidingen voor de 
volgende bijeenkomst.  
 
Andrea van der Kuip, bedankt voor het ontwerpen van de omslag van dit 
proefschrift. Waar een cursus bij het Kunstencentrum al niet goed voor is.  
 
Familie en vrienden wil ik bedanken voor de steun in de afgelopen jaren, zowel 
wat betreft het onderzoek als alle dingen daarom heen. Vorig jaar hebben we 
samen in september al een fantastisch feest gehad en nu valt er alweer iets te 
vieren. Hopelijk zullen we ook in de toekomst nog veel leuke dingen samen 
beleven.  
Pap en mam, ik wil jullie in het bijzonder bedanken voor de helpende hand die 
altijd wordt geboden als het nodig is. Zonder jullie hulp had ik niet al mijn 
energie kunnen gebruiken om aan het proefschrift te werken.  
 
Thijs, veel is er gebeurd in de afgelopen jaren. Het heeft ons laten inzien hoe 
belangrijk gezondheid is en welke grote rol ‘liefde’ speelt in een periode van 
ziekte. Ik ben je ontzettend dankbaar voor het feit dat je er altijd voor me bent 
ondanks de drukte van alledag. We hebben het leven weer opgepakt, ons bewust 
van hoe alles plotseling in het leven kan veranderen. Laten we blijven genieten 
van al het mooie dat het leven biedt.  
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CURRICULUM VITAE 
 
Sandra Brouwer werd op 14 juni 1976 geboren in Bedum. Na de middelbare 
school studeerde zij Bewegingswetenschappen aan de Rijksuniversiteit 
Groningen met als afstudeerrichting 'Arbeid en Gezondheid'. Haar 
afstudeeronderzoek verrichte zij bij TNO Arbeid in Amsterdam naar de 
meerwaarde van FCE-methoden bij arbeidsongeschiktheidsbeoordelingen. 
Vervolgens deed zij een extra onderzoeksstage bij de Arbodienst van de NAM in 
Assen naar het ontwikkelen en implementeren van RSI-preventieprogramma’s.  
In 1999 werd het doctoraal examen gehaald en in september van dat jaar startte 
zij, onder leiding van prof. dr. L.N.H. Göeken, als AIO (Assistent in Opleiding) 
met haar promotieonderzoek bij de afdeling Revalidatie in het Academisch 
Ziekenhuis Groningen.  
In deze periode werkte zij mee aan het landelijke onderzoeksprogramma 
LOBADIS, gefinancierd door ZonMW (www.lobadis.nl), bestaande uit meerdere 
studies. Doel van het programma is ‘verbetering van de differentiële diagnostiek, 
de revalidatiebehandeling en de reïntegratie van patiënten met chronische lage 
rugpijn’. Het promotieonderzoek van Sandra is onderdeel van de tweede 
deelstudie waarin onderzoek is gedaan naar de psychometrische kwaliteiten van 
verschillende meetinstrumenten om de functionele beperkingen en mogelijkheden 
ten gevolge van chronische lage rugpijn op lange termijn te kunnen meten.  
Per 1 september 2004 zal zij werkzaam zijn als clusterondersteunend coördinator 
implementatie LOBADIS bij het Centrum voor Revalidatie van het Academisch 
Ziekenhuis Groningen en als onderzoeker 'Arbeid en Gezondheid’ bij U.C. 
ProMotion in samenwerking met de sectie Toegepast Onderzoek van het 
Noordelijk Centrum voor Gezondheidsvraagstukken en het Centrum voor 
Revalidatie van het Academisch Ziekenhuis Groningen.  
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STELLINGEN  
 

behorende bij het proefschrift 
 

DISABILITY IN CHRONIC LOW BACK PAIN: 
PSYCHOMETRIC PROPERTIES OF ADL- AND WORK-RELATED INSTRUMENTS 

 
Sandra Brouwer 

Groningen, 8 september 2004 
 
 
1. De spreiding in resultaten tussen artsen en tussen patiënt, arts en 

testleider toont hoe onzuiver de beoordeling van werkgerelateerde 
beperkingen bij patiënten met chronische lage rugpijn is.  
(dit proefschrift) 

  
2. Het gebruik van zowel de resultaten van de vragenlijst als van de 

functionele testen is in de arbeidsrevalidatie noodzakelijk om daarmee 
de patiënt in te laten zien dat hij meer kan dan dat hij denkt te kunnen. 
(dit proefschrift) 

 
3. De methodologische kwaliteit van verzekeringsgeneeskundige 

beoordelingsmethoden toegepast binnen de revalidatiegeneeskunde 
bevestigt de noodzaak van wetenschappelijk onderzoek naar de 
betrouwbaarheid van deze methoden bij WAO-keuringen. 
(dit proefschrift) 

 
4. Uit de resultaten van functioneel testen blijken geringe beperkingen in 

het fysiek functioneren van patiënten met chronische lage rugpijn. Om 
die reden dient arbeidsrevalidatie zich in de eerste plaats toe te spitsen 
op gedragsverandering en niet enkel op het verbeteren van het fysiek 
functioneren. (dit proefschrift)  

 
5. Om een zo volledig mogelijk beeld te krijgen van de invloed van 

chronische lage rugpijn op het dagelijkse werkvermogen dient de 
beoordeling te zijn gekoppeld aan de specifieke werksituatie van de 
patiënt.  

 
6. Zonder wetenschappelijk onderzoek naar de invloed van ziekte op 

arbeids(on)geschiktheid en het verloop daarvan, is er bij het voorstel van 
de Sociaal Economische Raad (SER) om op basis van een ziektelijst wel 
of geen WAO-uitkering toe te wijzen geen sprake van wetenschappelijke 
objectiviteit maar van politieke subjectiviteit.  

 



 
7. Beschikbaarheid van kinderopvang bij deelname aan wetenschappelijk 

onderzoek verhoogt de inclusie van vrouwen. 
 
8. Om vergrijzing binnen de universiteit te voorkomen, dient behoud van 

jonge onderzoekers na hun promotie niet afhankelijk te zijn van 
tijdelijke financiering. 

 
9. Naarmate het ‘ziekbed’ dichter bij de werkplek is gelegen wordt het 

reïntegratieproces korter. 
 

10. Om wetenschappelijk onderzoek te doen naar werkgerelateerde 
problematiek dienen universiteiten niet sceptisch te staan tegenover 
samenwerking met het bedrijfsleven maar gebruik te maken van de 
voordelen van deze praktijksituatie. 

 
11. Ervaring is niet wat je overkomt, maar is wat je doet met wat je 

overkomt. (Aldous Huxley) 
 

12. De hydraulische vering van een Citröen ID/DS heeft een positief effect 
op de mobiliteit van patiënten met lage rugpijn. 
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	Mean ( RMDQ
	(mean [SD])
	7.4 [4.7]
	6.9 [5.2]
	8.1 [3.8]
	8.0 [4.3]
	8.6 [3.6]
	9.0 [3.4]
	SRM*
	1.56
	1.33
	2.16
	1.87
	2.42
	2.64
	ESp**
	1.68
	1.50
	2.09
	2.07
	2.29
	2.69
	AUC
	[95% c.i.]***
	.82
	[.73 to .91]
	.76
	[.65 to .87]
	.92
	[.86 to .98]
	.84
	[.75 to .92]
	.94
	[.89 to .98]
	.93
	[.88 to .98]
	Improved patients with an initial score ( 6
	Improved
	(n [valid %])
	35 [51.5]
	33 [49.3]
	35 [51.5]]
	27 [39.7]
	35 [50.7]
	31 [45.6]
	35 [50]
	Initial RMDQ-score
	(mean [SD])
	12.8 [3.2]
	12.8 [3.1]
	13.5 [3.3]
	13.2 [3.3]
	13.5 [3.3]
	13.3 [3.2]
	13.6 [3.2]
	Post RMDQ-score
	(mean [SD])
	4.6 [4.0]
	5.1 [4.5]
	4.8 [3.7]
	4.4 [3.5]
	4.7 [3.9]
	4.3 [3.4]
	4.2 [3.5]
	Mean ( RMDQ
	(mean [SD])
	8.2 [4.1]
	7.8 [4.8]
	8.7 [3.3]
	8.8 [3.8]
	8.7 [3.6]
	9.0 [3.4]
	9.4 [2.7]
	SRM*
	1.98
	1.62
	2.63
	2.34
	2.45
	2.64
	3.45
	ESp**
	2.26
	1.98
	2.45
	2.60
	2.39
	2.69
	2.81
	AUC [95% c.i.]***
	.85
	[.75 to .94]
	.78
	[.66 to .89]
	.93
	[.87 to 1.00]
	.85
	[.76 to .94]
	.92
	[.86 to .98]
	.92
	[.85 to .98]
	1.00
	[1.00]

	* SRM =  standardised response mean = mean difference improv
	**ESp =  pooled effect size = mean difference improved group
	square of the standard deviations before and after treatment
	***AUC [95% c.i.] = Area Under Curve [95% confidence interva
	Initial RMDQ-score
	Initial mean pain intensity
	0.56
	Initial pain intensity ‘pain when as least’
	0.43
	Initial pain intensity ‘pain when as worst’
	0.44
	Initial pain intensity ‘pain right now’
	0.55

	* All correlation coefficients were significant at p < 0.001







	Test-retest reliability of two Work Limitation Questionnaire
	Chapter 4
	Activities
	Kappa
	Agreement (%)
	Reliability
	A) Body movements scale
	Reaching (cm)
	0.48
	76
	N
	Sustained and frequent reaching (150-500 times each hour)
	0.57
	72
	N
	Bending (degrees)
	0.51
	69
	N
	Sustained and frequent bending (150-500 times each hour)
	0.66
	86
	A
	Rotation
	0.61
	90
	A
	Push and pull static
	0.36
	72
	N
	Lifting or carrying(1-15 kg)
	0.48
	69
	N
	Sustained and frequent lifting or carrying light (150-500 ti
	0.21
	48
	N
	Sustained and frequent lifting or carrying heavy (50 times e
	0.18
	66
	N
	Walking (0-30 min)
	0.56
	76
	N
	Sustained walking (part of a day)
	0.55
	79
	N
	Stair climbing
	0.48
	83
	N
	Climbing
	0.51
	90
	N
	Kneeling or squatting
	0.42
	86
	N
	Other limitations in body movements*
	0.35
	69
	N
	Special work requirements*
	0.71
	86
	A
	B) Body postures scale
	Sitting (0–60 min)
	0.42
	62
	N
	Sitting prolonged (part of a day)
	0.52
	86
	N
	Standing (0-30 min)
	0.38
	59
	N
	Standing prolonged (part of a day)
	0.87
	97
	A
	Kneeling or squatting
	0.18
	59
	N
	Bend or rotated
	0.24
	66
	N
	Working above shoulder level
	0.38
	76
	N
	Alternating postures*
	0.51
	76
	N
	Other limitations in body movements*
	0.37
	69
	N
	Special work requirements*
	0.80
	90
	A

	*dichotomous outcome (Cohen’s Kappa), other items ordinal ou
	A:  Acceptable
	N:  Not acceptable
	Activities
	Kappa
	Agreement (%)
	Reliability
	Standing
	Walking
	Sitting
	Getting up from a chair
	Bending and coming up
	Balance
	Gross movements with arms
	Accurate movements with arms and hands
	Accurate movements with feet and legs
	Moving the head and neck
	Reaching with arms above shoulder hold
	Crouching or kneeling
	Generating force with the arms
	Generating force with the legs
	Step down the pavement
	Stair climbing
	Running
	Lifting or carrying
	Pushing and pulling dynamic
	Hearing
	Seeing colours
	Visual acuity
	Prolongued reading
	Express oneself in spoken language
	Express oneself in written language
	Concentrating
	Remembering things for longer than 5 minutes
	Planning and organizing
	0.53
	0.84
	0.72
	0.38
	0.69
	0.17
	0.41
	0.65
	-0.14
	0.75
	0.30
	0.44
	--
	0.56
	0.34
	0.78
	0.48
	0.56
	0.60
	1.00
	--
	0.63
	0.53
	--
	0.47
	0.41
	--
	0.65
	80
	92
	88
	72
	88
	80
	84
	96
	76
	92
	68
	72
	92
	84
	88
	88
	80
	80
	80
	100
	96
	96
	80
	96
	92
	84
	100
	96
	N
	A
	A
	N
	A
	A
	N
	A
	N
	A
	N
	N
	A
	N
	N
	A
	N
	N
	A
	A
	A
	A
	N
	A
	N
	N
	A
	A

	--:  Kappa could not be calculated due to lack of cell filli
	A:  Acceptable
	N:  Not acceptable
	A:  Acceptable
	N:  Not acceptable
	Activities (n)
	Kappa
	Agreement (%)
	Reliability
	Standing (18)
	0.66
	83
	A
	Walking (17)
	0.75
	88
	A
	Sitting (17)
	0.28
	65
	N
	Getting up from a chair (15)
	0.31
	67
	N
	Bending and coming up (13)
	0.65
	85
	A
	Balance (2)
	-
	100
	Gross movements with arms (2)
	1.00
	100
	Accurate movements with arms and hands (7)
	1.00
	100
	Accurate movements with feet and legs (3)
	-
	100
	Movement of head and neck (9)
	0.53
	77
	Reaching with arms above shoulder hold (6)
	0.33
	67
	Squatting and kneeling (11)
	0.44
	73
	N
	Generating force with arms (5)
	-
	80
	Generating force with legs (7)
	-
	86
	Lifting more than 5 kilogram (7)
	0.44
	70
	Pushing and pulling dynamic (6)
	0.67
	83
	Working in a forward bend or rotated position (16)
	0.35
	75
	N
	Bending or rotating of the trunk (11)
	0.27
	64
	N
	High velocity repetitive movements (6)
	0.57
	83
	Working in uncomfortable positions (9)
	0.31
	66
	Working in static postures (16)
	0.48
	75
	N
	Working with foot controls (2)
	-
	100
	n/a
	Working on ladders en scaffolds (3)
	1.00
	100
	Hearing (8)
	1.00
	100
	Seeing colours (4)
	-
	100
	Visual acuity (9)
	0.36
	78
	Prolonged reading (7)
	-
	100

	- :  Kappa could not be calculated due to lack of cell filli
	A :  Acceptable
	N :  Not acceptable
	n/a:  not applicable; number of paired observations <10







	Intra- and inter-rater reliability ‘Functional Information S
	Chapter 5
	Activities
	Kappa
	Absolute agreement (%)
	Difference of 1 (%)
	Difference of  ( 2 (%)
	Reliability
	Working above shoulder level
	0.43
	49
	46
	5
	N
	Sustained and frequent bending & rotating
	0.52
	59
	25
	16
	N
	Carrying
	0.74
	76
	18
	6
	A
	Push and pull static*
	0.66
	86
	14
	0
	A
	Working static forward bending
	0.50
	53
	35
	12
	N
	Climbing and clambering
	0.51
	45
	45
	10
	N
	Kneeling, crawling, squatting
	0.45
	53
	37
	10
	N
	Walking
	0.58
	57
	35
	8
	N
	Reaching
	0.43
	55
	41
	4
	N
	Standing
	0.55
	45
	27
	28
	N
	Lifting
	0.72
	67
	31
	2
	A
	Stair climbing
	0.54
	57
	39
	4
	N
	Sitting
	0.53
	71
	27
	2
	N

	*  Dichotomous data \(Cohen’s Kappa\). 
	Kappa)
	A:  Acceptable
	N:  Not acceptable
	Activities
	Kappa
	Absolute agreement (%)
	Difference of 1 (%)
	Difference of ( 2 (%)
	Reliability
	Working above shoulder level
	0.24
	43
	47
	10
	N
	Sustained and frequent bending & rotating
	0.13
	37
	27
	36
	N
	Carrying
	0.22
	33
	43
	24
	N
	Push and pull static*
	-0.16
	50
	50
	0
	N
	Working static forward bending
	-0.01
	23
	50
	27
	N
	Climbing and clambering
	0.12
	30
	30
	40
	N
	Kneeling, crawling, squatting
	0.15
	33
	40
	27
	N
	Walking
	0.23
	43
	30
	27
	N
	Reaching
	0.00
	40
	43
	17
	N
	Standing
	0.16
	30
	27
	43
	N
	Lifting
	0.24
	27
	53
	20
	N
	Stair climbing
	0.18
	30
	60
	10
	N
	Sitting
	0.23
	57
	40
	3
	N

	* Dichotomous data \(Cohen’s Kappa\). O
	Kappa)
	N:  Not acceptable
	Activities
	Kappa
	Absolute agreement (%)
	Difference of 1 (%)
	Difference of  ( 2 (%)
	Reliability
	Working above shoulder level
	0.19
	38
	50
	12
	N
	Sustained and frequent bending & rotating
	0.20
	39
	30
	21
	N
	Carrying
	0.29
	38
	33
	29
	N
	Push and pull static*
	-0.12
	50
	50
	0
	N
	Working static forward bending
	-0.13
	12
	38
	50
	N
	Climbing and clambering
	0.23
	38
	42
	20
	N
	Kneeling, crawling, squatting
	0.28
	38
	50
	12
	N
	Walking
	0.48
	46
	42
	12
	N
	Reaching
	0.15
	42
	42
	16
	N
	Standing
	0.35
	21
	50
	29
	N
	Lifting
	0.23
	29
	38
	33
	N
	Stair climbing
	0.10
	33
	46
	21
	N
	Sitting
	0.40
	56
	44
	0
	N

	*  Dichotomous data (Cohen’s Kappa). Other items are ordinal
	(weighted Kappa)
	N:  Not acceptable
	Activities
	Kappa
	(weighted)
	Absolute agreement (%)
	Difference of 1 (%)
	Difference of ( 2 (%)
	Reliability
	A) Body movements scale
	Reaching (cm)
	0.00
	96
	4
	0
	A
	Sustained and frequent reaching (150-500 times each hour)
	0.58
	87
	13
	0
	N
	Bending (degrees)
	0.71
	76
	24
	0
	A
	Sustained and frequent bending (150-500 times each hour)
	0.59
	76
	24
	0
	N
	Rotation*
	0.71
	87
	13
	0
	A
	Push and pull static
	0.64
	84
	16
	0
	A
	Lifting or carrying (1-15 kg)
	0.44
	64
	33
	3
	N
	Sustained and frequent lifting or carrying light (150-500 ti
	0.44
	71
	29
	0
	N
	Sustained and frequent lifting or carrying heavy (50 times e
	0.65
	80
	20
	0
	A
	Walking (0-30 min)
	0.45
	82
	16
	2
	N
	Sustained walking (part of a day)*
	0.65
	82
	18
	0
	A
	Stair climbing
	0.41
	69
	29
	2
	N
	Climbing
	0.61
	82
	18
	0
	A
	Kneeling or squatting*
	0.43
	87
	13
	0
	N
	Other limitations in body movements*
	0.60
	89
	11
	0
	A
	Special work requirement*
	0.75
	88
	12
	0
	A
	B) Body postures scale
	Sitting (0-60 min)
	0.51
	73
	37
	0
	N
	Sitting prolonged (part of a day)*
	0.51
	76
	24
	0
	N
	Standing (0-30 min)
	0.42
	47
	53
	0
	N
	Standing prolonged (part of a day)*
	0.69
	93
	7
	0
	A
	Kneeling or squatting*
	0.32
	71
	29
	0
	N
	Bend or rotated*
	0.46
	73
	27
	0
	N
	Working above shoulder level*
	0.20
	76
	24
	0
	N
	Alternating postures*
	0.64
	82
	18
	0
	A
	Other limitations in body movements*
	0.29
	91
	9
	0
	A
	Special work requirements*
	0.54
	80
	20
	0
	N

	*  Dichotomous data (Cohen’s Kappa). Other items are ordinal
	A:  Acceptable
	N:  Not acceptable
	Activities
	Kappa
	Absolute agreement (%)
	Difference of 1 (%)
	Difference of ( 2 (%)
	Reliability
	A) Body movements scale
	Reaching (cm)
	-0.06
	83
	17
	0
	A
	Sustained and frequent reaching (150-500 times each hour)
	-0.46
	66
	31
	3
	N
	Bending (degrees)
	0.75
	79
	21
	0
	A
	Sustained and frequent bending (150-500
	times each hour)
	0.00
	52
	41
	7
	N
	Rotation*
	-0.02
	55
	45
	0
	A
	Push and pull static
	-0.10
	52
	45
	3
	A
	Lifting or carrying (1-15 kg)
	0.44
	62
	38
	0
	N
	Sustained and frequent lifting or carrying light (150-500 ti
	0.34
	72
	28
	0
	N
	Sustained and frequent lifting or carrying heavy (50 times e
	0.35
	72
	21
	7
	A
	Walking (0-30 min)
	0.03
	66
	34
	0
	N
	Sustained walking (part of a day)*
	0.29
	62
	38
	0
	A
	Stair climbing
	0.16
	59
	38
	3
	N
	Climbing
	0.24
	59
	41
	0
	A
	Kneeling or squatting*
	-0.12
	79
	21
	0
	N
	Other limitations in body movements*
	0.20
	79
	21
	0
	A
	Special work requirement*
	0.16
	59
	41
	0
	A
	B) Body postures scale
	Sitting (0 -60 min)
	0.30
	66
	34
	0
	N
	Sitting prolonged (part of a day)*
	0.08
	59
	38
	3
	N
	Standing (0-30 min)
	0.01
	31
	52
	17
	N
	Standing prolonged (part of a day)*
	0.35
	90
	10
	0
	A
	Kneeling or squatting*
	-0.25
	41
	59
	0
	N
	Bend or rotated*
	0.23
	62
	38
	0
	N
	Working above shoulder level*
	-0.25
	59
	41
	0
	N
	Alternating postures*
	0.19
	52
	48
	0
	A
	Other limitations in body movements*
	0.65
	97
	3
	0
	A
	Special work requirements*
	0.23
	62
	38
	0
	N

	*  Dichotomous data (Cohen’s Kappa). Other items are ordinal
	A:  Acceptable
	N:  Not acceptable
	Activities
	Kappa
	Absolute agreement (%)
	Difference of 1 (%)
	Difference of ( 2 (%)
	Reliability
	A) Body movements scale
	Reaching (cm)
	1.00
	100
	0
	0
	A
	Sustained and frequent reaching (150-500 times each hour)
	-0.06
	63
	37
	0
	N
	Bending (degrees)
	0.76
	83
	17
	0
	A
	Sustained and frequent bending (150-500 times each hour)
	0.52
	71
	29
	0
	N
	Rotation*
	0.29
	67
	33
	0
	N
	Push and pull static
	-0.03
	58
	42
	0
	N
	Lifting or carrying (1-15 kg)
	0.38
	63
	37
	0
	N
	Sustained and frequent lifting or carrying light (150-500 ti
	0.32
	67
	33
	0
	N
	Sustained and frequent lifting or carrying heavy (50 times e
	0.45
	67
	33
	0
	N
	Walking (0-30 min)
	0.19
	75
	21
	4
	N
	Sustained walking (part of a day)*
	0.58
	79
	21
	0
	N
	Stair climbing
	0.14
	58
	33
	9
	N
	Climbing
	0.28
	71
	29
	0
	N
	Kneeling or squatting*
	-0.11
	79
	21
	0
	N
	Other limitations in body movements*
	-0.08
	67
	33
	0
	N
	Special work requirement*
	-0.18
	38
	62
	0
	N
	B) Body postures scale
	Sitting (0 -60 min)
	0.29
	63
	33
	4
	N
	Sitting prolonged (part of a day)*
	0.53
	75
	25
	0
	N
	Standing (0-30 min)
	0.34
	54
	38
	8
	N
	Standing prolonged (part of a day)*
	0.47
	92
	8
	0
	N
	Kneeling or squatting*
	0.14
	67
	33
	0
	N
	Bend or rotated*
	0.18
	58
	42
	0
	N
	Working above shoulder level*
	0.11
	67
	33
	0
	N
	Alternating postures*
	-0.17
	42
	58
	0
	N
	Other limitations in body movements*
	-0.04
	92
	8
	0
	A
	Special work requirements*
	-0.30
	46
	54
	0
	N

	*  Dichotomous data (Cohen’s Kappa). Other items are ordinal
	A:  Acceptable
	N:  Not acceptable







	Test-retest reliability of the Isernhagen Work Systems Funct
	Chapter 6
	FCE activity
	Description
	Scoring
	Lifting low
	5 lifts from table to floor v.v.; 4-5 weight increments; <90
	Max amount kg lifted
	Lifting high
	5 lifts from table to crown height v.v.; 4-5 weight incremen
	Max amount kg lifted
	Carry short two-handed
	5 carries 1.5 m.; waist height; 4-5 weight increments; <90 s
	Max amount kg carried
	Carry long two-handed
	1 carry 20 m.; waist height; 4-5 weight increments; <90 sec.
	Max amount kg carried
	Carry long right-handed
	1 carry 20 m.; waist height; 4-5 weight increments; <90 sec.
	Max amount kg carried
	Carry long left-handed
	1 carry 20 m.; waist height; 4-5 weight increments; <90 sec.
	Max amount kg carried
	Pushing static
	Static full body push; 3 repetitions
	Average kgF
	Pulling static
	Static full body pull; 3 repetitions
	Average kgF
	Pushing dynamic
	Pushing a weighted cart over 10meters including 2 turns
	Safely possible yes/no
	Pulling dynamic
	Pulling a weighted cart over 10 meters including 2 turns
	Safely possible yes/no
	Overhead work test*
	Standing with hands at crown height; manipulating nut/bolts
	Time position is held (sec)
	Forward bend test standing*
	Standing with 30-60( trunk flexion; manipulating nut/bolts
	Time position is held (sec)
	Forward bend test sitting
	Sitting with 30-60( trunk flexion; manipulating nut/bolts, max. 5 min
	Time position is held (sec)
	Kneeling
	Maintaining kneeling posture; knees 90( flexion, hips straight, max. 5 min.
	Time position is held (sec)
	Crawling
	Ambulate 3 meters on hands and knees, then replace small obj
	Able yes / no
	Crouching
	Maintaining position with knees and hips fully flexed, max 1
	Time position is held (sec)
	Dynamic bending*
	Repetitive bending at hips and back; remove small object fro
	Time needed to perform 20 reps (sec)
	Dynamic squatting
	Repetitive squatting with full flexion at knees and hips; re
	Time needed to perform 20 reps (sec)
	Rotation standing right*
	Remove object horizontally at table height from left to righ
	Time needed to perform 30 reps (sec)
	Rotation standing left*
	Remove object horizontally at table height from right to lef
	Time needed to perform 30 reps (sec)
	Rotation sitting right*
	Remove object horizontally at table height from left to righ
	Time needed to perform 30 reps (sec)
	Rotation sitting left*
	Remove object horizontally at table height from right to lef
	Time needed to perform 30 reps (sec)
	Walking*
	Shuttle walk test; increase speed per minute
	Max. meters walked
	Stair climbing
	Ascend and descent 100 steps; no handrail;
	Able yes / no
	Ladder climbing*
	Ascend and descent stepladder with 5 steps with use of hands
	Able yes / no
	Balance
	Walking over a 10x300 cm balance board; forward, backward, h
	Able with less than 6 mistakes yes / no
	Sitting tolerance
	30 minutes uninterrupted sitting, minor weight shifts allowe
	Able yes / no
	Standing tolerance
	30 minutes uninterrupted standing, minor weight shifts allow
	Able yes / no

	rep: repetitive
	max:  maximal
	sec:  seconds
	kg:  kilograms
	kgF:  kilograms force
	v.v.:  vice versa
	m:  meters
	Activity
	(n paired observations)
	Mean 1
	SD 1
	Mean 2
	SD 2
	Mean
	difference
	SD
	95% CI of
	difference
	Limits of
	agreement
	ICC
	95% CI
	of ICC
	Lifting low in kg (27)
	31.0
	13.7
	29.3
	17.4
	1.7
	9.6
	-2.1 to 5.5
	± 19.8
	0.81
	0.63 to 0.91
	Lifting high in kg (27)
	16.4
	7.1
	15.9
	7.3
	0.6
	3.7
	-0.9 to 2.1
	± 7.6
	0.87
	0.73 to 0.94
	Carry short in kg (27)
	36.6
	16.1
	35.2
	17.6
	1.4
	10.4
	-2.7 to 5.5
	± 21.4
	0.81
	0.63 to 0.91
	Carry long in kg (27)
	35.3
	15.2
	33.6
	15.5
	1.7
	9.5
	-2.1 to 5.5
	± 19.6
	0.81
	0.62 to 0.91
	Carry right in kg (27)
	27.3
	10.8
	27.6
	11.7
	-0.4
	7.0
	-3.2 to 2.4
	± 14.4
	0.81
	0.63 to 0.91
	Carry left in kg (27)
	27.6
	10.7
	26.5
	11.7
	1.0
	7.0
	-1.7 to 3.8
	± 14.4
	0.81
	0.63 to 0.91
	Pushing static in kg (27)
	38.7
	11.4
	40.7
	10.2
	-2.0
	7.5
	-4.9 to 1.0
	± 15.5
	0.75
	0.53 to 0.88
	Pulling static in kg (27)
	47.1
	13.4
	49.8
	16.2
	-2.6
	9.7
	-6.5 to 1.2
	± 19.9
	0.78
	0.58 to 0.89
	Walking in meters (24)
	367.1
	129.6
	398.3
	143.5
	-31.3
	72.0
	-61.7 to -.8
	-
	0.84
	0.67 to 0.93

	mean 1: group mean in the first session,
	mean 2: group mean in the second session,
	ICC: Intra Class Correlation (one-way random model),
	95% CI: 95% confidence interval
	- limits of agreement cannot be calculated because there is 
	sessions
	Tests (n paired observations)
	Statistical level
	Criterion* / Ceiling**
	n subjects reaching
	criterion/
	ceiling in session 1
	n subjects reaching
	criterion/
	ceiling in session 2
	Kappa
	Similar test behavior
	Pushing dynamic (26)
	Dichotomous
	Pushing a weighted cart over 20 meters*
	26
	26
	#
	100% (26/26)
	Pulling dynamic (26)
	Dichotomous
	Pulling a weighted cart over 20 meters *
	26
	26
	#
	100% (26/26)
	Overhead work test (27)
	Continuous
	15 minutes **
	0
	1
	#
	96% (26/27)
	Forward bend test standing (27)
	Continuous
	15 minutes **
	0
	0
	#
	100% (27/27)
	Forward bend test sitting (27)
	Continuous
	5 minutes **
	5
	4
	0.60
	89% (24/27)
	Kneeling (27)
	Dichotomous
	5 minutes
	15
	11
	0.57
	78% (21/27)
	Crawling (25)
	Dichotomous
	10 repetitions *
	23
	23
	1.00
	100% (25/25)
	Crouching (27)
	Dynamic bending (27)
	Dichotomous
	Continuous
	60 seconds *
	20 repetitions *
	23
	20
	24
	21
	0.84
	0.70
	96% (26/27)
	89% (24/27)
	Dynamic squatting (27)
	Continuous
	20 repetitions *
	18
	19
	0.91
	96% (26/27)
	Rotation standing right (27)
	Continuous
	30 repetitions *
	23
	21
	0.51
	85% (23/27)
	Rotation standing left (26)
	Continuous
	30 repetitions *
	22
	20
	0.58
	85% (23/27)
	Rotation sitting right (27)
	Continuous
	30 repetitions *
	21
	22
	0.87
	96% (25/26)
	Rotation sitting left (26)
	Continuous
	30 repetitions *
	20
	20
	0.78
	92% (24/26)
	Stair climbing (27)
	Dichotomous
	20 x 5 steps up/down *
	10
	14
	0.56
	78% (21/27)
	Ladder climbing (26)
	Dichotomous
	5 times up/down *
	24
	24
	0.25
	85% (23/27)
	Balance (total of 6 tests) (25)
	Dichotomous
	less than 6 failures *
	25
	26
	#
	96% (25/26)
	Sitting (26)
	Dichotomous
	30 minutes *
	28
	26
	#
	96% (25/26)
	Standing (27)
	Dichotomous
	30 minutes*
	26
	26
	#
	93%(25/27)

	*  Criterion indicates that a test is fulfilled if the crite
	**  Ceiling indicates that the test is terminated because th
	performance. For instance, working static overhead has a cei
	#  Kappa values cannot be calculated due to lack of filling 
	Activity in seconds
	(n paired observations)
	Mean 1
	SD 1
	Mean 2
	SD 2
	Mean difference
	SD
	95% CI
	Limits of agreement
	ICC
	95% CI
	Overhead work test** (26)
	246.7
	97.9
	191.7
	80.0
	55.0
	91.5
	18.1 to 91.9
	-
	0.36
	-0.02 to 0.65
	Forward bend test standing** (27)
	137.7
	101.5
	141.1
	106.2
	-3.3
	30.9
	-15.5 to 8.9
	± 63.4
	0.96
	0.91 to 0.98
	Forward bend test sitting** (21)
	131.7
	68.6
	132.7
	59.7
	-1.0
	49.0
	-23.3 to 21.4
	± 102.2
	0.72
	0.44 to 0.88
	Dynamic bending* (19)
	55.1
	14.2
	51.1
	9.4
	4.0
	8.4
	-0.01 to 8.1
	± 17.7
	0.72
	0.41 to 0.88
	Squatting* (18)
	50.3
	11.3
	48.3
	9.8
	2.0
	6.2
	-1.1 to 5.1
	± 13.1
	0.82
	0.59 to 0.93
	Rotation standing right* (20)
	75.4
	8.7
	75.2
	7.4
	0.3
	7.4
	-3.2 to 3.7
	± 15.4
	0.60
	0.24 to 0.82
	Rotation standing left* (19)
	73.1
	7.5
	71.2
	6.4
	1.8
	7.7
	-1.9 to 5.5
	± 16.2
	0.39
	-0.06 to 0.71
	Rotation sitting right* (21)
	77.7
	9.8
	79.1
	8.5
	-1.4
	7.8
	-5.0 to 2.2
	± 16.4
	0.64
	0.30 to 0.83
	Rotation sitting left* (19)
	75.3
	9.5
	77.0
	11.5
	-1.7
	11.1
	-7.1 to 3.6
	± 23.3
	0.45
	0.02 to 0.74

	mean 1: group mean in the first session
	mean 2: group mean in the second session
	ICC: Intraclass correlation (one-way random model)
	95% CI: 95% Confidence Interval
	*  Only if a subject reached the criterion in session 1 and 
	sessions used for further analyses; other subjects were excl
	** If a subject reached the ceiling in session 1 or session 
	-  Limits of agreement cannot be calculated because there is
	session
	Items
	Kappa
	Agreement
	Reliability
	ICC
	Reliability
	Lifting
	N/A
	N/A
	N/A
	High
	Acceptable
	Overhead lift
	N/A
	N/A
	N/A
	High
	Acceptable
	Short carry two-handed
	N/A
	N/A
	N/A
	High
	Acceptable
	Long carry two-handed
	N/A
	N/A
	N/A
	High
	Acceptable
	Long carry right-handed
	N/A
	N/A
	N/A
	High
	Acceptable
	Long carry left-handed
	N/A
	N/A
	N/A
	High
	Acceptable
	Pushing static
	N/A
	N/A
	N/A
	High
	Acceptable
	Pulling static
	N/A
	N/A
	N/A
	High
	Acceptable
	Pushing dynamic
	N/A
	High
	Acceptable
	N/A
	N/A
	Pulling dynamic
	N/A
	High
	Acceptable
	N/A
	N/A
	Overhead work test
	N/A
	High
	Acceptable
	Low
	Not acceptable
	Forward bend test standing
	N/A
	High
	Acceptable
	High
	Acceptable
	Forward bend test sitting
	High
	High
	Acceptable
	Low
	Not acceptable
	Kneeling
	Low
	Low
	Not acceptable
	N/A
	N/A
	Crawling
	High
	High
	Acceptable
	N/A
	N/A
	Crouching
	High
	High
	Acceptable
	N/A
	N/A
	Dynamic bending
	High
	High
	Acceptable
	Low
	Not acceptable
	Dynamic squatting
	High
	High
	Acceptable
	High
	Acceptable
	Rep. rotation standing right
	Low
	High
	Not acceptable
	Low
	Not acceptable
	Rep. rotation standing left
	Low
	High
	Not acceptable
	Low
	Not acceptable
	Rep. rotation sitting right
	High
	High
	Acceptable
	Low
	Not acceptable
	Rep. rotation sitting left
	High
	High
	Acceptable
	Low
	Not acceptable
	Walking
	N/A
	N/A
	N/A
	High
	Acceptable
	Stair climbing
	Low
	Low
	Not acceptable
	N/A
	N/A
	Ladder climbing
	Low
	High
	Acceptable
	N/A
	N/A
	Balance
	N/A
	High
	Acceptable
	N/A
	N/A
	Sitting tolerance
	High
	Acceptable
	N/A
	N/A
	Standing tolerance
	High
	Acceptable
	N/A
	N/A

	‘High or ‘Low’ means the reliability coefficient is higher o
	N/A: not applicable







	Test-retest reliability of the Isernhagen Work Systems Funct
	Chapter 7
	FCE activity
	Description
	Scoring
	Lifting low
	5 lifts from table to floor v.v.; 4-5 weight increments; <90
	Max amount kg lifted
	Lifting high
	5 lifts from table to crown height v.v.; 4-5 weight incremen
	Max amount kg lifted
	Carry short two-handed
	5 carries 1.5 m.; waist height; 4-5 weight increments; <90 s
	Max amount kg carried
	Carry long two-handed
	1 carry 20 m.; waist height; 4-5 weight increments; <90 sec.
	Max amount kg carried
	Carry long right-handed
	1 carry 20 m.; waist height; 4-5 weight increments; <90 sec.
	Max amount kg carried
	Carry long left-handed
	1 carry 20 m.; waist height; 4-5 weight increments; <90 sec.
	Max amount kg carried
	Pushing static
	Static full body push; 3 repetitions
	Average kgF
	Pulling static
	Static full body pull; 3 repetitions
	Average kgF
	Pushing dynamic
	Pushing a weighted cart over 10meters including 2 turns
	Safely possible yes/no
	Pulling dynamic
	Pulling a weighted cart over 10 meters including 2 turns
	Safely possible yes/no
	Overhead work test*
	Standing with hands at crown height; manipulating nut/bolts
	Time position is held (sec)
	Forward bend test standing*
	Standing with 30-60( trunk flexion; manipulating nut/bolts
	Time position is held (sec)
	Forward bend test sitting
	Sitting with 30-60( trunk flexion; manipulating nut/bolts, max. 5 min
	Time position is held (sec)
	Kneeling
	Maintaining kneeling posture; knees 90( flexion, hips straight, max. 5 min.
	Time position is held (sec)
	Crawling
	Ambulate 3 meters on hands and knees, then replace small obj
	Able yes / no
	Crouching
	Maintaining position with knees and hips fully flexed, max 1
	Time position is held (sec)
	Dynamic bending*
	Repetitive bending at hips and back; remove small object fro
	Time needed to perform 20 reps (sec)
	Dynamic squatting
	Repetitive squatting with full flexion at knees and hips; re
	Time needed to perform 20 reps (sec)
	Rep. rotation standing right*
	Remove object horizontally at table height from left to righ
	Time needed to perform 30 reps (sec)
	Rep. rotation standing left*
	Remove object horizontally at table height from right to lef
	Time needed to perform 30 reps (sec)
	Rep. rotation sitting right*
	Remove object horizontally at table height from left to righ
	Time needed to perform 30 reps (sec)
	Rep. rotation sitting left*
	Remove object horizontally at table height from right to lef
	Time needed to perform 30 reps (sec)
	Walking*
	Shuttle walk test; increase speed per minute
	Max. meters walked
	Stair climbing
	Ascend and descent 100 steps; no handrail;
	Able yes / no
	Ladder climbing*
	Ascend and descent stepladder with 5 steps with use of hands
	Able yes / no
	Balance
	Walking over a 10x300 cm balance board; forward, backward, h
	Able with less than 6 mistakes yes / no
	Sitting tolerance
	30 minutes uninterrupted sitting, minor weight shifts allowe
	Able yes / no
	Standing tolerance
	30 minutes uninterrupted standing, minor weight shifts allow
	Able yes / no

	rep: repetitive
	max:  maximal
	sec:  seconds
	kg:  kilograms
	kgF:  kilograms force
	v.v.:  vice versa
	m:  meters
	Activity
	(n paired observations)
	Mean 1
	SD 1
	Mean 2
	SD 2
	Mean
	difference
	SD
	95% CI of
	difference
	Limits of
	agreement
	ICC
	95% CI
	of ICC
	Lifting low in kg (25)
	45.8
	17.6
	50.2
	20.5
	-4.4
	4.5
	-6.3 to -2.5
	-
	0.95
	0.89 to 0.98
	Lifting high in kg (25)
	19.6
	6.2
	20.5
	5.7
	-0.9
	2.7
	-2.0 to 0.3
	±5.6
	0.89
	0.77 to 0.95
	Carry short in kg (25)
	47.3
	18.7
	53.4
	20.7
	-6.0
	6.8
	-8.9 to -3.2
	-
	0.90
	0.78 to 0.95
	Carry long in kg (25)
	46.4
	15.5
	50.9
	15.1
	-4.5
	7.6
	-7.6 to -1.3
	-
	0.84
	0.68 to 0.93
	Carry right in kg (25)
	37.2
	11.9
	38.5
	11.4
	-1.2
	2.3
	-2.2 to -0.3
	-
	0.98
	0.95 to 0.99
	Carry left in kg (25)
	35.1
	9.8
	36.2
	10.6
	-1.1
	1.1
	-3.4 to 1.2
	±2.3
	0.86
	0.70 to 0.93
	Pushing static in kg (26)
	40.9
	12.8
	47.3
	16.8
	-6.5
	10.5
	-10.7 to -2.2
	-
	0.68
	0.41 to 0.84
	Pulling static in kg (26)
	56.0
	17.7
	58.9
	19.4
	-2.9
	8.5
	-6.3 to 0.6
	±17.5
	0.89
	0.77 to 0.95
	Shuttle walk test in meters (25)
	517.2
	112.2
	555.6
	123.3
	-38.4
	96.7
	-77.9 to 1.1
	±199.6
	0.64
	0.34 to 0.82

	mean 1: group mean in the first session
	mean 2: group mean in the second session
	ICC: Intra Class Correlation (one-way random model)
	95% CI: 95% confidence interval
	-: limits of agreement cannot be calculated because there is
	sessions
	*:  Criterion indicates that a test is fulfilled if the crit
	a subject is able or not able to push a weighted cart over a
	**:  Ceiling indicates that the test is terminated because t
	performance. For instance, working static overhead has a cei
	subject reaches 15 minutes. However, in that case he/she has
	#:  Kappa values can not be calculated due to lack of fillin
	Activity in seconds
	(n paired observations)
	Mean 1
	SD 1
	Mean 2
	SD 2
	Mean difference
	SD
	95% CI
	Limits of agreement
	ICC
	95% CI
	Working static overhead ** (23)
	403.8
	181.9
	348.8
	120.8
	55.0
	135.9
	-3.75 to 113.8
	±281.8
	0.58
	0.23 to 0.79
	Forward bend test standing ** (18)
	405.1
	174.1
	377.3
	197.12
	27.7
	117.8
	-30.9 to 86.3
	±248.6
	0.93
	0.85 to 0.97
	Dynamic bending * (19)
	50.5
	7.0
	47.5
	5.5
	3.1
	6.1
	0.6 to 5.6
	-
	0.45
	0.09 to 0.71
	Squatting * (25)
	42.5
	5.1
	41.6
	3.3
	1.0
	4.1
	-0.7 to 2.7
	±8.5
	0.54
	0.20 to 0.77
	Rotation standing right * (25)
	70.4
	8.7
	70.9
	9.5
	-0.4
	7.7
	-3.6 to 2.7
	±15.8
	0.66
	0.37 to 0.83
	Rotation standing left * (25)
	68.9
	7.7
	69.7
	7.6
	-0.8
	5.6
	-3.1 to 1.5
	±11.6
	0.73
	0.49 to 0.87
	Rotation sitting right * (25)
	77.3
	10.8
	75.8
	11.0
	1.6
	10.5
	-2.8 to 5.9
	±21.8
	0.54
	0.20 to 0.77
	Rotation sitting left * (25)
	76.2
	9.8
	74.0
	8.3
	2.3
	6.6
	-0.4 to 5.0
	±13.5
	0.72
	0.47 to 0.87

	mean 1: group mean in the first session
	mean 2: group mean in the second session
	ICC: Intra Class Correlation (one-way random model)
	95% CI: 95% Confidence Interval
	*  Only if a subject reached the criterion in session 1 and 
	sessions used for further analyses; other subjects were excl
	** If a subject reached the ceiling in session 1 or session 
	-  Limits of agreement cannot be calculated because there is
	session
	Items
	Kappa
	Agreement
	%
	Reliability
	ICC
	Reliability
	Lifting low
	N/A
	N/A
	N/A
	High
	Acceptable
	Lifting high
	N/A
	N/A
	N/A
	High
	Acceptable
	Carry short
	N/A
	N/A
	N/A
	High
	Acceptable
	Carry long
	N/A
	N/A
	N/A
	High
	Acceptable
	Carry right
	N/A
	N/A
	N/A
	High
	Acceptable
	Carry left
	N/A
	N/A
	N/A
	High
	Acceptable
	Pushing static
	N/A
	N/A
	N/A
	Low
	Not acceptable
	Pulling static
	N/A
	N/A
	N/A
	High
	Acceptable
	Pushing dynamic
	NC
	High
	Acceptable
	N/A
	N/A
	Pulling dynamic
	NC
	High
	Acceptable
	N/A
	N/A
	Overhead work test
	High
	High
	Acceptable
	Low
	Not acceptable
	Forward bend test standing
	High
	High
	Acceptable
	High
	Acceptable
	Forward bend test sitting
	Low
	Low
	Not acceptable
	N/A
	N/A
	Kneeling
	High
	High
	Acceptable
	N/A
	N/A
	Crawling
	NC
	High
	Acceptable
	N/A
	N/A
	Crouching
	High
	High
	Acceptable
	N/A
	N/A
	Dynamic bending
	NC
	High
	Acceptable
	Low
	Not acceptable
	Dynamic squatting
	NC
	High
	Acceptable
	Low
	Not acceptable
	Rotation standing right
	NC
	High
	Acceptable
	Low
	Not acceptable
	Rotation standing left
	NC
	High
	Acceptable
	Low
	Not acceptable
	Rotation sitting right
	NC
	High
	Acceptable
	Low
	Not acceptable
	Rotation sitting left
	NC
	High
	Acceptable
	Low
	Not acceptable
	Walking
	N/A
	N/A
	N/A
	Low
	Not acceptable
	Stair climbing
	High
	High
	Acceptable
	N/A
	N/A
	Ladder climbing
	NC
	High
	Acceptable
	N/A
	N/A
	Balance
	NC
	High
	Acceptable
	N/A
	N/A

	‘High or ‘Low’ means the reliability coefficient is higher o
	N/A: Not applicable
	NC: Not calculated
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	Measuring work limitations in chronic low back pain:
	Chapter 8
	Activities
	Level of measurement
	Scoring categories
	A) Body movements scale
	Reaching (cm)
	Ordinal
	1= normal, 2=slightly limited,
	3= limited
	Sustained and frequent reaching (150-500 times each hour)
	Ordinal
	1= normal, 2= limited, 3= severely limited
	Bending (degrees)
	Ordinal
	1= normal, 2=limited, 3= severely limited
	Sustained and frequent bending (150-500 times each hour)
	Ordinal
	1= more than normal, 2=normal, 3= limited
	Rotation
	Dichotomous
	1=normal, 2=limited
	Push and pull static
	Ordinal
	1=normal, 2=limited, 3= severely limited
	Lifting or carrying (1-15 kg)
	Ordinal
	1= normal, 2=slightly limited, 3=limited, 4=severely limited
	Sustained and frequent lifting or carrying light (150-500 ti
	Ordinal
	1= normal, 2=limited, 3=severely limited
	Sustained and frequent lifting or carrying heavy (50 times e
	Ordinal
	1= more than normal, 2=normal, 3=limited
	Walking (0-30 min)
	Ordinal
	1=normal, 2=slightly limited, 3=limited, 4=severely limited
	Sustained walking (part of a day)
	Dichotomous
	1=normal, 2=limited
	Stair climbing
	Ordinal
	1=normal, 2=slightly limited, 3=limited, 4=severely limited
	Climbing
	Ordinal
	1=normal, 2=limited, 3=severely limited
	Kneeling or squatting
	Dichotomous
	1=normal, 2=limited
	Other limitations in body movements
	Dichotomous
	1=no, 2=yes
	Special work requirement
	Dichotomous
	1=no, 2=yes
	B) Body postures scale
	Sitting (0-60 min)
	Ordinal
	1=normal, 2=slightly limited, 3=limited, 4=severely limited
	Sitting prolonged (part of a day)
	Dichotomous
	1=normal, 2=limited
	Standing (0-30 min)
	Ordinal
	1=normal, 2=slightly limited, 3=limited, 4=severely limited
	Standing prolonged (part of a day)
	Dichotomous
	1=normal, 2=limited
	Kneeling or squatting
	Dichotomous
	1=normal, 2=limited
	Bend or rotated
	Dichotomous
	1=normal, 2=limited
	Working above shoulder level
	Dichotomous
	1=normal, 2=limited
	Alternating postures
	Dichotomous
	1=normal, 2=limited
	Other limitations in body movements
	Special work requirement
	Dichotomous
	Dichotomous
	1=no, 2=yes
	1=no, 2=yes
	Self-report vs. clinical examination vs. FCE
	Self-report vs. clinical examination
	Self-report vs.
	FCE
	Clinical examination  vs. FCE
	Activities
	K
	P
	C
	K
	P
	C
	K
	P
	C
	K
	P
	C
	Body movements scale
	Reaching (cm)
	0.00
	54
	X
	0.02
	57
	0.02
	-0.02
	56
	-
	-0.03
	95*
	-
	Sustained and frequent reaching
	(150-500 times each hour)
	0.05
	19
	X
	0.06
	27
	0.18
	-0.02
	19
	0.21
	0.22
	81*
	0.32
	Bending (degrees)
	0.15
	28
	X
	0.32
	59
	0.50
	0.02
	36
	0.33
	0.10
	57
	0.33
	Sustained and frequent bending
	(150-500 times each hour)
	0.02
	21
	X
	-0.01
	54
	0.06
	-0.01
	35
	0.21
	0.08
	46
	0.10
	Rotation
	0.05
	53
	X
	0.08
	63
	0.08
	0.06
	67
	0.13
	-0.01
	75
	0.04
	Push and pull static
	0.04
	46
	X
	0.00
	53
	0.01
	0.13
	64
	0.30
	-0.02
	72
	0.12
	Lifting or carrying (1-15 kg)
	0.15
	31
	X
	0.14
	46
	0.31
	0.11
	47
	0.40
	0.21
	57
	0.41
	Sustained and frequent lifting or carrying light (150-500 ti
	0.03
	20
	X
	0.10
	41
	0.14
	0.02
	33
	0.07
	-0.06
	59
	-0.06
	Sustained and frequent lifting or carrying heavy (50 times e
	0.10
	34
	X
	0.07
	60
	0.10
	0.04
	46
	0.11
	0.19
	56
	0.33
	Walking (0-30 min)
	0.13
	51
	X
	0.19
	63
	0.42
	0.12
	56
	0.38
	0.08
	73
	0.32
	Sustained walking (part of a day)
	0.14
	33
	X
	0.11
	47
	0.18
	0.14
	50
	0.26
	0.16
	68
	0.30
	Stair climbing
	0.12
	58
	X
	0.16
	64
	0.35
	0.17
	75
	0.36
	0.03
	71
	0.14
	Climbing
	0.01
	61
	X
	0.01
	66
	-0.01
	0.10
	83*
	0.24
	-0.05
	74
	-0.07
	Kneeling or squatting
	0.07
	70
	X
	-0.02
	73
	-0.04
	0.11
	77
	0.21
	0.14
	92*
	0.32
	Other limitations in body movements
	0.01
	34
	X
	-0.05
	37
	-0.09
	0.05
	41
	0.20
	0.04
	78
	0.08
	Special work requirement
	0.00
	37
	X
	-0.03
	45
	-0.04
	-0.02
	40
	-0.03
	0.05
	64
	0.11
	Body postures scale
	Sitting (0-60 min)
	-0.01
	21
	X
	0.07
	44
	0.34
	-0.10
	30
	-0.27
	-0.01
	48
	0.07
	Sitting prolonged (part of a day)
	0.02
	19
	X
	0.14
	69
	0.40
	-0.08
	22
	-0.04
	0.02
	46
	0.03
	Standing (0-30 min)
	0.02
	14
	X
	0.09
	46
	0.41
	-0.13
	27
	0.17
	0.07
	28
	0.18
	Standing prolonged (part of a day)
	-0.06
	24
	X
	0.07
	86*
	0.33
	-0.30
	30
	0.10
	0.09
	31
	0.17
	Kneeling or squatting
	0.00
	35
	X
	-0.06
	54
	0.07
	-0.11
	55
	0.09
	0.17
	63
	0.26
	Bend or rotated
	0.13
	13
	X
	0.11
	64
	0.25
	0.09
	66
	0.07
	0.19
	54
	-0.07
	Working above shoulder level
	-0.04
	28
	X
	0.03
	66
	0.19
	-0.12
	51
	0.10
	-0.04
	40
	0.04
	Alternating postures
	-0.01
	27
	X
	0.01
	54
	0.08
	-0.06
	47
	0.00
	0.02
	52
	0.07
	Other limitations in body movements
	-0.07
	58
	X
	-0.18
	62
	0.05
	-0.05
	63
	0.11
	0.07
	91*
	0.18
	Special work requirement
	0.05
	41
	X
	0.04
	65
	0.34
	-0.16
	46
	-0.04
	0.26
	67
	0.18

	K = Kappa, P = percentage of absolute agreement, C = correla
	- cannot be computed because at least one of the variables i
	X correlation between three raters can not be computed
	* acceptable percentage of agreement ((80%)
	R
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